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ABSTRACT

PERPETUAL PRODUCT DEVELOPMENT -
A Study of Small Technology-Driven Firms.
Jan Bodin,
Department of Business Administration, Umea School of Business and Economics,
Umea University, 5-901 87 Umed, 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 that 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, I 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 true!

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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Returning to Umed, I had the privilege to receive Docent Hakan Boter as
supervisor. Hikan - 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, Umea
University; Ruben Rausings fond for forskning om nyféretagande och
innovationer; Nordbankens norrlandsstiftelse; Tore Browaldhs stiftelse
for vetenskaplig forskning och wundervisning; Léansférsakringar
Viésterbottens och Sparbanken Sverige AB fond for ekonomisk och social
forskning.

Umead during the last shivering days of the millennium.

Jan Bodin
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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. Le., 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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Product Development & Small Firms

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. ie., 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 the 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, ie., 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 (Ramstrém, 1971). In most
countries at that time the small and medium sized companies were
responsible for about 50% of the production. Ramstrém (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
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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 (Lundtrom 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) (Lundstrém 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
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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 all people working among companies within the European Union
(NUTEK, 1992). Even more interesting, is that 92% can be labelled micro
tirms 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 enterprise’ (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 building 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:

'L 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 highly 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;

e continuous development of new technology that quickly obsolete
existing products;

e changing customers’ needs and requirements which truncate
product life cycles;

¢ higher product development costs; and

e 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 Norrkoping,
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.

e 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).

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

o 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.

o 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.

e 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,

11



Product Development & Small Firms

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 new 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 Umea
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 the 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 ways; 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 this 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 key 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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10. Concluding Remarks

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

16



Product Development & Small Firms

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 this study are also introduced.
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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 product 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
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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 SAPPHO? 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 great 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.
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(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 successful 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 the 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 Hagg (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 interest 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), (Landstrém, 1987). At a more aggregated level, Davidsson (1989)
found in his study of 468 small firm managers in Sweden, a lack of profit-
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 al., 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 small 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,
Lindstrom (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), (Ridderstrale, 1996) or whole industries (Link, 1997),
(Hidefjall, 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 focus 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

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 competition, 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., Sm& och Medelstora foretags
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. Ayres (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,

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

o CAD3, CIM#, FMS? 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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e 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;

e in continuous improvement;
* in preparing for and welcoming technological change;
e 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 the 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.

R&D Neet?

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 existing 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 all 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 inmovation 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

Production Marketing

4

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), (Higg, 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
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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”;

e “a network structure of control, authority, and communication”;

e “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”;

e “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 the 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 Planning
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 new 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 1

3. Parametrical Research of Structure Mathematical Model IT
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.” (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

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

o the product development models in the literature do not take into
consideration the organizational context to the development activities.”
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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:

e orientation towards product/technical or market,

e 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 reach. 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;

e relative product quality (higher than competitors),

o value for money (economical value for customers),

e 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 this
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 picturing 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

43



Research in Product Development - A Theoretical Foundation

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 & Nerlinger, 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 technological 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).

o 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 the
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 resources 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
‘extra’ resources.

Internal Partly controlled External
resources external resources resouIces

L 3

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 this 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, ie., 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 does 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 & Bracker,
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 1is 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 & Bracker (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 & Bracker,
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
1S 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 different
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 organization 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 Market adaption
achievement
Policy Traditional Personal Rational
Leadership Craftsman Entrepreneur Professional
Structure Power levels Field of force Rational hierarchy
Staff Housekeeping Technical-personal | Technical-
coordinative
Functional- Single Successive Full development
development emphasis
Work-group Fixed roles Interaction- Homogeneity
bonds expectation
Innovation Conventional Innovation Development
methods
Uncertainty-risk ~ |No perceived Uncertainty Risk
risk
Basis for success | Benevolent Innovation Planned adaption
environment exploitation 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
Ré&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.

* Conception of the PDP? » How do the actors
*Managerial constructs and issues measure the PDP
of importance during the PDP? performance &

*Use of resources? outcome?

Technology

Outcome of the J

Product Development
in Small, Technology-

! Process
Based Firms

Figure 2.6. Conceptualization of Theoretical Framework.
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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 the 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 looking 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 reality 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 interest. 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 Umed 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) the degree of focus
on contemporary as opposed to historical events.” (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.

Aims/Analysis Objectives
Refined Question

Y

Sampling Design

Y

Data Analysis Data Collection

Data Management |

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 Analysis Additional Info Analysis 11
Collection
Key Findings Analysis
Case A & Case C &
Statements Case B Findings
(Chapter 4) (Chapter 5) (Chapter 6) (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 Nordstrom 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.” (Nordstrom,
1991:40)
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Lindell (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 the 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 studied, 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 Momentary Process
Number study study
of cases (snapshot)

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 using a longitudinal study in this area of research. They
argue that;
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“Jongitudinal 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 technology 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 other 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, Malmo 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 Havbrandt’, a
former employee and informant at RADAB. His knowledge in the area
also pointed me to MFI AB in Malmé. 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 Ljungberg’, 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

® Phone interview 1994-09-21.
” Phone interview 1995-11-09.
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companies in Sweden’. 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 observing 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 research 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 questions 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 (Hagg, 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,
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a map. The informant provides the researcher with introductions and
interpretations. Finally, informants communicate with the researcher in a
myriad of nonverbal 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 trust. 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
Hagg (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

72



Method

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.

73



Method

COGITATION ON ACCESS

One important aspect when studying a case, is to have access to the
research site. If access 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 RADAB (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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