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ABSTRACT 

PERPETUAL PRODUCT DEVELOPMENT -
A Study of Small Technology-Driven Firms. 

Jan Bodin, 
Department of Business Administration, Umeå School of Business and Economics, 

Umeå University, S-901 87 Umeå, Sweden. 

This dissertation focuses the attention toward inventors and key actors involved in 
product development projects. The study focuses on how a new product development 
process is carried out operationally and strategically in small, technology-driven firms. 
The study is based on findings from four case studies among small aircraft 
manufacturers, two from Sweden, one from Germany, and one from northern Finland. 
By using one of the Swedish cases as a platform, issues concerning the development 
process emerged and were summarized in sixteen statemens. The statements were 
then used as themes and checkpoints when gathering information from the three 
additional cases. The analysis has been made in two steps; first, a comparison between 
the platform case and the additional case were made based on the statements, second, 
issues emerging from all four cases are discussed. 

The dissertation introduces perpetual product development as a terminology suitable 
for explaining the behaviour found in the studied firms. A foundation for perpetual 
product development is presented based on both actor and process characteristics. The 
actors are technology devotees with numerous ideas to pursue. Their technological 
interest result in a preference for the first part of the development process since they 
experience a higher degree of technological freedom from start. Once the product 
starts to materialize, the actors' possibility of incorporating new technical gadgets 
diminishes. As a consequence, a weaker interest for the exploitation/launch phase is 
present. The actors also have a time conception t hat differs from what is normally 
assumed. They do not consider speeding-to-market important, since the actors prefer a 
superior product than being first out on the market. Their attitude toward speeding-to-
market also demand actors with a high degree of stamina, since it often involves 
projects carried out over a long period of time. Due to the individual characteristics 
described above, the process is technology-driven. The process also experience a fuzzy 
start and culmination. The actors will continue to make adjustments to the construction 
even after the product has been launched, if they believe it can be technically 
improved. A consequence regarding the way the actors are managing their firm is that 
there is a tendency to regard the product development as a leisure-time activity. In view 
of the findings, it can be established that each case has to be evaluated on its own 
merits, with regard to the central actors' personal objectives. 

Key words: Perpetual product development, technology, aircraft industry, small firms, 
inventor, key actors, resources. 
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PREFACE 

My decision to pursue an academic career and apply to the Ph.D.-
program can be traced back to the Easter holiday of 1987 which I spent at 
my cottage. Looking out over the snowy landscape, thinking about my 
life's objectives, and having the opportunity to discuss them with a 
person whose opinion I highly respect - my mother, I came to the 
conclusion it was the right thing to do. I have not regretted my decision. 
Every path has its ups and downs, and it has been quite a challenge, but 
these years have definitely precipitated my maturity. 

The choice of study objects can be traced even further back in time. Even 
as a child, I was fascinated with aircraft and flying in general. I built 
plastic models at first, advancing to RC-models in my early teens, and of 
course, read a lot throughout the years. Like many other children, my 
dream was to become a pilot as an adult. However, the dream came true 
in 1992 when I finally got my glider pilot license. It is easy to understand 
my excitement when I realized that I had the opportunity to merge my 
personal interest with an interesting area of research. 

As many before me have said, writing a doctoral dissertation is a process 
with many parallels to a journey, both mental and physical. Naturally, I 
also have to state the obvious; it is also a product development process. 
Starting in 1990,1 have lived and evolved within this project for the entire 
decade. It has been quite a learning process. 

This dissertation and its results would not have been reached without the 
guidance and support from people in my surroundings. First, I would 
like to acknowledge all actors involved in the four cases described in this 
study. Thank you for taking the time and helping me made this study come truel 

After a somewhat fuzzy start, the project took a new turn during the 
Easter holiday of 1993. (Easter holidays seem to be turning points in my 
life.) At the time I was visiting York University in Toronto, and was 
invited to spend the weekend with Professor George Tesar and his wife 
Cathy in Madison, a real treat. George - our talk about the project that 
weekend transformed into a huge leap forward for my research. Over the years I 
am grateful for our talks and discussions about both project and life in general. I 
find them most rewarding - Thanks! 
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Preface 

Returning to Umeå, I had the privilege to receive Docent Håkan Boter as 
supervisor. Håkan - your comments (positive & negative) have always been 
supportive, and your endurance throughout the years cannot be overstated. That 
you also have given me the opportunity to beat you in tennis from time to time 
should also be recognized. (Hopefully we will both have more time to 
improve on our tennis skills from now on.) Professor Rolf A. Lundin 
joined later in the process. Rolf - thanks for many useful comments. Your 
ability to draw parallels and leaps of thoughts has been rendered in many 
insightful comments. 

Last year, I presented a preliminary version of this manuscript at a 
seminar. My two opponents, Dr. Bo Karlsson and Dr. Tomas Blomqvist 
gave me many comments that helped me improve the final product -
thank you both! 

I would also like to take the opportunity to thank Urban Hadarsson for 
proofreading a preliminary version of the manuscript. (Not to mention 
the relentless questions throughout the years from both Urban and his 
wife, Catrin enquiring about a date for the "party.") I am also grateful to 
Hazel O'Loughlin-Vidal who has proofread the final version of the 
manuscript. (Any remaining errors are naturally my responsibility and 
probably due to last minute changes.) I would also like to thank Mats 
Edvardsson for helping me with the cover in a very professional way 
with only a few days' notice. 

Besides supervisors and prior opponents, it is important to have 
colleagues, friends, and family supporting you in the process. I cannot 
mention you all, but Gert-Olof - thanks for all rewarding discussions we have 
had regarding research, work, and life in general. I would like to end this by 
sending a loving though to my parents who have always supported my 
decision to pursue this career. 

Financial support from the following organizations is gratefully 
acknowledged: Department of Business Administration, Umeå 
University; Ruben Rausings fond för forskning om nyföretagande och 
innovationer; Nordbankens norrlandsstiftelse; Tore Browaldhs stiftelse 
för vetenskaplig forskning och undervisning; Länsförsäkringar 
Västerbottens och Sparbanken Sverige AB fond för ekonomisk och social 
forskning. 

Umeå during the last shivering days of the millennium. 

Jan Bodin 
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1 
PRODUCT DEVELOPMENT & 

SMALL FIRMS 

In this first chapter, a foundation and presentation of the upcoming study 
is given. The chapter commences with a presentation of various reasons 
for the development of new products. Included is a discussion 
concerning the positive and negative forces that surround the 
development of new products. This is followed by an introduction of the 
environmental scene set for the study. The scene includes a presentation 
of small firms, the aircraft industry, and organizations affiliated with the 
aircraft industry. A presentation of basic concepts and definitions used in 
the book together with the study object and context follows. This leads to 
a presentation of the purpose and research question. The chapter ends by 
presenting a structure of the dissertation. 

1.1 REASONS FOR DEVELOPING 
NEW PRODUCTS 

The development of new products has been carried out since the 
beginning of time. Curiosity and creativity have guided the human being 
to seek new solutions to old problems as well as improving present ones. 
These driving forces can create tremendous opportunities for a firm that 
knows how to explore and manage them. I.e., a manufacturing firm that 
has the ability to identify customer needs and quickly develop new 
products to fulfil these needs will most likely become economically 
successful. Unfortunately, this is not as easy as it sounds. In today's 
society, scarce resources, increasing competition, and escalating customer 
demand to name a few, create a constantly changing environmental 
surrounding that firm has to adapt to. One way to answer these changing 
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conditions is by developing new products. The development of new 
products is therefore of vital importance for both companies and the 
evolution of society as a whole. These are the dynamics that new product 
developers have to consider. 

There are also multitudes of reasons for developing new products. One is 
that firms do experience constantly changing market conditions. 
Examples of these changes are; increasing competition on both national and 
international markets through the constantly improved market 
communication (Porter, 1990). A higher need for regulation to protect the 
environment is also argued (Porter & van der Linde, 1995). New 
technology is introduced and helps push the development forward (Ayres, 
1988). Companies do also experience higher customer demands Pisano & 
Wheelwright, 1995). The customer's awareness regarding product 
performance and function has increased, and associations focusing on 
consumer rights are gaining in strength each day. There are also opinions 
that especially high-technology industries experience excessive 
competition due to severe price and cost competition, together with 
structural excess capacity and accelerated innovation and investment 
races (Brahm, 1995). All together, this increasing competition leads to 
shorter product life cycles (PLC). As a result, a shorter PLC requires the 
company to secure the return on their invested capital in a shorter time 
then ever before, i.e., firms that successfully keep developing new 
products have a vast advantage over their competitors. They have all the 
prerequisites for a prosperous future. 

On the down part, product development involves a certain amount of 
risk taking. It is both a difficult and complex undertaking. Both product 
and production-process complexity are increasing, thereby making it more 
difficult to successfully develop these new products. This is nothing new, 
Lawrence and Lorsch noted long ago that; 

"the pace of technological change is stepping up." (Lawrence & Lorsch, 
1967:4) 

This increased complexity results in more expensive projects as well as 
more time consuming projects. As a consequence, research has been 
focusing on consequences of t he technology itself (Bettis & Hitt, 1995), or 
aspects concerning technology-based (Granstrand, 1998), and new 
technology-based firms (Storey & Tether, 1998a), (Storey & Tether, 
1998b). The risk for unexpected delays due to both internal and external 
problems is another consequence of a more complex technological 
environment. Success records for most firms are not encouraging. Studies 
have shown a failure rate of 35-40% (Booz, Allen, & Hamilton, 1982), 
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(Cooper, 1982). Risk creates a barrier to development. First, a 
psychological barrier will be present regarding any form of change. 
Other barriers can involve costs, problems of financing the project, lack of 
human resources, i.e., skilled personnel or insufficient market 
knowledge. 

This divide between the opportunities that product development can 
create for a firm, and the risks it will involve, creates a tension among 
many firms. In larger corporations this has lead to a situation where they 
usually separate their day-to-day operation from their innovative 
activities. A Research and Development (R&D) department is often 
established where these kinds of activity can be monitored and in some 
aspects restricted. Smaller firms cannot constrain their innovative 
activities in a similar manner. This creates a unique situation where a 
firm and its actors need to deal with these opposing forces in a more 
direct way. There is usually a lack of knowledge of what is taking place 
inside these firms, especially regarding the actors' version of how the 
product development process is carried out and why. 

1.2 THE ENVIRONMENTAL SCENE 
This part is a presentation of the environmental scene and working 
condition that is present for the firms in this study. A discussion 
regarding small firms, including definitions, is followed by a general 
presentation of the aircraft industry including important organizations 
related to the industry. 

SMALL FIRMS 

In the seventies, researchers noted that the small and medium sized 
companies role regarding a country's total industry production had been 
rather constant over a longer period of time (Ramström, 1971). In most 
countries at that time the small and medium sized companies were 
responsible for about 50% of t he production. Ramström (1971) noted that 
possible threats for a small business included keeping up with the need 
for development in the areas of technology, economy/administration, 
and knowledge of personnel. This was especially important in a rapidly 
changing environment. His suggestion for survival is to use their unique 
competence with regard to close market contacts, organizational 
flexibility, and short series manufacturing. His prediction regarding the 
future includes a business climate with a larger polarization between 
small and large companies, together with closer co-operation between 
companies. In 1994, almost 95 percent of all companies in Sweden had 

3 



Product Development & Small Firms 

less than ten employees, and 98 percent had less than 20 employees 
(NUTEK, 1995). In average, a Swedish company had 4.5 employees. As 
stated by these numbers, small firms are clearly a majority in the Swedish 
business community. In addition, they are responsible for almost 2/3 of 
all employment. Interesting to note is that most small firms are active on 
a local or regional market. Only 20% of the Swedish export can be 
derived from independent small firms (NUTEK, 1995). To be fair, is 
important to note that not all of the small firms aspire to be part of the 
exporting industry either. 

Small and medium sized enterprises (SMEs) are an important factor in 
most countries (OECD, 1989). In Sweden the number of small businesses 
in relation to the total number of privately owned companies has grown 
during the 1990s (Lundtröm et al., 1998). Studies show that between 1988-
93 employment growth could be found in micro and small firms, and that 
the highest turnover growth was found in micro firms (European 
Network for SME Research, 1994). Small entrepreneurial firms in general, 
and small entrepreneurial high-technology firms in particular, are of 
great importance (Yap & Souder, 1994). They generate new products that 
are vital for an evolving business-community as well as for the state. 
New products generate positive spin-offs regarding employment and 
national income for the state. In Sweden, government support to small 
industrial firms has grown while industrial support in general has 
decreased. Small firm support has increased rapidly from 178 million 
SEK 1989/90 to 397 million SEK 1993/94 (NUTEK, 1995). The fact that 
small firm's competitiveness is an important question for the European 
Union is evidenced by programs like co-operative research action for 
technology (CRAFT) created especially for small and medium sized 
enterprises (SMEs). 

The small size of a company can be both an advantage and a 
disadvantage seen from numerous standpoints. Rothwell and Zegveld 
(1985) lists a number of fields where the difference is notable. The list 
includes marketing, management, internal and external communication, 
growth etc. Flexibility and maneuverability is often seen as the small 
firm's strength, together with short decision times. As Ace, Audretsch, & 
Feldman notes; 

"small firms are recipients of R&D spillover from knowledge generated in 
the R&D centers of their larger counterparts and in universities." (Acs, 
Audretsch, & Feldman, 1994:336) 

The negative aspect that usually comes up is lack of resources, both 
financial and human. A small firm cannot afford to employ a specific 
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R&D unit with experts for specific tasks. It is also in general harder to 
find and divert resources from the day-to-day operations needed to give 
a new project a good start. Instead, employees have to find and take time 
from their daily work to do this. 

Originating from ideas by Schumpeter and Galbraith, large firms were 
considered to cultivate technological innovations more efficiently than 
small firms. During the sixties and early seventies, empirical studies 
presented new facts that contradicted this notion. Small and medium-
sized firms were found more efficient than large firms with regard to 
R&D (Cooper, 1964), (Mansfield, 1968), (Schmookler, 1972). Zenger (1994) 
confirmed in his study that small firms attract and retain skilful and 
capable engineers which in turn creates a climate promoting high efforts. 
The effort level was also found to be higher in smaller than larger firms. 

There have always been a multitude of suggestions when it comes to 
defining a small firm. It is all depending on one's references. A person 
that has worked and lived his life in a large town, with a vast population 
of businesses and industries, seems to set the limit higher than people 
from smaller societies. Due to differences in background and focus of 
previous research, the limit for what is named small firms range from 0 to 
199 employees (Bolton, 1971), (Barrow, 1993). Within the European 
Union, small firms are defined as micro firms (1-9 employees), and small 
firms (10-49 employees, with a maximum of 7 million Ecu in turnover 
and 5 million Ecu in total assets) (Lundström et al., 1998). The definitions 
also vary depending on industry. In the United States, aircraft 
manufacturers that employ less than 1500 people are considered small, at 
the same time as a spaghetti manufacturer is considered large if they 
employ more than 250 people (US Government, 1987). As one can see, the 
definition is not easily done by size alone. There are factors such as 
branch, industry, earnings, and others that disrupt an easy coding. A way 
of preventing problems in comparisons like the above is to define a 
company's size by its relative position in its industry. Within the car 
industry Volvo was considered a small company, before it was sold to 
Ford, even though it was one of the largest companies in Sweden. Certain 
industries need heavy investments in personnel, others in factory and 
equipment, to work efficiently. This aspect has a clear parallel to the size 
discussion above. Another way of deciding whether or not a firm should 
be labelled small can be done by defining the orientation of the principal 
actor of the firm. The types that traditionally are being used are; craftsman, 
promotor, or administrator. Since this way of defining a company is 
closely related to human resources and actors in a company, it is of 
importance for the firm's characteristics. Studies also show that firm size 
is a key variable affecting choice of strategy. The human capital within a 

5 



Product Development & Small Firms 

firm is important since a higher educated manager or owner is more 
likely to implement strategies regarding planning and use of new 
technology as a tool for company growth (Variyam & Kraybill, 1993). 

Another aspect is that small firms are an important aspect in the Swedish 
and European Community. Within the Common Market, 99% of the 
firms can be labelled small and medium sized (SMEs) and they employ 
70% of al l people working among companies within the European Union 
(NUTEK, 1992). Even more interesting, is that 92% can be labelled micro 
firms with less than 10 employees. Since this research involves four case 
studies, arguments about the upper limit for the category small firms is 
of less importance. Since this study will refer to small firms, the 
traditional view of 0-49 employees is set as the limit. It is notable that the 
main case that has never had more than seven employees is in some 
countries, considered to be a very small enterprise1 (Barrow, 1993). 

This study is focusing on small technology-driven firms. The small size 
itself can be seen as an imperative since many large corporations place 
great efforts to imitate traits like commitment, spirit, and talent that often 
are associated with small and medium sized high-technology firms 
(Horwitch & Thietart, 1987). There is a notion that large corporations 
should strive to become more entrepreneurial, especially when it comes 
to new ventures. Corporations try to simulate the small firm by the 
formation of small teams and entrepreneurial business groups. In 3M 
they are called business development units. Large corporations want to 
simulate the operations of a small firm when entering a new venture due 
to the fact that; 

"they have rediscovered the special virtues of b uilding an entrepreneurial 
organization and of harnessing entrepreneurial energy/' (Roberts, 1980:142) 

Companies invest in product development. One reason is that product 
development can lead to business opportunities. Product development is 
a major undertaking for most firms. The process to create a new product 
is usually uncertain, involves risk-taking, and has vast implications on a 
firm's future. Especially for smaller companies, most decisions are on a 
strategic level. If they succeed, they prosper, and a failure might lead to 
bankruptcy. As always, there is a difficult task to draw the line between 
strategic and non-strategic decisions. In mid 1970s SMEs were believed to 
function as a vehicle for economical renewal. Ten years later Oakey, 
Rothwell, & Cooper notes: 

11, e., less than ten employees. 
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"In particular, the new technology-based firm (NTBF) has been highlighted 
as a vehicle for high-technology industrial growth/' (Oakey, Rothwell, & 
Cooper, 1988:4) 

Lately, a more moderate view has emerged, showing that NTBFs can 
function as an important channel of technology-transfer between 
industry and research community (Autio, 1994). They are also considered 
to strengthen the competence-base of the country (Rickne & Jacobsson, 
1996). Even if they have little interest in growth, they are often stable and 
thereby providing employment for professionals (Autio & Yli-Renko, 
1998). 

THE AIRCRAFT INDUSTRY 

The aircraft industry is known for its high-technology and high R&D 
spending. In an OECD report (OECD, 1989) they established that the 
aerospace industry invested 17.8 billion USD in R&D during 1983, 
making them one of the highest R&D spenders together with electronics 
and machinery. Even if R&D expenditure (as a share of value added) 
within the aircraft industry has declined between 1970s and 1990s, they 
are still spending more than four times the amount than the 
manufacturing industry on average (OECD, 1996), (OECD, 1997). It is 
also notable that the aircraft industry is characterized as global. As Litvak 
notes; 

"The development of h ighly specialized products, for which there was no 
adequate domestic demand, immediately triggered off a global 
orientation." (Litvak, 1992:47) 

There is a high degree of joint ventures between manufacturers in 
different countries. Some examples are Airbus, Concorde, and the 
Eurofighter Tornado. In Sweden, the commuter aircraft SAAB-Fairchild 
340 and 2000 are examples of the same. It is not only the larger commuter 
and airliner manufacturers that act on an international basis. One of the 
larger private aircraft manufacturers in the U.S., Piper Aircraft 
Corporation, has tried to set up a factory in Russia (Flygrevyn, 1991). One 
of the reasons is that leading edge technology is extremely expensive. 
Through joint ventures, or strategic alliances, corporations can share 
expensive investments in parts and/or sub-systems that can be useful for 
them both. 

That the global aircraft industry is of interest can be seen by projects like 
Eriksson's (1995) study of the airframe manufacturing shift towards the 
Asian newly industrializing economies (NIEs). Although the aircraft or 
aerospace industry often are used as examples of high-technology 
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industries, some researchers note that the industry is characterized by a 
slow development cycle (Gupta & Wilemon, 1990). The reason for this is 
the long product life cycle compared to, for example, computers and 
telecommunication. Others suggest that the aeronautical industry is an 
interesting research object when focusing on the relationships between 
scientific development and design (Bonaccorsi & Pammolli, 1995). The 
reasons, among others, are a long period of technological development 
and progressive modification of design technologies. 

Characteristics for technologically advanced industries involved in 
product development are (Gupta & Wilemon, 1990:24): 

• Increased domestic and global competition; 
• continuous development of new technology that quickly obsolete 

existing products; 
• changing customers' needs and requirements which truncate 

product life cycles; 
• higher product development costs; and 
• increased need for involvement of external organizations in the 

new product development process, e.g., customers, vendors, 
strategic partners, governments. 

Due to the high R&D spending found within the business, a trend of 
larger and fewer actors has evolved. In Sweden, one large actor can be 
found, SAAB. Internationally, the trend is that even the large 
manufacturers have to cooperate to survive. As mentioned earlier, SAAB 
cooperates with Fairchild. The reason for this can be seen as resource 
base constraints. Due to larger and more expensive projects involving 
high R&D expenditure, acting on a more competitive market, the actors 
need to refine their competitive positions as much as they can. As a 
consequence, the aircraft industry is also a global market. No company 
can afford to sell its product to only the domestic market or to nearby 
countries. Even the former Soviet Union sold their planes worldwide. 
Today, the costs for developing an aircraft are so high that the only way 
to get a return on the investment is to market the product globally. 

The aircraft industry aiming at the consumer market has also experienced 
some drastic changes over the last decades. An example is the changes on 
the U.S. market. In 1978,17.811 light aircraft were sold. In 1987, sales had 
dropped to only 1.085. One reason for this change was that the firm's 
insurance fee to cover their liability during the same period had grown 
from 2.000 USD to approximately 80-100.000 USD per aircraft 
(Economist, 1988). As a consequence, kitplane manufacturers expanded 
their market share. A kitplane has to be built by the owner (to at least 
51%) to be classified as a homebuilt aircraft. The builder/owner is liable 
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for their own product, thereby excluding the manufacturer from 
responsibility. Kitplane manufacturers with well-designed constructions 
have experienced a high growth-rate over the last years. They are also 
responsible for introducing new technology and new materials in their 
constructions. Focusing more specifically on glider manufacturers shows 
that they can be divided in two broad categories. First there are (in 
comparison) larger companies in Germany, and former East-European 
countries that produce highly efficient gliders for competition and high 
demanding free-time users. The other category consists of a number of 
kitplane manufacturers with an idea (good or not so good) to build a 
plane, often lacking the resources needed to develop a glider with "state 
of the art" performance. The result is often an aircraft with dubious 
performance more suited for those who are mainly interested in building 
and not flying. Still, all firms can be categorized as small or, at most, 
medium sized. 

ORGANIZATIONS AFFILIATED TO THE AIRCRAFT INDUSTRY 

The Swedish Civil Aviation Administration (CAA) is located in Norrköping, 
about 170 kilometers from Stockholm. Their main tasks are (Swedish 
Civil Aviation Agency, 1992:3): 

• To promote the development of civil aviation. 
• To operate and manage the Swedish State-owned airports 

engaged in civil aviation. 
• To supervise civil aviation safety. 
• To provide peacetime air navigation service for civil and 

military aviation. 
• To protect the environment against pollution from civil aviation. 
• To carry out civil defense planning related to air transport 

operations. 

The Flight Safety Department is a section of CAA and is focused on 
inspections and certification of aircraft hardware. They have a total of 
about 130 employees. The Flight Safety Department is responsible for 
testing all civilian aircraft hardware in Sweden. It includes everything 
from certifying new aircraft, to flight containers. Their major undertaking 
during the end of the 1980s and beginning of 1990s has been the 
certifying process of SAAB's commuter aircraft. The Swedish CAA is also 
cooperating with corresponding international organizations. 

The Experimental Aircraft Association (EAA) is another influential 
organization, founded 1953 in the United States. It is an organization 
spread all over the world. EAA is divided into different chapters, or 
groups. In the United States, chapters can be found in different regions. 
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Outside the United States, the common way is to have only one chapter 
in each country. In Sweden, the local chapter number is 222 and was 
founded January 20, 1965. It is an idealistic organization that works for 
the member's rights to build and fly an amateur-built aircraft with the 
minimum of restrictions. They work with information, education and act 
as the amateur builder's spokesperson toward the Swedish Civil 
Aviation Administration and other government agencies. They have a 
close relationship with Flight Safety Department since EAA is 
responsible for preparing the application, including giving a suitability 
judgement for each person that applies for building an aircraft. In 1993, 
the members were working on 260 aircraft, 102 were being flight tested 
and there were 160 planes flying (EAA Chapter 222,1993). 

1.3 BASIC CONCEPTS 
To be able to look into the process of developing and managing new 
products, there is a need to define what a new product is. First, a product is 
usually divided into goods or services. It does not, in other words, matter 
if a company markets a car or a vacation trip to another country. In both 
cases they are selling a product. The difference is in the degree of 
tangible/non tangible parts of the product. Second, a new product puts 
additional restraints to the concept. It is easy to agree to the fact that the 
very first camera or telephone was a new product. The problem is to 
draw the line between a new product and a variation of an existing 
product. For example a company starts to market their existing products 
in another country, to them there is nothing new, but the customers will 
experience their product as new. 

Following are some categories that are generally accepted (Crawford, 
1994:11). 

• New-to-the-world-products: Products like the first camera mentioned above, 
i.e., inventions. 

• New category entries: A category when a company enters a new branch or 
industry with a new product. There might be other similar products on the 
market, but it is completely new for the company. 

• Addition to product lines : An addition to existing product lines is when a 
company enters the market with a new product to better fit one or more 
segments in the present market. 

• Product improvements; is something that most products have gone 
through. For example, cars are improved at least on a yearly basis. 
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• Repositioning; is when an existing product is transferred or moves into a 
new market. A classic case found in many textbooks (Crawford, 1994:11), 
(Kotler, 1997) is Arm & Hammer's baking soda that repositioned and 
extended its life cycle by becoming refrigerator deodorant. 

Since mankind has always been extremely attracted to the first category, 
the new-to-the-world-products is often ranked as number one when it 
comes to interesting findings and fascination of the phenomena itself. 
The problem is to know where and when such a process occurs. Since 
there is no way of knowing in advance, the second best study object is 
found under the label new category entries. It is possible to define 
"interesting" industries and to search for companies developing new 
products for this market without any former connection to existing 
products or companies. 

This study focuses on the two categories, new category entries (and addition 
to product lines). The reason for this is the higher probability of studying a 
complex product development process. An aircraft is a very complex 
product with a highly regulated documentation around its development 
process that would help in verifying dates and resources involved. 

Another keyword in this study is process. A fitting definition is; 

"a sequence of individual and collective events, actions, and activities 
unfolding over time in context." (Pettigrew, 1997:338) 

Pettigrew describes it beautifully by also stating: 

"The driving assumption behind process thinking is that social reality is 
not a steady state. It is a dynamic process. It occurs rather than merely 
exists (Sztompka, 1991). Human conduct is perpetually in a process of 
becoming." (Pettigrew, 1997:338) 

Sometimes the new product development process, often referred to as the 
NPDP, is separated from the product development process (PDP). The 
NPDP concerns itself only with processes involving a completely new 
and innovative product. All processes involving improvements and 
adjustments are excluded. Since there are many interrelations between 
the NPDP and the PDP, and the field is scattered as it is, the study will 
address the PDP and in that category include both processes. At first, the 
way to describe the process has been by picturing a linear and sequential 
step-by-step process. Over time, variation to these theories has emerged. 
They include both iterative and parallel process descriptions. 

Technology is another word that needs to be defined. A dictionary defines 
technology by stating that it is "the practical application of knowledge, 
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especially in a particular area" or "a capability given by the practical 
application of knowledge" (Merriam-Webster, 1994). (A more in depth 
discussion on technology follows in chapter two.) 

1.4 STUDY OBJECT & CONTEXT 
Technology and technological innovation is a notable driver of 
international competition (Porter, 1985). Small technology-driven firms 
are therefore a category that experiences the consequences of shorter 
product life cycles due to faster diffusion of n ew technology. One reason 
for them to stay small is that they normally cannot compete through 
economy of scale. The rapid change in the technological environment 
invalidates this option. As a result, the large firms often try to find small 
firm solutions within their research departments. A well-known example 
is Lockheed's "skunk works" department that was set up and managed 
as a freestanding part of the large corporation. (Successful projects 
include spyplanes like U-2 and SR-71 Blackbird, among many others.) 
Other large firms with similar ideas includes IBM's Skunk Works, 
Apple's Macintosh Lab, and Texas Instruments' internal innovation pool 
(Yager, 1998). It is also important to note that small open economies like 
the ones found in Sweden and Finland might constitute a problem for 
this type of small firms (Autio & Yli-Renko, 1998). A technology-based 
firm might find the domestic supply and demand for technology scarce, 
and also that the local demand for their product might not be enough to 
cover development costs. 

The idea of developing a universal model of the PDP, regardless of 
product type, industry structure and company size among others, is 
absurd. It is important to define the area of research in such a way that it 
has a reasonable chance to make a contribution to the field. Below are 
two parameters that cut into the vast area of PDP from different angles. 
First is the size-parameter. A small firm has different advantages and 
problems compared to a large or multinational company as described 
earlier. The focus on small firms is also following the tradition at Umeå 
university since the department of business administration is known to 
be the cradle of small business research in Sweden (Spjut & Gustafson, 
1998). Second, there is the industry-parameter. Each industry has its own 
regulations and characteristics that the firm needs to adapt to. A personal 
interest in aircraft and gliders, resulting in a glider pilot license and at 
least a basic knowledge of t he aircraft market, the choice of industry was 
obvious. By combining these parameters, an interesting area to study 
emerged. 
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There have been studies on small firms, high-technology firms, new 
technology-based firms, R&D departments in small and large firms etc. 
with regard to product development. The lack of research specifically 
examining the product development within a small technology-driven 
firm is evident. It is also evident that to do this in a rewarding way, the 
process cannot be studied without including central areas that affects this 
process itself. In a small firm, it becomes evident that the owners and 
central actors affect the way the firm is in a very direct way. To study the 
product development process in a good way; it is therefore fundamental 
to include the actors and their activities during the process; the firm; and 
the firm's environment into the study. Focusing on technology-driven 
processes, it is natural to also include technology as a parameter in this 
study. 

1.5 PURPOSE OF THE STUDY 
Focusing on technology, organizations, and innovation, Tushman & 
Nelson (1990) raise several broad and important research questions. 
Among others are; 

"how do different types of technological change affect organization 
outcomes at multiple levels of analysis (i.e., product class, population, 
organization, roles, individuals)?,/ (Tushman & Nelson, 1990:3) 

and; 

"what characteristics of organizations and environments shape the 
development of technological change and innovation?" (Tushman & 
Nelson, 1990:3) 

As already stated, there are multitudes of reasons to develop new 
products. Some are easier to explain and understand than others. 
Company's R&D expenditure is raising each year. They are finding out 
that their new products are responsible for a large part of their sales and 
profit. The customers want new products. Competitors are developing 
new products that make present products passé or at least, less attractive. 
Why is this of interest for researchers? All the above reasons should be 
enough. Researchers are not doing research for their own sake and well 
being. Research findings will hopefully be of use for practitioners and, at 
least to some extent help them in difficult situations. Also, there is no 
reason to circumvent the fact that I personally find the area very 
interesting and exciting. 
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This study focuses on the product development process, the use of 
resources, and actors' operative and strategic handling during the 
development process. In other words, it is focusing on what Cooper & 
Kleinschmidt (1995) found as most important drivers for solid 
performers. This leads to the following research question: 

How is the new product development process carried out operationally 
and strategically in small technology-driven firms? 

The research question is broken down to the following objectives. First, 
as a base, theories within the field are reviewed and discussed. Second, by 
searching for a profound understanding of how the product development 
process is carried out, exploratory case studies are made. The word 
profound is used since it can be translated into "having intellectual depth 
and insight" and "extending far below the surface" (Merriam-Webster, 
1994). Third, through the two prior objectives, adapt theories to this 
particular field by generating new terminology. The purpose of t his study is 
in other words to enhance our understanding of what is taking place 
within small technology-driven firms during the product development 
process by describing and analyzing the gathered information. 

1.6 DISPOSITION OF THE DISSERTATION 
The structure of the dissertation is presented in figure 1.1 below. 

Chapter one introduces the reader to this study in the area of product 
development. It presents the dynamics of product development and an 
explanation for the choice of focusing on small technology-driven firms. 
Also included are definitions of k ey terms, purpose of the study, and the 
organization of the dissertation. 

Chapter two is a theoretical foundation and literature review of the 
different areas relating to this study. The foundation is built on theories 
concerning smaller, technology-driven firms regarding their product 
development process, managerial constructs, and operations. The chapter 
is divided into three parts. First, different streams in product 
development research is presented and discussed. Second, different 
examples of how the product development process can be instigated and 
illustrated are given together with a discussion on the outcome of the 
process. Third, the issue of a firm's resource-base is presented. The 
chapter ends with summary and discussion regarding the earlier parts of 
the chapter. 
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4. The Development 
of Windex 1200 

5. Emerging Areas 
of Interest 

2. Research in Product Development -
A Theoretical Foundation 

10. Concluding Remarks 

3. Method 

9. Toward a New Terminology 

1. Product Development & Small Firms 

. Issues Emerging from All Cases 

6. Additional Cases 

C. ATOL 

D. BA-12 

B. Stemme S10 

7. Comparison of 
Cases & Statements 
SI S2 S3....S16 

Figure 1.1. Disposition of the Dissertation. 

Chapter three describes the methodological decisions made in this study. 
The process was started by interviewing owners, managers, and 
important actors close to the process of developing Windex 1200 (see 
chapter 4). Key actors were also interviewed during different occasions. 
This case study is the foundation and platform on which the rest of the 
study is built. The data from the following three cases (see chapter 6) 
were collected during one occasion, and is gathered to make a 
comparison to the platform possible. Conclusions of general character are 
not intended, rather to verify that the findings drawn from the platform 
are not unique to one single company. The intention is to show that these 
can be found, to various extent, in other companies as well. 
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As pictured in figure 1.1, the first three chapters represent a foundation 
for the reader before introducing the empirical parts. 

Chapter four presents the first case and is used as the platform for learning 
and understanding. It is a presentation of the firm RADAB, the 
development process of their motorized glider Windex 1200 and the 
actors involved. (Data and blue-prints of the aircraft is found in appendix 
B.) 

Chapter five is a continuation of chapter four and a synthesis of the 
collected data. Here, emerging issues of interest are presented and 
discussed. The issues are built around sixteen statements in different 
areas. The chapter ends with a summary of the areas found to be 
important to the actors during the development of Windex 1200. 

Chapter six introduces the second phase of information gathering. The 
chapter is named additional cases, and includes case descriptions that 
originate from three different northern European countries. The Stemme 
S10 Chrysalis is, similar to Windex 1200, a motorized glider and is found 
in Germany. The ATOL amphibian is an ultralight aircraft originating 
from northern Finland. Finally there is the Ba-12 Dragon-Fly, an 
ultralight aircraft that has been developed in southern Sweden. They are 
all illustrating the product development process of a small aircraft, where 
the firm itself is developing the product from the first inventive idea. 

Chapter seven is a comparison of the additional cases with regard to the 
statements formulated in chapter five. As such, it is a comparison 
between Windex 1200 and the additional cases in order to find 
similarities and discrepancies between their development processes. The 
chapter ends with a refined discussion regarding the areas previously 
stated in chapter five. 

Chapter eight continues the analysis, but here, on a more aggregate level. 
As pictured in figure 1.1, this is done by opening up the analysis through 
considerations based on all four cases, and not only from the viewpoint 
of the first case. Issues concerning the process itself, key-actors' 
relationship, and firm evolution are discussed. 

Chapter nine addresses the conclusions and implications of what have 
been found and learned during this process. It is based on a discussion 
that there is a need for a new terminology in order to improve the 
understanding of these actors and their behaviour during the product 
development. The term perpetual product development is introduced. To 
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better explain this new terminology, both individual and process 
characteristics valid for this term are described. 

Chapter ten concludes this dissertation with a discussion reflecting on 
issues and ideas presented. A short description of what happened with 
the development projects, the actors, and the firms after the study was 
carried out, is given. Ideas that can be interesting to pursue as a 
continuation of th is study are also introduced. 
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2. 
RESEARCH IN PRODUCT 

DEVELOPMENT - A THEORETICAL 
FOUNDATION 

The long and winding path that mankind follows to be able to discover, 
predict and influence the future is hard to outline. One of the many tools 
in this exercise is theories. The main problem is often that theories have a 
tendency to be fragmented. Theories can be described and viewed from 
many standpoints or "lenses/' This study focuses on the product 
development process within small, technology-driven firms, thus 
connecting to theories in areas like management of innovations, product 
development, product planning, managing technology, new product 
management etc. The field of p roduct development is both scattered and 
fragmented due to its varied research, and is continuously growing. As a 
consequence, research can be, and is classified as studies in the areas of 
marketing, technology, organization theory, and engineering to name a 
few. 

This chapter is divided into three parts. First, the different areas and 
research streams within the field of product development are presented. 
Different ways of organizing the streams of research are discussed and 
prior Swedish research is also introduced in this context. Second, central 
aspects regarding product development in smaller technology-driven 
firms are presented. A discussion regarding technology and market, the 
sources of innovation and product development precedes product 
development theories. After describing the process of product 
development, performance aspects and project outcome culminate this 
section. Third, the firms' resource-bases are discussed with regard to 
physical, financial and human resources. Different types of roles are 

19 



Research in Product Development - A Theoretical Foundation 

introduced and are then linked to type and size of the organization. The 
chapter ends with a discussion based on all prior theoretical parts, and 
presents a figure of how this fits together. 

2.1 STREAMS OF RESEARCH IN PRODUCT 
DEVELOPMENT 

There have been many different studies concerning new product 
development. Different approaches have also been used over the years. 
Previous studies can be categorized into different subgroups. Brown and 
Eisenhardt (1995) support the notion that the field of product 
development is fragmented. They note that it is an important area since it 
is essential for success, survival, and renewal of the organization if 
carried out in a proactive way. Brown and Eisenhardt (1995) have 
distinguished three research streams within the field of product 
development. They claim that each stream follows a path that can be 
back-tracked to one or two pioneering studies. 

The first is called the rational stream, evolving from Myers and Marquis 
(1969) and the British SAPPHO2 study led by Rothwell (Rothwell, 1972), 
(Rothwell et al., 1974). The overall focus is, according to Brown and 
Eisenhardt, to find determinants of financial performance of the product. 
In essence, this research stream argues that success is reached through a 
superior product on an attractive market, and carried out by a rational 
organization. The organization is built around cross-functional teams 
working under the support of top management. In this case cross-
functional means that the team is built with people from more than one 
functional area like marketing, engineering, or manufacturing. Success is 
reached through product uniqueness, superior quality, by cost advantage 
and early involvement of both customers and suppliers. Success is 
measured through sales, profit, or market share. This stream evolved 
through researchers like Cooper (1979) with his NewProd study and later 
similar studies like Cooper and Kleinschmidt's (1987). Others were 
Maidique & Zirger (1984), (1985) and later Zirger & Madique (1990). In 
the findings of Cooper and Kleinschmidt's (1987) study, one can note that 
the most important factor for product success was product advantage and 
that predevelopment planning within the internal organization also was 
of g reat importance. Products entering a large and growing market were 
also more inclined to become successful. The authors conducted a similar 
study among the European and North American chemical industries 

2 Scientific Activity Predictor From Patterns With Heuristic Origins. 

20 



Research in Product Development - A Theoretical Foundation 

(Cooper & Kleinschmidt, 1993), and came to similar conclusions. Recent 
trends in the same category are studies focusing on faster product 
development (Gupta & Wilemon, 1990). 

The second, the communication stream, originates from Massachusetts 
Institute of Technology (MIT) with work done by Allen (1971). This 
stream focuses on how communication affects the project's performance. 
The basic idea is that success is reached by good internal and external 
communication. Success is measured perceptual by the development 
team and management ratings. Connecting to this field is also von 
Hippel's (1988) research regarding the importance of communication 
with key customers and their impact on product development. Other 
studies focus on gatekeepers (Katz & Tushman, 1981), (Katz & Allen, 
1985). External communication issues were found important or even 
critical to a successful product development (Ancona & Caldwell, 1990), 
(Ancona & Caldwell, 1992). Internal communication was also important 
in such a way that it improved the performance of the product 
development team (Keller 1986), (Ancona & Caldwell, 1992). Examples of 
improvements include, similar to the rational stream, cross-functional 
teams and managers focusing on internal communication. Theories are 
connected to information-processing and resource dependence. Notable 
is that all research listed in Brown and Eisenhardt's (1995) review was 
carried out in large firms or laboratories. 

The third and last category is the problem-solving stream. This research 
originates from Japanese studies of s uccessful products (Imai, Ikujiro, & 
Takeuchi, 1985), and how a development team, suppliers, leaders etc. 
influence the product development process itself. According to this 
stream, success is reached through superior and disciplined problem 
solving. The vision of t he product is communicated out to all parts in the 
cross-functional team and suppliers. The product development process is 
organized with overlapping phases, iterations, testing, and planning. 
Success is measured and rated based on speed and productivity. One 
path to fast and efficient product development according to this stream is 
extensive use of the supplier network. Similar to the other two streams, 
cross-functional teams were found to improve product development in 
addition to functioning as a basis for allowing development phases to 
overlap. Senior management should not merely support the project, but 
engage themselves in what Imai Ikujiro, & Takeuchi (1985) refers to as 
"subtle control." By that they suggest that senior management should 
communicate a clear vision of objectives to the team. The development 
team, guided by the objectives, will still experience the necessary freedom 
to independently work on the project. Eisenhardt and Tabrizi (1995) 
carried this stream further and found in their study of the computer 
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industry, that an experimental or improvisational approach improved the 
speed of the product development. The process was improved by 
frequent iteration, frequent milestones (supported by Weick's (1984) 
small wins discussion), and a strong leadership. In contradiction to other 
researchers, they found that computer-aided design (CAD), supplier 
involvement, overlapping development stages, and extensive planning 
could have a negative impact on the development speed. 

Brown and Eisenhardt (1995) conclude through their model that there are 
a multitude of factors influencing the product performance. Their model 
conceptualizes relationships between the different research streams with 
what they define as the dominating success factor, financial performance. 
They make the observation that team aspects like composition, 
organization, and leadership together with suppliers, will affect the 
process performance. Project leader, senior management, and customer 
involvement will, on the other hand, affect the product concept 
effectiveness. Finally, process performance and concept effectiveness, 
together with market aspects, will influence the financial performance. 
Brown and Eisenhardt (1995) end their theoretical review by noting that 
there is a need to explore the field of product development since it still 
can be pictured as a "black box", vital to the overall understanding of 
innovation. 

Alternative structures can naturally be found, but are often just an 
elaboration of the above streams (see for example Karakaya & Kobu, 
1994). More interesting to note is that most of the above studies, in all 
three streams, assume the same objective for a firm to undertake product 
development projects. The assumption is based on a situation where the 
firm is working to develop a new product in both an effective and 
efficient way in order to successfully compete and grow on its designated 
market. The success aspect is thereby strongly associated with company 
and/or market growth. 

Firm size, which is further discussed later on in this chapter, is another 
aspect seldom included as an important factor in product development 
research, even if it is used from time to time as a selection factor in the 
sampling process. 

PREVIOUS SWEDISH RESEARCH 

Sweden is a country that in an international comparison supports R&D to 
a high degree (Barkman, 1999). When comparing R&D spending in ration 
to BNP, Sweden spends twice as much as the average EU-country, and 
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higher than both USA and Japan. This fact has naturally lead to research 
projects focusing on the issue of product development. In the mid-
seventies, two studies regarding product development were done 
(Valdelin, 1974), (Brodin, 1976). Both are built around ten case studies 
that the researchers gathered data from together. The first, by Valdelin 
(1974) addresses the topic of product development and marketing. In 
Valdelin's study, the aim was to describe different forms of product 
development in Swedish firms. He makes a distinction between product 
variation, (new) product development, and innovation. One of his 
findings shows that strong distributors can be one source that demands 
and pushes the firm to develop new products. Two years later, Brodin 
(1976) presented his study using the cases previously used by Valdelin. 
Brodin focused on describing the product development processes in 
detail and tried to explain how some mechanisms and processes are built. 
In his findings, he notes that a product idea by itself, without an 
assortment or business idea, has difficulties surviving. He identifies five 
critical factors; production method, control method, organization, contact 
with customers, and key person, but stresses that the factors are situation-
dependent. He is also questioning the linear/rational models of the 
product development process, since findings show examples of blind 
alleys, side-tracks, waiting positions, and interruptions in the process. 
Both Valdelin and Brodin studied historical processes, i.e., the product 
development process was already completed. 

The trend towards small firms and inventions that started in the end of 
the seventies was investigated by Hägg (1984) in his study named 
Inventions and new ventures in development companies. He addressed the 
question of how a development company can support the 
commercialization of inventions by individual inventors. Although he 
describes it as a single case study, it is possible to group it in distinctive 
sub-parts, i. e., he observed 204 different development projects that this 
firm was involved in. On a more general level, they either focus on 
management i.e., control of product development in larger projects, like 
Svensson's (1990) Management of Product Development Projects, or how well 
small firms can assimilate and exploit acquired technology (Svensson, 
1984). Svensson (1990) studied the cost and time structure in R & D 
projects. He found that the developed products were often over-
performing their initial specifications, and that they often also became 
more expensive. He also noted that radically new products tended to 
produce more uncertainty throughout the product development process. 
It is of in terest to note that he found no significant trade-off between time 
and cost. 
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With an engineering perspective, Carlsson (1990) studied the integration 
of technical functions in large firms' product development process. He 
found two barriers to integration in the organization and the information 
process. His conclusion is to work with the concept of functional infusion 
to create cross-functional synergy effects. Another study following in the 
same tradition is Lundqvist's (1996) focusing on developing operative 
organizing principles for established manufacturing firms' product 
development. From a different point of view, studies have focused on 
CAD and its impact on the personnel and their design work during the 
product development process (Hovmark, 1993). 

The main body of research has been done around the development 
process, not for a specific project, but for the entire company (Klofsten, 
1992), (Landström, 1987). At a more aggregated level, Davidsson (1989) 
found in his study of 468 small firm managers in Sweden, a lack of p rofit-
maximization goals among the companies. He claimed that most small 
firms cannot be labelled as entrepreneurial, although the high-technology 
category showed a higher degree of entrepreneurial activities. An 
interesting finding is that the willingness to grow among these firms was 
low. He found that the most important factors when considering 
company growth, were consequences regarding private finances, 
employees' well being, freedom from external dependence, and the 
manager's ability to keep control of the firm's operation. Brytting (1990) 
also observed that only a few of the small firms grow, and that the 
applicability of stages of growth models therefore might be inaccurate. 

Klofsten et al. (1988) found in their survey some differences among 
university- and non-university spin-offs with regard to internal and 
external resources. University spin-offs experienced insufficient 
marketing knowledge from the start. The non-university group had 
instead, problems in finding personnel externally, which was not as 
strongly supported by the university group. The authors also suggested 
that the non-university group started out with less of a span between 
resources needed and resources available. They also noted that; 

"all perceived that capital is not available to the extent needed at the start 
and later." (Klofsten, et alv 1988:443) 

A similar focus on technology-based spin-offs were made by Tesfaye 
(1993). She noted that that each entrepreneurial process is unique, but the 
key factors they all could gather around is desirability, feasibility, and 
opportunity. 
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Brytting (1991) focused on firm size, and investigated if s mall firms had 
some comparative advantages. Other questions raised were, whether 
increased size posed a threat to these advantages, and whether they could 
be reproduced in large corporations. He found that small firms present an 
effective mechanism for self-expression, but are more ineffective from an 
economical point of view. He also points out that the recruiting of new 
employees are both difficult and sensitive. Brytting (1990) also argues that 
small firm leaders constantly have to specify both the company's identity 
as well as their own role within it. It is not only the leader that might have 
problems in defining the work-role. In general small firms have vaguely 
defined work-roles, since employees often have to give a helping hand in 
all sorts of work situations. 

In 1988, STU ( today NUTEK) got together a group of people from the 
business life, inventors, government, and unions. Their mission could be 
described as finding a better way to manage the transition from idea to a 
market product. Two years later, their official proposal was completed 
(STU, 1990). According to their study, the main problem was the weak 
link between inventors and individuals/firms managing the risk capital. 
They especially pointed out this problem among the category called 
amateur inventors. Their solution was to strengthen the financial and 
knowledge support by an action-program. That the question/solution is 
difficult even among a small group of people, is visualized through a 
separate letter by one peron of the group claiming a different opinion. 

As a response to studies focusing on industry, firm, or project levels, 
Lindström (1994) applies an idea-perspective. He studied the exploitation 
of independent inventions, specifically, the relations between the 
independent inventor and the firm or firms exploiting the inventor's idea. 
One finding points to the multiple roles that the inventor has to take on. 
The inventor has to be consultant, co-developer, and 
supervisor/controller all at the same time. It should also be noted that 
there are a number of Swedish studies focusing on the related area of 
innovation. A similar tendency towards studying larger companies 
(Lindholm, 1994), (Ridderstråle, 1996) or whole industries (Link, 1997), 
(Hidefjäll, 1997) is present. There are also studies with an educational 
perspective on innovation and design (Brandt, 1998). 

DISCUSSION 

As can be seen above, structuring the field of product development 
research is complex. The categorizing made by Brown and Eisenhardt 
(1995) shows a dominance for what they call the rational stream. The 
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rational stream is correspondingly dominant among the Swedish research 
projects. The rational stream is still dominating today's research, even if 
an emerging shift of f ocus can be detected. Research focusing on finding 
success factors or parameters to improve effectiveness and speed of the 
product development is still common. What is more interesting is that 
research that looks upon the process of product development is growing. 
With the process approach on product development, research studies will 
be made that can fit into all of the above mentioned streams. Regardless 
of using the categorization above, or developing a new classification in 
this field, it will not be possible to find distinct groups. There will always 
be a number of compromises made in order for the various research to fit 
into the model. In addition, new research is being done that takes the 
field of product development into new directions. An example of a recent 
trend not discussed in the structure above, is labelled virtual new product 
development. A suggested definition is given by Caprio & LaPlante: 

"the development of new products using resources outside of the 
established new product boundaries." (Caprio & LaPlante, 1994:6) 

Included in the virtual process is the use of internal resources, not 
traditionally used in product development, better use of external 
resources (e.g., retired employees), collaboration with competitors, and 
computer simulations as a way of appearing to develop without actually 
doing it. Another important aspect of the virtual research and 
development process is the organizational learning that takes place 
(Adler & Zirger, 1998). 

It is notable that research focusing on the Swedish business community 
has been both interesting, and has generated new findings. This is not 
surprising since many of the larger Swedish companies' growth have 
been founded on new technology and innovative behaviour. Even so, 
prior research have not been able to establish how the product 
development process is carried out in smaller, technology-driven firms. 
Studies regarding aspects like optimizing the outcome and speed of the 
process, or the best way of managing the process have been done, but not 
how the process itself is carried out. In that sense Swedish and 
international research shows similarities. It is also evident that there is a 
need of a deeper study of a product development project in a technology-
driven firm that is not in their start-up phase. By separating the product 
development process from the start-up, a more accurate picture of the 
process itself can probably emerge. 

Since the research is eclectic in this area, the theoretical framework below 
will be built and discussed in a rather general model of the product 
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development process. The intent is to picture the process in such a way 
that each stream or category can find its way into the model. The reason 
for this is twofold. First, by doing so, research of interest for small, 
technology-driven firms can fit in regardless of stream or category. 
Secondly, based on findings from the platform case, important aspects 
not covered in the theoretical foundation can be added later without any 
major constraints to the model. 

2.2 PRODUCT DEVELOPMENT IN SMALL 
TECHNOLOGY-DRIVEN FIRMS 

In this part of the theoretical foundation, the central aspects of product 
development will be addressed. The central areas can be seen in figure 2.1 
below. Firstly, a discussion concerning technology and market as sources 
for product development is presented. A discussion regarding different 
types of technology is given, and how technology influences the structure 
and outcome of the product development. A similar discussion regarding 
market demand and its influence on product development is also given. 

Secondly, the product development process itself is addressed. This part 
starts with picturing two different categories influencing how the process 
is looked upon by researchers. Afterwards, the traditional stage-gate 
model's history and evolution, including today's implementation of 
fuzzy-gates, are described. A focus on research based on smaller 
technology-based firm's product development, foremost in the aircraft 
industry is being made. 

Thirdly and last, the outcome of the product development project is 
mentioned. This is particularly interesting since it is at this stage that one 
usually examines the whole development process to evaluate if it became 
a success or not. Examples of success factors and what distinguishes 
successes from failures are given. 

Technology 

Market 

Product Development 
in Small, Technology-

Based Firms ^ 

Outcome of the 
Process 

Figure 2.1. A Model of the Theoretical Framework. 
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THE BIRTHPLACE OF PRODUCT DEVELOPMENT 

The birth of innovation and product development is traditionally found 
in technological or market opportunities. Below a discussion regarding 
both standpoints will be given. 

Technology as a Source to Product Development 

That technical advances is a central theme in modern capitalism can be 
traced back to Schumpeter (1934), (1942). Technology and technical 
knowledge are growing rapidly (Rothwell & Zegveld, 1985), (Berry & 
Taggart, 1994). Rothwell and Zegveld (1985) estimate that 90% of our 
present technical knowledge has been created during the last 55 years. 
They even suggest that of all scientists and engineers that ever lived, 90% 
are living and working today. In that sense, firms do seem to treat 
technology as important for their business survival. Porter (1985) argues 
that technology affects competition and that technological change have 
impact on market entry barriers, the nature of c ompetition, and industry 
boundaries among others. Other important aspects include a shortening 
of the technology cycle and that technology is becoming a global 
resource. In Sweden, NUTEK has even developed a special support 
program designed for small and medium sized firms' international 
technical cooperation named SMINT (i.e., Små och Medelstora företags 
Internationella Tekniksamarbete) (NUTEK, 1999a). They have also a 
support program aiming at accelerating the innovations process in small 
technology-based firms named SNITS (NUTEK, 1999b). 

Technology is important. Ay res (1988) even claim that technology is the 
wealth of nations. Support for this is given by Subramanian (1987) who 
found that the technological advancements is the single most important 
explanation (65%) for the economic growth in Japan during this decade. 
Some factors explaining this are mentioned by Ramanathan (1990): 

• New materials increases competition and substitution of present 
materials, 

• the R&D process will be faster due to easier access of accumulated 
knowledge through information technology, 

• CAD3, CIM4, FMS5 etc. makes short production series possible and 
will lead to shorter product life cycles, 

3 Computed Aided Design. 
4 Computer Integrated Manufacturing. 
5 Flexible Manufacturing Systems. 
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• product/service distinction is indistinct since they become more and 
more interrelated, 

• a need to scan for competitors, present and future, in global perspective. 

From a management perspective, technology can be problematic. 
Technology is important, but exceedingly difficult to make predictions, 
and to plan. Overall, the product life cycle (PLC) has been shortened over 
the years. In the 1960s, one could expect, on average, a PLC to stretch 
over ten years of time. By the year 2000, the time span is expected to have 
shortened to only six months (Edosomwan, 1989). In addition to this, 
there are difficulties in knowing what aspects of new technology can 
benefit "our" business with regard to performance, cost, market impact 
etc. Innovative firms have, according to Ramanathan (1990:418) a belief; 

• in continuous improvement; 
• in preparing for and welcoming technological change; 
• that innovation can become endemic only with top management backing. 

Before entering the area of technology-driven development an 
investigation regarding what can be included in the term technology has to 
be made. Van Wyk suggests the following definition of technology; 

"technology is created capability: it is manifested in artefacts the purpose of 
which is to augment human skill/' (van Wyk, 1988:342) 

Technology can be both tangible and intangible. It is a continuous process 
involving know-how as well as implementation of physical machinery 
and equipment. An alternative configuration is presented by Shrivastava 
& Souder (1987), who make a distinction between three technological 
dimensions. First, machine technology including hardware and machinery. 
This category includes what is most commonly referred to as technology. 
Secondly, the procedural technology involving work flow and work 
sequencing aspects. Thirdly, the knowledge technology by which the 
knowledge base put into use is deployed. An example of the other two 
categories' importance is the development of the DC-3 aircraft. The DC-3 
was considered a major innovation and leap forward in aircraft design, 
when in fact, most of the systems gathered in the DC-3 had been invented 
and tested in earlier constructions like the DC-1, and DC-2 (Abernathy & 
Utterback, 1978). The leap forward came from earlier machine technology 
and the knowledge of how to deploy it. 

New business opportunities can emerge when people start to ask for a 
new kind of product as mentioned above. On the other hand, the 
technology development leads to new and improved product possibilities 
of which the market has no idea. The idea behind a technology driven 
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development is that the company can predict customer needs and present 
what the technology is capable of doing. One example is the integrated 
circuit and the transistor. Without them, today's miniaturized camcorders 
and notebooks would be impossible to manufacture. Questions can be 
raised if t he customers would have asked for them anyhow. No one will 
never know. Figure 2.2 below pictures the standard way of describing a 
technology-driven development process. 

^ Need? R & D  Marketing Production 

Figure 2.2. Technology-driven Development. 

From another viewpoint, technology might impose a structure on the 
development. An early decision by management to invest in a certain 
technology will have a great impact on all of the following decisions. One 
can even say that the organization has to adjust and accommodate their 
competence and structure after the technology (Winner, 1983). This is 
especially true in a business as regulated as aircraft manufacturing. It is 
important to note that technology itself cannot lead to a successful 
development. It is the individuals that can take a technological 
opportunity and successfully develop it. In Sweden, technology-based 
firms based on relatively newer technology have also been found to be 
more commercially successful (Utterback et al., 1988). 

Finally, it can be noted that technology-based industries are said to 
experience long lead-times from basic research to industrial use, a short 
lead-time from industrial use to commercialization, and a short product 
life cycle due to the increasing global competitive pressure from new 
products (Litvak, 1992). 

The Market as a Source to Product Development 

In the mid 1960s, researchers started to picture the innovation and 
product development process in an alternative way. Instead of focusing 
solely on what science and technology could produce, customer needs 
came into focus. The major problem concerning this perspective is 
naturally to discover what kind of needs that do exist. Traditionally, 
information regarding customer needs are based on surveys and 
investigations. But one difficulty is knowing what kind of need that is 
assembled through a market survey. Different types of need exist. First, 
improvements of e xisting products. Secondly, new products to solve old 
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problem not yet resolved. Thirdly, needs that they do not discover until 
the product exists since they do not know the full potential of what the 
technology can offer. It is understandably easier to gather information 
about the first category than the third. This is problematic since lack of 
such information will structure the firm towards product improvements 
instead of focusing on radical innovations. 

Figure 2.3 below pictures the standard way of looking at a market driven 
development process. The idea with a market driven development is that 
it should be a continuous process where the customers express their 
specific needs. The company gathers its information and develops a 
product to a preferred price that is requested by the customers. Since 
customer preferences constantly evolve, the model pictures a never 
ending process. In theory, this model is optimal as a way for the 
customers to be supplied with the "right" products to the right price. 
Unfortunately, reality differs. There are a number of factors that intervene 
in this process. First, the customers do not have complete information, 
nor does the company. With information, full knowledge of a ll products 
present today, their capacity, price etc. is distinguished. Second, even if 
they had complete information, the process of gathering and 
administrating all that information on the company's behalf is not 
optimal. During the process, information will definitely be lost and to 
some extent transformed. This will in the end lead to the fact that the 
R&D department will work on a project under the wrong assumptions 
regarding the project's mission. Today both models of the innovation 
process are considered as extremes. To develop products not needed on 
the market is easy to see as a problem. On the other hand, a market-need 
dominated process can result in scarcity of radical innovation due to 
technological incrementalism. The general notion is that in most cases, 
both technology and market needs are considered and often coupled in 
an interactive way. This is strongly supported by Rothwell (1992) among 
many others. 

Expressed 
** Market 

Need 
R & D  Production Marketing 

Figure 2.3. Market-driven Development. 

The market- versus technology-driven development is definitely not a 
clear cut choice. Managers have a tendency to move towards a safe and 
low risk strategy, often resulting in a market driven development. 
Although this might be a highly successful strategy, these new products 
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have a tendency to become more imitative with incremental 
improvements than innovative to their nature, i.e., over time, a market-
driven strategy can suppress the innovativeness of a company's product 
development potential (Hayes & Abernathy, 1980). Myers and Marquis 
(1969) were two of the first to study new product successes. They found 
in their classical study that the major part of all new products were 
market-driven and that only about a fifth (21%) were technology-driven. 
One of their major contributions is the importance of consumer needs, not 
just to identify them, but to understand them as well. Another major 
finding, important for project success, was a sufficient organizational 
communication, both external and internal. 

Although it is an ideal situation to collect rich information from both 
market and technology before entering a development project, von 
Hippel (1988) makes the important notion that it is up to each company to 
find its own sources for innovation and new product development. In 
some industries, lead users might be the best source. For another 
company, the technology might be so complex that it must have the 
central role in a company's product development process. Other sources 
to consider during the product definition/concept phase are competitors, 
regulations and standards, and opportunities/risk (both technological 
and market) (Bacon et al., 1994). 

A company's attitude towards growth is also an interesting aspect to 
consider. If growth is an important factor, decisions are taken by 
managers to promote the growth potential. Their position regarding 
market- or technology-driven development can be linked to this factor. A 
company interested in growing fast, is probably more interested in 
developing something that the market demands rather than pursuing a 
certain technology. On the other hand, company objectives like 
technology leader, a strong focus on core competence in technology, or 
know-how can also lead to fast growth. In addition, depending on 
whether the project is market or technology driven, one can argue that 
the product development process will experience some differences in 
focus and interest by the participants. 

THE DEVELOPMENT PROCESS 

Throughout the different product development theories that are 
presented by different authors, two disparate categories can be found. 
First, the old or traditional school of thinking focusing on a linear and 
rational model (Andrews, 1971), (Ansoff, 1965), (Hägg, 1984), (Kotler, 
1997). The process is sometimes named synoptic. It must still be 
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considered the most commonly used and taught. Second, as a contrast, 
there is an incremental process view (Lindblom, 1959), (Lindblom, 1979), 
(Fredrickson & Mitchell, 1984), (Mintzberg & Waters, 1985). Their views 
are; 

"offered as alternatives or as simply a more accurate characterization of 
how organizations actually make strategic decision/' (Fredrickson & 
Mitchell, 1984:401) 

One reason for this difference can probably be found in the choice of 
study objects. Researchers working with a goal to find better and faster 
ways of developing new products in mainly larger corporations will often 
end up with some sort of checklist with things to do and not to do, to 
improve the process. On the other hand, researchers focusing on small, 
high-technology, or service companies might end up with other findings 
since their imposed structure can differ. 

It is important to note that the two categories above refer to the process of 
product development. In such, it is a grouping of a sub-category in the 
vast area of product development research and is not in any way 
contradictory to the research streams presented by Brown and Eisenhardt 
(1995) earlier in this chapter. Anyone expecting a perfect fit between the 
two process views and the more general research streams will be 
disappointed, even if it is safe to assume that most of the synoptic process 
views can be referred to the rational stream, and that the incremental 
view often may be categorized as the problem-solving stream. 

Burns & Stalker (1961) distinguish that certainty of information or 
knowledge about environment is an important variable for the 
organization. In their study of 20 companies in the U.K., they focused on 
the company's external environment and how this environment affected 
the management's practices. In their study, the external environment was 
the rate of change in scientific techniques and the market. Combining 
their findings regarding patterns of management practices and the 
change rate in the external environment, they compared their relationship 
to economic performance. Early findings showed two divergent 
management methods which Burns and Stalker named mechanistic and 
organic. Mechanistic systems, i.e., bureaucracies, are often found in 
companies operating in rather stable environments. Tasks are broken 
down into specialist's parts, each with a distinct and well defined goal. 
Methods used, responsibility, and power of each specialist is precise. 
Since each specialist is responsible for only a sub-part of the whole, it is 
up to the top management to be responsible for the complete picture, 
including having enough knowledge to take the right action. The organic 

33 



Research in Product Development - A Theoretical Foundation 

system, on the other hand, is often found in companies operating in 
unstable conditions. In these conditions, tasks cannot be solved by taking 
them apart and distribute parts to a number of specialists. In these 
situations, each individual has to do his task in the context of the task as a 
whole. Interactions between members in the organization cannot only 
exist vertically, but must also flow horizontally. Some characteristics 
mentioned by the authors (Burns & Stalker, 1961:121-122) are; 

• "the adjustment and continual re-definition of individual tasks through 
interaction with others"; 

• "a network structure of control, authority, and communication"; 
• "a lateral rather than a vertical direction of communication through the 

organization, communication between people of different rank, also, 
resembling consultation rather than command"; 

• "a content of communication which consists of information and advise 
rather than instructions and decisions"; 

• "commitment to the concern's tasks and to the 'technological ethos' of 
material process and expansion is more highly valued than loyalty and 
obedience"; 

• "importance and prestige attach to affiliations and expertise valid in the 
industrial and technical and commercial milieux external to the firm." 

Lawrence and Lorsch supports their findings with the notion that; 

"effective organizational units operating in stable parts of t he environment 
are more highly structured, while those in more dynamic parts of the 
environment are less formal." (Lawrence & Lorsch, 1967:189) 

Stage-gate models 

The traditional way of picturing the product development process is 
through a number of stages. The name stage-gate originates from the 
observation that after each stage, there is a gate where the process is 
evaluated. The evaluation usually results in a go-ahead, hold or kill-
decision. One of the first models that was based on the stage-gate concept 
can be traced back to NASA in the 1960s (Cooper, 1994b). They needed a 
concept when working on the large space programs that involved 
numerous suppliers and contractors. It was named Phased Project P lanning 
or the Phased Review Process. The concept aimed at controlling and 
measuring the physical development, and to deal with the technical 
obstacles and risks that came up during the process. At no time were 
marketing and business aspects considered. The process was considered 
bureaucratic and there where opinions that the implementation of the 
method delayed the projects. 
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The models used today are the second generation of stage-gate models. 
Improvements are integration of marketing and manufacturing, the use 
of cross-functional teams, stronger market orientation, and parallel or 
concurrent processing to name a few. Still, there are some weaknesses. 
For example, all tasks must be completed at one stage before the gate can 
be passed. Overlapping of stages is not possible, and the project must go 
through all stages and gates before completion to name a few. (Cooper, 
1994b) 

A typology with enhanced precision is offered by Saren (1984) who 
divides the stage models into departmental-, activity-, and decision-stage 
models. The first category includes models where the stages are based on 
which department within the company is responsible. Over time, the 
responsibility moves from research & development, to engineering, to 
manufacturing, and finally to marketing. Instead of seeing the new 
product development process as an integrated part of the company's 
operation, it has a tendency to become a "pass the parcel" process among 
its departments. This view is rather outdated based on findings from 
numerous success /failure studies. Activity-stage models are, as the name 
suggests, focusing on activities carried out during the product 
development process. Many similarities can be found with the first 
category since it is easy to make a department responsible for a certain 
activity (Takeuchi & Nonaka, 1986). An improvement is that these models 
can include iterations. Decision-stage models divide the product 
development process into a set of key-decision moments. At each stage, a 
decision has to be made regarding continuing the new product 
development or terminating the project. This type of model includes both 
iterations and feed-back loops in a more explicit way than the models 
above. 

Booz, Allen & Hamilton's (1982) product development model below, 
represents a well known activity based model often used by others. The 
stages are; 

1. Statement of new product strategy 
2. Idea generation 
3. Screening ideas 
4. Concept development 
5. Business analysis 
6. Product development 
7. Test marketing 
8. Commercialization 

The first stage, statement of ne w product strategy is based on a preliminary 
market and technical analysis in congruence with company objectives. Of 
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importance is an explicit statement, known to everyone concerned. Idea 
generation is a stage where information regarding customer needs and 
technology potential is used, often together with different gathering 
techniques. Once, having a basis of new ideas, the product development 
process moves on to a screening stage. During the screening stage, the 
objective is to sort out the ideas with the highest potential for the 
company. Important is to assess market potential, technological 
requirements, development costs and financial implications. Ideas 
passing the screening stage continue to concept development. In this stage, 
the idea is transformed into a product specification regarding attributes 
and market position. Once the concept is developed, a full business 
analysis can be made. Based on a positive outcome of the business 
analysis, the actual product development is initiated. When the product is 
developed, small scale test marketing is made to check customer reaction, 
performance compared to competitors, marketing response etc. After 
evaluation, a full scale launch is made in the commercialization stage. 
Critique of this model has been made regarding its lack of 
communicating the horizontal dimension in the process, i.e., iterative 
activities between stages (Hart & Baker, 1994). 

Livesay, Rorke & Lux (1989:272) provide an alternative five stage model 
that every successful technological product development process has. 
They are; concept definition, model development, prototype 
development, limited production/product qualification, and full 
production. They have an extensive scheme of different aspects regarding 
the different phases, and gives in the end some examples of common 
errors. They write: 

'This ignorance manifests itself in a variety of mistakes, among the most 
salient of which are the pursuit of engineering development for the sake of 
sheer technical elegance, the failure to subordinate technical development 
to market realities and the future to underpin technical development with 
an appropriate business structure/' (Livesay, Rorke & Lux), 1989:275-6) 

Moving from the more general models and more specifically towards the 
aircraft industry, a recent developed PDP of the large Russian 
manufacturer Ilyushin's innovation process is presented by Shaw (1995). 
His model involve seven steps: 

1. Shape & Layout 
2. Skeleton Parametrical Research Mathematical Model I 
3. Parametrical Research of Structure Mathematical Model II 
4. Working Drafts after Simulation 
5. Natural Tests 
6. Certification 
7. Launch Serial Production. 
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The only stages where iterations are expressed occur between step 4 and 
5, and are labelled numerical feed-back. In his study, it is notable that a 
large manufacturer like Ilyushin has close links and is seriously 
dependent on the universities to supply trained staff. 

Cooper & Kleinschmidt (1986) studied over 200 projects in 123 firms. 
They found that theory and reality differ. Many well known and accepted 
steps were excluded in the actual development process. Their list 
includes thirteen steps, or phases. The weakest steps were test 
market/trial sell, market study/marketing research, 
precommercialization business analysis, and trial production. All were 
done in less than half of the cases. An interesting notion is that in a 
majority of the cases, the idea was market derived. It came from a 
customer, a salesperson, or a competitor. They found that; 

"preliminary market assessment and the formal market launch stage were 
much more prevalent in successful projects than in failures/7 (Cooper & 
Kleinschmidt, 1986:81) 

Three activities that were found out to be much more proficiently 
undertaken in successful firms were initial screening, preliminary technical 
assessment, and product development (Cooper & Kleinschmidt, 1986:82). 

Throughout the (physical) development process, there is a 
commercialization process (Wilhelmsson, 1992:64). From the very first 
idea, through prototype and test series, there is a need of testing the 
concept on the market. All feed-back that is received is of vital 
importance to reach the future customers. All steps in the figure above 
can be found in a PDP, but there is another way of picturing the process. 
Alternative views can be found (Rothwell, 1992). Critique of the 
traditional structured product development process is made by Lindell 
who presents four statements where he argues for a need of additional 
knowledge in the area. His argument is strong when stating that (Lindell, 
1988:210); 

• "the new product development process cannot be surveyed beforehand, 
but is more of a learning process, which requires motivation if it is to be 
accomplished 

• the development process of new products is not a linear step-by-step 
process 

• the development process models in the literature are based more or less 
totally on the market and market needs and ignore technology. 

• the product development models in the literature do not take into 
consideration the organizational context to the development activities/7 
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This is a more dynamic way of picturing the process and is more in line 
with the incremental stream of research. The difference is that the phases 
are not constrained to a linear structure. What a linear model does show 
is that the dominating activity shifts over time as the process moves 
forward. But there must also be a flexibility to include iterations and the 
need to go back a step or two to make adjustments. 

Eisenhardt & Tabrisi (1995) focus in product innovation as a process 
where rapid adaptation is crucial. By seeking support in classical studies 
like Burns & Stalker (1961) and Lawrence & Lorsch (1967) they argue that 
a flexible, adaptive, and organic organization is more suitable in 
conditions of high uncertainty. They claim that; 

"product development is a very uncertain path through foggy and shifting 
markets and technologies. Thus acceleration in this scenario involves 
rapidly building intuition and flexible options so as to cope with and 
unclear and changing environment. Yet, simultaneously, it also involves 
providing enough structure so that people will create sensemaking, avoid 
procrastination, and be confident enough to act in these highly uncertain 
situations, which easily lead to paralyzing anxiety and conflict. This 
approach is thus more a response to uncertainty than certainty, more 
interactive than linear, and more experienced-based than planned/' 
(Eisenhardt & Tabrizi, 1995:88) 

In their study of the computer industry, the most intriguing was their 
finding that planning lead to slower, not faster product development. 
Their explanation is that extensive planning can waste time. In a high-
velocity industry as computers, probing, testing, iterations, and 
experience may be faster than to plan ahead due to a fast changing 
environment. They do not say that this is suitable in all situations, more 
that there are multiple ways and approaches to a faster product 
development process. Similar findings are presented by Schoonhoven, 
Eisenhardt & Lyman (1990), Eisenhardt & Lyman (1990) who studied 
new ventures in the U.S semiconductor industry. They found that 
complex technical innovation lengthened the product development time 
and reduced the speed to commerzialization and first product sold. They 
also claimed that new organizations looking for a fast market 
introduction of their new product should select a not-so technically 
ambitious project, and instead focus on synthesizing existing knowledge 
in a new way. 

The movement towards a more dynamic and adaptable process is 
supported by Cooper (1994b). His third generation of the stage-gate 
model shifts the authority from senior management to the team members 
involved in the process itself. The improvements are built around four 
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F's; fluidity, fuzzy gates, focused, and flexible. The fluidity is based on 
adaptability regarding the possibility of overlapping stages. Fuzzy gates 
refer to the fact that conditional go decisions can be accepted at a gate 
under certain situational conditions. An improved overall focus is 
obtained through product portfolio decisions on a more aggregate level 
where products are compared during the development with regard to 
resource allocation. Lastly, the process will be more flexible. Depending on 
situation, information, and risk level, steps of the process can be left out. 
All this will lead to a more complex process, where the development 
team will have an increased responsibility. 

THE OUTCOME OF DEVELOPMENT PROJECTS 

Measurement of performance has traditionally been associated with 
number of sold products, financial parameters, or time from idea to 
market launch. Numbers and equations have the good thing of making 
comparisons between project and companies possible. More problematic 
is to find financial measurements that are relevant. Speeding up the PDP 
is also of importance since it will give companies both financial and 
market advantages. Each company has its own measurement procedure 
depending on branch, product, and management. On a more aggregated 
level, activities that determine success from failure have been studied. 

During the seventies, Cooper was involved in the NewProd study. He, as 
many others, tried to define the difference between new product success 
and failure. In this particular case, from a view interesting to practising 
marketeers (Cooper, 1979). Of 77 variables investigated, analysis revealed 
18 factors in 6 subgroups as important. The groups were: 

• orientation towards product/technical or market, 
• innovativeness of the venture (newness to firm, product uniqueness, 

product superiority), 
• nature of the project or product (technical complexity, product 

customness, product determinateness, relative price of product, 
source of idea/investment magnitude), 

• market descriptors (market need, growth, size, dynamism, 
competitiveness, existence of a dominant competitor), 

• company proficiencies (marketing and managerial synergies, marketing 
communication strength, proficiency of production start-up and pre-
commercialization activities). 

The author (Cooper, 1979) also made a classification of factors most 
important to distinguish the difference between success and failures. The 
most important factor for new product success was product uniqueness and 
superiority. A product that fulfills customer needs better offers higher 
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quality to a lower price, etc. They were often highly innovative and new 
to the market. Second, in order came market knowledge and marketing 
proficiency. This aspect is important since it can create a strong foundation 
for market activities, especially important during the launch of a new 
product. The third aspect was technical and production synergy and 
proficiency. This aspect was often present in firms with a capable technical 
engineering, production, and resource base working together in a 
cooperative manner. 

Cooper (1979) also found barriers to success. The three barriers are, 
having a high-priced product relative to competitors, being in a dynamic 
market, and being in a competitive market. That these factors make it 
more difficult for a new product is easy to understand. It is important to 
note that this study focused on industrial new products. The author 
suggested that future research is needed to determine if the same factors 
are valid for both high- and low-technology firms, large and small firms 
etc. The objective to find success factors common among all types of firms 
may be something out of r each. Cooper (1979) notes that each case might 
be so unique and the problem so complex that we might reach for 
something futile. 

Cooper & Kleinschmidt (1993) (see also (Cooper, 1994a) studied 103 
projects in the chemical industry in North America and Europe. Around 
two-thirds of the products became successful. They claim that new 
product success is explainable, and that product advantage dominated, 
compared to external factors like market, company environment etc. 
Strongest predictors, in falling order, in the category of product 
advantage were; 

• relative product quality (higher than competitors), 
• value for money (economical value for customers), 
• price/performance, (ratio) 
• main benefit (of particular importance to customers), 
• meeting needs (superior in meeting customer needs), 
• unique attributes (or unique performance). 

Many of these factors can be translated as having a superior product 
compared to the competitors. A low price was also found to be a less 
successful strategy when introducing new products. It is important to 
remember that it is the chemical industry that was the study object. It is a 
business-to-business market with professional buyers as main customers. 
They are not as price sensitive as the consumer market, and have a 
stronger focus on product function and performance than consumers in 
general. However, they did not find any support for an advantage to be 
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first out on the market, or allocate mature versus emergent technologies 
to the product. It seems more important to have the right timing in the 
product life cycle (PLC). The products focusing on the introductory stage 
of the PLC experienced a high failure rate (58%). More successful were 
the products focusing on the early growth stage. They experienced a 
considerable higher success rate (81%) than all other stages. Cooper 
(1994a) also claims that "step-out" projects have a greater tendency to fail 
and that non-product advantages like service, support, image etc. is good, 
but have less impact than product advantages. On the other hand, 
findings show that true innovations had higher technical success rate and 
that new items (to an existing company line) had the highest success rate. 
Another result was that stated by saying that "it is better to be best than 
first" (Cooper, 1994a:49). 

Low cost or extraordinary performance, does not automatically lead to 
commercial success. Maidique & Zirger note that; 

"Unsuccessful products were often technological marvels that received 
technical excellence awards and were written up in prestigious journals. 
But typically such extraordinary technical performance comes at a high 
price and is often not necessary/' (Maidique & Zirger, 1985:304) 

In the same study Maidique & Zirger (1985) are proposing that new 
product development success and failure will alternate in an irregular 
rhythm. They present a model, originating from Ansoff s (1965) product-
customer matrix, in three dimensions. Their argument is that the firm's 
"home base" is existing technology, existing market, and existing 
organization. In their pursuit of new products, they will be forced further 
and further away from their home base by involving new technology, 
new markets, and adapting to new organizational structures. This 
departure from familiar territory will inevitably lead to a higher risk of 
failure, but they will, as a consequence, generate new knowledge possible 
to incorporate in future product development projects. They see the 
failure as a learning process that, in the end, will lead to success. This is in 
line with Olson, Walker & Ruekert (1995) who suggested, and found 
support for their notion, that firms involved in product development 
involving a new concept for both the firm and the marketplace, created a 
more organic and participative management process. 

Millson, Raj, & Wilemon (1992) distinguished five major approaches for 
faster new product development and even suggest in what order they 
should be implemented. Their advice follows the following order; 
Simplify, eliminate steps, parallel processing, eliminate delays, and 
finally speed-up the process. Similar thoughts are given by Gehani (1992) 
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who addresses the importance of having a concurrent process. This 
integration can be achieved by hardware (CAD, CAM, CAE etc.), 
humanware, or software. The main benefits beside an accelerated product 
development process include higher product quality, lower requirement 
of working capital, less need for design changes, and more information 
sharing across the organization. 

Cooper & Kleinschmidt (1995) found in their benchmarking study nine 
performance drivers, differentiating "solid performers" from "dogs". 
Most important was a high-quality new product development process. 
Secondly, a clear and well-communicated new product strategy, and 
thirdly, adequate resources. After that in order of falling importance, 
senior management commitment, entrepreneurial climate, senior 
management accountability, strategic focus and synergy, high-quality 
development teams, and finally cross-functional teams. Notable is that 
regardless of study, researchers (Rothwell, 1992 and Cooper & 
Kleinschmidt, 1993 among others) agree that success factors are more or 
less common regardless of industry. Variations depending on branch, 
industry, and market can be found, but the overall picture seems to have 
close similarities. It can also be mentioned that findings by Sweden 
suggest that successful firms usually retained the control of marketing 
and production of their products (Utterback, et al., 1988). 

The different studies described above are also picturing homogeneous 
factors with certain variations. The main factor for success seems to be to 
have a superior product developed and marketed in an organized way. 

DISCUSSION 

The birthplace of innovation and product development can be found in 
technology and/or market needs. In today's society, competition has 
grown fierce, and strong voices are raised that companies have to become 
even more market oriented and market driven. Others believe that 
especially successful high-technology firms can strive on their 
technological and exclude market-driven aspects (Weinstein, 1994). Even 
if technology or market by themselves can be the sole source for a 
successful new product, improvements can be made. It can be reached by 
searching for an idea that is derived from integrating both technological 
opportunities with market considerations in a higher rate than before. To 
be able to manage this, it is important to uphold the competence needed 
to consider all vital aspects of the process. This can be argued to be an 
advantage for larger firms that have the possibility of including more 
individuals with different expertise into the development process. As an 
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alternative to the common opinion that a firm should define its 
technology and potential market, there are researchers that argue the 
opposite. In technology-intensive firms, there are arguments that the 
right approach might be a probe and learn process with regard to both 
technology and market (Lynn, Morone & Paulson, 1996). Instead of 
focusing on analysis after each stage in the process, the authors want to 
focus more on assessing what can be learned by this probing process. 
Their argument for this is that in technology-intensive firms, both 
technology and market can be labelled ill-defined and evolving. Due to 
this fact, the possibilities to predict what type of product that finally will 
be offered, and on what market, is practically impossible. A result of t his 
alternative probe and learn discontinuous process is also that there will 
be not one, but many launches of the product. Modifications are made 
and introduced continuously. 

The actual product development process can, and is carried out in a 
multitude of ways. Even if the general way of p icturing the development 
process still is by models like Booz, Allen & Hamilton (1982) or Shaw 
(1995), changes are on the way. A development project emerges over time 
and is thereby structured in a linear way. An evolution of this concept is 
to include parallel processes during the PDP. A number of activities 
during the PDP can be carried out as parallel or overlapping processes. 
Researchers have suggested that the development process can be viewed 
as a number of parallel tracks from start to finish (Barclay, 1992), 
(Rothwell, 1992). Critique can be made regarding this approach since 
there are a number of key decisions that have to be made during the 
process. At these times the management must converge all parallel tracks 
to make an overall decision. This has led to a framework called multiple 
convergent processing (Hart & Baker, 1994). The problem is that in real 
life a product development process experiences a sequential development 
with tasks carried out in parallel and numerous iterations. An important 
notion is that the parallel processes are carried out in interaction with 
each other. They can never be seen as separate entities, that, at a specific 
time and place in the process, converge back to the main development 
track. Progress is also being made to incorporate the parallel and iterative 
aspects as well as the non-linear/fuzzy considerations (Cooper, 1994b). 
That the product development process differs and evolve over time, and 
that organizational learning takes place is also starting to be addressed 
(Adler & Zirger, 1998), (Adams, Day & Dougherty, 1998). 

When it comes to measurement and evaluation of the development 
process, it can be difficult to draw a line between general and situation-
dependent factors. Each industry or even each company works under, for 
them, partial unique situational milieu. This is to say that although a 
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number of generalizable success factors can be detected, one should be 
careful to transfer standard solutions to new firms in a new context, and 
expect a perfect match. Researchers are focusing their efforts on finding 
success parameters and, more seldom, reasons for failure. This is natural 
since companies, together with society as a whole, strive for success. Not 
found in these studies are how the actors themselves measure the 
outcome of their product development process. Linking to this area is a 
gap of knowledge concerning individual objectives among the actors 
involved in the firm. This is an important factor since success or failure of 
individual product development projects must be measured, based on the 
premises made for that individual project. 

With an alternative perspective, the firm can be a success even if 
individual projects with the firm are failures. Autio and Keeley (1995) 
study of small high-technology firms in different economic environments 
argue that they play an important role as catalyzers. The firms are not 
only technology transfer in industrial systems, they are also catalyzers for 
technology transformation and diffusion. Similar findings have also been 
found in other countries (Licht & Neriinger, 1998). They made the 
observation that this competence is embedded among a few individuals 
inside the firm. Another important observation is that; 

"if flexibility, small size, and exploitation of technological synergies 
constitutes the modus operandi for the high technology small firm, the 
pursuit of growth would imply altering its very reason for existence. The 
traditional life cycle models of small firms thus do not apply well on many 
high technology small firms. The evolution is not predominantly one of 
growth in size, but it is an evolution of tec hnological competencies(Autio 
& Keeley, 1995:14-15) 

This belief can help explain other studies showing low intention of 
growth among small firms in Sweden (Davidsson, 1989). 

2.3 THE FIRM'S RESOURCE-BASE 
Today's environment is said to be more competitive than ever before. 
Larger firms are also said to have more difficulties when it comes to 
planning and adaptation to this changing environment. Studies of 
product development in larger firms, from a resource-based perspective, 
argue that effective management suggests a shift of focus from 
technology and content intensive development, to a market and process 
intensive development (Lindman, 1997). Regardless of size, type of firm, 
or industry, it is important that the firm utilizes its resources in order to 
stay competitive. The assumption about the environment is that it is a 
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source of resources that can be transformed by the company. The 
resource-based model is founded on two assumptions (Barney, 1991:101). 

• Strategic resources can be heterogeneously divided among firms 
within the same industry. 

• These resources are not always mobile - the difference between 
firms can be sustained over time. 

What this approach in strategy has added to the field of research are: A, 
people are important; B, the organization has the ability to influence; C, 
culture is something to take into consideration; D, the focus on intra-
organizational aspects. 

The traditional way of looking at strategic planning is by focusing on 
strategic business units (SBUs). This way of thinking is closely related to 
large corporations with a number of clear-cut businesses. The idea is to 
optimize the totality of all the businesses. An alternative way of looking 
at the same underlying problem is addressed by Prahalad & Hamel 
(1990). They are still using SBUs as a way of organizing a structure of t he 
corporation, but are mainly focusing on what they call core competence. 
Their belief is that the SBU structure with internal competition of 
corporate resources will inevitably lead to external dependence on vital 
resources/components. This competition will also lead to imprisonment 
of resources at the SBU-level instead of among the corporation as a 
whole. Executives managing the corporation's resource base, aiming at 
keeping and developing their core competencies, must exercise all the 
synergies that can be found. 

Resources are important to a firm. Wernerfelt even said that; 

"resources and products are two sides of the same coin." (Wernerfelt, 
1984:171) 

By analyzing what resources are needed, a resource profile for the firm, 
the optimal market and product activities can be reached. The problem of 
managing a company's core competence is for natural reasons easier in a 
small firm. The owners/managers are in closer contact with all parts of 
the business and can by themselves keep track of important aspects like 
competition, technology, and market. Hereby, they naturally get the 
knowledge they need to nurture their core competence. This leads to 
another important aspect of a business, the management of the firm's 
resource base. 
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The resource based field can be said to be derived from industrial 
economic theories and organizational behaviour. The primary focus is 
intra-organizational, on the firm's unique resources. They can be seen as 
strengths or weaknesses that internally can be used to reach a competitive 
advantage. These resources do affect the manager's perception and how 
they act. As examples of attractive resources, Wernerfelt (1984:173ff) 
mentions machine capacity, customer loyalty, production experience, and 
technology leads. 

Resources can be classified with regard to, if they are valuable, rare, 
difficult to imitate, and difficult to substitute. Barney (1992) pictures this 
in figure 2.4 below. Even if a resource is valuable, it does not mean that 
automatically gives a firm a competitive advantage. It is important to 
note that the value of a resource is dependent on whether or not it 
supports the firm's opportunities and/or helps to reduce its threats. This 
search for resources has lead to studies about more "physical" resources 
as diversification and lean manufacturing, but it has also lead to studies 
concerning socially complex phenomenon like; 

"organizational culture, trust and friendship among managers in an 
organization, the reputation of an organization among its customers, 
teamwork among managers and workers and so forth." (Barney, 1992:44) 

Barney's focus on resources is important, but his conclusion, that this 
path of research would ultimately lead to a number of strategies that 
would fit most situations, is extreme. What he pictures in other words are 
that there is only one objective reality, and once found, any problem can 
be solved by a standard solution. 

Estimating the Return Generating Potential of Organizational Resources 

Is a resource... 

Difficult Without Competitive 
Valuable Rare to Imitate Substitutes Implications 

No — — competitive disadvantage 

Yes No - - competitive parity 

Yes Yes No - temporary competitive adv. 
Yes Yes Yes No competitive parity 
Yes Yes Yes Yes sustained competitive adv. 

Figure 2.4. Competitive Implications of Resources. 
(Barney, 1992:43) 
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In technical-oriented development projects, the primary problem is often 
to handle the transition from a technical invention to an innovation with a 
balanced concept of technology, market, and business resources (Livesay, 
Rorke & Lux, 1989:271). The second largest problem according to Livesay 
et al. is to find and attract competent personnel and carry the burden of 
costly resources. 

PHYSICAL RESOURCES 

Physical resources include machinery and other physical things owned 
by the firm. It is resources that owners and employees can use to its full 
potential. This domain is easy to specify by determining ownership of 
tools, machinery, and other inventories. 

Companies with actors involved in other organizations and other 
companies are more difficult to categorize. Actors can use or borrow 
equipment free of charge or for a small sum, from the other organization. 
Three examples are given by Tesar & Bodin (1994) who examine the 
usage of informal collaboration between the university and the industry. 
There is a flow of resources between the two parties. Larger companies 
do support universities by funding research projects and professors' 
chairs. The problem seems to be more evident when small firms are 
involved. Actors involved in both the university sphere and a private 
owned company might tap resources from the university in a way that a 
non faculty member never would be able to do. For example, members of 
technical, or natural science faculty have access to advanced and 
expensive equipment used in their laboratories. The faculty member is 
free to use the equipment when not occupied by students or research 
assignments. This access can be of vital importance for a firm's 
competitive advantage. Ethical implications regarding this tapping or 
draining of r esources from university to industry will not be addressed in 
this study. The interest is more of how to categorize this type of semi-
physical resources from the company's perspective. It is physical 
resources that the company takes for granted in their planning. They are 
not owned by the company, but can be seen as a resource-pool that can be 
used when needed without having to carry the fixed costs. 

This can be illustrated by figure 2.5. The figure illustrates the total 
amount of physical resources that a company can count on. The partly 
controlled resources are as mentioned above, not owned by the company 
itself, but through a member/actor involved in the company, they have 
secured the possibilities to use them. The figure does not in any way 
illustrate any relationship between the amount of the different types of 
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resources. The amount of external resources available is immense 
compared with the internal resources any single company can present. In 
some companies, actors are involved in other organizations or networks 
that can be of vast importance for their own development process. In 
other situations they do not have as easy a chance to find any use for their 
'extra7 resources. 

Internal Partly controlled External 
resources external resources resources 

j 
The company's physical 

resource base 

Figure 2.5. The Total Physical Resource Base of a Company. 

FINANCIAL RESOURCES 

Financial resources are also needed to bring a project forward. Without 
funding, no project can survive. Traditionally, a company accumulates 
funds from their normal operation to make room for investment, and 
other strategic decisions. The same can be said when it comes to R&D 
projects. There are other sources for funding when it comes to R&D 
projects. NUTEK is a government supported organization focusing on 
supplying funds through conditional loans and grants to individuals and 
companies with promising projects. They make their own evaluation of 
each project's potential, and their support can span from basic research to 
help with building a testable prototype. 

There have been opinions regarding NUTEK's usefulness when it comes 
to the most innovative and cutting-edge projects. Voices have been raised 
that those "golden eggs" never reach NUTEK. They are kept in-house by 
the companies, not to be shared with anyone. With sharing they include 
aspects like information, know-how, technical specifications and 
marketing, among others. 

Resources are always needed within a firm. The firm must also relocate a 
relevant amount of resources from the day-to-day operation, to 
innovation and product development if they intend to survive in the 
future. High-technological firms are known to allocate more resources to 
innovation and product development than other firms. In smaller high-
technology firms, this focus on innovation and product development can 
lead to the extreme situation that all resources, except minimum support 
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for the day-to-day operations, are allocated to innovation and R&D. The 
smallness also brings with it the problem of a less stable resource base. A 
large corporation can draw resources from different divisions in the 
concern, and thereby cope with temporary setbacks, for example in 
funding a development project. A small firm has a more exposed 
position. A high-technology firm, as noted in the name, strives on 
technology. The technological competence and know-how that exist 
within the firm is a vital resource, i.e., the human resources existence. The 
financial resources on the other hand are often a more problematic area. 
Many small, high-technology firms emerge through new technological 
findings at research centers. They are often spinoffs from universities and 
engineering schools. Even if there are government agencies whose 
objective is to help and support new technology development, the 
funding will often be difficult. As a result, the physical resources can be 
hard to come by. Physical resources within a firm rely heavily on a 
certain financial freedom. Without working capital to invest in 
equipment, and salary for the employees, the project will be terminated in 
its bud. 

ACTORS & HUMAN RESOURCES IN PRODUCT DEVELOPMENT 

Traditionally, human resources are included as a part of the firm's 
resource-base. This study involves human resources and their activities 
during the product development, to the extent that they are included as 
an important part of th is theoretical chapter. A problem with the majority 
of literature within this field is that the objective is often focusing on ways 
to get the most out of their product development department, instead of 
focusing on the process itself. Another dilemma is that when it comes to 
the human side of resources, the listing and adding of the resource base 
are definitely more difficult. Even if problems exist when measuring 
physical resources, it is apparent that both physical and financial 
resources are measurable in a more clear-cut way, than human resources. 
The problem is to measure the multitude and variety of resources that 
every human being can divulge. To believe that all of them could be 
accounted for is to be unrealistic. As a researcher, one way is to document 
each individual's part in the process and thereby locate individuals with 
critical resources to the project's performance. Another factor that further 
addresses the difficulties involved is voiced by Hackman (1984), who 
makes the observation that human resources cannot be added together, 
under the premises that they all work towards the same goal. Parts of 
resources do not always have any suitable applications or add to each 
other. They can even hinder each other. As a result, the sum of human 
resources is far from just adding all parts, it can even be meaningless all 
together. This problem, especially when it involves complex and 
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interdependent activities, is supported by a number of studies (Peters & 
Waterman, 1982), (Kanter, 1983). Van de Ven (1986) labels this the 
management of part-whole relations. 

One stream of research within this field focuses on entrepreneurial 
typologies. Entrepreneurs are often said to be the driving force in 
development projects and particularly in small innovative firms. 
McClelland's (1961), (1965) achievement theory distinguishes situations 
where people, i.e., entrepreneurs, with a strong motivation for 
achievement will favor. Even if McClelland also discusses power and 
affiliation as important factors, they are excluded in task motivation 
theory. Important situational aspects include; 

• individual responsibility, 
• modest level of risk taking with regard to skill, 
• knowledge of results of decisions taken, 
• untried instrumental activity, and 
• expectancy of future possibilities. 

He discusses the sources of achievement in aspects of race, environment 
and child rearing practices and found that; 

"early mastery training promotes high n Achievement, provided it d oes not 
reflect generalized restrictiveness, authoritarianism, or "rejection" by the 
parents/' (McClelland, 1961:345) 

He made the observation that children (boys) with high n Achievement 
had parents that demanded higher standards of excellence although not 
in an authoritarian way. On the other hand, ways to develop low n 
Achievement is father dominance, low standards of excellence, and very 
early achievement demands. Comparisons regarding religious values 
suggest that the traditional Catholic values are associated with low n 
Achievement. In addition, individuals from a middle class background 
tend to have higher n Achievement and are also more inclined to work 
with longer range goals. He even suggests that temperature and climate 
affect individual's n Achievement. 

Verifying McClelland's (1961) classical study, Wainer and Rubin (1969) 
studied 51 technical entrepreneurs' need of achievement, need for power, 
and need for affiliation with regard to company performance. The 
companies were founded and operated by the entrepreneurs. They found 
in their study that a high need for achievement and a moderate need for 
power was related to a high performance. 
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In the second half of the sixties Smith (1967), (Miner, Smith & Bräcker, 
1992) started research aiming at identifying different types of 
entrepreneurial roles. The research came out of the research program 
concerning the Enterprising Man carried out at Michigan State University 
during the sixties. From Smith's research, a typology identifying two 
different types of entrepreneurs emerged. The types were the craftsman 
entrepreneur and the opportunistic entrepreneur. The theory is that the type 
of entrepreneur will reflect the nature of the firm. A person acting 
according to the craftsman profile is said to manage a firm with a higher 
degree of rigidity. On the other side of the spectra, one will find the 
opportunistic entrepreneur. His or her firm will, according to the theory, 
have a higher probability of being changing and adaptive to its nature. 
Smith found it likely that opportunistic entrepreneurs in an adaptive firm 
had higher probability of successfully conducting the initial stages of a 
firm's life cycle. Support for this theory can be found in studies both 
domestically (Davidsson, 1988), and internationally (Lessner & Knapp, 
1974), (Smith & Miner, 1983), (Lafuente & Salas, 1989). Lessner & Knapp 
(1974) also added characteristics like spontaneity, self-acceptance, and 
acceptance to aggression to the opportunistic entrepreneur. Others, a 
more dominant position and positive attitude towards authority (Smith & 
Miner, 1983). 

In the 1980s, other studies started to emerge that showed that these two 
typologies had limitations. Findings displayed that not all craftsmen 
hinder growth. This led to the notion that there might be a third type. 
Some support for this can even be found in Smith's (1967) original study. 
The third type is named inventor-entrepreneur. The inventor-
entrepreneur's orientation is towards the craftsman, but with a more 
adaptive direction. As Smith notes; 

"It appears that his orientation is not to attempt to build a business or to 
turn out the best product. Rather his major concern seems to be to develop 
an organization, not as an end in itself, but rather as a vehicle to allow him 
to invent and produce various products/' (Smith, 1967:87-89) 

and further that; 

"there is some indication that he builds a company as a means to an end. To 
continue to invent and have these inventions produced and used by 
industry appears to be his main goal for initiating and maintaining the 
company." (Smith, 1967:94-95) 

Miner, Smith & Bräcker (1992) pursue this inventor-entrepreneur research 
further. The study held a sample of 147 questionnaires with the objective 
of finding important parameters that will finally lead to a definition. Of 
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the people studied, 56% held a doctoral degree. They found that growth 
connected with employment and sales were closely related. They also 
found that entrepreneurs of more opportunistic style have a tendency to 
invest potential profits in company growth. Inventor-entrepreneurs are 
not common in companies acting without an explicit new product 
development strategy. Still, it was not shown that companies with a new 
product development strategy performed higher. Even if a rather high 
degree of the respondents held patents, the authors found that the 
strategy aspects were a better indicator that patents. One reason for this is 
that patents are becoming less attractive due to its time consuming and 
costly handling. It is better to focus on faster product development and a 
rapid market entry. The researcher did not reach the final set of rules 
needed for a definition, but they concluded by saying that; 

"a definition of the inventor-entrepreneur would include as salient 
characteristics a somewhat, but not extreme, craftsman orientation, a very 
high priority placed on new product development strategy, and in a 
number of cases patent production. Such a definition would not include 
any statements regarding the specific type of firm anticipated, nor would it 
anticipate any particular level of firm growth. " (Miner, Smith & Bräcker, 
1992:112) 

Another variation on the theme is the technical entrepreneur. A possible 
definition of a technical entrepreneur is: 

"the founder and current owner-manager of a technology-based business, 
i.e. primarily responsible for its planning and establishment, and currently 
having some management control within the organisation" (Jones-Evans, 
1995:17). 

Jones-Evans (1995) classify technical entrepreneurs into four broad 
categories. Firstly, the //research,/ technical entrepreneur with roots in an 
academic or higher educational environment. This person is knowledge-
oriented and has hands-on experience regarding scientific or technical 
development. Secondly, the "producer" technical entrepreneur with a 
background in industrial organisation. This person has experience in 
production and development of technology all the way to 
commercialization, and often from larger firms. Thirdly, the "user" 
technical entrepreneur has an industrial organisation background, but 
only in a support or peripherial role during the development process. His 
or her experience originates rather from technical sales, support services, 
or possibly as an end user. Fourth and last, there is the "opportunist" 
technical entrepreneur without former industrial technical background. It 
is an: 
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"individual who has identified a technology-based opportunity, but who 
has no technical experience, or whose previous occupational experience is 
within non-technical organisations" (Jones-Evans, 1995:20). 

In his study of technical entrepreneurs, it was determined that 
approximately half of the interviewed were reluctant to expand their firm 
beyond a certain size. This was mainly due to the fact that they did not 
want to lose control of technical direction as well as firm strategy (Jones-
Evans, 1995). This has been determined in other studies as well, but is still 
remarkable since these type of firms often are pictured as organizations 
with a willingness to grow. This is particularly evident in the political 
debate where these firms often are pictured as the ones that will be hiring 
and employing new personnel in the future. 

It is important to stress that this study's main interest concerns the 
process of product development and not the measurement of actor's 
individual traits working with the project. Even if this type of research 
has implications for this study, of greater importance is the fact that 
entrepreneurial types also can be linked to the characteristics of d ifferent 
organizational types. The three types labelled craft, promotion, and 
administrative, are is shown in table 2.1 below, and have been used in 
prior studies (Filley & House, 1969), (Tesar, 1975), (Filley & Aldag, 1978). 
In short, the craft type organization's objective is comfort and survival, 
and is lead by a craftsman, and has a pattern of non-growth. Interesting is 
that they have fixed roles within this type of organization, probably due 
to a strong belief in their own professions. Unwillingness to try new 
methods of operation and a low degree of technological complexity 
within the firm are other common trademarks. They are also often a 
passive actor in the marketplace. The promotion type of o rganization has 
as objective personal achievement, and is lead by an entrepreneur that 
sometimes assume "hero" status within the organization. A high growth 
rate, high profit margins, and transitional by nature are other features 
often associated with this type of firm (Filley & Aldag, 1978). Their 
growth pattern follows the S-curve (also discussed by Ramanathan (1990) 
among others). This is the organizational type that often is assumed to be 
the common model for all entrepreneurial activity. Finally, the 
administrative type of organization's objective is market adaptation, and 
is run by a professional leader, and has a linear pattern of growth. It is 
interesting to note that there seems to be an assumption that a 
professional leader is administrative oriented with a well-developed 
hierarchical structure as support. Even if the organizations often are 
larger in size, studies show that their level of technological complexity 
does not have to be especially high (Filley & Aldag, 1978). The risk of 
losing their creative and innovative culture by transforming into a more 
traditional are also evident. 
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As the figure implies, the three organizational types follow the size of the 
organization. That the three stages imply periods of transition is also 
notable. Chandler (1962) was probably one of the first to address the issue 
of the organizational lifecycle. 

Characteristic Craft Promotion Administrative 

Objectives Comfort-survival Personal 
achievement 

Market adaption 

Policy Traditional Personal Rational 

Leadership Craftsman Entrepreneur Professional 

Structure Power levels Field of force Rational hierarchy 

Staff Housekeeping T echnical-personal Technical-
coordinative 

Functional-
development 

Single Successive 
emphasis 

Full development 

Work-group 
bonds 

Fixed roles Interaction-
expectation 

Homogeneity 

Innovation Conventional 
methods 

Innovation Development 

Uncertainty-risk No perceived 
risk 

Uncertainty Risk 

Basis for success Benevolent 
environment 

Innovation 
exploitation 

Planned adaption 
to environment 

Pattern of growth Nongrowth S-curve Linear 

Table 2.1. Characteristics in Three Organizational Types 
(Filley & Aldag, 1978). 

In the eighties, there were researchers focusing on the entrepreneurial 
stage of the lifecycle (Galbraith, 1982), (Churchill & Lewis, 1983), 
(Mintzberg, 1984). Depending on the situation, and how far a company 
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has come in its development, the managerial needs differ. As an example, 
Churchill & Lewis (1983) describe the evolution of a small business in five 
stages. They label them Existence, Survival, Success, Take-Off and 
Resource maturity. In each stage managerial skills, strategic planning, 
cash, owner's ability to delegate and other demands differ. If the 
owner/strategist can supply the proper needs, the company can move to 
the next stage (if desired). This opinion can be supported by Smith, 
Mitchell & Summer (1985) who suggest in their study of top level 
managers that managers probably need to change their priorities when 
the company moves through the different organizational life cycle stages. 
Even if they use the word probably, they argue that if this is not 
happening, they might restrain further development of the organization. 

2.4 SUMMARY & DISCUSSION 
As mentioned earlier, research in the field of product development is 
eclectic. As in research preceding this, a line has to be drawn regarding 
what to include and what to exclude. The research and theories presented 
above represent different important aspects. Below, they are intended to 
be integrated and summarized. This will eventually lead to a picture with 
areas well documented, others shady, and still other areas that need 
further studies. 

A complete understanding of what happens within the highly dynamic 
process called product development will never be reached. A theoretical 
review is a way of building a foundation for this as well as other future 
studies. Few will disagree to the opinion that this field is scattered and 
fragmented. Interesting to note is that a majority of studies made have 
R&D departments within large corporations as study objects. As a result, 
many studies include reflections on how to manage the internal 
communication between, for example, the R&D department and top 
management, or development team with other functions within the 
organization. We need to learn more about how the PDP is carried out in 
smaller firms in general, and smaller technology-driven firms in 
particular. The product development process itself is a natural start, even 
if arguments regarding the best way of picturing the process always can 
be discussed. 

The product development process within smaller technology-driven 
firms does not fit the standard way of picturing the process. The 
differences have been known for a long time. Large firms spend 3-10 
times as much as a small firm to develop a particular product. Small 
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research-based firms can attract outstanding technical people (influence 
their environment). The people are highly visible, and; 

"more extra hours are likely to be 'donated' to a project by the technical 
people of many small firms." (Cooper, 1964:80) 

As mentioned earlier, the whole company is focused on innovation and 
product development, instead of just a department. Since it is the central 
activity the firm is built around, it is naturally to place it in a central 
position in the theoretical model. As noted earlier in the chapter, a certain 
linear structure always exist. Interesting to note is also the fact that more 
contemporary research moves towards a more dynamic model involving 
both iterations and parallel processes. In that sense the third generation of 
stage-gate models are beginning to conjoin the synoptic with the 
incremental view of the process. Not discussed in this field of research is 
the involved actor's and manager's conception of the development 
process. Due to time constraints, longitudinal studies are seldom 
performed, even if they provide a great learning opportunity. 

Based on the theoretical foundation existing today, one can establish a 
lack of knowledge concerning how the product development process 
actually is managed in small firms. Since small and medium sized firms 
often are pictured as a strong and upcoming force in the business 
community, it is important to learn more about them. Another rapidly 
growing aspect is the globalization in trade and business. Thirdly, small 
firms are forced into an international business community. They have to 
adopt to an external environment. Notable is that most studies collect 
data in one country, or even in one region. Cooper & Kleinschmidt (1993) 
argue that: 

"Both competition and markets are increasingly international in nature, 
however, and new product development itself has become an international 
activity. Although it may be advantageous to focus on one industry, it is 
equally advantageous to broaden the study across national boundaries, that 
is, an international study." (Cooper & Kleinschmidt, 1993:91) 

Performance and outcome of a product development project is something 
that also needs some further investigation. When it comes to 
performance, a multitude of parameters can be used and measured. In the 
aircraft industry, return on invested capital (ROI), an aircraft possible to 
fly, number of sold aircraft, among others can be used. No single 
parameter will be used to measure the product development outcome in 
this study. Since the actors in each firm have their own objective with the 
product development, a learning approach has to be taken. Depending on 
situation and objective in each specific firm, the performance aspect will 
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be discussed separately. Since the process will be described by the actors 
involved in the process, it is also natural to include the environment and 
the resources they have and are dependent on in the study. 

A way of conceptualizing this discussion is made in figure 2.6 below. 
Added to the model that started this theoretical chapter are questions that 
have not been answered in a satisfying way by previous research. 

Technology Product Development 
in Small, Technology-
. Based Firms . Market 

• Conception of the PDP? 
•Managerial constructs and issues 

of importance during the PDP? 
•Use of resources? v 

• How do the actors 
measure the PDP 
performance & 
outcome? 

Outcome of the 
Process 

Figure 2.6. Conceptualization of Theoretical Framework. 
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3 
METHOD 

This chapter's aim is to present the research strategy used in the study. A 
discussion about perspectives introduces this chapter and should be seen 
as building-blocks that together form the foundation for the researchers' 
endeavour. Thereafter, a "hands-on" description of how the research was 
carried out is given, focusing on key decisions made throughout the 
research process. 

3.1 A METHODOLOGICAL FOUNDATION 
When deciding what type of methodology to use, one of the first 
decisions to ponder upon is how I, as a researcher, position myself 
regarding reality, and how it is constructed. This position is important. It 
might not be possible to fully define, but by picturing it well, it is possible 
for readers and other researchers to grasp and better understand the 
premises that are underpinning this research project. 

Research can be conducted from a multitude of standpoints, and with 
numerous methodological alternatives. In this diversity, research is often 
divided according to its use of either a qualitative or quantitative research 
method. According to the main body of knowledge, these standpoints 
cannot be combined at the same time, but they can complement each 
other, and both are needed to bring us new, as well as more refined 
knowledge. Morgan & Smircich points out that; 

"qualitative research is an approach rather than a particular set of 
techniques, and its appropriateness derives from the nature of the social 
phenomena to be explored/' (Morgan & Smircich, 1980:491) 
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Product development in small technology-driven firms is a social 
phenomena, as has been discussed in earlier chapters. To set a platform 
for the design of t he study, a decision regarding the researcher's view on 
reality i.e., ontological standpoint, has to be addressed. To say that the 
reality is something objective is to follow the natural sciences of a law-
binding universe. This standpoint can be suitable when experimenting in, 
for example, physics and chemistry. Social science is an area where 
subjectivity is constantly present. Every person involved, researchers, key 
informants, and even readers have their own coloured way of l ooking at 
a social phenomenon. With a viewpoint that the world and its social 
phenomenon is a continuous process created by individuals meeting and 
interacting through language, behaviours, and symbols, the assumption 
valid for this study is that reality is socially constructed. 

Once that has been established, other affiliated assumptions follow. 
According to Morgan & Smircich (1980:492), the assumption about 
human nature is to look upon man as a social constructor and a symbolic 
creator. If so, the relationship between the enquirer and the 
knowledgeable is to understand how social reality is created. To fit these 
basic assumptions together, it is common to label the researchers' 
standpoint by expressing the paradigm they are affiliated with. 

"Paradigms represent a distillation of what we think about the world (but 
cannot prove). Our actions in the world, including actions we take as 
inquirers, cannot occur without reference to those paradigms: 'As we think, 
so do we act,.,/ (Lincoln & Guba, 1985:15) 

Declaring my view of r eality as a social construction does not direct us to 
a specific paradigm right away. This notion fits, for example, into the 
naturalistic paradigm (Lincoln & Guba, 1985) and constructivist 
paradigm (Lincoln, 1990). Two interesting alternatives that emerge in the 
diversity are, the interpretivist and radical humanist paradigm (Burrell & 
Morgan, 1979), (Gioia & Pitre, 1990). Both rely on a subjective foundation 
regarding the nature of reality. Both have as goals to describe the studied 
phenomenon. The difference is that the interpretivist describes and 
explains the phenomenon in order to understand, while the radical 
humanist describes, unfolds underlying structures, and gives critique in 
order to have an impact through changes. Since my objective with this 
study primarily is to learn and understand how the product development 
process is carried out in the studied cases, the interpretivist paradigm 
makes a more applicable fit. To obtain a better understanding of the 
interpretive paradigm, the following summary is given. 

"The goal of theory building in the interpretive paradigm is to generate 
descriptions, insights, and explanations of events so that the system of 
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interpretations and meaning, and the structuring and organizing processes, 
are revealed" (Gioia & Pitre, 1990:588). 

To summarize, the interpretive paradigm is inductive to its character. The 
collection of information and data are done parallel to the first stages of 
analysis. Data is often collected through specific cases by questioning 
informants. Analysis is done by coding, structuring, and identifying 
relationships between concepts found in the given information. After the 
iterations have started, theory generation is included together with 
further data collection and analysis that help refine and modify earlier 
standpoints. 

In a world of objectivity and positivistic way of thinking, 
preunderstanding is of little concern. But, on the other side of the scale, 
when key words are subjectivity and search for understanding, the 
knowledge accumulated by the researcher prior to the research project is 
of in terest. A human being is constantly collecting new knowledge. From 
the very first day of our life, to the last, we collect, process, and hopefully 
learn from the knowledge we obtain. This is something we, as 
researchers, should be aware of. It does not matter if we are using 
qualitative or quantitative methods, we are constantly learning. What we 
learn during the research process is automatically fed back into the 
process itself. It is not realistic to think that we, for example during a 
survey, can turn this ability off like a computer. It is not possible and it is 
not something to wish for. Instead, it is something that we should nurture 
and use to our advantage. Gummesson (1988) talks about 
preunderstanding and makes parallels to how different consultants can 
see different solutions to a firm's problem. For example, if the firm's 
problem is a bad profit margin, a taxation expert might suggest tax 
evasive actions while someone focusing on marketing issues probably 
will suggest a new marketing plan. A researcher, as well as a consultant, 
will be influenced by what he has learned and experienced in the past. 
The difference is that a researcher should aim at being aware of his 
background, and thus try to present it openly to the readers. 
Preunderstanding is a mixture consisting of the researcher's personal 
background, together with the formal education preceding the research. 
Gummesson divides them as personal experience and intermediaries 
(experience of others). The intermediaries can be lectures, textbooks, 
research reports etc. My personal background as a glider pilot influenced 
me regarding choice of industry. It was through my leisure time activity 
that I got the knowledge that there were small firms involved in aircraft 
development. Among other things, working at the department of 
business administration at Umeå university has presented me with a 
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research culture with a strong small business tradition. To neglect this 
knowledge-base and its influence would be irrational. 

Notable is that this opinion regarding preunderstanding does not fully 
comply with the interpretive paradigm's standard motto. The common 
conception is to keep the preunderstanding to a minimum, in order to let 
the data collected in the study form a theory grounded in the study itself. 
It is first in later stages, when these grounded theories are formed, that 
the researcher is supposed to compare his findings with others in the 
field. 

This preunderstanding and prior gathered knowledge also influence the 
relationship between the enquirer and the knowledgeable that a 
researcher has to reflect upon. This is also known as the epistemiological 
stand. If I, as researcher, believe that I continuously collect new 
information throughout the process and add this to my prior base of 
knowledge, it is natural to work with the assumption that the studied 
actors will do the same. Especially within a small firm, the research site 
and the actors involved will be influenced. In the process of collecting 
information from the site, the interaction process will be twofold. The key 
informants will influence and affect me as well as I will influence and 
affect them. It is impossible to fully know the impact of this interaction, or 
if it is good or bad. Lincoln & Guba (1985:92ff) describe different areas 
where this interaction and influence will occur as a natural part of the 
research, irrespective of qualitative or quantitative method. The 
important aspect to keep in mind is to carry out the research with an 
awareness of this aspect in mind. 

3.2 DESIGN OF THE STUDY 
According to Yin, the research strategy should be formed based on three 
aspects; 

"(a) the type of research question posed, (b) the extent of control an 
investigator has over actual behavioral events, and (c) t he degree of focus 
on contemporary as opposed to historical events/7 (Yin, 1989:16) 

Starting with aspect a, the research question, the aim is to seek an 
understanding of what is happening within small technology-driven 
firms involved in an advanced product development project. By learning 
how and why the actors do what they do, there is a possibility to generate 
new knowledge. This aim points toward the use of a qualitative study. 
Continuing with aspect b, the investigator's control possibilities of the 
events, the situation at hand makes it preposterous to think that the 
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researcher can keep a strict and well controlled environment, based on 
situation and actors involved. This fact also does support the use of a 
learning and problem solving method rather than a strict quantitative 
focusing on validation. 

Since I, beforehand, have nothing else than a general knowledge of what 
to search for, a structured approach where I, as a researcher, can keep a 
tight control over the situation, is of minor interest. A more open and 
adjustable approach is preferred. Finally there is aspect c. Since I want to 
gather an understanding on how a firm and its individuals act during the 
product development process, my interest is in both contemporary and 
historical events — contemporary aspects to follow what is happening 
presently, and historical aspects to seek an understanding regarding what 
has lead the firm to where it is today. 

Figure 3.1 below is a model for using a qualitative research method that 
corresponds well with the design of this study. The pivotal aspect is that 
this study is iterative to its character. The study is a learning process 
where prior knowledge and findings from earlier data collection are 
analysed and then used as input in the next iteration. Refined questions 
and directions to search for new data will add to the analysis and 
improve the possibilities to learn and understand the process studied. 

• 

Data Analysis Data Collection 

Data Management 

Sampling Design 

Aims/Analysis Objectives 
Refined Question 

Figure 3.1. The Iterative Qualitative Research Method 
(Crabtree & Miller, 1992:xv) 

The iterative learning process that has occurred since 1990 is not possible 
to present in all details in a written report. In order to help organize the 
presentation, figure 3.2 presents an overview and structure of the study 
with regard to information collection and analysis. As can be seen, the 
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study is made out of one main case where information was gathered at 
different occasions in time. Based on this data, the first analysis consists 
of introducing the key findings from the case and present them in form of 
statements. The statements are not hypothesis, but rather a way of 
summarizing and structuring different areas of interest emerging from 
the case. 

The third stage introduces three additional cases. Due to time and other 
external constraints, the information gathering is not as extensive as in 
the first case. Based on the findings from the first case, the information 
could be gathered in a more specific manner without losing depth and 
richness. The second stage of analysis is done in two parts. Part one is 
based on a comparison based on the statements carried over from 
analysis I. Ending the second analysis is a more aggregated level of 
analysis where findings emerging from all four cases (and not only from 
case A) are presented. 

Info Collection 

Case A 

(Chapter 4) 

Analysis I 

Key Findings 
& 

Statements 

(Chapter 5) 

Additional Info 
Collection 

I Case D 
Case C 

Case B 
(Chapter 6)M 

Analysis II 

Analysis 
& 

Findings 
(Chapter 7 & 8) 

Figure 3.2. Organization of the Case Studies. 

USING A CASE APPROACH 

What is a case study? Where do we draw the line between a regular study 
of a company, and a case study of the same company? The distinction is 
vague, but the common assumption about a case study is that the 
researcher tries to penetrate and understand underlying factors inside the 
company. By studying one or a few cases, the label of a case study is 
reinforced. Researchers have earlier argued for the use of comparative 
case studies (Eisenhardt, 1989), (Yin, 1989). Other have defended the use 
of one single case (Dutton & Dukerich, 1991), (Dyer & Wilkins, 1991). Yin 
(1989:14) agrees that a case study approach is right when applying a 
holistic standpoint to a complex social phenomena. Examples of this type 
of research are Nordström who notes that; 

"the case method permits the research to observe the study object closely 
and to relate and crossrelate different aspects to each other(Nordström, 
1991:40) 
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Lindeli (1988), focusing on product development, also supports the 
standpoint that there is a need for improved knowledge concerning both 
individual projects as well as development projects, and that they have to 
be studied in the context of the whole. As in most situations, there is also 
a common body of critique towards the use of case studies. Often 
mentioned are that: they lack methodological thoroughness; lack the 
possibilities to generalize from one case; are time and resource 
consuming; find the data comprehensive and difficult to grasp; and lack 
the tools for evaluation and analysis (Klofsten, 1992). Some of these 
aspects can be valid since there will always be pros and cons, no matter 
what approach one uses. The point is whether or not the method is 
suitable for the research question and the aim of th e study. It is important 
that the data is comprehensive, and naturally will a larger amount of data 
be more difficult to grasp and analyze. This will also mean that it will 
take a longer time and demand more resources compared to a survey. 
But, from analyzing that data, more interesting findings can be produced. 
The issue of making generalizations from one case will be discussed later. 

Normann (1980:50ff) makes certain distinctions regarding case studies, as 
can be seen in the figure 3.3 below. He divides the case study approach 
by number of cases st udied, and the time aspect. The main reason for using 
more than one case is, according to Normann, the possibility to create 
typologies. The time aspect is the more important one, and he makes the 
observation that a longitudinal study has possibilities to reveal more 
interesting results than a snapshot approach since it unfolds the 
possibility to study relations between the structure, process, and function. 
It is also of interest to study the changes that take place over time. 

^^\Time aspect 
Number***^^ 
of cases 

Momentary 
study 

(snapshot) 

Process 
study 

One case (Case A) 

Several cases (Additional cases) 

Figure 3.3. Design of Case Studies. (Based on Normann, 1980:51) 

This is in line with Valdelin (1974) who divides case studies in a 
reconstructed case study e.g., the momentary study, and the registrative 
case study, e.g., the process study where you, as a researcher, register 
what is happening in an ongoing process. Tushman & Nelson also stress 
the advantage of u sing a longitudinal study in this area of r esearch. They 
argue that; 
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"longitudinal data, whether population ecology or ethnographic in nature, 
are more costly to gather but have the enormous advantage of permitting 
the researcher to get at underlying linkages between technological change, 
organization processes, and innovation." (Tushman & Nelson, 1990:6) 

The above discussion leads to the notion that a case should be far from 
chosen by random. An investigation should be undertaken to sort out a 
company that has the best prerequisites to fulfill the researchers' 
demands. A wrong decision in this phase might be devastating for the 
whole study. A common conception is that the chosen object should be 
found interesting and cover a non-trivial phenomenon. Based on figure 
3.3 above, the platform case (A) found in chapter four would fit into the 
upper right quadrant as a one case/process study. The three additional 
cases (B, C, D) found in chapter six, fit the lower left quadrant as several 
case/snapshot studies. 

Applying a process view on the study is equal to saying that changes 
over time is of interest. By using a dynamic approach involving contact 
with the research-site over a period of time, findings not possible to 
detect during a snapshot study can emerge. Lindell (1988:65) states that 
product development study-object demand a longitudinal process view. 
One reason is that product innovation takes place over a longer period of 
time. Secondly, the process involves a multitude of groups at different 
levels in the organization. The groups also enter the process in different 
phases. To grasp all these aspects, a process view is needed. 

It is understandable that the study of an ongoing process will give the 
researcher unique possibilities to take part and register what actually 
takes place, instead of hearing what happened in retrospect from an 
informant. One problem with the process study is that you are taking a 
risk. Since the future evolution is hard to predict, there will always be a 
risk that the project will fail and be terminated before a finished product 
is developed. This can turn into a problem. Researchers have often 
focused on successful cases. To some extent, it might be a result of easier 
access. It will always be easier to get an informant to talk about 
something that he or she was good at, or something that worked out in a 
good way, rather than telling someone about his/her failures. In a 
process study, the researcher has to take a chance and accept the 
evolution; there is nothing he can do about it. But, since there is a learning 
potential to be drawn from every case, the actual evolution is possible to 
master as long as the researcher gets a minimum of information to 
analyze. On the other hand, this is also what makes an ongoing process 
more interesting to study. The process study also has the advantage of 
minimizing both voluntary and involuntary adjustments of historical 
events. By asking the informants about their view of the future and their 
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plans throughout the process, one can picture a foundation to compare 
the actual events against information collected later on. 

Another problem with studying a dynamic process is the difficulty to 
enter the process from the very start. As a researcher, it is impossible to 
know when and where the first steps towards the development of a new 
product is taken. What we can do is to enter the process as early as 
possible, and while we follow the process, try to backtrack what occurred 
before we entered the research site. This standpoint is voiced by 
Goldberg (1981) who notes that knowledge development in this area 
often has to be carried out through retrospective studies. The reason for 
that is among others the fact that innovations and product development 
are hard to trace. How can we search for something that only after a 
longer period of time leaves some sort of track to follow? 

CHOICE OF STUDY OBJECTS 

As mentioned earlier, the choice of study object is something that should 
be carefully considered. The first decision was to chose a suitable 
industry. When it comes to product development, there are a number of 
industries like aerospace and telecommunication, together with high 
technology firms that more than others divert resources towards new 
product development projects. Due to a long-time interest in aircraft and 
flying in general, the choice of industry was easy to make. I was searching 
for a complex product development process which involved a high 
degree of t echnology and that took place within a small firm. I wanted to 
experience as many aspects as possible of the process. Here, it should be 
noted that the case focus is the product development project, but due to 
the firm's size, the actors and the firm itself become intricate parts of the 
process. 

My flying interest led me to become a glider pilot. Through this, I came in 
contact with both pilots and a lot of literature regarding flying and 
aircraft. Reading an issue of the national glider magazine (Axelsson & 
Hall, 1989) made me aware of RADAB, a small firm in Stockholm with no 
apparent tradition of aircraft constructing and building. After some 
additional investigation, I started to realize that this product 
development project of the Windex 1200 glider was seen as something 
unique among people connected to the industry. To use RADAB's 
Windex 1200 project as the main case became an apparent choice once the 
few alternatives had been investigated. At that time, there were other 
aircraft projects going on in Sweden. (Evidently since one of the other 
projects became case D.) But this was without question the project that 
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stood out as the most interesting ~ the reason being that they clearly were 
responsible for the development from the first innovative idea. Due to 
financial reasons, it was not possible at that time to consider a process 
study of a case in another country. 

When the time came to decide upon how to continue this study, one key 
decision was whether or not to continue with case studies. My decision to 
continue in a qualitative tradition is based upon different reasons. First, 
the number of projects of similar size and type are rather scarce to find. 
Only by searching for cases all over Europe or North America, a sample 
of reasonable size for a quantitative analysis would be obtained. 
Secondly, by continuing the case study approach, it became possible to 
pursue the objective of searching for the why and how in each case. It was 
also important to find projects that were completed or close to completion 
in order to gain as rich information as possible. Even though I had been 
looking for other cases in the same branch and situation since I started 
with the project, it was a difficult task. When first investigating the 
presence of o ther possible small aircraft projects within Sweden, a listing 
of corporations within the field "manufacturing of aircraft and aircraft-
engines" was made. The search resulted in 15 active and 4 non-active 
companies. Notable is that RADAB was not included. Two of the 
companies stood out due to their size, SAAB Aircraft AB and Volvo 
Flygmotor AB. The rest of the companies can be labelled small or even 
micro firms. Few had a regular turnover for the years 1989-92, and 
employed one single individual, which indicated part-time consulting 
firms, or other part-time organizations not suitable as cases in this project. 
One firm differed from these two typologies, Malmö Forsknings & 
Innovations AB (MFI AB). They had during this period a regular turnover 
from 1.4 to 2.7 million SEK with 8 to 9 employees. 

Continuing the investigation for a suitable aircraft project led me to 
contact KSAK where I once again got in contact with Sakari Havbrandt6, a 
former employee and informant at RADAB. His knowledge in the area 
also pointed me to MFI AB in Malmö. Havbrandt noted that Mr Rudolf 
Abelin, the CEO at MFI AB had the knowledge to inform me if any 
motorized aircraft project was under construction in Sweden or in nearby 
countries. Additional contact was taken with Anders Ljungberg7, a 
former inspector at the Swedish CAA, and President of EAA Chapter 222. 
He made the observation that RADAB and MFI AB were the only suitable 

6 Phone interview 1994-09-21. 
7 Phone interview 1995-11-09. 
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companies in Sweden8. To his knowledge, no project was at that time 
progressing in either Norway or Denmark. MFI AB has had a long 
history within the aircraft industry. Even if the firm had been dissolved at 
the time for the data collection, they had carried out a suitable 
development project parallel to the Windex 1200 project. To study a 
process carried out within Sweden, with the improved access to 
additional sources of information, led to the decision to include the 
development of the BA-12 Dragon-fly (case D). 

Since no more cases suitable to study were present within the country, I 
had to broaden my horizon. The search for suitable cases lead to another 
high profile glider project in Germany. Stemme S10 Chrysalis, a 
motorized glider with an advanced design similar to Windex 1200 
became case B. Any more suitable development projects involving 
motorized gliders were not to be found in Europe. This was not a 
problem since the research focuses on aircraft projects of all types. The 
search lead me to Rovaniemi in Finland (EAA-Nytt, 1990). The 
development of the ATOL amphibian fulfilled all criteria of a suitable 
project based on an in-house idea and became case C. 

It should be noted that a fourth case was decided upon. After initial 
contacts with the firm in Great Britain, it became evident that it had no 
interest or intention to participate in my study and was therefore 
excluded. 

3.3 DATA COLLECTION 
If, as in this study, the purpose is to enhance our understanding of the 
product development process in small firms, the discussion on qualitative 
versus quantitative methods has to lean in favour for the former. To 
gather a profound knowledge about a process through a quantitative 
approach is not suitable, since no interaction occurred and possible 
follow-up questions cannot be raised. 

Once that decision had been made, it was time to resolve what kind of 
qualitative approach to use. A common misconception is that a 
qualitative research strategy is equal to case studies and interviews. 
Within the qualitative field, there are a number of different approaches. 
While seeking understanding, a first natural step is to focus on one or a 

8 A new project named "Silent" was at that time started, but had not reached far enough 
to build a case on. 
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few sites. Due to economic and time constraints, a small population is 
needed to really penetrate the research site, but the big difference can be 
found in the method used to carry out the actual research. 

WAYS TO COLLECT DATA IN A QUALITATIVE TRADITION 

At the very end of qualitative methods you will find ethnography. 
Ethnography is a research method emerging from sociology and 
anthropology. A researcher that has dedicated his life to ethnography is 
William F. Whyte. His Street Corner Society (Whyte, 1955) is one of the 
most important contributions to the field, and where the data was 
collected over many years. Ethnography is recognized through the 
situation where the researcher tries to go native with the studied object, 
to participate on equal terms with all actors in the studied social 
phenomena. The key issue in this kind of research concerns the balance 
between objectivity and subjectivity. 

"Most crucially, ethnography irrevocably influences the interests and lives 
of the people represented in them-individually and collectively, for better 
and for worse. Writers know this, and self-imposed limits mark all 
ethnographies(Van Maanen, 1988:5) 

In other words, the researcher is the research instrument. Is there a right 
way of doing ethnography? Adler & Adler gives an answer by saying; 

"for those on their first journey, use your self, reflect on your past, and 
continue to involve yourself in your present. That is how field research and 
ethnography is going to improve/' (Adler & Adler, 1987:18) 

They also agree that integrating ethnography with other methods will be 
one way of advancing the frontiers of the field. 

Participant observation is another alternative that consists of o bserving the 
research site, while you, as a researcher actively participates in the 
process. This can be done openly as well as covertly. The problem with 
this kind of r esearch is to determine the impact of the researcher's role in 
the process. A researcher using this method must either know that an 
interesting/unique situation is about to occur at the site, or that it is a 
phenomenon that occurs repeatedly over time. Another objective might 
be to study a "normal" day, or week. (Jorgensen, 1989) 

Without question, the most common way of gathering information in a 
qualitative manner within the social sciences is by interviews. When doing 
an interview, different kind of q uestions can be asked. Spradley (1979:60) 
divides them in three categories. 1) Descriptive questions, where the 
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informant can tell and describe something. 2) Structural questions, where 
the interviewer tries to reach understanding about different domains, 
roles, or positions. 3) Contrast questions where the informant will 
describe the difference between things and phenomenon. The third type 
is best used to confirm or recheck prior answers. 

The type of interview that is most commonly used is probably the semi-
structured interview. Wildavsky expresses the dilemma the researcher 
has to consider when using this type of interview. 

'The outcomes are also semigood in that they can be only imperfectly 
achieved. Understand this much-that you can do better must always fall 
short-is part of both the armory and the armor of the would-be open-ended, 
semistructured interviewer. It helps to understand why the interviewer's 
performance necessarily falls short of his promise." (Wildavsky, 1989:58) 

It is also interesting to note that there are researchers that make the 
distinction between an interview and having a conversation (Hägg, 1984). 
The first category is more formal, and besides the questions asked, a one 
way communication. A conversation is on the other hand communication 
from both sides, implying responsibility and that it probably will 
continue in the future. 

In addition to these direct ways of collecting information, it is suitable to 
complement with written documentation, records, and possible artefacts. 
It can be internal records like a written strategic plan or an external article 
from a magazine. They are physical evidence that will help to support 
historical events since they often are dated. Here, a word of caution is 
needed. These documents have to be read in the light of their purpose 
and to whom they were originally intended, in order to uncover possible 
motives that might bias the content. 

METHODS USED IN THE PROJECT 

There is always a balance between advantages and disadvantages 
regarding different methods. Especially with a qualitative approach, it is 
hard to draw the traditional lines between different methods. I have 
chosen to use the word informant to label the persons that have been 
participating in this research. Other suitable words can be source, 
interviewee, consultant or respondent. Different kinds of information 
gathered from an informant is presented below. 

"A key informant provides information through formal interviews and 
informal verbal interchanges or conversations. The informant may also 
provide the researcher with references-for example, a genogram, a picture, 

71 



Method 

a map. The informant provides the researcher with introductions and 
interpretations. Finally, informants communicate with the researcher in a 
myriad of n onverbal ways-how they dress, when and how they speak, and 
the influence of context on their actions.,/ (Gilchrist, 1992:71) 

As she points out, this is a description of key informants. By that she 
means that it is an informant with whom you, as a researcher, have 
established a relation of t rust. They are willing, and have the knowledge, 
to teach the researcher about the topic. 

In the platform case (a), a so-called snowball sampling has been carried 
out. By starting with informants known to have participated in the 
project, a foundation for information gathering has been made. By asking 
the informant to name people or organizations that have been important 
for the project, additional informants have been reached. After a number 
of interviews had been carried out, names started to reappear. This 
created a situation where the marginal effect on each new informant 
became low, and a decision could be made to stop the sampling. After 
creating a platform of knowledge regarding historical events and an 
understanding of the process, follow-up interviews were made with key 
informants involved in the progression of the process. 

The questions were designed to elicit full information of the product 
development process. This meant including the firm's history, personal 
backgrounds, and other basic areas. I have mainly used what is 
categorized as open-ended interviews. At the very start, when I first 
contacted the key informants at RADAB, I asked for an interview (a 
general guide of the questions can be found in appendix A), but as I got 
to know them more, the data gathering sometimes transformed into what 
Hägg (1984) and others refer to as discussions. Throughout the situations 
leading up to the interviews, there has always been a certain amount of 
participant observation. I have interacted with the company and its 
employees, customers and other firm representatives while waiting for 
meetings with the CEO and others. Sixteen formal interviews have been 
carried out between February 1990 and December 1992 regarding the 
platform case (a), i.e., the Windex 1200 project. In addition, a number of 
shorter informative talks have been conducted over the phone between 
and after these occasions. They have usually preceded the upcoming 
interview to set a time and place for the interview. Some calls have been 
to ask for additional written materials, clarification regarding earlier 
interviews etc. 

Among the other three additional cases, other circumstances created 
another sampling situation. Since I, at that time, had some areas that I 
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wanted to check if they existed in other firms as well, the process aspect 
was excluded. The informants have therefore been interviewed during 
one occasion in 1995. The reason for this is that by using the knowledge 
concerning the key issues that emerged in the process of the first case, a 
more direct approach was possible. At Stemme GmbH & KG, the first of 
the additional cases, a formal interview was carried out with the founder 
and inventor. Additional discussions (not documented by tape) were also 
carried out with the marketing manager, quality control manager, and 
workshop manager. At ATOL, the second of the additional cases, 
interviews were carried out with the inventor/manager/owner and his 
wife (also part owner). In the last additional case, MFI AB, one interview 
was carried out with the owner/manager. The few informants that were 
interviewed in the two last cases can be explained by the sence of 
reaching saturation. Through my prior knowledge, I recognized many of 
the aspects from earlier interviews. The aim was to collect both a broad 
information base and to investigate if the key issues found in the platform 
case were present. The broad information base helped me to understand 
why or why not the same aspects could be present. As much as possible, 
additional information like press clips, written documentation, annual 
reports etc. have also been gathered from the firms and other sources. 

Other aspects that implicitly require more from a researcher in a study 
like this, is the need to rely heavily on verbal information. In small firms, 
the few people involved inside the firm have (and often take) the 
possibility to work with mainly verbal and informal communication 
between them. In a larger firm, this communication needs to be 
formalized to function properly. This tendency among small firms results 
in few written documents that can collaborate their verbal descriptions of 
a process. Here, information from external sources like CAA, EAA, and 
the government have an important function to meet. 

To prevent any misconceptions regarding what had happened over the 
years, all personal interviews were recorded on tape, excluding shorter 
discussions and interviews over the phone. All tapes have been 
transcribed personally, usually during the days after the meeting took 
place. The transcriptions have been done word by word with markings 
for longer silences, laughs etc. Since all interviews were carried out by 
myself, a close link could be kept between information collection and 
presentation. A draft of the case descriptions have been sent to the key 
informants, which they have read, commented, and approved. 
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COGITATION ON ACCESS 

One important aspect when studying a case, is to have access to the 
research site. If a ccess is not given by the informants' participating in the 
study, it is close to impossible to carry out the study. Lincoln & Guba 
(1985:250f) give some hints and good advice concerning how to obtain a 
good relation with the informant. It is of great importance to gain access 
and create a good initial contact with the informants. The authors 
mention gatekeepers as one obstacle to overcome. In my study, the 
companies were too small to have formed a bureaucratic organization 
where access to individuals inside the company was restricted. My 
personal interest in flying, including my glider pilot licence, created a 
common ground for conversation. It also gave me a head start during the 
interviews, since most of the terminology used by the informants was 
known beforehand. Another episode that indicate good access, is that 
during my visit to one of the owners of RAD AB (platform case a), I was 
invited to stay at his home in Sarasota, Florida. I was also asked to help 
out as a company representative at the Sun n Fun exhibition by handing 
out information about the Windex 1200 project to interested spectators at 
their exhibition booth. 

Another important aspect is to negotiate consent — to make a sort of 
contract with the respondents. Before I started the interview, I always 
stated the mission with the study, that it would be part of a PhD-
dissertation, and that they would have the opportunity to examine the 
case description and adjust any errors before publishing. I also stated that 
I preferred to use the case openly without making the informants or the 
firm anonymous to the readers. Consent was given in all cases and 
during all interviews. This open declaration from my part, together with 
the common ground described earlier, helped me to start building and 
maintaining trust, a third aspect that Lincoln & Guba address. 

The fourth aspect, identifying and using informants, is something that might 
be a problem in a larger organization. As I mentioned earlier, the key 
informants were easy to detect, and acted as a startingpoint in the process 
study. By asking them about others important to the development of the 
project, names came up, and the interview process could start all over 
again by looking them up and asking the same questions. In the 
additional cases, key roles for the project were easier to detect and 
pinpoint as key informants. 
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REACHING SATURATION 

In a study like this, one can always argue about when to stop collecting 
information as well as decide when to finish with the analysis or theory 
development. Regarding both issues, we have to live with the fact that 
there is no measurable point where we can stop and say that we are 
finished. Instead, we have to rely on the researcher to make the necessary 
judgements. Lincoln & Guba (1985:350) express four criteria that can 
inform a researcher when it is time to: stop the data collection, exhaustion 
of sources, saturation of categories, emergence of regularities, and 
overextension. The researcher has no apparent reason to continue when 
no more sources are available, or when each additional data gathering 
results in little new information. The marginal new knowledge or theory 
contribution becomes, in other words, diminutive. Overextension refers 
to when further data collection will point the researcher into direction 
that has little or no connection to the aim of the study. 

However, the researcher has an obligation to present the case and the 
findings in an open way, to ensure that the reader can make his or her 
own judgement. Although this is the ideal situation, reality constraints 
like funding boards, deadlines etc. can force the researcher into a position 
where he or she has to stop at an earlier stage. If this is the case, it is even 
more important to present the case in an open way, so that the reader can 
make up his or her own mind concerning the foundation for the findings. 

In the platform case, the snowball sampling reached a level where the 
informants referred to each other, and marginal new information was 
gathered. In the additional cases, the improved knowledge-base 
accumulated from the platform case helped refine the information 
gathering. This resulted in a faster recognition of key issues, thereby 
shortening the time to reach saturation. 

3.4 ANALYSIS - AN ITERATIVE PROCESS 
Documenting and explaining the analysis process of a qualitative study is 
a phase that can present many difficulties. For that reason, it is often 
looked upon as the weakest methodological part of the qualitative 
approach. It is important to note that case studies never can picture a 
perfectly true reality. Instead, the goal has to be a reliable and 
trustworthy reality. What a researcher can do is to build a trustworthy 
picture of the reality based on data from the informants. But, processual 
analysis involves more than that. Prettigrew states that; 
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"the aim in a processual analysis is not to produce a case history but a case 
study. The case study goes beyond the case history in attempting a range of 
analytical purposes. Firstly there is a search for patterns in the process and 
presumably some attempt to compare the shape, character and incident of 
the pattern in case A compared with case B. Secondly, there is a quest to 
find the underlying mechanisms which shape any patterning in the 
observed processes. The process analyst's repetitive questioning about how 
embodies this constant search for underlying mechanisms which drives the 
process. " (Pettigrew, 1997:339) 

He also gives five guiding assumptions with regard to conducting 
processual analysis. They are: 

• Embeddedness, studying processes across a number of level of 
analysis; 

• temporal inter connectedness, studying processes in past, present 
and future time; 

• a role in explanation for context and action; 
• a search for holistic rather than linear explanations of process; and 
• a need to link process analysis to the location and explanation of 

outcomes. (Pettigrew, 1997:340) 

These guidelines point in the direction of an analysis process that evolves 
over time and involves numerous iterations. Organizational researchers 
have developed what they define as iterative grounded theory, 
somewhere between inductive and deductive research (Orton, 1997). 
Some describe a step-by-step process involving over twenty steps, 
including the use of co-analysts (Fox-Wolfgramm, 1997). Others argue 
that process research is carried out in alternation between deduction and 
induction as described in the following example: 

"the core question of the study — related themes and questioning — 
preliminary data collection — early pattern recognition — early writing — 
disconfirmation and verification — elaborated themes and questions — 
further data collection — additional pattern recognition across more case 
examples — comparative analysis — a more refined study vocabulary and 
research questions." (Pettigrew, 1997:344) 

The above example describes a process similar to the one carried out in 
this study. The analysis has been built by identification and structuring of 
the obtained material. The weakness is its exhibition of the iterative 
process that has occurred. To stress this important aspect, another model 
has been chosen. Crabtree & Miller's style of analysis shown in figure 3.4 
below, present a similar process, but stress the iterative aspect in a clearer 
way. 
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Interpreter (Editor) 

\ 
Report m TEXT 1 

' *  *  / Identifying Units 

i 
Develop Categories 

Verify  
Figure 3.4. Editing Analysis Style (Crabtree & Miller, 1992:18) 

The closeness between the analysis and data collection in this method is 
well illustrated by Crabtree & Miller who note that; 

"this analysis creates new understandings, generates changes in the 
research question, and uncovers new anomalies. The result is often a 
change in the sampling strategy, new collection tools, and thus changes in 
the analysis style. This recursive cycle continues until understanding is 
complete enough and/or no disconfirming data are discovered." (Crabtree 
& Miller, 1992:20-21) 

In this model, the researcher enters the role of interpreter and editor. One 
thing that is not covered in this model is the transition from data 
collection to text, which already has been covered earlier in this chapter. 

After reading interviews and other collected material a number of times 
(together with prior experience), different aspects of the development 
process began to emerge. This is referred to in the model as identifying 
units. By building a new document through pasting all reflections 
regarding a certain aspect from the informants under the same heading, 
another structure was built and findings started to emerge. Throughout 
this process, the information about who had said what, was kept. This 
prevented any possible bias that could have occurred if one of the 
informants had given numerous (similar) remarks on a certain aspect of 
the process. The aim was to find similarities and dissimilarities in the 
material. Parallel to this process was a calendar with dates where all key 
events was plotted, all in order to get an overview of the process. 

After the themes were structured, a number of key issues could be 
detected, i.e., what in the model is named develop categories. The next step 
was to determine the connections between the key issues and the text. This 

77 



Method 

demands the iterative aspect which is pictured by the scattered line back 
to the text. Glaser & Strauss (1967) have a similar standpoint since they 
define theoretical sampling as a data collection method where the 
researcher collects, codifies, and analyzes the material continuously. By 
doing so, the researcher can guide the future part of the research in a 
direction best suitable for the occasion, i.e., an iterative process is needed. 
The verification phase in this study has been twofold. First, the usual 
grounded verification by returning to the original text, but also by 
checking the findings against the information collected from the three 
additional cases. 

Here, the formulation of statements in chapter 5 have functioned as a way 
of structuring emerging findings. They have not been formed with the 
intention of formulating hypothesis, but rather as a tool in the process of 
developing categories as mentioned above. The statements are also used 
to link the platform case and the additional cases in the comparative 
analysis (chapter 7). 

In a sense, this editing analysis has been going through two major 
iterations beside the numerous loops that took place during the analysis. 
The first, involving the platform case of Windex 1200, has just been 
described above and is presented in chapter seven. The second emerges 
on the basis of information involving all four cases and is presented in 
chapter eight. 

When the aim of the study is to explain the observed, theory building is 
closely connected to establishing relationships between how and why 
(Whetten, 1989). Snow & Thomas argue that; 

''the goals of t he investigator in this type of research are to: (a) explore the 
nature and degree of association among major variables, (b) decide if 
additional variables are needed to provide a more accurate description of 
the phenomenon, and (c) offer theoretical explanations of observed 
relationships/' (Snow & Thomas, 1994:467) 

In this study, the explanation of the observed is presented in form of a 
suitable terminology that fits these cases. A framework for this 
terminology is also developed. 

REFLECTIONS ON RELIABILITY & VALIDITY 

Research has as one important aim to produce findings that are both valid 
and reliable. If not, there would be no cumulative body of knowledge 
within the research community. 
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Questions are often raised regarding the degree of reliability and validity 
in a project like this. It can even be questioned if th ey are the right words 
to use in this context. An alternative standpoint is offered by Kirk & 
Miller (1986). They make a good statement of the different problems 
concerning validity and reliability in research. Unfortunately, I do not 
personally find the labels suitable in qualitative research since they also 
seem to be grounded in a quantitative research tradition. Naturally, a 
prerequisite is to make the research as convincing as possible, but to dress 
our actions in terms from the quantitative tradition cannot, in the long 
run be the best way to improve this line of research. Still, they are used by 
tradition, and to gain a common point of re ference. 

Reliability, or dependability (Lincoln & Guba, 1985) concerns the question 
of the study can be replicated and if so, similar results would emerge. The 
study of a process in constant change and adaptation can never be 
replicated within the same setting. A setting close to the one studied 
might be present, but the unique setting that has been studied is gone, 
and will never resurface again. In a qualitative setting, the standard way 
that emanates from natural science, of arguing for a high degree of 
reliability, can never be utilized. The focus on understanding and 
interpretation in this study is closely related to personal judgements, 
intuition, and tacit knowledge which can be seen as an obstacle regarding 
reliability. This issue has therefore to be solved through other means. One 
possible way is offered by Lincoln & Guba who argue that a high degree 
of r eliability is a prerequisite for a high degree of validity. By focusing on 
validity, which by the authors are seen as the more important aspect, the 
issue of reliability will follow. They go as far as saying that a 
demonstration of validity is sufficient to establish reliability (Lincoln & 
Guba, 1985:316). 

Even if this is not the best way, it is an approach that is acceptable and 
therefore applied. Validity is often divided into an internal and external 
part. In a qualitative study, internal validity is of greater interest since it 
addresses the question whether the researcher really has captured the 
reality - for example, studied the right thing. External validity is 
naturally of less concern since its aim is to "secure" the possibility of 
generalizations, something that this study has no intention to exert. 
Below, a report of concrete actions taken to ensure internal validity is 
given. 

A common recommendation when doing interviews is the use of a tape 
recorder. It is, in my opinion, the only reliable way of collecting and 
extracting the data from an interview. Some suggest that due to its time 
consumption, it is reasonable to extract from the tape only the parts that 
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are of relevance. This is something that I find very questionable. I do not 
believe that all-important facts will be derived without a complete 
transcription of the tape. Listening and transcribing the tape is a 
learning/analysis process that the researcher should experience himself. 

My own efforts to ensure internal validity involved the following actions: 

• All interviews were documented by a tape recorder. 
• All interviews have been transcribed by myself, i.e., I could associate 

back to the real interview situation. 
• All interviews were done by one person, myself, which ensured a 

holistic view of each case throughout the data collection. 
• By using snowball-sampling and triangulation, the process has been 

pictured from different viewpoints and different perspective have 
been documented. 

• Findings have been shared with the informants and their responses 
have been considered and incorporated into the study. 

In a qualitative study, there will always be a possibility that you have 
missed some aspects. Van Maanen (1979) describes different kind of lies 
that can occur while interviewing or talking to an informant. First, there 
is false information due to the fact that the informant knowingly presents 
it. Secondly, sometimes the informant is not aware of the fact that he or 
she is presenting false information. The third situation is if the informant 
is totally unaware of a certain aspect. In all those situations involving one 
or few informants, one can usually detect this by talking to a third party. 
But, if all of the informants in a company share the same view, there is a 
problem. One can never really know. The only way to reduce the risk is to 
be careful and sensitive during the meetings, and to use triangulation. 

Reactivity is another aspect to consider according to Lincoln & Guba 
(1985). Reactivity includes the effects of knowing that you are under 
study, i.e., the guinea pig effect. This affects the informants response 
pattern. It includes role selection, where the studied decide to describe 
him or herself by different roles depending on situation, sometimes to 
help the researcher, sometimes to disguise their true role in the process. 
Another aspect of reactivity is called measurements as a change agent, and 
refer to the fact that the measurement process itself changes what is 
studied. This is also an aspect that is difficult to know how much 
influence it has. During two of the interviews, I learned that the 
informants had sat together, trying to remember dates and important 
stages in their product development process, before the interview was 
carried out. This is an action that they probably would not have taken 
otherwise. Finally, response set is another effect that involves the way the 
researcher might bias the questions. The answer will, in all situations 
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depend somewhat on how the question is asked. Lincoln & Guba (1985) 
illustrate this by arguing that it is easier to agree than to disagree with a 
question, and that one usually chooses a strong statement instead of a 
weak. 

All of the above aspects have been considered during the study. Since 
these issues always will be elusive in character, a suitable ending that I 
would like to assent to is Dr. Noblit's following statement: 

"My belief is that if I'm good enough, other people would find a story that 
resonates with mine. Not that it would necessarily be the same, but we 
would be able to understand the other person's story from our own. That is 
as close as you get." (Gilchrist, 1992:86) 

TRANSITION OF KNOWLEDGE 

"Since accurate evidence is not so crucial for generating theory, the kind of 
evidence, as well as the number of cases, is also not so crucial. A single case 
can indicate a general conceptual category or property; a few more cases 
can confirm the indication." (Glaser & Strauss, 1967:30) 

Similar to Glaser & Strauss (1967), Kjellen & Söderman (1980) raise the 
question of possibilities to generate knowledge of more general art from a 
single case. The authors claim that a case study can be used to explain as 
well as anticipate different situations. The primary use is of course to use 
it on the studied firm, but can it be used to anticipate actions in other 
companies and in other branches? There is a logic in their reasoning 
about situations where a case can be used as a foundation for knowledge 
of a more general character. Examples of situations are: 

• By recognizing reasons/mechanisms from earlier cases, and their 
impact, 

• to study old problems and find new ones, 
• to verify old hypothesis, as well as develop new, 
• to test old research-instruments, and to develop new ones. 

(Kjellén & Söderman, 1980:21) 

Normann (Normann, 1980:53) is also in favour of the possibilities to 
generalize, but makes a distinction between generalizing 
structures/systems and generalizations about how often they occur. To 
make a generalizable theory on how different structures are related is 
possible from a case. How common the phenomena is, is not. 
Gummesson (1988:78ff) is another argument that it is possible to draw 
generalizable conclusions from a limited number of cases. 

To some extent, these aspects on generalization fall into the same 
category as Johansson-Lindfors' (1989:68) discussion on transition of 
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theory. Two important aspects of transition are according to Johansson-
Lindfors, the way of thinking and recognition. The first type 
(structures/systems), is the kind of knowledge that is possible to describe 
in such a way that it can be transferred through thinking and recognition. 

The transition of knowledge, to make a contribution to the field, must be 
one of the goals for a researcher. It is important to do research that can 
contribute by either testing existing theories/hypothesis, or by 
exploring/generating new theories in order to share the findings with 
others. As mentioned earlier, this study belongs to the exploring/theory 
generating type. And as such, one aim is to make this new knowledge 
applicable in a broader sense. Letting this new knowledge make the 
transition into other areas and situations where similarities do exist, can 
be useful and can make a contribution in that context as well. 
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4 
THE DEVELOPMENT OF 

WINDEX1200 

This chapter's aim is to describe the development of Windex 1200, 
together with the actors involved in the process. It is not intended to be 
regarded as the ultimate description of all business aspects within the 
firm, but rather, as a description of key events and other noted activities 
connected to the development project. With the use of collected 
information from key informants and public sources, a historical 
description of the product development process is presented. It involves 
owners, the firm, its history and environment, key personnel together 
with the process itself. Since the chapter involves interpretations of 
historical facts and personal opinions, it cannot be seen as either neutral 
or objective. It is a narrative that has been influenced by both researcher 
and researched. 

4.1 RAD AB - A BACKGROUND 
The firm, RADAB, was founded in 1964 by the three friends: Harald 
Undén, Sven-Olof Ridder and Lars Bergström. The company name stands 
for Research And Development AB (i.e., R&D Ltd.). Undén and Ridder 
met in late elementary-school, and Ridder and Bergström met in their late 
teens, through their common interest in building and flying model 
aircraft. Undén had been working in different self-owned small 
businesses. Their relationship as friends was based on an intense sailing-
interest. During their free time, they restored boats and tried to improve 
their sailing-skills. Since this period they recognized a need to improve 
some of the tools and equipment used on a sailing-boat. Due to sparse 
economic resources they made the tools themselves, mainly by using 
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equipment at The Royal Institute of Technology in Stockholm where 
Ridder and Bergström continued their engineering education. After a 
while, other sailors started to ask if they could manufacture similar 
products for them. They accepted, since it gave them an opportunity to 
finance their hobby. After some time, they decided to start a company to 
do business in a more formal way. I.e., they did not start the firm with a 
specific objective or project in mind. The firm was founded as a result of 
external demand. 

The turnover has changed over the years as can be seen in figure 4.1. The 
change is particulary evident between 1986 and 1990, when they went 
from below two million SEK to close to five millions in four years. The 
drastic drop 1990/91 will be discussed later in this chapter. The yearly 
profit margin is of lit tle interest since the owners have decided to reinvest 
most of the money in new ideas and projects. 
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Figure 4.1. RADAB's Turnover in tSEK between 1979-95. 

FIRST PRODUCT - THE WIND-DIRECTION INDICATOR 

In the mid 1960's, Ridder, the inventor/engineer, came up with an idea of 
a new accessory for their sailing-boat, a wind-direction indicator. In 1964, 
he gave a prototype as a Christmas present to Bergström, the other 
engineer in the firm. They saw a potential market for the product and 
started to produce it. They had earlier registered the trademark, Windex. 
When they consulted a person at a Swedish patent-bureau, they were told 
that it was not possible to get a patent on the wind-direction indicator. 
They later found out that he was wrong. Instead they applied for 
protection of design. 
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Initially, the wind-direction indicator was made out of aluminum. They 
promoted the product by presentations at sailing-clubs, primarily done 
by Bergström. In 1972, they invested in tools to make the wind-indicator 
in plastics. The mould was actually taken as payment for another work. 
Since the manufacturing process had become more effective and cheaper, 
the company was making a steady profit. During the same period, due to 
health problems, Lars Bergström moved to Florida. As a result of the 
improved manufacturing process, they were able to keep the same price 
for fifteen years. In 1969, when they still produced the indicator in 
aluminum, the price was about 140 SEK (the VAT at the time was 10%). 
In 1983-84 the same price was still beeing used, now with an indicator 
made of plastics and with a VAT of 25%. Competitors have tried to copy 
their product. At one time they could count to over thirty copies 
worldwide. This product is their cash-cow and they have at least 50% of 
the global market. 

In the mid 1970,s, Ridder developed a variant of the wind-indicator 
suitable for wind surfers. The product had no success on the market. 
After the failure, investigations established that the wind-surfers did not 
want any help or technical gadgets. They strived to get as close as 
possible to nature. 

SECOND PRODUCT - THE SAILING BOAT 

Since the firm's mission is to let the owners develop their inventions and 
ideas, a new project was started in the beginning of the seventies. The 
project was a sailing-boat available both as a kit and ready-to-use. They 
included many new gadgets, a folding wing-keel, safety-ladder, bathing-
platform and so on. When the boat named Windex 92 finally was ready, 
the market had shifted its preferences from sailing-boats to motorboats. 
There was an excessive production of sailing-boats and the secondhand 
market was large with low prices. Windex 92 had a high price tag 
together with production difficulties, and with additional problems in 
distribution, the boat never became a success. People and journalists were 
very interested during the development stages but, when RAD AB finally 
had a product to offer, the market did not respond. At RADAB they saw 
the market launch as a failure, but still regarded the product as good. 
This was their first attempt on the homebuilder/kit market. Their 
endeavour was not successful and the outcome became a financial failure. 

OWNERS 

The ownership in RADAB is divided equally (one third each) among the 
three owners. Below is a short background on each of them. 
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Harald Undén is the acting CEO of RAD AB. He was born in 1928. During 
his whole life he has been working in self-owned companies. In 1949, 
after finishing his formal education, he started a career in the family 
company selling medical products. Due to changes in the industry 
structure, he started to look for other business opportunities. He found a 
cosmetic brand in England which was not represented in Sweden. He 
started to import the brand as a low price, high volume product. At most 
he had twelve sales people working all over the country. He continued 
with this business until 1978. Due to the British Pound's relation to the 
Swedish Krona, the profit-margin had disappeared, and he terminated 
the business. 

With a dynamic personality, and an "easy-to-talk-to" approach, Undén 
maintained his optimism about different solutions throughout the 
interviews. Even during bad financial periods, he always seemed to have 
another idea hidden "up his sleeves/' He was very interested in new 
technology but lacked formal training in the area. One of t he interviewed 
expressed it with the following statement, "Have you ever been to a 
technical exhibition with Undén? It's an experience. He is interested in 
everything and examines each and every part to learn and understand 
how everything is working." The role of entrepreneur fits him, even if he 
admits that he is not a good administrator. He is the firm's front figure 
and is often the one figuring in publicity articles. As one of the employees 
expressed, "Harald wants to do a lot of things all at once. It is difficult 
when he wants to be part of everything." 

Sven-Olof Ridder was born in 1929. After regular school, he continued his 
studies at The Royal Institute of Technology majoring in low speed 
aerodynamics. After graduation, he was hired at the Flygtekniska 
laboratoriet. The laboratory was run by the Professor at the Institute, and 
had as its main objective to carry out wind-tunnel tests for both civilian 
and military customers. In the mid 1980s, a new Professor was appointed 
at the Institute and the laboratory was transfered to The Aeronautical 
Research Institute of Sweden (FFA). Ridder stayed on at the Department 
of Aeronautical Engineering as a Professor, responsible for an advanced 
course in experimental aerodynamics. He was also involved in school 
projects like the Osquavia aircraft. Due to health problems, he had to 
retire prematurely in 1992. In between, he was working at SAAB in 
Stockholm during 2-3 years with various aircraft designs. In the early 
1980s, he was involved in the development of JAS 39 Gripen, the new 
Swedish fighter aircraft, now as a consultant for The Swedish Defence 
Material Administration. After giving too much critique to SAAB's 
construction, his services were not in demand and his role in the project 
was faded out and finally excluded. While working as Professor at The 
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Royal Institute of Technology, he still was involved in wind-tunnel tests 
of different JAS 39 Gripen concept models. His expertise has also been 
used by the CAA as an investigator in aircraft accidents, and by external 
actors involved in aircraft projects (Silent II and D-REAM). 

Ridder is the ultimate perfectionist. He is a soft-spoken person that 
sometimes can be viewed as rather pessimistic. He has a continuous flow 
of new ideas and is involved in a multitude of projects both within own 
companies and as an external advisor in other companies. His opinion is 
that an aircraft project that is more than 50% delayed, and has grown 
more than 50% over budget is a failure. His versatility as a designer has 
also resulted in a number of sailing boats, each with various unique 
gadgets. 

Lars Bergström was born in 1933. As a result of his interest in aircrafts, he 
chose a technical high-school and continued at The Royal Institute of 
Technology in Stockholm. He worked in some projects supervised by 
Ridder. He is the most active sailor of the owners. Bergström moved to 
Sarasota, Florida in the mid seventies due to medical problems. He has 
his own company that builds sailing-boats and masts for competitions 
and racing purposes. In addition, he is acting as a consultant to larger 
boat manufacturers in the Florida-region. Bergström has together with 
Ridder, a company called B & R (Bergström & Ridder) Design. They are 
developing parts for sailing boats by using some of the equipment and 
facilities at The Royal Institute of Technology and The Aeronautical 
Research Institute of Sweden. 

ORGANIZATION & KEY EMPLOYEES 

As mentioned earlier, Undén is acting CEO. He is the only one of the 
owners continuously drawing a salary from the company. To help with 
administration, he has a secretary and accountant, Eva Falkenklint. Over 
the years there have been different persons working on the technical side 
of the different projects. In addition, RAD AB has been using consultants 
and other firms to complement their own resources. Figure 4.2 presents 
an overview of number of employees at RAD AB during the development 
process of the Windex 1200. The drastic change in numbers of employees 
in 1990/91 was a result of financial difficulties. This will be further 
discussed later in this chapter. 
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Figure 4.2. Number of Employees at RADAB between 1979-95 
(average over the year). 

A number of individuals have taken an active part in the development 
process of the Windex 1200. Some of them have not been employed by 
RADAB for the whole period, but they have made an impact on the 
process. In addition, there have been a number of temporary employees, 
hired to build specific parts on the different prototypes. Below is a short 
biography of the three employees that have distinguished themselves 
during the development process. 

Sakari Havbrandt has been actively involved with aircrafts and soaring 
throughout most of his life. Reaching 15 years of age, he took his glider 
pilot license. He chose to major in engineering in high-school, and 
continued at The Royal Institute of T echnology (KTH), in Stockholm. At 
KTH he got involved in an aircraft project called PLUTO. Ridder was one 
of the Professors involved in the project, and when the project was 
finished, Ridder asked Havbrandt if he would like to work at RADAB. 
He started in August 1983. 

A year later, he was approached by the Royal Swedish Aeroclub (KSAK) 
for a position as head of the technical department. This position has the 
general technical responsibility for all gliders in Sweden. He was; 

• responsible for testing new gliders before they got certified in Sweden, 
• head of the maintenance organization in Sweden, 
• educating technicians and teachers. 

Throughout this time, he kept close contact with the people at RADAB. In 
March 1985 when the prototype, Windex 1100 was ready, he was 
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responsible for the test flights. In the beginning of 1988, when the 
prototype for Windex 1200 started to emerge, he returned to RADAB. He 
held the position of technical chief. In this role, his responsibilities 
included fulfilling the demands found in BCL-M9. His work mainly 
consisted of developing detailed parts of t he construction. From Ridder's 
sketches, Havbrandt made detailed blueprints and calculated correct 
dimensions of each part. He has also been involved in the physical 
prototype building. He was also responsible for the flight test program 
which had to fulfill the construction regulation code JAR-2210. His 
competence and commendable work at RADAB have been praised by the 
owners. In 1990/91, RADAB had to shrink the organization due to 
financial constraints. Havbrandt returned to his former work at KSAK. It 
was said that he still should be part of developing the flight-handbook. 

Eva Falkenklint started at RADAB in 1986. She applied to the position after 
an advertisement in a newspaper. She wanted to work in a small 
company due to the variety of tasks involved and short lead times 
between strategic and operative actions. She is working as a combined 
secretary, accountant and responsible for most things (sales and 
purchase) concerning the wind-indicator. She left RADAB in 1990 with 
everyone else due to financial problem at RADAB. Shortly thereafter, she 
was rehired on less than half time as an accountant. This was, according 
to the CEO, necessary for the proper functioning of the company. 

Jarek Bator s tarted at RADAB in the fall of 1989 as a temporary employee, 
which later transformed into a regular position. He has taken some of 
Havbrandt's former tasks in the organization. He works with 
construction and manufacturing of test parts and prototypes. He is 
considered to be the analytical person at RADAB, the one that finishes 
different constructions. Everyone that has been interviewed pointed out 
his qualities, and that he had an important role to fulfill at RADAB. 

4.2 CASE FOCUS - THE MOTORIZED GLIDER 
In the end of the 1970s, the owners were ready for a new commitment. 
The inventor, now a professor in aeronautical engineering, had an idea to 
construct and build a revolutionary motorized glider. It is hard to 
pinpoint the exact date when the idea emerged. Ridder started to sketch 

9 Bestämmelser för Civil Luftfart - Material, i.e., Regulations for Civil Aviation -
Material section. 

10 Joint Airworthiness Requirements No. 22. A code most gliders are constructed by. 
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on an aircraft almost thirty-years ago according to Bergström. It is well 
known that Ridder held lectures at the local EAA chapter 222 about his 
idea during the second half of t he seventies. This idea resulted in the first 
blueprints of an ultralight glider with an eight h.p. engine and a total 
weight of only 64 kilos. Notable is that this was the first glider for 
recreational use completely designed in Sweden since FI 1, a glider 
developed by AB Flygindustri Halmstad in the early 1940s . 

THE PRODUCT DEVELOPMENT PROCESS 

Originating as one of Ridder's ideas, the glider started to take form in the 
beginning of the 1980s. Ridder and Undén were working on the concept 
during their leisure-time. The aircraft including engine was planned to 
have the equivalent performance of a regular glider without engine. 
Starting as a hobby-project outside the firm's normal business activities, it 
was soon integrated. Their plan was from the beginning to present an 
aircraft kit to presumptive buyers. The reason was to keep a low price by 
simplifying the manufacturing process as much as possible. The owner's 
main interest has always been to develop new constructions. The 
manufacturing part is considered dull and uninteresting. Bergström even 
suggested that they would sell off the project when everything was 
worked out and they had a stock of orders. He noted that; 

"Actually, I think that all of us find it a lot more fun as long it stays like a 
hobby project. As soon as you hire people, you have to steer that boat/' 

The first sketch of the aircraft had a wingspan of ten meters. Ridder 
developed a new wing-profile that was tested at The Royal Institute of 
Technology. The wing-profile did not match the glider's performance 
profile. A second profile was developed, tested, and was found suitable 
for the glider. It is interesting to note that the first wing-profile found its 
way to another Swedish aircraft project, the BA-12 Dragon-Fly (case D). 
Ridder is explicit and up-front with the fact that the project had been 
almost impossible to carry out without his position as professor in 
aerodynamics at The Royal Institute of Technology. External 
organizations and individuals have supported the idea in various ways. 
The Aeronautical Research Insitute of Sweden and The Royal Institute of 
Technology have made certain constructional tests possible. Another 
important group that has had some input to the process is Ridder's 
colleagues at The Royal Institute of T echnology. In addition to the wing-
profile, the stabilizer has been wind-tunnel tested. It was carried out by 
an aerodynamic engineering student at The Royal Institute of Technology 
as an examination work. The fuselage was designed by Ridder based on 
his skill and experience in the area. 
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Ridder and Undén sent an application to EAA for permission to build an 
ultralight glider with self-launching capability, signed December 31,1982. 
Their application was accepted and resulted in building permit number 
354. About the same time, they decided to incorporate the project with 
the firm. As they realized that the development would demand a larger 
workshop area, they decided to rent some free space next to their office. 
In 1984, they renewed their EAA application, this time as an experimental 
glider with self-launching capability. 

Einar Nyrén, a former NUTEK employee, helped RADAB prepare the 
application to NUTEK. Their application focused on developing and 
testing a new wing profile in combination with the use of new materials 
as composite and plastics incorporated into the design. They developed a 
prototype, Windex 1100 that had its premiere flight March 15, 1985. In 
most aircraft projects, the dominating episode during the development is 
the premiere flight of the prototype. Although most of the construction's 
specification can be calculated in advance, the flight test will give the final 
judgement on a design. Everyone involved noted with satisfaction that 
one "phase" that went smoother than expected was that flight 
test/evaluation. 

The Windex 1100 prototype was built and cut out of foam with a 
laminated shell. It is a method which can be used for short series of test-
planes and prototypes, but is not suitable for production of l onger series. 
The developer's urge for refining the construction, to make it optimal, 
resulted in additional adjustments after input from the test flights and 
development of a second prototype called Windex 1200. Modifications 
included a longer fuselage, one meter longer wing-span, and T-formed 
stabilizer. In Windex 1200, the materials were no longer regular fibreglass 
or plastics, but a structure of honeycomb and plastics molded in an 
autoclave11. After they developed a flying prototype, they applied for 
additional funding to develop a commercial product. 

Ridder is the visionary inventor. He has given the guidelines for the 
design from the first day. As the inventor, Ridder has a strong will. He 
finds it difficult to leave a thing that he knows can be improved. He 
wants at all times to do the optimal thing. As two of the interviewed 
noted; 

11 An autoclave is a sealed and airtight confinement, were usually the composite material is 
covering a mould and "baked" under both high temperature and high pressure. The method 
gives a very high and solid quality to the manufactured parts. 
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"Ridder has been the kind of creative person that perhaps always aims at 
perfection. He won't to let go of a plane that is anything less than perfect. 
That's probably something that has irritated Harald (Undén)." 

"Svenne doesn't really care if it takes a year or two longer than planned. He 
is not sensitive to the time aspect of his work. He aims at the ultimate 
perfect construction/' 

It is noticeable that no one argues about a design or construction with 
Ridder. He is the authority in the field. Although the motorized glider 
was an idea that Ridder had nurtured for a long time, he kept his regular 
job as a professor at The Royal Institute of Technology. During the 
documentation, when Havbrandt calculated the proper dimensions for 
specific parts in the construction, i.e., converted Ridders sketches to 
regular blueprints, Ridder visited RADAB with two to three week 
intervals. 

At NUTEK, they have spread the decisions to support RADAB both over 
time and between different groups/departments. They have had 
specialists on material techniques involved for composite, fibre-
composite, and plastic-composite material reviews. NUTEK raised 
questions regarding the potential market-size, and if it was something 
they as a government agency should support. The longer time that 
passed, and the more new people that were brought into the decision 
committee, the stronger the critique became. As one of the 
decisionmakers expressed; 

"..and then there was the new wing profile. It was actually not so much a 
case of new technology, but more a case of new materials being used in this 
kind of application." 

As a consequence to their questions, RADAB produced a marketing plan. 
Through a collective decision, where part of the actors were personally 
very interested in the aircraft, NUTEK decided to continue their support. 

Havbrandt has been responsible for all documentation regarding the 
project. Returning to RADAB in early 1988, he brought with him valuable 
experience and business relations from his former workplace at KSAK. 
He also held a unique position with his well established relations with the 
certifying agencies. At KSAK he used to read all the papers and 
regulations needed when new gliders were certified in Sweden, hereby 
gaining the knowledge of what had to be included in the Windex 1200 
documentation to fulfill the demands from the Swedish CAA. 

RADAB searched and found a manufacturer in Sailcenter of Sweden AB, 
located in Åtvidaberg. After completing each part, they sent the moulds 
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(set number one) to the manufacturer. In March 21, 1988, when most of 
the moulds were completed and at the manufacturer, the factory burned 
to the ground. All parts were destroyed and a major weakness in the 
development process emerged. When they started to reconstruct each 
part, they had difficulties finding the proper blueprints. They found 
different versions but had a hard time sorting them out. Questions 
emerged: Which version was the latest? Why had they done the 
adjustment? They had to backtrack and start over again. They made some 
additional adjustments to the concept when they had the chance, and sent 
the moulds (set number two) once again to Sailcenter of Sweden AB. 

Windex 1200 finally had its premiere flight in April 27, 1989. It is 
interesting to notice that although the constructions from Windex 1100 
were supposed to just be refined in the final construction, no parts are 
interchangeable between the 1100 and 1200. A second kit was built 
parallel to the prototype in the same workshop. The three 
owners/builders implemented additional modifications to the 
construction based on the prototype's flight evaluation. Modifications 
included air brakes of new design, larger main weel, retractable 
supporting wheels in the wings, and additional fueltanks in the wings 
among other things. Parts of the prototype's flight evaluation were 
carried out in Florida. While there, they got in contact with Steve Coan, a 
professional aerobatic glider pilot. He tested the Windex 1200 and wrote a 
flight evaluation. Coan also ordered three ready-to-fly planes certified for 
aerobatic. RAD AB did the additional calculations, and, when they found 
that the difference between the normal and aerobatic version was 
minimal, they decided to certify all planes according to JAR 22 A12 

(Aerobatics Category). The second set of moulds that was sent to 
Sailcenter of Sweden AB included most of the modifications presented 
above. In addition, the wingspar was modified from all-glass to carbon 
fibre. The design capable of +9G/-7G even exceeded the demands for the 
aerobatic category. 

Sailcenter AB did not get a general manufacturing permit from CAA 
from the start. As a result, people from CAA were needed to inspect each 
part on location before signing an acceptance certificate. Because it was 
not practically possible to let the CAA representatives inspect all parts at 
the same time, the process was too costly for RADAB. In 1991, NUTEK 

12 1 G is the normal earth drag-coefficient. Gliders that are built for normal use according to 
JAR 22 (Utility) has limits of +5.3 and -2.65 G. The aerobatic version is limitied to +7 and -5 

G. 
As a reference, a normal person can handle +3 to +5 G before he loose his vision and start to 
become unconscious. 
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raised questions regarding the potential sales volume and money 
invested in the project. Over time, new people have entered the decision 
group at NUTEK, some of t hem entering in later stages, raised questions 
why NUTEK invested money from the start. At that time RADAB was 
financially overextended and therefore let go of their employees in order 
to shrink the organization, thereby minimizing their costs as can be seen 
in figure 4.1 and 4.2. At that time the CEO, Undén, was the only one still 
formally working at RADAB. Shortly thereafter, they had to rehire 
Falkenklint on a 40% basis to support Undén with administrative tasks. 
The same year RADAB delivered 4-5 Windex 1200 kits, thereby raising 
new capital. They also applied for an additional 500.000 SEK loan at 
NUTEK for the development of wing coupling and additional 
adjustments to the construction. The adjustments involved refining the 
cockpit module, thereby simplifying and shortening the building time for 
the buyer. 

Parallel to this process, RADAB had been searching for a suitable engine. 
It had been a long and difficult endeavor. The market for small efficient 
engines in the area of 25-35 h.p. seemed to be almost nonexistent. In 
addition, the concept of applying an engine in the back of the plane 
added many constraints to the construction. It had to be a very light and 
effective engine. It also had to have a sleek design, to keep a favourable 
aerodynamic performance. Their search lead them to the German König 
engine, a three-cylinder star engine with an output of about 20 h.p. The 
star configuration is not a suitable design in this case, and the 
performance was enough to get the plane off the ground on high altitude 
and in a warm climate. They decided to develop their own engine, a 
major undertaking by itself. Undén, the CEO, admitted that it would 
probably demand at least 50 million SEK to do it right. NUTEK had 
doubts, they tried to talk them out of the idea and gave support and 
advise through consultants on engine construction. Ridder experimented 
with a new engine configuration that did not work satisfactorily. At that 
time a retired SAS pilot, Anders Andreassen, took interest in the engine 
project. During his free time he visited RADAB and worked with the 
engine without any monetary compensation. He continued his 
supporting work until he moved back to Norway. 

Through common interests in aircraft and composite materials, they got 
in contact with Bertil Jonsson at S&T Verkstads AB. Jonsson started 
working on the project out of pure interest, and helped them develop a 
more conventional three-cylinder engine. After a while, RADAB started 
to partially cover him for his costs, but their mutual understanding was 
that the major part of the development costs would be paid as a 
commission fee on each solid engine. The three-cylinder 300cm3 engine 
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produced about 26 h.p. With larger cylinders that later were introduced 
on the market, they planned to improve the performance to at least 30 
h.p. Ridder's theoretical background and Jonsson's background in racing 
and tuning motorcycle engines, resulted in different opinions regarding 
the engine design. Ridder wanted a sleek design with no excess weight. 
Jonsson argued for a more traditional and robust construction. Their 
different viewpoints resulted in that Ridder, but also Bergström had 
objections to RADAB paying S&T Verkstads AB. The contract and finance 
to S&T Verkstads AB's development was terminated. This decision led to 
a situation where Ekström, the technical chief at EAA and owner/builder 
of the second kit, invested private capital, thereby making it possible for 
Jonsson to continue the development. 

During the same period, they also made enquiries in Czechoslovakia 
about future production facilities for the engine. In March 1994, the 
problems were still not solved. The engine project was put on ice, and 
they continued the Windex-project by using their backup engine, the 
König. Over time, they have also worked to make the kit easier to build 
for the prospective buyer. By investigating new technical solutions like 
abrasive water cutting and drilling, they are aiming at shortening the 
assembly time. 

The representative at CAA stressed that he thought RADAB had made a 
commendable job with the product considering their small resources. 
Another consideration was the need for a lot of enthusiasm both within 
the company and externally with people supporting them with time and 
advise, often without monetary compensation. He notes; 

"It is true not only in this project, but in all situations. If y ou want to get 
somewhere with something, you need to put a part of your soul in it." 

RADAB was founded with the objective to develop new products based 
on the owners' ideas and interest. As a result, the product development 
process is a well-integrated part of the firm. Everyone, owners and 
employees, are involved in product development at the same time as they 
operate their day-to-day tasks at RADAB, or at other organizations. While 
at the coffee table, everyone at RADAB, including visitors, are included in 
the problem solving discussions. The fact that the culture and 
environment at RADAB are creative is underlined by one of the 
interviewed who described the development process as an incredible 
happening. 

"The funny thing about this was that when we started to talk about these 
ideas (building an aircraft), they told me themselves that it was a dream 
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they had had for a long time. It was actually a bit crazy to start with. They 
did not really seem convinced that they ever would earn any money on it, 
but they couldn't resist anyway. " 

RADAB's way of w orking with continuous improvements can be said to 
be a company trademark. Instead of f ocusing their efforts on one model 
and trying to make that work, they have a tendency to implement new 
features that might postpone their original deadline into the future. 

INTERNATIONAL MOVEMENTS 

To manufacture an aircraft kit in Sweden involves quite a complex 
certification process according to Undén. In reality, there is a difference if 
the kit is manufactured and certified in Sweden or in another country 
when selling on the Swedish market. Imported kits are tested by EAA's 
technical department who is authorized by the Swedish CAA. They can 
accept/not accept the construction, after which the product is free/not 
free to be sold and used. On the other hand, if producing the kit in 
Sweden, the Swedish CAA has to first accept the construction. Secondly, 
they have to accept and certify the manufacturing company that will 
produce the kits. All of this takes time, money, and demands a certain 
amount of p aperwork. Especially, the paperwork is of le sser extent when 
importing kits. 

Bergström's relocation to the United States in the early seventies has 
probably helped all parties at RAD AB to see things in a more global 
context. They have, throughout the process, been looking for solutions to 
their problems both domestic and internationally. With regard to the 
product and its future markets, the international perspective has become 
a natural aspect to consider. 

RADAB's reason to involve companies in other countries in the 
development process can be derived from numerous factors. First was the 
way the Swedish CAA wanted to examine and test all parts would have 
cost too much ~ they had to work around the problem. Second, due to 
economic constrains, NUTEK forced them to manufacture ready-to-fly 
aircrafts. The reason behind this was that it would get the aircraft out on 
the market faster (no building-guide necessary) and they could have a 
larger profit-margin. Third, there is no company in Sweden today with 
either skill or equipment suitable for this kind of production. Since the 
certifying-process, JAR-22 is accepted in most countries, including 
Sweden, they bypassed the problem by going abroad. They contacted 
SZD in Poland mainly for three reasons. First, SZD is a large glider 
manufacturer with a vast experience in certifying gliders. Second, Poland 
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is a former eastern country that held a low salary level. Third, when the 
finished gliders are certified in Poland, all parts are certified in most 
Western countries. As a result, the kit as well as the ready made plane 
would be approved in Sweden by EAA/CAA. 

After some meetings and guided tours at the SZD plant, the CEOs wrote 
and signed a contract. The contract included that SZD should be 
responsible for certification and build a first series of ten, ready-to-fly 
planes. Neither Undén nor his Polish counterpart had been in contact 
with a lawyer to help formulate the contract. Undén believed that 
although the negotiations had taken place in Poland, he felt confident that 
he did not represent the weaker agreement in the negotiation. He also 
stressed that the people in the aircraft industry were honest. 

After a while they started to experience vast communications problems. 
No one responded to faxes. When they phoned and asked about the 
progress in testing and manufacturing, the answer was "good" and 
"looking fine." When they later visited the factory, they started to realize 
that it was not true. As they began to pressure the SZD personnel for a 
true answer and a reason, they were asked for more money. Returning to 
the written contract to find support for their claim of negligence and not 
fulfilling the original intentions, they found that no stipulated deadlines 
were included. After additional efforts to bring the co-operation back on 
track without success, RADAB decided to terminate their business with 
SZD. No legal actions were taken. RADAB solved the dispute by buying 
back their parts for, as the CEO put it, "a rather small fee." 

In 1990, RADAB started to prepare for a suitable sales organization for 
the Windex 1200. They established ARACO, a sales company in United 
States managed by Bergström. This was done for two reasons. First, the 
U.S. market is the largest in the world for this kind of product. Second, 
due to liability reasons, they decided to separate the marketing and 
selling of the Windex 1200 from RADAB. Their problem with the 
certification process still remained. Due to their international success in 
the 1991 Aerobatic World Championship, they had some prospective 
partners, this time in Austria. A former engineer at one of the glider 
manufacturers wanted to start his own firm, and found production and 
certification of Windex 1200 a suitable complement to his business. The 
venture was never carried out. Others were interested in becoming an 
agent for the Windex 1200. In 1992, they started to negotiate with a 
representative in Great Britain. There was no formal screening-process 
since it was the Briton who contacted them and asked if h e could get the 
agency. During 1994, he started building his own kit to have as a 
demonstration plane. 
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Due to the price level, they had plans to find an engine manufacturer in 
Poland. After their problems with SZD, they started to look elsewhere. 
They found a manufacturer in former Czechoslovakia, Valter Mikron. 
The reason for choosing Czechoslovakia was as a result of contacts they 
got at the aerobatic glider world championship. 

EXTERNAL ORGANIZATIONS AND COMPANIES - AN OVERVIEW 

For a better overview of the different companies and organizations 
involved in this development process, figure 4.3 presents their 
relationships. Other companies and relations that have no formal relation 
to Windex 1200 are not included. However, informally, key personnel in 
the different companies/organizations have often more than one 
connection to this product. NUTEK, EAA, and CAA are not included in 
the following description since they have been presented earlier (see 
chapter 2). 

ARACO is a company registered in the United States. It is planned to 
become the sales company for the glider, when the production is running. 
Bergström's location in Sarasota, Florida makes him mainly responsible 
for this company and its activities. 

Foundry & 
manufacturer of the 
W1200-aircraft kits 

Chapter 222 
Amateur builder's 

organization 

EAA 

RADABs sales-
company in USA 

ARACO 

Financial 
contributions 

& loans 

NUTEK 

Sailcenter AB 
Manufacturing & 
certification of 10 

aircrafts 

SZD. Polen 

Responsible for 
the certification 

process in Sweden 

CAA 

Development and 
testing of the 

engine Windex 300 

Verkstads AB 
S&T 

Owners: Undén, Ridder & Bergström 
Key employees: Havbrandt, Bator, 

Falkenklint 

RADAB 

Figure 4.3. Involved Parties and their Relationship. 
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Sailcenter of Sweden AB is located in Åtvidaberg, about 150 kilometers 
southwest of Stockholm. Göran Marström, the CEO, has a past as an 
Olympic sailor. The firm's major undertaking is producing the Tornado 
catamaran. It is moulded in an autoclave and is a high-end product for 
competition purposes. They manufacture five, or six catamarans a month 
and had a turnover of about six million SEK yearly inl991. The 
catamaran's price was at that time around 110.000 SEK + VAT excluding 
sails. 

In addition, they have some minor orders involving composite materials. 
They are working on moving into the industrial market, especially the 
manufacturing of aircraft parts. The autoclave technique is also used in 
the motorized glider. Sailcenter is contracted to produce all moulded 
parts in the construction. 

S&T Verkstads AB is located outside Stockholm at Vaxholm. It is a family 
owned and operated company. They work with engines, preferably for 
motorcycles and racing. Bertil Jonsson has a history in tuning engines and 
renovating motorcycles. In the end of the 1950s, he worked with 
ultrasound as a tool for cleaning parts, different types of painting 
techniques like thermic, electrostatic, and plasma painting. He is still 
working with plasma-coating, especially diamond-coating. Since 1955 
Jonsson holds a glider pilot license. His first contact with the Windex 
aircraft was when he and his wife in the beginning of the 1980s attended 
a fair named Älvsjömässan, where the Windex 1100 prototype was 
exposed. The comment to his wife was — "I have to have one of those!" 

Jonsson had a mutual friend with Ridder and when he heard that 
RADAB worked with carbon fiber, he contacted them. He met both 
Undén and Ridder and started to talk about specifications for an engine 
suitable for the aircraft. Jonsson found out that they needed a special kind 
of engine and realized that it would involve certain problems. After the 
first meetings, the contact was mainly carried out with Undén, the CEO. 

Szybowcowy Zaklad Doswiadczalny (SZD) is a well known glider 
manufacturer in Poland, and also one of t he largest glider manufacturers 
in the world. A free translation of the name into English is the "glider 
development department." They have been in business since 1946, and 
are located in Bielsko-Biala not far from the Slovak border. Between 1947 
and 1977 they built 3638 gliders of 91 different types. From the mid 1950s 
to mid 1970s they had an aircraft of their own construction placed in 
medal position on almost every World Championship. They were at their 
peek during the 1960s and 1970s with successes like Fokaf Pirat (383 
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manufactured). With Jantar, they showed that they were capable of 
making the transition to fibreglass and plastics. (Danewid, 1989) 

Responsible for selling the gliders is Pezetel (PZL), a state owned 
corporation with 40.000 employees in 12 factories (1992) and among them 
a sales organization for Polish flight material. Before the breakdown of 
the eastern block, PZL exported 85% of their sales to former Soviet Union. 
In 1991, they sold products equivalent to 30 million USD to the Soviets. 
They have also signed co-operation contracts with well-known aircraft 
manufacturers like Aerospatiale, Boeing, and General Electric. (Olsson, 
1993) 
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4.3 SUMMARY OF THE DEVELOPMENT 
PROCESS 

Year Physical 
Development 

of 

Key 
Employment 

External 
Financing 

Engine Other 
Activities 

Mid 
1970s 

• Ideas & 
lectures at 

EAA about a 
glider. 

•RADAB 
relocates to 
industrial 

park. 

1979 • Fuselage. 

1980 

1981 • First 
contact with 

NUTEK. 

1982 • Wings & 
wing beam. 

• 370' SEK 
loan from 
NUTEK to 
develop 
flying 

prototype. 

• Develop
ment project 
incorporated 

with 
RADAB. 

• Applied to 
CAA for 
building 

permit of an 
ultralight 

glider. 
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Year Physical 
Development 

of 

Key 
Employment 

External 
Financing 

Engine Other 
Activities 

1983 • Havbrandt 
starts at 
RADAB. 

• CAA issues 
building 

permit no 
354. 

• External 
wind tunnel 

testing. 

1984 • Completion 
of prototype. 

• Havbrandt 
leaves 

RADAB for 
KSAK. 

• CAA issues 
new license 
to develop 

WllOO as an 
experimental 
glider with 

added 
engine. 

1985 • Maiden 
voyage of 

WllOO 
(without 
engine). 
• Second 

prototype, 
W1200. 

• Moulds. 

• 400' SEK 
loan from 
NUTEK to 
produce 
moulds 
(Own 

investment 
ca 2,3 

million 
SEK). 

• Testing of 
the first 

prototype 
W300. 

• Attends 
Paris 

Airshow. 

1986 • Moulds. • Falkenklint 
starts at 
RADAB. 

• 750' SEK 
loan from 
NUTEK. 

1987 • Moulds & 
production of 
3 fuselage & 2 
pair of wings. 

• 230' SEK 
grant from 

NUTEK. 

• Ridder 
holds a 

lecture at the 
OSTIV-
meeting. 
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Year Physical 
Development 

of 

Key 
Employment 

External 
Financing 

Engine Other 
Activities 

1988 • Development 
of the W1200 

prototype. 

• Havbrandt 
returns to 

RADAB as 
technical 

chief. 

• All moulds 
delivered to 
Sailcenter 

AB. 
• Sailcenter 
AB burns to 
the ground. 

1989 • Maiden 
voyage of 

W1200. 

• Bator is 
hired on a 
temporary 

basis. 

• Attends 
Paris 

Air show. 
• New 
moulds 

delivered to 
Sailcenter 

AB. 

1990 • Development 
of aerobatic 

version. 
• Planning on 

production 
abroad. 

• RADAB lays 
of employees 

due to 
economical 
constraints. 
• Havbrandt 
leaves at the 
end of the 
year and 
returns to 

KSAK. 

•RADAB 
experience 
financial 

difficulties. 
(Own 

investment 
7-8 million 

SEK.) 

• W1200 
attends 

Sun n' Fun 
airshow. 
• W1100 
attends 

NORDFORM 
design fair. 
• ARACO is 
registered in 

USA. 

1991 • Wing 
couplings & 

general 
adjustments. 

• Contact with 
SZD-Bielsko 
that ends in a 

written 
contract. 

• All 
employees 

leaves. 
• Falkenklint 
is soon after 
rehired on a 

part-time 
basis. 

•RADAB 
applies for a 

500' SEK 
loan from 
NUTEK to 
develop 
wing-

coupling 
and for 
general 

adjustments. 

• Testing of 
second 

prototype, 
ST300. 

• Planning 
on third 

prototype 
ST360. 

• Coan tests 
W1100 and 
order three 

for aerobatic 
competition. 
• 4-5 building 

licences 
issued by 

CAA. 
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Year Physical Key External Engine Other 
Development Employment Financing Activities 

of 

1992 • Ajustments • Bator is •RADAB • W1200 
of cockpit rehired and ends attends 
module. partly takes financing to Design 
• Wing- over S&T Exhibition in 

couplings. Havbrandt's Verkstads London. 
• Production position. AB (CEO & • Sailcenter 

starts of external is given a 
W1200C. actor invest temporary 

own capital permit to 
instead). build and 
• S&T sell W1200 

Verkstads kits from 
AB invested CAA. 
ca 350' SEK. 

1993 • Using 
abrasive 

watercutting 
to improve 

finish on parts. 

1994 • Building of 
Windex 1200C. 

1995 • Own 
engine not 
completed, 
still using 
the König 
engine as 
backup. 

Tabel 4.1. Summary of the Development of Windex 1200. 
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5 
EMERGING AREAS OF INTEREST 

The aim of this chapter is to address areas and aspects of the product 
development process described in the previous chapter. The content has 
emerged and evolved over time during the research, due to an interactive 
process between collected data and theory. 

The structure of this chapter is built around the theoretical discussion 
formulated in chapter two, to make it possible for the reader to follow 
and compare the case to present theories. The following themes are not 
organized in a chronological order, but rather, in a way that will help a 
reader to structure the findings. It includes a discussion about central 
areas or phenomena, together with quotes to support the discussion. 
Each area concludes with a number of statements, possibly to use as 
input when examining and discussing the additional cases. The 
statements should not be looked upon as hypotheses, but rather as a 
summary of the findings from the platform case in that area. The 
statements are used as a tool for comparison in later analysis, only as a 
frame of reference, and not with the intention to deduce any form of 
generalizable aspects. 

5.1 ISSUES OF A GENERAL CHARACTER 
The firm and its owners make no perfect fit to the normal assumptions 
regarding company objectives. In what is often pictured as a normal firm, 
goals like focusing on rapid growth, increasing market shares, and profit 
maximization are likely to be present in a dominant way. As earlier 
discussed in the theoretical chapter, managers' and owners' attitude 
toward company growth will have an impact on strategic decisions, and 
through that stress, different aspects on the product development process 
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as well. Growth encouraging managers will chase market opportunities 
and try to find future growth markets to navigate towards the company. 
The managers often have a tendency to rely mainly on a market-driven 
development process to ensure that there is a market, once the product is 
launched. Other managers, not as interested in company growth, might 
have a better understanding of development projects with a more 
technology-driven approach. They can easier accept a small market share 
in the present time horizon if th ey can see a chance to a potential market 
expansion in the future. 

The owners at RADAB were brought together due to their leisure-time 
interest — sailing. Their common interest was also the reason for starting 
a company together. They did not start the company with a rational 
approach, but by looking for individuals with different competence or 
resources. One can argue that this might be one reason for the 
dominating technical interest at RADAB. The firm's mission can be 
described as acting as a meltingpot where the owners can realize their 
new product ideas. Brytting's (1991) finding that small firms are a strong 
mechanism for self-expression is accurate in RADAB's case. Especially 
for Ridder and Undén, the major goal is to develop things. An important 
notion is that the thing should be developed to its full technical potential. The 
goal is to make optimal things in their specific fields. The owners'/actors' 
focus is on the technical side of t he product development process, and to 
a lesser extent, on the market side. One employee illustrated this by 
pointing out that the workshop area was the place where things always 
happened. Comparing Davidsson's (1989) findings, one can find 
similarities in their lack of profit maximization, together with a low 
willingness regarding company growth. 

Most theories are working under the premises that ideas for innovation 
and product development need to be nurtured. At RADAB, there is 
overwhelming evidence of the opposite. They are constantly producing 
new ideas that compete with the present ones for resources and 
recognition. Other conceptions among the actors are that all involved are 
captivated and absorbed by the project. The Windex 1200 project started 
out as a leisure-time activity, and even after it was formally introduced as 
a RADAB project, a leisure-time impression can still be found. This 
attitude was an opinion repeated (in variations) by most actors involved, 
as can be seen by following quotes: 

"Actually, I think all of us find it a lot more fun just as long it stays like a 
hobby project. As soon as you hire people, you have to steer that boat. 
Also, the longer it takes, the higher the cost. As long as you keep it a hobby 
you can poke around with it. If no thing comes out of it , you have not lost 
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more than what you yourself put into it. On the other hand, it is rather fun 
now that we have to get it up and going as a working project." 

"It has been a happening. That is why it has been so fun and interesting 
too. It's fun to follow a happening, it's such a different thing from ordinary 
work. That is the attraction with it." 

Not only the actual development and the owner's attitude towards the 
development point to a difference in company objective. At one phase 
during the development, RAD AB was negotiating for a new conditional 
loan with NUTEK. The NUTEK representative was positive, but the 
board that took the final decision had difficulties deciding what to do. 
During that rather sensitive situation/negotiation, Undén surprised the 
NUTEK representative: 

"Just when we were talking about it the most he said, 'well, now I'm off. I'm going 
sailing in Peru.' He was gone a few months, so I was a bit confused, and wondered 
how serious they actually were. I mean, you don't leave if there are serious 
problems. Just go off? Everyone can need a vacation, but I found this odd." 

"I don't think he (Undén) acts as a businessman that is on top of things. 
That is why you wonder what they are up to. I have wondered some times. 
Will anything come out of th is? But then perhaps I underestimate them. It 
is not easy to evaluate this. There's a degree of research or invention in this 
that characterizes their business." 

This presents a general attitude towards the firm, its objective and 
functions that are far from rational or market-oriented. The development 
of the Windex 1200 is a pet-project that has to compete against all other 
leisure-time activities in which owners are involved. As a result, the firm 
can be seen as managed more as leisure-time activity, then as a normal 
firm operating under ordinary premises. This opinion was supported by 
one of the actors who thought that the project was unprofessionally 
managed, i.e., not managed in a normal way. 

Statement 1: The owners/actors involved in the PDP do not recogn ize growth and profit 
maximization as important for the firm. 

Statement 2: RADAB has a tendency to let the development project become equal to 
company mission. 

Statement 3: RADAB is managed as a self sufficient leisure-tim e activity instead of as a 
'rational' corporation. 
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5.2 TECHNOLOGY & MARKET FORCES 
Based on the interviews, it is clear that the market aspects used as input 
to the development of the Windex 1200 are prospective customers' own 
opinions. It is also evident that the technological side is a central area for 
them. The choice of product and the design itself is evidently not 
something that would have emerged from a firm afraid of failing while 
trying. In addition, a market-derived design would probably not have 
been as technically advanced. 

The central actors' interest to explore the full potential of what the 
technology has to give, is something that can be traced to other RADAB 
projects as well. Some statements regarding the Windex 92 project are: 

"This boat had quite a number of te chnical gadgets, but it became obvious 
that people in general didn't appreciate these gadgets so much. If they 
were included in the package, fine. If no t, the loss was acceptable. It was a 
rather expensive boat to manufacture, particularly as the boat was 
marketed just when sailing boats became less and less popular in Sweden." 

"It was a rather expensive boat since it was so good, many gadgets. Well, it 
might even have been a bit too advanced for the traditional sailor. It had a 
lot of new gadgets, a lot of innovative ideas." 

"It might sound pretentious, but it was rather innovative. The only success 
we had was with the journalists, who thought it was an interesting boat. 
But we focused on the assembly kit market then too, and it came a bit late. 
Somehow I t hink the boat became too complex. It was not really adapted 
for production." 

A statement that clearly points out the fact that all three owners were 
more interested in the technical development than the business aspects, 
can be found below. Bergström and Ridder do have other businesses 
together. Apparently Undén, the CEO, has the same preferences when it 
comes to prioritizing the technical/physical building and development 
before administrative tasks: 

"Sven (Ridder) and I (Bergström), well, we worked well together, and then 
Harald (Undén) has been the one taking care of the business side. But 
Harald (Undén) wants to work with the technical side too. He's more 
interested in the technical side than the business side, unfortunately. I think 
that if h e had focused more on the business side, everything would have 
gone much better." 

The preference towards the technical side is especially apparent when it 
comes to the inventor, who seems to have both a strong technical 
orientation, as well as a strong will of getting things done his way: 
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"As I said, he (Ridder) isn't here very often, he makes sketches and 
constructions without actually including any economical considerations 
into his work. He wants to reach perfection// 

"Svenne (Ridder) is precise with everything, which is also a problem 
sometimes. Often, Svenne wants to improve it just a fraction of a percent. 
That's worth any amount of money to Svenne." 

Notable is also that the NUTEK representative is committed to the project 
and is often referring to RADAB's project as well as its actors. This is 
evidenced in following quote regarding the inventor's role: 

"Then there is Ridder, the creative person that probably aimed at 
perfection from start. I think that he does not want to release an aircraft 
that is not close to perfect, and that is something that has irritated RADAB 
or Harald (Undén). Maybe he (Undén) would rather that we develop 
something that we can sell and earn money on." (Italics added) 

Undén is, as stated earlier, also technically oriented. During one of the 
interviews, the person asked if I had visited a technical exhibition with 
Undén. He said that it was fascinating to see how he physically 
investigated all technical solutions on most of the displayed objects. Since 
he acts as the CEO, he has to take the overall responsibility as well. This 
is something that seems to have been neglected. 

"Harald (Undén) has also tried his hand at inventing things. Sometimes he 
is out in the workshop working on something, but it would have been 
better if Harald (Undén) had focused more on management and really got 
that on the right track. To make sure that all parts were in order and ready 
for each new thing that had to be made." 

The owner's main interest is focused on the first part of the PDP. It is 
during the idea phase that they can use their creativity to solve practical 
problems. The longer a project is running, the more administrative it gets. 
That they have no or little interests in administrative tasks, is confirmed 
by statements like; 

"I think the best would be to sell off the whole project, and then focus on 
developing the two-seater version and so on; have someone that can 
concentrate more on the manufacturing process than we can. It's not really 
about be able to do that, it's more a case of wanting to do it. The fun part is 
to develop things. When it comes to the routine work of keeping a 
production up and running, I think there are many others that are much 
more suited for that than we are." 

This heavy domination regarding the technical side of t he PDP has some 
interesting implications. The actors' involvement and passion for solving 
physical problems with the construction and prototype are easy to 
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follow. On the other hand, all other functions are seen as non-interesting 
and are only managed on a "need-to-do" basis. Since the construction 
and prototype building are dominating the beginning of the product 
development process, and a shift towards administration and marketing 
activities can be found in the later phases, a project like this might lose 
speed near completion. To some extent, the actors might even start to 
look for other projects where they have a new opportunity to solve 
technically-challenging tasks. This tendency can also be found in 
RADAB's case. They constantly have new ideas. By building an 
aerobatics version of the glider, they had to solve new problems due to 
the needed performance of +/-12G. They have started to think about 
developing a two-seat version of the Windex, and they sketched on a 
Twindex, a high altitude recognizance plane for the US military and even 
made some preliminary contacts with the Pentagon. Ridder has also been 
involved in starting other swedish aircraft projects like Silent II and D-
REAM. All of these side-activities can lead to delays in their present 
project. 

Due to the owners' extensive technical interest, they are also early 
adapters of new materials, techniques and equipment. RADAB invested 
in a fax-machine in the early seventies to be able to communicate with 
Bergström who was residing in Florida. Throughout the process they 
were looking for ways of improving parts cut from sheet metal. They 
were not satisfied with laser cutting since it left a hardened surface and 
residues at some of the parts. Since they not were satisfied, they looked 
into the possibilities of using abrasive water cutting13 instead. 

Linking back to the different kinds of technologies presented earlier by 
Shrivastava (1987), three types were established. In RADAB's case, 
machine technology is highly prioritized. The actors' quest for perfection 
seems to be by working with, and improving the machine technology 
aspect of the project. Due to their prior history, they also experience a 
degree of knowledge technology. What is more intriguing is their 
weakness regarding procedural technology. One could assume that their 
long history, together with their machine and knowledge technology 
would find a base for a rather high degree of procedural technology. 
Evidently this is not the situation. 

Abrasive water cutting uses a beam of wat er under such an enormous preassure that is can 
cut through metal. Since the method is using plain water there are no residues. Another 
advantage is that the method is "cold." The part will not be heated in any way that might 
cause additional labour in later stages of processing. 
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Statement 4: RADAB is dominated by actors with a technica l orientation. The firm is 
thereby oriented towards a technology-driven development proce ss. 

Statement 5: RADAB's strong technica l orientation makes the firm an early adopter of 
new technology. 

5.3 THE PRODUCT DEVELOPMENT PROCESS 
The glider project started as a visionary idea by Ridder, the inventor. 
When he and Undén first approached NUTEK for funding, they argued 
from a technical standpoint. They wanted to test new technical solutions, 
develop a new wing profile, and apply new materials into the process. 
Since they have similar taste for what they find interesting in the product 
development process, they both want to do the same things, but in 
different ways and for different reasons. This leads to a complex owner-
manager situation where some parts of the project can be divided into 
two parallel tracks, solving the same problem. As a result, the engine 
development was moved outside RADAB, to S&T Verkstads AB. 

"Maybe there's been too much creativity and inventiveness in their work 
than purposeful product development." 

"Something that has perhaps delayed the process is that they often try to 
find their own solutions. Not every solution has to be your own, i.e., how 
to do certain things and so on. If t here are certain materials that are good 
and that you know from experience that they will work, then it can be quite 
okay to use them and not test something new." 

"It has been quite down-to-earth, day-to-day all the time. So the long-term 
strategy and things is something that they have not considered. Then there 
is Lasse Bergström who is here periodically, rattling things around a bit. 
The partners haven't always shared the same opinions, haven't had a clear 
direction, this is what we will do, exactly. So, you can see that the project 
has been delayed because of the different wills." 

Their view of the process often reflects on the more practical side of the 
process like developing, constructing, and building of t he prototype. The 
parts that have been mentioned as simpler than expected are also closely 
related to the first half of the process. The easy parts, according to the 
actors, have been aerodynamics, flight-handling, and the performance of 
the plane. 

A comparison with the present body of theories, presented earlier, is 
natural. Booz, Allen & Hamilton's (1982) stage-gate model of t he product 
development process pictures a standardized way of looking at product 
development. To apply this model to the Windex 1200 project and 
assume it will make a perfect fit, is not realistic. It is clear that a more 
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heuristic model is needed. First, their stumbling and long adaptation 
process, before they incorporated their leisure-time project with their 
operating business, is one distinction worth mentioning. They started this 
project without any formal strategic planning or concept development 
found in Booz, Allen & Hamilton's model. They had a vision of building 
a glider for personal reasons, by stretching existing technology as far as it 
can go. The only concept development they seem to have thought about 
is, what the technological limitations might be, and how to solve them. It 
is even difficult to address their business analysis, but as a pretechnical 
evaluation process. The focal point for all involved during the product 
development process has been the technical development or more 
concrete, building of the prototype. Their interest in the physical building 
of the prototype has periodically lead to negligence of strategic issues. 
The CEO himself was very involved in the actual building. Voices were 
raised about the importance of valuing his time and that it might be 
better to focus more on support functions like material planning as well 
as strategic issues. As a result, later stages like test marketing and 
commercialization were of diminutive interest to the actors, and are 
thereby not planned in any formal or structured way. RADAB's case is 
also experiencing difficulties to be incorporated into Shaw's (1995) 
model. The heavy uses of mathematical models and strict linear structure 
cannot be found during Windex's development. Since both Shaw's model 
and the Windex process describe aircraft development, similarities can be 
found. As an example, all aircraft projects involve the building of a 
prototype and a certification process. The important finding is that the 
general idea and structure of Shaw's model cannot be supported. 

No one seems to have taken on the responsibility to keep order in the 
building/working area. This unstructured approach is best described by 
external actors visiting and working on the premises: 

"A lot of time at RADAB is spent looking for things, because they have a 
tendency to move from time to time. That has always been the situation. 
You learn when walking around to notice anything that might be useful 
and to remember where it is. You might need it after a day or two. Then 
you remember where you last saw it and try to find it. That has always 
been a problem. The main difficulty has always been to find things." 

"If there is something done in a way that Svenne (Ridder) does not agree 
with, he finds it disturbing. It is not done in what he considers a proper 
way. Then Harald (Undén) might say that we do not have enough money 
to make these changes. So the coordination between those involved could 
have been better. The way it has been done has probably made it 25% or so 
more expensive." 
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This is something that is evident not only in the working area, but in the 
company as a whole. I.e., it supports the notion that the physical 
building, testing and development are what that the actors prefer. 

"You can't compare this company with ordinary companies. That is 
probably what make it such a nice company, even if it is often messy and 
untidy here. You either accept it or you don't. You can't change things very 
mych around here. At first I thought it was possible, but you have to keep 
focusing on your own area of work." 

The commercialization phase is, as discussed earlier, not as highly 
prioritized. They have carried out some market activities. One is 
managing a mailing list of potential customers that they have from time 
to time sent information. They have also traveled to a number of 
exhibitions and displayed the project as an exhibition case, or by a 
demonstration flight program carried out by Havbrandt. The exhibitions 
have resulted in more names to their mailing list, an opportunity for 
them to seek out competitors as well as searching for new suppliers to 
their project. 

There are a number of studies that focus on the importance of a well 
structured product development process. In retrospect, it is easy to agree 
on the fact that a better structured process could have saved both time 
and money. Limitations in structure became obvious when the factory 
was burnt down with all the moulds. RADAB did not have a structured 
register of their blueprints, which created the problem of knowing which 
version of the moulds they had manufactured. This lead to an extra 
opportunity to make additional changes to the design, which resulted in 
an extenstion of the process as well. 

In this phase, RADAB had stretched the economy extensively. In 
addition, the wind indicator experienced a decline in numbers sold. This 
created an economic crisis that lead RADAB to discharge all employees 
except the CEO. The secretary was later re-employed on a part-time basis 
to manage the bookkeeping. This crisis affected the engagement around 
the project as a whole. One employee said; 

"The venture was slacking, mainly two years ago when people left, 
including me... many left and the level of commitment in the project was 
low. Since then, commitment has risen again." 

Due to the discrepancy between general product development process 
models and what have taken place in this process, some adjustments are 
needed to make a fit. The actors' strong technical orientation and their 
low interest in the commercialization does not mean that the 
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commercialization phase is excluded. It is still present, but not in a 
dominating way. Since the majority of the company's actors are most 
interested in the technical side of product development, the 
commercialization process and other market-oriented activities tends to 
be less prioritized. 

The findings emerging from the case are in line with Lindell's (1988) 
arguments that new product development is a non-linear learning 
process that can vary, depending on organizational context. His 
suggestion to focus more on technology than market aspects are also in 
line with what has emerged. Other researchers (Eisenhardt & Tabrizi, 
1995), (Cooper, 1994b) with their movement towards less planning and 
fuzzy stages, can also find some support in this case. 

Their enthusiastic approach towards the product development process 
has lead to a more operational planning horizon than strategically, when 
it comes to a financial perspective. From another perspective, it is 
important to note that there has been limited concern in finishing the 
project. The actors seem to be able to find things to improve in a never-
ending process. Since no investigation has been performed regarding 
future customers' preferences, they do not really know which objectives 
are important. As a result, no technical goals have been set to a mere 
satisfactory level in order to help speed the product to market. With 
regard to their technical orientation, their product development process 
has a strategic planning range close to infinity. 

Notable is also the actors' commitment and belief in their idea. They are 
so devoted that they start working on the development before it is fully 
financed, or commercially tested. 

Statement 6: Actors involved in product development at RAD AB have a dominating 
interest in the first parts of the process, and less interest in later phases like 
commercialization. 

Statement 7: RADAB is dominated by a technical orientation , have a short econom ic 
planning range, and a stra tegic planning rang e for the project that is close to infinity. 

Statement 8: Actors at RADAB have a tendency to start a development pro ject as a hobby 
or leisure time activity before it is incorporated into the firm. 

Statemen 9: Development projects at RADAB involves continuous improvements, 
redesigns or variation of the basic design. 
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5.4 OUTCOME OF THE PROCESS 
Returning to prior research, the development project can partly be 
evaluated through studies focusing on success and failures. Different 
studies by Cooper (1979), (Cooper & Kleinschmidt, 1986), (Cooper & 
Kleinschmidt, 1993), (Cooper, 1994a) have painted a picture where a 
superior product developed and marketed in a well organized manner, 
has the highest potential of becoming a success. 

Cooper & Kleinschmidt's (1986) findings regarding neglected steps 
during the development process are similar to the ones that have been 
found in this case. Initial screening, test marketing, marketing research, 
and pre-commercialization/business analyses are all examples of m arket 
aspects that the involved actors found to be of low interest. 

Cooper's (1979) study regarding barriers to successful new products 
presented factors like having a high price together with being on a 
competitive and dynamic market. RADAB's assembly-kit approach 
makes it possible to keep a low price compared to competing products. 
The market is more difficult to analyze, depending on level of analysis. It 
is a dynamic market, but the competitiveness depends on how the 
market segments are defined. The segment for single-seated motorized 
gliders is small and is at present time not competitive to its character. If 
the product instead is marketed to amateur builders and thereby defined 
as an advanced assembly-kit, the competition is more fierce, especially in 
the United States. Since the customer must be willing to spend hundreds 
of hours on building the kit before using it, the latter segment seems to be 
the most probable. Since no market surveys have been done, it is only in 
retrospect that a typical customer can be defined. 

Studies list numerous factors that together create the product advantage 
(Maidique & Zirger, 1984), (Cooper & Kleinschmidt, 1993). Comparing 
the Windex 1200 case with these predictors gives a picture of a product 
that has not all, but most of the predictors of becoming a success. The 
Windex 1200 has a high product quality. As an assembly kit, it has a high 
value for the money and thereby also a high price/performance ratio. It 
has a main benefit of of fering soaring capabilities without the need of the 
usual ground support. In its price range, it offers superior performance. 
The only question is how large the segment for a single-seated motorized 
glider is. There will always be a number of pioneers that want to have a 
new and unique product at the very start. The problem may emerge after 
they are served. The mailing list of prospective customers is one indicator 
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of the possibilities of a larger segment, but no investigation has been 
made to find out where, in the buying process, they actually are. 

The inventor has his own framework for evaluation of aircraft projects. In 
his opinion, a project is a failure if it has been delayed with more than 
50% or if the original budget has been extended with 50% or more. To use 
this type of bench-marking on the Windex case is difficult since no 
financial numbers were set from start. The case can, in accordance with 
Cooper's (1994a) notion be regarded as a step-out project. A review based 
on the opinions above, the project might be defined as a failure as often is 
the case with step-out projects. This does not necessarily mean that it is 
considered a failure among the actors involved. To decide whether the 
project is a success or a failure, depends on the premises the project is 
evaluated against. Depending on whether the premises are set internally 
by the actors involved, or whether an external perspective is taken, the 
outcome will vary. The general objective within the firm is highly 
oriented towards reaching an internal satisfaction among the owners. 
They have had an opportunity to bring their visionary idea into reality. 
Two of the owners, Ridder and Bergström, have their own business and 
do not look upon RAD AB as their main source of income. It is only the 
CEO that is earning wages from the firm, which is natural, since he is the 
only one working full-time in the business. Ridder, the inventor, visited 
RADAB on a regular basis, but did not take part in the operative, day-to-
day activities. His position regarding the business can be illustrated by 
the following statement: 

"The most important condition is that there has been, and still is, an 
interest in trying to do something, and to accept some financial sacrifice to 
do it. We could have taken it out as profit even if most of it had been lost in 
taxes anyhow. But a larger private financial gain would have been possible 
if we not had thrown capital on things like this. The difference is maybe not 
that large. Ofcourse the background has been that all those involved have 
found it fun and we have hardly weighed the business administrative 
aspects particularly heavy. We only hoped that we woldn't have to pay out 
of our own pockets so to speak. If t here's ever going to be any profit it will 
come as a surprise, at least for me." 

Notable is that the inventor is satisfied if t he development is carried out 
without the owners losing any capital in the process. In other words, as 
soon as the project has generated more capital than what has been 
invested during the development, it can be considered a success. This is 
closely related to the simple pay-back method used to rank different 
investments, even if the underlying assumption in that method is to 
continue to generate capital after the investment is paid in full. On the 
other hand, the Windex 92, and partly the Windex 1200 have similarities 
with Maidique & Zirger's (1985:304) quote earlier, regarding 
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unsuccessful products that often were technological marvels for which no 
one was willing to pay a superior price. 

Statement 10: The product dev elopment outcome at RAD AB is primarily ev aluated based 
on the owners/inventors personal objectives to complete a successful flyable aircraft. 
Financial success is secondary. 

5.5 MANAGEMENT OF RESOURCES 
Before entering more specific notions regarding the resources, there are 
some general findings. There has been a trend throughout the 
development process to do all innovation and development internally. 
The design was made by the inventor. No suitable engine was found, so 
they started to develop their own. First, after years of struggling, they 
decided to consult a well known engine manufacturer. Even after some 
progress in the area, Ridder & Bergström used their owner influence to 
stop the development. Their reason was to once again try an internal 
solution. Their need of being in control is mentioned by Ridder. 

"It's more interesting to do something when you have more control over 
the whole process, and as a part-owner of a firm you have perhaps a bit 
more influence than as an employee/' 

Due to the organization of the ownership and the owners7 external 
positions, RADAB's physical resource-base is hard to define in a clear 
way. In a traditional context, the physical resources are made out of 
company-owned buildings, tools and equipment. RADAB's situation is 
harder to define in a clear-cut way. Beside the ordinary office space they 
hire for administration, and other white-collar work, they rented a 
workshop space during the building of t he prototypes and moulds. They 
kept the workshop for a long period of time to a cost close to 200 
thousand SEK each year. 

It is difficult to draw the line regarding RADAB's position as a university 
spinoff or not. The owners started the company based on a shared hobby, 
but the inventor's knowledge and resources were often gathered from 
The Royal Institute of Technology. An interesting aspect regarding the 
physical resource base is this closeness to The Royal Institute of 
Technology. While working there, Ridder had the benefit of using tools 
and equipment free of charge. If the use of special equipment involved 
personnel from the Institute, RADAB was naturally charged for the costs. 
More interesting is that the physical resources were at their disposal 
whenever they wanted, postulated that the resources were not in use by 
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the Institute. Seen in this perspective, the physical resources at the 
Institute can be included as a close part of RADAB's ordinary resources 
base. (For further discussion see Tesar & Bodin, 1994). The resources are 
not in any way owned by RADAB, but through Ridder, they had almost 
unlimited access to the Institute's resources. It is natural that Ridder's 
competence within his field leads to a close relation between research 
and teaching at the Institute, and innovative ideas developed at RADAB. 
Ridder is up-front about this when he explains about his position at the 
Institute: 

"Partly I got a certain amount of knowledge and insight in low speed 
aerodynamics, which is interesting for the kind of a ircraft Windex 1200 is. 
Partly I had good access to the wind tunnels for testing purposes. So 
somehow I could incorporate the project. I have some teaching too. Each 
spring I have a course, an advanced course in experimental aerodynamics, 
where I had the opportunity to incorporate this as workshop exercises. So I 
could use my position here to do some wind tunnel testing/' 

The financial base of a firm makes the very foundation for its survival. 
Before taking a decision regarding product development, it is important 
to analyze if the planned project is possible to carry out in a realistic way. 
In Windex 1200's case, the project started out as a small, leisure-time 
project by the owners. The project started to grow. They then decided 
that there was a potential market and incorporated the project into the 
firm. 

The fuzzy start may have been one reason for their willingness to 
undertake the project despite its size, complexity, and possible financial 
obstacles. They had already invested time and effort before they decided 
about the project's business potential. Ridder, the inventor, even 
suggested that their financial strategy was to spend their earnings from 
the wind indicator and thereby do something they found rewarding, 
instead of collecting a salary and losing a major part in taxes. In 
retrospect, it is questionable if the undertaking was not too vast for a firm 
of RADAB's size and resource-base. Thoughts in this area have been 
sprung by the owners themselves. One example is Bergström who notes: 

"In the aircraft case, my role didn't emerge until the later stages. Tve 
actually been rather against it, personally; I think it's too large a project for 
RADAB to develop. But as they've got this far, we have to carry it through, 
and then it is important to complete the project and launch it on the 
market. One can say that my part in the Windex-project is to handle some 
of t he subcontractors and to be responsible for the marketing, especially in 
the United States." 
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Another quotation regarding the financial aspect that includes both the 
engine (one of the most troublesome sub-parts) and the glider is made by 
the CEO: 

"I don't know what an industrial company today would need to develop 
this product, but including engine and everything, maybe 50 million SEK." 

Other actors have voiced similar opinions regarding their weak financial 
situation: 

"The real weakness, to tell you the truth, is that there's a lack of 
competence. And this is partly to do with us not being able to afford to hire 
the really competent people, instead of having hired mostly those that were 
interested." 

"I think that the weakness has been the financial reasoning, and the weak 
structure. To be able to finish faster and start to market the product." 

NUTEK supported the project at first from a pure research perspective. 
When they later were approached to finance the development of a 
suitable engine for the glider, they had reservations. Here, the inventor's 
strong position regarding his domain and role in the firm is especially 
apparent. Since no suitable engine was available on the market, and there 
were no plans on adjusting the prototype to suit one either, they decided 
to develop their own. The inventor had some ideas of his own regarding 
engine construction. Representatives at NUTEK tried to advise against it, 
and offered to find consultants in the area. The NUTEK representative 
gave the following comment of the situation: 

"I think it is possible to get the wrong impression of t hese people. It might 
be because I i dentify them, or rather Ridder, as more of an inventor and 
very creative person, not as a businessman. Especially with the engine, 
which we tried to prevent them from developing... He wanted to test 
completely new technical solutions for the engine. He almost got angry 
when we consulted an expert we had. We hired one that we knew was very 
competent, and he said that their engine design was not good at all, it was 
a completely untested concept." 

The CEO connects this to the fact that the owners at RAD AB are ready to 
wait for the economic benefits developing in the future. They are willing 
to give up what traditionally stimulates an owner; a risk premium, 
dividends pay, and/or a higher stock price. 

Statement 11: The inventor wants to stay in control of the who le proje ct by mainly using 
internally controllable resources during the development process. 
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Statement 12: RAD AB can undertake projects or sub-projects that are not possible to 
support from a financial perspective i n order to complete their vision of the planned 
product. 

ACTORS & HUMAN RESOURCES 

A general view is that a skillful inventor is needed during the product 
development in order to reach or come close to a product's full potential. 
Without this inventor who is highly trained as well as a highly respected 
professional in his field, the chance of developing successful new 
products diminish. Ridder is, as mentioned earlier, easy to categorize as 
the inventor. What makes his position interesting is his dual function as 
both inventor and 1/3 owner of the firm. These positions can at times 
contradict each other. As inventor, he is the promoter of new ideas and 
products to develop. Parallel to this function, he is one of three owners 
that has to decide if his own ideas are good enough to be carried out. This 
makes him in control of both idea generation and screening process. 
Another thing to consider is that Ridder does not hold a full-time 
position at RADAB. He sees RADAB as a way of realizing certain parts of 
his inventive ideas. Other projects are realized through Bergström and 
Ridder's B&R Design company that designs extreme sailing boats for 
racing, or projects at The Royal Institute of Technology like Osquavia. He 
is also involved as designer in other aircraft projects outside RADAB and 
The Royal Institute of Technology, as mentioned earlier. His involvement 
in other projects could be a way to prevent stagnation in RADAB's own 
innovative climate. This way of organizing might be a way to solve the 
problem, referred to by Pelz & Andrews (1966), about the importance of 
keeping an innovative group heterogeneous. If i ndividuals are acting in 
different research/project groups outside their main company, it might 
help keeping the innovative freshness within the group over a longer 
period of time than otherwise possible. 

One important factor for a successful product development is the 
management of knowledge found among actors and groups, within as 
well as outside the organization. Together, they mould and shape the 
final design of the product. Also, in smaller groups personal relations can 
have a vast impact on the final solution concerning construction, 
production, or other major decisions. As always, when different actors 
and subgroups are present, there are chances of opposing opinions and 
disagreement among the parties. To discuss different ideas is something 
positive, as it can bring out the best parts. Unfortunately, certain factors 
can prevent this from happening. Actors and groups have what 
Scarbrough & Corbett (1992) call, strategic powers, to a varying degree. 
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In RADAB's case, the inventor has a very strong position, since he is also 
one of the owners. He inhabits strong strategic powers which has been 
put to use when it comes to RADAB's decision regarding the engine 
construction. Even if Ridder's own concept did not work out, he had 
reservations regarding Jonsson's construction. He used his strategic 
powers to block RADAB's prolongation of Jonsson's services. The 
inventor gave higher priority to a good engine construction than having a 
fair, standard engine possible to supply to the customers in a shorter time 
frame. This is further evidence that the inventor's objective is to strive for 
perfection in the construction, rather than attempting to complete a 
commercial product for an external market. 

The relationship between the inventor and the external engine-consultant 
was described by one of the interviewed as a hot potato, and by others, in 
the following words: 

"Ridder isn't totally satisfied with this engine. He recognizes that it 
functions well, but he doesn't think it's elegant enough, construction wise-
It's become a bit of a problem that we hope to solve somehow. The 
technical side of it seems to be less of a problem than the personal side." 

"It is the development of the engine that I'm (Ridder) most bitter about. 
There, the firm's ability and inefficiency have come to the fore." 

As acting CEO, Harald Undén is obviously the one who should find 
RADAB to be his primary concern. Certain activities during the 
development process have created doubts among some of the 
participants. One includes Undén's sailing expedition to South America 
for a month in the middle of negotiating new loans from NUTEK. One of 
the interviewees noted: 

"That's a question I've asked myself. I really don't know who's been the 
one pushing the project forward. We've been to see them a couple of times, 
when they needed more money or so... And when we've been there, it 
seems to me that Harald (Undén) has been the one, at least officially." 

It is important to remember that Undén is working under the same 
organizational context as the other owners and key employees. In this 
context he has, as all others, preferences regarding what he finds 
interesting or not. The difference is that as acting CEO, everyone else is 
expecting him to fill all the gaps that are left when the other actors have 
done what they find interesting. As such, his position is filled with 
numerous tasks that have to be managed. 
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Even if Bergström first holds a personal opinion against the project, he 
has at later stages, taken on the role of coach or main supporter who 
hurries the project forward. He states: 

"I try to visit Sweden quite often now, so they don't lose momentum when 
they are almost finished." 

External actors have a different view. They look upon him as 
"americanized" — used to a higher tempo of work with a number of hired 
hands and a selling mentality. One of them said: 

"He wants to sell ten each month, ready to be shipped in containers. He has 
customers and he sells and so on. He is good at that. But to get that far, a 
lot of work has to be done. But he doesn't think about that. " 

There are two interesting findings regarding RADAB's manner of 
treating their employees. First, employees like Havebrandt and 
Falkenklint have been coming and going during the different phases. 
They have had to look for other employment in-between, but have still 
been ready to return to RADAB once the owners solved their financial 
problems. The employees seem to accept acting as resources "on call." 
They find the product and the development process fascinating and 
personally rewarding, even if it means that they have to be flexing in and 
out of the organization due to economic instability. The best example is 
Havebrandt, the former technical chief who has been working at RADAB 
during two different periods of t he process. Still, he is willing to work on 
certain parts on a leisure-time/pay-by-the-hour basis even though he has 
another new full-time job. 

The second interesting personnel resource aspect is actors like the retired 
Anders Andreassen — a former SAS pilot who, for fun and personal 
reasons, worked for free on the first testing of the engine. Design 
students and engineering students have also participated with limited 
parts or objects during the process. They have heard or read about the 
project and offered their expertise for free to in order to secure an 
examination project. This project would probably not have drawn any 
students without its uniqueness regarding industry and product 
performance. 

Statement 13: The inventor and other key actors are involved as owners or pa rt owners of 
the firm. 

Statement 14: The role o f the innovator is twofold since he function both as inventor as 
well as concept controller (owner responsibility) at RADAB. 

Statement 15: The CEO is also a pa rt time inventor. 
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5.6 INTERNATIONAL ACTIVITIES 
Throughout the project, the company has looked for opportunities 
involving international activities. The owners have a history of 
international contacts and involvement which started when Bergström 
moved to Florida and they began to market the windindicator on the 
international area. They have, over time, learned to look for solutions not 
only domestic, but also in an international context. Bergström seems to 
have been an important influence in their attempts to look for 
international opportunities. In addition to his boat construction company 
in Florida, he acts as a consultant to other boat manufacturers in the area. 
He pointed out his strength as being able to find comparative advantages 
among suppliers located in different countries, i.e., to cut costs and 
thereby make the product less expensive. His experience has contributed 
to the Windex 1200-project. From the very start they have searched for 
solutions both domestic and international to solve difficult parts of the 
product development process. For instance, the shape of the fuselage was 
established early in the process. This had certain implications for the 
choice of engine and canopy design. The canopy led them to a company 
in Switzerland, since they were the only company in the world able to 
manufacture a Plexiglas canopy with that shape and still maintain a 
correct light refraction. As the project moved forward, they have 
experienced difficulties finding a suitable engine, which have led them 
on an international search, mainly in the former Eastern Europe. Their 
focus on Eastern Europe was natural since the former socialistic states 
considered the soaring hobby a way of pre-educating people for the 
airforce, and was heavily subsidized by the government. Other European 
countries with tradition in glider manufacturing, like Germany and 
France, are not as interesting since they have the same labor costs as 
Sweden. 

RADAB realized that the certification process would take time and in 
addition, a large amount of money. Through their international contacts 
and experience, they recognized a way to bypass the Swedish CAA in the 
certification process. By moving the first production series abroad, the 
certification process was also transferred abroad. RADAB chose the SZD 
factory in Bielsko, Poland. SZD is a well-known glider manufacturer with 
a large number of successful constructions through its history. This has 
given them know-how concerning the certification process, as well as 
establish a good relationship with the Polish CAA representatives. An 
additional advantage was their low labor costs. 

Their Polish venture had advantages regarding certification and labor 
costs. After some time, RADAB realized that different cultures, and 
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working over a longer distance with a partner whom you hardly know, 
also have a number of disadvantages. Their main concern was the 
communication problem. The CEOs had, by themselves, written a 
contract without consulting any lawyers. The problem grew when 
everything started to take more time than expected, and no deadlines 
were to be found in the contract. Another problem they experienced was 
that SZD operated this project as a normal business deal, and demanded 
money in advance to continue working on the project. SZD made this 
deal to make a profit. When it started to cost RADAB a large sum of 
money and the development continued at a slow pace, they decided to 
terminate the contract. 

Statement 16: RADAB uses the international arena, not only as a potential market , but 
as a resource base where shortcuts in the PDP can be found. 

5.7 SUMMARY 
Analyzing the development of Windex 1200 presents a picture of a firm 
involved in a product development process that has few things in 
common with earlier presented theories in chapter two. The firm is 
operated under the objective of nurturing the owner's ideas and visions. 
The polarization between actors involved in research and development, 
and the firm's ordinary business activities are not found in RADAB since 
their focus is developing new ideas. I.e., the whole firm is acting as a 
highly independent R&D department. The development has also been 
found highly technology-oriented. Market aspects are of less interest at 
first, but emerge as a factor to consider when the product is being 
completed. The firm's objective has also a major impact on how to 
measure the outcome of the development process. The inventor's intent 
was at the start to complete the product without losing any private 
capital. In that perspective, the product can be considered a success. 

Their product development has been carried out in a non-structured way 
that can find support from researchers favoring a heuristic approach to 
picture the process. Both parallel and iterative processes have occurred 
during the product development. Even if the process has been carried out 
in a highly dynamic way, certain stages are obligatory during the 
development of an aircraft. Prototype building, maiden flight, flight test 
program and approval from the CAA are some of the things that need to 
be completed during the process before the commercialization stage can 
start. 
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Beside the fact that the development process has been heavily 
technology-oriented and highly dynamic, emerging as important is the 
firm's management of resources. They have taken the opportunity to 
stretch the firm's physical resource base through their professional 
contacts, and by lending facilities from the academic society. Their 
financial resources have had a vast impact on the continuity of the 
project. The successful wind-direction indicator created a financial 
surplus that made the Windex 1200 project possible. Later on, they 
streched their finances which resulted in lay-offs, i.e., the project lost 
momentum. Central actors involved in the process have also been an 
important factor for the context in which the product development has 
been carried out. Their management of internal as well as external 
personnel shows a somewhat different picture from what is commonly 
known. The actors are devoted to the firm and the project to the extent 
that they can accept being hired, fired, and rehired. Some have even 
participated without monetary compensation. 

An attempt to give an overall picture of the different areas influencing 
the product development process at RAD AB is presented in model 5.1. 
The areas illustrated by the figure are the firm's R&D capacity, internal 
and external derived technology, key actors, financing, use of physical 
resources, production facilities, and international activities. The pictured 
areas do not cover all aspects during the product development process. 
They represent areas that have emerged as significant for the actors 
involved in the process. The statements presented throughout this 
chapter can be assigned to each area in the model and shall be looked 
upon as cues for future discussions within each area, when compared to 
the additional cases that follow. 

Product 
Development 

Process 

R&D 

Actors 

Financing 

Production Technology 

Physical 
Resources 

International 
activités 

Figure 5.1. Important Areas during RADABs Product Development 
Process. 
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6 
ADDITIONAL CASES 

6.1 INTRODUCTION & CONSIDERATIONS 

As discussed earlier, small aircraft development is a rather uncommon 
business. There is at present time, little knowledge of these firms. The reason 
for this is multidimensional. One reason is probably that the actors might find 
it important to protect their vested interest in the project. Other reasons are 
that they are highly specialized, and that the few firms that do exist can 
hardly be categorized as important for the business economy. 

To find and choose additional cases needed, some methodological 
preparations were made. A systematic approach was decided upon, as far as 
one can reach within this highly specialized field. The high media profile of 
the Windex 1200 was one reason for discovering the project. When starting to 
look for similar projects to use as a comparison, a number of criteria were 
raised. First, I wanted to find similar projects in small technology-based firms 
within the same industry. Secondly, all projects needed to be completed or 
close to completion, but at the same time not be too old, since facts and 
memories have a tendency of becoming more insignificant as time passes. 
Thirdly, most projects fitting this framework can be found in North America. 
There is a risk that business climate and cultural factors differ to a larger 
extent between North America and Europe than between northern European 
countries as such. Due to this fact, I chose to keep the study focused among 
European countries, preferably the Northern ones, to further minimize any 
differences. For the same reason, no case from a former Eastern European 
country has been considered. 
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First, from the additional cases is the German motorized glider, Stemme S10 
Chrysalis. It was an easy choice since it is the same category of a ircraft as the 
Windex 1200 with high publicity profile, together with the fact that they had a 
reputation of high-technological solutions in their construction. Getting access 
to the firm was not difficult. Their positive and open attitude regarding my 
research project can probably to some extent be explained by the CEO's own 
academic background in possessing a PhD in physics. 

After consultation with EAA, Chapter 222 in Stockholm, the Royal Swedish 
Aeroclub's (KSAK's) glider section, and talking to people within the industry, 
no projects suitable had been found in Norway and Denmark. Only one 
project could be pinpointed in Finland. The first note about this project was 
found in EAA nytt (1990). Once desided on as possible case, neither fax nor 
phone number were correct. Phone agencies in both Sweden and Finland 
could not track the name to a current number. Finally, as a last try, I 
submitted a note to the Internet news group "alt.rec.aviation.homebuilt." 
After three days I received a fax from the designer himself. A friend of his had 
noticed the message and forwarded it to him. (Internet can evidently be a 
powerful tool.) The ultralight ATOL amphibian aircraft in Rovaniemi became 
the second of the additional cases. 

Aircraft projects, besides the Windex 1200, can also be found within Sweden. 
At the Royal Institute of Technology, as part of their educational program, 
they design new air crafts on a regular basis. Their projects are a tool in their 
education and not intended for commercial exploitation. ASL Hagfors Aero 
AB was another manufacturer of s mall recreational aircrafts. The project was 
not considered appropriate for the study since the construction originated 
from the United Kingdom compared to the Swedish company's development 
which consisted of modifications and adjustments. For the third of the 
additional cases, my choice fell on MFI AB, the only small company in 
Sweden excluding RAD AB that in modern time had designed and developed 
an aircraft of their own. They had developed a number of aircraft from the 
well known MFI-9 to their latest construction BA-14 Starling. My choice fell on 
BA-12 Dragon-Fly since the BA-14 Starling never completed its flight test, and 
only one prototype existed. 

After the three14 additional cases had been collected, an aircraft project 
emerged at Bornholm in Denmark (Ahlström, 1996). It is an ultralight, two-

14 
A fourth case study was planned. A suitable project was found in the United Kingdom. The project 
as well as the company is called Europa. After some initial contacts by fax and phone, I was 
informed that the inventor, and CEO did not have time for an interview. The reason was that the 
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seated aircraft made in composite material in a similar manner as the Windex 
1200, and would have fitted the study. Notable is also the new Silent II project 
in Sweden. The designer is by Ridder, which is not hard to understand, once 
looking at all similarities between Windex 1200 and the Silent II. The project is 
far from completed, and is very interesting in the way it was organized. Due 
to its current status, it was still early to draw any data and conclusions from 
the project. 

Based on the platform case, it was evident that the two key actors to focus on 
gathering information were the CEO and the inventor. When setting up the 
meetings, it became evident that the CEO and inventor were in fact the same 
individual in the first two of the additional cases. In the third, the inventor 
was deceased. Naturally, when possible, other actors connected to the case 
were also interviewed during the visit. This lead to differences in numbers of 
interviewed among the cases. In all three additional cases, a formal interview 
recorded on tape has been carried out with the CEO. At Stemme GmbH & Co. 
KG, additional discussions (not recorded) were made with the sales manager, 
engineers, and other employees during a tour of the facility, and during 
lunch. In the ATOL case, the CEO/inventor's wife was part owner of the firm 
and participated during the interview. The last case was MFI AB. The CEO 
was the only one interviewed, since the inventor was deceased and the firm 
had already dissolved. The experience gained from the other cases helped to 
pinpoint the information needed in a more effective way than earlier in the 
process. In addition, written records and information were collected when 
possible. As mentioned in chapter three, these additional cases were collected 
during one occasion with follow-up questions by phone, fax and e-mail 
afterwards. As with the platform case, the interviewed had the chance to read 
and review the case descriptions in order to minimize errors. 

As an introduction to the three cases, an overview is given in table 6.1 below. 
The short data presented is given in an attempt to simplify the overal picture 
when reading each case. (Additional data and blue-prints of the aircraft can be 
found in appendix C.) After the three case presentations, a summary similar 
to the table found in chapter 4 is given. 

company was just delivering the first number of k its to their customers, and he wanted to devote his 
full attention to the commercialization phase. 
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Stemme S-10 
Chrysalis 

ATOL BA-12 
Dragon-Fly 

Company Location Strausberg, 
Germany. 

Rovaniemi, 
Finland. 

Malmö, 
Sweden. 

Company Objective Development of 
aircraft. 

Non Written. Construction & 
Development in 

Composite 
Materials. 

Product Motorized glider. Ultralight 
amphibian 

aircraft 
(assembly kit). 

Ultralight Aircraft 
(Engineering 

school in 
composite 
materials). 

Building Material Steele tube, 
Carbon fibre & 

Kevlar. 

Plywood & PVC-
Foam. 

Composites. 

No. of Aircrafts 
Produced 

over 70 8 5 

No. of Employees Ca 30 1-10 8-10 

Development Costs 
(estimated) 

Ca 12 million DM. Ca 6 million FIM. Ca 1.5 million SEK. 

No. of Owners 3 2-35 10 

Time for 
development 

7 years 
(1984 -1991) 

min 11 years 
(1986 - ?) 

11 years 
(1982 -1993) 

Table 6.1. Short Data on Additional Cases. 
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6B. CASE B -
STEMME SIO CHRYSALIS 

6B.1 STEMME GMBH & CO. KG - A BACKGROUND 

The company was founded in 1984 by Dr. Reiner Stemme. It was founded 
with the intention to explore business opportunities in the aircraft industry 
which were drawn from Dr. Stemme's patented propulsion system. This lead 
to the development of a motorized glider which, at present time, is their only 
product out on the market. The company is located in Strausberg, 20 km east 
of Berl in, and is currently employing about 30 people. 

The company mission is according to Dr. Stemme, primarily to give glider 
pilots the right tool to be happy. Secondly, the objective is to make a profit 
and to give the employees a good job, engage them, and give them the feeling 
that they are doing the right thing. As will be further discussed later, the firm 
was a pure product development organization during the first years. Figure 
6.1 pictures a period of five years before the turnover started to rise. A 
drawback in turnover in the early 1990s is also similar to other firms 
experiencing a recession in the economy. 
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Figure 6.1. Turnover at Stemme GmbH & Co. KG between 1984-95. 
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6B.2 ORGANIZATION & KEY EMPLOYEES 

The Stemme Corporation is lead by Dr. Reiner Stemme who is holding the 
position of CEO. Backing him are three investors. The owners/investors are 
all individuals, not companies or venture capital organizations, and have all 
been involved since the start. 

The organization is structured with Dr Stemme as acting CEO. Supporting the 
CEO, one can find departments responsible for administration, certification, 
development, production and quality control. At the start and during the first 
5 years, they experienced a turbulent movement of e mployees. Dr. Stemme's 
explanation is that everyone was new, that the job description was not clear, 
and that during the best of conditions, only 20% might really be suitable for 
the work they were hired to do. This is not to say that the employees were 
incompetent, but just that there was a misfit between their competence and 
their working position. Another reason is young people's natural movement 
due to family reasons. They are not as bound to their company as older 
generations usually are. 

Figure 6.2. Number of Employees at Stemme GmbH & Co. KG 
between 1984-95. 

As can be seen in figure 6.2 above, the number of employees has been 
growing since its inception. During the development process, Stemme GmbH 
& Co. KG continued to hire more and more people until they had a peek in 
1991. As with many other firms, they experienced difficulties during the 
following years due to the recession, and had to shrink the organization as a 
result. When the economy started to recover from the recession, the 
organization one again expanded. 
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Dr. Stemme suggests that the main concern with managing a company should 
be the employees, the human resources of the company. A company should 
seek out and find competent people -- people who are willing to commit to 
the project, who are engaged in their work, and manage them. The size of the 
project made him realize from the outset that the product development would 
involve more than one inventor, one designer, one prototype builder etc. This 
forced him to search for people with different backgrounds and expertise. He 
noted that without prior knowledge and expertise in an area, it is easier to be 
objective about the resources and expertise needed. If he had had the 
expertise, it would have been easy to try his own solutions to a larger extent. 

Dr. Stemme believes that the team gathered within the firm consists of people 
with different backgrounds, and that they are functioning differently from 
himself. His explanation is that the number of people with expertise in this 
specific field is rather small, and has resulted in employing people that 
otherwise would not have been considered. He also believes that this might 
have been good for the project's development. 

Dr. Stemme points out that the process has been a teamwork. From his point 
of v iew, there is a weakness that no one in the team stands out as superior to 
his/her colleagues. He consider them all to be on the same level within the 
team. Once a week they have a meeting where they discuss a list of 
development activities that has to be done by the different departments. Once 
they have decided what to do, each department works independently. The 
same organizational structure is used when specifying what data and 
specifications should be collected by external research institutes. Dr. Stemme 
is aiming at evolving the firm towards what he calls a virtual company. The 
ideas and goals are set by the Stemme corporation, but most of the 
production, testing, and physical development is carried out by external 
organizations. 

Stemme GmbH & Co. KG has sales representatives in different countries 
around the world. A majority is found in Europe, France, United Kingdom, 
Switzerland, Italy, and Denmark. In the United States, they have their own 
company named Stemme USA located in Saint Louis. The company is 
managed, according to Dr. Stemme, by a very experienced businessman. 

DR. REINER STEMME 

Dr. Stemme is in his mid fifties. He holds a glider pilot licence for many years. 
His interest in aircraft started at an early age by building models, and since 
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then, he has had a desire to enter the aircraft business. He has studied 
mechanical engineering and physics at the University. He continued his 
education in Switzerland by taking his PhD in the area of laser physics and its 
application in material processing. After the dissertation, he entered the 
business community in Switzerland for nearly six years. Together with a 
financial partner, he built a company named Allgemeine Schweizische Uhren 
AG (ASUAG), focusing on laser processing material equipment. They 
developed lasers together with application systems. This was his first 
experience regarding hands-on knowledge of how to transfer technical 
knowledge into production equipment and in addition, managing for the 
whole process. 

After the ASUAG project, Dr. Stemme returned to Germany and worked for a 
period of ten years as the general manager of funding, technology funding, 
and consulting institute of the German Association of Engineers in 
Düsseldorf. During this time, he accumulated knowledge concerning product 
development, production, and market introduction. 

He sees himself as both an inventor and an entrepreneur, but does not want to 
label himself administrator. Dr. Stemme looks upon his task as managing 
people and finding suitable co-workers for the project. He likes chaos since he 
considers it the foundation for invention. The parts he finds most interesting 
is selling and design. He does not like the production aspects although he is 
aware of how important it is for success. His basic drive is "to do more." It 
includes aspects like earning more money and making the company grow. 
His devotion and attitude can be expressed by the following quote: 

''When I started in this field I had a glider licence but no experience how to 
design an aircraft. And, to do this inspite of th is has been the experience that the 
main job of running a company is to hold the people together. To find people 
who are engaged, who are competent and to hold them together, to manage it. 
Anyway, it was quite clear that it was a project of th e dimension that it could not 
be done by one inventor, and one designer and one to build it and so on. So, I 
was not afraid entering a foreign area because my experience has been, the main 
job is to understand basic problems and bring the things together and hold it 
running. And maybe it is an advantage to be not able to go down in the very 
deep things of how to calculate a special airfoil or so on. But to look at, where are 
that best people to do this. And it is much easier to look where are the best 
people when you yourself are not able to do it. Otherwise, as I know me, I would 
think I am the best one, and I will do it myself. " 
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6B.3 CASE FOCUS - THE MOTORIZED GLIDER S10 

As always, it is difficult to pin-point the exact time or date when an idea starts 
to emerge. It is also true in the case of t he S10. Dr. Stemme got the idea of t he 
propulsion system, and his first step was to apply for a patent (accepted in 
1978). He started the small firm HMS GmbH in Berlin where he tested the 
system in a test bed. During the first years of the 1980s, he also attended 
exhibitions at Friedrichshafen displaying the system as a market test. Until 
1984, he developed and tested the construction, still not aiming at mounting it 
in a specific aircraft construction. In 1984, a vision of a motorized glider of hi s 
own production had emerged. This led him to form the Stemme GmbH & Co. 
KG. His first activity was to find investors willing to support the project. To 
secure the financial side took him about two years, and it was not until the 
project was financially secure that he started the actual development of the 
motorized glider. No development work was done during leisure time before 
the project was fully financed. The leisure time was instead, used to search for 
financiers. At first they planned to develop two versions of the aircraft, a 
motorized glider as well as a pure glider. After a while, they decided to 
exclude the pure glider since that market segment was declining. 

According to Dr. Stemme, the process has been market driven even if the 
concept and reasons for developing the product can be said to have 
similarities with Windex 1200 as the following quote portrays. 

"It has been my desire to have a plane, to have a glider, to fly it, but to be 
independent of all ground support. To be able to fly over longer distances if 
necessary, to go where the thermals are. " (Dr. R. Stemme) 

Dr. Stemme did, during the idea creation stage, use idea finding techniques 
like morphological analysis15 where he investigated a number of different 
concepts and solutions before deciding upon the present one. Today he is 
satisfied that he did not pursue any of the other concepts. The firm also 
undertook some marketing research, mainly on the domestic market before 
starting the development. The study was carried out by a marketing research 
institute. 

The actual start of the project, as well as the company was in April 1985. The 
development was carried out in an interactive way between the people 
working on sketches and blue-prints, and the people working in the 

"A fortuitous scan ideation method. Is based on relationships and includes using a multiple set 
of product forms, attributes, uses, users, and so on in matrix format/' (Crawford, 1994:474) 
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workshop on the prototype. The S10 was from the start developed with the 
intention of becoming a commercial aircraft ready to use by the customer once 
it was sold. Due to this fact, they did not develop the prototype as an 
experimental aircraft, but started with the commercial type certification of 
JAR-22 from the outset. The fuselage is built around a central steel tube 
framework covered with a carbon fibre shell that is kevlar-lined for extra 
strength. The engine is centrally mounted, behind the cockpit, and the 
transmission extends through the cockpit by a carbon shaft running through a 
kevlar tunnel that finally leads to the propeller. Fifteen months after the 
formal start, the first prototype was completed and had its maiden flight. 
Since the prototype's objective was to test the principle of the construction, 
mainly the power system, they used wings from another glider manufacturer, 
Glaser-Dirks. The flight was a success but they also detected different areas of 
problems that had to be sorted out. Four main problem areas were detected; 
the engine, vibrations in the drive shaft, the construction of the undercarriage, 
and folding mechanism of the propeller.16 The main problem with the engine 
has been the lack of power, and to some extent the reliability. They started out 
with the Limbach L2400 engine, investigated and tried other solutions, but 
finally returned to the Limbach. It is a four-stroke, four-cylinder engine 
delivering 93 hp. The undercarriage has, according to Dr. Stemme, been the 
greatest obstacle to overcome. The problems regarding the folding mechanism 
of the propeller and the vibrations inside cockpit are linked together. At first 
they could not figure out why they experienced vibrations the first time they 
unfolded the propeller but not the second time. After a search period of f our 
weeks, the propeller developer/manufacturer Mr. Mülbauer visited the 
company. When they asked him, he gave a rather simple explanation. Since 
the blades are folded by a glider bearing, the blades will lock when the 
centrifugal force gets large enough. This will differ from time to time, and also 
differ between the blades. The difference between the position of t he blades is 
the reason for the vibrations. Sometimes they lock in the same position with 
minimal vibrations as a result, while at other times, they will not. The 
phenomena of having "no clue" regarding what is causing the problem has 
been repeated throughout the product development, but all situations were 
finally mastered. 

After the first prototype, they decided to develop their own wing. Similar to 
the material used in the fuselage, the wings are built in carbon fibre, and can 
be divided into three sections. The central section also carries the 45 litre fuel 
tank. The new wing demanded changes in the design of the fuselage, and 
with all testing included, they devoted the next three years to this process 
even if the second prototype had its maiden voyage in 1988. In the end of 

16 The construction involves a foldable propeller that is hidden inside the nose cone when the 
aircraft is used as a glider. 
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December 1990, the certification process is completed and the company 
started to produce a pre-series of 10 aircraft. 

During the development, they experienced financial problems. When the 
project reach the launch/production stage in 1992/93 the recession made the 
market almost non-existent. As most companies, it was difficult to convince 
the bank that their product was a good investment even though no products 
were sold at that time. 

They wrote a strategic plan from the start, but Dr. Stemme stressed that even 
with his background in development projects, they experienced 
misjudgements regarding the time needed and financial needs. In the end, 
everything had to be multiplied by three. Most of the overshooting in 
expenses were done after the first prototype was finished and the production 
had started. All changes took a longer time, and were more expensive than 
expected. The invested resources in the project reached 12 million DM until 
the production was up and running. 

Dr. Stemme cannot remember anything that has gone easier than expected. In 
retrospect, Dr. Stemme believes that his choice of young, innovative and 
engaged employees without experience of serial production costed 
somewhere between 50-60% of the total development cost. An example, they 
did a total of four crash tests with the wing, afterwards they realized that they 
could have done all tests they needed in one. The first two tests were often a 
learning experience for themselves. The dominating part of the employees 
came from Akademische Fliegergruppen17 (Akaflieg) with a vast knowledge 
in developing and building glider prototypes. Another weak aspect during 
the process was that no one had experience regarding documentation and 
manufacturing of b lue-prints. Documentation was done, but not to the extent 
that the documentation reached a free standing level. The problem became 
visible when the specialist/technician was needed to translate the blue-prints 
or certain parts of the documentation to make the production possible. As all 
aircraft manufacturers, they have kept good records throughout the process of 
what documents and version that are valid for each aircraft. 

In 1995 they had sold over 70 aircraft. The market is international and only 
1/4 is sold on the German domestic market. Even if the glider is considered 
expensive, they can categorize the customers in two different groups. One 
group has a high cost awareness and orders the plane with only a few 

17 
Akaflieg is an organization found at a number of G erman Universities and Institutes. They are 
lokated in Karlsruhe, München, Regensburg, Kassel, Braunschweig, Bielefeld, Bonn, Köln, 
Kaiserslautern, Saarbriiken, Freiburg, Stuttgart, Tübingen, Erlangen, Berlin, Darmstadt, 
Frankfurt/M, Göttingen, Hannover, and Kiel. (Axelsson, 1989) 
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additional options. The other group is totally opposite and often, after 
ordering the full list of options, asks if they have anything more to add on. 
The full list of options can be found in appendix C, but as an example can 
wing folding mechanism, larger wheels, larger tanks, and avionics be 
mentioned. 

Due to the products large size, they have had problems to keep the S10 within 
the weight limitations of a motorized glider.18 This puts certain limitations on 
the way the product can be improved. It is not possible to mount a larger, 
stronger, and heavier engine. Instead, they have to look for ways to improve 
the construction without adding weight. An example is to be more exact 
during the laminating process of the fuselage. This is done by hand in the 
traditional way. By being careful not to lay to thick layers of the epoxy 
residue, it is possible to save a number of ki los on the final product. 

With regard to new technologies, Dr. Stemme determines that there are 
enough work to integrate different technologies without having to fear that 
they will not work. This has lead him to search for technologies that are 
already proven. He believes that proof of concepts regarding new 
technologies best are managed by research institutes and Universities. In 
retrospect Dr. Stemme believe that the reason for failure is often not the basic 
concept. The reason is shortage of necessary funding and financial resources 
in the phase of realization. Another reason is that the people involved are not 
able to present the documentation needed for production. 

All prototypes and moulds have been made in Strausberg. From the start 
almost everything was done at their factory in Strausberg, but throughout the 
production process more and more of the parts have been transferred to their 
Polish manufacturer. The first part that was transferred to Poland was the 
fuselage tube. The second step was the stabilizer. Later on the cabin and 
cockpit followed. When they had produced somewhere around thirty to forty 
aircrafts, the whole fuselage was being manufactured in Poland. The last thing 
transferred was the wing. At least the first 50 wings were manufactured in 
Strausberg, so the last transfer of production facilities did not take part until 
1994. The reason for this movement is simple, the production costs are much 
lower and as a consequence, all parts are today produced in Poland. 

The firm is aware of competitors to their S10. Most of them are competing by 
using a lower price. Another reason for choosing a competitors product is said 

18 Maximum take off weight of motorized gliders are 850kg. 
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to depend on the SlO's larger size. Novice pilots and some soaring clubs are 
afraid of buying and flying a plane that is larger than normal.19 

Their marketing activities are focused around publicity and sending an 
information letter to their 2.000 name-long list of interested/potential 
customers. The letter includes articles of news from the company, news about 
the S10, and stories about what other customers are doing with the S10. In 
addition, they occasionally advertise in aviation magazines. 

EXTERNAL ORGANIZATIONS AND COMPANIES 

During the development, a number of external organizations have been 
involved. Even if the development of the S10 is focused to the Stemme GmbH 
& Co. KG corporation in Strausberg, external organizations have been more 
and more involved over time. One can also see the tendency of moving the 
production away from the Strausberg site. His intention of becoming an 
effective virtual company also implies to a large extent, international contacts. 

Throughout the product development, Stemme GmbH & Co. KG has involved 
research institutes as external expertise and testing facilities. Examples are 
finite element analyses during the development of the undercarriage, and 
composite technology expertise during the development of the propeller. As 
mentioned earlier, their intention is to have no physical research done at the 
company, but to build a network and be the organizing hub inside the 
network i.e., to be a virtual company. Dr. Stemme is of the opinion that this is 
the only chance for small or medium-sized companies to compete in the 
future. The company will be responsible for finding a market, to know what 
the customer needs, and to set up and organize the suitable research and 
production facilities. A large part of this will be to find the appropriate 
subcontractors and developers within the network. 

They have, during the process, worked together with the Technical University 
of Berlin when investigating vibrations in the aircraft construction. When it 
comes to structure and design, which also involves composites, their partner 
has been the Technical University of Braunschweig. Airfoils have been developed 
at the German Aviation and Sipace Institute (DLR), a large institute with more 
than 10.000 employees. The involved research institutes does not work 
without monetary compensation. Stemme GmbH & Co. KG pays for their 
services as a normal business transaction, even if the government sometimes 
subsidizes a smaller part. 

19 Standard wingspan for a single seater glider is 15 meters. Two seaters usually have an additional 
2-3 meters in wingspan. 
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The contacts with the German Civil Aviation Agency (CAA) have gone smoothly 
according to Mr. Fredenberger who is responsible for the certification 
procedures at Stemme GmbH & Co. KG. The CAA has its own department for 
handling glider's and motorized glider's certification procedures. One reason 
for this is naturally the large amount of glider manufacturers residing in 
Germany. 

As mentioned earlier, Stemme GmbH & Co. KG is in close co-operation with 
Polish firms. The network involves three firms. First there is WKK, Stemme 
GmbH & Co. KGrs largest subcontractor. They are not only subcontractors, 
but are also included in the development process as well. Employees are 
rotating between Stemme GmbH & Co. KG and WKK. They are located in 
Bielsko-Biala where SZD also is present. The company has about 30 
employees. It was started by a group of f ormer SZD-employees. Dr. Stemme 
helped them with the first financial resources needed, 50.000 DM to form and 
start the company, then to make the basic investments and to start a 
production. Stemme GmbH & Co. KG has also supplied them with the whole 
set of moulds and tools needed. Notable is that they are still the owners of that 
equipment. The head of the company is Andre Papiorek. He and his 
employees have been important due to their extensive knowledge regarding 
the more practical side of the manufacturing process. They are responsible for 
all the composites in the construction. 

Second, Stemme GmbH & Co. KG searched for a company with a history of 
glider manufacturing with low labour costs. Their search led them to one of 
PZL's divisions in Bielsko-Biala where they bought mechanical parts like 
gearbox, controls, and undercarriage. Sochar is the third and the smallest 
subcontractor. They are delivering electrical components such as cable 
bundles and the drives for the undercarriage. Unlike the other Polish 
companies, it is not located in Bielsko-Biala, but can be found in Bydgoszcz 
located in the central area of Poland. 

Even if the main parts are coming from the three companies in Poland, they 
also buy parts from sub deliverers in Germany, Poland, the United States and 
France. 

FUTURE ACTIVITIES 

The company is planning to expand from a single product company by 
offering two different versions of their present product. Their intention is to 
introduce a club version with a simpler construction. The club version will 
have the same fuselage, without gadgets like variable pitch on the propeller, 
or electric undercarriage. A new wing has to be constructed, possibly without 
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flaps. Through their development of the present product, they have 
accumulated knowledge that according to Dr. Stemme, will make it possible 
to design a wing where the work consumption is reduced by 50%. In addition, 
through their Polish contacts, they know they have sub deliverers that charge 
only 30% of similar West European deliverers found in Germany, France or 
Sweden. This will help to cut costs for the club version. On the other end, they 
will push their present product further on the high-end scale. They are 
planning to increase the wing span from 23 to 25 meters, mount a turbo-
charged engine, and make some minor aerodynamic adjustments on the 
construction itself. 

Parallel to this, they have developed a version of the aircraft named S10-VC 
suitable for environmental protection surveillance. The version has a pod 
under each wing where sensors for registration of pollution and other 
equipment can reside. During the summer of 1995, they had two prototypes 
flying and had formed a special company, Umwelt Messflug Systeme (UMS) 
GmbH, for this specific venture. 

Another project still mounting in its first phase is the development of a new 
fast turbo-prop, 9-seated or 1.200kg cargo aircraft. They think they have 
accumulated enough experience through the development of the S10 to 
succeed in repeating the process. This project is still in a very early stage. 
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6C. CASE C - ATOL 

The third case originates from Rovaniemi in northern Finland. The product is 
an ultralight amfibie assembly kit — a two seated aircraft that can take-off 
from land and water. The name ATOL is an abbreviation for Advanced Take 
Off and Landing. The price for an ATOL ranges from 250.000 to 300.000 FIM 
(Finnish Markka) depending on choice of engine. At a later stage, when the 
production is up and running, there are plans of typing the construction 
according to the Ultralight- or VLA-classification standards that would enable 
them to market the product in ready-to-fly condition. 

6C.1 THE COMPANY - A BACKGROUND 

The company started out as Martekno Kommandiittiyhtiö (KB), a limited 
partnership company owned by Markku Koivurova, his wife Sinikka, their 
fathers, and a friend. According to the formation document of the company, 
they are in the business of manufacturing, importing, and selling tools and 
equipment for aircraft and helicopters. 

The motives for starting their own business were; 

"the existence of many ideas, the motivation of working under our own terms, 
combining hobby and work, together with the desire of receiving a salary that 
reflects our competence and input/7 (Strategic document 1989:1) 

Parallel to the development of the ATOL, they have developed and marketed 
other products like skis for helicopters and aircrafts that make it possible to 
land in conditions with deep and sott snow. Another product is a ski-box for 
helicopters, making it possible to transport the skis on the undercarriage, and 
not inside the cabin. In addition, Mr. Koivurova's knowledge regarding 
design and construction is offered on consultation basis. 

After some time, the owners decided to issue stocks and transform the 
company into Martekno Finland OY. In total there were over 30 private owners 
entering a capital of 1.1 million FIM. The family held 51,2% of the shares and 
kept the control of the company. All other investors answered the prospect 
and advertising in the newspapers. The stock introduction took place in the 
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fall of 1989 and was over-subscribed. On the first of January 1990, the 
transformation to Martekno Finland OY took place and through this new 
capital, they had the possibility to expand and continue their development of 
ATOL. 
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Figure 6.3. Turnover at Martekno KB & OY between 1986-91. 

As can be seen in figure 6.3, the turnover fluctuated over the years. The main 
reason is that it pictures a process from starting as a small family-owned 
company to stock introduction with over thirty owners. Due to the nature of 
the firm's product, the difference between one or no aircraft sold is evident in 
1989. 

6C.2 ORGANIZATION & KEY EMPLOYEES 

Mr. Koivurova has been holding the position of CEO as well as technical 
director. In addition to the employees working in the workshop, there has 
been an accountant, a secretary, a part time inspector (regulations from the 
Board of Civil Aviation), and a foreman managing the workforce. 

As can be seen in figure 6.4 below, the number of employees varied over time. 
The expansion started in 1988/89 and reached its peak in 1991 when they, at 
most, employed ten people full time and three to four people on part time 
assignments. The most drastic change occurred in 1991/92 when the firm 
went bankrupt and all employment was ended. The reasons for this 
development will be discussed later in this chapter. 
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One part of the development process that became more difficult than expected 
was to educate the employees regarding the quality of t heir work. Even if Mr. 
Koivurova did not experience any problems regarding different roles during 
the development process, he recognized the overall responsibility as a burden 
to carry. At one time, he tried to assign the marketing responsibility to one of 
the employees without any success. 

Mr. Koivurova considers the test pilot and board member Juhani Malinen, 
Professor Mauri Määttänen at University of Oulu who helped him with the 
strength study, Huhtala, the economic consultant and his wife as the most 
important individuals during the development process. The most important 
organizations have been the Finnish Board of Civil Aviation and University of 
Oulu. 
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Figure 6.4. Number of employees at Martekno KB & OY 
between 1986-91. 

MARKKU KOIVUROVA 

Mr. Koivurova is in his late thirties and has an engineering degree in machine 
design from Uleåborg. In addition, he has taken courses in aircraft 
construction. He has held numerous positions after graduation. Worth 
mentioning are, assistant mechanic at Uleåborg aircraft repair shop and 
designer at Finncat Vehigle AB, Eiri-Avion Kb, and Nordtrack AB. Before 
forming the company, Mr. Koivurova took a course in "starting your own 
company" at University of Lapland. 

Mr. Koivurova would like to label himself a designer. The main reason for 
having his own company was to have the opportunity to develop things that 
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he finds interesting, and to do it on his own terms. When asked if he like to 
organize things he answer that he must like it. Mr. Koivurova has been 
interested in aviation for a long time. He started by taking a glider certificate, 
and has at present time certificate to operate hang-gliders, motorized gliders, 
regular aircrafts, and helicopters. In 1984/85 his interest regarding 
experimental and ultralight aircrafts had further developed and he became a 
member of the Civil Aviation Agency with the authority to inspect ultralight 
aircrafts and hang gliders. He sees this assignment as a hobby and is still 
active as an inspector. 

When asked what his personal goal with this project has been he answers that 
it is a very difficult question since he has never thought about it. He never had 
any doubts with regard to if the project was possible to carry out. He believes 
that the monetary reward is an important aspect and that it would not be 
enough to sell a few assembly kits. If the driving force for the development of 
the ATOL had been personal it would be both simpler and more economical 
to make one aircraft for his own use than to start a full production with all its 
problems. Since the driving force is monetary compensation, Mr. Koivurova 
argues that the part of the development process he prefers more than the 
others is the commercialization phase. 

Any distinction between work and free time could not be detected. When 
asked if it was fun or not, his answer was that at the time everything was one 
big chaos and that he had no time to think about it. 

6C.3 CASE FOCUS - THE ATOL 

Mr. Koivurova's interest for developing an amfibie aircraft originates from 
meeting a person in 1974 that just attended the large international fly-in at 
Oshkosh, USA. He was shown pictures of an experimental amfibie called 
Osprey II, and was very close to order the blue-prints and start to build an 
aircraft of his own. Later on, an Osprey II crashed in Finland when the engine 
stopped just after take-off. The Finnish Civil Aviation Agency made an 
investigation and they found one of t he reasons to be the flight handling due 
to its construction. The aircraft had a tendency to stall when the engine 
stopped. Mr. Koivurova decided that it must be possible to design an aircraft 
similar to the Osprey II, without the weaknesses. During a long period of time 
the home of Markku and Sinikka Koivurova was covered with pictures of 
different amphibian aircraft. All leisure time was used to collect more 
information and to sketch on constructions of his own. As time passed by an 
aircraft of his own design started to emerge. 
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The development of the ultralight ATOL amphibian aircraft started full time 
in 1986. It was possible through a 167.000 FIM grant from the Finnish Ministry 
of Trade and Industry. The administrative chores were mostly done at the 
family house, but they rented a 170m2 workshop area that made it possible to 
build and test the prototype construction. At first the project had a 
preliminary budget of close to 300.000 FIM and about 5.000 working hours. In 
addition to Koivurova there was one employee working with the project. 
After working on the prototype for two years it was time for the maiden flight 
in August 1988. Two months later, in October, they made the first flight from 
water. The flight tests were successful and no surprises occurred. 

In April 1989 Ari Huhtala, the economic consultant presents a take off plan for 
Martekno KB. The planned sales and production volume is presented in table 
6.2, below. As can be seen, their intention were to market the product 
domestically, then in Sweden and Norway, and finally in Europe and North 
America. 

At that time the budget had grown to over 610.000 FIM and over 11.000 
working hours. In September the same year a storm wrecked the prototype 
that at the time was stored outdoors. Even if the flight tests were a success 
they decided that the aircraft was not fully developed. With the 100.000 FIM 
insurance money they had the possibility to build a second prototype. 
Basically the construction was the same. They changed material in the 
fuselage due to production/technical reasons. In the first prototype the 
material was 1 mm plywood. When the material became wet or damp it 
started to twist and the surface did not look good. In the second prototype 
they used a sandwich construction with plywood and PVC-foam. Other 
changes like the redesign of the canopy was purely cosmetically. 

MarketWear 1989 1990 1991 1992 

Finland 8 12 15 12 

Sweden 0 12 25 25 

Norway 0 0 2 10 

Europe & North America 0 0 5 50 

Table 6.2. Planned Sales & Production of ATOL in 1989. 

A pre-series of eight assembly kits was also started in 1989. The so called 0-
series was used to test if blue-prints, tools, and manufacturing methods was 
working satisfactory. Five of the assembly kits were sold the same year, all 
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within Finland. The company received capital both from their customers and 
from the new investors joining the company. The publicity around the 
company and its product had been high. The flight magazines willingness to 
publish material was remarkable. At one time they sent an article to ten 
different international magazines, nine of them published it without 
alterations and with the company address included. (Letters and phone calls 
are still coming in even though the last article was printed some years back.) 
At that time the future looked bright and clear since they had interested 
customers and enough capital to complete the development of ATOL. 

During spring 1991, Martekno Finland OY was approved and licensed by the 
Finnish Civil Aviation Agency as manufacturers of aircrafts and parts of 
aircrafts. The summer of 1991, the Finnish economy plunged into a recession. 
The recession affected Martekno Finland OY as well. One year and 10 months 
after they had transformed Martekno KB to Martekno Finland OY Mr. 
Koivurova received a debt collection note on the amount of 18.000 FIM. He 
realized that there was no way out. He stopped working and applied for 
bankruptcy. The company was closed down and the local Finnish 
enforcement services tried to sell equipment, tools, product rights, parts for 
two planes, and the second prototype during a year. During this time Mr. 
Koivurova tried to raise money for the local museum to buy the second 
prototype. 

Mr. Koivurova had been acting CEO in the company for the whole period 
except for the last period before the bankruptcy. Two months before the 
bankruptcy Kehitysaluerahusto (KERA Ltd. Enterprise development and 
financing) the regional development fund took the initiative to a board 
meeting were Mr. Koivurova was excluded. They appointed a representative 
from the regional development fund as new CEO. Mr. Koivurova had 
promised his wife "never again", but in the summer of 1992 he made some 
inquires about buying back the company. A representative from KERA Ltd. 
opposed and decided that anyone except Mr. Koivurova could buy the 
company for the symbolic sum of one (1) FIM. In February 1993, after an 
additional six month period with no prospective buyer, they finally accepted 
Mr. Koivurova as buyer of the company for "a few ten thousand FIM". 

After he regained control of the company, now under the name of ATOL 
Avion OY, he applied for financial resources from the Finnish Ministry of 
Trade and Industry to complete the project. He was granted 50% of a 400.000 
FIM project, which means that he has to raise 200.000 FIM from other sources. 
At the time he was restarting the project he got another project, a snowmobile 
for kids. He has worked together with NORDTRACK and the product was 
ready for market introduction for the season of 1995/96. This project has 
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helped him raise the 200.000 FIM needed to complete the ATOL since the 
family has taken a decision to never again finance any form of product 
development projects by lending money. In total, the project has costed about 
six million FIM. Four million were loans and 1.1 million came from the 
shareholders. The rest came from selling the assembly kits. 

An aircraft project is not finished until the proper documentation is 
completed. Companies manufacturing aircraft or parts used by aircraft must 
have a production certificate from the Board of Civil Aviation. The certificate 
will be given only when a rigorous manual of the production process has been 
developed. Mr. Koivurova has been in contact with an engineer to write the 
documentation in English. The reason for choosing English is that he believes 
that the ATOL will be built somewhere outside Finland in the future ~ the 
English documentation is a prerequisite for making this possible. 

The planning range during the project was from the start one year. When they 
became Martekno Finland OY, they extended the span to three years. When 
talking about the time frame, Mr. Koivurova stressed that a project like this 
never becomes outdated and made references to aircraft designed in the 1940s 
that are still produced. 

An important parameter when buying an aircraft is, according to Mr. 
Koivurova, the technology level of t he aircraft. The price is of less importance. 
The product is aiming at a small niche of the aircraft market with few 
competitors. Mr. Koivurova is able to name only two competitors, the 
American Avid Amfibio and the French Petrel. It is notable that the ATOL is 
built around traditional technology. The wing is a standard low speed profile, 
developed by NACA20, model LS 1.1705. The only part that is new is the 
choice of PVC-foam instead of balsa wood as distance material in the 
sandwich construction. 

Mr. Koivurova believes that the process has been both technology and market 
driven. No surveys about the market or what the customer wants has been 
made. Mr. Koivurova is confident that the product speaks for itself. He said 
that "if you took a photo of an ATOL and asked any pilot; Would you like to 
buy a plane like this?" he is certain that the answer would be "Yes, 
absolutely." 

20 
NACA is an abbreviation for National Advisory Committee for Aeronautics. NACA have 

produced an airfoil catalogue based on wind tunnel tests at Langley Field, Virginia, USA 
(Bonaccorsi, 1995). 
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With reference from the five kits they have sold, they cannot distinguish a 
certain type of customer, although it is certain that they can be categorized 
more as builders than flyers. Building is a hobby, which can be supported by 
the fact that experimental and ultralight aircraft in general have a low yearly 
flight time. In 1989, there were somewhere around 180 ultralight and 50 
experimental aircraft registered in Finland. It was also established that 5-7 
experimental aircraft were completed each year. 

EXTERNAL ORGANIZATIONS AND COMPANIES 

Most of the development has been done internally, but some parts have been 
completed by external sources. During the development, they have also 
bought parts like avionics (instruments), bolts, nuts, and bearings from 
companies outside Finland. The blueprints have been created at a design 
bureau. The strength study, obligatory for testing the structure of the 
construction, was carried out with help of a professor Määttänen at University 
of Oulu. Finally, they have involved an engineer to write the documentation 
in English. 

While developing the product, four different companies in three different 
countries made enquires regarding licensed production — one in Australia, 
one in Sri Lanka, and two in Canada. Mr. Koivurova made some of his own 
enquires regarding production facilities in Poland, in Bielsko-Biala. They had 
a visit by a Polish technical director from SZD in 1990. He offered them 
qualified craftsmanship at the Polish factories for 13 USD per hour. Before any 
formal agreement was made, Martekno Finland OY went into bankruptcy. 

FUTURE ACTIVITIES 

Mr. Koivurova is confident about the future. When regaining the control of 
the ATOL project, he believes that the best part of the process lays ahead. 
When the project was expanding the first time, he had no time to enjoy what 
was happening. Everything, except for the publicity of the project has been 
more difficult then anticipated to carry out. Mr. Koivurova believes that 
product development similar to ATOL should be carried out with its own 
accumulated capital. Also, he concludes that the product development 
process should be carried out among a small group of people. After the 
product is completed and ready to be introduced on the market, the company 
can focus on expansion. 

With regard to the owners' intention to never again raise their capital needs 
by lending money, it is difficult to make a tight schedule. The time frame they 
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are working with is that the project is completed within 2 to 3 years of time. 
Mr. Koivurova's belief of a successful outcome of the ATOL project can be 
pictured by the following quote when unfolding the production 
documentation in English: 

"In the future, not maybe, but in the future somebody is making ATOL planes 
somewhere in the world, but not in Finland. This (documentation) makes it 
possible." 

Even if the aircraft was developed for a standard Rotax engine, Mr. Koivurova 
started the development of a new engine suitable for the ATOL. It is not a 
completely new construction, but is based on a four-stroke Suzuki engine 
with some parts taken from the Rotax and some parts by his own design. He 
believes that he can manufacture a superior engine with regard to fuel 
economy and durability. 
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6D. CASE D -
BA-12 DRAGON-FLY 

6D.1 MFI AB - A BACKGROUND 

In retrospect, one can say that two companies with the same actors have been 
using the initials MFI in Sweden. The first MFI AB, Malmö Flyg Industri AB, 
i.e., Malmö Flight Industry Ltd. was founded by Rudolf Abelin in 1952 by 
request of Förenade Bil. Abelin was acting as CEO and Björn Andreasson as 
chief designer. The company developed a number of products: Aircraft like 
MFI-9, MFI-10 and MFI-15; cars like the SAAB Sonett; a sports car prototype 
and truck to Volvo; military systems, like the Bantam robot, by appointment 
of Bofors. Another project was to renovate the floor in all of the Swedish 
Marine's twin rotor helicopters. The original metal floor was changed to one 
in non-corroding composite material. In total, they made this modification to 
about a dozen helicopters. 

Between 1957 and 1968, MFI AB was owned by Trelleborg Industries. The 
main reason was MFI AB's knowledge in submarine battery cells for usage in 
most western world submarines. In 1967, Abelin was informed that an 
agreement had been made between Trelleborg and SAAB. The consequence 
was that MFI AB was not allowed to compete with Trelleborg Plast regarding 
composite production equipment, even if they at that time were one of the 
leading firms in Europe regarding structural composites. In March 13, 1968 
SAAB bought the company and stepwise incorporated MFI AB with their own 
aviation division. In the mid 1970s, MFI AB developed a new aircraft concept. 
The concept was named MULAS, an abbreviation for Multi Utility Light 
Aircraft System. It was designed to be a flexible transportation platform 
suitable for use by United Nations or similar organisations in underdeveloped 
countries, or in catastrophe areas without a functioning infrastructure. The 
development led to the testing of a suitable wing in 1979, but since no 
supporting organization could be found, the project was put on ice. The 
experiences from the development were later used in SAAB's commuter 
aircraft SF 340. 

The full incorporation of MFI with SAAB's aviation division occurred at the 
same time as Abelin, the CEO of MFI AB, retired. Abelin, together with MFI 
AB's former chief designer, Andreasson, decided to start some sort of project 

153 



Additional Cases 

together. They had a company by the name of Norrvica Tecnica AB, but 
decided to change the name to something more relevant to their company 
mission. The new MFI AB, this time an abbreviation for Malmö Forskning och 
Innovations AB, i.e., Malmö Research and Innovation Ltd. was therefore 
formed in 1982. The company had Abelin and Andreasson as the two 
dominating owners, but in all, the ownership was extended to 10 different 
people. The intention with the company was to develop products that they 
would sell or license to other companies. Their first project started out as a 
school project with the objective of educating engineers in composite 
materials. As a way of incorporating the students in the educational program, 
they decided to start a project in composite material, where the students could 
be part of the building and development of a product. The number of students 
attending the program were nine. The idea of i ncorporating the students in a 
real development project came from Abelin's own education experience at the 
English aircraft manufacturer De Havilland. They did also have experience 
from the former MFI AB where they, during a period, had an internal 
engineering school with 18 students. At that occasion Andreasson, the 
designer, transformed one of his prior aircraft designs, the BA-4, to an all-
metal construction. The BA-4 variant was built as an integrated part of the 
educational program. 
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Figure 6.5. Turnover at MFI AB between 1981-93. 

As can be seen in Figure 6.5, the turnover has been increasing steadily over 
the first eight years. In 1989, MFI AB experienced a drastic drop which almost 
cut the turnover by half. When involved with external development projects, 
as most consultants are, assignments can fall out the same year and give major 
variations in turnover. Excluding the peek in 1988, MFI AB has a rather stable 
turnover from year to year. 
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6D.2 ORGANIZATION & KEY EMPLOYEES 

The company was structured in a traditional line organization where Abelin 
was acting as CEO. Björn Andreasson was not only technical chief, but also 
chief of design. They had first a designer and a computer aided design (CAD) 
specialist, Abelin's son. In the workshop they had two foremen, one 
specializing in metal and one in composites. The foremen had at most two 
workers each to their disposal. One person was responsible for workshop 
administration who also acted as product controller. Finally, administration 
was run by a position combining the secretary and accountant function. At 
most there were ten people working in the company. 

In many ways, the new MFI AB was a continuation of the former MFI AB, 
owned by SAAB. Their strategic plan was, according to Abelin, rather similar. 
He admits that a completely new plan would have been needed. Similar to the 
strategic plan, they kept the same structure. Naturally, due to their smaller 
size, not all positions could be filled as in the old organization. The strength 
was according to Abelin that; 

"we had vast experience in constuction but we also had the small team in the 
workshop. They had knowledge of both metal and composites, so we could have 
built almost any kind of prototype. It was almost paradise for a technician to 
start a company like this/' 

The planning horizon was, according to Abelin, not especially long. The main 
reason was that a company with a business mission of taking on development 
project assignments, has difficulties in knowing what kind of projects 
potential customers would offer. Even if th ere has been a diversity among the 
projects, Abelin noted that; 

"you could say that many of t he projects were a combination of b oth industrial 
operations and hobby activities." 

As can be seen in figure 6.6 below, the number of employees grew between 
1982 and 1985 to become steady when the company reached around eight 
employees. This is distinctly different from the former MFI AB, where they at 
most employed 365 people in Sweden, and an additional 20 people in 
Germany. At that time they had their own production equipment for 
composites, including 40 presses. 
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Figure 6.6. Number of Employees at MFI AB between 1981-92 

KEY ACTORS 

Rudolf Abelin was born in 1917. During his youth, he met a number of pilots 
and other people interested in aviation. At thirteen years old, he flew for the 
first time with one of Sweden's more well known pilots, Kurt Björkvall. For 
his higher education, he went to England and De Havilland Aeronautical 
Technical School to become a aeronautical engineer. At De Havilland, he 
worked on standard aircraft as well as more specialized construction. In 1937, 
he was part of the development of TK-4, an aircraft built for racing and 
competition purposes. It reached 423 km /h which was a remarkable speed at 
that time. Later, he travelled to Berlin, Charlottenburg to complement his 
studies with a German education of aeronautical engineering. 

Abelin returned to Sweden and was employed at AB Flygindustri as test pilot 
and construction inspector. At that time, they worked mostly with wooden 
constructions. (Abelin made the observation that wood is nature's own 
composite material.) Later they made constructions in Rayon fibers and Kaurit 
matrix, a first step towards composite technology. At AB Flygindustri, he was 
also involved in the development of FI-2 (later FI-3), a 12 seater/cargo glider 
for the Swedish airforce. The FI-3 prototype had its maiden flight in 1944, and 
Abelin was later also involved as test pilot. In 1951, he left Sweden and all 
technical development, and moved to The Netherlands. There, he was 
responsible for running a flight school. The flight education spanned from 
gliders to jet, and the graduates were later often employed by NATO. One 
year later, he returned to Sweden with the assignment to start Malmö Flyg-
Industri AB. 
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Abelin believes himself to be an entrepreneur. As a technically-oriented 
person working with prototype development during his whole career, he 
admits to the fact that he prefers the first part of the product development 
process which includes every aspect until the prototype is completed. He 
stresses the importance of a technical background for the entrepreneur and 
that all projects need a dedicated person who takes the main responsibility for 
the project. 

Björn Andreasson (1917 - 1993) was a well respected aircraft designer. He has 
on two occasions been awarded the Thulin-medal, the finest Swedish award 
an aircraft engineer/designer can get. His aircraft interest emerged in young 
years since he had a flying school and a German aircraft designer named 
Pelzner, located close to his home. His interest led to an education in aircraft 
engineering. After his education, he started at Bofors and was later transferred 
to SAAB. Before that, he was assigned to the development of the fighter 
aircraft J22 at FFVS, Bromma. 

In 1942, he started at AB Flygindustri where he, for the first time, met Rudolf 
Abelin. He started working in the team developing the glider, FI-1. The 
prototype had its maiden flight in October 7,1943 with a shortened wing from 
the Olympia glider. In all, only seven FI-1 were built (Axelsson, 1993). 
Afterwards, he followed the cargo glider FI-3 as mentioned above. Parallel to 
his work at AB Flygindustri, he developed and built a small single-seated 
aircraft named BA-4 ( the same design that later was transformed into an all-
metal construction, BA-4B for the internal engineering school at the first MFI 
AB). After the war, Andreasson transferred to Skandinavisk Aero in Denmark 
for a period of time. He has also worked at Convair in San Diego, USA. His 
assignments included responsibility for the development of the control system 
on the F-106 fighter and later, on the airliner, Coronado. During his stay in 
USA he developed a small aircraft on his leisure-time. The BA-7 model 
(forerunner to MFI-9 Junior) became well known when Carl Gustaf von Rosen 
used the small planes during the Biafra war. 

Abelin and Andreasson have been working as a team more or less since the 
second world war. As chief designer at both MFI AB, Andreasson held an 
important role. Andreasson was the one responsible for the major part of the 
ideas that emerged as a number of MFI AB projects. As a long time friend and 
colleague, Abelin speaks very highly of Andreasson. He stresses the 
importance of having a chief designer of aircraft who has his own certificate 
and can pilot their own construction to experience how it behaves. He 
believes that it will make them better designers. 
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6D.3 CASE FOCUS - THE BA-12 DRAGON-FLY 

The BA-12 project started out as an education program for engineers 
sponsored by the National Labour Market Board (AMS). The educational 
focus was on composite materials and construction. The student group 
consisted of n ine engineers and the program was officially seven month long. 
The first idea related to what later became the BA-12 aircraft was conceived 
on a flight from Singapore to Stockholm in 1982. Abelin and Andreasson 
discussed what they decided suitable specifications for a light aircraft, and 
Andreasson drew the first sketch on a napkin during the flight. It was a single 
seater with a high wing design and the traditional engine at front. The 
difference from the standard layout was that the cockpit was mounted below 
the engine and not behind, as most designs were. 

Abelin claims that the most important step in developing an aircraft is to 
choose the right specifications. Specifications can be made up by a customer 
or by the developing company itself. The important thing is to be honest with 
yourself and never start developing an aircraft based on an inferior 
specification. It must be adjusted to suit both industrial demands as well as 
customer demands. One important step in that direction is to have a designer 
with his own flight experience. Interesting to note is that with the exception of 
inverting the tail, the first general specifications were kept. 

In 1982, they applied for a conditional loan from NUTEK regarding the BA-12. 
Their application was accepted and they were granted 435.000 SEK. The single 
seated aircraft was built partly in a sandwich construction, using traditional 
hand lay-up technique of fibreglass with carbonfiber inserted to strengthen 
the construction in stress-critical areas. Sven-Olof Ridder has been the one 
supplying the wing-profile for the BA-12 p roject (and later also the BA-14). 
Ridder and MFI AB had earlier worked on a joint project with the MFI-15 
aircraft developed when MFI AB (the first) was owned by SAAB. Ridder and 
MFI AB tested a special wing profile in composite with high lift capacity. The 
result was a wing functioning very well in ideal conditions. The negative 
aspect was the high sensitivity to rain and other external factors. The 
experience from this specific wing profile led to the development of the wing 
profiles used on both Windex 1200 and BA-14. Another similarity to Windex 
1200 is that the BA-12 also used the König radial engine (later Rotax). 

The development of the BA-12 was carried out during 1983. The year was 
divided into two halves where the first half was dominated by design work, 
producing blue-prints and strength/stress calculations. The second half was 
dominated by workshop activities and the actual building of the prototype. 
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The prototype was, throughout the process, built as an integrated part of t he 
educational program and, in March 1984, after the educational program was 
concluded, the BA-12 was completed and had its maiden flight. The original 
construction had a V-tail design where the opening of the V was pointing 
downwards. After a number of test flights, they decided to change to a 
traditional V-tail with the opening turned up. The main reason was that they 
experienced some vibration due to the slip-stream from the propeller. After 
that change, the problems were resolved. Notable is that the CEO himself was 
often the testpilot — 65 of 75 hours in total were logged by Abelin. The project 
had grown, and additional funding of ca 150.000 SEK was given from 
NUTEK, together with 308.000 SEK from the development fund. 

The project was technology driven. At MFI AB, the actors knew what was 
possible to achieve from a technical perspective. Instead, they experienced a 
much greater insecurity with regard to the market and market potentials. 
Their co-operation with the Royal Swedish Aeroclub (KSAK) regarding 
production and sales organization relieved them from some of that insecurity 
— a false assumption as it turned out to be. The plan was that the Royal 
Swedish Aeroclub would manage the sales representation in Sweden. The 
manufacturing was planned to take place at the Swedish glider organizations' 
central repair and overhaul shop at Ålleberg. Abelin claims that the project 
lost momentum when it was transferred to the production facilities at lleberg. 
According to Abelin, the reasons were not lack of skill or their knowledge, but 
how they were organized. Also, the start-up cost for the production became 
higher than expected, and the Royal Swedish Aeroclub's sales organization 
(KSAB) did not have the stamina to wait for the experience curve to plan-out 
according to Mr. Abelin. 

The first BA-12 was present at an exhibition in Paris, 1985. It was not an 
aviation exhibition, but an exhibition focusing on plastics. The plane was used 
as a demonstration by the manufacturer, Dow Chemicals, as to how vinyl 
esters could be used in structural composite materials. The same year KSAK 
believed hat there was a dormant market for a marine version of BA-12 and 
order MFI AB to develop suitable floats to the aircraft. That was also the same 
year that MFI AB was active with projects for Ericsson (nose cone dummy for 
the JAS 39 Gripen), Volvo (development of chassie in composites), and the 
KaMeWa-group (blades for a wind turbine in wooden composites). With the 
employment of three additional people and all new projects, the company 
experienced financial difficulties. They had to establish a balance sheet for 
liquidation purposes to comply with the regulations set in the Swedish 
Aktiebolagslagen (Chapter 13, §2). Since the loans from NUTEK were 
conditional, the company avoided bankruptcy. NUTEK remitted loans worth 
738.000 SEK the year after. 
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In 1987, KSAK decided to drop the manufacturing of BA-12 and it was then 
transferred to one of the Swedish Marines' workshop for completion of the 
five planes that were in progress. The prototype was not included among 
those five. (All planes can at present time still be found within Sweden.) 

The Royal Swedish Aeroclub was also involved in a survey to scan the market 
potential for the BA-12. Even if Mr. Abelin mentions that when it comes to the 
marketing of a new aircraft, the trick of the trade is to let the demonstration 
pilot also be the salesperson, this marketing strategy was not implemented in 
the BA-12's (or later the BA-14's) case. Their idea was to let the Royal Swedish 
Aeroclub handle the Nordic market, and a German manufacturer to market 
the aircraft in the rest of Europe. Through earlier experience with the former 
MFI AB, they knew that a new aircraft would have very small chances to excel 
on an international market if it had not been accepted in its own country. 

The costs involved during the development can be divided into costs 
concerning the school, and costs involving the company. The sum for the 
project reaches in total about 1.5 million SEK. Of that, around one million SEK 
can be addressed as costs for the school, and the additional 500.000 SEK was 
invested by internally-generated funds. 

Even if the company has been terminated, the moulds for the BA-12 are still 
intact and stored. Abelin has not lost his belief in the product. He is still 
awaiting the fact that there will be someone (domestic or international) that 
will be interested in starting a production series of the aircraft. He is also 
pursuing the idea of changing the engine from the present two-stroke König 
engine to a four-stroke, or two-stroke diesel engine. He has been in contact 
with Folin Motors AB, a company in Flyinge specializing in racing engines for 
motorcycles. They have been developing an engine of their own, and have 
plans to modify it for use in an aircraft. Abelin supports this by explaining 
that a new generation of aircraft usually needs a new generation of engines. 
At the same time, he noted the old saying that one should never install a new 
engine in a new aircraft since it will involve too many new parameters. 

PROJECT BA-14 STARLING 

After the BA-12 project, they started an additional aircraft project. The 
development of BA-14 Starling started in 1986/87. Similar to BA-12, the 
project was technology-driven, even if the Royal Swedish Aeroclub did a 
marketing survey similar to the one for the BA-12 project. It was a larger 
project involving FFV Aerotech and NUTEK. The project resulted in a flying 
prototype. The prototype was tested, but never completed the full test 
program in order to get an airworthiness certificate. MFI AB's intention was to 
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carry the project through to completion, but FFV Aerotech who financed the 
project had other objectives. Their primary mission was to learn and 
understand more about composite technology. Similar to BA-12, the aircraft 
was built in a sandwich construction, using traditional hand lay-up technique 
with carbonfiber inserted to strengthen the construction in stress-critical areas 
although a somewhat higher portion of carbonfiber were used in the BA-14. 

No specific competitors can be found to the BA-14 according to Abelin. The 
reason for this is that when a designer makes the specification for a new 
aircraft, he tries to find a niche in which few or no competitors can be found. 
The specification for BA-14 was that it should be able to handle food bombing 
(matbombning) through attachment points on the wings and also carry a 
stretcher. The BA-14 S tarling had its premiere flight August 25, 1988. With 
only a few hours of flight testing, they attended the flight exhibition at 
Farnborough the same year. The development of the project was normal 
according to Abelin, although one major mistake happened during the 
prototype building and testing. They were using a similar tail to the one on 
BA-12. The problem occurred when the designer used the BA-12 tail as a 
starting point for the BA-14 construction without considering the fact that the 
BA-12 tail originally was designed to be inverted. Over a test flight period of 
three months, they experienced rudder problems without figuring out why. 
An outside test pilot even suggested that they needed more rudder elevation 
to cope with the problem. During this time, they experimented with stretching 
the tail part. Finally a second test pilot, working as a test pilot at SAAB, solved 
the mystery. The BA-14 flew 51 hours in total before the project was 
terminated. At that time, they planned to change the original 115 hk engine 
with a 160 hk engine. 

The development costs for BA-14 was much higher than for the BA-12. Abelin 
believes that 12 million SEK was invested, and that an additional 3 million 
SEK would have been needed to complete the project. Most of the costs were 
carried by FFV Aerotech, but the Swedish Airforce represented through the 
Swedish Defence Materiel Administration was also involved in the process. 

EXTERNAL ORGANIZATIONS AND COMPANIES 

Parts of the development process of BA-12 were handled by external 
organizations. To test the wing profile, a wind-tunnel is needed. The tests 
were carried out at the Royal Institute of Technology by S-O Ridder, the designer 
of Windex 1200. Another important actor for the development has been the 
Aeronautical Research Institute of Sweden (FFA). It is today, as mentioned earlier, 
a part of the Royal Institute of Technology in Stockholm. They have 
continuously tested parts throughout the project development, and have not 
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only supplied test results, but supported the project with their own experience 
and suggestions. Other important actors that Abelin mentions are suppliers. 
Examples are Remo Hausen, the inventor and supplier of Plexiglas, and 
Scandinavian Glasfiber AB in Falkenberg. 

During the development of BA-12, no international contacts were taken. It 
was later when the product was ready for production and marketing, that 
some preliminary contacts were made. Negotiations concerning a 
combination of production and education abroad were discussed for both BA-
12 and BA-14. In both cases, the production facility in question was located in 
Rostock, Germany. Rostock has a long tradition of aircraft manufacturing 
since it was the centre for Heinkel industries. They had negotiated a licensing 
agreement with the local major to start production at the airport Bart, but 
realized too late that the local major had no authority to sign the agreement. 
The correct authorities in former West-Germany had no interest in starting 
any aircraft production in Rostock, and the deal was off. Their contact and 
negotiations ended in 1992/93. 

ACTIVITIES AFTER THE FIRM WAS TERMINATED 

The MFI company was formally terminated in 1994. The death of Andreasson 
was not only a loss of a dear friend to the people involved in MFI AB, but it 
also created a lack of technological competence needed within the firm. Abelin 
acknowledges that the company's strengths, a solid design experience, 
together with the team in the workshop that could handle both composites 
and metal, made it a dream come true for any engineers. 

Abelin's urge to be involved in the development of new products has led him 
in new directions. One project he is currently involved in is an electric/hybrid 
car, and another is a new type of helicopter called Heroncopter. The projects 
are all involving a high degree of innovativeness and spans over a long period 
of time. An ending statement that pictures one of Abelin's motives to 
continuously thought out his life develop new products and constructions: 

"A designer will always want his designs to live on." 
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6.2 SUMMARY 

Reading the case presentation gives an understanding of the development 
process, but as always it is difficult to separate and keep track of a large 
amount of data. To simplify this process, an attempt to organize the key 
information has been done in table 6.3 that follows. Each and every 
information found in the case description cannot be entered, but key events 
often found in all three cases have been included. This table will also have the 
function of a preliminary assessment of the situation before the analysis 
begins. 

Year Stemme S-10 
Chrysalis 

ATOL BA-12 
Dragon-Fly 

1970s • (1978) Patent for the 
propulsion system 

accepted. 

• (1974) inventor interested 
in amphibian aircraft. 

1980 • Testing of propulsion 
system. 

1981 

1982 • MFI AB founded. 
• Study program starts, 
including BA-12 project. 

• 435' SEK loan from 
NUTEK. 

1983 • Development of 
BA-12 prototype. 

1984 • Stemme GmbH & Co. 
KG is founded. 

• Search for funding. 

• Inventor starts as CAA 
inspector. 

• Maiden flight by BA-12 
prototype. Study program 

ends. 
• NUTEK loan extended to 
596' SEK + 308' SEK from 

development fund. 

1985 • Funding solved & 
building of prototype 

starts. 
• First contact taken with 

Polish firm. 

• Martekno KB is founded. • BA-12 is certified. 
• Numerous other projects 

leads to expansion. 
• Eight employees. 

• 50% of the share-capital 
has been used. 

1986 • Maiden flight of first 
prototype. 

• Decision to develop own 
wing profile. 

• 167' FIM grant. 
• Building of prototype. 
• First employee is hired. 

• NUTEK remit 738' SEK 
in loans. 
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Year Stemme S-10 
Chrysalis 

ATOL BA-12 
Dragon-Fly 

1987 • Development of wing 
profile. 

• General adjustments on 
construction. 

• Cont. building of 
prototype. 

• Development of BA-14 
starts. 

• Difficulties with BA-12 
production at Ålleberg. 

1988 • Maiden flight of second 
prototype. 

• Maiden flight. • Maiden flight for BA-14 
Starling & attends 
Farnborough flight 

exhibition. 

1989 • Manufacturing & sales of 
assembly kits. 

• Decision to build 2:nd 
prototype. 

• 26' FIM grant. 

1990 • JAR-22 certification & 
pre-series production of 10 

aircraft. 

• Martekno KB becomes 
Martekno Finland OY. 
• Polish manufacturer 

visits. 
• Five employees. 

1991 • CAA certification & 
serial production starts. 

• Nine employees. 
• Officially licenced to 
manufacture aircraft 

material by CAA. 
• Files for bancruptcy in 

October. 

1992 •FAA certification. • Negotiations with 
Germans for 

production/education 
facility. 

1993 • Inventor buys back the 
company. 

• Granted 50% of 400' FIM. 

• Inventor dies. 

1994 • Searching for additional 
funding. 

• MFI AB is terminated 
and dissolved. 

1995 • Project documentation 
completed. 

Table 6.3. Summary of Additional Cases. 
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7. 
COMPARISON OF CASES 

& STATEMENTS 

Based on the information presented earlier, this chapter will focus on 
analyzing the information and systematically compare similarities and 
differences between the individual cases together with theoretical 
reflections. 

The chapter is divided into two major parts. First, a separate analysis of 
each additional case will be made. As a basis for this analysis, the 
statements made in chapter five are given. The structure follows chapter 
six, and starts with Stemme S10 Chrysalis, followed by ATOL and BA-12 
Dragon-Fly. Second, a comparison between cases will be given to picture 
similarities and differences among all cases, including Windex 1200. The 
second part starts with a summary of the prior statement's outcome 
regarding all cases, together with a discussion based on them. Later in 
the chapter, areas emerging from the cases that had similarities will be 
expanded upon. Even if t he structure follows the statements, an attempt 
is made to extend the analytical discussion when possible. This part ends 
in a figure of what the involved actors found important during the 
product development. The second part is not made in an effort to 
establish aggregated generalizations valid on all small firms within the 
aircraft industry. This is not to say that the findings have no importance 
to these firms, but a cautious attitude is to be preferred. The reason is that 
this study cannot support such statements since the objective has been to 
explore what takes place within these firms during their product 
development process together with the obvious fact that the population 
is to small. The comparison is therefore undertaken to demonstrate that 
there are certain phenomena existing in more than one of the studied 
firms. 
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It should also be noted that, after this analysis based on the statements 
formed in chapter five, an additional step is taken in chapter eight. In that 
chapter, the analysis is based on emerging issues based on all four cases, 
not only those from the Windex 1200 case. 

7.1 CASE B - STEMME SIO CHRYSALIS 
The Stemme S10 case is a narrative of a success story. It is a description of 
a man with an invention who succeeded in turning his invention into a 
commercial product. The S10 Chrysalis is a high-end product. With a 
price starting at 250.000 DM, the firm is focusing on a market segment 
with a high price and high quality demand. The price is motivated by its 
design and constructional concept, and with about 100 aircrafts sold, the 
product has proven its merit on both the domestic and international 
market. 

GENERAL ISSUES 

Under this title, three statements were made in chapter five. The 
statements are focusing on the firm's actors/owners' perspective on 
managing a business and product development projects. 

Statement 1: The owners/actors involved in the PDP do not recognize growth and profit 
maximization as important for the firm. 

Statement 2: RAD AB has a tendency to let the development project become equal to 
company mission. 

Statement 3: RAD AB is managed as a sel f sufficient leisure-time activi ty instead of as a 
'rational' corporation. 

The first statement concerns the issue of company growth and profit 
maximization. In the case of Windex 1200, the owners ranked their 
creativity and freedom to do their own things higher than company 
growth or maximizing their profit margin. Stemme GmbH & Co. KG 
does not show the same tendency. The company is managed as a rational 
corporation where profit and growth are considered important. One 
important aspect why they operate under these premises is that the 
investors are not directly involved in the company. As external investors, 
they have a strong influence and controller function on how the actors 
within the company commence their business. 
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Regarding statement two, Stemme GmbH & Co. KG was founded with the 
objective to explore the business opportunities that the patented 
propulsion could give. When asked about the mission statement, the 
answer was that it is divided into one main and two supportive 
objectives. The first, to make pilots happy by supplying them with the 
right tool, must be considered somewhat vague. The additional, earn 
money to the firm and supply a rewarding job environment for the 
employees, does not give a much better idea of how and what their main 
objective for the future can be. On the other hand, by analyzing their 
activities since starting, a clearer picture emerges. 

The company started as a single product company and has, after 
producing close to 100 aircraft, taken the first steps towards the 
development of a new type of aircraft. In addition, they have made 
different versions of the S10 Chrysalis. Regardless of looking at the S10 
versions or the forthcoming cargo/passenger aircraft, the propulsion 
system is a central part of their products. They have so far worked on 
aircraft projects where the propulsion system has been a key technology. 
Therefore, the mission can still be said to focus on exploring the business 
opportunities regarding their patent. Once this has been established, the 
second statement can be discussed. In the Stemme GmbH & Co. KG case, 
the development of the S10 Chrysalis has been equal to the company 
mission. Once the product was completed, other projects had to emerge 
and be shared in a mission statement. In addition as a natural evolution, 
other activities like marketing and production logistics have emerged as 
important aspects for a company managing a successful product. But 
returning to the company situation during the development process, it 
can be established that the product development process became equal to 
the company mission and that statement two is supported in this case. 

Statement three concerns the management style. Since the idea and 
development of the patented propulsion system was nurtured in Dr. 
Stemme's first company, one can only speculate regarding what type of 
management style that dominated within that firm. 

With regard to Stemme GmbH & Co. KG, Dr. Stemme did not start any 
development before the project was fully financed. The inventor/CEO 
did not work with the project without monetary compensation before the 
financial situation was solved. His personal investment before the start 
was solely to find people interested in funding the project. As mentioned 
earlier, the external investors function partly as company controllers and 
demand a return on their invested capital. Under these conditions, the 
company has to be managed in a professional way and not as a leisure-
time activity. If this were not the case, it would probably lead to a change 
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in management. Both in communicating with the company and when 
entering their combined office/workshop facility, the impression of 
efficiency and professionalism emerged. They represented an 
organization full of life and with continuous tasks and assignments to 
carry out. Based on these facts, statement three cannot find support at 
Stemme GmbH & Co. KG. 

Before entering the area of technology and market forces, the first three 
statements can be summarized by noting that Stemme GmbH & Co. KG 
started as a company where the mission was to develop the S10 Chrysalis 
and explore the business potentials in a rational and professional way. 

TECHNOLOGY AND MARKET FORCES 

Although the subtitle contains both technology and market, this part is 
focusing on two statements regarding technology, since the market 
aspect had little impact in the Windex 1200 case. 

Statement 4: RADAB is dominated by actors w ith a technical orientation. The firm is 
thereby oriented towards a technology-driven development proc ess. 

Statement 5: RADAB's strong technical orientation makes the firm an early adopter of 
new technology. 

When investigating if a firm is carrying out a technology-driven 
development process as noted in statements four, additional and future 
projects can help as an indicator of how and what their product 
development is aiming at. Stemme GmbH & Co. KG was, at the time, a 
single product company. A future project besides additional 
improvements and differentiation of the S10 construction is to develop a 
fast nine seated /cargo aircraft based on the same patented propulsion 
system implemented in the S10. Dr. Stemme is determined that they have 
accumulated an extensive knowledge base that gives them an advantage 
over any competitor. Even if their market segment will differ between the 
two aircraft, they are going to share the same key technology, the 
propulsion system. This gives evidence to what is considered the firm's 
major strength and contribution to the aircraft market. I.e., Stemme 
GmbH & Co. KG's objective is to commercialize their key invention, the 
patented propulsion system, thereby supporting statement four. 

The product development process can be divided into two major phases. 
First, the development of the propulsion system and secondly, the 
development and commercialization of the aircraft that benefits from the 
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propulsion system. As mentioned earlier, the propulsion system was 
developed by Dr. Stemme and resulted later on in a patent application 
that was accepted. The application for a patent is considered the very 
start of the development process by Dr. Stemme. He then started a small 
company whose objective was to develop and evaluate this propulsion 
system. It is difficult to form an opinion regarding what happened within 
the first company. It is evident that the development process carried out 
in this firm was of an innovative and practical character. When the tests 
were completed and feedback from exhibitions came in, a decision was 
made to start a company suitable for a larger scale of business. Important 
to note is that Dr. Stemme decided that the project was to be carried out 
even if it meant giving up control to external owners or part owners. A 
clear distinction can be made between the two companies7 objectives. In 
the first company, it was to nurture the invention. In the second 
company, the objective was to commercialize the invention. As many 
others before him, he tried to link his personal interest with his work. 

Even if Dr. Stemme works under the presumption that the development 
process has been market driven, a different viewpoint can be taken. The 
first thing developed was the propulsion system. As the next step, a 
suitable product, in this case a motorized glider, was developed to host 
the key technological invention. Even if market information was gathered 
during the development of t he aircraft21, the project has been technology 
driven. They also applied different forms of decision and idea finding 
techniques as a tool for finding the best aircraft concept. These activities 
do not contradict that they through these techniques were searching for 
the optimal concept for their propulsion system. 

The development of S10 Chrysalis involved new materials and new 
technical solutions. They had to develop their own drive shaft, reduction 
drive, and propeller configuration, among other things. In that sense they 
have been early adopters of new technology as statement five postulates. 

Even if they have been early adopters, as a contradiction, they have also 
experienced that integrating existing technology was enough of a task. 
Whenever possible, they preferred existing and well-tested technology 
before something new and untested. E.g., they have searched for a more 
powerful engine, but have never nurtured the idea of developing their 
own. The idea of focusing the firm's part of the development process to 

They where aware of c ompetitors to the S10 and could also analyze customer arguments 
(high price and large aircraft) for choosing one of the competitors instead of their own 
product. 

169 



Comparison of Cases & Statements 

integrating different parts is something they are working to refine in the 
future. Their aim has been to test all technological concepts at external 
Universities or institutes. They have also aimed at knowing the market, 
customer needs, and to act as the hub in a network of different sub 
developers and suppliers. Their overall conceptual vision has been their 
primary concern. This was, as mentioned earlier, refereed to as a virtual 
company by Dr. Stemme. 

Both statement four and five can be supported in the Stemme S10 case, 
even if they did not experience a situation as extreme as in the case of 
Windex 1200. The S10 Chrysalis has been developed in a technology-
driven process, but it also included market considerations. Stemme 
GmbH & Co. KG are early adopters of t echnology, even if t hey prefer to 
use existing and proven technology whenever possible. 

THE PRODUCT DEVELOPMENT PROCESS 

The part of product development involves four statements, and are as 
follows: 

Statement 6: Actors involved in product development at RADAB have a dominating 
interest in the first parts of the process, and less interest in later phases like 
commercialization. 

Statement 7: RADAB is dominated by a technical orientation , have a short economic 
planning range, and a strategic planning range for the proj ect that is close to infinity. 

Statement 8: Actors at RADAB have a tendency to start a development project as a hobby 
or leisure time activity before it is incorporated into the firm. 

Statement 9: Development projects at RADAB involves continuous improvements, 
redesigns or variation of the basic design. 

Statement six refers to which part of the development process that 
dominates within the firm. Dr. Stemme's background, acting as general 
manager, has a distinct influence on how the process was planned and 
later executed. His vast experience, as an expert for the German 
Association of E ngineers, did not prevent him from making some of the 
same mistakes as he warned others of doing. His principle was to take 
the original strategic plan and multiply the time and money needed with 
a factor of three. Even if he was aware of this when writing the first 
strategic plan, he found out that it was applicable to his own project as 
well. 
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The first development phase, from start to first test flight of prototype in 
15 months, must be considered fast. They had not at that time developed 
their own wing, but instead used one from a competitor. The 
development of their own wing together with redesigns of the fuselage 
etc. took an additional three years of time. Notable are that they decided 
to make adjustments on almost every part of the aircraft after the first 
prototype was completed. Even if the time from start to first flight was 
fast, Dr. Stemme did not feel that anything had gone smoother or easier 
than expected. Similar to the RADAB case, Stemme GmbH & Co. KG 
experienced problems with the documentation of the project. Lack of 
documentation was particularly evident during the interaction between 
actors responsible for the prototype building and the actors responsible 
for serial production. The actors involved in the prototype construction 
assumed that their counterparts in production would comprehend their 
solutions in a nonverbal way. They had a strong belief in some sort of 
uniform engineering expertise. When the nonverbal "translation" failed, 
or if the engineer simply forgot, it was a source of time delays and higher 
costs. Dr. Stemme found it extremely important to make the 
documentation comprehensive enough for the project to be freestanding 
from individual engineers. If a n engineer is away on a holiday or is ill, 
the project can proceed if the stand-in has enough documentation of what 
has been done and what should be done. The documentation is also of 
external importance if the aircraft is produced under license or sold to 
another company. Dr. Stemme believed that an inferior documentation 
together with funding difficulties in the latter part of the process are the 
two main reasons why an aircraft project fails. Notable is that the 
problem with documentation did not include the blueprints. They had a 
system that told them which version of the blueprint was valid, and if 
any changes had been made during the production. 

Financially, the project experienced difficulties even if the three owners 
had been supporting the firm since starting. The economic recession that 
most countries experienced in the beginning of the 1990s had a major 
influence on Stemme GmbH & Co. KG since the S10 was ready for launch 
about the same period. The firm had a completed aircraft but the market 
was dead. 

The employees have mainly been young engineers. They did not have a 
vast prior experience of serial production. Their contribution together 
with their engineering knowledge of prototype building were a high 
degree of motivation, together with an open and innovative mind. This 
configuration was according to Dr. Stemme the major contributor to the 
higher development costs. He believed that this configuration accounted 
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for at least 50% of the costs during the development process. The excess 
costs originated mainly from the process of teaching themselves. 

When looking back, it is naturally easy to point at situations that could 
have been omitted if the development project had been executed in an 
optimal way. An example was that four crash tests of the wing were 
made even if all tests could have been done the first time. It is difficult to 
assess to what extent these situations are avoidable. Especially when 
involved in difficult and complex new product development, a certain 
amount of trial and error has to be expected. 

When investigating the product development process, a focus on the 
physical development is natural since it is a major and concrete step for 
the ones involved. Even so, numerous other parts have to be carried out 
in order to present a new product on the market. No specific opinion can 
be detected based on the interviews regarding Stemme GmbH & Co. 
KG's preference for the first or later part of the development process. 
There seems to be a balance of actors and their interest that includes most 
parts involved in the process. 

Stemme GmbH & Co. KG did not experience the same situation as 
RADAB with regard to statement seven. The CEO planned the project 
from the start and as said earlier, the project was fully financed from 
then. A long planning range was therefore present. They had no prior 
product success to use as an economic leverage during their development 
of the S10. The S10 experienced a technical orientation, but the 
development project was also externally financed. The external control by 
the owners and financiers, together with the manager's long experience 
in development projects, created an environment where a distinct and 
well-planned project occured. They experienced delays, but the planning 
was still well organized and focused. 

The start of the project at Stemme GmbH & Co. KG did not come 
gradually as statement eight suggests. No development was carried out 
before or outside the company. Dr. Stemme's leisure time activity was to 
find suitable financiers to the project. His opinion was that there were no 
benefit in pursuing the development without knowing that the project 
was fully financed and therefore had the prerequisite to be completed. It 
should also be noted that the development of the propulsion system was 
carried out in Dr. Stemme's first company. That firm acted as a nurturing 
ground for Stemme GmbH & Co. KG. This suggests that even if the 
statement cannot be supported, a tendency towards a start-up period of a 
more fuzzy character presumably existed. 
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When it comes to continuous improvements, redesigns, and variations of 
the basic design, the S10 Chrysalis is more in line with the Windex 1200. 
Dr. Stemme notes: 

"I think we are on the right track, but we have to improve it (the S10) 
already in the near future. It is not possible to stay many years at the same 
level. At least we have to produce new reports in the paper. We do 
continuous product support of course. Step by step the product becomes 
better/' 

It is clear that they undertake improvements and variations to the basic 
design even if the reason for it might differ from the Windex 1200 case. 
The knowledge and experience learned from the S10 Chrysalis project is 
also in the process of being incorporated into their next aircraft project. In 
this case, the marketing aspects of their behavior are more outspoken, but 
statement nine can still find support at Stemme GmbH & Co. KG. 

Regarding the four statements above and Stemme GmbH & Co. KG, a 
discrepancy can be detected. They only experienced one of the 
characteristics found in the Windex 1200 case, and even that was 
performed for different reasons. 

THE OUTCOME OF THE PROCESS 

Statement 10: The product de velopment outcome at RADAB is primarily evaluated based 
on the owners/inventors personal objectives to complete a successful flyable aircraft. 
Financial success is secondary. 

To evaluate the outcome of the process as statement ten postulates, one 
has to look upon the objectives of both Dr. Stemme as founder, and the 
three financiers as the owners of the firm. 

It is evident that Stemme GmbH & Co. KG is a well managed and 
successful company that has completed what is considered the traditional 
product development process regarding their S10 aircraft. They are still 
searching for improvements together with developing versions of their 
basic design, but the fundamental product development is accomplished. 
Dr. Stemme started the firm to explore the business opportunities that 
emerged due to his patented propulsion system. He has been striving for 
growth and has succeeded. The growth of the company is notable, 
especially when including the Polish subcontractor. The external owners 
and financiers, without any operative connection to the company is 
another important aspect. Even if they might be generally interested in 
the aircraft industry, they have made a financial investment. Dr. Stemme 
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is thereby forced to meet their demand of a profitable business venture to 
motivate a continuation in the investment. A situation where the key 
actors in the product development process also are owners, does not 
create the same external pressure on the product development team. The 
company has grown, and since no one of the financiers has sold out or 
terminated their relation, one has to conclude that they are satisfied with 
the present arrangement. The outcome can therefore be considered a 
success for both the founder and the owners, but since the external 
owners hold a financial pressure on the firm, statement ten cannot be 
supported. 

MANAGEMENT OF RESOURCES 

The two statements below reflect on how the firm has managed its 
resources during the development process. 

Statement 11: The inventor wants to stay in control of the wh ole proj ect by mainly using 
internally controllable resources during the development proce ss. 

Statement 12: RADAB can undertake projects or sub-projects that are not possible to 
support from a financial perspective in order to complete their vision of the planned 
product. 

At RADAB, the inventor/part-owner stayed in control of the project 
partly by preventing others outside the firm to become an important 
contributor to the development process as noted in statement eleven. The 
situation is not the same in the Stemme case. The inventor/CEO had a 
working concept of a new motorized glider. He held a glider pilot 
licence, but had no prior experience in aircraft design/manufacturing. 
Past experience as a product development consultant told him that the 
project was too large and complex for one single individual to manage. 
Dr. Stemme noted: 

"I was not afraid entering a foreign area because my experience and main 
job is to understand basic problems and bring the things together and hold 
it running. Maybe it is an advantage to not be able to go into detail of how 
to calculate a special airfoil and so on, but to look at where the best people 
to do this are. It is much easier to look for the best people when you are not 
able to do it yourself. Otherwise, as I know myself, I would think that I was 
the best and do it myself/' 

This led him to include the Polish subcontractor in the development 
process, with job rotation among the employees between the two 
companies. Contradictory to the situation at RADAB, Stemme GmbH & 
Co. KG also have numerous relations with different Universities and 
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institutes. The firm does not have any personal connections or bonds to 
any of them, but uses them as suppliers in different specialities like 
composites, airfoil testing, vibrations testing etc. 

Statement twelve presents another situation that is not in any way found at 
Stemme GmbH & Co. KG. Their way of managing the project resulted in 
complete financing before starting. They have also experienced engine 
problems, but have selected one, with the option to redesign and change 
it as a product improvement in the future. As can be seen, none of the 
two statements above were supported. 

Actors & Human Resources 

The three statements below reflect upon how central actors and other 
personnel act and behave during the development process. 

Statement 13: The inventor and other key actors are involved as owners or part own ers of 
the firm. 

Statement 14: The role of the innovator is twofold since he functio n both as inventor as 
well as concept controller (owner responsibility) at RAD AB. 

Statement 15: The CEO is also a part time inventor. 

At RADAB, the inventor is one of the three owners as can be detected 
from statement thirteen. This gives him a strong commitment to the 
development project, together with a stronger influence than others 
possible. The inventor at Stemme GmbH & Co. KG is not owner or part 
owner of the firm, but he is the acting CEO. The role of CEO gives him a 
similar position as the owners to strongly influence the development 
process. Thus, even if the statement is not supported, a close involvement 
does exist. 

Regarding the inventor's twofold role in statement fourteen, it can be noted 
that Dr. Stemme does not have a long history within the aircraft industry. 
With his engineering background, he has worked as a general manager of 
funding, technology funding, and consulting institute of the German 
Association of Engineers. His background gives him a general 
knowledge of technology and their applications, but more importantly an 
in-depth knowledge of managing development projects. 

The key individual during the development of S10 Chrysalis has been Dr. 
Stemme. He laid the foundation to the firm when inventing his patented 
propulsion system. Dr. Stemme has a theoretical background together 

175 



Comparison of Cases & Statements 

with consultative experience in evaluating new ideas and start-up 
businesses. He is striving to explore new areas, even if he lacks prior 
knowledge in the field. His explanation regarding his role as manager 
makes it believable. Dr. Stemme is aware of his strengths and 
weaknesses. He does not try to be omnipotent during the development, 
but rather to find employees and external actors that have the 
competence needed to bring the project to completion. As acting CEO, he 
also believes that he has to plan ahead, and be one step further than what 
is possible today. In other words, the CEO needs to have a visionary 
capacity as his quotation below indicates. 

"The head of the company always has to be a step in front of what is 
happening in the company. He always has to set goals which are a bit 
ahead of what is to be done in the end, and what can be done." 

When faced with the question of what he finds most interesting, Dr. 
Stemme answers, selling and design. This pictures an individual that 
does not only have the characteristics of an inventor, but also a high 
interest in the market side of the project. This line of interest is needed 
since Dr. Stemme is acting as both inventor and general manager. One 
can by that conclude that even if Dr. Stemme does not experience any 
owner responsibility, he definitely has a twofold role as both inventor 
and concept controller, thereby supporting the statement. With this 
duality as both head of the company and the inventor, statement fifteen is 
more than sufficiently supported in the Stemme S10 case as well. 

When summarizing the statements regarding actors and roles, the 
statements regarding the twofold role as inventor/concept controller and 
inventor/CEO were supported. It is evident that even if D r. Stemme has 
no ownership interest in the firm, his position as inventor/CEO/concept 
controller creates a bond of s imilar strength for him. The owners are not 
involved on the operative level. They seem to look upon this as 
inventors, and as long as the firm and its actors performs well, they have 
no reason to change the concept. In all, it represents an effective and well-
managed operation, without the collective and deep commitment found 
among the actors and personnel at RAD AB. One reason for this is 
probably the difference in size between the two companies. 

INTERNATIONAL ACTIVITIES 

Statement 16: RAD AB uses the international arena , not only as a potential market , but 
as a resource base where shortcuts in the PDP can be found. 
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Statement sixteen assumes that the firm is established on an international 
arena, regarding both development and market aspects. Stemme GmbH 
& Co. KG is a case where the international orientation has been well 
integrated in product development, production, and sales. All research 
and development has been carried out at their facility in Strausberg, 
Germany. Their search for a suitable production facility led them to SZD 
in Bielsko-Biala, Poland. Their businesses with Polish firms have 
increased over time and they even helped fund one of them. Today, all 
manufacturing is done in Poland among three different companies. The 
Strausberg firm is today focused on R&D and to assemble the parts to a 
complete aircraft. They have established job-rotation programs between 
the firms in Germany and Poland. The internationalization process with 
Poland started as a cost-cutting project, but has grown over time to 
include learning and knowledge sharing in addition to just supplying a 
low cost production facility. 

The Strausberg factory is working in close relationship with its Polish 
counterpart. Even if the firm in Strausberg has the main responsibility for 
the construction, the Polish firm has been involved in the development of 
the moulds and tools. Since Dr. Stemme helped in financing the start-up 
of the Polish firm, it can seem natural that a close working relationship 
has emerged. Since the Polish firm brought with them experienced 
people with expertise in the area of production and manufacturing, one 
can argue that Stemme GmbH & Co. KG found an inexpensive method to 
accumulate this much needed knowledge. 

Stemme GmbH & Co. KG has, in addition, a number of sales 
organizations in different countries around the world. The international 
representatives have assisted with market knowledge and thus facilitated 
the firm in that area. They do support their product with some marketing 
activities. Advertising is made in aircraft magazines like the German 
Airkurir, but since they find it expensive, they try to make the most out 
of publicity, together with occasional letters to a list of potential 
customer. As stated above, Stemme GmbH & Co. KG is using the 
international arena in many ways and can thereby be said to support 
statement sixteen. 

SUMMARY 

It is notable that this project, to some extent has been a one man show. 
The key roles as inventor and CEO in this project have all been carried 
out by one man, Dr. Stemme. In this particular case, the concentration of 
key roles has been successful. Apparently, he has had the strength and 
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devotion to follow the project through all steps and phases of the product 
development without losing momentum during the process. It is also 
evident that only half of the statements above were supported. The 
statements supported are connected to company mission, technology, 
role of inventor, and international activities. 

Stemme GmbH & Co. KG does not experience the same amount of 
hobby/leisure-time activity that seems to have been present at RADAB. 
One reason for this can be the ownership situation. Their position 
constitutes a strong external influence on how to conduct business within 
the firm. The growth and expansion-rate of the firm have been high. Even 
if s ome personnel have left for other employment, it does not appear to 
constitute a problem. What did influence the process to a higher degree 
was their start-up process of finding suitable actors to participate in the 
development. The company also experienced some difficulties with the 
transition from prototype to production due to the lack of experience in 
this area among the young team. 

7.2 CASE C - ATOL 
The ATOL case is located at Rovaniemi in northern Finland. If the small 
aircraft industry is considered to be underdeveloped in Sweden, it is 
even less developed in Finland. Even so, similar to Sweden and 
numerous other countries, the EAA has a chapter in Finland to support 
people striving to build their own aircraft. 

GENERAL ISSUES 

The three statements of general character were as follows: 

Statement 1: The owners/actors involved in the PDP do not recognize growth and profit 
maximization as important for the firm. 

Statement 2: RADAB has a tendency to let the development project become equa l to 
company mission. 

Statement 3: RADAB is managed as a self sufficient leisure-time activity instead of as a 
'rational' corporation. 

In the case of A TOL, the owner/inventor/CEO was outspoken about his 
vision to make money by selling numerous aircraft. The company 
experienced a fast growth rate before ending in bankruptcy. The 
owner/inventor/CEO had the opportunity to repurchase the company 
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and is, at present time, continuing the commercialization process. The 
second time he and his wife included a new business principle. They 
agreed upon that the continued development should be based on profits 
form other projects and that no further loans should be taken. The 
principle was established to prevent further financial difficulties. They 
decided to have a longer time-frame in order to keep the financial risk to 
a minimum. A tendency towards striving for a technically-fulfilled 
product can also be seen. Even if they, after the bankruptcy, have decided 
to grow at a slower pace, the growth and monetary rewards seem to be 
higher prioritized at RADAB. Statement one is therefore not supported. 

Regarding statement two, the company started without any clear mission 
statements. The firm has been dominated by the development of the 
ATOL aircraft. Preliminary strategic and business plans were discussed, 
but none were written down. This pictures a firm where the owners and 
involved actors are more interested in nurturing their innovative side by 
working with the physical development on an operative level, than to 
lead the firm on a more strategic level. Other projects have been carried 
out parallel to the development of ATOL. The reason has always been to 
use them as a source to finance the continued development of ATOL. 
This makes it possible to assume that the development project is looked 
upon as the main company mission and the statement is thereby 
supported. 

The development of ATOL has taken place over a long period. In 
addition, the project grew larger than what was possible to handle within 
the first company's financial structure. To be able to attract enough 
external capital, the owners decided to go public with the company. This 
was a key decision since Mr. Koivurova as both inventor, CEO and 
technical chief decided that the continuation of t he product development 
was more important than keeping the firm within the family. The process 
has also been partly financed by other profitable project even if a majority 
of the capital came through issuing stocks to prospective buyers and 
through loans. 

By looking at the activities, one can detect a start-up phase where the 
firm was founded based on an idea nurtured on the inventor's leisure-
time. Even if the firm at first may have been managed as a leisure-time 
activity, it was transformed into a more "rational" one. Based on that 
transformation, statement three would not be supported. When continuing 
the project evolution after the bankruptcy, a new pattern can once again 
be detected. As mentioned earlier, the owners have decided to continue 
the project, but only with internally generated capital (through other 
projects). As such, it has become a leisure-time project with a fuzzy time 
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frame since the project will take "as long as it has to." It is thereby 
possible to find support for statement three in the new firm's managerial 
behaviour. I.e., both types of behaviour have been present during the 
development process. 

The three statements present a picture of a firm that does want to grow 
with their newly developed product as their main concern and benefit. 
The handling and management of the firm have differed based on the 
physical and monetary basis at hand in each situation. 

TECHNOLOGY AND MARKET FORCES 

The two technology-oriented statements are as follows: 

Statement 4: RADAB is dominated by actors w ith a technica l orientation. The firm is 
thereby oriented towards a technology-driven development proces s. 

Statement 5: RADAB's strong technical orientation makes the firm an early adopte r of 
new technology. 

ATOL's construction and material cannot be considered highly 
innovative or highly technological. The aircraft is based on traditional 
ideas regarding the construction of an amphibian, although there are 
parts of the construction where the inventor has assembled materials in a 
new combination. When talking to Mr. Koivurova, he expressed a 
knowledge of the product's market. He named the two major 
competitors, mentioned differences and why the ATOL often is superior 
to them. On the other hand, with a price of 250.000 FIM it is more 
expensive than the competitors and has to be superior in some way. Even 
if the inventor searched the market for a product before starting to 
develop his own concept, he was convinced that a better technical 
solution was possible to achieve. This product would then be in demand 
by the market through its superior design and performance. It is also 
notable that the process was internally driven without any market 
information gathered before the project started. The project must be 
considered technology-driven and statement four is thereby supported. 

Since ATOL was developed as a product primarily based on well-known 
technology, and cannot be considered an early adopter of technology, 
statement five cannot be supported. 
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THE PRODUCT DEVELOPMENT PROCESS 

The four statements regarding the product development process were as 
follows: 

Statement 6: Actors involved in product development at RAD AB have a dominating 
interest in the first parts of the process, and less interest in later phases like 
commercia I iza tion. 

Statement 7: RADAB is dominated by a technical orientation , have a short economic 
planning range, and a strategic planning range for the pr oject that is close to infinity. 

Statement 8: Actors at RADAB have a tendency to sta rt a development proje ct as a hobby 
or leisure time activity before it is incorporated into the firm. 

Statement 9: Development projects at RADAB involves continuous improvements, 
redesigns or variation of the basic design. 

After a period of two years of full time devotion to the project, the first 
prototype made its first flight. The design was found acceptable and they 
started to manufacture assembly kits. This decision to go ahead and 
market the product is different from the Windex 1200, where the owners 
made additional improvements continuously. A tendency towards the 
same behavior of making improvements can be detected when the first 
prototype was ruined in a storm. With the insurance money they 
received, they decided to build a second prototype and to add some 
improvements to the original construction. Notable is that the changes 
can be labeled as minor and mostly for cosmetic reasons. The technical 
specifications are the same excluding the choice of different materials in 
the fuselage. The change was made based on technical reasons for the 
manufacturing process, and as such, prototype number one must be 
considered a success. 

During the product development process, Mr. Koivurova's time has been 
a scarce resource. His main focus was on the physical development of the 
product, and did not find time to manage the business as a whole. He 
considers his position as best at the time for the interview because he had 
regained control of b oth company and product. This pictures a designer 
that is utterly content with a development process that is keeping a small 
scale organization and where he, the designer can devote most of his time 
to follow the project hands-on. If the development time can be shortened 
by an expansion of the firm, he would still prefer the smaller scale since 
he prioritizes all aspects that enables him to work with the physical 
development. 
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Mr. Koivurova is primarily an inventor and designer. His fascination 
towards aircraft and flying in general is evident with all his certificates 
that allow him to fly anything from gliders to helicopters. Evidence of his 
versatility is found in the family house (of h is own design) and that he is 
earning his living as an external designer for companies like the 
snowmobile manufacturer, Lynx. His objective, when starting the first 
company, Martekno Kommandiitti, was to establish an environment 
where he could develop products of his own choosing and in his own 
way. The ATOL project grew fast and more capital was needed. By the 
formation of a new company named Martekno Finland OY, the infusion 
of c apital was solved, but to the expense of renouncing the freedom and 
control he had earlier. Even if Mr. Koivurova expresses an externally 
driven reason, i.e., making profits as the main reason for undertaking this 
project, it is evident that the internal motivation is stronger. The family 
was even planning to emigrate to Sweden if the project would gain more 
support from government and financiers there, than in Finland. 

Administrative and organizational tasks are something that have to be 
done, but apparently not with great enthusiasm. It is something that Mr. 
Koivurova at times considers not having time for, i.e., they have had a 
lower priority than other functions within the firm. His wife noted: 

"This organization did not have time to function properly. All his time was 
focused on the development of the product." 

The picture above describes a situation that supports statement six. 

When first starting with the development project, Mr. Koivurova applied 
a planning range of one year. When they started Martekno Finland OY, 
they incorporated a three years planning range. It can be argued how 
much planning actually took place since Mr. Koivurova said that he did 
not find enough time to manage the administrative side of the business 
together with the fact that no strategic plan was ever documented. The 
case clearly experienced an inventor/owner/CEO with a leverage to the 
technological side of the development process. His closeness to the 
project and multitude of roles does not fit the picture of a rational 
manager. After the bankruptcy and reconstruction, the owners have 
agreed to finance the completion of the aircraft by other profitable 
ventures and not by loans even if t his will stretch the time-frame for the 
project. Since their strategic planning range is highly dynamic, statement 
seven is supported. 

Regarding statement eight, the ATOL case once again shows similarities 
with RADAB. Like Windex 1200, the idea of developing their own 
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aircraft emerged gradually over a longer period. It became a leisure time 
activity to search the market for an amphibian and when no suitable 
model was found, the interest was shifted to developing a design of his 
own. This search process took place over a long period that after 10-12 
years resulted in a full-time project. The project has been a central part of 
the Koivurova family-life since its beginning. Money, working hours, and 
their leisure-time have all been dominated by the development of ATOL. 
It is a project that has involved the whole family. The statement is 
strongly supported. 

The ATOL project involved two prototypes. Based on the second 
prototype, they decided to start the full production before the bankruptcy 
stopped the project. The inventor is aware of a few competitors, even if 
he considers them inferior to his own design. Even if they at this time 
could focus their efforts on starting the production of the aircraft, the 
inventor has undertaken a project of modifying an engine suitable for the 
aircraft. It is therefore evident that he will continue with modifications to 
the basic design. Statement nine is therefore supported. 

All four statements regarding the product development process were 
supported and are in general comparable to the development of Windex 
1200. 

THE OUTCOME OF THE PROCESS 

Statement 10: The product development outcome at RAD AB is primarily evaluated based 
on the owners/inventors personal objectives to complete a successful fly able aircraft. 
Financial success is secondary. 

The firm's bankruptcy during the development must be considered a 
failure for the project. The inventor's explicit notion that their objective 
was to sell several assembly kits, supports this opinion. The 
inventor/CEO notes: 

"With a self-owned company, you can develop the things you want to. 
From start that was the plan, but that was not accomplished. When the 
financial investment became too large, it didn't succeed either. This 
company grew to fast." 

This event constitutes a major interruption of the process. Even if the 
project was brought to an abrupt halt due to the bankruptcy, it has 
afterwards been continued at a slower pace. The product itself is 
something that the inventor is content with. With regard to the process of 
how the product was developed, and the time it has taken them, the 
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opinion differs. Even if the project has resulted in his own flyable aircraft, 
there has been motives of some sort of financial rewards behind this 
project. This fact makes statement ten questionable. The inventor/CEO's 
personal objective includes a financial motive to a rather high degree. The 
statement can therefore not be fully supported. 

MANAGEMENT OF RESOURCES 

The following two statements focus on how the resources are managed 
during the development process. 

Statement 11: The inventor wants to stay in control o f the whole pro ject by mainly using 
internally controllable resources during the development proc ess. 

Statement 12: RAD AB can undertake projects or sub-projects that are not possible to 
support from a financial perspective in order to complete their vision of the planned 
product. 

Regarding the inventor's need for control as statement eleven states, a 
tendency towards being in full control of the development process can be 
found in the ATOL case. The inventor/owner/CEO did not find time for 
marketing issues since the physical development took all his time. At one 
time he also held the position as chairman of the board. He seems to have 
some difficulties delegating responsibility in the organization. At times 
he appointed employees to manage aspects like marketing, but was not 
content with the result. It is difficult in retrospect to pinpoint the reason 
for this. It can be a mediocre workmanship from the one appointed, but it 
can as well be an effect of Mr. Koivurova's need to stay in control of how 
the project is developing. This can be interpreted as a strong need of 
control regarding the development project, thereby supporting the 
statement. 

At RADAB they started to develop their own engine since no one within 
suitable specifications could be found. At ATOL Avion OY, they also 
started to develop their own engine. Suitable engines for the aircraft 
could at that time be found on the market, but their converted car engine 
can be seen as an improvement over the present ones. In both cases it 
represents a sub-project instigated by the inventor's vision of a 
technically-fulfilled product even if Mr. Koivurova has confined the 
project to improving and converting an engine already present on the 
market. 

After the bankruptcy, Mr. Koivurova continued to work on the project. 
This devotion is a strong indicator of his need of self-fulfilment. The 
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tendency towards reaching the vision of the potential product is also 
supported by the inventor's engine development. Instead of focusing on 
completing the aircraft and launching it on the market, he is taking time 
and devotion to improving a part of the project that will lift the product 
closer to its full potential. Statement twelve is therefore supported. 

Similar to the area of product development, the two statements in their 
management of resources were supported in the ATOL case. 

Actors & Human Resources 

The following three statements represent different statements on how 
central actors and roles behave, and their attitude towards the firm. 

Statement 13: The inventor and other key actors are involved as owners or part ow ners of 
the firm. 

Statement 14: The role of the innovator is twofold since he function both as inventor as 
well as concept controller (owner responsibility) at RAD AB. 

Statement 15: The CEO is also a part time inventor . 

It is evident that statement thirteen is supported since the inventor was 
and is both majority owner and CEO of t he firms involved in developing 
the ATOL. 

The aspect Mr. Koivurova found most difficult and distressing during the 
development process was the continuous need to educate the employees, 
especially regarding product quality. The organization was built with 
actors whose competence exclusively focused on technology 
development and engineering. Competencies in the area of production, 
marketing etc. were of subordinate priority. As can be seen in chapter six, 
figure 6.3, the ATOL project experienced a rapid growth after four years 
of existence. This rapid growth can explain Mr. Koivurova's distress 
regarding the employees. When the expansion was made in a rapid 
tempo, it must have been difficult for him to keep in control of the 
process. The growth coincided with a deep recession in the Finnish 
economy, and the expansion finally ended in bankruptcy. A year after 
the bankruptcy, the inventor could buy the remains of the company back. 
Still, the momentum had been lost and the development was once again 
carried out as a leisure-time activity. 

As both inventor and owner/CEO, Mr. Koivurova acted as both inventor 
and concept controller, even if it was evident that he found the 
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controlling aspect of less interest. Statement fourteen and fifteen are 
therefore both supported. 

Among the statements concerning actors and roles, a close similarity to 
the Windex 1200 project is given. Both statements regarding the 
inventor's position and activities were supported, together with the key 
actor's role as part owners. 

INTERNATIONAL ACTIVITIES 

Statement 16: RAD AB uses the international arena , not only as a potential market , but 
as a resource base where shortcuts in the PDP can be found. 

The development process has been carried out at the firm's workshop in 
Rovaniemi. Some contacts in other Finnish cities have been used as well, 
but the development has been done within the domestic arena. This fact 
has not excluded international contacts during part of the development 
process. The owner/inventor/CEO planned for a manufacturing facility 
outside Finland. Four countries, all in separate continents, have been 
enquiring about the possibilities of producing the aircraft. They had 
offers from companies in Australia, Sri Lanka and two from Canada to 
set up production facilities. At one time they even considered moving to 
Sweden as a way of f inding more financial support for their project. The 
firm also had a visitor from SZD in Poland before the bankruptcy. The 
negotiations were never completed since the bankruptcy ruined further 
planning. Statement sixteen can therefore be looked upon as supported. 

SUMMARY 

The ATOL case experiences many similarities with the development of 
Windex 1200 and most of the statements were supported. Central for the 
development is an inventor that has a vision and a dream of a product 
better than the existing ones. The case experienced a long pre-
development phase as a leisure-time activity at the Koivurova home. The 
ones not supported concerned growth, profit-maximization, and 
technology adaptation. 

At all times Mr. Koivurova's time seems to have been a scarce resource. 
That is understandable considering his multiple roles. He focused on the 
technical side and did not take time to finish business/marketing plans, 
market decisions, etc. These facts point to a condition where all the key 
positions that were Mr. Koivurova's responsibility created an 
unfavorable situation for the project. 
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Interesting to note is that when reflecting on what went wrong during 
the process, Mr. Koivurova believes they should have kept a small 
organization during the whole development process. Only when the 
product was ready should the organization have been aloud to expand. 
By doing the opposite, they had to carry extra costs throughout most of 
the development process. After the bankruptcy, Mr. Koivurova is of the 
opinion that development projects should only be done with internally-
generated capital, or through governmental support, not with a loan. It is 
also, as in the case of Windex 1200, a development project where the 
small firm makes good use of University resources. Expertise found at a 
local University was used for the strength study of the fuselage. 

7.3 CASE D - BA-12 DRAGON-FLY 
With the fourth case, we return to Sweden and Malmö. As mentioned 
earlier in the case description, the case has some close links to actors 
involved with the Windex 1200 project. 

GENERAL ISSUES 

This area consists of three statements of a general character. 

Statement 1: The owners/actors involved in the PDP do not recognize growth an d profit 
maximization as important for the firm. 

Statement 2: RAD AB has a tendency to let the development project becom e equal to 
company mission. 

Statement 3: RAD AB is managed as a sel f sufficient leisure-time activity instead of as a 
'rational' corporation. 

As owner and CEO, Mr. Abelin expressed little interest in company 
growth. Notable is that Mr. Abelin is a man with a proficient background 
in aeronautical engineering together with a long career as a general 
manager and project leader. His expertise in this field is not to be taken 
lightly. MFI AB was founded by actors retiring from their prior work. 
They established the company based on a similar philosophy as the 
actors in RADAB. Their objective was to create a firm large enough to 
include competencies for development and manufacturing of a short 
product line. Their primary mission was research and development, 
manufacturing and commercialization they planned to transfer to other 
organizations. 
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Regarding statement one, MFI AB involved actors for whom neither profit 
maximization nor growth can be considered important. They had retired 
from their careers and were interested in starting a business where they 
could use the knowledge they accumulated over the years in a more 
autonomous environmental setting than before. The statement is 
therefore supported. 

Their aircraft project was formally initiated indirectly as a learning tool in 
their educational program specializing in composite materials. 
Considering the actors' background, previous development projects, and 
personal interest, a question can be raised concerning their intentions. 
With a background in aircraft development and manufacturing, 
questions can be raised as to whether the school could have been initiated 
only as a way of generating external capital. When examining the firm's 
activities over its whole life cycle, it becomes evident that even if they 
had numerous assignments in different areas, their main concern was the 
development of BA-12 Dragon-Fly and BA-14 Starling. As such, it is 
possible to find support for statement two. 

It is easy to make the simplification that the retired actors' managing MFI 
AB would be more oriented towards a leisure-time activity than to a 
rational one. To prevent making a mistake, it is important not to 
circumvent the actors' background. They experienced prior careers 
within similar industry situations, and are clearly the most experienced 
actors among the once-studied with regard to product development. 
Even though there might be a tendency of having the company as a 
hobby activity, no evidence can be found that the firm has been managed 
as anything but a rational corporation. Statement three is therefore not 
supported. 

The statements regarding general issues pictures a firm with no major 
interest in growth and profit-maximization, and the development project 
can be considered equal to company mission. The fact that statement 
three was not supported can be explained by the genuine business 
competence found among the actors. There is no reason why they would 
not continue to manage a firm the way they have been doing it 
throughout their careers. 

TECHNOLOGY AND MARKET FORCES 

The two technology-based statements are as follows: 
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Statement 4: RAD AB is dominated by actors with a technica l orientation. The firm is 
thereby oriented towards a technology-driven development proc ess. 

Statement 5: RAD AB's strong technica l orientation makes the firm an early adopter of 
new technology. 

BA-12 Dragon-Fly was developed as a learning tool for students of 
composite technology. As such, it was the project's technological side that 
was prioritized. No market assessment was made through surveys etc. A 
technology-driven development was therefore present, supporting 
statement four. 

Mr. Abelin agrees upon the fact that the company was dominated by 
technicians, but believe that it was mostly an advantage considering their 
business orientation. The BA-12 Dragon-Fly is made out of composite 
materials. The construction itself and its use as a learning tool in an 
advanced education program for engineers creates a situation where new 
technology is rapidly adapted within the firm. Within this line of 
business, a culture of striving for cutting-edge knowledge has to be 
present. This situation favors and supports the statement in statement five. 

As can be seen, both statements regarding technology's importance 
within the firm have been supported. 

THE PRODUCT DEVELOPMENT PROCESS 

The area of product development consists of the following four 
statements: 

Statement 6: Actors involved in product development at RADAB have a dominating 
interest in the first parts of the process, and less interest in later phases like 
commercialization. 

Statement 7: RADAB is dominated by a technical orientation, have a short econom ic 
planning range, and a strategic planning ran ge for the proj ect that is c lose to infinity. 

Statement 8: Actors at RADAB have a tendency to start a development proje ct as a hobby 
or leisure time activity before it is incorporated into the firm. 

Statement 9: Development projects at RADAB involves continuous improvements, 
redesigns or variation of the basic design. 

When asked about the structure of the development process, Mr. Abelin 
noted that they followed the traditional phases of market opportunity, 
business implementation, technical evaluation, prototype, testing, 
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production, and commercialization. He also noted that the technical 
evaluation phase was handled through their own experience: 

"You can say that many of the projects were a mix of both industrial and 
hobby activity 

"1 has to said that in situations when we did not have an external customer, 
it has generally taken us longer to develop a prototype than we planned/' 

Since the project never reached a full market launch, information 
regarding the balance between the first and later part of t he development 
process can be difficult to analyze. On the other hand, the fact that the 
project reached a flyable prototype, but not market launch and 
production, is an indication of the firm's priorities. It is thereby possible 
to conclude that the first part of the development process must have a 
higher priority among the actors involved than the latter, thereby 
supporting statement six. 

Similar to prior cases, the BA-12 Dragon-Fly experienced a technical 
orientation, and Mr. Abelin, the CEO, held a vast experience in managing 
new product development projects. The structure of the company was in 
many aspects a reproduction of his prior workplace. The planning range 
for the BA-12 was not prioritized, since its purpose was to be included as 
a learning tool in their educational program. After the completion of their 
education, they hired two of the newly examined students and continued 
the BA-12 project. In this stage, the project became the main business for 
the company. The planning range was in this stage not set to infinity. 
Statement seven is thereby not supported by this case. 

The project's tendency of gradually being incorporated into the firm is 
interesting. The creativity of Mr. Andreasson has resulted in numerous 
aircraft designs. According to Mr. Abelin, his was the first BA-12 Dragon-
Fly design made on a flight from Singapore to Sweden. This makes it 
evident that this design was something already existing before 
incorporating it into the firm. Statement eight is thereby supported. 

The basic design of BA-12 Dragon-Fly did not change much during the 
early stages of the process. What makes this process special is their initial 
objective of using the design as a learning tool in education. The objective 
shifted over time and they started to focus on full production of the 
design. Parts of the design were later used in their next aircraft project, 
the BA-14 Starling. Their tendency towards redesigns seems to be higher 
that their efforts regarding continuous improvement and variations of 
the basic design. Even so, statement nine is supported. 
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The product development has been dominated by the first part of the 
process. Their interest in the first part is also confirmed by statement 
eight by which it is evident that they find this part so interesting that they 
are willing to start on a project on their leisure time. That the leisure-time 
culture is not present regarding planning and strategic decisions have to 
coincide with the involved actors' vast prior experience in this line of 
business. 

THE OUTCOME OF THE PROCESS 

Statement 10: The product d evelopment outcome at RADAB is primarily evalu ated based 
on the owners/inventors personal objectives to complete a successful fly able aircraft. 
Financial success is secondary. 

It is difficult to pinpoint the exact objective with the BA-12 Dragon-Fly 
project. As a result, it is also difficult to define and decide if the outcome 
has been a success or not. By looking at the first part, where the BA-12 
was used as a learning tool, the outcome must be considered a success. 
Later, when they decided to shift focus and push the project further with 
production abroad, it cannot be considered a success. This creates a 
situation where the statement to some extent can be answered with both 
a yes and a no. This shift of objective concerning the project can also be 
linked to statement nine. Their tendency towards continuous 
improvements redesigns or variations of t he basic design are in line with 
their behavior in this matter and seems never to stop as long as the firm 
exists. Statement ten is therefore determined based on the actors' initial 
objective and is thereby supported. 

MANAGEMENT OF RESOURCES 

The two statements below concern the way the firm manages its 
resources: 

Statement 11: The inventor wants to stay in control of the who le proje ct by mainly using 
internally controllable resources during the development pro cess. 

Statement 12: RADAB can undertake projects or sub-project s that are not possible to 
support from a financial perspective i n order to complete their vision of the planned 
product. 

In the case of BA-12 Dragon-Fly, they used an externally designed wing 
profile. The wing profile was developed by S-O Ridder, the inventor at 
RADAB. Ridder's relation with the actors at MFI AB can be traced back 
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to their prior work at Malmö Flygindustri AB where he was supplying 
wing-profiles to aircraft like MFI-15. Even if they have had a solid 
ground of expertise internally, the fact that they adopted an externally 
designed wing profile suggests that statement eleven cannot be supported. 

At MFI AB, the aircraft project was said to be a sub-project to the 
educational program. The educational program was needed to finance 
the company and indirectly the development of BA-12. Later on, other 
projects were also carried out as a way of financing the continued 
development of BA-12. No sub-projects to the BA-12 were developed that 
did not generate funds needed for a continued development. Based on 
that, statement twelve cannot be supported. Even so, they have been in 
contact with a firm interesting in developing a new engine for the 
aircraft. 

Regarding resource management, none of the statements were 
supported. The situation can, as mentioned earlier, probably be explained 
by the key actors' prior experience. They have learned what it is possible 
to do, and as a result, opened up their activities in the best interest of the 
project. They have also been frugal with design improvements which 
might lead to the passion of incremental change found at RAD AB. 

Actors & Human Resources 

This part consists of the following three statements regarding the actors 
and their roles: 

Statement 13: The inventor and other key actors are involved as owners or par t owners of 
the firm. 

Statement 14: The role of the innovator is twofold since he function both as inventor as 
well as concept controller (owner responsibility) at RADAB. 

Statement 15: The CEO is also a pa rt time inventor. 

At MFI AB, Mr. Andreasen, the inventor was chief designer and part 
owner, and Mr. Abelin, the CEO was also a part owner of the firm. 
Statement thirteen is therefore supported. 

An inventor like Ridder at RADAB, with a high level of knowledge and 
skill, is a scarce resource within the industry. Through his work at the 
Royal Institute of Technology, he has been involved in numerous aircraft 
projects. One is linked to MFI AB, where Ridder is responsible for the 
wing profiles on the BA-12 Dragon-Fly. The cooperation between Ridder 
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and MFI AB can be traced back to when Ridder was assigned to develop 
a special wing profile for the MFI-15 in the old MFI company. The 
inventor at MFI AB has also had a long background of aircraft design and 
construction. He held positions at Corvair in the United States, working 
on fighter aircraft etc. Andreasen's position as inventor, technical chief, 
and part owner of the firm puts him in the situation of both inventor and 
concept controller of his own project. Statement fourteen is thereby 
supported. 

The inventor and CEO have worked as a team with an excellent 
performance record over the years. The CEO's involvement as a test pilot 
in the project is an example of his involvement. This constitutes a 
foundation for supporting statement fifteen. 

Similar to the actors at RADAB, a closeness between the actors and their 
roles can be found. All statements regarding key actors and ownership 
were supported. 

INTERNATIONAL ACTIVITIES 

Statement 16: RADAB uses the internation al arena, not only as a potential market, but 
as a resource base where shortcuts in the PDP can be found. 

MFI AB had international contacts due to the international network the 
actors had developed throughout their careers. Plans to set up a 
combined educational program and production facility were discussed 
with representatives in Rostok, Germany. Statement sixteen is therefore 
supported. 

SUMMARY 

MFI AB and their BA-12 Dragon-Fly project have many similarities to the 
process carried out at RADAB. MFI AB was established by the owners 
after a long career in the aircraft industry. It is evident that they wanted 
to continue to use their knowledge and experience after their formal 
retirement. As such, it would have been understandable to find a 
tendency of l eisure-time activity within the firm, even if t hat was not the 
case. The statements not supported suggest that they kept the 
development project in focus, and managed the firm in a professional 
way. This is probably also why any extreme personnel/actor 
involvement not could be found. The inventor was also more open-
minded towards externally generated parts than in the Windex 1200 case. 
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Similar to RAD AB, the organization was built around two key actors, the 
inventor and the CEO. Through their commitment and vast experience in 
the field of aircraft development, the process of developing BA-12 
Dragon-Fly went smoothly. They appear to have had distinctive roles 
that had been clearly shaped over the years. What, on the other hand is 
more intriguing, is their lack of achievement regarding the production 
part of both BA-12 and BA-14 Starling. One interpretation could be a 
priority among the actors for the first part of the development process. 

7.4 PRIOR STATEMENTS & THEIR RELEVANCE 
- A DISCUSSION 

After both individual analysis and comparisons between the cases, it is 
time to discuss the outcome with regard to the statements established in 
chapter five. For a better overview of what has been found among the 
cases, table 7.1 presents a short summary. Once again it is important to 
stress that these comparisons are not done with the intention of 
establishing any generalizable classifications, but merely to point out that 
these findings give evidence that what took place at RADAB during the 
development of Windex 1200 are not unique occurences. 

There are evidently numerous similarities among the studied cases. This 
is obvious since the cases have been collected based on factors like 
industry, their small size, and that they are involved in a complex 
product development project. On the other hand, differences can also 
been found. This is no surprise since the cases have been gathered in 
different countries, and by that, are working under different domestic 
premises. The analysis will not focus on finding geographical or cultural 
motives for what have taken place among the different cases. Instead, the 
study has been focusing on finding aspects of the product development 
process that are not influenced by geography. 

STATEMENTS S10 ATOL BA-12 

1. The owners/actors involved in the PDP do not 
recognize growth and profit maximization as important 
for the firm. 

No No Yes 

2. RADAB has a tendency to let the development project 
become equal to company mission. 

Yes Yes Yes 

3. RADAB is managed as a self sufficient leisure-time 
activity instead of as a 'rational ' corporation. 

No Yes/No No 
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STATEMENTS S10 ATOL BA-12 

4. RADAB is dominated by actors with a technical 
orientation. The firm is thereby oriented towards a 
technology-driven development proc ess. 

Yes Yes Yes 

5. RADAB's strong technica l orientation make s the firm 
an early adopter of new technology. 

Yes No Yes 

6. Actors involved in product development at RADAB 
have a dominating interest in the first parts of the pro cess, 
and less interest in later pha ses like commercialization. 

No Yes Yes 

7. RADAB is dominated by a tech nical orientation, have a 
short economic planning range , and a strategic planning 
range for the pro ject that is clo se to infinity. 

No Yes No 

8. Actors at RADAB have a tendency to start a 
development project as a hobby or leisure time activity 
before it is incorporated into the firm. 

No Yes Yes 

9. Development projects at RADAB involves continuous 
improvements, redesigns or variation of the basic design. 

Yes Yes Yes 

10. The product development outcome at RADAB is 
primarily evaluated based on the owners/inventors 
personal objectives to complete a successful flyable 
aircraft. Financial success is secondary. 

No No Yes 

11. The inventor wants to stay in control of the whole 
project by mainly using internally controllable resour ces 
during the development proces s. 

No Yes No 

12. RADAB can undertake projects or sub-projects that 
are not possib le to support from a financia l perspective in 
order to complete their vision of the planne d product. 

No Yes No 

13. The inventor and other key actors are involved as 
owners or part own ers of the firm. 

No Yes Yes 

14. The role of the innovator is twofold since he function 
both as inventor as well as concept controller (owner 
responsibility) at RADAB. 

Yes Yes Yes 

15. The CEO is also a part time inventor. Yes Yes Yes 

16. RADAB uses the international arena, not only as a 
potential market, but as a re source base where shortcuts in 
the PDP can be found. 

Yes Yes Yes 

Table 7.1. Summary of Prior Statements and All Additional Cases. 
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GENERAL ISSUES 

Statement one: At RADAB, they did not find growth or profit-
maximization important. The owners were outspoken about their 
intentions of using the company to develop new ideas. One of the owners 
clearly stated that he preferred if t hey sold the Windex 1200 project once 
they had completed it, since they had no interest in the production part. 
Stemme GmbH & Co. KG is the firm that has experienced the highest 
growth rate of the firms studied. The three investors are not connected to 
the operation of the firm in any way. The inventor /CEO raised and 
acquired necessary funding by arguing that the project would be a solid 
investment. That the initial investors are still involved in the company 
supports this argument. The inventor/CEO has actively expanded the 
business from the start. The ATOL case presents a history of rapid 
growth over a period of two years, ending in bankruptcy. The 
inventor/CEO, expressed an interest in growth and to earn money by 
selling numerous aircraft. Even so, his actions after the bankruptcy gives 
a hint of something else. He bought back the company, but has not 
continued the development due to economic and time constraints. MFI 
AB is the firm that experiences closes relationship with RADAB 
regarding growth and profit-maximization. I.e., the cases both supported 
and did not support the statement. 

The two Swedish firms' behaviour can find support in prior Swedish 
research (Davidsson, 1989), (Brytting, 1990), even if t hey probably would 
fall into the high-technology category that should show a higher 
willingness to grow according to Davidsson (1989). With their comfort-
survival objective and a non growth pattern, they also fit into what Filley 
& Aldag (1978) characterizes as a craft-focused organization. The other 
two cases picture a more traditional firm evolution, even if only one of 
them grew and avoided bankruptcy. 

Statement two: Even if all firms cannot be described as a single product 
company, the aircraft development was their major undertaking. As 
such, the objective for the product development became equal to 
company mission in all cases. This does not come as a big revelation since 
small firms seldom have resources to be involved in more then one major 
project at a time. That this project also becomes the sole focus of the 
firm's activity is easily understandable since the people involved know 
that the future of the firm depends on the outcome. 

Statement three: The findings regarding management as a leisure-time 
activity have differed among the cases. The ATOL case is the one that has 
experienced a similar management situation to the one at RADAB. In 
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both cases, the development of the aircraft started as a hobby activity on 
the inventor's and/or CEO's leisure-time. The projects started with no or 
weak business implementation strategy in mind among the participants. 
It was once they started the development that they decided to build a 
company around it (ATOL) or implement the project with their existing 
business (RADAB). When a product is developed without a strategy for 
business exploitation, difficulties arise. One obstacle is, to somewhere 
along the line make the transition from invention to business venture. At 
RADAB, this transition was fuzzy and took place over a long period of 
time. The incorporation with their existing business activities was not 
enough to transform the project to a business venture bearing in mind 
that their company mission is to develop new things and gadgets of th eir 
own invention. Their applications for funding to NUTEK forced them to 
start thinking on market aspects of the project. At ATOL, a similar 
process was instigated when they had to formulate a business plan in 
preparation of going public. In that sense the management behaviour at 
ATOL seem to have been pending between a leisure-time activity and a 
more rational style over time. 

The management at Stemme GmbH & Co. KG has every indication as to 
being handled in a professional way. The firm can look back on a 
successful development of their S10 Chrysalis as well as growth of the 
firm and number of c ustomers. The owners of the firm are not involved 
in the firm's day-to-day operation, instead their involvement is of a more 
external nature. Their financial control creates a situation similar to larger 
public companies where the management has to answer to the board and 
shareholders. It is reasonable to assume that this setup constitutes a 
major influence on how the business is carried out. At MFI AB, there 
were difficulties to categorize the manager as rational or not. The CEO is 
the most experienced manager among the companies studied. On the 
other hand, the owners' intention when forming MFI AB after their 
retirement was somewhat different from their prior work. Their first 
priority was to do business with the intention of working with interesting 
projects and secondly, to make a profit out of it. Even if their priorities 
were non traditional, the company has been managed in a professional 
way. 

The cases present both support and non support for the statement 
regarding management as a leisure-time activity. In the two cases where 
the statement was supported, the firm has been owned by the actors 
directly involved in the development of the product. The firm was seen 
as a tool to make the project possible. In the two cases who did not 
support the statement, an extensive knowledge of managing product 
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development projects and businesses in general have been present. Their 
external venture capital can also be an explanation. 

TECHNOLOGY AND MARKET FORCES 

Statement four: As mentioned earlier, all cases investigated shows a 
technology-driven development process. At RAD AB, the inventor had a 
vision of a p roduct at the cutting-edge of what technology could perform. 
Stemme's S10 Chrysalis was developed due to a new concept regarding 
the propulsion drive. In the ATOL case, the inventor presumed that he 
could design an aircraft similar to the Osprey II, without its partly 
dangerous flight handling. At MFI AB, the inventor designed an aircraft 
suitable for material and technological knowledge improvements, and 
could therefore be used as an educational tool. Even if all cases support 
the statement, it is important to note that this does not mean that no 
market assessment was made in any of the cases. Stemme GmbH & Co. 
KG carried out market surveys during the development process, and the 
other actors had some idea of which competitors they had. An interesting 
note in this area is that an interest in customer opinions, as in the S10 
Chrysalis case, seems to be positively linked to growth. 

In all cases, the type of project was new to the firm, even if some of the 
individuals previously had been involved in aircraft development. The 
argument that both technology and market needs has to be considered 
(Rothwell, 1992) cannot find solid support among these cases. Some of 
the actors think they know what the market wants instead of 
investigating it. 

Statement five: Regarding early adoption of new technology, one has to 
consider the different type of projects that these cases represent. RAD AB, 
Stemme GmbH & Co. KG, and MFI AB have all been trying to reach 
specifications at the cutting edge of w hat is technologically possible. The 
outcomes differ depending on different specifications from start, but they 
have tried to reach the top of their performance scale. In their search of 
the ultimate aircraft, new technology has been an important way of 
improving the product's chances of reaching their goal. It is therefore no 
surprise that they have been early adopters of new technology. These 
firms have also had a financial backing, or business situation that 
supported their interest. 

The case where this situation was not found was ATOL. Even if the 
CEO/ inventor has an engineering background and is technology-
oriented, the project and the firm did not draw any extensive use of new 
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technology. Materials and the wing profile are examples of well-proven 
solutions selected for the project. The design of the ATOL is new, a 
majority of the components are not. Interesting to note is that Mr. 
Koivurova did not experience the same financial support found in the 
other cases. This can be one explanation for deciding on more traditional 
technology. Another interpretation could be that a more technologically 
advanced product might have helped to make the project more 
financially attractive for investors. 

THE PRODUCT DEVELOPMENT PROCESS 

Statement six: The assumption that technology-oriented engineers would 
be more interested in the first part of the product development process 
than the later was not found among all cases. At RAD AB, ATOL, and 
MFI AB, the statement was correct. To design and solve all technical 
problems, including the making of a prototype was highly stimulating 
for them. When the prototype had proven the design and technical 
solutions, the motivation seems to have dropped. This has created a 
situation where the firm had a functional product, but had difficulties in 
supporting it with the same vigor, all the way to product launch. 

This behaviour was not present at Stemme GmbH & Co. KG. Dr. Stemme 
was outspoken about his preferences being design and sales. Altogether, 
a balance between engineers and other functions like production and 
marketing seems to be present to a higher degree at Stemme GmbH & 
Co. KG than in the other cases. This also shows in their sales figures. The 
production is up and running, and potential customers are contacting the 
firm. They have adjusted the organization from a pure R&D department 
to a firm managing all parts of a business activity. Finally, it is difficult 
not to ponder upon possible differences regarding the present company 
with the prior one where Dr. Stemme invented the propulsion drive. 
Since that organization no longer exists, a comparison between them is 
not possible. 

The process at ATOL and MFI AB in general, and RAD AB in particular 
can find interesting similarities to what Livesay, Rorke, & Lux (1989) 
states as common errors regarding the firm's pursuit of technical 
elegance and thereby often neglecting market realities. Their weak 
interest in the later part of the process is also in line with findings by 
Cooper & Kleinschmidt (1986) who noted that the weakest steps were 
often connected to market issues. This reasoning can therefore also partly 
be explaining Stemme GmbH & Co. KG's success due to their more 
developed market awareness. It is also interesting to note that if 
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commercial success was closely related to the actor's prior experience 
(Eisenhardt & Tabrizi, 1995), MFI AB should have had a similar 
development as Stemme GmbH & Co. KG. This was not the case. 

Statement seven: At RADAB, the manager was experiencing the typical 
small business management dilemma of various and scattered chores. He 
was technically interested and has, at times, prioritized practical tasks in 
the workshop before administrative ones. This has led the economic 
planning range to become rather short. The strategic planning range and 
speed of the development project were not of any vital importance at 
RADAB. This was possible since they had an earlier developed product 
financing their day-to-day operations and, to some extent, the aircraft 
project. Notable was that two of the owners, among them the inventor, 
did not draw any salary from the company, they had other occupations 
as their main source of income. 

A similar planning situation was found in the ATOL case. The inventor's 
vision of designing and building an aircraft superior to the Osprey II took 
time to realize. In that sense a long planning range for the project was 
present. Since it also started as a hobby project, the economic planning 
was of less importance. When financing was available, they used it to 
push the project forward. When financing was not available, they 
postponed the development. Since no venture capital or other solid 
financial solutions were present, their economic planning was conducted 
with a rather short time frame. 

With the more balanced and professionally managed organization found 
at Stemme GmbH & Co. KG, it is of no surprise that both economic and 
project plans were conducted on a strategic level. This is to some extent 
similar to the situation found at MFI AB. Through the educational 
program at MFI AB, they solved the financial aspect and succeeded in 
incorporating an aircraft project into the program. Later on, they 
continued to develop other aircraft like the Ba-14. Parallel to the 
development of aircraft, they have undertaken projects to finance their 
day-to-day operation. An example was the modification of military 
helicopters. I.e., a short planning range has not been present, neither can 
the findings support a long one. The management's planning range 
seems to have altered between short and long over time. 

The firms that experienced a more stable financial situation practised a 
longer planning range, which is rather natural. These are also examples 
of f irms operating in a stable environment and, as a consequence, could 
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benefit from a more structured organization (Lawrence & Lorsch, 1967). 
The cases do not fully support this opinion. 

Statement eight: RADAB and the ATOL case share a similar start-up phase 
in their product development process. Both went through a period when 
the key actors worked on the project on their leisure time before they 
decided to make a business out of i t. This is an understandable behavior 
since it is few inventors, if any, that can come up with an optimal concept 
and find full financial support in an instant. Usually, the idea matures 
over time and is continually improved until it reaches a satisfactory level. 
At that time, a decision has to be made if the concept should be pursued 
in a commercial way, or if it should continue to be a leisure-time activity. 

Even if this behavior not could be found at Stemme GmbH & Co. KG, it is 
reasonable to suspect that Dr. Stemme's former company where the 
propulsion drive was invented and developed, had a similar function to 
the leisure-time period at RADAB and ATOL. At MFI AB, the start-up 
phase had yet another progression. The aircraft specifications were set by 
the inventor and the CEO on an international flight. Later, they decided 
to use the design as a learning tool for educational purposes. It was first 
thereafter that the concept was adapted into their ordinary business 
activities with a commercial purpose. I.e., the MFI AB case does not 
support the statement, even if it is possible to find a number of 
similarities regarding a fuzzy start up period. It is questionable if any of 
the stage-gate models have ever considered this behaviour of a 
soft/fuzzy introduction to the process. What is interesting is that none of 
these theories have addressed the issue. In that sense, these firms seem to 
have yet another phase prior to the ones pictured in the stage-gate 
models. 

Statement nine: At RADAB they developed a prototype and improved the 
construction with a second prototype before the manufacturing factory 
burnt down with all the moulds. Afterwards, when they constructed the 
moulds for the third time, they seized the opportunity to make additional 
adjustments, resulting in version 1200C. When that version was 
completed, they got in contact with the U.S. aerobatics team for gliders, 
resulting in an inquiry about a fully aerobatic version of the Windex 1200, 
i.e., leading to additional adjustments. 

At Stemme GmbH & Co. KG, the S10 Chrysalis went through a 
development process involving two prototypes. When the production 
series was up and running, they developed the VC-version, and was 
planning to offer other versions later on. They have also taken the first 
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steps in the development of a larger passenger /cargo aircraft based on 
the same propulsion drive. I.e., Stemme GmbH & Co. KG is a firm 
involved in continuous improvements of the basic design, and believes 
that the construction always can be improved. 

In the ATOL case, they also developed two sets of prototypes. When the 
second version was started to be produced, the firm went into 
bankruptcy. This makes it impossible to know if th eir second design was 
satisfactory to the inventor, or if they would have continued to work with 
improvements on the construction. What can be said is that the inventor 
had started on a major undertaking regarding an alternative engine for 
the ATOL aircraft. This shows a tendency towards continuous 
improvements and redesigns by the inventor. 

At MFI AB the development of BA-12 Dragon-Fly involved only one 
prototype development. They made some adjustments like redesigning 
the tail, but were otherwise satisfied with the basic construction. Instead, 
they continued their development efforts by starting the BA-14 Starling 
project. 

As is detected, a tendency for redesigns do exist in all cases. The reason 
behind this behavior is difficult to pinpoint. One reason can be the 
inventor's need of reaching the product's full technical potential, another 
a need among the actors to master new challenges. Even so, the result is a 
development process that stretches out over a longer time than needed 
from a pure rational standpoint. This behaviour is another aspect that 
does not fit the traditional stage-gate models. Neither does it fit models 
based on the development process at larger aircraft manufacturers 
(Shaw, 1995). Their activities are more in line with Lindell's (1988) 
observation about learning processes where the involved actors have to 
be motivated in order to push the project forward. All firms also fit 
Ramanathan's (1990) attributes constituting an innovative firm. 

THE OUTCOME OF THE PROCESS 

Statement ten: Regarding the outcome of the development projects, some 
differences have been found among the cases. At RADAB, personal 
objectives have been a strong influence on the outcome of the end 
product. The inventor has strongly influenced business decisions in 
preference for his vision of a state of t he art product. The firm's measure 
of success seems to have been to realize their vision through a completed 
aircraft possible to fly, and later to commercialize the aircraft with the 
intention of recovering the invested capital. In that sense, the outcome 
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has been a success even if the success factors have had more of an 
internal character. 

It is relatively easy to state the fact that the Stemme S10 Chrysalis is a 
success. The firm has experienced a positive growth rate, and they have 
been selling a considerable amount of aircraft when one considers the 
rather high price of the product. Also, they have never needed to shrink 
the organization in any major way, file for bankruptcy etc., even if 
difficulties have been present along the way. The other cases are not as 
clear cut. The ATOL case has not been categorized as successful even if 
the process still can be considered unfinished. Even if there are 
prototypes completed, the project has not yet reached the final phase of 
commercialization. Still, the personal bankruptcy was not something 
either planned or prefered by the actors. 

The MFI AB case experiences a duality regarding the projects' outcome. 
The BA-12 Dragon-Fly was involved as a learning tool in a successful 
educational program. In that sense the BA-12 is a success. When the 
project changed character and they decided to commercialize their 
aircraft project, the outcome was not as satisfying. Since the production 
haltered, and they have dissolved the firm, the latter part of t he project's 
outcome cannot be considered equally successful. 

Many studies (Cooper, 1979), (Cooper & Kleinschmidt, 1993), (Cooper & 
Kleinschmidt, 1995) distinguish externally oriented success factors like 
relative product quality, price/performance ration etc. A successful 
project is something that all actors are striving for, but it is important to 
note that the label "success" has different meanings for different actors in 
this study. It is only by establishing each actor's and firm's parameters 
for a successful project, a categorization can be carried out. Interesting are 
also the parallels that can be made to Maidique & Zirger's (1985:304) 
description of unsuccessful products that were described as technological 
marvels receiving technical excellence awards. A question can be raised 
if they also were considered unsuccessful by the inventor. 

MANAGEMENT OF RESOURCES 

Statement eleven: The inventor's inclination to use internally controllable 
resources was evident at RAD AB. The other cases give a more diverse 
picture on this issue. At Stemme GmbH & Co. KG, the opposite situation 
was present. They actively searched external businesses and 
organizations that could be used during the development of S10 
Chrysalis. The inventor and CEO showed no preferences for internal 
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solutions. One reason for this, mentioned during the interview, can be 
Dr. Stemme's lack of history within the aircraft industry. Similar to the 
Stemme GmbH & Co. KG is the MFI AB case, even if the actors had a 
long history within the industry. They used central parts, like the wing 
profile, from external sources. 

The ATOL case has more in common with RAD AB than the other two 
cases. The inventor seemed to have difficulties in delegating 
responsibilities within the project. This was an intricate situation since 
the firm's growth rate made it difficult for him to keep on top of 
everything at all times. 

Statement twelve: Since the actors at RADAB did not recognize profit-
maximization or company growth as important, their main concern was 
to develop their product as far as they could take it. More specifically, 
they have been striving for the product to reach technological perfection. 
This led to sub-projects like their quest to develop their own engine and 
the development of a glider version for aerobatics competitions. The 
choice of engine has been troublesome in all cases, and three of them 
decided on developing their own version or making improvements on 
existing ones. RADAB and MFI AB shared a similar approach for 
developing a suitable engine by approaching an external firm with 
experience in motorcycle engines and racing. It is difficult in retrospect to 
pinpoint the actors' true intention with starting additional sub-projects. It 
is even possible that their educational program was just a mean to an 
end, i.e., a way to finance the development of the BA-12 Dragon-Fly. 
Even if t hat is true, their case does not support this statement since their 
actions can be financially motivated. 

Even if Stemme GmbH & Co. KG not have developed their own engine, 
their choice of power plant has been troublesome. They decided to start 
production with an engine that worked satisfactorily, even if it was far 
from optimal. Sub-projects worth mentioning are their participation in 
forming one of the Polish firms. Since this activity also can be motivated 
from a business perspective, no support for the statement was found in 
the German case. 

It is evident among the cases that as long as the actors stayed within their 
area of expertise, they succeeded in developing a usable product. It is 
also evident that endeavours outside their area of expertise were more 
troublesome. 

204 



Comparison of Cases & Statements 

Actors & Human Resources 

Statement thirteen: All cases picture a close relationship between the 
inventor, either by ownership or high degree of r esponsibility within the 
firm. Central actors in the product development process are part owners 
at RADAB, ATOL, and MFI AB. The only exception is Stemme GmbH & 
Co. KG where Dr. Stemme is inventor and acting CEO but not owner or 
part owner of the firm. This statement was formed based on the 
assumption that the inventor and other key actors close to him never 
would hand over the control of their pet project. Even if the formal 
ownership and control aspect have been handed over to external 
investors, the inventor/CEO seems to have kept strategical and 
operational functions in reality. As such, it is possible to conclude that all 
cases show a situation where the inventor and key actors stay in control 
of the concrete development and management of the process. 

Statement fourteen: This statement looks upon the duality of the inventor 
role within a small firm. Since the organization is small, a multitude of 
roles have to fit within each actor. As has been stated earlier, the 
inventors in the different cases have also functioned as CEOs, engineers, 
prototype builders etc. The duality this statement focuses on is between 
the role of inventor and concept controller, a situation found in all four 
cases. This situation puts a lot of demands and responsibility on the 
individual. He will not only be the creative and inventive part in the 
process, but later in the process he should also be able to assess the result 
of his ideas as controller of the concept. It is easy to understand the 
problems at hand when one should evaluate one's earlier work in an 
objective manner. The result could be an opinion that everything 
involving the product is the best without any self critique, or 
alternatively, a tendency to scrutinize the project in an overly harsh way. 
Evidence for the latter behavior among the firms is their need to 
continuously improve the products in one way or another. 

Statement fifteen: At RADAB, the CEO was involved in the creation 
process from the outstart. Other actors pictured him as a person that 
prefered going to the workshop, instead of managing the administrative 
side of the project. The CEO had also been working as inventor on other 
projects within the firm, even if they up to this point never had become 
any major successes. At Stemme GmbH & Co. KG the role of CEO and 
inventor has been integrated. Dr. Stemme started out as the inventor of 
the propulsion system. When exploring the business opportunities from 
that invention, he started the company where he also became the CEO. 
This created a situation where he was not only part time inventor, but 
CEO and inventor of the aircraft as well. 
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In the ATOL case, the situation was found to be similar to the Stemme 
GmbH & Co. KG case. Mr. Koivurova started as inventor of the ATOL. 
When starting a business for this project, he also took on the role as CEO. 
During a short period, he even acted as chairperson of the board. As can 
be seen, a situation where all business activities were conducted around 
one single person was created. At MFI AB, the CEO was also closely 
involved in the development of the BA-12 Dragon-Fly, including acting 
as test pilot. As such, he took an active part in the development, 
suggesting improvements after the test flights etc. The firm has been 
dissolved, but he has continued to work on multiple development 
projects with various roles. Even if the cases differ regarding number of 
key actors, it is evident that the CEO to some degree participates as 
inventor in the process. The statements above are all in line with what is 
categorized as either a craftsman-entrepreneur (Smith, 1967), or later 
inventor-entrepreneur (Miner, Smith, & Bräcker, 1992). 

INTERNATIONAL ACTIVITIES 

Statement sixteen: All cases have, at some point, planned or implemented 
international involvement during their development process. At RAD AB, 
their international orientation was a deliberate action as a way of f inding 
shortcuts regarding cost or time in their development process. Their 
search for production facilities in former Eastern European countries in 
general, and Poland in particular, is understandable. These countries 
have a long tradition in glider manufacturing and did experience low 
labor costs. RADAB had communication problems. Due to lack of 
contractual specifications of w hat should be done and when, they found 
the co-operation unsatisfying and ended their arrangement. ATOL held 
preliminary negotiation with a Polish manufacturer but did not follow 
through due to their own bankruptcy. MFI AB experienced a 
combination of negotiations with the wrong representative, and a decline 
in their own business. 

Even if all cases planned or implemented production facilities abroad, 
Stemme GmbH & Co. KG is the only one succeeding in their efforts. They 
have also involved their international partners more and more over time. 
In the other three cases, the production abroad did not work out as 
planned. 

There has been a willingness among the actors in all cases to be open for 
international cooperation. This has been especially obvious regarding the 
latter part of the process, like production. The case that has gone the 
furtherest with external and international involvement seems to have 
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benefited the most. It is evident from these cases that even a small aircraft 
manufacturer needs to work with a global perspective in mind from start, 
even during the development process. This is in line with other studies 
that have found technology-based SMEs to be primarily opportunity-
seeking and proactive in their internationalization efforts (Karagozoglu & 
Lindell, 1998). 

7.5 FACTORS OF IMPORTANCE - A SUMMARY 
As can be summarized from this chapter, all firms work with the concept 
of a technology-driven process. The model establishing the framework in 
the theoretical chapter can therefore be adjusted into figure 7.1 below. 
The structure is kept, but since the market aspect seems to have a 
diminishing importance to the firm's product development process, it has 
been excluded. 

Product Development 
in Small, Technology-

Driven Firms ^ 
Technology Outcome of the 

Process 

Figure 7.1. Model of Rectified Theoretical Framework. 

This adjustment regarding the source of product development can be 
looked upon as minor. More interesting, is the different areas that have 
been found important during the product development process itself. 
Based on the areas that emerged in chapter five and figure 5.1, a 
continuation of the discussion concerning all cases will be given below. 
To further examine these factors and their influence on the process, each 
factor and case has been separated and presented in two tables. Table 7.2 
displays the factors of technology, R&D, resources, production, and 
financing. Table 7.3 presents the actors. These tables give an overview of 
the factors together with their influence on the general process. 
Afterwards, a model is presented that can be seen as a summary of this 
part of the analysis. 

As has already been noted, technology has been an important factor in 
these processes. All cases have been technology-driven as stated earlier. 
It should also be noted that all cases have been dominated by internally-
derived or internally-improved technology. I.e., the technology used in 
the process has been created by the actors themselves, or they have 
adopted external technology but adjusted and improved it for their own 
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use. This presents a situation where the handling and implementation of 
technology during the process are a central aspect for the involved. They 
genuinely believe that they experience the ability to develop and use 
technology in a superior way compared to others. I.e., they have a strong 
belief in their own expertise and craftsmanship. 

FACTORS 
OF 

IMPORTANCE 

PLATFORM 
WINDEX 1200 

CASE B 
STEMME SIO 

Chrysalis 

CASE C 
ATOL 

CASED 
BA-12 

Dragon-Fly 

DOMINATING 
TECHNOLOGY 

INTERNAL & 
INTERNALLY 

IMPROVED 
INTERNAL 

INTERNAL & 
INTERNALLY 

IMPROVED 
INTERNAL 

R&D IS 
MAINLY 

CARRIED OUT 
AS AN 

INHOUSE 
PROCESS 

INHOUSE 
PROCESS 

INHOUSE 
PROCESS 

INHOUSE 
PROCESS 

EXTERNAL 
USE OF 

RESOURCES 

UNIVERSITY 
(Physical & 
Human) & 

ENGINE DEV. 
FIRM 

UNIVERSITY 
(Physical & 

Human) 

UNIVERSITY 
(Human) 

UNIVERSITY 
(Human) 

ENGINE DEV. 
FIRM 

EXTERNAL 
FINANCING GOVERN

MENT 
GOVERN
MENT & 
PRIVATE 

GOVERN
MENT & 
PRIVATE 

GOVERN
MENT 

PRODUCTION 
ABROAD: 

NEGOTIATED 
AND/ OR 

IMPLEMENTED 

YES 
(Poland) 

YES 
(Poland) 

YES 
(Poland) 

YES 
(Former East 

Germany) 

Table 7.2. Emerging Factors of Importance. 

The second factor is research and development itself. The involved actors' 
attitude towards R&D and their opinion regarding how it should be 
carried out, is equal among all cases. This factor is in close relation with 
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technology. R&D are in all four cases mainly carried out as an inhouse 
process. This is not surprising since the actors are already committed 
regarding their belief in their own technology. If they believe that they 
can adapt and use the needed technology in a superior way than others, 
there is hardly any reason for them to hand the research and 
development over to others. 

A tendency to ease up on this condition was detected in the Stemme S10 
case. They have over the years worked in close relation with their Polish 
subcontractors. Since the production started, they have handed over an 
increasing part of the operation to them. Stemme GmbH & Co. KG have 
also assigned testing etc. to external firms. Still, their objective is to focus 
even more on research and development by commissioning routine 
assignments to others. 

Third, the process of handling resources came up as an important factor, 
and more specifically, the degree of external use of resources. During the 
development of Windex 1200, the team utilized a number of different 
external resources. The engine developer, S&T Verkstads AB is one 
example of external resources used in the project. Another more 
dominating utilization was their usage of resources at the local 
University. Human resources as students and faculty members became 
involved, and through them, physical resources as wind tunnels and 
workshop areas. 

Universities seem to be a natural resource to tap into for these firms. Not 
only RADAB but all cases experienced similar situations, even if they 
were of lesser extent. Stemme GmbH & Co. KG have, throughout the 
process, assigned tests and development of parts to three different 
Universities. In the ATOL case, it was only at the end of t he process that 
contacts were taken with a University. In the case of MFI AB, a 
relationship with RADAB can be detected. Through Ridder, the inventor 
of Windex 1200 and, at that time, professor at the Royal Institute of 
Technology, tests regarding their wing profile were conducted. To some 
extent MFI AB's use of their students constitutes the use of external 
resources since they were not employed by the firm. 

The fourth factor that stands out as important is the financing of the 
projects. The progression of a development project is interrelated with 
the number of people involved in the process, together with the 
possibilities of buying parts and services externally. A difficult line has to 
be drawn regarding speed of progress and the cost for this speed. This 
dilemma has also been handled differently among the studied firms. On 
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one side is the S10 Chrysalis project where external owners were brought 
into the process successfully. At times, they experienced financial 
difficulties as the others, but succeeded in their efforts to complete and 
market the product. On the other side, there is the ATOL project that 
went public to raise capital for the development. They came to an abrupt 
halt when they had to file for bankruptcy. 

In-between are the Windex 1200 and BA-12 Dragon-Fly projects that used 
a higher proportion of internally generated capital. This was possible 
since the firms were active and generated capital before these projects 
started. Even so, they were partly externally financed through grants and 
loans from NUTEK. 

A similarity among the projects are all actors' opinion that external 
financing is good as long as it does not impose any restriction on their 
way of managing the project. 

Fifth, once the prototype is completed and flight testing is in progress, 
they have to focus on how the production should be handled. None of t he 
firms planned to manage the full production by themselves. The ones 
closest to becoming a complete factory and producer of their product 
were Stemme GmbH & Co. KG and ATOL Avion OY. Both of them, 
together with RADAB, searched for an alternative production site in 
Poland. They all came in contact with SZD. After that, the results differ. 
Stemme GmbH & Co. KG continued to build closer and closer relations 
with their subcontractors until they aided and financed the establishment 
of a Polish company. RADAB's test series for production became a 
failure, and ATOL never had the time to pursue the issue of production 
abroad before the bankruptcy. MFI AB had contacts with former Eastern 
Germany, but failed due to bureaucratic problems. It should therefore be 
noted that all cases focused on locating the production where the costs 
for labor were low and that none of the firms preferred an inhouse 
solution. 

Continuing with table 7.3, the focus turns to central actors involved in the 
process. This factor is especially focused on the kind of roles central 
actors assume during the process. In the development of S10 Chrysalis 
and ATOL, all key roles as inventor, CEO, conceptual leader etcetera 
were gathered in one single person. This evidently puts an enormous 
workload on that individual. In the S10 Chrysalis case, Dr. Stemme found 
and employed skilled actors that had the ability to solve entrusted 
assignments. Mr. Koivurova did not experience the same situation with 
his ATOL project. He was constantly surprised at the lack of 
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understanding and knowledge of t he process among the employees. This 
created a situation were he was afraid to delegate and to be relieved of 
responsibility from his fellow workers. This created a climate not suitable 
for creative firm. In the other two projects, there have been two key 
actors. One assumed the roles of inventor, engineer, and conceptual 
leader. The other assumed the role of CEO. In both cases, their roles were 
resolved and set long before the studied development project started. 

ACTORS 

PLATFORM 
WINDEX 1200 

CASE B 
STEMME SIO 

Chrysalis 

CASE C 
ATOL 

CASED 
BA-12 

Dragon-Fly 

ACTOR1 S-O. 
RIDDER 

R. 
STEMME 

M. 
KOIVUROVA 

B. 
ANDREASSON 

ASSUMES 
THE ROLE 

OF 

Engineer & 
Conceptual 
leader of the 

project. 

Engineer, CEO, 
& Conceptual 

leader of 
the project. 

Engineer, CEO, 
& 

Conceptual 
leader of 

the project. 

Engineer & 
Conceptual 
leader of the 

project. 

ACTOR 2 

ASSUMES 
THE ROLE 

OF 

H. 
UNDÉN 

CEO 

R 
ABELIN 

CEO 

Table 7.3. Dominant Actors and Their Roles. 

Working in a small team has both positive and negative consequences. 
Due to the actors' long history together, they know and can rely on each 
other, otherwise the relation would have ended earlier. A negative aspect 
can be, as in all teams, conflict of in terests and the restraints that follows. 
If both are not equally devoted and share a similar objective regarding 
the project, a troublesome situation has been created. At both RADAB 
and MFI AB, the actors seemed to have shared the same objective for the 
project. Even so, the different roles create certain behavior and 
interrelationships that are quite interesting. To function in an effective 
way, the actors have to argue from their own standpoint at the same time 
as they have to understand and consider the other actor's position. This 
behavior and interrelationship will be discussed further in chapter eight. 

As a final component of this chapter, an overall picture of how these 
factors are perceived to influence the firm is given in figure 7.2 below. 
The distinction between the external and internal factors depends on how 
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each factor is perceived among the actors. Technology, R&D and key 
actors are all preferred to be extracted from within the firm. What is 
accepted among the actors are the use of external resources, external 
financing, and to assign the production to others. This does not in any 
way imply that they cannot use a majority of internal resources or handle 
the financing or production part themselves. It merely points to the fact 
that these are factors that they willingly incorporate from external 
sources. 

EXTERNAL ENVIRONMENT 

Financing Resources Production 

Product Development 

Key 
Actors 

Technology R&D 

THE FIRM 

Figure 7.2. Key Actors Perception of Important Factors and their 
Preferred Origin During the PDP. 
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8 
ISSUES EMERGING FROM 

ALL CASES 

When first deciding on what parts of the Windex 1200 development 
process that was going to establish the foundation for the analysis, there 
was no way of knowing what to find in the other cases. As has been 
established in the previous chapter, a number of similarities among the 
statements were found. This chapter takes the analysis a step further 
since it focuses on issues emerging out of all four cases in addition to the 
factors ending chapter seven. By looking at the collected information 
from a more aggregated level, new viewpoints regarding similarities and 
differences among the four cases emerged. 

It should be noted that this study has been a learning process. The issues 
discussed in this chapter were not discovered while collecting 
information from the platform case and were as a result, not included as 
statements in chapter five. It was first after the additional cases had been 
collected that the following three issues emerged. 

8.1 A CONTINUOUS PROCESS 
All four cases have presented actors with a genuine interest in 
developing new products. Evidently, the possibilities for new and 
innovative technical solutions are both important and much needed in 
the first part of the product development process. After the initial 
technical specifications and framework for the project are set, the 
characteristics of the work done by the engineers are somewhat changed. 
At that point, it becomes important to work within the framework that 
has been set, and to reach the best technical solutions within the 
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specifications. This line of thought was presented earlier on a project 
level (Midler, 1995). Midler describes the diminishing manoeuvrability 
and freedom in project, as project convergence over time. Here, the 
attention is more on the individual actors and their behavior, i.e., the 
engineer's inventiveness is restrained by a framework that becomes 
stricter and stricter the longer the project evolves. When the 
inventor/engineer realizes that the freedom of innova ti veness is reduced, 
his interest in the project starts to fade. This evolution is pictured in 
figure 8.1. 

The x-axis presents the time factor. The longer time that passes since the 
development project started, the further the project has come from idea 
creation to market launch. The y-axis presents the technical freedom 
possible to work with during the development project. The higher the 
curve, the higher amount of freedom regarding technical solutions and 
specifications is given. Since the involved actors primarily are technology 
oriented, the y-axis is also picturing the degree of actors' interest in the 
project. Notable is that technology in this context includes all three types 
described by Shrivastava & Souder (1987), i.e., machine, procedural, and 
knowledge technology. 

Technical 
freedom 
in project 

Figure 8.1. Relationship Between Time and Technical Freedom 
During a Product Development Project. 

At the very start, the sky is the limit, but once decisions regarding the 
final product are taken, the same decisions will place limitations on the 
technical freedom from that point and forward. Along the line, the level 
of technical freedom will decrease, but even when the product is ready to 
be launched, there will still exist some degree of f reedom. Therefore, the 
curve becomes flatter over time until it reaches some sort of minimum 
level. 
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This reasoning is in line with Winner's (1983) argument that once 
decisions regarding technology to use has been taken, it will impose a 
structure on both firm and project. Lawrence & Lorsch (1967) noticed in 
their study of large firms, that if the actors are involved in a firm active in 
a dynamic environment, they tend to organize in a less formal way. 
Bringing these two findings together, it is reasonable to argue for the 
relationship found in figure 8.1. The actors are believed to be in a 
dynamic and flexible environment, and as a result, want to keep their 
technological freedom. The inventors' need of freedom and 
independence from structures and other factors that might impose a 
hindrance in their visionary idea-creation seems to be strong. Their 
solution is to be careful regarding dedicating themselves to any 
particular technology, since it might impose a structure that could hinder 
them later in the process. 

Since the actors' freedom within the organization is immense, there 
seems to be two ways for the inventor to continue his involvement and 
still uphold his need for technological freedom. One solution is to 
distance himself from the development project by handing over the 
responsibility to others. This creates a space for him to start a new project 
where a high degree of technological freedom is still present. This was 
evident in the case of Windex 1200. The inventor started the development 
process, but kept his distance from the operative work by employing a 
technical chief at RAD AB. During the same period, he kept his work as a 
professor at the Royal Institute of Technology and visited RADAB within 
two-week intervals. As a result of the organizational structure, the 
inventor presented his ideas to the technical chief, and it was the 
technical chief that gave him a concrete form, and materialized most of 
the design solutions on the Windex 1200. 

At Stemme GmbH & Co. KG, they started the development of the S10 
Chrysalis at their factory in Strausberg outside Berlin. Throughout the 
production process, they have handed over more and more responsibility 
to their partners in Poland. Partly due to the difference in labour costs, 
and partly because they want to focus on becoming a more product 
development-oriented organization, i.e., they want to offload the 
administrative tasks involved in the operation of the production phase. 
This was strongly supported through a statement by Dr. Stemme, where 
he declared that he wanted the firm to become a virtual organization by 
outsourcing most of the physical testing and production involved in 
developing aircraft. This decision created an operational freedom within 
the firm that was intended to be filled by a new aircraft project. The new 
aircraft is based on the same propulsion system, but will enter a new 
market segment since it is planned to be a nine-seated/cargo aircraft. 
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Any tendencies toward this alternative were not found in the ATOL case, 
where the inventor/owner kept a strict control during the whole process. 

At MFI AB, they defined their business as a research and product 
development oriented firm. They realized that they did not have enough 
resources to handle the production of their BA-12 Dragon-Fly. As a 
result, they searched for suitable production partners within Sweden. 
Even if th ey handed over the responsibility for the production of t he BA-
12, a responsibility for the general product development as well as a 
business relationship was present. MFI AB's two production partners did 
not fulfil their tasks as planned. Both had problems to set up a well 
managed and smooth running production facility. The main reason for 
this can probably be traced to the fact that none of the partners had any 
prior experience in producing aircraft. When MFI AB got the opportunity 
to start with the development of the new aircraft project, BA-14 they took 
it, even if th ey still had problems to solve with the prior one. In a sense, 
the inventor and his team succeeded in mentally transferring their 
responsibility for the latter part of the development process to someone 
else. By doing so, they created a void that could be filled by the new BA-
14 project that held much higher technological freedom than the BA-12. 

An alternative solution is to stay within the present development project 
by constantly changing the specification to keep up the technological 
freedom that the inventor/engineer strives for and finds ideal. This type 
of activity was also present at RAD AB. Starting with the prototype 
Windex 1100, and continuing with Windex 1200, they decided to build 
their own engine. So far, it can be possible to argue that they kept the 
development process within a logical line of reasoning. The tendency to 
keep changing the specifications during the process occurred after the 
manufacturer's fire when they decided to make some changes as the 
opportunity arose. The fact that they decided to make some changes to 
the wing beam etc. as a result of an inquiry from the United States' 
aerobatics team for gliders is another support for this notion. 

The alternative of constantly changing specifications was also partly 
present at Stemme GmbH & Co. KG. Even if t he main part of the design 
has been kept, they have developed versions like the S10-VC with pods 
under the wings. They have also continued to search for improved 
engine performance. These activities cannot constitute a clear line of 
planned alteration to keep the technical freedom among the inventing 
parties, but they do present the evidence of a product development 
project constantly searching for improvements. 
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The same situation was found in the ATOL project. The aircraft project 
was specified and a prototype was built. Based on the new information 
gained from the prototype, a number of alterations were done and a 
second prototype that also became the final design was manufactured. So 
far, the project followed the traditional view of how a development 
project is supposed to be carried out. The interesting part is that even if 
the development project is almost completed, the inventor decided to 
make some additional developments regarding the engine. As an option, 
he has taken a new type of engine, and by making some modifications 
regarding the propulsion drive, come up with a concept that he finds 
superior to his earlier choice of engine. 

This type of behavior regarding modifications and specification changes 
during the process was not evident at MFI AB. They were the only firm 
where the CEO stressed the importance of starting an aircraft project by 
stating the parameters and specification for the construction before the 
actual development commenced. The reason for their different behaviour 
is inclined to be closely connected to their vast experience of similar 
aircraft development projects. 

Some theoretical support for this behavior of a lteration and modification 
regarding the specification of the design can be found. As noted in 
chapter two, present theories of stage-gate models have started to 
become more flexible and dynamic (Cooper, 1994). Even if there are 
parallels, these actors' behavior does not fit into the stage-gate models in 
a satisfying way. When Cooper discusses flexibility, it is in terms of 
effectiveness regarding the total development process. Among these 
actors, the flexibility is more of a personal benefit than for the best of the 
project. This is, in accordance with the earlier findings that the firm and 
its business activities is a means to an end. I.e., the project often seems to 
have a higher priority than the firm for the involved actors. 

• 
Technical 
freedom 

in project 

Time 

Figure 8.2. Inventor/Engineer's Solution to keep up their 
Technological Freedom. 

217 



Issues Emerging From All Cases 

As shown in figure 8.2, one solution for the inventor/engineer is to shift 
interest toward a new development project where the specifications are 
still not set and the technological freedom is still high. I.e., a shift of 
interest from project one (PI) to project two (P2), and later from project 
two to project three, etc. This is not to say that each new project is free
standing without any connections to the prior project. Figure 8.2 is easily 
transferable to the first alternative described above, where the inventor 
distances himself from the present project in order to set up a situation 
suitable for entering a new one. It can also be a description of t he second 
alternative where PI, P2, P3 etc. are the creation of each new alteration of 
the project specification. In the case of Windex 1200, the actors kept 
changing the specifications from an ultralight glider to a fully aerobatics 
glider. The project of developing their own engine can also be considered 
a new project strongly connected to their prior project. 

As can be detected from figure 8.2 and earlier discussions, the main 
interest among the inventors and other key actors seems to be to keep a 
heigh degree of technological freedom over time. To uphold this 
situation, they continuously undertake new projects or sub projects. It is 
even possible to argue that their ultimate goal is to create a working 
environment where this behavior becomes a perpetual process. The 
continuous process of constantly searching for new projects with high 
technological freedom is of superior importance for the actors as they 
seem to have the intention of infinite continuance of their behavior. 

CRITICAL LEVEL OF TECHNOLOGICAL FREEDOM 

Technical 
freedom 

in project Critical level 

Time 

Figure 8.3. Critical Level of Technical Freedom in Projects. 

If there is an evasive behaviour among the actors' involved in a project 
that starts to lose technical freedom, it might be possible to establish 
when it occurs. There seems to be some sort of critical level regarding the 
minimal acceptable technical freedom in a project. It is arguable that 
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engineers and inventors strive to uphold the technical freedom, thus 
trying to be above their critical level. Once the project drops beneath the 
critical level, it is handed over to others with a more administrative 
nature. In figure 8.3 the critical level is included in the picture. Naturally, 
each actor has his own threshold level, but is easily detected since it is 
fairly traceable to determine when a new project or subproject takes 
precedence over the present one. The actor's threshold level might also 
vary over time. To pinpoint this threshold level is not an objective in this 
study, the concern is more that it exists and how it can influence the 
process itself. 

Obviously, a firm focusing on product development, consisting of actors 
with a similar pattern and behavior as discussed above, might experience 
difficulties in reaching and succeeding to the launch phase of a project 
due to lack of competences. An example is negligence of the market 
aspects as mentioned by Livesay, Rorke & Lux (1989). This supports the 
arguments of positive effects regarding the use of multifunctional groups 
and participants with different backgrounds and skills in new product 
development projects. By including individuals comfortable with the 
strategic and administrative side of a project, the possibilities of reaching 
completion without losing momentum must be considered higher. 

It is also interesting to note that there seems to be a point where the 
interest to search for new challenging areas grows stronger than keeping 
the control of the new product's development. This point seems to occur 
once the main areas of design and key solutions have been settled. 
Lindell (1988) argues that product development is a learning process that 
requires motivation to be accomplished. Since the motivation seems to 
fade among the key actors once the technical difficulties are solved, there 
is no surprise that the project might lose momentum in its final stages. 

From another standpoint, it can be argued that this behavior can be 
derived from the fact that technology is difficult to predict and plan for, 
but continuously evolves in a pace that grows faster every day. As a 
result, the product life cycle has become shorter (Edosomwan, 1989). The 
actors' tendency to start on a new or modified project could be their 
answer to keep up with the faster pace on technological development and 
shorter product life cycle. In their efforts to speed up the process, they 
seem to unintentionally hinder their prior project's progression. 
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8.2 THE INVENTOR-MANAGER 
INTERRELATIONSHIP 

An interesting relationship can be found between the inventor and 
manager in the two cases where the roles were hold by two individuals. 
Starting with the inventor, two interrelated roles can be detected. First, 
there is the dominating role of a visionary inventor. It is the ideas 
originating from the inventor that constitute the foundation for the firm's 
existence. Second, there is the role as part owner of the firm. On the other 
hand acting as manager and owner is to be divided into two disparate 
roles too. This part has been discussed earlier in numerous studies about 
the owner-manager relationship (see for example Kotey & Meredith, 
1997). 

First, let us focus on the inventor-manager relation. In two of the cases, 
there has been a dyadic relation between one inventor and one manager. 
The inventor brings new ideas and visions for the firm to explore. He 
tries to work toward his and the firm's vision of a superior product. He 
has little or no interest in how his vision should be financed, what the 
potential customer looks like, or how the product should be marketed. 
His focus is on creating and materializing something that has so far only 
been ideas and sketches. He is not interested in any form of constraints, 
and believes that he should not be either. The inventor needs to focus on 
the inventive side of the development process in order to produce the 
best possible product. Best, is in this situation, his and other key actor's 
perception of the future product. 

The manager is running the operation and draws the line for what is 
workable from the firm's perspective with regard to resources etc. The 
manager is in other words setting up constraints that the inventor has to 
accept and act upon. The manager has to clearly communicate where the 
limits are, and how to act once they are reached. It is also the manager's 
responsibility to create a working environment that is supportive for the 
inventor and product developers within the firm. The manager is also 
responsible for upholding external relations with organizations and 
actors that are vital for the project's continuous progress. He has to plan 
on both strategical and operational levels. On the strategic level, he has to 
share the inventor's vision and be open-minded enough to comprehend 
the full potential of the product. This will lead to need of planning 
regarding production and market aspects among others. Contacts have to 
be taken in advance to uphold the momentum in the development 
process. Operationally, the managers are responsible for the day-to-day 
operations. In a small firm like the ones studied, he also has to manage 
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the flow of m aterials to the workshop etc. Talking to potential customers 
and media are other activities that have to be managed in addition to his 
ordinary work. This is to some extent in line with the traditional way 
managers are running their R&D department. This relationship is 
pictured in figure 8.4. 

Ideas 

Inventor Manager 

Restrictions 

Figure 8.4. The Inventor - Manager relationship. 

A new dimention is added when the inventor and manager are also 
involved as part owners of the firm. As equals in terms of importance 
and strength within the organization, their relationship has been close. In 
both those cases, the inventor and manager have also been involved as 
part owners. In these cases, the situation described above is not fully 
valid. The manager evaluates the inventor's ideas but, since both of th em 
are part owners and board members, the inventor also evaluates the 
manager's general activities. Thereby in his turn, the manager hinders or 
supports the firm's development in a direction of the inventor's choice. 
This is not to say that the inventor is solely responsible for the activities 
and directions taken within the firm. They have to rely and depend on 
each others' roles and competencies. These situations can be illustrated as 
a close and informal relation. They do not worry about stepping into each 
others' territory, since they share the same product vision. Both find the 
development process their primary concern. Everything else is of 
secondary importance. This includes traditionally important aspects like 
long-term financing and research of potential markets. Their relationship 
has to be of mutual respect for the other's profession and competence 
since they are interdependent of each other. 

The relationship between the inventor/owner and manager/owner is 
pictured in figure 8.5. The figure is naturally a simplification. Starting 
with the two arrows in the center, the traditional relationship between 
inventor and manager is pictured. The inventor is working toward 
actualizing new ideas based on his (and others') vision. The manager, on 
the other hand will present a number of constraints that the inventor has 
to complete his ideas within. Over time and continuous iterations, the 
inventor's ideas will concur with what is possible to actualize with 
regard to managerial objectives and the firm's resources. Including the 
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owner perspective, the arrows indicate that evaluation of activities has to 
be included. They represent the additional interdependence that is found 
between the two actors. Since they have mutual responsibilities as 
owners, they have to constantly evaluate the activities taken within the 
firm. The arrows indicate that they evaluate each other, but they also 
have to evaluate their own activities. As a result, the central arrow 
indicating constraining factors delivered by the manager do not reveal 
the complete picture and has to be complemented by the others. The 
inventor's position is in a way strengthened by his position as owner or 
part owner. With it follows a responsibility of s trategic planning and, to 
some extent, a stronger review of his own work as inventor. 

The interdependence shown in figure 8.5 can be rewarding for a firm 
when the two actors remain equals. If the working relation between the 
two key actors for one reason or another starts to deteriorate, the firm has 
a serious dilemma that needs to be solved with highest priority. If the 
manager/owner is the dominating part, one can claim that their relation 
is similar to the situation in a large traditional firm. Even if that is the 
case in most large firms, it may not be the ideal situation in a smaller 
firm. The close relationship existing in a very small firm often creates a 
climate where everyone is working with everything. Clear-cut roles and 
positions are not upheld in a traditional manner. This leads to the 
conclusion that the manager or manager/owner cannot exclude himself 
from the team just to uphold his position as manager, he must be part of 
the team. On the other hand, if the inventor or inventor/owner is 
dominating the relation, there is a distinct risk of losing sight of the 
market and what the market actually demands, often known as the toy-
train syndrome. The same behaviour can naturally be valid for inventors 
and managers without ownership-interest in a firm as well, even if the 
ownership probably will bring it out more. 

Evaluation of Activities 

^ f Inventor/ \ f Manager/ \ 
V^^Owner ^  ^  \^C)wner  

Restrictions 

Evaluation of Activities 

Figure 8.5. The Inventor/Owner - Manager/Owner 
Interrelationship. 
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An additional aspect regarding this model exists when only the inventor 
or the manager is an owner. Naturally, this can influence their 
relationship with the one owning the firm as the stronger of the two. In 
the S10 Chrysalis and ATOL cases, a dynamic relation between two 
equally strong actors as inventor and manager could not be found. 
Instead, one strong individual acting as both inventor and manager was 
present. In both firms, the central actor started as an inventor and found 
out that the only possible way for him to realize his vision was to start a 
firm of his own. By also becoming manager of the firm, they could keep 
control of the process. It is interesting to note how the two inventors 
decided to take two different paths when developing their product. In 
the S10 Chrysalis case, the inventor was satisfied with focusing on the 
more strategic issues, and left the actual development work to others. I.e., 
the inventor transformed into a manager although still keeping the 
visionary aspects of the inventor's role. He found a new mission in 
finding and employing actors who had the potential to create state of t he 
art solutions to projects within the firm. He accepted that he was not able 
to keep up with, and be the best in a multitude of professions. 

In the case of ATOL, the inventor kept the position as inventor while also 
taking on the role as manager. When the project grew and more people 
got involved, he realized the futility in grasping and managing all areas 
of the project. He kept the position as inventor and manager, but 
employed additional actors to relieve him in areas like accounting and 
marketing. Still, he could not decide whether or not to pursue the career 
as inventor or manager. His attempts to prevail in both vocations ended 
in failure. By involving an additional employee responsible for 
accounting and financing, he partly lost control of how the resources 
were managed within the firm. The employee responsible for marketing 
the product was said not to fit the organization. There can be many 
reasons for this. One possibility is that the manager did not hire an 
individual competent enough, or it could have been an individual with 
an independent will of thought. On the other hand, the employee might 
not have been mature enough for the task he was set to manage. The 
reason behind this is almost impossible to solve in retrospect, and is also 
of less importance. What is important is to establish that the 
inventor/manager's role is dynamic over time. If the manager cannot 
deal with this transformation process, he might be better off focusing 
solely on the role as inventor, and find a manager suitable for the project 
and firm. 

The interdependence between the inventor and manager is evident in 
this study. Once a project involving a complex development process (as 
an aircraft) is on its way, it tends to grow with regard to physical, 
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monetary, and human resources. To manage this growth, there seems to 
be a need for two individuals to separately handle the roles as inventor 
and manager. If, from the outset, there is only one acting as 
inventor/manager, this person has to make some important decisions in 
an early stage of t he development process. One possibility is to keep the 
position as inventor, and, by the position as owner, employ a suitable 
manager. Another solution is to make the transition to, and feel 
comfortable with, the managerial position. An imperative for this 
transition to work is that the manager willingly withdraws from his 
former occupation as inventor, and openly and honestly leaves it for 
others to pursue. 

That transformation of roles and positions is inevitable once the project 
starts to grow, is of diminutive interest for some of the actors. One of 
RADAB's owners openly said that it was more fun and interesting as 
long as the project was kept as a leisure-time activity. When it became 
serious, involving employees and external contracts, they had to be 
respected and managed in an appropriate way. 

The interrelationship presented above describes a situation with one 
creative and one rational part interacting for the best of the firm. Even if 
people can be categorized as more or less creative/rational, they have 
both abilities inside them. In reality, both actors can be more inventive or 
managerial-oriented. In the firms studied, it is important to note that a 
tendency toward an inventive culture among all actors within the 
organization was detected. 

8.3 NEW PROJECTS' EVOLUTION DURING THE 
DEVELOPMENT PROCESS 

After reviewing the cases, it is clear that they have little in common with 
the highly structured and mathematical-based development process 
found at the large Russian aircraft-manufacturer Ilyushin (Shaw, 1995). 
The same can be said when comparisons are made to stage-gate models 
(Booz, Allen, & Hamilton, 1982), (Cooper, 1994). To describe a dynamic 
phenomena is difficult. Something that changes over time is difficult to 
picture and explain in one single figure. The description has to be 
supported not only by an extensive explanatory text but often, as in this 
upcoming case, by a series of steps or phases that pinpoints distinctive 
key events over time. 
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Figure 8.6 pictures a flow of events that starts with a startup phase where 
participating actor/s is working with an idea of a new product. In this 
creation phase, one or a few key actors are exploring a new idea. He or 
they do not at that time, look upon their idea as primarily a business 
opportunity. In this sense, the embryo to a future business venture can be 
kept as a separate entity outside their normal business (if present). The 
phase is carried out as a leisure time activity where the actors are in a 
creation phase, and are working on the project primarily due to reasons 
like personal development and self actualization rather than for 
monetary compensation. 

Growth of project 
and firm 

/ 
Protection • Creation • Etc. \ 

Exit/halt 
of project and firm 

Time 

Figure 8.6. Product Development Projects' Phases of Evolution. 

The product development process is external to the present business (if 
existing), and occupies the free time of all or some of the actors involved 
in the firm. It is not realistic to believe that the actors stop thinking, 
talking and discussing the project only because they are located in a 
different environment. As such, it is understandable that the 
development project and the firm are drawn toward each other over 
time. 

The creation phase can go on over a long period of time, but finally the 
actors have to make a decision whether or not to start a new business or 
to include the development project in the normal operation of the present 
firm. The key question is if they are going to keep the project as a leisure 
time activity, or should transform it into a regular new business venture. 
The reasons for entering this transformation phase can be both internal 
and external derived. As in the case of Windex 1200, the actors decided to 
pursue the project within their firm to support the project financially. The 
firm acted thereby as a tool for a smooth continuation of their 
development project. This transition can sometimes be difficult to trace. 
At RAD AB, it was clear that they worked on the project prior to bringing 
it into the firm. The same clear-cut situation can be said to exist in the 

^ . Trans-Creation —• . -formation 
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case of ATOL where the inventor gathered information and planned for 
the project many years before starting the firm. 

In the other two cases, the picture is not as explicit. Even if the inventor at 
Stemme GmbH & Co. KG stressed that no actual development was 
carried out before the financial situation was solved for the whole project, 
he carried out preliminary testing of the propulsion drive in his previous 
firm. Similar to the situation at MFI AB, it is difficult to gain knowledge 
about how much the inventor worked on his idea before presenting it as 
a business opportunity for the firm without actually being there at that 
time. 

Once the project has been incorporated within the firm, phase three has 
begun. The firm is now acting as a protective shell and nurturing ground 
for the development project. This is vital since it enables the development 
project to draw funding and other resources from the firm. As an outside 
observer it is natural to assume that only a project with reasonable chance 
of generating future revenues or other types of business advantages 
should be of i nterest to the firm. The investigated cases prove that this is 
not always so. Due to the key actors involved in the development 
process, and their major influence in setting up, managing, and/or 
owning the business, the firm's objective is closely related to their 
personal objectives. In this situation, it is evident that strong personal 
beliefs can bias the decision. It is important to note that the bias does not 
have to be all bad (or good). The setup creates a situation where the key 
actors have a strong position and thereby can fulfil a project's original 
intentions without any interference from negotiations and power 
struggles about resources within a firm involved with multiple projects. 

After an additional time, the project has continued to grow and has 
become the main objective for the firm. The firms' prior engagements (if 
existing) can even be less prioritized due to the newness and excitements 
a dynamic product development project brings with it. This was evident 
at RADAB where the administrative tasks of managing the operation of 
their cash-cow, the wind-direction indicator, often were done by the 
secretary. The CEO was occupied with the Windex 1200 project. In the 
cases of Stemme GmbH & Co. KG and ATOL, their focus was explicit 
from the beginning since they started as a single product company. 

In the case of Stemme GmbH & Co. KG, the firm was able to expand and 
grow with the project's progress. The firm was able to adapt to the 
growth with regard to both financial resources and personnel. The 
development project is a dominating part of the business, but the firm is 
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not in any way consumed by it. I.e., the project is well managed by the 
firm, and through a successful outcome of the development project, both 
firm and project can grow over time. 

An alternative development is when the firm is not able to manage the 
growth of the development project. In this situation, the project is 
growing but the firm does not for various reasons grow with it. The main 
reason is usually the lack of financial means. As has been shown in the 
studied cases, the result can even be overspending the available resource, 
thus creating severe damage to the firm's potential for long time survival. 
I.e., the owners/managers have to shrink the firm's organization. This 
was the situation for RADAB in 1991 when they had overextended their 
financial means and had to lay of t heir employees. They lost momentum 
in their development process, and as a result delayed the launch of the 
product. The same situation occurred in the ATOL project where they 
went bankrupt. Here, the process was brought to halt for a long time 
before the prior owner got the opportunity to regain control of the 
company. In this phase's most extreme situation, it is even possible to say 
that the firm only exist as a nurturing ground and protector of the 
development project. As such, the firm is acting as a protective shell by 
which the firm's resources create a suitable internal environment for the 
project at the same time as it is acting as a dynamic shielding from the 
external environment. 

If this scenario has a successful outcome as described in the first 
alternative, the development project can become one of, or even the most 
important product for the firm's business. Even so, they seem to shift 
focus and start the process all over again by entering a new creation 
phase. This time, the former product's success can offer financial support, 
thereby facilitating the process. Experience made during the prior 
process together with the enhanced resource base, will naturally also act 
as facilitators. 

On the other hand, if the project has difficulties in delivering the planned 
market-potential, the incorporation of the leisure-time project in the 
firm's normal operation, and the usage of the firm's resources can be 
compared to a young cuckoo's habit of squeezing out all competitors 
within the nest. I.e., the decision to incorporate the project within the firm 
is made to liberate the firm's resources and to use them in the 
development project. If the resources are emptied before the product 
development is completed, the firm has lost its purpose, thus resulting in 
bankruptcy and thereby exits the process. Even if that occurs, as in the 
ATOL case, the key actor appears to find the strength to start the process 
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all over again. This time, starting a new company is made in order to 
continue where the development was interrupted. 

It is important to note that the main concern and focus for the actors are 
not the firm, but the product development project. The firm is merely 
looked upon as a means to an end. I.e., the involved actors are not 
primarily business-persons, but rather creative inventors and engineers. 
This tendency can probably be found among other businesses with actors 
of a strong profession as well. 

8.4 SUMMARY 
When comparing all four cases, it is evident that there is a lack of suitable 
theories that can explain the phenomena extracted from these firms. 
These types of radical product development projects are distinctly 
different from findings drawn from larger product development projects 
within the same industry (Shaw, 1995), (Ayas, 1996), (Sabbagh, 1996). The 
reasons are that they are built on different fundamental assumptions 
regarding business ventures and new product development objectives. 

Technology carried a central role among individual actors and therefore 
in the development process as well. This is evident in all three areas 
presented in this chapter. Technical freedom seems to reach a critical 
minimal level where the actor will take action. The inventor-manager 
interrelationship presents a situation where the inventor can take action 
to a larger extent than he might in other firms. The reason for his actions 
can be his view on the use of technology, but can be in other areas as 
well. New products' evolution over time is also evidence regarding how 
the actors prioritize the development of the project and its technological 
challenges before the firm itself. 

The three emerging relationships among technology, actors, and new 
producs' evolution presented in this chapter will function as a link 
toward the concluding findings and arguments that follows in the next 
chapter. 
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TOWARD A NEW TERMINOLOGY 

In this chapter, it is time to summarize the findings drawn earlier, and 
place them within a suitable framework. It is easy to conclude that there 
are few similarities between the rational stream of research presented in 
the theoretical chapter, and the cases described in this study. There have 
been few similarities with research based on rational planning/operation 
of an effective product development process. Although previous research 
shows a somewhat weak coherence in general to the findings in this 
study, interesting links can be found. 

The chapter starts by presenting perpetual product development as a 
suitable terminology for what has been derived from the findings. 
Secondly, participating individuals' character traits are discussed. 
Thirdly, the characteristics of their perpetual process are given, described 
in view of the firm, its design, and its implication regarding the product 
development. Fourthly, associated concepts are discussed. The chapter 
ends with a summary of the findings. 

9.1 A PERPETUAL PROCESS OF PRODUCT 
DEVELOPMENT 

The findings presented in this study describe a situation within small 
firms that earlier had only partially been uncovered. To help further 
discussion and hone theoretical arguments, there is a need for a 
terminology suitable for these occurrences. 

As has been presented earlier, the actors have a strong internal drive to 
develop new technical things. Sometimes, it might not even be suitable to 
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label them products since it implies a developed product concept for a 
specific market. These actors have started, designed, and built a firm 
based exclusively on their own objective of continuous development of 
technology-driven new "products". Their objective seems to be to use the 
firm as a tool to acquire sufficient resources for their project. Since their 
vision is not to develop one single product, but a number of products 
over a long period of time, a parallel to perpetuum mobile, the perpetual 
motion machine, can be drawn. The internal driving force is strong 
among the inventor, manager and owners, and the firm is established as 
a way of creating suitable tools for a perpetual process. 

The perpetual process differs from what is known as a continuous 
product development process (Nonaka, 1991), (Haragadon, 1998) in a 
number of ways. First, continuous product development derives from the 
notion that a company needs a continuous flow of new products to be 
able to grow and keep up with competitors in general. It is a process that 
is externally driven. Second, in larger corporations, top management 
execute decisions regarding their product development departments 
based on the premises that a continuous product development is of v ital 
importance for the company's future survival. The continuous process is 
managed, not by the ones actually involved in the process, but by the 
executives. Third, a perpetual process can experience discontinuity 
during the acctual product development, but that is only seen as 
obstacles to conquer in a longer perspective. The continuous process is, 
by its nature, unrelenting and consistently carried out without any 
discontinuity. Naturally, there are similarities as well. In both situations, 
the intention among the key actors are for the company to develop 
products in a continuous flow. As an external observer, the distinction 
might be difficult to spot at first. By investigating the motives among the 
key actors, the distinction can be unveiled. If the actors7 intentions are 
fulfilled, the firm will progress in a good "spiral" where the phases of 
creation, transformation, and protection (pictured in figure 8.6) will 
occure in a never ending process. 

It should be noted that the word perpetual has been used earlier in a 
business and innovation context, but then as a label of repeated success 
regarding the instigation of spinn-offs (Kahalas & Suchon, 1995). In these 
situations, it has had a strategic focus on the corporation itself. The aim 
has been to create a managerial climate in the firm that will result in an 
ongoing enterprise that perpetually creates new products due to superior 
capabilities. The underlying image in that definition is that the company 
is a machine that needs to be revitalized through new products to uphold 
its competitive advantage. 
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Since no suitable terminology has been found matching the process 
among the firms in this study, one contribution is to establish a 
terminology that labels the process in an appropriate way. The inventor, 
manager, owners and other central actors in the process have a strong 
internal motivation for product development. The firm is designed to be 
a dynamic tool for their personal ideas and visions. The process is carried 
out over a long period where one project follows another. The firm is the 
actors' instrument in their effort to secure a perpetual process of product 
development projects. It is therefore suitable to label this process perpetual 
product development. 

If the label is going to have any meaning, there is a need to specify the 
characteristic for perpetual product development. First, it is a perpetual 
process. The product development is a continuous process stimulated by 
the actors' creativity and need of inventing. Once the process has been 
started, the assumption is that it will go on for ever. It is a strong internal 
drive and not a process decided upon as a strategic choice taken by 
executives. Over time, the actors' interest in the development project will 
shift. The physical time span has little impact on reasons why, or why 
not, a project loses its interest. The reason is more focused on what has 
been done and what is left to solve on the design. As the project comes 
closer to completion, a departing interest can be detected from the 
inventor. This behavior is related to the lack of stimulating and 
challenging tasks to solve on the construction itself. A preservative 
activity for the inventor to keep his interest, is to undertake major 
modifications or variations on the original construction. The reasons for 
this behavior has been discussed in chapter eight. 

The perpetual product development's focus on the process itself does not 
prevent a product to finally reach a point where it can be 
commercialized. The interesting aspect is that their development process 
will continue even after the product has been launched. They will 
continue to work on incremental improvements regarding the 
construction or sub-parts of it. This in turn, will lead to a number of 
products out on the market that are slightly different from each other. 
Once again, the type of product has an impact regarding development 
strategies. I.e., due to the fact that an aircraft is an expensive product, a 
certain amount of individual adjustments and handcrafted solutions are 
possible to include in the process. Not only the price itself, but the actual 
number of products produced also affect the situation. 

Over time, the actors' excitement and involvement to generate 
improvements to the original construction will fade. This is not only a 
result of the loss of technological freedom discussed earlier, but their 
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fading interest is also a result of t heir eagerness to start visualizing other 
visions they have thought about. This is an overlapping procedure where 
the possible improvements that can be done to the existing product are 
diminishing at the same time that the next process is expanding. 

It is possible to argue that perpetual product development is not the most 
effective way to develop new products from a pure business perspective. 
On the other hand, it is far from irrational and ineffective from the actors' 
perspective. As always it is important to establish the reasons behind 
each activity. 

9.2 THE INDIVIDUAL'S TRAIT OF CHARACTER 
This part will focus on three aspects regarding the individual involved in 
perpetual product development. The aspects are the individual's 
devotion toward technology, his conception of time when involved in a 
development project, and his endurance. These aspects has emerged as a 
result of what has been learned from the analysis of the statements in 
chapter five and seven, and the issues addressed in chapter eight. 

TECHNOLOGY DEVOTEE 

In all cases, a compassionate interest in technology has been present 
among the key actors. This is evident not only among the inventors, but 
among the managers as well. In the cases where the roles as inventor and 
manager have been separated, a genuine interest for innovation and 
product development was present in both actors' personalities. That 
technology thereby has a strong position within the firm has been 
established earlier in chapter eight's discussion regarding the 
interrelatioship between the inventor and manager. 

In the RADAB case, the manager was undertaking minor development 
projects on his own beside the ordinary ones within the firm. A comment 
from one of the external actors involved in the development process was, 
that it was an "interesting experience" to follow the manager to a 
technological exhibition. The reason for this behaviour was his 
determination to understand how everything functioned, even if it 
involved crawling all over the constructions. In the situations where the 
inventor also acted as manager, a compassionate technology interest was 
also present. Their interest in technology was often presented by multiple 
projects within different areas of expertise and competences. The actors 
have used their technical competence to look upon disparate areas from 
their technical "lens". Through that lens, they were often able to tackle 
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the problem and work out a solution that improved the benefit of the 
product. Not only the owners, but a majority of the employees involved 
in the development process showed a genuine interest in, not only 
having to work, but to participating in a project that was considered a 
challenging undertaking. 

The actors are also often early adopters of new technology. They search 
for the limit of today's technology. In their quest, they have all shared a 
strong belief in their vision of how the end product would be superior to 
any competitors, once it reached the market. This belief has resulted in 
non or diminutive gathering of information regarding market aspects. 
Notable, is that Stemme GmbH & Co. KG, the company assessing market 
information and potential customer preferences in a more organized 
way, experienced a higher growth rate. In all aircraft constructions, some 
part of t he project involved the use of new material or new combinations 
of materials. The two motorized gliders' construction also involved new 
and innovative solutions regarding the engine and propeller layout. 
Their relentless notion of their own knowledge advantage regarding 
technology is apparent. All inventors explicitly noted that they thought 
their competence would benefit the aircraft industry by producing a 
better aircraft in terms of flight handling, performance, technology etc . 

Livesay, Rorke & Lux (1989) noted that a common mistake was to pursue 
technical development for the sake of technical elegance. The connection 
between the technical development and the market assessment was also 
often inadequate. As have been shown, the actor's objective has been to 
develop a new product with renowned technical elegance. I.e., the 
involved actors and the business community in general do not share the 
same viewpoint on what a successful technological product development 
process is. This illustrated the importance of keeping an open structure 
during the interview which also included the business context. It is vital 
for a study's possibility of presenting reliable findings to consider the 
context in which the product development activities takes place. 

This standpoint becomes evident when applying Maidique & Zirger's 
(1985) "home base" model. They assume that a firm's home base is a 
platform consisting of existing technology, market, and organization. 
When a firm is managed solely on the premises of acting as a tool for the 
actors' interest in developing things, this model becomes irrelevant. The 
intention among the owners and actors is not to have a home base. They 
want to be able to pursue ideas within disparate fields, and are setting up 
a firm to accomplish this task. The result is that technology will shift 
depending on the inventor's area of interest. Even if the inventor has 
expertise within a specific field, expertise and technology can differ. This 
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is not to say that they are not correlated to each other. The second aspect 
of the model, the market, is often of diminutive interest to the actors, 
especially since the products seldom seem to be market derived. The 
market is often looked upon as something that should, and will be there 
once the product is completed. There is never one single market segment 
that the firm focuses on. Their ideas and products are never bound by the 
objective of incremental product development for a specified segment. 
Their vision is more focused on radical product development projects not 
bound by market or technology. 

Organizational structure is the third aspect in the model. All firms do 
have some sort of organizational structure, even if the studied firms 
usually kept the structure as flexible as possible. Since they work in a 
state of constant product development, they are living in a permanent 
project organization mode. They keep the basic functions to a minimum, 
and adapt the firm's organization to each new project's need. This 
adaptability is honed through the expertise and continuous learning that 
the involved actors' experience. 

Based on the findings it is possible to conclude that the actors' devotion 
toward technology is highly prioritized. Among the personal objectives it 
preceeds financial benefits and other more business like consideration 
when acting as owner and/or manager within the firm. 

TIME CONCEPTION 

It is sometimes said that inventors are not only visionary or dreamers, 
but also dream actuators. They have a vision and are willing to make 
sacrifices regarding time and devotion to actuate their vision into a 
concrete project. Interesting is the fact that the inventor seems to reach a 
level of satisfaction when the prototype is up and running. The reward 
from his point of view is when media or professional colleagues verify 
the greatness of h is product. Still, the inventor is seldom content with the 
product since it can always be improved. Due to visionary ideas and 
media interest in rare and extreme products, the project often become a 
media pet. This, in turn, makes it reasonably easy to get market 
information out to the public and potential customers via publicity. 

The development process has, in all cases been carried out over a long 
time-frame. That cannot stipulate anything abnormal or extreme since the 
development of an aircraft is something highly complex and time 
consuming. It involves not only the actual development of the physical 
aircraft, but also a rigid documentation including strength test 
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calculations etc. It can be argued that a small firm also has a 
disadvantage. In a situation like this, it is not possible for a small firm to 
consider all aspects of a new construction the first time, since they do not 
have the same support functions as a larger firm. This leads to a situation 
where the first prototype is not covering all details. As a result, major 
sections of the construction might need to be redeveloped a second or 
third time. Due to the amount of work involved and the factors described 
above, a development project that stretches over a number of years, and 
sometimes over a decade, can still be considered a normal process. 

Surprisingly, time is not seen as a scarce resource among all actors. Even 
if they said that they wanted the product to be completed as fast as 
possible, it was evident that they sometimes prioritized design and 
performance higher than speeding to market. In some cases, the inventor 
seems to have difficulties in separating his concept, from a product 
suitable to market. His position is strong since he also is involved as 
concept controller. To further strengthen his position, he often wants to 
keep the development in-house, thus making it easier to keep control of 
the project. This also led to the initiation of a number of sub-projects, 
meant to support the total product concept in its quest for its full 
potential. These sub-projects can often not be supported from a financial 
perspective. 

STAMINA 

Another term that collects the overall tendency regarding the 
individual's devotion toward the project is actuated by the word, stamina. 
The owners and the actors involved endure economic recessions, market 
negligence, and financial difficulties just to uphold their visionary 
development process. In the case of A TOL, even a bankruptcy could not 
stop the inventor/owner's strong belief in his product's potential. Thus, 
there are forces other than strictly financial that drive them forward. 
Their stamina is closely connected to their belief and chosen lifestyle. 
Their endurance and reliance regarding the project's potential are 
impressive. Sometimes, this conviction of the product's potential creates 
communication problems with external actors. If, for example investors 
or sponsors demand market facts and written reports, it is seen as 
unnecessary time-consuming activities. I.e., if y ou share their vision, you 
are part of a team believing that these aspects are irrelevant for a 
successful outcome of the development project. 

The owners' motivation is what drives the activities within the firm. The 
owners are not always dependent on their business to uphold a salary. 
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They can have other positions outside the firm that can support their 
financial needs. Since they have other projects or work, the firm has a 
tendency to become a forum for the owners need of self-fulfilment. 
According to, for example Maslow (1954), these individuals have reached 
the highest level of his classic pyramid. (This is not to say that all 
individuals within the organization have reached that level.) 

RAD AB is the firm where the actors' willingness to sacrifice financial 
means was most evident. It was evident not only among the owners, but 
among the employees as well. One obvious example is the retired pilot 
who was responsible for the early testing of their engine. He was 
working at RAD AB regularly, working on an assignment for the fun of it, 
without any monetary compensation. I.e., they have the stamina to 
continue to work on the project almost regardless of the sacrifices they 
have to make. Similar findings might have shown up with equal 
significance in the other cases if they had been studied in the same 
manner as the RADAB case. 

It is also enticing to turn this argument around and view it from another 
perspective. What if t he actors' activities and time conception are merely 
a result of a lack of endurance? From start, the process is internally 
driven. They are effective and well focused on their development project. 
As the project is moving forward, the actors are rewarded by a clearer 
picture of their product. When a prototype has been completed and 
tested, they have visualized their vision and proven that the concept is 
working. Once that has happened, they start to lose their interest in the 
developing project. The problem is that they, together with external 
actors, have time and money vested in the project. This is then starting to 
act as an external force, driving them to complete the project including 
market launch. Moving from an internal, to an externally driven process, 
the actors will start losing their interest. They still feel responsible, and 
they do want to reach the point where the project is completed in order to 
free resources for their next project. 

Their tendency regarding lack of endurance in the latter part of the 
process can be connected to their aspiration level. The aspiration level is 
built from both internal and external factors. The internal factors can be, 
as mentioned earlier, their technology interest. More important is 
probably the fact that part of the actors are not confined to their firm to 
uphold their monthly salary. They have other undertakings outside the 
firm as major contributors to their salary. In other words, they can look 
upon the project as a leisure-time activity and, as a result, diminish the 
strictly financial side of the project. One other aspect is that the project 
does not have to carry full costs for the development since parts of the 
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personnel are working without monetary compensation. External factors 
to the actors' aspiration level are friends and society as a whole. External 
relations will influence the actors' decision regarding how resolute their 
efforts to complete the project will be. Since these individuals have 
reached a position in life where self-fulfilment is an important factor, 
there is a high probability that the internal factors are more dominating 
than the external ones. 

One important conclusion drawn from this is that NUTEK, or any other 
funding agency, can never expect to stimulate innovative firms of this 
type primarily by monetary motivation. If they are going to succeed in 
their mission to stimulate new ideas and support the development of 
new projects, they have to look beyond the common monetary reason. 
Even if it seems to be monetary reasons, the cases have shown that 
capital should rather be seen as an imperative to reach their true 
objectives. Only by insight and understanding of the driving-force 
behind each project, a supportive program that benefits NUTEK's 
objective and the firm, can be developed. 

9.3 PROCESS CHARACTERISTICS 
Returning to the findings of Burns & Stalker (1961), a high degree of 
similarities between their management characteristics can be found in the 
studied cases. The process of redefining and adjusting individual actors7 

roles and tasks through interaction with others are interesting and 
recognizable. The roles as inventor and/or manager have been an 
indisputable factor in all cases, but individual tasks and assignments 
have shifted over time. One reason is that the small firms studied did not 
have sufficient resources to employ expertise for each and every position 
needed during the aircraft development project. Instead, they employed 
skillful people that were able to adjust and redefine their assignments 
throughout the process. Lack of expertise will always be a source of 
problems. The continuous re-definition of individual tasks was 
particularly evident in the case of W index 1200. This behaviour is in line 
with Lynn, Morone & Paulson's (1996) observation that high-technology 
firms must adapt to a probe and learn process due to the fact that both 
technology and market are ill defined. 

The tendency toward a lateral rather than vertical communication flow is 
another similarity. Due to the firm's small size, the organization does not 
experience as many hierarchical levels which facilitate lateral rather than 
vertical communication. It is the team as such that brings the project 
forward. Due to fuzzy project specifications from the start, the 
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development project has evolved and been redefined over time. This 
search process often involves everyone within the firm. Due to the 
character of the process and how it is carried out, the organization is 
open-minded. All actors, regardless of position, have the possibility to 
affect the product development. I.e., they experience a less formal 
organization. It is not possible in this study to make any comments 
regarding the management style in use. To be able to judge if a 
consultative or command style has been used inside the firms, a different 
methodology must have been used. 

Others with similar thoughts have followed (Lawrence & Lorsch, 1967), 
(Eisenhardt & Tabrizi, 1995). Their arguments focus around the idea that 
in a strict and stable environment a linear type of product development 
process is efficient. On the other hand, when the environment is highly 
dynamic and the firm is acting in conditions of uncertainty, the process 
should be organic and flexible. Still, the authors assume that the 
uncertainty originates from the external environment. A neglected area of 
research is to focus on the internal uncertainty and its implications 
regarding the product development process. Actors' internal uncertainty 
can be derived from numerous factors, some of them are naturally, also 
externally related. The inventor's vision of a future product is what 
initially started the development process in all cases. The more the 
project involves new-to-the-world ideas, the higher is the uncertainty that 
it can be developed. E.g., a suitable engine for the Windex 1200 design 
was not present when the development started, and has lead to both 
frustration and uncertainty among the actors. If they are uncertain of 
how to proceed, they will also have difficulties in organizing their efforts 
in a suitable way. They would have to assume an extremely open attitude 
and have an immense leeway toward all suggestions in the project ~ a 
situation that will affect both time consumption and resources needed in 
the project. 

Another uncertainty involves the management aspect. If the management 
does not know how the product will look like in the end, they will also 
experience difficulties in managing the process in the right direction. This 
forces the development process to become more flexible and adaptive. 
The actors have to rely on their prior experience and deal with the 
uncertainty in an interactive manner as Eisenhardt & Tabrizi (1995) also 
noted. No judgement regarding the advantages or disadvantages of this 
uncertainty can be made on a more general level in this study. It is 
difficult to make comparisons to Eisenhardt & Tabrizi's (1995) study of 
the computer industry or Schoonhoven, Eisenhardt & Lyman (1990) with 
their study of the U.S. semiconductor industry. They concluded that 
extensive planning results in a slower and not faster product 
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development. These high-velocity industries, where speeding to market 
is utterly important cannot be compared to the aircraft industry in that 
sense. The product lifecycle is definitely longer within the aircraft 
industry, as is the time-frame for the product development process. Even 
so, improvements to speed up the process are being made (Sabbagh, 
1996). 

The development process found in all four cases can be described in 
terms of incremental, organic, or less formal. All terms are used in one 
way or another to describe an alternative structure to the more formal 
and strict linear way of p icturing the product development process. At a 
general level most models of the product development process have a 
resemblance to Booz, Allen & Hamilton's model (1982), and others of a 
more common character. Certain activities will always have to be carried 
out in order to bring the development of a new aircraft construction to 
completion. There has to be a design phase when the basic concept is laid 
out. Due to regulations, the construction has to undergo excessive 
calculations regarding safety margins. Each and every step has to be 
documented in order to get the final approval from the civil aviation 
agency. The same procedure is demanded regarding the prototype. A 
number of tests, carried out during a stipulated period of flight time, 
have to be conducted in order to satisfy CAA regulations. When these 
tests and documentation have been carried out, certification can be 
approved. It is first when the certification is authorized that the firm is 
allowed to launch a product to market. 

A comparison with Shaw (1995) is a reflection of this. The model 
developed from Ilyushin, the large Russian aircraft manufacturer, has 
little to no similarities to what has been taking place within the studied 
cases. When studying the seven steps from shape & layout to launch & 
serial production, there are naturally some resemblances. His seven step 
model includes the more or less obligatory phases. What differs is 
Ilyushin's extensive use of mathematical models as a tool during the 
initial phases of the development processes. Shaw also upholds the 
traditional picture of a linear model with numerical feedback as only 
iterative activity during the process. As such, individual parts of the 
development process pictured by Shaw have some similarities with the 
studied cases. The distinction has more to do with how the process is 
carried out over time, and why. One major reason for this distinction is 
probably the size of the project, both with regard to number of people 
involved and amount of physical and financial resources. When more 
than a handful of actors are about to carry out a task, it has to be 
formalized and structured in some way. Formalization is the only 
possible way for a leader to keep track of, and guide a large project in the 
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right direction. It can be explicitly implemented from start, or if the 
project is starting out in a diminutive way, gradually introduced as the 
project progresses. I.e., if a formal structure is implemented, it might be 
an indication of the actors accepting their managerial limitations in a 
large project. 

TECHNOLOGY & MARKET 

The importance of technology as a force for future development is 
indisputable. That technology is an important aspect when developing 
complex, high-technology products has also been confirmed in numerous 
studies (see for example Berry & Taggart, 1994 and Bettis & Hitt, 1995). 
Some even suggest that it is possible to exclude marketing-driven aspects 
(Weinstein, 1994). All development projects studied have been 
technology driven. Even if a project is technology initiated and driven, 
market aspects have to be taken into consideration. There were weak or 
no external market audits done before the concept was finalized in the 
studied cases. I.e., the projects experienced a strong focus on the first part 
of the technology-driven process. During the product development, 
market aspects were stressed by external actors. As noted among the 
cases, the process of searching for investors interested in the project 
involves a certain amount of market orientation. The firm and its actors 
have to convince private or public parties that their idea is both capable 
and marketable. If not, there would be no financial benefit to invest in the 
project. In a situation with part owners not involved in the actual product 
development, some sort of c redibility to the project must also be given in 
terms of market potential. Even if the internal motivation for developing 
products is dominating among the actors, the product's acceptance 
among its customers is needed. It is, in addition to their own recognition 
a confirmation from external actors of their product's greatness. 

That technology can be seen as a continuous process involving a 
machine, procedural, and knowledge dimension has been mentioned 
earlier (Shrivastava & Souder, 1987). The technology used by the firms in 
this study can, to some extent, be found in all three categories above. 
They were all involved in a product development that to a high extent 
included new technical and mechanical solutions, i.e., they incorporated 
the use of machine technology. It is also evident that it is this form of 
technology that the actors find challenging and the main reason why they 
undertake a development project. It is also important to note that in all 
cases except the S10 Chrysalis, the inventor had a long history within the 
industry and can be called an authority within the field. This does not 
mean that he is an authority on market aspects, but rather, that he has a 
long experience of concepts and constructions that have been successful 
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in the past. Through this knowledge, he should have a higher likelihood 
of designing an aircraft in demand by potential customers. 

Regarding procedural technology, the findings are not as explicit. The 
work flow and aspects on the sequence of work have been rather 
neglected in RADAB's case. A more structured approach was found in 
the case of Stemme S10 Chrysalis even if t hey also experienced a lack of 
procedural knowledge on occasions, e.g., when testing parts of the 
construction. They learned from the development of the S10 Chrysalis 
and believe that the procedural technology achieved will benefit future 
aircraft projects. This is something that Shrivastava & Souder (1987) refer 
to as knowledge technology. When involved in a new innovative product 
development process, it is understandable that the technology learned 
are mainly machine and procedural technology. Especially when there is 
a great diversity between the projects undertaken within the firm, 
knowledge technology will benefit the most in a more traditional type of 
firm with a high degree of similarities between the development projects. 
These projects are often confined within a certain type of product 
category or industry. 

Cooper & Kleinschmidt (1986) found in their study that preliminary 
market assessment and a distinct and formal market launch had closer 
relation to firms with successful projects than those with failures. Their 
finding is supported by what has been found in the four cases. Stemme 
S10 Chrysalis, the one case that carried out some sort of market research 
preceding the actual product development, shows a higher growth rate 
in sales and employees. In the other cases, the actors seem to take it for 
granted that potential customers would examine their product and see all 
advantages without having to communicate them. Notable is that the 
gathering of market information might have been somewhat easier in the 
Stemme S10 Chrysalis case. It was developed according to regulations for 
a factory built and sold product. The three other cases experienced a 
more complex situation regarding potential customers. Their plan to sell 
the aircraft as a kit, divided the customer base into two segments with 
different objectives. The segments differed since some were customers 
with the primary objective of flying, and some had as their main objective 
to build and complete an aircraft kit. In general, it is found that most 
completed aircraft kits are not used to the same extent as ordinary 
aircraft. This would support the notion that potential customers mainly 
are found in the second segment. To this segment, an advanced and 
technically challenging design might even be a good marketing 
argument. 
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The dominating opinion that a market-driven development is the 
preferred way to a successful new product may fit the description on a 
general level. Within a specific industry, like the small aircraft industry, 
the opinion might be incorrect. The demand of the potential customer is 
definitely something that should guide the outcome of a product 
development process. Although it is important to note that the future 
customer has only diminutive knowledge of the technology's potential 
within this field, it is important to listen to experts and experienced 
actors' knowledge. Von Hippel (1988) illustrates a similar viewpoint 
when discussing sources for innovation and product development. He 
claims that each company has to find its source. Beside the technology-
market polarity, he gives the example of lead users among others. This is 
more in line with what has been found in the studied cases. RADAB 
developed an aerobatic version of t heir Windex 1200 after a request from 
a lead user. The improvements were later incorporated in the basic 
design. In the MFI AB case, the BA-12 Dragon-Fly was incorporated as a 
learning exercise for a class of composite material students. Not to forget 
is the genuine knowledge among the internal actors of what is out on the 
market. An example is RADAB's technical manager who was formerly 
employed as a glider inspector at the Swedish Soaring Federation. All kit 
plane developers also experienced a long history within the industry. 
They have been involved in aircraft projects as designers of t heir aircraft, 
or controllers to other aircraft builders. 

FUZZY START AND CULMINATION 

Lately there have been movements towards fuzzy aspects of the 
development process (Cooper, 1994). The studied product development 
processes experienced an indistinct start, with the exception of Stemme 
S10 Chrysalis. The start came gradually until it finally reached a level of 
presence where the management and/or owners decided that they had to 
commit to the project in a more formal way. This unclear startup process 
seems to relate to a similar indistinct set of product specifications from 
start. Maybe, the specifications set from start shall not be seen as a set of 
laws that have to be followed, but more as a set of g uiding lights for the 
actors to steer towards. 

Interesting is that the exit phase experiences a similar indistinctive 
pattern. Since no clear set of specifications are decided upon from start, it 
is a difficult task to determine when the product has reached them. To 
further complicate the situation, the actors tend to change the 
specifications over time. The changes can be of two types. First is the 
normal type in all development projects. When a project evolves over 
time, the actors have to adjust the concept based on what is learned while 
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working on the project. Without that learning process, there would be no 
need for building a prototype on which to test, since they would know 
everything from start. The second type of changes has a different motive 
for its existence as discussed earlier in chapter eight. The motive is 
internally driven, based on personal achievement needs. When the 
specifications are reached, the actors tend to push the specifications a bit 
further. The actors tend to place themselves in a situation where they can 
experience a challenging task. Their effort to make the most of the 
product and constantly seek improvements in the construction, is evident 
in other situations as well. An example is when they for an external 
reason (like when the Windex 1200 production facility burned down), 
take hold of the opportunity to modify the product. 

One possible culmination or finish line for an aircraft project could be the 
first sold product. Due to the incremental improvements that are 
continuously being done to the product, even after that introduction, it is 
not realistic to draw the finish line at that point. The actors still feel that 
there is a possibility for further improvements and adjustments to the 
construction. Over time, they become more comfortable with their 
product, and the implemented improvements are declining in 
significance. During this process, the actors tend to become less and less 
interested in the project. They do recognize the importance of completing 
the process, but cannot always summon their strength and resources to 
do so. Instead, they have a tendency to shift their focus to something new 
and innovative that they have been thinking about, they have reached the 
critical level of technological freedom discussed in chapter eight. It is 
important to understand that the actors do not experience the problem of 
lacking ideas to pursue. For them, it is the opposite. They are full of 
visionary ideas that are competing for their attention. 

This behaviour contains a number of contradictions. First, the actors do 
understand that they need to bring the current development project to 
some sort of finish line. However, the inventor finds the improvements 
incorporated into the construction of d iminutive importance, and is often 
delighted to transfer this type of less challenging work to others. Second, 
the inventor is confident that others can bring the project to the finish 
line, and prefers to focus on more challenging chores. In this situation, 
the dynamics relation between inventor and manager is important and 
often tested to its limits. Rational arguments are often ineffective since 
the driving force behind their vocation is often non rational. 

Another possibility for the actors to uphold their interest in the 
construction is to implement some major redesigns or versions of the 
product. In RADAB's case, they took for example, the opportunity to 
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develop an aerobatic version for competition. These redesigns seem to 
challenge the inventor enough to keep him interested in the project. 
Another area where the inventor has focused his interest is the engine. In 
RADAB's case, the construction was not optimized around any engine 
existing on the market, they therefore decided to develop their own. In 
the case of ATOL, the construction was built around a serie of engines 
that at the present time are market leaders, and more or less dominate the 
market. Even so, the inventor took on a project involving the adjustment 
of another type of e ngine for his design. To some extent, it is a separate 
endeavor since the adjustment was not only for the ATOL, but to 
compete against the market leaders on a more general basis as well. 

Here, a distinction between the Stemme GmbH & Co. KG and the others 
are notable. One major contribution to this is probably the type of project 
they selected to work with from the beginning. All projects except S10 
Chrysalis started as experimental projects. In later phases, it was decided 
to continue this type of certification and, as a result, market the product 
as a kit for the customer to build and complete. Others, planning to sell 
factory made aircraft as well, decided to conform to the commercial 
regulations in later stages of the process. The S10 Chrysalis was, from the 
outset, developed from the JAR-23 regulations with commercially built 
aircraft in mind. By taking this key decision, they had a visible goal to 
aim at, and thereby experienced a more distinct finish than the other 
projects. 

INTERNATIONAL MOVEMENTS 

As mentioned earlier, the aircraft industry is a global industry. Even 
small aircraft firms have to look upon their market from a global 
perspective. Large multinational aircraft companies find that they can 
benefit even more by joining forces, often through mergers and joint-
ventures. Even if there has been a polarization within the industry 
regarding firm size, all companies have to manage the environment that 
is becoming more and more international for each day that passes. 

The studied firms did experience the need for international business 
relations. All firms searched, planned to, or executed their objective of 
exploiting production facilities found in former eastern Europe. Several 
reasons for these actions can be found. Due to their economic situation, 
these countries experience low labor costs compared to the firm's own 
country. Other reasons are the competence in aircraft design, 
construction, and production that are a result of their former government 
policy of subsidizing glider education and soaring. Another aspect of this 
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issue is that all aircraft projects were set for a global market from their 
conception. Even if they at first focused on the domestic arena, it was 
apparent for the actors that they had to focus on a global market if they 
wanted to reach a customer base large enough. While interviewing the 
actors, it became apparent that a decision to go international or global 
was presumed from the very start. The managers did plan to sell the first 
numbers of aircraft on the domestic market, together with the notion that 
the international market probably would be their largest in the long run. 

Based on the managerial actions taken and the structure of the industry, 
it is interesting to discuss whether it is the managerial activities, industry 
structure, or the technology itself that is the driving-force behind their 
global perspective. A manager's decisions are honed based on the firm's 
resources and environmental constraints. The industry structure is 
definitely a part of these constraints. The industry as such has standards 
and regulations that form the firms within it. At the same time the 
industry is based upon, and formed after, the technology it is using. In 
the aircraft industry, keywords like complex projects, advanced designs, 
high-technology, and complex materials are often used. It might even be 
argued that the term global orientation is closely related to the type of 
technology used. If so, a more accurate term would be global high-
technology to emphasize the source and reason for a firm's orientation 
toward a global marketplace. 

MANAGEMENT - A LEISURE TIME ACTIVITY 

There is an indisputable difference between small and large firms' ways 
of managing their business within the aircraft industry. The present trend 
among the large firms is often further expansion through mergers and 
acquisitions. The studied cases picture a divided opinion regarding small 
aircraft firms' growth potential. There is evidence that actors involved in 
small firms within the aircraft industry do want the firm to grow. This is 
particularly evident in the case of Stemme GmbH & Co. KG, and to some 
extent ATOL. But there is also evidence of small firms with no or very 
limited ambition for growth like RAD AB and MFI AB. There have been 
prior studies making similar conclusions regarding lack of small firm 
growth (Davidsson, 1989), (Brytting, 1990). They did not pursue the issue 
further by analyzing the reasons behind the actors' behavior and 
objective for new product development. In small firms where the chain of 
command is short and only one or few owners are involved, personal 
opinions among key actors will have a significant impact on how the firm 
is managed. I.e., personal objectives seem to have a greater impact on 
management in small firms compared to larger firms. That some 
activities can be considered extreme with regard to standard operating 
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procedures when developing new products is also an effect of the same 
phenomenon. This individual perspective is often considered more 
extreme than opinions formed and mangled in meetings over a longer 
period. At the same time is speed and a dynamic management often 
referred to as the small firm's advantage. Taking this reasoning a step 
further, small firms can be said to be more individualistic in their 
management decisions. Due to this individuality, they will be difficult to 
fit into a fixed set of typologies and thereby draw any general 
assumptions about. 

The actors' conception of time is interesting since the day-to-day 
operation often is seen as a less important priority to the manager. His 
and the inventor's focus is set on prototype construction. They are 
interested in cutting edge technology and product development, not 
management and administration of the firm. This creates a situation 
where the firm finds itself managed with a short economic planning 
horizon. The short planning perspective creates a situation that can be 
described as a financial roller coaster. During some periods the financial 
situation is satisfying, shortly thereafter a financial crisis can be 
imminent. Despite these situations, the firms have a potent resource in all 
employees that are deeply committed to the project, the firm itself and its 
owners. A question can also be raised regarding correlation between a 
firm's tendency for a short economic planning range and employees' 
commitment. 

The statement in the sub-title above renders to a delicate situation. From 
a "rational" business or marketing perspective, some small firms can be 
classified as both inefficient and ineffective with regard to their objectives 
and how they are managed. The intention is not to pass any judgement 
regarding how a firm is managed. The objective has been to see how it is 
managed in order to learn and understand what is happening inside small 
firms involved in complex product development projects. Each firm has 
been started, based on the owners' ideas of what to develop and how the 
firm should conduct their business. Over time, the owners' intentions are 
blended with other actors involved in the firm as employees and external 
parties. What is evident in this study is that there are firms managed by 
actors extremely committed to their task. Their compassion, effort, and 
solid interest in their vocation during days as well as evenings are a 
blend of daytime profession and their leisure time activity. Some actors 
even admit that their hobby is their work. They, are often willing to make 
extensive sacrifices to fulfill their visionary dream. Notable is that 
without any external financiers, they do not appear to experience the 
same haste to bring the product to market, since they find the process 
itself most interesting. Due to the integration between profession and 

246 



Toward a New Terminology 

hobby, one can argue that the firm, as a result, is managed as a lei sure-time 
activity. 

The existence of firms managing their business as a leisure time activity is 
an important finding. It can help researchers understand why actors take 
certain actions that seem irrational from a "rational" point of view. This 
is, for example, important when developing governmental support 
programs for domestic businesses. 

PERFORMANCE & MEASUREMENT OF THE PROJECT 

When the parameters for a product development project are set, it is also 
possible to measure the project's outcome and the performance of the 
process itself. This line of research is often focused on finding predictors 
for a successful product development (Rothwell, 1992), (Yap & Souder, 
1994), (Cooper & Kleinschmidt, 1995), but is sometimes just reduced to a 
list of product characteristics (Cooper & Kleinschmidt, 1993). Others are 
focusing on the benefits of shortening the product development time 
(Millson, Raj, & Wilemon, 1992), even if the benefit of being first out on a 
new market is questionable (Cooper & Kleinschmidt, 1993). The 
development of a new aircraft is a project that spans over a number of 
years. In addition, the product lifecycle is longer than many other 
product categories. This is creating a situation where the time frame is of 
lesser priority than creating a superior product that has a chance to 
become the leading product within its segment. I.e., the development 
time can be stretched if the lifecycle is expected to be long. 

Interesting to note is that a long history in the aircraft business or with 
managing product development projects is not automatically a guarantee 
for success. It is rather the actors' objective and attitude toward the 
development process that set the foundation for success. An aircraft 
project will involve a number of obligatory stations or checkpoints that 
force a small firm to grow. The process involves so many competencies, 
that even if t he intention from the beginning is to keep the project small 
scale, it will grow over time. An emotional duality regarding this can be 
found among the actors. They want to keep the development project on a 
small scale to keep the control, but they also want the project to expand 
in order to get the resources and competence needed to complete the 
project in best possible way. Growth, as a parameter to measure success 
is a common external verification (Galbraith, 1982), (Churchill & Lewis, 
1983). If the actors are uninterested in growth, the parameter becomes 
irrelevant. 
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Since the results show that the standard assumption regarding the firm's 
objectives and goals are invalid, the project's outcome must be measured 
from an alternative standpoint. Speeding to market is, as mentioned 
earlier, not as important in the aircraft industry as in other industries. 
Internally, the actors are not particularly interested in speeding up the 
development process since they look upon the process itself as the major 
benefit for involvement. The external incitement they have to speed up 
the process is if i t will result in additional resources to the project, or, if 
they are starting to lose interest in the present project, to relieve resources 
for their next project. I.e., the incentive will never be primarily to 
complete the project as fast as possible, but through the existing project, 
accumulate enough resources to secure their present and future 
development projects. Internally, the actors' main incentive will always 
be to see their idea or vision realized. 

9.4 RELATED CONCEPTS 
The virtual company is an interesting terminology that has started to 
become popular to use (Davidow & Malone, 1993), (Piccaluga, 1995), 
(Adler & Zirger, 1998). There are tendencies toward the virtual company 
concept among all four cases. The deliberate use of academic resources in 
the form of expertise and equipment is one example. A second tendency 
is that all cases showed an intention of keeping the firm's objective on 
innovative activities where product development was the core of their 
business activity. None of the firms planned to become a manufacturer 
by acquiring or building a production facility, but planned or got in 
contact with production facilities in former eastern Europe. This was 
stressed by one of the owners at RADAB who clearly stated that one 
possibility was to complete the product, fill the order-book and then sell 
off the whole project. Thirdly, the involved actors' opinion that a small 
manageable project is more fun, can be realized if t hey manage the firm 
as a virtual company. This is a result of focusing more on the first 
creative part of the product development process and then act as a hub 
where a number of external resources fulfill the latter parts of the 
process. 

The development process that has distinguished itself from the others is 
the Stemme S10 Chrysalis project. At Stemme GmbH & Co. KG, they 
were actively working toward becoming a virtual company by focusing 
their efforts on becoming an idea and creativity center. The 
inventor/CEO even voluntarily used the term during the interview. 
Similar to the other projects, they experienced difficulties and problems 
that had to be solved along the way. One difference was that the inventor 
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had patented his invention, the propulsion system, and that the 
development of an aircraft was more of f inding a way to commercialize 
this application. Second, a difference can be found in their higher degree 
of market orientation. Before they started on the project, they assessed 
market information regarding the domestic aircraft market. Based on the 
information, they decided on the type of aircraft and its specification. 
Third, the manager/inventor did not have a personal background in the 
aircraft industry. He relied on finding the competence needed both 
internally and externally to the firm. He hired a young team with limited 
practical experience, but with "a considerable amount of determination 
and devotion/7 Other supporting functions were hired on project basis 
when needed. The aim was to solely focus on product development and 
use their Polish partners as main production facilities. Similar to Stemme 
GmbH & KG, RADAB, and to some extent ATOL, Avion OY and MFI AB 
have used specialists at Universities or technical institutes. Naturally, 
RADAB has had an extreme closeness in this sense because the inventor 
also held a position at one of the major technical institutes in the region. 

Among the cases, there are also episodes not supporting the concept of a 
virtual company. All projects had a tendency of focusing on internal 
solutions at first. In some situations, the inventor was protecting an in-
house idea even if ex ternal experts had a more achievable way of solving 
the problem. If the actors were actively seek a virtual company solution, 
they would be even more active in hiring external expertise and not have 
tendencies toward an internally-oriented toy-train syndrome. The 
manager at MFI AB stated that their aim to develop new technology for 
the benefit of technological spillover to other firms and industries in the 
region raises doubts if MFI AB can be labeled a virtual company. They 
were upholding the idea of maintaining all needed expertise and 
competence within the firm, thereby keeping a traditional corporate 
structure. 

Another concept connecting to this are skunk works (see for example 
Cordero, 1991 and Yager, 1998). The concept has been used at IBM, 3M, 
and Texas Instruments to name a few, but is probably best known as the 
"secret" R&D unit at Lockheed. Lockheed has, during a number of years, 
nurtured the idea of having a research facility autonomous enough to 
benefit from the small firm's advantages. They have developed a number 
of aircraft over the years including the "spyplanes" U-2 and YR-71 
Blackbird. The idea is that a larger firm through this skunk works 
approach could benefit the advantages from both large and small firms. 

By creating parameters within a company that are similar to a small firm, 
it might be possible to get the actors to act as if that were the case. Still, 
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the actors always know that they are part of, and have the financial 
backing of the larger corporation. The smallness can also be discussed. 
The size of Lockheed's or IBM's skunk works are still many times larger 
than the firms in this study. It is difficult to believe that an individual 
actor's activities would have the same impact in a larger organization. 
Still, it is interesting to note that larger corporations do believe that they 
could benefit from the organizational creativity and behaviour embedded 
in a small firm. 

9.5 SUMMARY OF FINDINGS 
Evidently, small technology-driven firms' development and management 
are intimately related to the owners and inventors. The central actors are 
the main resource in learning and understanding more about these firms. 
The theoretical field of product development is largely founded on 
studies from large firms and, is not generally applicable to small 
technology-driven firms. 

Based on the findings from the studied objects, it is not possible to 
picture a product development process with a general set of steps or 
phases. This lack of a linear step-by-step process has been discussed 
earlier (Lindell, 1988). The findings are more in the line of what is, and 
what is not present during the product development process. A 
dominant orientation towards technology and prototype construction as 
the most important aspects of the process was found. A lack of market 
knowledge based on potential customers' preferences were also evident. 
The market-knowledge gathered, if any, was more of a technical nature 
to acquire information for production purposes, or to satisfy financiers. 
This once again emphasizes the technical and internal focus of t he actors 
involved. 

The new terminology of perpetual product development is central in this 
study, and the key descriptions are summarized below. 

Characteristics on an individual basis are: 

• The actors are technology devotees. Actors at all levels within the 
firm are involved in the development process. The central actors are 
continuously developing new technology-derived ideas and 
products in numerous areas. The visionary capacity does not seem 
to be a scarce resource among the inventors and managers in these 
smaller technology-driven firms. On the contrary, sometimes they 
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have difficulties knowing which one, of many visionary threads, to 
pursue. 

• The actors' time conception is to some extent different than what is 
normally found in other firms. To speed up the process in order to 
be first out on the market has a low priority, since they believe that it 
is better to develop a superior product than to be first out on the 
market. 

• Another reason for their attitude regarding the time-to-market 
aspect is their stamina to pursue a project over a long period of time. 

Caracteristics regarding the process are: 

• Actors find the first part of t he process of more interest due to the 
higher degree of technological freedom. Consequently, a weaker 
interest in the exploitation /launch phase is also present. 

• The process experiences a fuzzy start and no clear exit or end phase. 
The process is often started as a leisure-time or hobby project, that 
after a while is merged into the firm's operation. A similar tendency 
is found at the other end where the actors will continue to make 
improvements or variations on their basic design even if it is readly 
to launch. 

• International movements are a natural part of the development 
process since the firms are working within a global aircraft industry 
with potential customers all around the world. 

• Management is low-prioritized and can sometimes have a tendency 
to be regarded as a leisure-time activity, since the development of new 
products are seen among the actors as the firm's main 
mission/objective. Administration and strategic planning can 
therefore easily become neglected areas. 

• Finally, the performance & measurement of the project must be carried 
out in view of the owners' and key actors' objectives. A strong 
internal objective among the actors is to be able to realize their 
visionary idea and to see the result in a completed prototype. Others 
might experience a strong need to get validation of their product 
superiority through high sales figures. This discrepancy leads to the 
conclusion that the performance and measurement of the project 
must be based on individual premises for each single case. 
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10 
CONCLUDING REFLECTIONS 

It is time to reflect upon what has been done in this study, and how it has 
been accomplished. On initiating this study, the aim was to learn more 
about what takes place within small firms involved in technology-driven 
product development. A theoretical foundation was established focusing 
on product development, including sources for, and outcome of, the 
process. By focusing on the process of developing products, a decision 
was taken to exclude the innovative aspects of the process. The decision 
was a deliberate way of focusing on what actually takes place within the 
firm, and how the involved actors perceive these activities. The decision 
to use case studies as the approach was easy to make, and has not 
changed over time. The method of using one case as a platform for 
further and additional studies is another decision that in retrospect has 
worked well, since the knowledge and insights generated from the 
platform case had time to mature. The objective has been to learn more 
about a process. A process is difficult to describe, especially in retrospect. 
By focusing on issues and factors during the developement process, the 
actors provided me with 'guiding lights' that helped visualize the 
process. The research project itself is an immense learning process for 
everyone involved. Kerlinger (1986:3) stated that, 

"To understand any complex human activity we must grasp the 
language and approach of the individuals who pursue it." 

When commencing the project, it was important to establish a common 
ground of understanding with the actors involved. My own background 
as a glider pilot with at least a general knowledge of the aircraft industry 
helped. Another aspect that worked to my advantage, was that all firms 
were to some extent linked to, or worked with research centers at various 
Universities. Their prior contact with professors and students made me 
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as a researcher, less unfamiliar to them. A strength has definitely been the 
actors' open and supportive attitude toward the project. Without their 
open attitude, it would not have been possible to learn and thereby gain 
an understanding of what has taken place during the development 
process. 

It would have been a waste not to use and apply the knowledge 
generated from the platform case. The knowledge could have been 
incorporated in a number of ways. To use statements as a link between 
the platform case and the additional cases was decided upon as a way of 
presenting this generated knowledge openly. By comparing the cases, 
interesting issues have been discovered. By establishing perpetual 
product development as a suitable concept to desribe the actors' and 
firms' behaviour, a contribution to the field has been made. The study 
has also presented issues of importance for both policymakers and actors 
involved in similar activities, as will be discussed below. 

In retrospect, a research process can always be improved. It is important 
to remember that the premises were different when the study 
commenced. With today's knowledge base together with additional 
funding, the study could have been pursued in a number of directions. 
Some are later discussed in this chapter as suggestions for future 
research. By presenting the study in an open and honest way, the reader 
can make his own decision regarding strengths and weaknesses of the 
study, including their impact on the result. 

10.1 IMPACT FOR POLICYMAKERS AND 
SMALL FIRM ACTORS 

The findings of this study can seem discouraging for policymakers who 
want to support small firm growth and development. The important 
thing is to address the issue that there are actors within small firms 
operating under the premises described in this dissertation. It is only by 
embracing this fact that policymakers can create support functions that 
will truly help these firms complete and launch their products. 

The actors' preferences for the first part of the development process do 
have great implications for the project's possibility to reach completion 
and market-launch. This does not in any way diminish the product's 
potential as a market-success. It only states that there is a risk that the 
actors' involved shift their preferences to something else instead of 
focusing on the project all the way to market launch. As policymaker at a 
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funding agency, it is evident that firms can benefit from additional 
managerial support, especially in the latter part of the product 
development process. By strengthening the management resources 
within the firm, it might be possible to keep the actors focused on the 
project. Another somewhat drastic solution might be to transfer 
responsibility for the project to an external organization. 

An actor working with product development in a small firm may even 
find some of the findings offensive. This is not the intention. The actors 
are trying to do their job the best way they know how and each situation 
is unique in some aspect. Still, the actor can benefit and learn from what 
has been presented, either by accepting the situation as it is (if that is 
preferred), or by embracing this new knowledge as an agent for change. 

10.2 WHAT HAPPENED THEN? 
Over the last years, after the interviews in 1995, information regarding 
the four cases has been gathered mainly through media and Internet. 
When the key actors once again were contacted to review and comment 
on their own case description, it was natural to take the opportunity to 
gain some new information regarding the firms' activities. Below is a 
short update for the benefit of the curious reader. 

RADAB 

At RADAB, both Undén (the CEO) and Bator (employee) were in the 
process of building their own Windex 1200C. Bator completed his kit first 
and did the maiden voyage on December 22, 1996. RADAB also 
continued to make modifications to the basic design. They continued to 
develop a version for aerobatics competition named Windextreme. The 
construction does not have an engine and is capable of handling an 
extreme +12G/-10G. They have also pursued the idea of developing a 
Windex-version for high altitude surveillance named Twindex. 

In early 1997, the U.S.-based owner Lars Bergström died when testing a 
Windex 1200C. The investigation suggests that he was incapacitated 
during the flight. His demise was a hard blow to his friends and business 
partners. This tragic episode resulted in Undén buying the others' shares 
and is, since September 30, 1998 the sole owner of RADAB. A company 
named Windexair AB has also been formed to handle the marketing of 
the Windex 1200C. The engine development is not included in this 
company and is still not completed. 
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A new team of Windex 1200 builders has recently joined forces in yet 
another search of a more suitable engine for the aircraft. Their quest led 
them to realize that a suitable engine was still not out on the market. This 
has led them to revive RADAB's own engine concept. In December 1998, 
their first revised prototype of the original Windex 300-engine concept 
was tested. The specification has been partly altered. Today, the engine 
has 370cc cylinder volume with an expected 27 hp at 9000 rpm, and is 
based on a chain saw engine from Husqvarna. They have been running 
tests all Spring, and are expected to make the first flight-tests in late 
summer 1999. (Göök, 1999) 

STEMME GMBH & CO. KG 

The firm continues to market the S10 Chrysalis and had, in the spring of 
1999 sold more than 107 aircraft. They have continued to make 
improvements to the basic design, and are still working in close 
relationship with their Polish associates. Alternative engines to the S10 
Chrysalis have also been evaluated. Their plans of developing a larger 
passenger/cargo aircraft have not progressed any further. 

ATOL AVION OY 

Since the original interview in 1995, the ATOL project has not evolved in 
any essential way. The owners are still working under the assumption 
that the ATOL-project should be completed with funding generated from 
other sources. Koivurova has been, and is involved in other product 
development projects as a consultant. The ATOL project is, in other 
words dormant, waiting for time and financial means to be completed. 

MFI AB 

Even if MFI AB was dissolved in 1994, Abelin is still involved in 
numerous development projects. Some are based on new ideas, and some 
are a continuation of old ones instigated during his time in the first MFI 
AB. 

10.3 FUTURE RESEARCH 
As a last contribution to this study, a discussion regarding interesting 
future research areas will be addressed. There is a great amount of 
knowledge within the field of product development that still can be 
extracted. The complexity of a process involving numerous actors can 
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never be completely understood. What we can do as researchers is to 
explore these issues. The focus of this study has been to learn more about 
what is actually taking place inside a small firm during a highly complex 
process of developing a new idea to the point of the completed product. 
As a result, the method used has been case studies. 

Even if a dissertation is an example of deep devotion and dedication to a 
specific research area, more can always be uncovered. Two factors that 
are often limiting a study are resources in the form of funding and time. 
The funders supporting research want to see results as fast as possible as 
a motive to continue to support the project. The researcher's time is also 
limited. To nurture his career, he also has to publish as much as possible, 
preferably from different studies. These are a few of the many factors that 
force the researcher to set an end to a research project. A positive aspect 
is that what has been learned in one study can be used as a base for the 
next. A natural next step to this study would be to test whether the 
activities found in the chosen cases occur on a more common basis. I.e., to 
find out if the results in any aspects can be supported on a normative 
level as well. To find enough objects for a statistical study of this sort 
demands a number of decisions. First, if the study objects remain small 
aircraft developers, data has to be gathered from more than one country 
(except if U.S. is chosen as studied area due to their larger number of aircraft 
manufacturers). Due to cultural differences among others, it would be 
interesting to continue with a European perspective and learn more 
about small firms in similar situations all over Europe. Here, another 
problem arises. The problem is to get hold of information that is up-to-
date regarding existing firms and their projects. An interesting approach, 
in addition to official records would be to send out a request for suitable 
firms via internet. Using this study to its full potential would be to 
continue to focus on small aircraft firms. The benefit of keeping as many 
factors as possible constant is obvious. Comparisons to the present study 
can be made and any reasons for variations within the study have a 
higher chance of being understood. Since this study has shown the 
impact of the actors7 interest in technology, it might even be preferable 
with study objects that have a tendency toward the "toy-train" 
syndrome. 

An alternative way of developing an aircraft emerged during the 
progress of this study. There is a connection to the studied cases in 
Sweden since S-O Ridder was involved as designer of an aircraft named 
Silent II. It is not the construction or the inventive aspects of the product 
itself that draws the first attention, but rather the alternative way of 
managing the prototype building and testing. The actors involved were 
unsatisfied with how the development process was carried out in a small 
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firm, particularly regarding the later part of the process. Instead of 
keeping the process in-house, the actors promoted the project as a 
national concern for all interested in having a domestic small aircraft 
manufacturer. To uphold their interest, the actors included everyone 
interested in participating in the process. They divided the project into 
manageable parts and assigned different groups all over Sweden, to solve 
or test each part on their own. The key actors decided that their main 
responsibility was to manage the process, not necessarily participate. 
Their managerial decision is in line with what has been described as 
being used by virtual companies (Davidow, 1995). To investigate linkages 
between virtual companies and perpetual product development might 
benefit both concepts. 

Alternative study objects are also a possibility. One challenging aspect 
here is to find products that fit into the framework used in the present 
study. The key words are small firms, technology-driven and complex 
product development. A category of products that might attract similar 
actors and create similar situations is small car manufacturers. They 
experience a complex product development, and a strict framework of 
regulations binds them as well. Another alternative can be to shift the 
arena completely and study development projects within the service 
sector. What happens when the prototype is removed? Can the concept 
of perpetual product development (PPD) still be applied? Is it possible to 
establish a critical level of technological freedom as described in chapter 
8, among a distinct group of inventors and key actors? Is, for example, 
figure 8.6 applicable for describing market-driven development projects' 
evolution as well? 

The questions are many and the list can be made long. Regardless of 
which of the above paths are chosen, the area of product development 
would benefit from further research. Numerous questions still need an 
answer. 

258 



REFERENCES 

Abernathy, W. J. & Utterback, J. M. (1978). Patterns of Industrial 
Innovation. Technology Review (June/July), 40-47. 

Acs, Z. J., Audretsch, D. B. & Feldman, M. P. (1994). R&D Spillovers and 
Recipient Firm Size. The Review of Economics and Statistics, 76 (2), 336-
340. 

Adams, M. E., Day, G. S. & Dougherty, D. (1998). Enhansing New 
Product Development Performance: An Organizational Learning 
Perspective. Tournai of Product Innovation Management, 15 (5), 403-422. 

Adler, P. A. & Adler, P. (1987). The Past and the Future of Ethnography. 
Tournai of Contemporary Ethnography, 16 (1), 4-24. 

Adler, T. R. & Zirger, B. J. (1998). Organizational Learning: Implications 
of a Virtual Research and Development Organization. American Business  
Review, 16 (2), 51-60. 

Ahlström, H. (1996). Osminkad debut. Mach, (2), p. 12-14. 

Allen, T. J. (1971). Communication networks in R&D Laboratories. R&D 
Management, 1 (1), 14-21. 

Ancona, D. G. & Caldwell, D. (1990). Beyond Boundary Spanning: 
Managing External Dependence in Product Development Teams. Tournai 
of High-Technology Management Research, 1 (2), 119-135. 

Ancona, D. G. & Caldwell, D. F. (1992). Bridging the Boundary: External 
Activity and Performance in Organizational Teamas. Administrative 
Science Quarterly, 37,634-665. 

Andrews, K. R. (1971). The Concept of Corporate Strategy. Homewood: 
Dow Jones-Irwin. 

Ansoff, I. H. (1965). Corporate Stratgv. New York: McGraw-Hill. 

259 



References 

A uti o, E. (1994). New, Technology-Based Firms as Agents of R&D and 
Innovation: An Empirical Study. Technovation, 14 (4), 259-273. 

Autio, E. & Keeley, R. H. (1995). The Case of Vertical Disintegration of 
R&D: Analysis of High Technology Small Firms in Different Economic 
Environments. At the R&D Management Conference, "Knowledge. 
Technology and Innovative Organisations/' S. Miniato (Pisa), Italy. 

Autio, E. & Yli-Renko, H. (1998). New, Technology-Based Firms in Small 
Open Economies-An Analysis Based on the Finnish Experience. Research 
Policy, 26 (9), 973-987. 

Axelsson, R. (1989). Nytt från Akaflieg-grupperna. Segelflygsport, (2), 
p. 34. 

Axelsson, R. (1993). Segelflygplan byggda i Sverige. Segelflygsport, (2), 
p. 61-62. 

Axelsson, R. & Hall, B. (1989). Windex 1200 i luften. Segelflvgsport, (2), 
p. 22-23. 

Ayas, K. (1996) Designing for Learning for Innovation. PhD, Erasmus 
University Rotterdam. 

Ayres, R. U. (1988). Technology the Wealth of Nations. Technological 
Forecasting and Social Change, 33 (3), 189-201. 

Bacon, G., Beckman, S., Mowery, D. & Wilson, E. (1994). Managing 
Product Definition in High-Technology Industries: A Pilot Study. 
California Management Review, 36 (3), 32-56. 

Barclay, I. (1992). The new product development process: part 2. 
I m p r o v i n g  t h e  p r o c e s s  o f  n e w  p r o d u c t  d e v e l o p m e n t .  R & D  
Management, 22 (4), 307-317. 

Barkman, C. (1999). Sverige satsar mest på forskning. Dagens Nyheter, 
(20 November), p. A16. 

Barney, J. (1991). Firm Resources and Sustained Competitive Advantages. 
lournal of Management, 17 (1), 99-120. 

260 



References 

Barney, J. B. (1992). Integrating Organizational Behavior and Strategy 
Formulation Research: A Resource Based Analysis. Advances in Strategic 
Management, 8, 39-61. 

Barrow, C. (1993). The Essence of Small Business. Hertfordshire: Prentice 
Hall International (UK) Ltd. 

Berry, M. M. J; & Taggart, J. H. (1994). Managing Technology and 
Innovation: A Review. R&D Management, 24 (4), 341-53. 

Bettis, R. A. & Hitt, M. A. (1995). The New Competitive Landscape. 
Strategic Managment Tournai 16, 7-19. 

Bolton, J. E. (1971). Small Firms - Report of the Committee of Inquiry on 
Small Firms. London: Her Majesty's Stationary Office. 

Bonaccorsi, A., & Pammolli, F. (1995). Knowledge as a Product, 
Knowledge as a Process. Scientific/Technological Reserach and 
Organizational Forms. At the R&D Management Conference, 
"Knowledge, Technology and Innovative Organisations/' S. Miniato 
(Pisa), Italy. 

Booz, Allen & Hamilton (1982). New Products Management for the 1980s. 
Chicago: Booz, Allen & Hamilton Inc. 

Brahm, R. (1995). National targeting Policies, High-Technology 
Industries, and Excessive Competition. Strategic Management Tournai,  
16,71-91. 

Brandt, J. (1998). Innovation och design teori och praktik. PhD, Royal 
Institute of Technology. 

Brodin, B. (1976). Produktutvecklingsprocesser. PhD, Handelshögskolan i 
Stockholm. 

Brown, S. L. & Eisenhardt, K. M. (1995). Product Development: Past 
Research, Present Findings, and Future Directions. Academy of 
Management Review, 20_(2), 343-378. 

Brytting, T. (1990). Spontaneity and Systematic Planning in Small Firms-a 
Grounded Theory Approach. International Small Business Tournai, 9 (1), 
45-63. 

261 



References 

Brytting, T. (1991). Organizing in the Small Growing Firm. PhD, 
Stockholm School of Economics. 

Burns, T. & Stalker, G. M. (1961). The Management of Innovation. 
London: Tavistock Publications Ltd. 

Burrell, G. & Morgan, G. (1979). Sociological paradigms and 
organizational analysis. London: Heinemann. 

Caprio, B. & LaPlante, D. (1994). The Impact of Downsizing on the New 
Product Development Process and Professional. PDMA, Visions, 5-9. 

Carlsson, M. H. (1990). Integration of Technical Functions for Increased 
Efficiency in the Product Development Process. PhD, Chalmers 
University of Technology. 

Chandler, A. D. (1962). Strategy and Structure. Cambridge: The M.I.T 
Press. 

Churchill, N. C. & Lewis, V. L. (1983). The five stages of small business 
growth. Harvard Business Review, 61 (3), 30-50. 

Cooper, A. C. (1964). R&D Is More Efficient in Small Companies. 
Harvard Business Review (3), 75-83. 

Cooper, R. G. (1979). The Dimensions of I ndustrial New Product Success 
and Failure. Tournai of Marketing, 43 (Summer), 93-103. 

Cooper, R. G. (1982). New Product Success in Industrial Firms. Industrial 
Marketing Management, 215-223. 

Cooper, R. G. (1994a). Debunking the Myths of New Product 
Development. Research Technology Management, 37 (4), 40-50. 

Cooper, R. G. (1994b). Perspective: Third-Generation New Product 
Process. Tournai of Product Innovation Management, 11 (1), 3-14. 

Cooper, R. G. & Kleinschmidt, E. J. (1986). An Investigantion into the 
New Product Process: Steps, Déficiences, and Impact. Tournai of P roduct 
Innovation Management (3), 71-85. 

262 



References 

Cooper, R. G. & Kleinschmidt, E. J. (1987). New products: What separates 
winners from losers? Tournai of Product Innovation Management, 4 (3), 
169-184. 

Cooper, R. G. & Kleinschmidt, E. J. (1993). Major New Products: What 
Distinguishes the Winners in the Chemical Industry? Tournai of P roduct 
Innovation Management, 10, 90-111. 

Cooper, R. G. & Kleinschmidt, E. J. (1995). Benchmarking the Firm's 
Critical Success Factors in New Product Development. Tournai of Product 
Innovation Management, 12 (5), 374-391. 

Cordero, R. (1991). Managing for Speed to Avoid Product Obsolescence: 
A Survey of Techniques. Tournai of Product Innovation Management, 8 
(4), 283-294. 

Crabtree, B. F. & Miller, W. L. (Ed.). (1992). Doing Qualitative Research 
(First ed.). Newbury Park: Sage Publications. 

Crawford, C. M. (1994). New Products Management (4:th ed.). Boston: 
Irwin. 

Davidow, W. H. & Malone, M. S. (1993). The Virtual Corporation. New 
York: HarperBusiness. 

Davidsson, P. (1988). Type of man and type of company revised: A 
confirmatory cluster analysis approach. Frontiers of Entrepreneurship 
Research, 8, 88-105. 

Davidsson, P. (1989) Continued Entrepreneurship and Small Firm 
Growth. PhD, Stockholm School of Economics. 

Dutton, J. E. & Dukerich, J. M. (1991). Keeping an Eye on the Mirror: 
Image and Identity in Organizational Adaptation. Academy of 
Management Tournai, 34 (3), 517-554. 

Dyer, W. G. jr. & Wilkins, A. L. (1991). Better Stories, Not Better 
Constructs, to Generate Better Theory: A Rejoinder to Eisenhardt. 
Academy of Management Review, 16, 613-619. 

EAA Chapter 222 (1993). Byggtillstånd 1993-04-01. EAA-Nytt, (June), 14-
21. 

263 



References 

EAA-Nytt (1990). ATOL. EAA-Nytt, (4), 20-23. 

Economist (1988). Light Aircraft: Pulling Out of a Nose-Dive. Economist,  
(June 18), 82-83. 

Edosomwan, J. A. (1989). Integrating Innovation and Technology 
Management. New York: John Wiley & Sons, Inc. 

Eisenhardt, K. M. (1989). Building Theories from Case Study Research. 
Academy of Management Review, 14 (4), 532-550. 

Eisenhardt, K. M. & Tabrizi, B. N. (1995). Accelerating Adaptive 
Processes: Product Innovation in the Global Computer Industry. 
Administrative Science Quarterly, 40, 84-110. 

Eriksson, S. (1995) Global Shift in the Aircraft Industry: A study of 
airframe manufacturing with special reference to the Asian NIEs. PhD, 
University of Gothenburg. 

European Network for SME Research (1994). The European Observatory 
for SMEs (Executive Summary No. S0694). Directorate-General XXIII of 
the European Commission. 

Filley, A. C. & Aldag, R. J. (1978). Characteristics and Measurement of an 
Organizational Typology. Academy of Management Tournai, 21 (4), 578-
591. 

Filley, A. C., & House, R. J. (1969). Managerial Process and 
Organisational Behavior. Glenview: Scott, Foresman and Company. 

Flygrevyn (1991). Piper till Ryssland. Flygrevyn, (11-12), p. 15. 

Fox-Wolfgramm, S. J. (1997). Towards Developing a Metodology for 
Doing Qualitative Research: The Dynamic-Comparative Case Study 
Method. Scandinavian Tournai of Management, 13 (4), 439-455. 

Fredrickson, J. W. & Mitchell, T. R. (1984). Strategi Decision Processes: 
Comprehensiveness and Performance in an Industry with an Unstable 
Environment. Academy of Management Tournai, 27 (2), 399-423. 

Galbraith, J. R. (1982). The Stages of growth. Tournai of Business Strategy,  
3 (1), 70-79. 

264 



References 

Gehani, R. R. (1992). Concurrent Product Development for Fast-Track 
Corporation. Long Range Planning, 25 (6), 40-47. 

Gilchrist, V. J. (1992). Key Informant Interviews. In B. F. Crabtree & W. L. 
Miller (Eds.), Doing Qualitative Research (pp. 70-89). Sage. 

Gioia, D. A. & Pitre, E. (1990). Multiparadigm Perspectives on Theory 
Buildning. Academy of Management Review, 15 (4), 584-602. 

Glaser, B. G., & Strauss, A. L. (1967). The Discovery of Grounded Theory: 
strategies for qualitative research. New York: Aldine de Gruyter. 

Goldberg, W. (1981). Explorations into the Instrumentality of Innovation 
Policies (FE-rapport nr 196). University of Gothenburg, Dept of Business 
Administration. 

Granstrand, O. (1998). Towards a Theory of the Technology-Based Firm. 
Research Policy, 26 (5), 465-489. 

Gummesson, E. (1988). Qualitative Methods in Management Research. 
Lund: Studentlitteratur/Chartwell-Bratt. 

Gupta, A. K. & Wilemon, D. L. (1990). Accelerating the Development of 
Technology-Based New Products. California Management Review 
(Winter), 24-44. 

Göök, B. (1993). Motor till Windex. EAA-Nvtt, (3) p. 6-7. 

Hackman, J. R. (1984). A Normative Model of Work Team Effectiveness 
(Technical Report No. 2). Yale School of O rganization and Management, 
New Haven, Conn. 

Haragadon, A. B. (1998). Firms as Knowledge Brokers: Lessons in 
Pursuing Continuous Innovation. California Management Review, 40 (3), 
209-227. 

Hart, S. J. & Baker, M. J. (1994). The Multiple Convergent Processing 
Model of New Product Development. International Marketing Review,  
H (1), 77-92. 

Hayes, R. H., & Abernathy, W. J. (1980). Managing our way to economic 
decline. Harvard Business Review (July-August), 67-77. 

265 



References 

Hidefjäll, P. (1997) The Pace of I nnovation: Patterns of Innovation in the 
Cardiac Pacemaker Industry. PhD, Linköping University. 

Horwitch, M. & Thietart, R. A. (1987). The Effect of Business 
Interdependencies on Product R&D-Intensive Business Performance. 
Management Sience, 33 (2). 178-197. 

Hovmark, S. (1993) Changes in Product Development Processes: 
Organization, methods, and working conditions in engineering design. 
PhD, Stockholm University, Dept. of Psychology. 

Hägg, B. (1984) Utvecklingsbolag, uppfinningar och nyföretagande. PhD, 
Linköping University. 

Imai, K., Ikujiro, N. & Takeuchi, H. (1985). Managing the New Product 
Development Process: How Japanese Companies Learn and Unlearn. In 
R. H. Hayes, K. Clark, & Lawrens (Eds.), The Uneasy Alliance: Managing 
the Productivity-Technology Dilemma (pp. 337-375). Boston: Harvard 
Business School Press. 

Johansson Lindfors, M.-B. (1989) Organisationers ideologiska ansikten. 
PhD, Umeå University. 

Jones-Evans, D. (1995). Technical Entrepreneurship, Strategy and 
Experience. International Small Business Tournai 14 (3), 15-39. 

Jorgensen, D. L. (1989). Participant Observation: A Methodology for 
Human Studies (First ed.). Newbury Park: Sage Publications. 

Kahalas, H. & Suchon, K. (1995). Managing a Perpetual Idea Machine: 
Inside the Creator's Mind. Academy of Management Executive, 9 (2), 57-
63. 

Kanter, R. (1983). The Change Masters. New York: Simon and Schuster. 

Karagozoglu, N. & Lindeil, M. (1998). Internationalization of Small And 
Medium-Sized Technlogy-Based Firms: An Exploratory Study. Tournai of 
Small Business Management, 36 (1), 44-59. 

Karakaya, F. & Kobu, B. (1994). New Product Development Process: An 
Investigation of Success and Failure in High-Technology and Non High-
Technology Firms. Tournai of Business Venturing, 9,49-66. 

266 



References 

Katz, R. & Allen, T. J. (1985). Project Performance and the Locus of 
Influence in the R&D Matrix. Academy of Management Tournai, 28 (1), 
67-87. 

Katz, R., & Tushman, M. (1981). An Investigation into the Managerial 
Roles and Career Paths of Gatekeepers and Project Supervisors in a Major 
R&D Facility. R&D Management, 11 (3), 103-111. 

Kerlinger, F. N. (1986). Foundations of Behavioral Research (3 Ed. ed.). 
Tokyo: CBS College Publishing. 

Kirk, J. & Miller, M. L. (1986). Reliability and Validity in Qualitative 
Research (First ed.). Newbury Park: Sage Publications. 

Kjellén, B. & Söderman, S. (1980). Praktikfallsmetodik. Malmö: Liber 
Läromedel. 

Klofsten, M. (1992) Tidiga utvecklingsprocesser i teknikbaserade företag. 
PhD, Linköping University. 

Klofsten, M., Lindell, P., Olofsson, C. & Wahlbin, C. (1988). Internal end 
External Resources in Technology-Based Spin-Offs: A Survay. In B. A. 
Kirchhoff, W. A. Long, W. E. McMullan, K. H. Vesper, & . William E. 
Wetzel (Ed.), Frontiers of Entrepreneurship Research, (pp. 430-443). 
Babson College. 

Kotey, B. & Meredith, G. G. (1997). Relationships among 
Owner/Manager Personal Values, Business Strategies, and Enterprise 
Performance. Journal of Small Business Management, 35 (2), 37-61. 

Kotler, P. (1997). Marketing Management - Analysis, Planning, 
Implementation, and Control (9th ed.). Upper Saddle River: Prentice 
Hall. 

Lafuente, M. & Salas, V. (1989). Types of entrepreneurs and firms: The 
case of Spanish firms. Strategic Management Tournai, 10,17-30. 

Landström, H. (1987) Utvecklingsförlopp och finansiellt handlande i 
unga innovationsbaserade företag. Tekn. Dr., Lund University. 

Lawrence, P. R. & Lorsch, J. W. (1967). Organization and Environment -
Managing Differentation and Integration. Boston: Division of Reserach, 
Graduate School of Business Administration, Harvard University. 

267 



References 

Lessner, M. & Knapp, R. R. (1974). Self-actualization and entrepreneurial 
orientation among small busines owners: A validation study of the P. O. 
I. Educational and Psycological Measurement, 34,455-460. 

Licht, G. & Neriinger, E. (1998). New Technology-Based Firms in 
Germany: a Survay of the Recent Evidence. Research Policy, 26 (9), 1005-
1022. 

Lincoln, Y. & Guba, E. (1985). Naturalistic Inquiry. Newbury Park: Sage 
Publications. 

Lincoln, Y. S. (1990). The Making of a Constructivist: A Remembrance of 
Transformations Past. In E. G. Guba (Eds.), The Paradigm Dialog (pp. 67-
87). Newbury Park: Sage Publications. 

Lindblom, C. E. (1959). The Science of Muddling Through. Public 
Administration Review, 19, 79-88. 

Lindblom, C. E. (1979). Still muddling, not yet through. Public 
Administration Review, 39, 517-526. 

Lindeli, M. (1988) Utveckling av nya produkter. PhD, Swedish School of 
Economics and Business Administration, Helsinki. 

Lindholm, Å. (1994) The Economics of Technology-Related Ownership 
Changes: A Study of Innovativeness and Growth through Acuisitions 
and Spin-offs. Chalmers University of Technology. 

Lindman, M. (1997) Managing Industrial New Products in the Long Run. 
PhD, Vasa University. 

Lindström, G. (1994) Idéutveckling - Produktutveckling: En studie av 
exploatering av oberoende uppfinningar. PhD, Linköping Institute of 
Technology. 

Link, F. (1997) Diffusion Dynamics and the Pricing of Innovations. PhD, 
Lund University. 

Litvak, I. A. (1992). Winning Strategies for Small Technology-Based 
Companies. Business Quarterly, 57 (2), 47-51. 

268 



References 

Livesay, H. C., Rorke, M. L. & Lux, D. S. (1989). FROM EXPERIENCE: 
Technical Development and the Innovation Process. Tournai of Product 
Innovation Management (6), 268-281. 

Lundqvist, M. A. (1996) Organizing Product Development - Formalizing 
the informal in interdependent knowledge work. PhD, Chalmers 
University of Technology. 

Lundström, A., Boter, H., Kjellberg, A. & Öhman, C. (1998). Svensk 
småföretagspolitik. (1998:8) Stockholm: FSF. 

Lynn, G. S., Morone, J. G. & Paulson, A. S. (1996). Marketing and 
Discontinuous Innovation: The Probe and Learn Process. California 
Management Review, 38 (3), 8-37. 

Maidique, M. A. & Zirger, B. J. (1984). A Study of Success and Failure in 
Product Innovation: The Case of the U.S. Electronics Industry. IEEE 
Transactions on Engineering Management, EM-31 (4), 192-203. 

Maidique, M. A. & Zirger, B. J. (1985). The new product learning cycle. 
Research Policy, 14, 299-313. 

Mansfield, E. (1968). Industrial Research and Technological Innovation. 
New York: W. W. Norton & Company, Inc. 

Maslow (1954). Motivation and Reality. New York: Harper & Row. 

McClelland, D. C. (1961). The Achieving Society. Princeton: Van 
Nostrand. 

McClelland, D. C. (1965). N Achievement and Entrepreneurship: A 
Longitudinal Study. Tournai of Personality and Social Psychology, 1 (4), 
389-392. 

Merriam-Webster (1994). Merriam-Webster's Collegiate® Dictionary 
(CD-ROM ed.). Merriam-Webster Inc. 

Midler, C. (1995). "Projectification" of the Firm: The Renault Case. 
Scandinavian Tournai of Management, 11 (4), 363-375. 

269 



References 

Millson, M. R., Raj, S. P. & Wilemon, D. (1992). A Survay of Major 
Approaches for Accelerating New Product Development. Tournai of 
Product Innovation Management, 9, 53-69. 

Miner, J. B., Smith, N. R. & Bräcker, J. S. (1992). Defining the Inventor-
Entrepreneur in the Context of Established Typologies. Tournai of 
Business Venturing, 7,103-113. 

Mintzberg, H. (1984). Power and Organization Life Cycles. Academy of 
Management Review, 9 (2), 207-224. 

Mintzberg, H., & Waters, J. A. (1985). Of Strategies, Deliberate and 
Emergent. Strategic Management Tournai, 6, 257-272. 

Morgan, G., & Smircich, L. (1980). The Case for Qualitative Research. 
Academy of Management Review, 5 (4), 491-500. 

Myers, S., & Marquis, D. G. (1969). Successful Industrial Innovations. 
Washington: National Science Foundation. 

Nonaka, I. (1991). The Knowledge-Creating Company. Harvard Business 
Review, 69 (6), 96-194. 

Nordstrom, K. A. (1991) The Internationalization Process of the Firm. 
PhD, Stockholm School of Economics. 

Normann, R. (1980). A personal quest for methodology (No. 19). 
Scandinavian Institutes for Administrative Research. 

NUTEK (1992). Små och medelstora företag i det nya Europa - En 
översikt över EGs ambitioner och mål (No. R 1992:57). NUTEK. 

NUTEK (1995). Småföretagen i Sverige 1995 (No. B 1995:6). NUTEK. 

NUTEK (1999a). http : / / www.nutek.se / information / tit /397/ nstod.html  
(991124). 

NUTEK (1999b). http: / / www.nutek.se/teknik2/teksprid/snits.html  
(991124). 

Oakey, R., Rothwell, R. & Cooper, S. (1988). The Management of 
Innovation in High-Technology Small Firms. Westport: Quorum Books. 

270 



References 

OECD. (1989). OECD Science and Technology Indicators Report No3: 
R&D, Production and Diffusion of Technology. 

OECD. (1996). STI STAN Industrial Database, 1996. 

OECD. (1997). STI STAN/ANBERD Database, 1997. 

Olson, E. M., Orville C. W. Jr. & Ruekert, R. W. (1995). Organizing for 
Effective New Product Development: The Moderating Role of Product 
Innovativeness. Tournai of Marketing, 59 (January), 48-62. 

Orton, J. D. (1997). from inductive to Iterative Grounded Theory: Zipping 
the Gap Between Process Theory and Process Data. Scandinavian Tournai 
of Management, 13 (4), 419-438. 

Pelz, D., & Andrews, F. (1966). Scientists in organizations. New York: 
Wiley. 

Peters, T., & Waterman, R. (1982). In Search of Excellence: Lessons from 
America's Best-Run Companies. New York: Harper and Row. 

Pettigrew, A. M. (1997). What is Processual Analysis? Scandinavian 
Tournai of Management, 13 (4), 337-348. 

Piccaluga, A. (1995). The Role of Reser ach and development Activities in 
the Virtual Corporation. At the R&D Management Conference, 
"Knowledge, Technology and Innovative Organizations/' S. Miniato 
(Pisa) Italy. 

Pisano, G. P. & Wheelwright, S. C. (1995). The New Logic of High-Tech 
R&D. Harvard Business Review, 75 (5), 93-105. 

Porter, M. E. (1985). Technology and Competitive Advantage. Tournai of 
Business Strategy, 5 (3), 60-78. 

Porter, M. E. (1990). The Competitive Advantage of Nations. London: 
Macmillan. 

Porter, M. E. & van der Linde, C. (1995). Green and Competitive: Ending 
the Stalemate. Harvard Business Review (September-October), 120-134. 

271 



References 

Prahalad, C. K. & Hamel, G. (1990). The Core Competence of the 
Corporation. Harvard Business Review (May-June), 79-91. 

Ramanathan, K. (1990). Management of Technology: Issues of 
Management Skill and Effectiveness. International Tournai of Technology 
Management, 5 (4), 409-422. 

Ramström, D. (Ed.). (1971). Mindre företag-problem och villkor. 
Stockholm: Prisma. 

Rickne, A. & Jacobsson, S. (1996). New Technology-Based Firms - An 
Exploratory Study of Technology Exploitation and Industrial Renewal. 
International Tournai of Technology Management 11 (3/4), 238-257. 

Ridderstråle, J. (1996) Global Innovation: Managing International 
Innovation Projects at ABB and Electrolux. PhD, Stockholm School of 
Economics. 

Roberts, E. B. (1980). New Ventures for Corporate Growth. Harvard 
Business Review (July-August), 134-142. 

Rothwell, R. (1972). Innovation in textile machinery: Some significant 
factors in success and failure (SPRU Occational Paper Series No. No. 2). 
University of Sussex, Brighton: U.K. 

Rothwell, R. (1992). Successful industrial innovation: critical factors for 
the 1990s. R&D Management, 22 (3), 221-239. 

Rothwell, R., Freeman, C., Horsley, A., Jervis, V. T. P., Robertson, A. B. & 
Townsend, J. (1974). SAPPHO updated - project SAPPHO phase II. 
Research Policy, 3, 258-291. 

Rothwell, R. & Zegveld, W. (1985). Reindustrialization and Technology. 
London: Longman. 

Sabbagh, K. (1996). Twenty-First-Century Tet - The Making and 
Marketing of the Boeing 777. New York: Scribner. 

Saren, M. (1984). A Classification of Review Models of the Intra-firm 
Innovation Process. R&D Management, 14 (1), 11-24. 

272 



References 

Scarbrough, H. & Corbett, J. M. (1992). Technology and Organization 
(First ed.)- London: Routledge. 

Schmookler, J. (1972). Patents, Invention, and Economic Change. 
Cambridge, Massachusetts: Harvard Unuiversity Press. 

Schoonhoven, C. B., Eisenhardt, K. M. & Lyman, K. (1990). Speeding to 
Market: Waiting Time to First Product Introduction in New Firms. 
Administrative Science Quarterly, 35,177-207. 

Schumpeter, J. A. (1934). The Theory of Economic Development. Harvard 
University Press. 

Schumpeter, J. A. (1942). Capitalism, Socialism and Democracy. New 
York: Harper and Row. 

Shaw, B. (1995). Networking in the Russian aerospace industry. At the 
R&D Management Conference "Knowledge, Technology and Innovative 
Organizations/' S. Miniato (Pisa, Italy): 

Shrivastava, P. & Souder, W. E. (1987). The Strategic Management of 
Technological Innovations: A Review and a Model. Tournai of 
Management Studies, 24 (1), 25-41. 

Smith, K. G., Mitchell, T. R. & Summer, C. E. (1985). Top Level 
Management Priorities in Different Stages of the Organizational Life 
Cycle. Academy of Managment Tournai, 28 (4), 799-820. 

Smith, N. R. (1967). The Entrepreneur and His Firm: The Relationship 
Between Type of Man and Type of Company. East Lansing, MI: Bureau 
of Business and Economic Reserach, Graduate Shool of Business 
Administration, Michigan State University. 

Smith, N. R. & Miner, J. B. (1983). Type of Entrepreneur, Type of Firm, 
and Managerial Motivation: Implications for Organizational Life Cycle 
Theory. Strategic Management Tournai, 4,325-340. 

Snow, C. C. & Thomas, J. B. (1994). Field Research Methods in Strategic 
Management: Contributions to Theory Building and Testing. Tournai of 
Management Studies, 31 (4), 457-480. 

Spjut, C. & Gustafson, J. (1998). Vaggan för svensk SME-forskning. 
Forskning om entrepreneurskap & småföretag, (1), p. 6-7. 

273 



References 

Spradley, J. P. (1979). The Ethnographic Interview (1 ed.). New York: 
Holt, Rinehart and Winston. 

Storey, D. J. & Tether, B. S. (1998a). New Technology-Based Firms in the 
European Union: An Introduction. Research Policy, 26 (9), 933-946. 

Storey, D. J., & Tether, B. S. (1998b). Public Policy Measures to Support 
New Technology-Based Firms in the European Union. Research Policy,  
26 (9), 1037-1057. 

STU (1990). Effektivare innovationsprocess - Förutsättningar och förslag. 
Stockholm: STU-Info. 

Subramanian, S. K. (1987). Technology, Productivity, and Organization. 
Technological Forecasting and Social Change, 31 (4), 359-371. 

Svensson, B. (1984) Acquisition of Technology through Licensing in Small 
Firms. PhD, Linköping University. 

Svensson, P. (1990) Styrning av produktutveckling. Tekn. Dr., Chalmers 
University of Technology. 

Swedish Civil Aviation Agency (1992). Annual Report. 

Sztompka, P. (1991). Society in Action: The Theory of Social Becoming. 
Chicago: University of Chicago Press. 

Takeuchi, H. & Nonaka, I. (1986). The new new product development 
game. Harvard Business Review (January-February), 137-146. 

Tesar, G. (1975) Empirical Study of E xport Operations Among Small and 
Medium-Sized Manufacturing Firms. PhD, University of Wisconsin. 

Tesar, G. & Bodin, J. (1994). Informal University-Industry Collaboration -
The Professor's Involvment. At the R&D Management Conference 
"Managing Human Resources in R&D/' Manchester, U.K. 

Tesfaye, B. (1993) Determinants of Entrepreneurial Processes - A Case 
Study of Technilogv-Based Spinn-off Company Formations. PhD, 
Stockholm University. 

274 



References 

Tushman, M. L. & Nelson, R. R. (1990). Introduction: Technology, 
Organizations, and Innovation. Administrative Science Quarterly, 35,1-8. 

US Government (1987). SBA Rules and Regulations, The Code of F ederal 
Regulation. Washington D. C.: US Government Printing Office. 

Utterback, J. M., Meyer, M., Roberts, E. & Reitberger, G. (1988). 
Technology and Industrial Innovation in Sweden: A Study of 
Technology-Based Firms Formed in Sweden Between 1965 and 1980. 
Research Policy, 17 (1), 15-26. 

Valdelin, J. (1974) Produktutveckling och marknadsföring. PhD, 
Handelshögskolan i Stockholm. 

Van de Ven, A. H. (1986). Central Problems in the Management of 
Innovation. Management Science, 32 (5), 590-607. 

Van Maanen, J. (1979). The Fact of Fiction ion Organizational 
Ethnography. Administrative Science Quarterly, 24 (December), 539-550. 

Van Maanen, J. (1988). Tales of the Field (First ed.). Chicago: The 
University of Chicago Press. 

van Wyk, R. J. (1988). Management of technology: new frameworks. 
Technovation, 7,341-351. 

Variyam, J. N. & Kraybill, D. S. (1993). Small Firms' Choice of Business 
Strategies. Southern Economic Tournai, 60 (1), 136-145. 

von Hippel, E. (1988). The Sources of Innovation. New York: Oxford 
University Press. 

Wainer, H. A. & Rubin, I. M. (1969). Motivation of Reserach and 
Development Entrepreneurs: Determinants of Company Success. Tournai 
of Applied Psychology, 53 (3), 178-184. 

Weick, K. E. (1984). Small Wins: Redefining the scale of social problems. 
American Psychologist, 39 (1), 40-49. 

Weinstein, A. (1994). Market Definition in Technology-Based Industry: A 
Comparative Study of Small Versus Non-Small Companies. Tournai of 
Small Business Management, 32 (4), 28-36. 

275 



References 

Wernerfeit, B. (1984). A Resource-based View of the Firm. Strategic 
Management Journal, 5,171-180. 

Whetten, D. A. (1989). What Constitutes a Theoretical Contribution? 
Academy of Management Review, 14 (4), 490-495. 

Whyte, W. F. (1955). Street Corner Society. Chicago: University of 
Chicago Press. 

Wildavsky, A. (1989). CRAFTWAYS (1 ed.). New Brunswick: Transaction 
Publishers. 

Wilhelmsson, L. (1992). Banbrytande innovationer för 2000-talet - Hur 
dagens idéer blir morgondagens produkter. Kristianstad: Konsultförlaget 
AB. 

Winner, L. (1983). T echnologies as forms of life. In R. S. Cohen & M. W. 
Wartofsky (Eds.), Epistemology, Methodology and the Social Sciences 
Holland: Reidel. 

Yager, E. (1998). Nurturing Innovation. Executive Exellence, 15 (7), 4. 

Yap, C. M. & Souder, W. E. (1994). Factors Influencing New Product 
Success and Failure in Small Entrepreneurial High-Technology 
Electronics Firms. Journal of Product Innovation Management, 11 (5), 
418-432. 

Yin, R. K. (1989). CASE STUDY RESEARCH, Design and Methods 
(Second ed.). Newbury Park: Sage Publications. 

Zenger, T. R. (1994). Explaining Organizational Diseconomies of Scale in 
R&D: Agency Problems and the Allocation of Engineering Talent, Ideas, 
and Effort by Firm Size. Management Science, 40 (6), 708-729. 

Zirger, B. J. & Madique, M. A. (1990). A Model of New Product 
Development: An Empirical Test. Management Science, 36 (7), 867-883. 

276 



APPENDICES 

APPENDIX A: INTERVIEW GUIDE 279 

APPENDIX B: WINDEX1200 281 

APPENDIX C: ADDITIONAL CASES 285 

2 77 



Appendices 

278 



Appendices 

APPENDIX A: INTERVIEW GUIDE 

• Personal background? 
• Education? 
• Do you want to call yourself inventor, entrepreneur, 
or administrator? 

• The firm? 
• Mission? 
• Employees? 
• Organization? 
• Financial situation? 
• Earlier products? 
• What makes your company unique? 
• Strengths? 
• Weaknesses ? 

• The project? 
• Objectives & goals (financial and others)? 
• Objectives from start? 
• Any synergies (production- or knowledge-wise) from 
earlier products' development? 

• What has been easier than expected? 
• What has been more difficult than expected? 
• Critical events (phases)? 
• Costs for the development? 
• Future market potential? (segmentations, market targeting, etc) 
• Has any market research been carried out? 
• Any marketing activités? 
• Competitors? 
• Individuals/central actors important for the development? 
• In retrospect, what would you like to change if you had the 

chance? 

• How do you look upon the future? 
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UINOex 1200 Powered sailplane 
Data and calculated performance 
at 230 kgs take-off weight. 
Span 
length 
Heigth 
Wing area 
Aspect r atio 
Empty Weight 
Max gross Acrobatic 
Max gross Utility 
Engine 
Stall speed 
Maneuvering speed 
N/E speed gus t.cond. 
N/E speed 
Max L/0 a t 100 ka/h 

12.10» (39.7*) 
4.92 • (16.1*) 
1.1* » ( 3.7*) 
7.il sq.«.(79.6 sq.ft.) 

19.75 
130 kgs (286 lbs) 
2S0 kgs (S51 lbs) 
300 kgs (661 lbs) 

25 hp 
65 ka/h (40.4 nph) 

202 ka/h (125.5 nph) 
210 ka/h (130 mph) 
300 ka/h (187 nph) 

33 
M1n. sink at 75 kw/h 0.61 m/sec.(120 ft/min) 
Cliab rate at 1.3VsUIl 4.4 m/sec.(866 ft/nin) 
Take-off run, grass 110 a (360 ft) 
Take-off run to 10 n 
Max leve l speed 
Cruise 502 power 

250 a (820 ft) 
270 ka/h (168 mph) 
210 ka/h (130 mph) 

Oata ca lculated and sub ject to change 
without notice 

WINDEX 1200 Powered Sailplane 
Copyrights, Patents and Production: 

All rights reserved. 

AB RADAB, P.O.Box 81054, 
S-104 81 STOCKHOLM, Sweden 
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STEMME S10 - Technical Data 

Propulsion System 



iïMM/Mi 

STEMME S10 - Special Equipment 

Order No. Description net price DM 

01 Recommended instrumentation STANDARD - see separate sheet 

02 Recommended instrumentation COMPETITION - see separate sheet 

03 Two headsets 900.00 

04 Intercom 149.00 

05 Speed-to-fly changeover switch relating to flap position 190.00 

06 Stall warning for motorized flight (required by German LBA) 1,800.00 

10 Green tinted canopy (order 6 months before delivery), extra charge 580.00 

20 Lockable window openers in canopy 230.00 
21 Ignition lock 140.00 

30 Position lights (in special mounting on top of winglet) 2,300.00 

40 Anti collision light mounted on top of engine 1,900.00 
41 Position lights with integrated anti-collision lights at wing tips 7,900.00 

42 Landing headlights and panel lighting 3,500.00 

50 Night flying equipment, consisting of three position lights, tfrobe light 
(integrated together in special mounting on top of winglet), panel lighting 
and landing headlights 10,900.00 

60 VOR-aerial incl. fitting and aerial cable 
(cannot be fitted retrospectively) and aerial plug (included in 01,02) 320.00 

61 Compensation of compass (included in 01,02) 230.00 

70 Transponder aerial incl. fitting, aerial cable and plug (included in 01,02) 340.00 

80 Additional battery for avionics, 6,5 Ah, with switch and cables in separate 
battery holding box 590.00 

81 Battery 35 Ah (instead of 26 Ah) incl. special mounting, extra charge 270.00 

89 Battery charger (220 V) ind. cable and plug for 12 V-socket 180.00 

90 12-V-socket in cockpit ind. melt-down fuse each 190.00 
91 Exterior socket for engine start (socket in undercarriage well) 720.00 

95 Solar cells on detachable fuselage cover 4,200.00 
101 Brockhaus probe - socket fitted in nose (gives Pitot, Static & TEC) 

(induded in 01, 02) 289.00 

110 Recess in panel housing for Bohli compass or GPS-aerial (induded in 02) 170.00 

120 Trim weights incl. mounting, for pilot weight of less than 70 kg and 
more than 55 kg (when flown solo) 320.00 

121 Second handbrake lever for right seat/copilot 190.00 

125 Variable pitch propeller (climb/cruise) 12,000.00 
128 Wide wheel undercarriage 3,900.00 

130 Enlarged wing tanks (60 litre each wing, 1201 total volume), extra charge 5,900.00 

Subject to alteration - pricM without VAT Au gust 1993 



»iII 

STEMME S10 - Special Equipment 

Order no. Description net price DM 

140 Mounting for two oxygen bottles, 0140 mm, length 525 mm 
(bottle not supplied) 590.00 

141 Oxygen system "ARO-Equipment" (made by Bendix) for one/two person/s 
incl. bottles each 2,100.00 

160 Cockpit heating system using engine heat 2,400.00 

161 Cockpit heating system prepared for later installation 
(i.e. tubes installed underneath seats) 1,200.00 

170 Cockpit trimmed in Alcantara material for cushions, side pockets etc., 
perforated and backed in grey/blue colours 
and 
"Super Silent" option for further cockpit noise reduction with spedai 
coverings of acoustic areas 2,300.00 

171 Back cushion made from Alcantara on request 

175 Parachute on request 

180 Thread in wing incl. screw-in eyelets for tie-down 249.00 

190 Swiss cross on rudders 230.00 
200 Competition number 240.00 

210 Cover for rear fuselage, water resistant, grey 350.00 

215 Cover for front fuselage/cockpit, water resistant, grey 590.00 

220 Cover for inner wings (2 pieces), water resistant, grey 900.00 

221 Cover for outer wings (2 pieces), water resistant, grey 900.00 

223 Cover for elevator, water resistant, grey 250.00 

224 Dust cover for canopy (Moltex) 250.00 

231 Two rigging/storage supports (each on two rollers) for inner wing, 
rigging within 10 minutes by two persons (included in 250) 3,900.00 

234 Wooden parking support for two outer wings or one inner wing each 390.00 

235 Tail wheel dolly 600.00 
241 Outer wings swivelled around the inner wing. Handling by two persons. 

This includes demountable connecting parts, supports, mounting points 
on wings/fuselage. In this configuration, the aircraft can taxi and 
maintenance work may be carried out. 2,900.00 

243 Outer wings swivelled around the inner wing. Handling by QDfi person. 
This includes demountable connecting parts, supports, mounting points 
on wings/fuselage. In this configuration, the aircraft can taxi and 
maintenance work may be carried out. 4,800.00 

255 STEMME-Sl0-Trailer, closed, twin-axle, aluminium-structure 
(i.e. anti-corrosion, light-weight) including all rigging supports 
for one-person-rigging 36,000.00 

Subject to alteration - pnc*s without VAT August 1993 



STEMME S10 — Special Equipment 

Order no. Description net price DM 

260 Repair-set "surface/finish" (14 components) 

270 Export CofA/Certificate of Non-Registration 
271 Exportation to members of the European Common Market 

incl. T2-document 

272 Certificates (Notary, Chamber of Commerce, Consulate etc.) 

280 Delivery ex Berlin in trailer 
plus personnel costs 
plus accomodation/sustenance flat fee or real cost 

281 Container-storage/packaging of S10 for oversea transports 
(without traier) 

282 Container-storage/packaging of S10 for oversea transports 
(in a trailer) 

290 Type-specific extended practice / training of flight methods and 
strategy in gliding and powered flight configuration by works piote 
(basic instruction of 5 hours included in purchase price) 

180.00 
90.00 

450.00 

each 90.00 

1.00/km 
25.00/h 

120.00/day 

3,900.00 

1,500.00 

110.00/h 

Remarks: 

This is my firm order for the purchase of the following special equipment items by their order numbers 
for my STEMME S10 in accordance with this offer: 

Name 

Subject to «Iteration - pricM without VAT A ugust 1983 

Date Signature 



ATOl 



BA-12 "Sländan" 

Produkten Tillverkningen 

BA-12 Sländan är fjärde generationens ultralät-
ta flygplan vilket kännetecknas av bl a följande 
egenskaper: 

Robust och tålig konstruktion. 

Stor hjuldiameter och noshjulsstyrning — där
för lättmanövrerad vid körning på marken. 

Utomordentliga stigegenskaper som ger god 
säkerhet. 

God manövrerbarhet i alla flyglägen. 

Går ej att få i spinn enligt utprovning. 

Bra glidtal. 

Stort effektöverskott ger god kontroll av ned-
svep vid landning. 

Okänslig för hård vind — ä ven i sidvindsland-
ningar. 

Låga driftskostnader. 

Låga underhållskostnader. 

Byggnadssät t  

1 -sitsigt högvingat, stagat monoplan. 

Kroppsbom och pilotutrymme 
Glasfiber/vinylester 

Vinge 
2-delad, 2 balkar, delade spryglar. 
Beklädd med vingskinn av 
glasfiber/epoxy. 
Balkarna av kolfiber/vinylester. 
Spryglar av cellplast. 

Stjärtparti 
V-stjärt med en fast stabilisatordel och en ro
derdel av nitad plåt. 

Styrsystem 
3-axlat konventionellt styrsystem. Noshjul med 
styrbar gaffel. 

Bromsar 
Mekaniska bromsar på huvudhjul. 

Strukturhållfasthet 
Enligt FAR 23 t ill vissa delar 

KSAK har tillverkningsrätten för Norden för 
BA-12 Sländan, som serietillverkas vid vår se
gelflygskola på Ålleberg. Skolans verkstäder 
har reparerat och tillverkat segelflygmateriel i 
komposit i mer än två decennier. Vi är störst i 
Norden inom detta område. Verksamheten har 
nu utökats till att även omfatta tillverkning av 
ultralätt flygmateriel efter tillstånd från luftfart
sinspektionen. 
För plåt- och metallbearbetning anlitar verksta
den godkända underleverantörer. 

BA-12 Sländan serietillverkas på segelflygskolan Ålleberg. 
Verkstäderna har m er än 20-årig erfarenhet av kompositarbe-
ten. På bilden ser du också sländans konstruktör Björn 
Andreasson. 

Data MFI BA-12 Sländan 

Specifikation 
Spännvidd 10,44 m 
Längd 5,00 m 
Höjd 2,00 m 
Tomvikt ca 160 kg 
Max flygvikt 260 kg 
Motor (mek. växelreduc. 1:2,58) Rotax 447 
Bränsle (motorbensin min 90 RON) 19 lit 

Prestanda 
Max motoreffekt 
Stallfart utan motor 
Marschfart, max 
Sidvindskomposant, max 
Startsträcka rull/15 m 
Landningssträcka 15 m/rull 
Bränsleförbrukn vid marschfart 

40 hk/6500 rpm 
50 km/h 

120 km/h 
10 kt 

50 m/140 m 
150 m/50 m 
8—10 lit/h 



Tillbehör 

Instrument: 
Variometer, girindikator, radio. 

Skidor med tillbehör. 

Flottörer med tillbehör. 

Extra dörrskydd. 

Kapell för vingar, motor, kabin och stjärtparti. 

Formade vingspetsar. 

Extra tank. 

BÄ- 12 Sländan — ett alternativ ä v e n  
rö r  amatörbyggare.  

Förutom som färdigt flygplan — Rea dy to Fly 
— levereras BA -12 Sländan även som byggsats 
eller monteringssats. 

Byggsats. 

Du bygger 51% av flygplanet själv enligt ama-
törbyggnadsbestämmelserna. Detta kräver 
medlemskap i EAA (Experimental Aircraft As
sociation) samt amatörbyggnadstillstånd från 
luftfartsinspektionens distriktskontor. EAA till
styrker byggansökan för medlemmarna . I 
byggsatsen ingår alla formgjutna kompositde-
taljer, vingbalkar, landställ etc samt komplett 
ritningssats med byggbeskrivning. 

Monteringssats 

Du monterar ihop flygplanet själv enligt monte
ringsanvisning och ritningar. Inget byggtill-
stånd krävs. Slutbesiktning av flygplanet görs 
av KSAK/EAA:s besiktningsorganisation. I 
monteringssatsen ingår alla komponenter fär-
digtillverkade och klara för montering. Du gör 
också finishjobbet själv. 

I byggsats och monteringssats finns allt mate
rial och alla komponenter som går åt för att fär
digställa flygplanet. 
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