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Preface and Introduction

What Makes this Book Unique?

No crystal ball is required to safely predict, that in the future — even more than in
the past — mastered innovativeness will be a primary criterion distinguishing suc-
cessful from unsuccessful companies. At the latest since Michael Porter’s study on
the competitiveness of nations, the same criterion holds even for the evaluation of
entire countries and national economies. Despite the innumerable number of pub-
lications and recommendations on innovation, competitive innovativeness is still a
rare competency. The latest publication of UNICE — the European Industry Or-
ganization representing 20 million large, midsize and small companies — speaks a
clear language: Europe qualifies to roughly 60% (70%) of the innovation strength
of the US (Japan). The record unemployment in many EU countries does not con-
tradict this message.

A main reason may be given by the fact that becoming an innovative organiza-
tion means increased openness towards the new and more tolerance towards risks
and failures, both challenging the inherently difficult management art of cultural
change. Further, lacking innovativeness is often related to legal and fiscal barriers
which rather hinder than foster innovative activities. Yet another reason to explain
Europe’s notorious innovation gap refers to insufficient financial R&D resources
on the company as well as on the national level. As a result, for example, high-
ranking decisions on the level of the European Commission are taken to increase
R&D expenditures in the European Union from roughly 2% to 3% of GNP. Also,
the EC recognizes that the identified potential shortage of researchers, particularly
in Science, Engineering, and Technology, will pose a serious threat to the EU's in-
novative strength. Finally the promotion of a framework program for research and
technological development ought to be continued in order to enhance competitive-
ness of companies and national economies. Such kinds of arguments are also
strongly supported by UNICE.

Such arguments may certainly be parts of a solution to Europe’s precarious
economic situation but they lack an essential focus on companies’ reality: Innova-
tiveness is not only the result of sufficient resources and favorable external condi-
tions. Rather, the capability to effectively transform available resources under
given circumstances into marketable products and services determines to a large
extent a company’s competitive innovativeness. This specific management com-
petence is often referred to as Management of Technology and Innovation (MOT).
In a broad sense, it aims at mastering the technology-driven innovation process di-
rected towards binding higher-ranking business objectives. This generic task in-
cludes the entire scope of management decisions on technology and innovation
strategies, R&D structures, competencies, processes, make-or-buy options, strate-
gic alliances or acquiring start-up’s. In other words: Qualified MOT competence
has the potential to leverage or even multiply given R&D resources. MOT, having
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its origin mainly in the United States and being still a young discipline of man-
agement, is gradually gaining acceptance by major European Universities.

In Japan, as compared to Europe the situation is quite different. Despite its eco-
nomic stagnation during the last decade Japan has maintained the leading position
in R&D spending at a level of 3.35 % of GDP for the year 2002 followed by the
US with 3.08 %. This amounts to a total sum of R&D spending in Japan, which is
only slightly below Europe in spite of the EU’s double-sized population. The same
holds for the number of researches and patents. And in strong contrast to Europe,
MOT has become a top issue on the agenda of governmental institutions and in-
dustrial organizations in Japan. Whereas the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) is strongly promoting MOT education at
40 universities, focused MOT support is initiated by the Ministry of Economy,
Trade and Industry (METI) and the National Institute for Science and Technology
Policy (NISTEP). In other words: Aiming at maintaining a sustained innovation
leadership position Japan is adding MOT competence to its traditional innovation
capability with the potential and expectation to further increase its innovation con-
tingent competitiveness.

This “double focus” of Japans technology and innovation policy gave reason
for the edition of this book at hand. Japan’s unparalleled economic development
since the Meiji Restoration has since been the main theme of countless publica-
tions. They all try to shed light on motives and factors which might explain the
rapid evolution of a country, which is not at all blessed with natural resources or a
vast agricultural base, into the second largest economic power in the world. Such
attempts are made for example by Edwin O. Reischauer, the former American
Ambassador to Japan: In his opinion the multiplication of the standard of living
many times over since the beginning of the twentieth century has only been possi-
ble because of intensified industrialization.

The main driver of this development was the ambition to catch up with the
West following the vision FIZL¥ ¥ (“wakon yosai”) which is often interpreted as
“Japanese Spirit, Western Technology”. It consisted of a rapid adoption of West-
ern achievements usually followed by adaptation to the Japanese way of life and
subsequent perfection. It is reported for example that within two decades of the
black ships' arrival, Japan boasted its first bakery (1860), photo shop (1862), tele-
phone (1869), beer brewery (1869), cinema (1870), daily newspaper (1870), and
public lavatory (1871).

There are distinct exceptions to this pattern of knowledge adoption. According
to Eiichi Maruyama, today’s roots of high tech image technology can be traced
back to 714 (ukiyoe) referring to the ancient Japanese art of making multi-
color wood block prints. Producing wood block prints requires mastering high
precision engraving work since deluxe versions consist of up to 50 or 60 blocks
using powder of gold and silver foil in addition to ordinary dyes on embossed pa-
per. The attachment of the Japanese to high resolution color printing technology
seems to be conserved in the art of micro lithography to fabricate for example the
256-megabit DRAM, where exposures are required using different masks with
resolutions of submicron accuracy. In this field, Japan is the front-runner. The im-
age technology of Japan is also leading the world in other aspects, such as high
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definition television called “Hi Vision”. Liquid crystal displays boast an over-
whelming market share, and Japan also assumes a leading role in the development
of 40” plasma displays for next generation wall-hanging type TVs.

The industrialization of Japan had to be export-oriented, due to its dependence
on foreign energy resources, which is the highest in the world. At the same time,
this vital dependence - being a main reason for existential fear of uncertainty - ini-
tiated a strong motivation towards new technological energy solutions to gradually
lower that risk.

An interesting question relates to the origin of Japan’s successful industrializa-
tion. It seems that naturally given conditions play a crucial role. Japan is perma-
nently threatened by natural menaces. Typhoons, earthquakes and to a certain ex-
tent tsunamis are scary phenomena of everyday life. Their occurrence is not
necessarily a surprise anymore. It means that the Japanese have been “condi-
tioned” over millenniums to live with insecurity and uncertainty and have obvi-
ously developed a survival will to brave permanent threats. It also seems that this
individual and collective disposition to survive is representing a reason to over-
come economic crises as well. In this context it is interesting to observe that the
Japanese economy adjusted to drastically changing environments like the first and
the second oil-crisis as well as the steep appreciation of the yen relatively well
compared to other industrialized countries. It might further support the view that
the dominant Japanese core competence consists of collectively well solving exis-
tential problems such as the rapid industrialization following the Meiji restoration
or economic recovery after World War II. Certainly another reason for the adapta-
bility of Japan and its economy lies in the massive increase in productivity, which
has been far higher than in many other industrialized countries. But also the ability
of Japanese manufacturers to develop high-quality products fast is an important
aspect in this context, of course.

Japan is in many respects impressing economic and societal development car-
ries explicit cultural imprints of Shintoism, Buddhism and Confucianism. Shin-
toism being the native religion is directed towards harmony with nature. Inherent
to Shintoism is the belief, that inexplicable or highly respectable appearances are
expressions of a kami (god). Therefore, worshipping at these kamis’ shrines, espe-
cially in times of personal sorrow represents an important way of finding relief
from adverse feelings. Also, Shinto rituals require states of absolute physical and
mental purity. It is in fact a level of purity which is not experienced by Western
people. For this reason, there are qualified opinions from Japanese industrialists
that today’s ultra high level of clean room production would not have emerged
without the almost passionate sense of purity indispensable for true Shinto prac-
tice. Buddhism’s basic beliefs are quite different. Buddhist teachings aim at ways
of living which ease getting along with everyday’s toilsomeness and therefore also
contribute to find a rationale for accepting given living conditions. Confucianism
finally is not a religion in our sense but rather a compilation of moral rules. They
typically ask for respectfulness towards older people and loyalty towards higher-
ranking people and complimentary responsible care for subordinates. Confucian-
ism is considered to have established a disciplined structure of a “vertical society”
with consequences such as cohesive organizational culture and identification with
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common objectives. Likewise the Japanese pronounced sense of community is en-
hancing the inner coherence of groups.

This book at hand does not at all attempt to reveal additional explanations of
Japan’s historical, economic, and societal uniqueness. What it does though, is to
focus on the concrete particularity of current Japanese ways of coping with tech-
nological change and innovation. In this respect, it will give profound insights into
Japanese ways of managing technological change and innovation, looking at vari-
ous relevant levels such as strategy, processes, organization, culture, and project
management.

This approach to current Japanese MOT reality within cultural, economic and so-
cietal complexity makes this book unique. The research findings will allow first
conclusions, on the one side to what extent the pattern “adopt-adapt-perfect” has
altered the originally Western based MOT concepts. On the other side, the re-
vealed MOT practice in Japan represents potential opportunities of learning from
proverbial Japanese perfection achievements.

The book is addressed to Managers responsible for product development, new
business development, Marketing, or market research as well as Scientists, lectur-
ers, and students of Technology and Innovation Management. It is intended to
broaden and deepen the understanding of the way technology management is or-
ganized and innovation processes are managed in Japan. This is based on the as-
sumption that Japan’s innovation system, which contains very specific features
and constitutes an integral part of its competitiveness, is distinct from other na-
tional innovation systems and thus offers possibilities of learning for others, de-
spite cultural or social differences.

How Is this Book Organized?

This book is about how leading Japanese companies including Toyota, Canon,
Sony, Sanyo, Shimano or Asahi-Glass manage technology and innovation refer-
ring to strategic, structural, process-related, and project-management related is-
sues. Most articles are written by Japanese researchers, among these prominent
colleagues like Takahiro Fujimoto (University of Tokyo), Kiyonori Sakakibara
(Keio University) or Kentaro Nobeoka (Kobe University), being extremely famil-
iar with the current situation of such companies. Further a number of contributions
are devoted to discussing what European and US companies can learn from Japa-
nese Companies applying Technology and Innovation Management related tech-
niques and methods. Moreover, we look at how Japanese Culture affects the Man-
agement of Technology and Innovation in companies such as the ones mentioned
above, as well as at how Western companies may profit from these perspectives.
This book is an edited collection, and the chapters together cover various aspects
of Technology and Innovation Management in the Japanese context. All contribu-
tions add significantly to the state-of-the-art knowledge in diverse areas, and the
authors deliver valuable insights into Japanese management approaches.
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The book is organized in five parts, starting with a chapter on strategy, fol-
lowed by chapters on organization, processes, cultural aspects and implementation

We will briefly summarize the content of each chapter as follows:
Part I: Strategic Aspects

Sakakibara and Matsumoto address the issue of appropriating returns from innova-
tion activities. They show how engineering of the product architecture may lead to
inter-firm differences in appropriability and illustrate how Canon has been able to
frequently shift added value between its devices and consumables in the copier
and ink jet printer business. The authors suggest that Canon’s efforts for high ap-
propriability have a historical background and that flexible change in product ar-
chitecture is the key to its success.

Takeishi and Aoshima study Shimano, a manufacturer of bicycle components, and
show how Shimano has been able to perform well in an industry that is hit by re-
cession and in which most companies experience considerable difficulties. Look-
ing into its corporate history, the authors analyze how Shimano’s innovation and
component integration activities have allowed it to capture a position that may be
described as the “Intel of the bicycle industry”. Finally, the address the challenges
lying ahead of Shimano and comment on how innovation may continue to be a
driver of its corporate success.

Kusunoki investigates how innovations may overcome commoditization in an in-
dustry and allow companies to regain customers’ willingness to pay. He stresses
that conventional thinking, explicitly or implicitly assuming that innovations are
dimensional phenomena, may be ineffective for creating differentiation and pro-
moting consumers’ willingness to pay. Moreover, he argues that innovations along
particular dimensions may do more harm than good for de-commoditization and
firms preoccupied with such “dimensional thinking” of innovation may be en-
trapped even more into commoditization.

Tomita and Fujimoto stress the increasing sophistication and diversification of
customer needs. They show how companies are required to look beyond their cus-
tomers, who are often intermediate users and have to consider the needs of end us-
ers, i.e. their customers’ customers. Analyzing the case of LUMIFLON, the au-
thors define the downstream of the value chain as a “customer system,” and argue
how an effective NPD pattern in a “customer system”-oriented manner should be
through designed.

Part II: Process Aspects
Harryson describes the origins of the know-who based innovation process, which

was born in Japan, but is increasingly applied throughout Asia. It aims at en-
hanced speed of innovation and reduced R&D risk through new processes that are
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no longer limited to intracorporate know-how, but leverage instead global know-
who. Drawing on examples from Canon and Sony he shows how targeted acquisi-
tion of external expertise may be combined with an organic approach to internal
resource deployment for enhanced innovation performance in the network system
as a whole.

Beise argues that successful Japanese innovation management is not only rooted
in general management techniques, strong relationships to suppliers and other
commonly cited factors. He identifies the Japanese market context as an important
driver for many globally successful innovations originating from Japanese compa-
nies. It is shown how characteristics such as a large domestic market at an early
stage of the technology life cycle or a high penetration rate in the growth phase of
the diffusion, and product designs or technological trajectories that were favored
in Japan and later became economically advantageous worldwide have contributed
to lower manufacturing costs or market knowledge and thereby benefited Japanese
companies.

Yasumoto and Fujimoto explore how Japanese firms successfully employ product
technologies and associated product development capabilities in oversea markets.
They analyze how close interfirm relationships between Japanese firms contribute
to successful product/process development at home and how these close relation-
ships may hinder Japanese firms from sufficiently exploiting technologies and ca-
pabilities in oversea markets. Drawing on the example of Japanese mobile phone
handset manufacturers in the US, they show how interface capabilities, firm-
specific interaction routines that enable the firm to assimilate significant knowl-
edge from partner firms, could help Japanese firms to exploit accumulated tech-
nologies and associated product development capabilities in close interfirm rela-
tionships in oversea markets.

Herstatt et al. report on the results of a large-scale study about typical front-end-
related innovation practices in 553 Japanese mechanical and electrical engineering
companies. They explore typical activities concerning the generation and assess-
ment of new product ideas, the reduction of technological as well as market uncer-
tainty and front end planning. The authors also report on differences between suc-
cessful and unsuccessful companies and show that front-end-related activities such
as customer integration during idea assessment, systematic translation and integra-
tion of customer requirements as well as systematic planning contribute to project
success.

Haak analyzes the Toyota production system and examines how its different com-
ponents have evolved into a process heavily contributing to Toyota’s global suc-
cess. He identifies the central factors, which have influenced the development of
the key features of the Toyota production system. In addition he addresses the is-
sue of whether the dynamism, i.e. the constant process innovation and change in-
herent in the Toyota production system, forms the basis for its flexibility which
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ensures that the system can survive in the face of rapidly changing competition
and market constellations.

Part III: Organizational Aspects

Nobeoka proposes a conceptual framework for multi-project management organi-
zation and describes the processes involved in changing from a heavyweight
product manager organization to a multi-project management organization. He il-
lustrates his argument by analyzing the reorganization of Toyota in 1992 and
1993, which was the most fundamental change in the product development or-
ganization that Toyota ever implemented in the last 30 years. He concludes that
organizations should aim at achieving both cross-functional coordination and in-
ter-project coordination simultaneously and, using the Toyota example, shows
how the apparent contradiction between these two goals may be solved.

In a case study of automobile part suppliers and manufacturers, Ge and Fujimoto
investigate under what conditions suppliers are involved in new product develop-
ment. In their analysis the authors distinguish between different patterns. Of inter-
action which they not only ascribe to relation-specific skills but identify the attrib-
utes of the auto parts in question as an important factor influencing the nature of
interaction. They use product architecture reasoning to highlight the attributes of
auto parts and derive and recommendations for supplier-manufacturer interaction
in new product development.

Herstatt et al. investigate new product development (NPD) processes and planning
in 15 Japanese companies. They explore how these companies structure their NPD
processes and conduct their planning activities in order to strike a balance between
the needs for efficiency and flexibility, which often carry opposing implications
for organizing and managing new product development projects. They find that
while the majority of the companies build their NPD efforts on a similar process
model, they also employ diverse procedures to achieve their aims. In addition, the
authors recognize a strong inclination towards planning R&D activities, which is
shared by all companies involved in the project.

Part IV: Cultural Aspects

Nakata and Im address the issue of emerging competition for Japanese companies
arising from neighboring firms in South Korea. They focus on a comparison of
Japanese and Korean companies in terms of new product advantage. Their survey
of more than 200 innovation managers in both countries shows that while cross-
functional integration, new product team proficiency, and initiation tasks are criti-
cal antecedents of, or contributors to, new product advantage, the effects differ be-
tween Japan and Korea.

Reger investigates how European, American, and Japanese companies differ with
regard to the degree and ways of internationalization of their R&D activities.
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Based on a survey of more than 200 companies he shows that Japanese companies
undertook less internationalized R&D activities compared to North American and
Western European corporations. Also Japanese and North American companies
are shown to strongly follow a concept of generating technology at home, while
Western European companies give more room to build up centers of excellence
and own competences in R&D units abroad.

Gerybadze also addresses the issue of international R&D and knowledge genera-
tion activities. He shows how this process is characterized by a simultaneous in-
crease in intensity and speed of innovation, rise of international sourcing strategies
for R&D, a greater emphasis on application and demand-pull, and an increasing
emphasis on open innovation. He also highlights the cognitive and strategic differ-
ences in the way the innovation process in addressed in Japan and Western Europe
to analyze the different strategies adopted by the companies from these differing
cultural backgrounds.

Herstatt, Verworn and Nagahira investigate how Japanese and German companies
reduce project-related uncertainty during the early phases of the innovation pro-
cess. While most of the companies in the sample successfully reduced uncertainty,
the authors identify different approaches by the Japanese and German companies
respectively. In conclusion, the authors outline that there is no general best solu-
tion to this problem and argue for a careful consideration of influencing factors
such as corporate culture when establishing these activities.

Part V: Implementational Aspects

Drawing on his extensive experience as a practitioner, Mori describes how the en-
vironment for [P management faced by Japanese companies is in the midst of con-
siderable change. He highlights the substantial legal activity in the area of IP pro-
tection that has recently been taking place as well as the huge importance, which
IP management has gained among Japanese firms. To substantiate the need for
further changes, he explores the objectives of IP management, using leading ex-
amples of [P-intensive Japanese companies like Hitachi, Canon, Seiko Epson, and
Olympus.

Trauffler and Tschirky describe the elaboration and implementation of basic stra-
tegic technology management concepts in a Japanese technology intensive com-
pany, which were proposed and put into action during an academic consulting pro-
ject where researchers form the Swiss Federal Institute of Technology, Zurich —
Chair of Technology and Innovation Management — collaborated with the com-
pany for a of period of more than eighteen months. In doing so, the authors report
how MoT concepts were elaborated and implemented in a company that previ-
ously did not have any such concepts in use and describe which MoT activities
were introduced and implemented and in which order. They also provide a gener-
alized and practitioner-oriented procedure derived from the experiences of this
particular case.
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This book would have not been possible to realize without the support of the au-
thors from Japan, the US and Germany, and we want to strongly express our grati-
tude for this effort.

Hamburg/Zurich/Tokyo, September 2005

Cornelius Herstatt and Christoph Stockstrom,
Hugo Tschirky,
and Akio Nagahira
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Part I: Strategic Aspects



Designing the Product Architecture for High
Appropriability: The Case of Canon

Kiyonori Sakakibara and Yoichi Matsumoto

The Issue of Appropriability

For both manufacturing and service sectors, key success factors for firms to grow
are implementing innovations and acquiring the returns from the innovations. The
innovator’s capability of getting the returns from his innovations is called “appro-
priability of innovations.” The purpose of this paper is to discuss the issue of ap-
propriability of innovations by examining the specific example of Canon Corpora-
tion of Japan.

When any innovation is successfully implemented, spillovers from the innova-
tion are inevitable in most cases, and invite free riders. In other words, an innova-
tor alone cannot monopolize the returns from his/her innovation. Thus, it is impor-
tant to minimize the spillover, which ultimately improves the appropriability of
innovation.

The collaborative papers on this subject by economists Klevorick, Levin, Nel-
son and Winter (Levin et al. 1987; Klevorick et al. 1995) are well known. Their
study, which employs a questionnaire survey, is known as the Yale Survey. Hav-
ing been inspired by the Yale Survey, Japanese economists also published compa-
rable study results (Goto and Nagata 1997; Cohen et al. 2002). Among manage-
ment researchers, Teece (1986), von Hippel (1990) and others picked up the
subject as well.

Previous studies have concluded that appropriability varies between different
industries or product categories. For example, it is relatively easier for science-
based industries such as the pharmaceutical industry to harvest the benefits from
own innovation than for other industries because patents often protect the prod-
ucts. However, the appropriability varies not only between industries. Competing
companies within the same industry can realize different levels of appropriability
of innovations based on their strategies. From this perspective, the appropriability
of innovations is subject to managerial decision-making.

For example, two manufacturers which have roughly equal product market
shares and compete head to head may show different profitability if one has a key
device and the other does not. Sharp Corporation’s high profitability in the busi-
ness of liquid crystal display TVs is a case in point. Its profitability is estimated to
be higher than Sony’s, for example, because Sharp possesses the liquid crystal dis-
play technology and manufactures in-house, while Sony does not.

Although in-house manufacturing of devices, particularly key devices, is a way
to increase the appropriability, it is not a bulletproof strategy. Dell is a case in
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point. In the personal computer business, Dell does not manufacture any devices
and components and uses an outsourcing strategy for high appropriability. Mi-
chael Dell, the founder of Dell, envisioned a way to create value through innova-
tive distribution and marketing rather than through manufacturing. He has suc-
ceeded in developing a business model that enables high appropriability in that
business area.

Characteristics of the Business Performance of Canon

In the section that follows Canon Corporation of Japan is used as a best-practice
case that exemplifies high appropriability among competitors. It is a highly suc-
cessful company: the latest business performance as of December 2003 shows
sales on a consolidated basis of Y319.8 billion, an operating profit of Y45.44 bil-
lion, and operating margin before tax of 14.2% and an after tax profitability of
5-8% which makes Canon one of the most profitable Japanese manufacturing
firms.

Canon has 3 major business groups. The first and central group is the camera
product group. A successful diversification created the second competence, the
business machine product group. The third area, the optical and other products
group, aims for specialized market segments.

As for the contribution to corporate performance, the business machine product
group is the most significant contributor to the overall profitability of Canon. This
group currently accounts for 70% of consolidated sales and 107% of profitability
(the contribution to the overall profitability exceeds 100% because in 2003 the
profitability of the optical and other products group was negative). Operating mar-
gins by business are camera 19.3%, business machine 21.4%, and optical and
other -2.8%. Although all groups are major players in the respective markets, the
high operating margin of the business machine product group is noteworthy.

Why is the business machine product group so profitable? Both camera and
business machine products hold significant world market shares, contributing to
the high profitability. However, having great market share alone is insufficient to
describe why the profitability of the business machine product group is higher
than that of the others. What is unique to the business machine product group is
that after-sales support and consumable supplies, besides the up front sales of
products, are powerful sources of profit. It is a distinctive structure for profit mak-
ing. The questions at hand are what the distinctive structure for profit making is,
how Canon has been able to establish it, and whether or not any companies that
manufacture the same product types automatically achieve high profitability.

Profitability of the Business Machine Product Group

Two representative products of the business machine product group include copy-
ing machines and inkjet printers. The domestic market share of copying machines
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in terms of shipment unit shows Canon at 29.7%, Ricoh at 29.5%, and Fuji-Xerox
at 22.0%. As the top 3 manufacturers hold over 80% of the market, it is clear that
these three dominate the domestic market (Nikkei Sangyo Shinbun, August 13,
2003). As for the ink jet printer, the domestic market share is in an oligopoly
situation controlled by Seiko Epson (50.8%) and Canon (41.7%) (Nikkei Sangyo
Shinbun, July 29, 2003).

If the operating margin trends of 4 representative manufacturers of business
machines (Canon, Ricoh, Seiko Epson and Fuji Xerox) are compared in the latest
5 years, it shows that Canon has been the only company with a return on sales
consistently higher than 10%. As the content of business machine operations in
each company varies, it is not possible to precisely conduct a comparative analy-
sis. Nonetheless, it is safe to conclude that Canon consistently demonstrates higher
profitability than competitors.

Cartridge Technology that Sustains Copier’s High
Profitability

In order to understand the uniquely high profitability of Canon’s business machine
products group, it is helpful to take a look at the example of its small-size personal
copier, which found family and personal uses.

Canon developed the first-in-the-world personal copier PC-10 in 1982. The
market loved the model, and it contributed greatly to the company’s growth. The
distinctive feature of this small-scale personal copier is Canon’s home grown “car-
tridge technology.” The cartridge technology combined the central functions of
the copier, packaging, image development device, charger, photoconductive drum,
consumable toner, and cleaner functions into one cartridge. Then the all-in-one
cartridge is replaced with toner’s expiration. The unique technology of Canon
eliminated periodical inspections and toner refills, and enabled the development of
the personal copier market for the first time in the world. As Canon’s advertise-
ment stated, “simple-maintenance and support-free” became possible. Also, the
technology made the product significantly more compact. The cartridge method
was successfully transferred to laser-beam printer (LBP) product lines.

Prior to the PC-10 the plain-paper copiers, or PPCs, were for business organiza-
tions only, and the countrywide network of after-sales service providers supported
maintenance of the installed equipment. It was a norm that copiers came with
maintenance services. Photoconductive drums needed to be replaced when they
reached their expiration; toners needed to be replenished and disposed; charger’s
wires tended to attract dust and therefore needed to be cleaned periodically; clean-
ers needed to be replaced; and so on. In other words, using PPCs necessitated pe-
riodical checks, maintenance, replacement of consumables, and timely repairs
when needed. Those conditions were undesirable for family or personal uses. It
was either unfeasible to establish such a network to support family and personal
users or unprofitable to do so. With the cartridge technology Canon made it possi-



6 K. Sakakibara and Y. Matsumoto

ble to bring PPCs to the family and personal market without the traditional service
network.

The cartridge technology, which allowed for simple-maintenance and support-
free products, was technically significant, but it was not everything. Canon’s all-
in-one cartridge did not only represent a consumable, but also contained central
functions of a copier, proprietary technologies and patents, within it.

As everyone knows, there is a black cartridge in a Canon copier. Because it is
an encapsulated type, detailed contents are not identifiable. It contains both, high-
precision central mechanisms, such as the image development device, and value-
added consumable items. Intuitively speaking, the cartridge in a Canon copier is
“a black box that contains technology and profit.” The other part of the copier, in
contrast, is a low value-added plastic case and both mechanically and technologi-
cally simple. It is, so to speak, “a chassis.”

By continuously introducing new products employing the same cartridge tech-
nology, Canon limits exposures of its own technology and maintains the highly
profitable structure of the product line. The company considers the profitability of
each product as a viable technical issue to be addressed during the development
and engineering phase.

The Origin of the Idea

The idea that the profitability structure of products is based on development and
engineering issues originates from the successes and lessons in Canon’s camera
business.

Canon was originally established as an R&D and manufacturing company of 35
mm high-quality cameras in 1933 when there was no sufficient technology to
manufacture cameras in Japan. Its initial slogan was “Defeat Leica.” Leica was the
name of the world’s best camera manufactured in Germany. It is widely recog-
nized that Leica was the model for the modern camera.

From the beginning the company focused solely on developing and manufac-
turing high-quality cameras and gained its reputation. In 1961 “Canonet” with an
automatic exposure mechanism became very popular, which contributed to the
development of the mid-class camera market and caused the subsequent explosive
growth of Canon.

In 1962 the former President Takeshi Mitarai, Chief Technology Officer Hiro-
shi Suzukawa and Keizo Yamaji, a technician in the lens division, took a trip to
the United States to strengthen the North American camera sales and learn ways to
diversify the camera business. They received an unexpected welcoming at the
Eastman Kodak headquarters in Rochester, New York. Yamaji described the Ko-
dak visit as follows (“My Resume” on Nikon Keizai Shinbun, March 14, 1997):

When we visited several of the major Eastman Kodak facilities, they brought us
fancy lunches and dinners to welcome us. I asked, “Why is this?” “Cameras that you
manufacture are film burners,” was the response.
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The sales of film grow exponentially in relation with the cumulative camera sales. I
understood completely. It would be hard to start a new film business, but I would like
to engage in consumables. Because of this experience we decided to sell all consum-
ables when we entered into a copier business.

Yamaji became the first manager of the product development department in the
new business division upon returning from the American tour and played an im-
portant role in developing new products towards diversification. This was when he
was 34 years old. Meanwhile, what did “film burners” mean? It literally meant
that cameras burnt rolls of film. Thanks to mass production of good camera, peo-
ple would take a lot of pictures and burn a lot of films. As a film manufacturer
Canon’s success was a pleasure. As employees of a camera manufacturer, they
must have had mixed feelings about it. This experience ultimately led the com-
pany to business machine products, the first of which were copiers.

This episode was told as an anecdote of the historical visit to Kodak. However,
the same situation actually existed in Japan. Canon employees must have known
about the attractiveness of consumables because the sales of domestic film manu-
facturers, such as Fuji Film, skyrocketed when the sales of Canon cameras went
well. In fact, the business performance of domestic film manufacturers outstripped
that of camera manufacturers at some point.

For this reason, Canon engineers already apprehended that the development of
copier products was not simply making “a box,” but a new business model with a
different profit-making structure than that of cameras. In short, it was the idea of
making a machine that used consumables, and that using the consumables was an
important element of the company business.

The idea of exploring consumables and the technological breakthrough of
Canon’s image development device together brought about the development of the
unique cartridge. The former Managing Director Masashi Kiuchi was responsible
for the breakthrough of the image development device, and the former Vice Presi-
dent Hiroshi Tanaka was responsible for the development of the cartridge technol-
ogy. The use of a cartridge in copiers was then duplicated in the development of
the printing head of bubble jet printers. Hiroshi Tanaka was the leader in that pro-
ject as well.

When reexamining Canon’s copiers with this historical background in mind, we
can see a striking similarity between the association of a cartridge in a copier and
that of a film in a camera. It is not only the similarity in appearance but also the
similarity in naming. The name “cartridge technology” used in copiers must have
come from the terminology used in the camera technology. The similarity of nam-
ing in both copier’s cartridge and camera’s film cartridge is not coincidental. It is
a result of conscious efforts.

In a nutshell, during copier development, Canon was aiming for a new business
model that could bundle camera and film cartridge into one business, so to speak.
And it did succeed in realizing the model. This idea was further developed in its
printer business. We will describe this continued effort in the following section.
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Therefore, it does not suffice to say, “the copier business is profitable because it
involves consumables,” as it does not take into consideration that Canon has de-
veloped the unique technology based on its historical background.

Analysis of the Ink Jet Printer Business in Japan

In this section an intensive study of Canon’s ink jet printer business in the Japa-
nese market is used to look at appropriability of innovation. The development of
ink jet printer products and the market trends during the 1990s are at the center of
attention. First, however, we need to succinctly learn about the ink jet printer tech-
nology.

Characteristics of the Technology

There are broadly two printer types — the impact type and the non-impact type. An
example of the former kind is the dot-matrix printer and examples of the latter
kind are thermal and electro photographic printers. Ink jet printers also constitute a
non-impact printer type.

Ink jet printer technology is complicated. The printer is a kind of precision ma-
chinery; however, dealing with raw materials of ink requires the latest knowledge
in chemistry. Determining an unclogging flow of ink requires knowledge of hy-
drodynamics. Measuring ink droplet formation necessitates knowledge of ultra-
sound and charged particle dynamics. Furthermore, electronics circuits, computer
software, and semiconductor technologies are needed. Thus, ink jet printers are a
conglomerate of multiple technologies (Okubo 1999).

Ink jet printers can employ one of several printing methods. The most influen-
tial ones are the Bubble Jet method of Canon and the piezoelectric method of
Seiko Epson. The Bubble Jet (BJ) method in brief is a mechanism that uses ther-
mal energy to extract ink. Heated ink at the nozzle is gasified and produces bub-
bles. The expansion of the bubbles pushes ink out from the discharge spout. When
the heater temperature drops, the bubbles constrict and the pushed ink turns liquid
as it flows out. When the bubbles at the nozzle disappear, ink is newly supplied
via the capillary phenomenon. On the other hand, the piezoelectric method uses
energized electric voltage to extract ink. It employs piezoelectric elements, which
vibrate when voltage is superimposed, to insert pressure in the cavity (ink com-
partment) and extract ink. The application of this method is the Mach Jet (MJ)
method of Seiko Epson.

Although there are methodological differences, the basic mechanism of ink jet
printing is simply spraying ink on paper. Because of its simplicity there are several
advantages. Typical advantages among many include that plain paper can be used,
letter quality is high, print speed is high, and product costs are low. Also, color
application is relatively easy and operation noise levels are low because it is non-
impact. However, there are shortcomings due to the simplicity of the process, such
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as clogging ink, the interfusion of bubbles in ink channels, and the erosion of head
material by ink. The improvement of inks and cleaning of the nozzle surface have
remedied these shortcomings. Making the ink head disposable was another solu-
tion Canon employed although this led to the problem of increasing running cost
(Takahashi and Irie 1999).

Both methods exhibit different advantages and disadvantages. For example, the
head used for the BJ method can be mass-produced through an etching process
similar to the production process of semiconductors. Thus the cost per head is low.
However, the use of heat limits the number of ink types that can be used for the BJ
method. On the other hand, the head used for the MJ method must be produced
mechanically leading to a higher cost per unit than for the BJ head. However, the
mechanical extraction of ink by the MJ method allows for a greater variety of ink
types to be used and for better ink control which is advantageous in printing super-
high-resolution color images such as photographs.

New Product Introduction Race

In this section we look at the history of ink jet printers from the inception of the
market and the new product introduction competition along the technology curve.
We use mainly the discussion set forth by Masaya Miyazaki (2002). This is the
most detailed and exhaustive paper about ink jet printer among numerous other
papers and case studies (Yoneyama 1996; Miyazaki 1999, 2001; Fujiwara 2002).

Canon BJ-10v

Product development of ink jet printers for PCs began around 1980 when Seiko
Epson’s dot impact printer dominated both the overseas and the domestic markets.
The early versions of ink jet printers were selling as “a quiet replacement” for dot
impact printers. Until 1990 it was a product for a niche market. It was the Canon
BJ-10v that broke out of this positioning to create a new market segment for ink
jet printers. It was revolutionary in that it aimed at the personal market segment
that had been served by dot impact and thermoelectric printers before. Over 4 mil-
lion units of the BJ-10v were sold, which became the funding source that kick
started the ink jet printer business as an independent business unit.

The BJ-10v used the bubble jet head that had been deployed in the previous
two models. Thus the revolutionary aspect resided outside of technology. The
BJ-10v was an A4-size personal notebook printer that could be battery powered
and carried around. It stood out prominently because the mainstream printer of
that time was an A3-size dot impact printer. The super compact size was only
achievable with Canon’s own bubble jet head technology. Thus, the BJ-10v pow-
erfully demonstrated the unique characteristics of the technology. Also, a cartridge
head rather than a conventional permanent head brought about the maintenance-
free feature that was required in the personal use market. The design that “the
head is discarded when ink is finished” was an idea that was inherited from copi-
ers.
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Because the BJ-10v (Y74,800) was relatively inexpensive among printers, it
was sold faster than it was made. It became the pioneer in “products for personal
uses.” Ink jet printers established the product concept — “a personal compact
printer at a reasonable price.” With the wave of the PC boom, ink jet printers
adopted a key role in expanding the printer market in the family segment.

The development of ink jet printers prior to the BJ-10v was a part of the devel-
opment of printing technology for the business market. Because mass quantity and
high speed printing capabilities were critical and high reliability and flexibility
were required, the body of a printer was large and the price tended to be high. Ear-
lier ink jet printers were positioned as a step-down alternative for laser printers.
On the other hand, the design priority of making the BJ-10v compact forced
Canon to trim many of the features. There are two prominent examples. First, auto
paper feed was omitted; manual paper feed only was available. Second, the com-
plex recovery system and the ink supply pump that adjusted the ink discharge noz-
zle were omitted, and the revolutionary change happened — the nozzle head and
ink tank became one disposable unit.

The change represented a downgrading of the ink jet printer concept from the
traditional perspective that was shared by business users. Nonetheless, with the
BJ-10v Canon monopolized the ink jet printer market for 3 years from 1991 to
1993.

Epson MJ Series

EP (Electric Printer) SON was the brand name of Seiko Epson’s ink jet printers,
which were introduced to the market, which was dominated by Canon in 1993. In
this year, Epson introduced the MJ-500 and the MJ-1000 model.

Epson countered Canon with introductions of the low-price compact notebook
thermoelectric printer AP-300 and the dot impact printer VP-300 in May 1991.
Later Epson introduced another thermoelectric printer, the AP-700, which “real-
ized the low running cost and printing speed equivalent to ink jet printers” and the
dot impact printer VP-1100 that “realized the quietness equivalent to ink jet print-
ers.” However, with the existing technology Epson could not compete against
Canon’s BJ-10v.

Product development at Epson took a different direction from Canon’s super
compact ink jet technology. The reference point for Epson was the Hewlett-
Packard desktop format ink jet printer, its so called DeskJet series. Having influ-
enced by HP, Epson believed that its personal printers needed to have sufficient
functions for desktop use. This position was promising for Epson, because it com-
pensated the weaknesses of piezoelectric technology, large size and high cost, and
took advantage of its strengths, the ease of ink control and flexible ink choice.

With this positioning in mind Epson developed a new ink jet head that was in-
stalled in the personal compact desktop printers MJ-500 and MJ-1000 in March
1993. Those two personal models were equipped with professional-level function-
alities such as high printing speed and large ink capacity, which were superior to
those of Canon’s BJ-10v. Sales after the introduction went very well. New com-
petitive elements were introduced to the ink jet printer market. Not only compact-
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ness but also more features and lower price stimulated the competition in the mar-
ket.

To counter Epson’s move Canon introduced a new series of BJ-desk printers in
May 1993. It recognized the market need for mass printing and redesigned the
BJ-10v model to be able to be placed vertically and use an auto feeder function.
The market was moving toward favoring desktop printers.

MJ-700v2C

The colorization of computer displays and GUI compatible operating systems such
as Windows 95 demanded personal printers to support colors. The focal point of
printer competition became color. Canon introduced a business color printer
BJC-820J (Y398,000) in 1992 and a personal color printer BJC-600J (Y 120,000)
in February 1994. Epson countered it by introducing its color ink jet printer MJ-
700V2C (Y99,800) in June 1994.

With the introduction of the MJ-700V2C, Epson benchmarked against Canon
BJC-600J. Its differentiation slogans were: “Our super high resolution is so close
to photography,” “Environmentally friendly long-lasting permanent head,” and
“Lower-than-competitor running cost.” As a result, MJ-700V2C becomes an
overnight success, surpassing BJC-600J. 240,000 units were shipped in 1994. It
definitively set the future direction of the ink jet printer market toward achieving
high-resolution color images.

The difference in the characteristics of the two ink jet technologies triggered
the slogan, “Our super high resolution is so close to photography,” with which Ep-
son tried to differentiate its products from Canon products in terms of the resolu-
tion of printed image. While Canon’s selling point was compactness, the strength
of Epson’s MJ technology was easy ink control. Since the BJ technology used heat
to extract ink, it was tricky to control ink flow. In fact, Canon did not reach the
720 x 720 dpi (dots per inch) level of the MJ-700V2C without a smoothing treat-
ment function' until February 1996 with the introduction of the BJC-610W.

Subsequently, Canon continued improving image resolution by using higher
density head material and enhancing color ink material. In 1997, ahead of Epson,
Canon introduced a high-resolution printer that was capable of 1200 x 600 dpi.
This model employed water-resistant reinforcement that allowed the printer to
print clear images on plain paper. Epson, on the other hand, introduced the high-
resolution Photo Mach Jet (PM) printer with a resolution of 1440 x 720 dpi in
February 1997.

The smoothing treatment makes the appearance of curved lines smoother at a given
resolution level by controlling the timing of ink ejection according to the distance be-
tween ink droplets. Although different companies use different names, the basic tech-
nology is identical.
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Low-Priced Models

Another trend in the ink jet printer market, besides colorization and achievement
of higher quality images, was price reduction. When PC sales were growing at a
rate of more than 50% and many families began buying PCs during 1994-95, low-
price color printer users also grew rapidly. Many of the general users in Japan
used printers for their PCs, because they wanted to print New Year’s greeting
cards. Color printers became replacements for conventional thermoelectric print-
ers for word-processing. To meet the market needs Epson and Canon strove to im-
prove print quality and reduce the product price for both monochrome and color
printers.

Epson spearheaded the price reduction of its color printer product line in May
1995 with the MJ-500C (Y49,800). It was a large step in price reduction because
none of the previous color printers was sold below Y60,000. In November of the
same year Canon followed suit by introducing its BJC-210J at a price of Y29,800,
the lowest price in the industry. In 1995, Epson took the first place in market
share, however, Canon took it back in 1996. Canon’s comeback was believed to
be due to the superior cost-performance of its products.

In the above review of the ink jet printer market from the inception to the end
of the 1990s based on Miyazaki’s study (2002), we have learned about milestone
products. In short, during this brief period there were several shifts in competitive
dimensions. The first phase was Canon’s domination with “portability”” being the
key competitive dimension. The second phase was characterized by Epson’s re-
surgence with its focus on “functionality”. The last phase was the competition of
“super high resolution” when Epson insisted on its technical superiority. It is also
important to recognize that “price reduction” was an invariable competitive di-
mension during the entire period.

Comparison of Running Costs

As we mentioned earlier, Canon realized high profitability in its copier business.
This strategy is not limited to the copier business. A similar strategy is seen in the
ink jet printer business, as well.

Table 1 compares the running cost? of ink jet printers of both Canon and Epson
during the 1990s. Three pairs of representative models are picked up for the com-
parison. There are two major observations’. First, in the early half of the 1990s the

2 The publicly available company data, which are used to calculate running costs, are

specifically the price of replacement cartridges and the number of pages that one car-
tridge can print. Each manufacturer can estimate average ink consumption per one A4
sheet because ink jet printers can regulate ink flow as precise as to the quantity of each
ink drop. Manufacturers, in order to control running cost to some extent, deliberately
design the price and capacity of each cartridge. In other words, running cost is loaded
with strategic intents and not simply a passive outcome of technical considerations.

In the following sections all information, which is used in discussing potential profit-
ability, is obtained mainly from publicly available data on the corporate websites of the
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running costs of Canon printers were higher than those of Epson (Row 1 and 2). It
is suspected that Canon was aiming for high profitability through consumables as
it did in the copier business. Second, Canon’s high running costs were adjusted in
the latter half of the 1990s, reversing the cost position against Epson (Row 3).
This shift is verified in our comprehensive analysis of running cost comparisons
with more models and data points (see Appendix 1 for details).

Table 1. Historical running cost comparison of ink jet printers

Canon Epson
Year
Model Running cost Model Running cost
1.Personal use
competition in BJ-10v Lite Y6.0 (B/W) M1J-500 Y3.2 (B/W)
1993
2.Early color compe- M1J-
tition in 1994 BJC-600J Y18.1 (Color) 700V2C Y7.6 (Color)
3.Year-end sales
o Y1.0 (B/W) Y2.8 (B/W)
Togy - Homin BIF600 v112 6 colorsy  PM7T0C y14.0 (Colon)

Source: Appendix 1. The cost of paper is excluded.

It is, therefore, premature to conclude that Canon sold the body of its printers at
a low price and made all profits from consumables. The facts were not that simple.
In the first half of the 1990s Canon’s average running cost was clearly high, as
was reported correctly in previous studies (Miyazaki 1999, 2002; Fujiwara 2002).
There were two main reasons. One was the difference in head design. While Ep-
son printers used a permanent head with consumable ink, the printing head and ink
were in one disposable cartridge in Canon printers. Another obvious reason was
Canon’s strategic intent for profiting from the consumables business.

In the first half of the 1990s at Canon it may have been the intentional emphasis
of product development during the design and engineering phase to maximize the
strategic focus — the after-sales demand for consumable exchange parts. The dif-
ference in head technology mentioned above must not have been a technological
issue alone; it must have reflected the business strategy of that time. However,
there was a downside — incurring high running costs. Canon started to feel the heat
from rival competitors and the threat of third parties who could erode the profit-
able consumables business. What was the response of Canon to this pressure? As
the following time-series analysis indicates, Canon began to tweak added value
between the body and cartridge of the printer, to reduce running costs and profit-
ability from consumables, or to add separate attractive features to the product in
order to control the ability to gain profits. It was a translation of the change in the
competitive dimension of the market into the change in product design.

manufacturers. Missing information is supplemented from various sources. The ob-
tained information is summarized in Appendix 1. All the tables and figure in the paper
are based on the Appendix.
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Product Architecture and Appropriability

In this section the evolution of ink jet printer products in the market is discussed
from a product architecture perspective. The architecture of the product is the
scheme by which the function of the product is allocated to its physical compo-
nents (Ulrich 1995; Baldwin and Clark 2000). Our objective is to discover the re-
lationship between product architecture and appropriability of innovations. Al-
though the running cost comparison above is cross sectional at certain points in
time, the following analysis is dynamic.

Previous studies about printers indicate that modular architecture cuts lead
time, is able to produce diverse products at lower costs, and is suitable for recy-
cling (Davis and Sasser 1995; Ishii 1998; Kiyama 2000). Our study is, instead, in-
terested in how corporations try to control profitability by choosing a specific
product architecture in a specific competitive environment.

As mentioned earlier, in the ink jet printer market, competitive dimensions
evolved from portability to sufficient functionalities for desktop use, to coloriza-
tion, and to high print resolution. Also, price reduction was a common competitive
dimension throughout the decade. When we discuss appropriability, it is essential
to consider the relationship between competitive dimensions in the market and
products, as well as the interrelationships among competitive products. In the sec-
tion that follows, we focus on the analysis of Canon, which we supplement with
the analysis of Epson.

Portability

Canon introduced the idea of portability to the market as a competitive dimension
with its revolutionary BJ-10v printer. This was path breaking, but the head used in
this product was already installed in two of the previous models and was not par-
ticularly developed for the BJ-10v. From the business user’s perspective, the
BJ-10v was a functionally inferior product because several functionalities, such as
auto paper feed that handled a large quantity of paper, were eliminated to make it
portable. The reason why the BJ-10v was so revolutionary was its product archi-
tecture. Its head was “disposable when ink is used up.” The architecture realized a
maintenance-free printer for personal use and miniaturized it by eliminating the
complex structure of a supply pump and recovery system. Furthermore, in terms
of appropriability of innovation, the BJ-10v introduced something new.

Prior to the introduction of the BJ-10v in 1990, the BJ-80, a printer for PCs,
which used the BJ technology, had been introduced in 1985. The durability prob-
lem of the head caused a temporary production stoppage. However, production re-
sumed after the head was improved to be lasting permanently and reliability was
assured. In other words, Canon’s head technology at that time was able to produce
sufficiently durable heads, and it was the same head technology that Canon used
for its BJ-10v. However, the company dared to categorize the head of its BJ-10v
as consumable in order to realize the revolutionary product concept — a compact
notebook printer.
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The architecture of the BJ-10v was characterized by expanded replacement
modules, which consequently necessitated the high added value of the replace-
ment parts. Thus, the change in product architecture enabled revolutionary port-
ability as well as high value-added replacement parts.

The result was reflected in the running costs of the printer. Table 2 contrasts the
BJ-10v against Canon’s non-notebook printer BJ-130J, which was introduced
prior to the BJ-10v in February 1989. The running cost of Y6 of the BJ-10v was
higher than Y3 of the BJ-130J despite the fact that the BJ-10v was introduced after
the BJ-130J. As the icons indicate, the architectural change in the replacement car-
tridge caused the increase.

In sum, by increasing the added value of replacement parts, which users repeti-
tively purchase, Canon was able to expand the post-sales profitability. The focus
of profit gaining shifted away from the point of sales to the period when products
were in use. It is supposed that the profitability shift positively contributed to the
overall profitability of BJ-10v and to the Corporation.

Table 2. Evolution of Canon products: portability

Model name

(launching date) BJ-130J (2/89) BJ-10v (10/90)
Price, body only (Y) Y198,000 Y 74,800
Resolution (dpi) 360 x 360 360 x 360
Print speed (char/sec) 148(kanji characters) 83
Running cost (Y) Y3 Y6
Replacement cartridge style

L_
No head, black ink All-in-one head, black ink

Source: Appendix 1 and 2.

Sufficient Functionalities for Desktop Use

What are sufficient functionalities for desktop use? The pioneer that posed this
competitive dimension was Epson’s MJ-500, introduced to the market in March
1993. It was equipped with practical business functions, such as the auto sheet
feed mechanism and faster printing speed than the BJ-10 series, although the size
was larger than the BJ-10 series.

Canon countered Epson with its BJ-desk series, specifically, with the BJ-220JS
and the BJ-220JC introduced in June 1993. Printing speed was significantly im-
proved. They were capable of printing 248 characters/second (in the alphanumeric
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kana mode), which was a major improvement from the 110 characters/second of
the notebook printer BJ-10v Lite (February, 1993). However, they compromised
portability as they aimed at the desktop market.

As the competitive dimension in the market shifted, the ability to profit
changed as well. Table 3 contrasts the BJ-220JS/JC and the BJ-330J/300J business
printers introduced in February 1991. It indicates that the printing speed and run-
ning cost of the 220JS/JC were downgraded from the earlier business models
330J/300J. In particular, running cost doubled from Y3 to Y6.

Table 3. Evolution of Canon products: functionality

Model name

(launching date) BJ-330J/300J (2/91) BJ-220JS/JC (6/93)

. 330J: Y190,000 JS:Y128,000
Price —body only (¥) 3001J: Y140,000 JC: Y98,000
Resolution (dpi) 360 x 360 360 x 360
Print speed (char/sec) 300 248
Running cost (Y) Y3 Y6
Replacement cartridge style |:|

- L_
No head, black ink All-in-one head, black ink

Source: Appendix 1 and 2.

We have learned that by means of altering the product architecture to expand
the range of replaceable parts and increasing the added value of replacement parts,
Canon was able to extend the post-sales profitability of the BJ-10v. Nevertheless,
models BJ-330J and BJ-300J, introduced around the same time, did not have a re-
placeable cartridge. In fact, all Canon business ink jet printers at that time used the
head as a permanent component. On the other hand, the head of the BJ-220JS/JC
was an all-in-one consumable, the same as that of the BJ-10v. Similar to the
BJ-10v, the architecture of the BJ-220JS/JC supported a wider range of consum-
ables, which ultimately caused high running costs and high added value of con-
sumables. Thus, unlike previous business-purpose printers, the BJ-220JS and the
BJ-220JC were designed to earn “exponential” profit from consumables. It was
the business model that Canon used when it dominated the market.

The key target of the desktop printers BJ-220JS/JC was supposed to be per-
sonal use as that of notebook printers. For this reason, an all-in-one cartridge was
employed to cut maintenance requirements. By doing so, profitability was also
expected to increase.
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Colorization

The pioneer of color in personal ink jet printers was Canon’s BJC-600] with a
4-color ink tank introduced in February 1994. It was revolutionary because the
BJC-600J made colorization a new competitive dimension in the market in which
portability and functionalities for desktop use were two key competitive criteria.

Based on the competition in the market at that time, the introduction of the
BJC-600J was contingent upon a steppingstone — Epson’s MJ-500. From a finan-
cial perspective, the MJ-500 sacrificed profitability. It separated print head and ink
cartridge. When the ink was used up, the ink cartridge alone was replaced. The
conventional support and maintenance cost of Y7 per A4 page were reduced to
Y3.2 (Nikkei Sangyo Shinbun, April 9, 1993). The outcome was dramatic. Epson
began to regain market share in the ink jet printer market after 1993 in which
Canon had dominated before.

Canon responded with its high-speed printers BJ-220JS/JC. In February of the
following year Canon introduced the BJC-600J and further differentiated itself
from Epson. It kept the printing speed of the BJ-220JS/JC, while it dramatically
improved running cost as shown in Table 4. The running cost of Y2.3 in black was
less than that of Epson’s MJ-500 (Appendix 1).

Table 4. Evolution of Canon products: colorization

Model name
(launching date) BJ-220JS/JC (6/93) BJC-600J (2/94)
Price - body only (Y) ;g Y\gg’ggg Y 120,000
Resolution (dpi) 360 x 360 360 x 360
Print Speed (char/sec) 248 240 (MAX)
Y6 (black) Y2.3 (black)

Running Cost (Y) Y18.1 ( color)

Replacement cartridge style g |—_\_|

All-in-one head, black No head, separate color ink
ink

Source: Appendix 1 and 2.

The product architecture of the replacement parts was the key to this improve-
ment of performance. Unlike the all-in-one cartridge used in the BJ-220JS/JC, the
print head of the BJC-600J was permanent and only color ink tanks were replace-
able (Refer to the icons in Table 4). This significantly improved running cost; on
the other hand, it meant lowering of after-sales profitability.
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The traditional Canon BJ Method allowed setting a lower price for the body of
the printer because the printer head of the BJ printer could be mass-produced and
made disposable. It was the major difference from Epson’s MJ method. However,
the printer body of the BJC-600J (Y120,000) was more expensive than products of
other manufacturers. Colorization as well as the change in product architecture led
to this price tag. The added value of the disposable cartridge was shifted to the
body of the printer, resulting in lower running cost. However, the profitability
from ongoing use of the printer declined, causing the overall profitability to de-
cline.

This move by Canon was a direct response to the market trend at that time or
precisely to Epson’s strategy of low-running-cost products. This example confirms
that Canon followed a clear strategy in knowingly reducing its consumables’ prof-
itability by changing product architecture in order to respond to market trends.

High Resolution (1)

Canon was first to develop a cutting edge color printer, the BJC-600J, but Epson
made better use of the technology. Fundamentally, the MJ technology that con-
trols the printer head electronically is said to be superior for color output because
no heat is involved in manipulating ink output. Epson’s personal full-color printer
MJ-700V2C was introduced in June 1994. This product became the new bench-
mark for Canon’s BJC-600J and claimed the following differentiation points: “Our
super high resolution is so close to photography,” “Environmentally friendly long-
lasting permanent head” and “Lower-than-competitor running cost.” Appendix 1
shows the performance superiority of the MJ-700V2C.

The introduction of the MJ-700V2C marked the threshold to the “super high
print resolution era”. However, Canon judged that there was no need for such a
high resolution and took the strategy of responding to the heated price competi-
tion. Canon quickly reduced the price of its BJC-600J to Y98,000 and introduced
another low-price model, the BJC-400J, in September 1994. The price of the body
of Canon’s BJC-400J was Y 69,800, which was competitive among competitors’
models. To respond to Epson’s super high-resolution claim, Canon added a
smoothing function to its 400J. This function allowed the 400J to achieve 720 x
360 dpi, compared to 360 x 360 dpi of 600J.

Besides the low price and matching high-resolution, no new elements were
added to the BJC-400J. From the new product development perspective it was
nothing special. However, it was a noteworthy model in terms of profitability.
While the 600J used separate color ink tanks, the late comer 400J used two ink
tanks: black and all-in-one color. The head of the 400J was disposable (Refer to
the icon change in Table 5). Again, Canon was changing product architecture to
increase the running cost as well as the profitability profile of its 400J.
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Table 5. Evolution of Canon products: high resolution (1)

Model name

(launching date) BIC-600J (2/94) BJC-400J (9/94)
Price - body only (Y) Y 120,000 Y69,800
Resolution (dpi) 360 x 360 ;28 ’; ggg ?310‘"‘12]3
Print speed (char/sec) 240 (MAX) 496 (MAX)

. Y2.3 (black) Y3.7 (black)
Running cost () Y18.1 (color) Y24.6 (color)
Replacement cartridge style |_I_—L'J—_|

No head, separate color ink Separate head, all-in-one
color

Source: Appendix 1 and 2.

Judging from Canon’s emphasis on printing in black, we can suspect that the
design of black and color cartridges may have aimed at increasing printing speed
in black by increasing the number of nozzles for black ink. Alternatively, Canon
may have wanted to effectively use the advantage of existing BJ technology — dis-
posable heads — to counter the price competition. In either case, Canon was able to
choose from different types of printer head architectures. In this case, Canon de-
cided to reduce body price and increase value-added contents in exchange parts®*.

High Resolution (2)

The domestic ink jet printer market of the 1990s showed a shift away from
Canon’s monopoly. Epson gradually gained market share, and Canon lost its mar-
ket share. The loss of market share has continued annually since 1992 with the ex-
ception of 1996. A typical reaction would have been to intend to recapture market
share by introducing superior offers, such as better functionalities and lower
prices. However, Canon did not abandon the effort to control the profitability pro-
file by changing body prices and running costs, while it improved product per-
formance. To better understand Canon’s strategy at that time, let’s look at the ex-
amples of the BJ-F600 and the subsequent model BJ-F200.

The BJ-F600 (Y54,800), which was introduced in November 1998, was the
principal model for the 1998 Year-End Sales. The competing Epson model was

4 For example, the company catalog shows the retail prices of replacement parts, such as

head/ink set (color) Y5,500, black ink tank Y800, color ink tank Y1,500, and all-in-one
cartridge (black) Y3,300.
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the PM-770C (Y59,800). The BJ-F600 was competitive with regard to the body
price, featured lower running costs than the PM-770C, and offered the same reso-
lution of 1440 x 720 dpi as the PM-770C, which was the best in the industry at
that time. Despite the superior product attributes, fewer units of the BJ-F600 than
of the PM-770C were sold during Year-End Sales of 1998.

In this hardship Canon added its BJ-F200 in March 1999. It was 35% smaller
and 32% lighter than the BJC-430Lite and the complement model for the F600.
The price was set low at Y34,800. It was most likely intended for “family photo-
quality” application (Nikkei Sangyo Shinbun, November 8, 1998). The size of the
F200 was obviously chosen with the family market in mind. A comparison with
the F600 is shown in Table 6. The resolution of the F200 was reduced to 720 x
360 dpi although a new automatic function that analyzed and adjusted the color
and the contrast of digital color photo images was added. Its running cost was
higher than that of the F600 for both black and color ink.

It is suspected that the reduction of the body price was one of the major objec-
tives during the transition from the F600 to the F200. The separate color ink
tanks/heads in the F600 were simplified into all-in-one color and black ink
tanks/heads (Refer to the icon change in Table 6).

The change in product architecture suggests that the intent was not only to re-
duce the price of a printer body but also to make sure that Canon prospered in that
tough competitive market. Instead of emphasizing promotional activities to sell
the superior quality F-600, Canon changed the product architecture, employing a
technological product development solution, to attempt to maintain its profitabil-

ity.

Table 6. Evolution of Canon products: high resolution (2)

Model name

(launching date)

BJ-F600 (11/98)

BJ-F200 (3/99)

Price - body only (Y)
Resolution (dpi)

Running cost (Y)

Replacement cartridge style

Y 54,800
1,440 x 720

Y'1.0 (black)
Y7.4 (4 colors)
Y11.2 (6 colors)

I

Separate head, separate
color ink

Y34,800
720 x 360

Y3.7 (black)
Y24.6 (color)

i

Separate head, all-in-one
color

Source: Appendix 1 and 2.
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The Approach of Epson

We have examined the product architecture of Canon that centered on the ex-
change cartridge technology. What was the approach taken by Epson?

Epson succeeded to reduce running cost by separating ink tank and printer head
for the first time in the MJ-500 model. This product architecture did not change
during the 1990s. For this reason, there was nothing to observe in the relationship
between the product architecture designed in the product development phase and
the ability to control profitability. Recently, when Canon incorporated separate
color ink tanks into its printers, Epson also employed this design choice. However,
the approach taken by Epson was very different from the one Canon took. This
contrast characterized those two manufacturers.

It was the end of 2001 when Epson introduced the top “Colorio” (“Stylus” in
the U.S. market) model PM-950C, which was equipped with separate color ink
tanks. Six separate color ink tanks were used, which improved the resolution to
2880 x 1440 dpi. This resolution was much better than the one of the previous
PM-920C model. The PM-950C became the celebrated top product for photo-
graphic quality printing, which appropriately enhanced the reputation of Epson.

Table 7 compares the PM-920C and the PM-970C. Because no running cost in-
formation was available for the PM-950C from Epson data sources’, the PM-970C
was used in the comparison instead. The PM-970C was Epson’s top product that
replaced the PM-950C in 2002. It used the same ink tank modules and the same
exchange mechanism as the PM-950C. The body price was the same as for the
PM-950C as well. Thus, the PM-970C is an appropriate substitution for the
PM-950C in this analysis.

Being able to replace different color ink cartridges separately gave the impres-
sion that the running cost of the PM-970C was lower than that of the PM-920C.
However, the running cost of the PM-920C per A4 page using the high-quality
color mode was Y30.7, and that of the PM-970C was slightly higher: Y32.1 (Ta-
ble 7). This increase in running cost was even greater, because the figure used for
the PM-970C was based on an L-size photo sheet (equivalent to A6), which is
smaller than an A4 size sheet. In general, running cost improves when the car-
tridge becomes exchangeable by individual color. Nevertheless, in Epson’s case it
was the opposite.

Based on interviews with industry experts, we speculate that a large sum of de-
velopment cost for improving its ink materials was behind this unusual phenome-
non. After the introduction of its 920C Epson took a tremendous step to improve
ink materials to achieve dramatic print resolution. It is speculated that, to avoid a
rapid increase in running cost due to this development, the company separated
each color in a separate cartridge.

5 Traditionally Seiko Epson had been outspoken about competitive benchmarking of run-

ning costs. For its 950C, however, we suspect that the company played it down.
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Table 7. Evolution of Epson products (an example)

Model name

(launching date) PM-920C (6/01) PM-970C (10/02)
Price - body only (Y) Y 64,800 Y59,800
Resolution (dpi) 1,440 x 720 2,880 x 2,880

Y32.1 (color,
L-size photo sheet)

Replacement cartridge style |—_L|

No head, all-in-one color No head, separate color ink

Running cost (Y) Y30.7 (color)

Source: Appendix 1 and 2.

The approaches of Canon and Epson were fundamentally different. Canon in-
tended to modify product architecture to install added value on consumable ex-
change cartridges. On the other hand, Epson intended to improve individual tech-
nical elements to enhance the attractiveness of its products and to profit from sales
volume.

Controlling the Ability to Profit

The above examples illustrate that by understanding the competitive environment
and its relationship with competitors Canon introduced products to the market that
met consumer needs by skillfully manipulating product architecture. It was an ap-
proach that translated competitive dimensions in the market into architectural
changes in products. Its approach enabled Canon to flexibly shift added value be-
tween the body of the printer and exchange cartridges, so that the company was
able to control its ability to profit while it kept its competitiveness in the market.
Canon’s decisions whether or not the added value should reside in the body of
printer or in its innovative cartridges are summarized in Figure 1, along with a
comparison of Epson’s evolution®. A full explanation of the icons in this figure is
given in Appendix 2. The Figure shows that the running cost of Canon does not il-
lustrate a consistent trend, showing irregular ups and downs over time. This is dif-
ferent from the running cost of Epson’s printers, which gradually increased. The
irregularity in Canon’s running cost was the result of the manipulation of product

¢ In order to consistently display the data over a long time span, the vertical axis for

Canon represents printing in black and white and for Epson printing in color. Even if
the values of Canon’s color printers were plotted, the up-and-down movement in Figure
1 would be the same. For clearer illustration the vertical axis is logarithmically trans-
formed.
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architecture to control the added value content of cartridges or running cost. The
case of Canon shows how the selection of product architecture can determine a
company’s profitability profile, so that it is able to meet the competitive condi-

tions in its market at a certain point of time.

In contrast to Canon’s approach, Epson tried to enhance the product’s added
value by innovation of technical elements. The two manufacturers’ approaches are
quite different, and it is impossible to say that one of the two is always superior. It
is important, however, to be able to change product architecture based on a given
competitive situation and to be able to shift added value within a product because
the ability to shift added value could become a key control factor for overall busi-

ness profitability.
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This case study of Canon suggests that it is possible to design a company’s profit-
ability profile by maneuvering product development. Reaping profits from new
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products not only involves marketing and sales issues but also engineering and de-
sign issues during the development phase. In other words, engineers and designers
can control the profitability of each product by designing a specific architecture of
the product.

Finally, there are many limitations to this paper. The single case study in the
domestic market is just one example. However, this study suggests that Canon’s
efforts to achieve high appropriability have a historical background and that the
resulting cartridge technology of copiers and the flexible change in the product ar-
chitecture of its ink jet printers both are unique to the company. Designing product
architecture for high appropriability is the key to the success.
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Appendix 1: The List of Product Specifications

Resolution Print speed

Model  Launching Body price (Y) (dpi) (char/sec) Running cost (Y)
BI-130] 2/1989  Y198,000 Black 360 x 360" 148 (kanji) ¥3.0
BI-10v 10/1990  Y74800 Black 360 x 360 83 Y6.0
BJ-330J/ 330J: Y 190,000
o 21991 3007 ¥ 140,000 Black 360x360 300 ¥3.0
BI-10vLite 2/1993  Y69.800 Black NA 110 Y6.0
MJ-500 3/1993  Y74.800 Black 360x360  NA Y32
BI-2201S/1C 6/1993 1S Y128.000 5, v 360x360 248 Y6.0

JC: Y98,000
Black 240 (max) Y23
BIC-600]  2/1994  Y120,000 360 x 360
Color NA Y18.1
MI-700V2C  6/1994  Y99.800 Bk 2554720 NA Y1.8
Color Y7.6
BIC-400] 9/1994 Y69,800 Black 720x 360 496 (max) Y3.7
Color 360x360  NA Y24.6
PM-770C  10/1998  Y59.800 BBk 14405720 NA v
Color Y14.0
Black Y1.0
BI-F600  11/1998  Y54.800 1440x720  NA 4-color V7.4
Color 6-color: Y11.2
BI-F200  3/1999  v34800 BBk 9550360 NA Y37
Color Y24.6
PM-920C 62001  Y64800 BBk 1440570 NA B
Color Y30.7
Black NA
PM-970C 102002 Y59,800 | 2B0X2850  NA —
Color )

L-size photo sheet
Note: Shaded rows represent Epson, and clear rows represent Canon. Information was
compiled using company supplied data supplemented with publicly available information.
*  The running cost for the MJ-500 is from Nikkei Sangyo Shinbun on April 9, 1993. The
running cost for the BJ-220JS/JC is estimated to be Y6 based on other models in the
same series that use the same cartridge. All other running cost information is from the
corporate website of each company.
This value is taken from Miyazaki (1999).
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Appendix 2: The Icons’ List of Exchange Cartridge

) WL

All-in-one head No head (black/color)

No head (exchangeable by
individual color)

] g

Separate head (exchangeable

by individual color)
Note: The upper part of the icon symbolizes the ink tank, the bottom part the printer head.
“All-in-one” indicates an exchange module that integrates head and ink tank in one unit.
“Separate head” indicates an exchange module where either head or ink tank is sold sepa-
rately or only the ink tank is sold. “No head” means that the head is not exchangeable. “Co-
lor” indicates that all colors are in one replacement cartridge. “Individual color” indicates
that individual color cartridges may be replaced independently from each other.

Separate head (black) Separate head (black/color)
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Case Study Shimano: Market Creation Through
Component Integration®

Akira Takeishi and Yaichi Aoshima

Clerk: Hi. How can I help you?
Customer: My kid wants a mountain bike. Which one is good?
Clerk: Well, right now I recommend one of these. This one is made in Japan, and

this one is made in Taiwan.
Customer: Made in Taiwan?
Clerk: Well, it IS a Shimano.

Introduction

We sometimes observe that while an entire industry may be in recession, some
companies continue to perform well. Shimano, a bicycle parts manufacturer, is
such a company.

The bicycle manufacturing industry has recently been in a structural recession.
Imports accounted for 30% of the domestic market in 1997 and 67% in 2001, with
over 7 million of the 11 million bicycles sold in Japan being imported (Figure 1).
The average price of bicycles commonly seen around town and often called

The main information sources of this case include: Interviews with Masahiro Tsuzaki,
Manager of Marketing Department, Engineering Division, Shimano Inc., and Masahiko
Jimbo, Manager of the same department (January 25, 2001, October 25, 2001, and
March 5, 2001). Interview with Hiroshi Nakamura, Cycle Development Center (Janu-
ary 25, 2001). Speech delivered by Yoshizo Shimano, CEO of Shimano Inc. at a semi-
nar held by the Ministry for Economics, Trade and Industry (June 27, 2001). Shimano
Inc. 80-Year -History-Editing Committee, 80 Years of Shimano 1921-2000: Toward a
New Future, March 2001. Shimano Product Catalog. “Shimano Machikoujouteki na Ji-
yuu ga Katsuryoku, Jitennsha Buhin de Sekaiseiha (Shimano’s Active Power like Small
Workshops: World Domination in Bicycle Parts)” (In Japanese) Nikkei Business, No-
vember 2, 1998, pp. 54-56. “Shimano Koukyyuu Jitensha buhin de Toppu, Puro mo Ai-
you shi Kouseiseki Renpatsu (Shimano is Top in Quality Bicycle Parts, Continued Suc-
cess as Professionals become Regular Users)” (in Japanese) Nikkei Business February
21, 1998, pp. 39-41. We would particularly like to extend our gratitude to Mr. Tsuzaki
and Mr. Jimbo, who cooperated with three interviews and explained everything from
the basics, in addition to providing a variety of materials. This case was originally writ-
ten in Japanese in 2002 and appeared on Hitotsubashi Business Review, 50 (1), 2002,
pp- 158-177. English translation was financially supported by “The 21st Century COE
Program on Knowledge, Corporate System, and Innovation” at Hitotsubashi University.
All responsibility for the content of this case lies with the authors.
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“granny bikes” is around 20,000 Yen for domestically manufactured models and
around 10,000 Yen for imported bikes from South East Asia and China. The dif-
ference is clear. Domestic production of bicycles has continued to decline and
there has remained no vestige that Japan once shined as the production base for
the world bicycle market. Yet, Shimano has managed to maintain an overwhelm-
ing share in the world market for bicycle parts, such as derailleurs, shift levers,
and brakes. Shimano’s brand value is ranked high among Japanese firms. Accord-
ing to the Nihon Keizai Shimbun’s brand score, Shimano is ranked 20th in Japan
(2001). Companies with the same rank include large firms like Hitachi, Sharp,
Denso, Fanuc, and HOYA.!

8,000 80%
= Number produced domestically
=== Number imported
—4—Proportion of imports
7,000 —1 70%
6,000 — | e
. 5,000 — 50%
@
o
o
<
o
S 4,000 1 40%
o
3
€
H
3,000 — 30%
2,000 — 20%
1,000 — 10%
0 0%
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Year
Note: Proportion of imported bicycles (percent) = the number of imported bicycles / (the
number of bicycles produced and shipped domestically + the number of imported bicycles).
The number of exported bicycles is negligible. Source: Japan Bicycle Association

Fig. 1. Bicycle production and imports in Japan

Bicycle fans proudly say “I have Dura-Ace”. Dura-Ace is the brand name of
the series of parts Shimano sells for sporting bicycles. As previously mentioned,
the use of Shimano parts matters more for customers than who assembled the bi-
cycle. Major bicycle manufacturers cannot even start product development before
Shimano announces a new product plan. Intel’s former CEO Andrew Grove was
reportedly amused to hear that Shimano was called “the Intel of the bicycle indus-
try.”

The recent performance of Shimano has suffered somewhat due to setbacks in
American and European sales, but its financial performance is far better than oth-

' Nihon Sangyo Shimbun, February 14, 2001
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start as a small, specialized, pre-World War II bicycle parts manufacturer? What

factors separated Shimano from other manufacturers in the bicycle industry?
components, fishing tackle, and cold-forged products. It has approximately 5,500

employees worldwide, with about 1,000 working in Japan. Its sales on a consoli-
billion Yen, making it a highly profitable company with operating profit on sales

dated base in 2001 (Jan. to Dec. 2001) were 125 billion Yen, with profits of 12.7
of 10.1%. (Figure 2).

ers in the industry. How did Shimano reach its present position from its humble
Shimano, with its head office in Sakai, Osaka, manufactures and sells bicycle

Outline and History of Shimano Bicycle Component Business

Company Profile
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Note: 1983~1999 use November terms (for example, fiscal year 1984 is considered to be

0
December 1983~November 1984). Fiscal year 2000 is the 13 months from December 1999

to December 2000 adjusted (12/13) to 12 months. Fiscal year 2001 is January to December.

Source: Shimano Financial Reports

Fig. 2. Shimano’s sales and operating profit (consolidated base)
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The Bicycle Components Division makes up 68% of sales, and the Fishing
Tackle Division accounts for approximately 30%. In addition to these, Shimano
produces differential gears for automobiles, snowboards and, more recently, golf
clubs. The common theme throughout Shimano’s business is to provide leisure
equipment used for outdoor activities based on cold-forged technology.

On a consolidated base, overseas sales accounted for 75% and 90% of bicycle
parts sales in 2001. The overseas production ratio was 33%. Shimano has a main
overseas production base in Singapore, and other factories in Malaysia, Indonesia,
China, and Italy. Sales offices are located throughout the world in America,
Europe and Asia. Bicycle parts take many paths in their outflow, but the final dis-
tribution is 51% in Europe, 26% in North America, 14% in Japan, and the remain-
der in other areas.

Shimano’s Position in Bicycle Parts — “The Intel of the Bicycle
Industry”

The parts supplied by Shimano’s Bicycle Components Division include shifting
(or transmission) systems, brakes, front gears, and hubs. (Figure 3). In the bicycle
component industry most companies traditionally tend to specialize in one particu-
lar part. Shimano, in contrast, handles a comparatively large variety of parts. Al-
though the scope of Shimano’s technologies well matches that of bicycle assem-
blers, it has never entered the finished product business.

Saddle

Frame Handlebars

Rear brake Shift lever

Brake lever
Front transmission

Brake cable

Freewheel
Front brake

Spokes
Rear gears

Rear transmission Rim tire

Guide Pulley Front gear/ crank Transmission cable

Chain

Fig. 3. Major parts of a bicycle (conventional road bike)



Case Study Shimano: Market Creation Through Component Integration 33

In general, the bicycle market consists of four segments.

1. Road: Sports bicycles used in professional road races such as the Tour de
France. The highest level of performance in gearshift, brake and drive power,
and the lightest weight are required in this market.

2. Mountain Bike (MTB): Bicycles for riding off-road through mountains and
mud. Toughness and lightweight are required.

3. Comfort: A segment centered in Europe. Bicycles for enjoying cycling with
the family. Comfort and stable operation are important.

4. City: Commuter bicycles used for going to school or work. An inexpensive
price is most important; the “granny bike” previously mentioned falls under this
segment.

It is estimated that about 95 million bicycles were sold worldwide in 2001. Of
this, the road market for racing bicycles was about 1 million and the professional
mountain bike market for bicycles such as those used in off-road races was also
around 1 million.> There is also a market on the fringe of the “serious” mountain
bike market for a broader definition of mountain bikes that are used for more gen-
eral purposes. For example, if we include all the mountain bikes ordered through
specialized bicycle shops called IBDs (Individual Bicycle Dealer), the market
reaches 6 or 7 million, and if we include all the mountain bike look-alikes that are
commonly sold, this figure further increases to 20 million. Bicycles other than
these two segments fall under the category of comfort or city.®> Approximately
40% of the whole market is for bicycles with shifting gears, with 70% of these be-
ing external gears and 30% internal gears.*

Shimano provides components for all segments from (1) to (4). Shimano is
most competitive in the field of bicycles with shifting gears, and has created a
strong brand and commanded a high market share in segments (1) and (2).° How-
ever, Shimano also has maintained a steady income in the high-volume city bicy-
cle market, although the margin is not high. While Japanese companies are having

2
3

The mountain bikes referred to here are racing bikes with at least nine gears.

Comfort is a segment that does not exist in Japan. It is an important market in Europe,
accounting for 25% of the total market in Germany for example. In Europe, the defini-
tion of city and comfort is vague, and there is a possibility that the very concept of com-
fort may change in the future. In America, mountain bikes are used for normal cycling
and commuting. The boundaries between the mountain bike market and the comfort/
city markets have thus become unclear.

Internal gears are a type that contains a gearbox on the hub axle. The gearbox stays in-
side so it is compact and maintenance free, but the number of gears is limited and mul-
tiple layering is difficult. The gear ratio cannot be freely changed. External types can be
found in (1) to (3) and internal types in (3). (4) does not usually use gears of any kind
(single speed), although recently some have gears.

Accurate data on the market for bicycles and bicycle parts are not available. Shimano’s
share is also not available. In general terms, it is told that Shimano has an overwhelm-
ing share that is substantially higher than the second largest. Nikkei Business reported
that Shimano “has a 70% share in the shift-gears and brake markets, which require the
highest level of technologies.” (November 2, 1998)
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trouble with overseas competition in this segment, Shimano parts are used in bicy-
cles imported from China.

Campagnolo is a long-standing Italian company that has a strong position in the
market for parts for road race bicycles, but Shimano’s position is even stronger.
For example, in the road race of the 1996 Atlanta Olympics, the bicycles of riders
up to the twelfth place all had Shimano gears and brakes. Lance Armstrong, who
won the Tour de France for 3 consecutive years, also rode bicycles using Shimano
components. Bikes with Shimano components have also swept almost all major
mountain bike races including the World Championships. This can be likened to
sweeping all the top positions of both the Formula-1 championships and the Paris-
Dakar rally.

With its overwhelming share and brand power that surpasses that of bicycle as-
semblers, Shimano is often called “the Intel of the bicycle industry”. This is a
good comparison in that the bicycle industry and the personal computer industry
have many characteristics in common. Both bicycles and personal computers can
be made into finished products from parts bought from a variety of companies.
You can see this if you go to a nearby bicycle store. Of course, there are pre-made
road race bikes and mountain bikes, but it is also possible to make an original bike
that suits your needs and preferences by ordering parts from a catalogue. This is
the same as making a PC out of parts bought in Tokyo’s Akihabara or from the
Internet. This is possible because the function of each part is well defined and in-
terfaces and performance measures are commonly shared by the industry. Systems
with these characteristics are said to have “open, modular architecture.” This in
contrast cannot be done with cars or motorcycles, which have closed, integral ar-
chitecture.®

The reason why many manufacturers specialize in a particular part is that in-
dustry standards have been established and it is difficult for final assemblers to
take control at their own discretion, while at the same time companies can special-
ize in a particular part and sell their products worldwide as long as they adhere to
the industry standards. We can observe a similar picture in the personal computer
industry, where companies are specialized in hard disks, monitors, application
software, operating systems, microprocessors, printers and other various peripher-
als.

Under these circumstances, Shimano has built an overwhelming worldwide
share in gears and brakes, which are key parts of a bicycle. This is the reason why

¢ See, for example, Richard. N. Langlois and Paul L. Robertson, “Networks and Innova-
tion in a Modular System: Lessons from the Microcomputer and Stereo Component In-
dustries,” Research Policy 21 (2001): 297-313; Carliss Y. Baldwin and Kim B. Clark,
Design Rules: The Power of Modularity (MIT Press 2000); and Takahiro Fujimoto,
Akira Takeishi, and Yaichi Aoshima (eds.), Business Architecture: Strategic Design of
Products, Organizations and Processes (in Japanese) (Yuhikaku 2001). Systems are
made up of relatively independent parts and the interaction between these parts has es-
tablished rules (modular). These rules are shared widely throughout society (open). Bi-
cycles, PCs, and audio systems are examples of open modular systems.
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Shimano is being compared with Intel, which has an overwhelming share in the
market for microprocessors, which are the heart of a personal computer.

History

Shimano was founded in 1921. The founder, Shozaburo Shimano, who was a
craftsman at an ironworks in Sakai, was only 28 years old. At that time, Sakai was
the center of Japan’s bicycle industry. This town, with a tradition of blacksmiths
and known for kitchen knives and guns since the 16th century, shifted its industry
to the manufacture of bicycle parts and finished bicycles in the Meiji Period. The
first product manufactured by the “Shimano Iron Works” was a single freewheel.
Anyone who has ridden a bike knows that the rear wheel turns when you pedal,
but the wheel does not stop when you stop pedaling. This function is made possi-
ble by the use of a ratchet mechanism attached to the freewheel on the rear wheel.
Shimano continues to make freewheels even today.

In its history of more than 89 years, there have been a number of occasions that
can be seen as major turning points for Shimano. One of these was around 1960
with the arrival of the boom for light motorbikes and mopeds (motorbikes with
pedals). Many bicycle and bicycle component manufacturers entered the moped
business, but Shimano remained a bicycle component specialist. The decision was
made after some consideration, based on the outlook that the quality bicycle mar-
ket that was present in Europe at the time would eventually emerge in Japan. The
fact that Shimano did not even enter bicycle assembly was a result of a consistent
policy that the company had maintained for many years.

The next important event was the expansion overseas. Shimano entered the
American market in the 1960s and Europe in the 1970s by establishing local sales
companies. This was extremely adventurous for a small local company like Shi-
mano, but this led to global expansion in later years. Furthermore, Shimano started
local production in Singapore in 1973. This was an early move toward overseas
production among Japanese companies. The Singapore plan has been evolved to
become a core base for Shimano’s global production system.

Shimano’s policy of limiting itself to the bicycle component business, and dar-
ingly expanding overseas in this area established the foundation for the later ex-
pansion of Shimano. However, the most important factor in building Shimano’s
present position was the introduction of a series of new products since the 1970s.
This includes the introductions of the Dura-Ace Series in 1973, the Shimano Index
System in 1984, the New Deore XT Series for mountain bikes in 1986, and the
Shimano Total Integration in 1989.
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History of Product Innovation

Dura-Ace Series

In 1973, Shimano introduced the Dura-Ace Series for road race bicycles. It took
the approach of selling freewheels, derailleurs, brakes, and cranks as a set. This
step was taken to respond to the Bikology boom both inside and outside Japan and
raise the low recognition in Europe as Shimano expanded into that region after the
United States.

They began to provide parts as a “set menu” rather than selling them individu-
ally. Products were lined up with sets of parts divided by grade, and their design
was unified to make them more attractive. Shimano learned this method from
Campagnolo, an Italian parts manufacturer that had established a strong position
in the road bike market at the time. Campagnolo devised the original shifting gear
system for racing bicycles and was famous for supporting the history of bicycle
road racing. The competition was tough for Shimano and its products were not ini-
tially well-received. Nevertheless, Shimano slowly penetrated the European mar-
ket, through intense effort, sponsoring pro teams and gradually building up track
records in road racing.

Most critical for the subsequent success of Shimano was that a “system compo-
nent philosophy” was established in Shimano during 1975 based on the experience
of Dura-Ace. It is the philosophy that bicycles are not just a grouping of parts, but
represent a collection of inter-functioning components. This is still alive today as
Shimano’s fundamental development philosophy. Around this time, Shimano ex-
panded its development activities to areas other than shifting systems, such as
drive and brake systems, and increasing emphasis was put on functions and per-
formance as a total system that combines these parts, rather than improvement of
individual parts. About 10 years later, a great success would bloom from this de-
velopment philosophy: the Shimano Index System.

Shimano Index System

The Shimano Index System (SIS) was released as part of the Dura-Ace Series in
1984. SIS is a gearshift system comprising of a shift lever, derailleur, and cables.

The conventional shifting system until then was called friction type, using a
friction clutch tightened with screws and a shift lever to make fine adjustments,
where the lever is shifted in “analogue” fashion. The derailleur, on the other hand,
uses a pantograph structure, and guide pulley moves to shift the gear in parallel.
On a five-speed bike, for example, the chain moves across five gears layered at
approximately Smm intervals, where gears are changed in “digital” fashion. In
other words, this was a shifting system that relied on the rider’s skill to use an ana-
log lever to manage digital gears. The rider determines whether the gear has en-
tered the right place after being derailed by listening to the sound it makes and
feeling the shock through the pedals. This is like adjusting old camera lenses or
double clutches on cars where the user’s skill determines the outcome.
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In contrast, SIS made the shift lever digital. The shift lever contains a ratchet
action indexing unit. One indent movement of the shift lever moves the cable a
specified amount and operates the derailleur to shift the chain to the next sprocket
(Figure 4).

Rear Derailer

Shift Lever Guide Pulley

Fig. 4. Shimano Index System

One may feel that this is a concept that anyone could think of. However, this
idea had not been established in the bicycle industry before. Normally manufac-
turers of bicycle parts specialize in derailleurs, gears, or chains, and their interest
focuses on the durability or wear of a specific part. A manufacturer of chains may
have strong ideas about optimization of the chain as a component of the drive sys-
tem, but it would be difficult for such a firm to pay attention to the performance
for shifting. Gear manufacturers also pay more attention to the durability and wear
of gears. Thinking of how to improve gear shifting as an inter-linked system of
components was something that went beyond such companies’ attention and
imagination. Final assemblers, which had traditionally relied upon specialized
parts manufacturers, also lacked the ideas required to creatively develop new
parts. Shimano could create the idea that others could rarely imagine, because it
emphasized the system component philosophy.

However, coming up with a new idea is one thing, realizing the idea is another
thing. SIS is a system that combines a variety of parts and only functions well
when these are properly matched. If adjustments are not carefully made, operabil-
ity will be worse than with a conventional system.

The shift lever, gears, inner cable’ diameter, inner cable attachment points, de-
sign and attachment of rear derailleur and gear cogs are all related. The positions
of the ratchet on the shift lever are all different for each gear. This is because ca-

Of the cables linking the shift lever and the derailleur, in addition to the brake lever and
the brake, the curved section near the brake is wrapped in another cable to hold its
shape and this is called the outer cable. The parts that are attached to the frame in a
straight line do not require an outer cable and only need an inner cable.
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bles must be pulled more on the outside than on the inside as the derailing mecha-
nism uses a pantograph structure. Fitness of the chain is also an issue. If adjust-
ments are not made between these, gearshift would actually become problematic.

SIS requires a higher level of precision of each component than the conven-
tional system. In addition, it also demands more precision in the other parts of the
bicycle, to which SIS is attached. For example, the rear derailleur is attached to
the frame. If the end section of the frame to which the wheel is attached does not
have sufficient accuracy, the derailleur would not be installed correctly. The Index
System will then not function smoothly. In the friction system, riders could make
these adjustments by themselves. In SIS, where the parts related to gearshift are
integrated as a system, the manufacture must achieve necessary precision and
matching.

Critical to realize this superior total system were other technologies that Shi-
mano had worked on until that time. They included the free hub system that re-
duced gear shake, the dual servo slant pantograph system that increased shifting
performance, and the Uniglide Chain (Table 1). The accumulation of these indi-
vidual technologies led to the realization of the high precision total system of SIS.

The performance of SIS was superior to the skill of professional riders. SIS can
maintain the same level of precision as professional riders in peak condition. Not
even professional riders can always be in top condition. For example, there are
cases where a race is won or lost in a gear change at the top of a hill after riding
for 250 km. Even the best riders cannot shift gears at the same level as SIS under
these conditions. “Never miss a shift” was the selling point of SIS.

However, such a claim would also hurt the pride of professionals and in some
ways insult them. If anyone could shift gears well regardless of their skill, the
techniques that they had so carefully honed would be worthless. This is like the
way that professional photographers dislike cameras with auto-focus. Fearing their
backlash, initially SIS was designed to also function as friction gears. The tradi-
tional method could be used at the flick of a switch, to send the message that Shi-
mano respects conventional shifting skills.

Racers never say that they won thanks to the bike. Indeed, it is difficult to as-
certain to what degree the bike made a difference. No one argued that riders
started to win once they switched to SIS. At first there was even some opposition
to SIS. However, it gradually spread. Professional riders are contracted racers.
They move from team to team. If they used Shimano at the previous team, they
would say that they want to use Shimano again. As a marketing strategy, Shimano
made efforts to increase the number of sponsored teams. Once SIS use reached
about 30% of racers, it then grew naturally. The decisive moment was that Cam-
pagnolo began to provide an index system afterwards. Until then it was “friction
versus index” or “the old versus the new”, but when the competition changed to
“index vs. index”, SIS gained citizenship in the racing community.?

Since then SIS’s performance has improved cumulatively. A key has been light action.
The derailleur is a mechanism that is pulled by a spring. The weaker this spring is, the
easier it is for the rider to shift gears. A large amount of fine-tuning has been done over
the past 10 years to make the return of gear changes lighter. For example, efficiency
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Shimano could not create its overwhelming share with SIS alone. Certainly, the
Shimano brand did spread to a degree not seen before. Yet, Campagnolo intro-
duced an index system in the same way, and at home in Japan Shimano’s competi-
tor Maeda Industries (SunTour) also introduced a similar system under the name
of Accushift. Until then, Maeda Industries had a better reputation in quality bicy-
cles than Shimano. Shimano needed a further innovation to gain its current posi-
tion.

The New Deore XT Series for Mountain Bikes

The concept of riding bikes through the mountains and off-road began as new rec-
reation among young Californians during the 1970s.° In its early days, when other
companies showed no interest, Shimano paid attention to the mountain bike mar-
ket and supported its development. In 1982, Shimano was quick to release the
mountain bike component called Deore XT. This was the first time that special
parts were provided to endure hard conditions that previous bikes could not handle
such as mountain trails, rocks, deserts, rivers and mud tracks. At the time there
were virtually no bicycle assemblers that were interested in mountain bikes.

Since the mid 1980s, the mountain bike market began to grow rapidly mainly in
the United States. Behind such growth were increasing interests in outdoor activi-
ties and the fitness boom. Triathlons also began to spread, and this evoked a desire
for serious and yet fashionable bikes. Users with these needs jumped to mountain
bikes, which had a lower threshold for riding than road bikes. The handlebars
were flat and the saddle position low, making them easier to ride than road bikes.
Mountain bikes could be ridden anywhere and symbolized the American culture
of pursuing freedom. The collapse of the cold War stricture that brought about re-
newed interest in American culture also seemed to stimulate the eventual spread of
mountain bikes to Europe and Japan from the late 1980s to early 1990s.

In the mid 1980s, around 2.5 million bicycles were sold annually in American
bicycle shops (IBDs), but the proportion of mountain bikes was virtually zero at
the time. From 1986 to 1988, this rapidly increased to 30%, 50% and finally 70%.
By 1992, a global market of around 20 million mountain bikes had been estab-
lished. Just as this rapid growth started, Shimano released the New Deore XT Se-
ries that contained the SIS for mountain bikes in 1986. This was a vital point.

The conditions required to realize an index system for mountain bikes were
even harsher than those for road racers. The ups and downs of the riding surface
and conditional changes are more pronounced. The demand for shifting perform-
ance is much higher. Off-road also implies harsh conditions such as vibration,

was improved by attaching the springs between the four parallel sides of the pantograph
instead of the four axles. The return efficiency can be improved just by changing the
way a spring is attached.

It is said that this began when an American Olympic athlete, Gary Fisher, was having
fun riding bicycles on mountains with his friends.
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mud, and dust. It is just as the Paris-Dakar Rally cannot be won using Formula
One parts.

Index systems for road bikes had a simple cable route as the shift lever was at-
tached to the down-tube of the frame, but the shift lever on mountain bikes had
been on the handlebars (called a finger shifter or thumb shifter), making the cable
route longer and also making an outer cable necessary.'® This correspondingly
made the application of SIS a complex matter. The inner cable needed only to take
into consideration the amount of inner extension. However, the outer cable is re-
quired to deal with not only the extension of the inner cable but also the retraction
of the outer cable in order to obtain index precision. The outer cable is flexible and
made by wrapping resin, nylon, and copper wire, and retracts in response to the
expansion of the inner cable. This retraction is a major problem for mountain
bikes.

Road racers have two front gears and the difference in the number of teeth is
around 10 between the two gears. The difference in the number of teeth in the
front gears has a great impact on the positioning of the rear derailleur. On moun-
tain bikes, there are three front gears and the difference in the number of teeth is
around 20. The impact is therefore even greater. When the front gear is changed,
20 teeth worth of slack in the chain must be taken up by the rear derailleur. For
this reason, the functioning of the guide pulley (a spring for adjusting slack in the
chain caused by shifting) also became difficult. Changing gears on a steep slope
with a load on the chain was also difficult. To sum up, the development of an in-
dex system for mountain bikes was much harder than for road bikes in all respects.

Shimano overcame these difficult conditions by fully mobilizing the technolo-
gies that had been accumulated for free hubs, UG gears and UG chains. Maeda In-
dustries and Campagnolo were not competitive in these technologies. Although
both companies followed Shimano’s lead of making index systems, they were un-
able to overturn Shimano’s predominance that was backed by technologies. As a
result the mountain bike market became a place dominated by Shimano. This
strength in the mountain bike market has also been beneficial in the road market.

When the mountain bike market was undergoing rapid growth, dealers and fin-
ished bicycle manufacturers tended to order parts for road bikes and mountain
bikes together. The choice was between SIS and Accushift. It was similar to the
choice between a Windows machine and a Macintosh. There was no parts com-
patibility between the two integrated systems. If an order was placed for both
mountain bikes and road bikes, it was easier to use SIS, which covered both road
and off-road than placing an order for SunTour, which didn’t provide good Ac-
cushift for mountain bikes. Even if there had not been a large difference in tech-
nologies for road bikes, the difference in the mountain bike field worked in Shi-
mano’s favor and spilled over into the road field, with this effect accumulating
over time. Shimano’s share snowballed and SunTour eventually disappeared.

If there were only the road race market, SunTour might have survived. Cam-
pagnolo, which has somehow maintained its strong position in the road race mar-
ket, still exists. This seems to indicate that Shimano would not have reached its

10 See footnote 7 for inner and outer cables.
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position if the mountain bike market had not emerged and grown so strongly.
What made Shimano’s overwhelming advantage possible was its lead in SIS for
mountain bikes. The final nail in its competitors’ coffin was then hammered in:
the Shimano Total Integration.

Shimano Total Integration

The Shimano Total Integration (STI) further systematized bicycle components and
strengthened Shimano’s competitive position. When its competitors were already
struggling with index systems, Shimano introduced yet another product on top of
its already successful line.

The key was the integration of gear operation and brake operation: the dual
control lever for road racers, and the system called “rapid fire” for mountain bikes
(Figure 5). Shimano Total Integration was introduced in 1989 by combining SIS!'!,
Shimano Linear Response, HG gears, and SG gears (Table 1).

Road Race Bike: Dual Control Lever

Dual Control Lever
Brake Lever

Shml_war\‘ /
g

Mountain Bike: Rapid Fire

Thumb Shifter + Brake Lever Fusion of Shift Lever and Brake Lever

Fig. 5. Integration of shift lever and brake lever in STI (Shimano Total Integration)

I Just before the introduction of STI, SIS was introduced for the front-shift lever in addi-

tion to the rear shift lever. This was called the Dual Index System. The SIS for the
front-gear system was not very important on road bikes, since they had only 2 front
gears. The SIS for the front-gear system was developed later for mountain bikes, which
have 3 front gears.
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Table 1. Major parts and component systems developed by Shimano

Shimano Index Sys-
tem (SIS)

This is the system that precisely changes the rear gear one level
when the gear lever is shifted one indent. By putting the ratchet
used to determine the position of the gear lever to ensure precise
gear shifting, anyone can quickly change gears without mistake, as
opposed to the friction method, which relied heavily on the rider’s
skill to move the lever deliberately.

Freehub System

This system integrates the rear wheel hub and the freewheel. Rear
wheel balance improves. This system allows faster, easier gear
changes and also improved the strength of the rear wheel.

Dual Servo Slant
Pantograph System

This system keeps the distance between each gear and the guide
pulley (a part that makes adjustments for chain sag during gear
changes) below the change gear short and almost constant. The
guide pulley’s pantograph moves diagonally following a form simi-
lar to the path of the gears. It makes gear changes smoother and
more accurate.

Uniglide (UG)
Gears, Uniglide
(UG) Chains

This is the rear change gear and chain for making gear changes
smoother. The shape of gear teeth and the shape of chain plates
were specially designed for better shifting. Previously they were
designed only for better drive.

Shimano Total Inte-
gration (STI)

This is a total system for gear changing and braking, consisting of
the dual control lever (for road race bikes) or rapid fire system (for
mountain bikes), the Shimano Index System, Shimano Linear Re-
sponse, HG gears and SG gears. It improves ease of use, precision,
and speed of gear changing and braking.

Dual Control Lever

This integrates the gearshift lever and the brake lever into one for
road race bikes. Vertical move functions as the brake lever and
horizontal move as the gearshift lever (index system). Previously,
the rider’s hands had to move from the handlebars to shift gears, as
the conventional gearshift lever was attached to the down tube of
the frame. This lever makes it possible for riders to shift gears and
brake accurately, quickly, and easily without removing their hands
from the handlebars.

Rapid Fire System

This combines the mountain bike gearshift lever (index system) on
the brake lever side. Shifting can be conducted with a single thumb.
Conventional finger shifters are attached to the front of the upper
part of the handlebars, meaning riders had to loosen or change their
grip to shift gears, but this makes it possible for riders to shift gears
and brake accurately, quickly, and easily without losing one’s grip
of the handlebars.

SG Gears, HG
Gears, HG Chains

These are evolved versions of UG gears and chains. A special shape
of gear teeth and chain, designed with computers, fix the path the
chain would take to ensure that it moves to the next gear accurately,
quickly, and smoothly. By refining the shape of rear change gears
(HG), front change gears (SG) and chains, the system improves not
only rear gear shift but also front gear shift.
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Table 1. (Continued)

Shimano Linear Re- This system reduces the overall friction of the brake system. Pre-
sponse viously, springs were only attached to the brake arch (caliper).
This system adds a small spring to the brake lever. These two
springs reduce the load upon the arch. For cables, this system
uses a resin liner and a low-viscosity oil, instead of a coil spring
solidified with resin. Overall, friction of lever, arch (caliper), and
cable was reduced, and braking performance (braking force, light
operation, precision) correspondingly improves.

The dual control lever for road racers works by moving the lever vertically for
braking and horizontally for the shift lever. In other words, the shift lever and the
brake lever were made into one. In the mid 1980s, Shimano’s engineers who were
working on faster and more reliable shift levers for road bikes came up with the
idea that “the shift lever should be contained within the brake lever,” rather than
“where the shift lever should be placed”. One problem was that for SIS the shift
lever remained in place after being moved, but for STI the lever should be re-
turned to its initial position after each gearshift. This made the mechanism quite
complex.

The market quickly responded. The decisive benefit of STI was that riders
could shift and brake without moving their hand. Being able to shift gears while
standing and pedaling up a hill was a great advance. Removing the hand leads to a
great setback. Racers could slow down and then quickly speed up at the final cor-
ner toward the finish without moving their hands and miss-shift. Racers were also
pleased that other riders could no longer see gear changes through the movement
of their hands. STI rapidly spread when users quickly realized its value.

The Rapid Fire for mountain bikes did not join the shift lever and the brake
lever into one as breaking is more important off road than on road. In contrast to
road race bikes that conventionally had the shift lever on the downtube of the
frame, mountain bikes already had this on top of the handlebars near the hands.
This was because the movement of hands must be small as possible off road. This
system was called “Thumb Shifter,” in which the shift lever was pushed by the
thumb and pulled back by the index finger. When this lever was moved closer to
the brake lever and placed on the bottom, the rider cannot put enough power of
his/her arm when pushing the shift lever. Riders should be able to push the lever
only by the thumb and could not use the index finger to pull back (Figure 5).
Therefore, in order to move the shift lever closer to the brake lever, the shifting
must be made lighter and it must be designed so that gears can be changed without
the use of the index finger. Rapid Fire realized this goal.

Off road, it is even more important than on road to change gears and brake pre-
cisely, quickly and smoothly. The STI for mountain bikes gained a good reputa-
tion and quickly penetrated the market. It was in this manner that Shimano created
an unshakeable position through a component system that drastically improved
shifting and braking, which are the core functions of a bicycle, for both the road
and mountain bike markets. Shimano succeeded in further advancing its competi-
tive base, from mainly in shifting to both shifting and braking.
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Shimano’s Strategy: Creating Markets Through Component
Integration

System Components

Shimano’s success was a result of successively introducing innovative new prod-
ucts to pursue ease of use for the rider. Throughout the history of Shimano’s suc-
cessful product innovations, the key was the development philosophy of system
components that came out in the mid 1970s.

Dura-Ace, SIS, New Deore XT and STI all commonly share the idea that vari-
ous parts should be optimized to function and perform as a system. In the bicycle
industry, where interfaces are standardized and each part is made by a specialist
manufacturer rather independently, most manufacturers viewed the derailleur,
gearshift lever and brake as separate components. Shimano, however, viewed
these as a single unit, and integrated them as a system achieving new functions
and higher performance that could not be reached until then. In other words, Shi-
mano changed the architecture of some of key component systems in bicycles
from “open, modular” to “closed, integral”.

These ““architectural” innovations required a variety of ingenuity and a great
deal of effort at Shimano. We have already mentioned many technical problems
that had to be overcome in the process of integrating parts. The innovation of a to-
tal system was made possible by the accumulation of various improvements and
innovations in individual parts technology.!? The parts technologies newly devel-
oped by Shimano include the components that Shimano does not produce such as
UG and HG chains. Shimano’s attitude is to develop a particular technology if it is
required to have the system function and perform as targeted.

Knowledge about a component is not enough for improving the component. An
image of the final product must be drawn based on an understanding of the needs
of end users. Superior parts cannot be developed without understanding the envi-
ronment in which they will be used. Therefore, although Shimano has never di-

12" The system component philosophy was realized through the technical development of

individual parts, but this system-component philosophy also has an aspect of encourag-
ing technical innovation of individual parts. In the process of improving the functions
and performance as a system, it becomes clear that a certain part is holding the system
back and there is a mechanism that forces the technical innovation of the part in the bot-
tleneck. Rosenberg found that a particular technical innovation was pursued to over-
come an imbalance with other interrelated parts, and this in turn encourages another
technical innovation of other related parts. (N. Rosenberg, Perspectives on Technology,
New York, NY: Cambridge University Press, 1976) For example, for audio systems,
increased amplifier performance causes increases in speaker performance, and for
automobiles, increased engine performance leads to increases in brake performance. In
the case of Shimano, in the process of integrating parts that previously had standardized
interfaces, engineers came to be aware of strong interdependence between parts that
had not received attention in the past, and this awareness encouraged further techno-
logical innovations.
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rectly sold bicycles under its own brand, it has a high level of technical expertise
with regard to finished bicycles and has attempted to bypass final assemblers and
to directly access end users’ opinions. Shimano was quick to enter European road
racing because it attempted to understand the demands for the bike as a finished
product. The “Dealer Caravan”, which will be explained later, is another example
of such an attempt. Of course, information on end users can be obtained from bi-
cycle assemblers. However, what is important for finished bicycle manufacturers
is the customization of bicycles to suit regional characteristics and targeted users.
To draw upon universal needs for bicycles, Shimano thinks that it is necessary to
maintain close contact with and feel the market directly.

Shimano also needed cooperation from other companies. Shimano is simply a
parts manufacturer and is not directly involved in the final assembly. However, the
total system that Shimano developed required advanced integration not only in de-
sign but also in assembly, which is something that Shimano could not realize
alone. The system will not function if the parts are not assembled with the re-
quired precision. The rear derailleur is fixed to the frames, and the index system
will not function properly if the derailleur is not attached with precision. The man-
agement of assembly lines at bicycle manufacturers, the precision of the frame it-
self, final adjustments to be made at dealerships (retailers) are the areas that are
critical to have SIS work effectively but Shimano cannot directly control.

Shimano therefore made frequent visits to manufacturers of finished bicycles
when SIS was released and made specific requests regarding assembly processes.
Shimano also provided technical notes about how to handle new products. For ex-
ample, they specified conditions required for the proper functioning of the index
system such as the position of the rear derailleur, brake dimensions, and handlebar
length to finished product manufacturers, and asked for cooperation to meet with
these requirements. In addition to specifying requirements for other components
and assembly processes, Shimano provided specialized tools for measurement and
adjustment. Similar information was also provided to dealers. Service information
is also tied to the shift lever to ensure that end users see the information. SIS re-
quires initial adjustment to determine the base positions, for which dealers and us-
ers needed.

In order to realize new functions and performance as a system, Shimano ac-
quired and if necessary advanced technologies that extended beyond its own parts
business, and made efforts to obtain the cooperation of outside organizations.

Production Technology and Market Creation

Another issue was increased costs. High quality parts must be made in order to de-
liver superior functions and performance. For example, in the case of SIS, the cost
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of the shift lever alone significantly increased!® since the number of parts was in-
creased because the ratchet was added to the shift lever, and resin parts were
changed to sintered parts. Another factor for cost increase was stricter precision
requirements. In particular, the precision of the shift lever and gears was in-
creased. Furthermore those parts specially designed for the integrated system have
a cost handicap because standardized parts that are generally used for the conven-
tional system have a larger market and enjoy scale of economy. High precision re-
quirements and a limited market mean that integrated parts inevitably cost more.
Additional complications in the assembly process and at dealer shops also con-
tribute to increased cost.

How did Shimano overcome this problem? One method was Shimano’s supe-
rior production technology. Most of Shimano’s products utilize cold-forge tech-
nology. Precision is higher for cold-forged products than those forged at high
temperatures, which allowed efficient production. Cold-forge needs no heat distor-
tion, and the extra cutting process to obtain greater precision after shaping is not
required. Shimano established its cold forge technology long before. Shimano has
also supplied parts to automobile manufacturers. The aim of this business has been
to continue polishing Shimano’s cutting edge technology in the automobile mar-
ket, which has strict demands on quality precision and cost reduction. Shimano ac-
tively developed its own automated assembly technologies and the Singapore fac-
tory, as mentioned above, is making a great contribution to cost reduction, high
quality, and high productivity.

Another important approach in overcoming cost increases was the creation of
markets. Although SIS may have been expensive, it was marketed toward profes-
sional riders, who are not much concerned about price but will properly evaluate
its functions and performance. As described, it took time for Shimano to have
them acknowledge the value of SIS, but its value was eventually recognized and
SIS spread throughout the market. Shimano’s strategy was to make its value be
recognized in high-end users, create a market there, and then use the success in
this market as leverage to expand into larger (lower end) markets. As the market
expanded, the mass production handicap compared to standardized parts got
smaller.

Even greater success was gained from the mountain bike market. Shimano no-
ticed the potential of mountain bikes at an early stage, and created a market to-
gether with a group of mountain bike fanatics by developing parts specially de-
signed for the market and helping it grow. Not only did Shimano gain fame for
being a parts manufacturer that created the market, but it also gained a dominant
position by providing SIS and STI for the mountain bike market, which had higher
precision requirements and thus appreciated the value of Shimano’s systems. The
strong brand that Shimano built in this manner made possible pricing that covered
the increased cost compared to normal parts.

13" The shift lever, which was about 2,500 Yen for friction type system, was about 4,000

Yen for the SIS. However, as mentioned above, since SIS initially had the option of us-
ing the friction type, a simple comparison cannot be made.



Case Study Shimano: Market Creation Through Component Integration 47

It was not mere luck that Shimano noticed the potential of the mountain bike
market much earlier than others. While Shimano is a parts manufacturer, it always
monitors end user needs and market trends. One cue for such efforts was the diffi-
cult experience that Shimano had more than thirty years ago. Just after Shimano
started exports to America, defects were detected in the exported parts. The bicy-
cle manufacturer importing the parts asked Shimano to voluntarily recall the faulty
parts. Shimano was forced to dispatch 10 teams of two people to the US to visit all
dealers and retailers to replace the defective parts. This voluntary recall journey,
however, led to a precious discovery. Shimano learned that a wealth of informa-
tion could be gained by visiting dealers.

Mishaps can be turned into blessings. After this incident, Shimano devised the
so-called “Dealer Caravan”, comprising of Japanese and local staff to travel to re-
tailers around the world. It was through the Dealer Caravan that Shimano noticed
the potential of mountain bikes. Information regarding rather strange people in
California who rode up and down a mountain for recreation was caught by the
Dealer Caravan. That mountain became the birthplace of the mountain bike. The
Dealer Caravan still continues today.

Shimano sends technicians to professional teams to work as mechanics, and
also plans and supports a variety of bike races and events. Shimano is also full of
“bike freaks” and “bike geeks.” Shimano's employees love the product, which is
also the case for Shimano’s Fishing Tackle Division. When an employee partici-
pates in a bike race, the company covers the travel expenses. There is even a pro-
gram called “Pedal More,” in which employees are given prizes according to the
distance they ride to work by bicycle. Although Shimano is a parts manufacturer,
its efforts and culture enable it to understand, anticipate, and create markets even
more effectively than a finished bicycle manufacturer.

Although integrated systems have high functionality, performance, and quality,
their market is rather limited and costs tend to be higher. The ability to lower costs
and the ability to find and create markets to maximize product and brand value,
were critical to replacing mass-produced standardized parts with an integrated sys-
tem. These two key abilities are behind Shimano’s success.

Conclusion: Searching for New Growth Opportunities

Shimano, which commanded decisive success in mountain bike components, rap-
idly increased its sales from the mid 1980s to the mid 1990s. The growth was
more than threefold, from 51.2 billion Yen in 1985 to 168 billion Yen in 1993,
with an average annual growth rate of 16% (Figure 2).

Shimano’s growth, however, has leveled off since the mid 1990s. Although
Shimano has maintained its top share worldwide with high profitability, sales have
stalled. Behind this lie two problems: intensified competition and market maturity.

The competitive environment surrounding Shimano has become harsher than in
the past. It is not easy to maintain an overwhelming share. Former competitors
like Maeda Industries and Campagnolo competed with Shimano with their own
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parts, which were not compatible with Shimano systems. However, now that Shi-
mano’s products are dominant, new competitors are competing with Shimano-
compatible parts. In the United States, there has been an antitrust judgment against
Shimano which has made it more difficult for Shimano to sell parts as a total sys-
tem. A U.S. company, Slam, which makes a product called the Grip Shift that in-
tegrates a resin grip and a shift lever, has also become a serious rival. Taiwanese
manufacturers with production plants in China are also very competitive and Shi-
mano’s ability to dictate prices has been declining over time. As Shimano’s parts
have become so dominant and widely used, it has become difficult for bicycle
manufacturers to differentiate themselves from one another. Some companies have
thus begun to intentionally avoid Shimano to make their products unique.

The market has also matured. Shimano’s growth through the early 1990s was
supported by the market expansion of mountain bikes, to which Shimano made a
great contribution. However, once mountain bikes had spread and the growth lev-
eled off, Shimano’s growth also leveled off. Shimano’s 1993 sales record remains
unbroken.

In order to break away from competitors and return to the path of growth, Shi-
mano needs to create another new market based on product innovations. One area
that Shimano is currently focusing on is the comfort market. Shimano has intro-
duced comfort category products called the Nexave Series. Shimano is also trying
to change the concept of comfort bicycles and create a new market.

With its system component philosophy, Shimano experienced great success rid-
ing on the wave of the rapid growth of the mountain bike market. The question
still remains whether it can build another foundation to ride the next wave of
growth. There is no rest in competition. Shimano’s challenges will continue.
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Digitization, Modularization, and Commoditization

Companies are having increasing difficulty in creating new value. Competition is
intensifying and squeezing profit margins. Profit is the difference between revenue
and costs; the gap between the cost of providing a good or service and what a cus-
tomer is willing to pay for that good or service (I shall refer hereafter to the con-
cept of WTP, or Willingness to Pay). There are only two ways to increase profits:
Reduce costs or boost customer WTP. Companies have tried various “best prac-
tices” to maintain profitability: restructuring with a focus on “core businesses,”
business process re-engineering, information technology-driven supply chain
management (SCM) initiatives, outsourcing, and globalization.

These efforts are fundamentally focused on reducing cost. And while cost re-
duction is important, it is insufficient to sustain profitability. By its very defini-
tion, cost-based competition converges on the physical limits of cost and price and
ultimately is a dead-end path. Companies focused exclusively on reducing costs
will hang themselves with their own ropes. Firms must increase customer WTP in
order to add new value to their products and services.

Competitive environment changes in recent years make it increasingly difficult
to boost WTP. One key underlying factor is the threat of commoditization. The es-
sence of strategy is doing things differently from competitors, and it is difficult to
create differences once a product or service becomes a commodity; "price" be-
comes the only differentiator a firm can show customers. Commoditization, there-
fore, means competition converges on cost. Moreover, the speed at which products
and services become commodities has dramatically increased in recent years. We
can see many good examples in the electronics industry which has been hit hard
by the forces of rapid digitization over the last decade.

Digitization affects natures of product systems in a number of ways. Of these,
the most fundamental change is the "modularization" of architectures. Architec-
ture defines how to break a system down into components and how those system
components are interrelated in what we call “subsystem interdependencies." It is a
concept for understanding system states. Modularization means "breaking down
an entire system into multiple groups (modules), each of which consists of a num-
ber of highly interdependent subsystems, with predefined rules regarding the inter-
face between modules." Modularization could be defined as a strategy for mini-
mizing system complexity and relational interdependence between components by
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anticipating and solving beforehand the problems that arise when modules inter-
act. The personal computer is the world's most modularized product-system. The
functions a PC must perform — calculation, short-term memory, long-term mem-
ory, input, display and so forth — are allocated to the CPU, RAM, hard drive, key-
board, monitor and other physical components. A standardized interface interme-
diates component interaction.

Modularization has at least three benefits. First, it greatly reduces system com-
plexity by lowering subsystem interdependence. This enables significant reduc-
tions in value chain modification and component adjustment costs. Second, modu-
larization enhances system flexibility. Greater modularization makes it possible to
localize system changes within individual modules. For example, there’s no need
to redesign the entire personal computer system simply because rapid growth of
the popularity of digital cameras calls for PCs to offer greater image processing
capability. Simply developing a faster CPU or installing a speedier graphics board
can solve the problem. Third, modularization promotes economies of scale
through division of labor. Independent development and manufacture of individual
modules spawns new companies dedicated to these particular tasks. This creates
horizontal specialization which promotes economies of scale.

For companies, digitization-driven change opens new avenues to achieve effi-
ciency. Thanks to modularization, companies are able to lower costs in ways never
before possible. Ironically, though, these trends also work to accelerate commodi-
tization. A completely modularized architecture certainly promotes efficiency at
the macroeconomic level. But at the individual corporate level, it inevitably results
in price competition between products and services that cannot be differentiated
otherwise. And, in fact, this very scenario describes today's personal computer in-
dustry.

This paper is about innovations to overcome commoditization and regain cus-
tomers’” WTP. In the modern competitive environment which entraps firms into
commoditization, innovation for de-commoditization has been increasingly
needed. However, innovation can be a driver of WTP when it creates new values
perceived by customers. In other words, if customers do not perceive any new
values, innovation cannot result in substantial and sustainable differentiation in the
competition, which cannot increase customers’ WTP however “new and radical”
the innovation is in the eyes of a firm.

Conventional thinking explicitly or implicitly assumes that innovations are di-
mensional phenomena; in other words, that they progress along clearly defined
dimensions of value. PC industry competition in the 1990s, for example, is a typi-
cal case whereby firms competed for innovations along clearly visible dimensions.
Firms and their customers widely shared specific, objective, and easily compre-
hensible dimensions: MPU processing speed, memory size, monitor resolution,
and other functionality measures. In such circumstances, innovation meant outdis-
tancing rivals in terms of one of these objective dimensions. Efforts for innovation
centered on the relative advantages each firm enjoyed along visible dimensions.

Considering whether innovation can create really differentiated value perceived
by customers, such conventional assumption of innovation along particular dimen-
sions may have become less effective for creating differentiation and promoting
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WTP. Instead, it could do more harm than good for de-commoditization. Firms
preoccupied with the “dimensional thinking” of innovation would be entrapped
even more into commoditization. In this paper, I explore the logic underlying the
dilemma which “innovative” firms may encounter, and try to present a new per-
spective on innovation, which focuses on visibility of innovation dimensions.

Visibility of Innovation Dimension and Its Dynamics

When thinking about de-commoditization, we must first and foremost understand
the logic of commoditization. I propose the concept of "visibility of innovation
dimension” as a key to understanding of the commoditization process. The visibil-
ity of innovation dimensions means the degree to which both customers and firms
can capture innovation’s value in terms of a few specific, objectively defined di-
mensions.

Using this lens, we can recognize different natures of innovations. Some inno-
vations are “visible innovations” of which value can be captured and evaluated
along a few objective dimensions. Other innovations are rather “invisible” in
terms of dimensions with which customers and firms understand their value. As
mentioned above, the PC industry in the 90s experienced many visible innovations
along clearly defined functionality dimensions. Inside the PC system, micropro-
cessors, hard disk drives, memory chips, and many other components have also
experienced various innovations with visible dimensions.

In contrast, the music, game software, and fashion industries provide classic
examples of invisible innovations. Industries like these have also experienced
many innovations. Sun Records’ release of Elvis Presley's rock-and-roll music,
Enix’s Dragon Quest role-playing game, and Swatch’s fashion watches were all
innovations that created new value and produced high WTP. The new music Elvis
created certainly had a faster tempo compared to pop music of the time; by timing
it we would probably discover a relatively greater number of beats per measure.
But the essence of Elvis’s innovation was not that he exceeded Frank Sinatra in
terms of number of beats per measure. Elvis was definitely new, different, and in-
novative compared to conventional music, but it is difficult to grasp by what
measure they were different.

Visibility of innovation dimensions varies depending on the product. But a
more critical point is that it is not constant, even when we look at a single industry
or product. The visibility of innovation dimensions usually rises and falls as indus-
tries and products evolve over time. Although actual dynamics may vary with
product or industry, but in most industries it is possible to observe common pat-
terns (see Figure 1).

Let's explain the dynamics of innovation dimension visibility using the PC in-
dustry as an example. At the initial stage of an industry’s development, before a
dominant design has been established, innovations are normally characterized with
low visibility of innovation dimensions. When the personal computer industry was
in its infancy, the user base was limited to "techies" and "geeks." At this stage,
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both manufacturers and users lacked a common understanding of exactly what the
PC's basic value was and of what functions were critical to defining that value. In
other words, at this stage the personal computer’s innovations were not so visible
in terms of their value dimensions.

A
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Fig. 1. Dynamics of visibility of innovation dimensions

Manufacturers and users steadily deepened their understanding of what a PC is
for, and finally a dominant design was established. The establishment of a domi-
nant design formed a consensus concerning a PC's value. Once IBM and Apple
had established dominant designs, PC values could be understood along a limited
number of specific dimensions, and firms rushed into visible innovations along
those dimensions. In other words, the process of establishing a dominant design is
the same as the process of raising visibility of innovation dimensions (phase “a” in
Figure 1).

Then, users gradually deepened their product understanding even further, learn-
ing ever more sophisticated ways to use their computers. Usage expanded beyond
the workplace to consumer homes, and new buyers who were using PCs for a
wide variety of applications entered the market. As the industry moved into the
1990s, PC manufacturers sought to enhance their products not merely by proces-
sing speed, but along a wide range of distinctive dimensions: body and monitor
size, RAM and hard drive capacity, durability, varied functionality, user support,
and post-sale services. This phenomenon resulted in a multiplicity of value dimen-
sions. At this stage in the industry's evolution, the number of PC’s innovation di-
mensions had broadened considerably compared to the early IBM-PC days. Such
multiplicity of innovation dimensions served to lower specifiability and universal-
ity of a PC’s value for both users and manufacturers. For instance, one company
developed a PC with high-speed processing capability, although it was bulky and
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consumed more amount of electricity, whereas the other company introduced, a
smaller, lighter, more electricity-saving PC which was in turn relatively slow in
terms of processing speed. Having many new products of which value of innova-
tion was based on combination of progress in various performance dimensions, it
would be more or less difficult to specify the value of a particular new product
relative to competitors’ products. In addition, some users may prefer a smaller,
lighter one, while others may value processing speed, which lowers the universal-
ity of innovations’ value dimensions. Because of the complexity of multiple inno-
vation dimensions, it became less possible for both users and firms to simply cap-
ture the value of innovation at the product-system level. Thus the multiplicity of
value dimensions consequently lowered visibility of innovations (see “b” in Fig-
ure 1).

However innovation visibility starts to rise again if competition continues along
the various innovation dimensions (see “c” in Figure 2). This is because under
competition to make better products with higher profit margins for not-yet-
satisfied customers, the respective innovation dimensions ultimately achieve lev-
els deemed satisfactory by customers. Manufacturers emulate each other's innova-
tions, and one by one, the innovation dimensions along which competitors can dif-
ferentiate their products from each other disappear. The pace of technological
progress almost always outstrips the ability of customers to utilize or absorb the
progress. Once product specifications along each of the dimensions reach levels
satisfactory to nearly every customer, further innovation, even if technologically
possible, fails to produce new value. This results in “overshooting” of visible in-
novations!'.

Growth in the personal computer sector, which averaged 15 percent annually
throughout the 1990s, slowed starting in 2000 and then suddenly dropped by four
percent in 2001. In 2001 only 11 percent of all users considered buying a new PC,
the lowest number since 1995. This wasn't because PC demand itself had fallen. It
was because the stereotypical industry notion under which "faster new models
spur new demand" was simply no longer valid; the PC’s various functions had
reached levels sufficient to satisfy nearly every user. Customers no longer recog-
nized added value in new products, and hesitated to replace their PCs. This was
the most important reason why market growth stopped.?

Until the 1990s, the single biggest driving force behind the PC industry was the
continuing cycle of innovation between Microsoft and Intel. Intel would develop a
faster MPU, and in response, Microsoft would release a new operating system
loaded with new functionality. The new OS, in turn, would require an even faster
MPU, resulting in a continuous chain of innovation. When there was still plenty of
room left for the "processing speed” dimension of innovation, this sort of visible
innovation powered PC industry growth and increased corporate revenues and
earnings. Processing speed, though, has already reached levels adequate for most

This logic of overshooting provides the basis of the disruptive innovation model by
Christensen. See C. Christensen, The Innovator’s Dilemma, Harvard Business School
Press, 1997.

2 "The PC's New Tricks," Fortune, October 28, 2002
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users. With the release of Windows XP, for example, customers feel almost no
meaningful difference in processing speed between running applications on 2.4
GHz Intel Pentium 4 and 700 MHz Celeron machines.?

It's not just processing speed, though. PC memory and hard drive capacity are
already sufficiently large, and monitor performance completely adequate. PC
functionality has expanded to the point where it easily exceeds average user re-
quirements; personal computers are loaded to the brim with unused functions. In
short, the post-2000 personal computer is already "good" enough; further visible
innovations would not create competitive differentiation that boosts WTP.

Under these conditions, price is the only remaining dimension along which
companies can attempt to differentiate their offer. This is commoditization. Once
commoditization is complete, companies are forced to compete along the single
dimension left to them: price. Here the visibility of innovation dimension reaches
its peak. It is a condition whereby every innovation effort converges into the cost
reduction. For customers, price is an extremely well-specified, easily measurable,
and easily comparable dimension. Commoditization drives corporate consolida-
tion, as seen in the Hewlett-Packard-Compaq merger. But there are clear limits to
the benefits of cost competition through merger. Maintaining profits amid cost
competition in a commoditized product sector is extremely difficult. Most players
are bleeding red ink in the post-2000, commoditized PC industry.

The visibility of innovation dimensions is crucial to an understanding of forces
of commoditization. The dynamics — whereby technological and market evolution
create various innovation dimensions, continuing competition shrinks possibilities
for innovating products along visible dimensions, and the visibility of innovation
rises as a result — lie behind the phenomenon of commoditization.

Limits of Visible Innovations

What can firms do for innovations that really create differentiation? Christensen’s
insight on sustaining and disruptive innovations demonstrates three possible ap-
proaches to innovations for competitive differentiation®. First, firms can pursue
sustaining innovations when the market is at a stage where there is still room to
differentiate along visible dimensions. A sustaining innovation targets demanding,
high-end customers with better performance along visible dimensions than what
was previously available. Matsushita Electric scored a remarkable success with its
DIGA Series DVD recorder, securing a 45 percent share of the worldwide market
in 2003 by being the industry frontrunner in terms of miniaturization and ad-
vanced functionality. Matsushita dramatically shrinks printed circuit board size for
each new DVD recorder model; its fourth-generation product is one-sixth the size

3 Ibidem

See Clayton Christensen (1997) The Innovator’s Dilemma, Harvard Business School
Press, and Clayton Christensen and Michael Raynor (2003) The Innovator’s Solution,
Harvard Business School Press.
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of its first release. Meanwhile, models featuring a progressive playback function
that displays high-resolution images have been a hit time and again.’ This is an
example of a sustaining innovation which realized improvement along existing
visible performance dimensions.

Second, when facing threats of commoditization which makes it difficult to fur-
ther create substantial differences along existing dimensions, a firm can pursue an
alternative strategy of the disruptive innovation to offer less expensive products.
This strategy does not attempt to bring better products along existing innovation
dimensions. Instead, it targets over served customers in the low end of the existing
market. In the PC industry, Dell has successfully implemented this strategy of
low-end disruption.® Dell succeeded precisely by turning commoditization into a
strategic advantage. Leveraging cost leadership based on its direct sales model,
Dell aggressively lowered prices starting in 2000. In 2001, while competitors lost
market share, Dell managed to boost its U.S. domestic market stake to 30 percent.
Components, too, fell subject to vicious price competition as personal computer
commoditization progressed. Targeting the low-end customers, Dell perceived
commoditization as an opportunity.

Third, a firm can pursue another type of disruptive innovations called new-
market disruptions. This strategy does not invade the mainstream market. Rather,
it pulls customers out of the mainstream market into the new one by changing
competitive dimensions of innovations. Casio’s EXILIM Series of digital cameras,
released in 2002, was a huge hit in spite of being priced higher than rival prod-
ucts.” Casio's first digital camera, the QV-10, was a groundbreaking product that
could be considered the dominant design driving the full-scale launch of Japan’s
“digicam” market. At the time the QV-10 was released, manufacturers featured
pixel count as the key innovation dimension. Sony, Canon, Olympus Optical, Fuji
Film, and Matsushita Electric jumped into the market one after another to compete
for sustaining innovation along the dimension of pixel count. Casio's share quickly
diminished as rivals competed along the visible innovation dimension. In re-
sponse, Casio withdrew from the pixel count competition, adopting a new-market
disruption strategy of intense, single-minded focus on product thinness and com-
pact size. The company set a goal of producing a camera the size of a business
card and only ten millimeters thick. It held pixel count only to 1.3 million and
eliminated the zoom feature on the S Series camera, its mainstay product at the
time. This third approach chosen by Casio tried to realize differentiation by find-
ing new innovation dimensions: being smaller, lighter, and thinner.

Although the three approaches have different ways to creating competitive dif-
ferentiation, there is one thing these innovation strategies have in common: no
matter whether the innovation is sustaining or disruptive, it implicitly or explicitly
assumes particular innovation dimensions. Sustaining innovations will pursue the

5 “Kita zo, Digital AV Keiki” [Good Times are Here for Digital AV] Nikkei Business,
7/14/2003

6 “Dell Does Domination” Fortune 1/21/2002

“Casio no Gyakutenuchi Keiei” [“Casio’s Comeback Management”] Nikkei Business,

6/23/2003
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existing performance dimensions, whereas low-end disruptions focus on the cost
dimension and new-market disruptions on creating new innovation dimensions.
All of these strategies are based on the idea that there are some visible dimensions
of innovations along which companies and customers can evaluate product offer-
ings.

Each of the three approaches may succeed in profiting from innovation under
particular conditions. All approaches, however, may sooner or later encounter
threats of commoditization. The success of Matsushita’s DIGA is an example of a
fruitful sustaining innovation. In the DVD recorder and other growing sectors that
still have room for sustaining innovation, clear differentiation along visible di-
mension may increase WTP. As the model of disruptive innovation shows, how-
ever, sustaining innovations will gradually reaches its limits, and are likely to face
the threat of commoditization. There are two reasons for this. One is the logic of
technological limitations. Although it is good to have a PC with faster processing
speed, a DVD recorder with better picture quality, or a digital camera with greater
pixel count, there would be physical limits in improving performance along exist-
ing innovation dimensions. There is no more accurate watch than the radio-wave
watch which is now available at a reasonable price, simply because it makes no er-
ror by definition.

The other reason comes from the logic of overshooting. Even if the product’s
performance can be technologically improved, there is usually a natural limit on
the customers’ side to absorb or utilize the improved performance. The problem is
one of customer perception limits rather than strict technological boundaries. At
some point users will stop paying prices that justify the investment needed for fur-
ther technological innovation, regardless of how compact or high-performance the
products have become. As mentioned earlier, most users are totally happy with
their PCs’ processing speed.

Although disruptive innovations may open up new ways to profiting from in-
novations for some time, they may become sustaining sooner or later. Casio’s
EXILIM certainly succeeded in a new-market disruption by finding a new innova-
tion dimension. But others also soon realized the opportunity of the new innova-
tion dimension and rushed into the competition for ever smaller/lighter/thinner
models. For instance, Matsushita followed Casio in the direction and released a
digital camera that is not only 9.9 mm thick, but features a music playback func-
tion. If a disruptive innovation becomes sustaining in a short time, companies will
have to face the same threats of commoditization mentioned above in a short time.
The more the innovation is visible, the sooner will others follow in the same direc-
tion.

Dell has embraced commoditization with its low-end disruption. Nevertheless,
the choice to accept commoditization and compete on price and cost is feasible
only for few companies. Cost-based competition has a very sustaining nature. In
the personal computer industry, Dell is the only company generating significant
profits. Under cost-based competition, there can only be one — or at best an ex-
tremely limited number — of winners. Accordingly, most companies faced with
commoditization must choose another path: de-commoditization.
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Commoditization is the phenomenon whereby “product or service value con-
verges along the simple dimension of price, after competing firms are unable to
differentiate themselves along existing innovation dimensions due to the limita-
tions of either technology or customer cognition.” Once we define commoditiza-
tion in this way, two basic strategies emerge by which firms may avoid or escape
commoditization.

One possible strategy is to consider innovation strictly in a dimensional con-
text, and maintain performance differences that competitors cannot easily catch up
with. Increasing WTP is possible if a firm can maintain performance high enough
to be unreachable by competitors — even assuming that the innovation is along a
visible dimension. I call this the black-box strategy, which looks to the internal
context of a product system, or “product architecture” as the source of WTP.

As we have seen, progressive modularization in the electronics industry is a
major driver of commoditization. Yet even in a commoditized product market, a
competitor may be able to maintain differentiation and increase WTP if it can cre-
ate a difficult-to-imitate innovation in a lower-level subsystem — even if the inno-
vation is visible to competitors. "Black box" means a subsystem incorporating per-
formance competitors cannot easily imitate. Let's return to the PC industry
example. As we have seen, it is now difficult to maintain continuous profitability
because the industry seems thoroughly commoditized. But if we look down a level
from the top of the product-system, we can see Intel successfully maintaining
profitability in its MPU business. Intel's Pentium processor holds visible innova-
tions: high-performance and high speed. But at the same time, the Pentium proces-
sor is a black box supported by deep product and manufacturing technology; rivals
cannot keep up with Intel’s performance. Intel's MPU is a classic example of the
black-box strategy.

In fact, many Japanese electronics companies try to overcome commoditization
through the black-box strategy. Examples include Hirose Electric’s connectors,
Rohm’s custom mobile telephone handset LSIs, Fanuc’s numerical controllers,
and Nitto Denko’s polarized LCD film. Hirose Electric maintains its strong profit-
ability by distancing itself from customers who refuse to recognize values other
than price, and focusing its resources on developing high value-added connectors.
For example, one of Hirose’s mainstay products is a connector that links a mobile
telephone’s printed circuit board to the handset’s internal antenna. With this con-
nector, the width and weight of a single strand of human hair, Hirose commands
more than a 50 percent worldwide market share. Hirose Electric’s connectors
maintain high margins because they outperform rivals’ products along the dimen-
sions of compactness, thinness, and weight. The ultra compact mold development
technology and multi-model/small lot production expertise that enables Hirose to
create its black-box products.

Apart from these components manufacturers, there are other companies prof-
itably using the black-box strategy in the critical subsystems they build for larger
product-systems. Canon developed CMOS sensors and controllers at the heart of
its digital cameras. Canon's EOS Kiss single lens reflex digital camera uses a
unique CMOS sensor to achieve 11-megapixel resolutions, the industry’s highest
image quality level. Faced with competition from Korean and Taiwanese rivals in
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the LCD computer monitor sector, Sharp is shifting the focus of its LCD opera-
tions to liquid crystal displays for television. Unlike relatively easy-to-
manufacture computer LCDs, television LCDs must be two to three times brighter
and require dramatically faster refresh rates. Korean television LCDs consume 20
to 50 percent more power than Sharp’s products, and offer 40 percent less con-
trast. Sharp’s competitive advantage is made possible by manufacturing technol-
ogy that can produce large glass substrates with precision levels approaching
1/30th the width of a human hair. The extremely deep manufacturing technology
expertise Sharp has built up over many years produces performance along visible
dimensions, quality, and yield advantages rivals can not soon surpass — that exper-
tise essentially is a black box.

In the past, Sony profitably executed a black box strategy with charge-coupled
devices (CCD). Now it is investing heavily in CELL, a processor for high-speed,
high-performance consumer electronics products. The CELL chip will power a
wide range of digital products, including next-generation games, digital televi-
sions, and DVD recorders. Matsushita, too, is positioning Black Box components
and subsystems as strategic centerpieces. Matsushita’s recent hits — its Viera
plasma television, DIGA DVD recorder, and LUMIX digital camera — came after
the company stopped developing general-purpose semiconductors in 1997, and
started specializing in image and audio-processing LSIs. All these are examples of
black box strategy implementations.

Invisible Innovations: An Alternative Strategy

An alternative strategy for escaping commoditization is to pursue “invisible inno-
vations” which do not attempt to create differences along visible dimensions. In-
stead, this strategy attempts to disrupt the very rules of dimensional competition of
innovations. The basic idea of underlying this strategy is that because high visibil-
ity of innovation dimensions invokes commoditization, commoditization can be
avoided if dimensions of innovations are rendered invisible.

Conceptually, this is completely different from the black box strategy. The
black box strategy treats dimensional nature of innovation as a given, and seeks to
prevent commoditization by establishing and maintaining dimensional "differ-
ences" competitors cannot easily keep up with. The idea behind invisible innova-
tions, though, is to refuse to compete along visible dimensions. Sooner or later,
dimensional competition results in commoditization. In other words, the very
source of problems leading to commoditization lies in the fact that innovations
have visible dimensions. Firms may be able to escape commoditization by reduc-
ing the visibility of value dimensions of innovations, and disrupting the rules of
competition for visible innovations.

Invisible innovations seek opportunities to improve WTP, not in the internal
context of product architecture, but in the external context in which the customer
and the product interact, and the customer benefits from using the product. Invisi-
ble innovations often take the form of "concept innovations." I use the word "con-
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cept" here as a compressed representation of an essential customer value which
defines the external context of the product: what the product or service means to a
customer, what they use it for, and why it is valuable.® Visible innovations seek to
differentiate products and services along specific dimensions such as function or
quality. In contrast, while concept innovation encompasses multiple latent values,
it doesn't match these one by one with individual dimensions. Rather than boost-
ing existing dimensions one by one, invisible, concept innovation paints an en-
tirely new picture of how, why, and to whom a new product or service should ap-
peal.

Sony's Walkman is a classic example of an invisible innovation which created a
new concept of listening to music. Before the Walkman came along, cassette tape
recorders were conceived merely as music-playing devices, and consumer interest
focused on the dimension of good sound reproduction. But the Walkman freed us-
ers to enjoy music in almost any environment. To be sure, the Walkman was dra-
matically smaller and lighter than other cassette players. But the essence of the
Walkman’s value lay not in such dimensional measures, but rather in how it en-
abled consumers to experience new ways of enjoying music. In fact, in terms of
sound quality the Walkman was actually inferior to rival cassette tape players. It
lacked a high-quality speaker and recording capability. But the essence of invisi-
ble innovation lies in disrupting existing innovation dimensions and rendering
rankings along conventional measures meaningless. Sound quality, speaker qual-
ity, and recording capability became non-issues in the context of the Walkman’s
newly-created concept of “freedom to enjoy music anywhere.”

In the electronics industry at large, and in the digital consumer electronics sec-
tor in particular, the trend whereby innovations along visible value dimensions
grows increasingly difficult — and the focus of competition subsequently shifts to
invisible dimensions of innovations — is becoming increasingly conspicuous. On a
unit basis, in 2003 Apple sold nearly half as many iPods as it did PCs. Despite be-
ing considerably more expensive than rival products, the iPod became a hit, re-
portedly accounting for a large portion of Apple's $44 million earnings.’

The iPod offers a good example of how an invisible innovation can increase
customer WTP. Other companies develop and manufacture MPU and operating
system for the iPod, so black-box components aren't the source of its superiority.
In fact, in terms of visible dimensions such as weight, thinness, continuous play-
back time, and recording capacity, the iPod is actually inferior to rival products.
Yet it sells for a higher price. Featuring a simple design that sharply distinguishes
it from conventional digital devices, the iPod lets users compile and continuously
update and modify their own "playlists," affording them the ultimate in a personal-
ized music listening experience. Like the Walkman, the iPod differentiated itself
not along visible dimensions, but through a revolutionary concept: changing the
way consumers enjoy music, just like Walkman did 25 years ago.

The author discusses product concept innovation in detail in “Value Differentiation:
Organizing Know-What for Product Concept Innovation" in Takeuchi and Nonaka’s
Hitotsubashi on Knowledge Management, Wiley
®  "Shootout in Gadget Land" Fortune, 11/10/2003
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In the home-use video game industry, Sony's strategy has been to compete pri-
marily with visible innovations. Sony's PlayStation 2 (PS2), the product that dra-
matically expanded the company's game market share, overwhelmed competitive
machines in terms of image quality, complex motion, and video smoothness.
Sony's PS2 innovated on visible dimensions such as "polygon count" and "audio
quality." Sony is continuing down this path with its next generation game player,
which will use the CELL chip described earlier. Sony claims the CELL chip will
achieve an image processing capacity 1,000 times that of the PS2.1° Clearly, Sony
intends to boost customer WTP through a black box strategy.

Sony’s pursuit of visible innovations required game software makers to invest
time and money building ever-more sophisticated computer graphics into their
products. Because software scale and complexity has grown so dramatically, only
a handful of the biggest houses can afford to invest the necessary development re-
sources. And from a consumer standpoint, the game consoles’ increasing sophisti-
cation means players must invest considerable effort and practice in learning to
play. This situation has driven a growing number of users away from game play-
ing. Japan's home-use game software market peaked in 1997 and has been shrink-
ing. In particular, the portion of elementary school students playing with game
machines is dwindling. These consumers' interests are reportedly drifting away
from complex, high-priced game software, and toward card games, beigoma, and
other, easier-to-enjoy toys.!!

Amid this maturing game market, Nintendo — in stark contrast to Sony — shifted
away from feature-centric visible innovations and adopted a strategy of invisible
innovations. Judging that consumers were already well satisfied with current game
functionality, in 2004 Nintendo decided not to release a successor to its
GameCube line.!? Its strategy was to go back to creating fun through toys with in-
visible value dimension. It did this by focusing on accessible easy to play, yet ab-
sorbing, "laugh out loud" games with mass appeal, such as Mario and Pokemon.

Because it doesn't internally develop or manufacture high-performance semi-
conductors or other key game player components, Nintendo was constrained in its
capabilities to drive game console competition through technological expertise, as
Sony does. But even before today's extreme functionality-driven console competi-
tion began, Nintendo had a tradition of seeking competitive superiority by devel-
oping software such as Pokemon that appeals to a broad and deep customer seg-
ment centered on children.

Even Pokemon, the explosive worldwide hit, began life in 1986 as software
running on a humble eight-bit GameBoy machine that was already outdated at the
time. One of the key factors in Pokemon's success was that Nintendo put the
game's "fun" front and center by deliberately selecting a low-priced game console
with abbreviated functionality.”> Nintendo employed an electronic format to en-

10 "Video Game Planet" Fortune, 9/15/2003

' Asahi Shimbun [ Asahi Newspaper] 2/29/2004

12" Nihon Keizai Shimbun 2/10/2004

Author interview with Iwata Satoi, then-Director of Nintendo's Management Planning
Group 5/2001
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able players to enjoy collecting and trading 151 different types of Pokemon cards
with their friends, but that fun didn't depend on imaging processing or sound ef-
fect technologies. Amid a maturing game market, Sony's black box strategy and
Nintendo's choice to disregard existing game "rules" and innovate along invisible
dimensions offer good examples of contrasting strategies.

The crux of the difference between visible innovations and invisible innova-
tions may be easier to understand in terms of the relationship between "function"
and "value." "Function" is a value that a corporation can predefine in dimensional
terms. Function comprises only a portion of the value a product or service pro-
vides, but under the assumption of visible innovations, improving a particular
function nearly always translates directly into better value. Consider our PC ex-
ample: faster speed, bigger memory, and larger storage capacity translates as-is
into higher value. In short, in visible innovation, the relationship between function
and value is clear and easy to understand by focusing on a particular dimension.

Under invisible innovation of a product concept, however, there's a huge gap
between function and value, and the relationship between the two becomes un-
clear. Let's illustrate this with an example: the pachinko machine, used to play a
Japanese form pinball. Pachinko machine manufacturer Sammy consistently posts
strong earnings by developing new-concept products. Needless to say, a pachinko
machine's value lies in the "leisure time enjoyment" it provides to a pachinko
player. Yet while a pachinko machine's functionality can be described along vari-
ous dimensions, the cause and effect relationship between particular combinations
of functionality — and the enjoyment each produces — is extremely unclear. Func-
tionality explains only a tiny portion of the value produced through an invisible
innovation.

Not only is an invisible innovation driven by a new product concept effective
for de-commoditization, it is also superior to a visible innovation in terms of sus-
tainability. Once a company succeeds in establishing a new product concept, it is
often able to produce powerful loyalty and brand effects that trump dimensional
superiority. One of the strengths of invisible innovations is that customers find
comparisons difficult. Brands based on visible innovations are rather easily dam-
aged when rivals successfully overtake them along the visible dimensions. But
once a company succeeds in creating new customer value at a conceptual level, it
becomes difficult for customers to compare the offer with competitive products,
precisely because the value dimensions are invisible. That makes it easier to main-
tain differentiation over the long term. For example, it wouldn't be particularly dif-
ficult to replicate the Walkman's hardware functionality or quality. In fact, a num-
ber of market latecomers released products that were superior to the Walkman in
terms of visible performance dimensions. Even so, Sony has maintained the
Walkman brand for a long time, and customers continue to recognize it as "differ-
ent" from rival products.

Both of the strategies — black box and invisible innovation — seek to escape
commoditization through their own respective forms of logic. The two strategic
positions can be illustrated as in Figure 2. The black box strategy focuses on prod-
uct architecture and seeks opportunities to increase customer WTP in the internal
context of a product system. The black box strategy means building product sub-
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systems with internal structures that rivals cannot imitate, and countering modu-
larization by aggressively embracing integral architectures at the subsystem level.
Integral architectures — those with strong interdependencies between components
of the subsystem — require deep knowledge of complex interactions. Subsystems
can be made into black boxes because acquiring deep knowledge of interdepend-
encies and interactions is difficult. The black-box strategy looks for highly inter-
dependent components within the subsystem and then intentionally seeks to de-
velop an integral architecture based on those components.
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Fig. 2. Innovation strategies for de-commoditization

In contrast, the invisible innovation strategy focuses on the product's value to
customers. It seeks opportunities to increase customer WTP in the external context
of how customers use the product. It is unconcerned with internal product archi-
tecture; it focuses instead on the actual value customers receive. When values are
pre-specified in terms of visible dimensions, competition accelerates along those
dimensions, driving commoditization. Invisible innovation is a strategy for escap-
ing the threat of commoditization by ignoring the rules of competition for visible
innovations and converting customer values into something along invisible dimen-
sions.

Commoditization can be understood as the process whereby product architec-
ture becomes modularized and customer value dimensions grow increasingly visi-
ble: movement is toward the lower left quadrant in Figure 2. In contrast, we can
hypothesize that customer WTP will be maximized when product architecture is
integral and customer value dimensions are invisible, as in the upper right quad-
rant of the figure. But in the electronics industry, if not other sectors as well,
there's a trade-off in the relationship between the two axes, and as a practical mat-
ter it is difficult for companies to achieve positions in the upper right quadrant.
We've examined the strong trend toward modularization at the level of finished
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product systems in the electronics industry. Accordingly, companies must com-
pete at lower system component levels in order to maintain integral architectures.
At the same time, however, it is relatively feasible to create invisible innovations
at the finished product-system level where end-users actually use the device.

In any event, till now most of the arguments on the de-commoditization strat-
egy have focused on the black box, taking a product architecture perspective rep-
resented by the vertical "modularization vs. integral" axis in Figure 2. I emphasize
that the external-context customer value axis is independent from the internal-
context architecture axis, meaning an alternative strategy is available to de-
commoditization: invisible innovations.

The Visibility Trap

By rendering visible dimensions of innovations meaningless and changing the
rules of competition, invisible innovations make a more complete escape from
commoditization possible. Yet it is very difficult for a firm to actually realize in-
visible innovations, because they are usually invisible also to the firm itself.

Most companies continue to doggedly press ahead with traditional innovation
efforts along particular visible dimensions, even after their industry has entered
into the commoditization phase. I call this phenomenon the "visibility trap" of in-
novation in which “innovative” companies may be caught. As I have shown, cus-
tomer understanding of a product deepens after a dominant industry design is es-
tablished. As a result, customers seek new, multifaceted dimensions of values. At
this point companies discover significant differentiation possibilities, and strive to
increase value via visible innovations along various dimensions.

A visible innovation is an easy issue for companies to deal with although it is
technologically challenging. It is simple to get customers to understand a clear dif-
ference if that difference can be readily measured and expressed. Furthermore, it is
easy to justify and make internal decision to invest resources in initiatives for visi-
ble innovations. That’s because justification criteria are easily understood and
achieved; owing to the existence of visible dimensions, companies can readily cal-
culate how much investment will be necessary to make a product faster, more
compact, or more lightweight. And when a company succeeds through visible in-
novations, the experience justifies further investment in dimensional values. Once
it enters into this cycle, a company naturally keeps moving forward with visible
innovations for competitive differentiation.

But there's no future in that kind of dimensional competition. At some point,
visible innovation reaches its technological or cognitive limits and commoditiza-
tion sets in. Even so, most companies are unable to remove themselves from the
vicious cycle of competition for innovating along visible dimensions. This process
becomes institutionalized, and most companies are unable to break out of the vi-
cious cycle. Ironically, commoditization looms ever closer to the extent a com-
pany strives toward visible innovation. Ultimately, when commoditization is com-
plete, the company finds itself in a position whereby it cannot differentiate along
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visible dimensions enough to appeal sufficiently to customers, yet it is no longer
cost-competitive.

The reason most companies fall into the "visibility trap" and become unable to
recast competition in terms of invisible dimensions is that customer perceptions of
product value change tremendously under invisible innovations. There are many
instances where something that worked under a visible innovation approach be-
comes a liability under invisible innovations. Likewise, things that should be
avoided under a visible innovation approach could be crucial under invisible inno-
vations.

The key point is differences in how customers perceive the innovation’s value
over time. To use a mathematical metaphor, a visible innovation focuses on in-
cremental differences along a specific dimension in comparison to previous prod-
ucts. The greater the incremental change in value, the more effective the visible
innovation. The relationship between company and customer is fundamentally a
one-time "transaction" whose value does not extend across time. In contrast, an
invisible innovation creates certain values that only materialize gradually over
time as the customer uses the product over and over again. It's therefore important
to think of invisible innovation’s value as cumulative and extending over time.
The visible innovation model of incrementally maximizing value and attempting
to communicate this to customers in one-time transactions only leads companies
into the trap.

Let's return to our game example. It's reasonable to say that visible innovations
around game consoles have until now been effective in creating value; note how
Sony attracted customers to the PS2 with unprecedented audiovisual advances.
But rivals may release machines with identical functionality and performance. Or
as time passes, consumers may gradually take for granted once-extraordinary
audiovideo quality. The value users recognize today along the dimension of "vis-
ual and auditory beauty" is likely to shrink steadily over time.

Meanwhile, game software value can actually grow over time as users accumu-
late experience through repeated play. I believe this tendency is strong to the ex-
tent the company pursues invisible innovations, as Nintendo does with Pokemon.
The more Pokemon users play, the more deeply they understand the game's char-
acters and peculiarities. The more they learn the Pokemon strategies, the more fun
they have collecting and exchanging Pokemon cards. Ultimately each user "gets
hooked" on the world of Pokemon in his own way. At this stage, the value of the
Pokemon game software to a user is dramatically greater than it was when he first
bought it. This is how value of an invisible innovation extends across time.

As we saw with the Walkman, “inferior” values — when measured by conven-
tional performance yardsticks — often go hand-in-hand with invisible innovations.
A company must break the stranglehold of convention to achieve invisible innova-
tions. Companies bound to the paradigm of incremental value see the value of
their new offerings as mere "bundles of visible dimensions," and compare them
both with rival products and their own previous models only in terms of dimen-
sional superiority or inferiority. As a consequence, they neglect the approach of
integrating user experience over time. A successful invisible innovation requires a
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mindset that enthusiastically allows existing dimensional values to grow margin-
ally "inferior."

The approach to maximizing cumulative value requires companies to re-
consider the timing of new product releases. Under the paradigm of visible inno-
vation, the key competitive issue is which company can boost value fastest along a
specified dimension. Incremental value increases should be achieved as quickly as
possible. But under invisible innovations, this conventional wisdom doesn't neces-
sarily apply.

When a dominant product or service design is not yet established within an in-
dustry, a company could conceivably succeed by introducing a completely new
product concept and establishing a dominant design in one fell swoop. But after
the dominant design is established and while the industry still has room for visible
innovations along specified performance and quality measures, invisible innova-
tions — even if executed ahead of rivals — carries the risk of failure. That’s because
the visible value with large increment draws user attention to products with visible
innovations.

Sony's Cocoon provides an example of this phenomenon. The Cocoon is a
product that can digitally record television programs on a hard disk drive. But
Sony positioned the Cocoon as a "next generation TV" that would supplant con-
ventional television, rather than as a replacement for conventional video tape re-
corders. The Cocoon has a function whereby it learns customer preferences during
the process of repeated use. Once it understands the user’s preferences, it auto-
matically starts recording different kinds of programs. By using Cocoon, custom-
ers can reduce lost opportunities to see programs they might have enjoyed watch-
ing. The Cocoon was based on Sony’s insight that, amid too many content
choices, customers faced the problem of selecting programs matching their inter-
ests. It presented consumers with a new concept innovation: taking program edit-
ing out of the exclusive domain of television stations and making it available to
individual users.

Unlike rivals Matsushita Electric and Toshiba, who put high screen resolution,
hard drive capacity, DVD recording functionality, and other visible dimensions
front and center when developing their new digital video recorders, Sony empha-
sized the Cocoon's new concept as "a television with a brain," and didn't even
bother to equip it with DVD recording capability.'* And in fact the Cocoon sold
well and was enthusiastically received: early adopters gave it extremely high
marks.

But immediately following the Cocoon's release, other new DVD-equipped
digital television recorders started diffusing to the general home-user market at a
furious pace. What’s more, digital recorder performance and functionality quickly
improved. When customer interest shifted to the recorders' visible value dimen-
sions, Sony was forced him to respond. It changed strategies, releasing a new
DVD recorder called SugoRoku that emphasized visible dimensions.

14 Author interview with Tsujino Koichiro, President of Network Terminal Solution Com-
pany, Sony Corporation (2/2003)
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Cocoon appears a good example of seeking to create a new concept through an
invisible innovation, in this case "an entirely new way of enjoying television."
Like the Walkman, it made possible a fundamentally different "television experi-
ence." But in terms of timing, the Cocoon was too far ahead of the market. The
Cocoon's case suggests that invisible innovations are likely to have greater impact
on customers when markets are more mature and innovations along visible dimen-
sions are already approaching its limits.

Seeing and Showing Invisible Dimensions

The two innovation strategies for de-commoditization — the black-box strategy and
invisible innovation strategy — need certain types of knowledge as organizational
capability for successful implementation. We can derive two implications for cre-
ating and managing knowledge for realizing innovations for de-commoditization
out of our discussion. First, knowledge of complex interdependencies and interac-
tions becomes ever more critical regardless of the strategy adopted. Such knowl-
edge does not allow a single interpretation, nor can it be formulated in a universal
way. Rather, it is produced within specific contexts and is built upon longstanding
accumulations of tacit knowledge. The role of tacit knowledge in de-
commoditization strategy is more critical than ever before.

Second, while tacit knowledge lie at the heart of both de-commoditization
strategies, the black-box and invisible innovation strategies require different types
of tacit knowledge, and the methodology for creating such knowledge under each
strategy is therefore different. Let us look at each of these two implications in
more detail.

The black-box strategy from a knowledge management perspective lies in the
paradox of product architecture whereby "modularization drives integration."!s
Conceptually, the relationship between modularization and integration is mutually
exclusive. In other words, a trend toward modularization — whereby subsystem in-
terface rules become increasingly predefined — is simultaneously a trend away
from integration. But assuming there are limits to a system's ability to handle
complexity, modularization at the product-system level triggers integration at the
subsystem/component level. Thus modularization and integration progress in par-
allel.

This produces the phenomena whereby the burden of boosting overall product-
system performance falls disproportionately on subsystems, as customer demands
for ever-higher performance progressively “roll downhill.” Let's consider the case
of the hard disk drive, a modular PC subsystem. As PCs become increasingly so-
phisticated, they place greater loads on subsystems. The hard disk drive is no ex-
ception; it must read and write data at extremely high speeds, yet perform within a

15 See Aoshima and Takeishi's The Perspective of Architecture in Fujimoto/Takeishi/
Aoshima’s Business Architecture (Yuhikaku, 2001) for a discussion of how modulari-
zation and integration proceed in parallel.
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limited physical space. The internal structure of a hard disk drive product-system
is quite modularized: components include heads, media, firmware, and so forth.
Under tough operating conditions, demands for high speed and compact size fall
on subsystem components such as heads and media. In order to meet stringent
demands for functional improvement, subsystems must solve complex interdepen-
dency and interaction problems. As a consequence, subsystem components such as
heads must have extremely integral architectures. In other words, as higher level
systems such as PCs and hard disk drives become more modular, lower-level sub-
systems become increasingly integral. In light of this phenomenon, we can under-
stand why many companies strive to develop CCDs and CMOS sensors for digital
cameras or other key image processing subsystem for audiovisual products.

Modularization increasingly breaks the overall system down into separate mod-
ules and reduces subsystem interdependency. Yet within each module, internal in-
terdependencies become more complex than ever. Modularization can be under-
stood as the codification of architecture knowledge related to pre-defined interface
rules. Yet such knowledge is never exhausted. Codification of higher-level system
knowledge, in fact, has the effect of increasing tacit knowledge at the subsystem
level. Thus knowledge of the most modularized subsystem is, in one sense, knowl-
edge of the most integral type. This extremely context-dependent tacit knowledge
of complex interdependencies and interactions is what makes it possible for a
company to make subsystems into black boxes not easily duplicated by rivals.
Creating and storing this kind of tacit knowledge is the key to succeeding with a
black box strategy.

The tendency for context-dependent tacit knowledge to become increasingly
important is equally true with invisible innovations. As we have seen, invisible in-
novations focus on the context in which customers derive value from products.
Under visible innovations, customer-product interaction is a relatively minor is-
sue, because value of a particular innovation can be expressed in the form of spe-
cific improved functionality along visible dimensions. Value can be context-
independently defined and perceived. Under invisible innovations, though, the
product-customer interaction process is crucial. Here, too, the key is creating tacit
knowledge — but in the context of product-customer interactions.

According to the SECI (Socializing, Expressing, Combining, Internalizing)
model of organizational knowledge production, knowledge is created through four
recurring processes'. "Expressing" means codifying tacit knowledge; "Combin-
ing" means assembling codified chunks to put in SECI order; and "Internalizing"
means making explicit knowledge tacit. "Socializing" means adopting others' tacit
knowledge as one's own. Of these four processes, internalization and socialization
are particularly important for the creation of tacit knowledge, and the key issue
becomes the context (place or ba) in which knowledge interactions take place.

"Know-how" forms the bulk of tacit knowledge at the core of back-box strate-
gies. Know-how means expertise in the interdependencies that enable multiple
subsystems with integral architectures to function flawlessly as a single, higher

16 See Ikujiro Nonaka and Hirotaka Takeuchi (1995) The Knowledge-Creating Company,

Oxford University Press



68 K. Kusunoki

level system. To acquire and store this type of know-how, a company must de-
velop within its internal organization ways to promote interactions that encourage
internalization and socialization.

In contrast, the tacit knowledge at the core of the invisible innovation strategy
is not know-how, but rather “know-what.” Know-what views value from the cus-
tomer's perspective, and involves knowledge of what the product should be like,
which customers will use, and what benefits they will seek. Successful invisible
innovations depend on the depth and breadth of the company's know-what.

The decisive difference between the black-box and non-dimensional differen-
tiation strategies lies in the difference between creating tacit knowledge in the
context of the internal organization and producing it in the context of the external
environment, which extends to and encompasses customers. In the black-box
strategy, a company produces know-how in the internal context of interactions be-
tween individuals or groups within the organization. In contrast, in order to
achieve invisible innovations, a company must produce know-what in the external
context of interactions with customers. Here, the central issue becomes how to
build and maintain an external context in which to interact with customers.

Under the paradigm of visible innovations, it may be sufficient for the company
to simply secure a channel through which it can interact with customers to obtain
understandings of what customers are looking for and what dimensions and levels
of innovation they require. Under the non-dimensional differentiation approach,
however, "listening to what customers want" is by definition no simple matter.
This sort of reactive, “market-in” approach may not work effectively, because
value innovation dimensions are originally invisible. After all, customers usually
don't have a clear, prior understanding of innovations they need. Asking customers
what they need when they themselves do not know is unlikely to be productive.

The "ask customers what they want" paradigm is not merely ineffective, it can
actually impede invisible innovations.

When speaking about their "needs" customers express the dissatisfactions and
hopes they've had for products up till that point. But their comments are generally
predicated along specific value dimensions. For example, most large-scale cus-
tomer research studies present lists of multiple value dimensions deemed impor-
tant to customers. Researchers then investigate how participants rank each dimen-
sion and the extent to which current customer status deviates from expressed
priority for each dimension. Even assuming there are latent opportunities to create
new product concepts, efforts to "listen to customers" inevitably — and ironically —
wind up focusing company attention on an innovation along visible dimensions.

In short, for realizing invisible innovations, needed are seeing invisible dimen-
sions of customer value, and then showing customers invisible dimensions of an
innovation. This requirement of seeing and showing invisible dimensions presents
challenging new issues to organizational knowledge creation. Compared to creat-
ing an internal organizational context that encourages internalization and sociali-
zation, it is far more difficult to create a comparable external environment — espe-
cially one that encompasses customers over whom one exerts no direct influence.
Companies intending to create invisible innovations must build bridges to their
customers — I call this creating "context" for interactions — that allow knowledge
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to be internalized and socialized more consciously and proactively than is possible
during the usual in-house accumulation and dissemination of tacit know-how.
Greater depth of customer interaction, both direct and indirect, is indispensable to
seeing and showing invisible dimensions.

Software development team leaders at Nintendo who have many hit games to
their credit don't "listen" to customers, nor do they spend much time playing
games themselves. Instead, their approach is to peer over the shoulders of users
who are actually playing games, observing such play closely and in great detail to
discover what customers truly seek in games. They analyze through single-minded
observation; the over-the-shoulder perspective allows them to see what users find
fun, surprising, emotionally compelling, or boring, and how they move controllers
in response to their feelings. Developers say that frequently moving between the
developer and player perspectives in this way is indispensable to creating interest-
ing new games.!” For example, while developing the Super Mario 64 game, the
Nintendo team believed that camera motion would be the key to fun and comfort-
able three-dimensional play. Until then, three-dimensional games didn't place the
camera in any special position or otherwise use it in novel ways; the camera sim-
ply tracked the hero. As a result, depending on how the hero moved, he would of-
ten end up hidden behind an object, invisible to the player. Patiently observing us-
ers at play and accumulating insight after insight concerning user experience
enabled Nintendo's developers to create "fun game software." Here, too, "seeing
the invisible dimension" through internalization and socialization with customers
played a crucial role in creating a new product concept.

It is relatively easy to demonstrate to customers the value of specific differenti-
ated functionality. But it is no trivial matter to get customers to understand the
value of product concept innovations, precisely because the value dimensions are
invisible. Another key to concept innovation is making customers understand the
invisible dimensions of concept innovation. However, "showing the invisible di-
mension" is the most important, yet most difficult, task. A one-time product or
service "transaction" alone cannot correctly communicate concept values to users.
Companies need continuous interactions with users. Moreover, "ongoing customer
relationships" in the form of conventional after-service and post-sale support are
inadequate. Follow-up services and post-sales support usually assume the exis-
tence of visible dimensions such as functionality, performance, and quality, and
try to respond to customers’ complaints or problems along those dimensions; they
don't necessarily promote understanding or reinforce invisible dimensions of con-
cept innovations. In order to get customers to fully understand value of concept
innovation, companies must deliberately build and provide a context for internali-
zation and socialization with customers.

We previously saw how Apple's iPod succeeded with its concept innovation.
Apple's promotions didn't simply emphasize the iPod's design and functionality;
the company worked continuously to spotlight post-purchase user experiences and
how the iPod concept matched a new type of lifestyle. Next, by releasing iTunes

17 Author interview with Iwata Satoi, then-Director of Nintendo's Management Planning

Group 5/2001
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music editing software and launching its iTunes Music Store in 2003, Apple fur-
nished a context for users to continuously extract and reinforce the iPod's value
through repeated use. iTunes lists more than 30 million songs, and by 2004 it had
won 70 percent of the fee-based Internet music market. But because of the low
$0.99 per-song price, iTunes itself is not especially profitable. The key source of
Apple's music business earnings is the high-priced yet popular iPod, which enjoys
a 30 percent market share. Connecting an iPod to a computer lets users immedi-
ately copy downloaded tunes onto the device so they can easily carry their favorite
music with them wherever they go. iTunes is thus a powerful tool for encouraging
customers to use the iPod in ways consistent with Apple's new concept.'®

Spontaneous interactions between customers are the most effective way to
communicate invisible dimensions embodied in a new product concept. When it
began selling its Pokemon game, Nintendo simultaneously released two versions
featuring different character ratios. For example, the A-Bok character appears fre-
quently in the "Red" version of the game, while the Persian character is almost en-
tirely absent. In the "Green" version of the game, the ratio at which these two
characters appear is reversed.!” The purpose is to create a mechanism for promot-
ing the new concept of Pokemon as a fun game, whereby players collect cards,
"battle" with friends, and exchange characters. In this case, the "context" for cus-
tomer interaction is built into the product itself. In a sense, the Pokemon game has
already begun when potential users look around to see which Pokemon software
their friends have, then agonize over whether to buy "Red" or "Green" versions of
the game. Nintendo's unique insight into how it could spark interactions between
customers drove the company to develop two different versions of Pokemon.

In 2004 Nintendo released a new Pokemon series for the Game Boy Advance
(GBA), a portable game player. This new software is bundled with a "wireless
adapter" peripheral device. The adapter allows GBA owners to transmit data wire-
lessly between them without incurring communications charges. Previously GBA
owners had to connect their players to cable Internet or other online services in or-
der to exchange cards or battle friends. With the wireless adapter, they can readily
battle or exchange cards without fussing with wire connections. The software also
has a "Union Room" feature that provides a virtual space in which wireless
adapter-equipped GBA users can assemble. Once a player enters the Union Room,
his wireless adapter automatically searches for other comparably-equipped players
in the area, and starts transmitting when it finds one.?’ These tactics can be under-
stood as Nintendo’s way of promoting customer understanding of the value inher-
ent in the product concept by furnishing a context for spontaneous user interac-
tions.

18 Nihon Keizai Shimbun 3/1/2004
Nihara Shigero, Nihon no Yushu Kigyou Kenkyu [Inquiries into Outstanding Japanese
Companies], Nihon Keizai Shimbunsha 2003

20 www.pokemon.co.jp (3/2004)
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Conclusions

Amid growing commoditization, companies must devise innovation strategies for
regaining customer WTP. There are two basic ways: building a specialized sub-
system black box which competitors are unable to imitate, or innovating a product
concept along invisible dimensions. Literature on strategic management of innova-
tion has paid much attention to the black box strategy. Our perspective of the visi-
bility of innovation dimensions sheds new light on issues often overlooked under
conventional innovation theories that tacitly or explicitly assume the existence of
visible dimensions. Escaping commoditization through invisible innovations re-
quires a firm to re-conceptualize innovation and competition under a completely
different paradigm. That is the key message of this paper.

The concept of invisible innovation is not completely new. Companies in the
fashion and entertainment industries have long been acutely aware of these ideas.
Strategy, marketing, and innovation scholars, too, have discussed related issues, if
only in bits and pieces, using terms such as value proposition, experience econ-
omy, emotional benefits, brand, CRM, design management, and so forth. But at a
time when many companies and industries suffer from falling profitability due to
commoditization, it can be tremendously beneficial to reconceptualize strategy
from the standpoint of visibility of innovation dimensions. I believe one key bene-
fit lies in the potential of this perspective to provide a common language of dis-
course for the many arguments and experiences expounded in different industries.

What's important now is to transcend disparate industry- and company-specific
practice to a more universal view of how firms can create "differences" between
themselves and rivals through innovations. The concept of invisible innovation
proposes logic to achieving that aim.



The Customer System and New Product
Development: The Material Supplier's Strategy in
Japan

Junichi Tomita and Takahiro Fujimoto

Introduction

Who is the real customer and what does he need? Recently, as customer needs
have become increasingly sophisticated and diversified, new product development
competition has also intensified in many industries. In order to offer the customer
new value, it is one of the most important tasks for firms to understand their rela-
tionships with their customers.

In general, customer relationships have become more complex for suppliers
than their relationships with final products manufacturers. For instance, for poly-
mer manufacturers for coatings direct customers are coatings manufacturers,
though it is more important to understand their buyers’ needs. These customers in-
clude wholesalers, general contractors, and owners of buildings. Moreover, design
offices, general contractors, and painters etc. often influence the coatings specifi-
cations that the owners finally decide upon.

In short, for polymer manufacturers for coatings customers form a hierarchical
structure and these broadly defined “customers” are often dependent on each other
and have diverse needs. Therefore, it is not only necessary to consider the inter-
mediate user (final products manufacturer), but also the end user (consumer)’.
This paper defines the downstream of the value chain as a “customer system,” and
argues what an effective development pattern in a “customer system” oriented
manner should be through a case study. It is important to understand the informa-
tion flow in the customer system in the product development process.

We seek to answer what impact the product development process in a “cus-
tomer system” oriented manner has, and in what conditions the process is most ef-
fective. This paper examines these questions by means of a case study.

Our previous research revealed that material suppliers who corresponded to the inter-
mediate user needs adequately tended to fail in sales, but the suppliers that anticipated
in advance the potential needs of consumers tended to success in sales (in 35 materials
development projects) (Kuwashima and Fujimoto 2001; Tomita 2003a). This result im-
plies that even material suppliers are required to understand the end user needs.
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Customer System

It is not a new idea at all that customers form a hierarchical structure. It has al-
ready been discussed in research on distribution channels, relationship marketing,
supply chain management, and value networks, etc.

For instance, in channel selection theory, channel selection is treated as a struc-
tural problem including two or more players at multiple stages (Takashima 1994).
In research related to relationship marketing, it is suggested that it is not only nec-
essary to pay attention to dyad relationships such as seller-buyer (customer) rela-
tionship, but also to hierarchical relationships including suppliers, firms (final
products manufacturer), distributors, and the end user in the value chain (Day and
Montgomery 1999).

The value network describes how all products are nested into a product hierar-
chy structure (Christensen 1997). Research on supply chain management shows
that a firm cannot achieve competitive advantages without supply chain manage-
ment and that it should understand strengths and weaknesses by analyzing three
levels of the supply chain: organizational structure level, technological level, and
business process capability level (Fine 1998).

However, such a hierarchy of customers has hardly been discussed in the con-
text of the new product development process. This is due to the fact that in re-
search on product development management, a simple dichotomy is assumed with
regard to the firm-customer relationship: one vis-a-vis many (final products manu-
facturer vis-a-vis many end user) in the final products case, and one vis-a-vis one
(one supplier vis-a-vis one final products manufacturer) in the components/raw
materials case (Clark and Fujimoto 1991; von Hippel 1988).

Exceptions are Kuwashima (2003) and Fujita and Ikuine (2005). Kuwashima
(2003) researches industrial product development in the chemical industry, and
discusses that a direct approach to the end users called “customer of customer”
strategy is needed in cases, such as when the direct customer cannot appropriately
translate end users’ needs into suppliers’ specifications. Fujita and Ikuine (2005)
research non-packaged software development, and argue that acquiring informa-
tion by “organizing users” is an effective pattern in rapid prototyping. Although
they comment that organizing customers beyond the boundaries of firms is effec-
tive in product development, they hardly discuss interdependent relationships of
multiple customers.

On the other hand, a lot of research on supplier systems is related to hierarchi-
cal structures between firms. But these studies mostly focus on the final products
manufacturer’s view and only a few proceed from the supplier’s point of view.
Exceptions are Nobeoka (1996) and Konnnou (2003). They address the scope of
customers and observe that broader a scope of customers allows for more profit-
able and continuous transactions. However, they don’t comment extensively on
the hierarchy of customers.

This paper focuses on the hierarchy of customers and examines it’s linkage to
the new product development process. Specifically, like in the components/raw
materials case, this paper assumes the situation that customers form a hierarchy
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including two or more interdependent economic players labeled "Customer Sys-
tem" (Figure 1). In the customer system, customers are often dependent on each
other and have different needs and negotiation power.

In this case, it is not only necessary to consider the intermediate user, but also
the end user (consumer). The final products may not appeal to the end user (con-
sumer) if components or raw materials are developed exclusively according to the
needs of the intermediate user (final products manufacturer). Therefore, it is nec-
essary to understand the flow of information and the interdependent relationships
between customers within the entire customer system.

Supplier

& s
Final Products Final Products
:{ | Manufacturer A Manufacturer B | i
: A A :
; A 4 v :
Distributor A Distributor B
A 7'y

4 4

End User A End User B

E........................‘ Customer System ‘........................E
<4—» Interdependent relationship is shown

Fig. 1. Conceptual map of the customer system

Why is it important to understand the customer system? To answer this ques-
tion, we first discuss the flow of information in the system. In distribution theory,
distribution flows are investigated from three points of view: transaction flow,
money flow, and information flow (Yahagi 1996).

Glazer (1989) focused on information flows and defined the distribution chan-
nel including supplier, final products manufacturer, distributor, and end user as an
information processing system with many players in the channel trying to create,
acquire, and use valuable information. Like Glazer, this paper also considers the
“customer system” as an information processing system.



76  J. Tomita and T. Fujimoto

In this case, important information for suppliers developing new products might
be needs information and seeds information. The former is the information that the
suppliers mainly receive from their customers, and the latter is the information
that they mainly provide their customers with. They can also develop new prod-
ucts more effectively by appropriately understanding the flows of their informa-
tion, and acquiring, using, as well as offering necessary information.

However, for suppliers, it isn’t necessary to acquire the information for product
development, even if the flow of information can be understood. And therefore,
such information is cut off by several factors.

Thus, the second point is whether and where the factors that cut off the infor-
mation flow exist. The main cut-off factors considered are "lack of resources",
"diverse customers’ negotiation power", "channel conflicts", "weakness of the mu-
tual trust between customers", "limit of the needs translation ability of the specific
customer” in the customer system.

If financial resources, product lineup, and sales staff lack, then it is difficult for
manufacturers to promote to distributors and end users or to collect information
from them (Corey et al. 1989).

When the specific customer’s negotiation power, i.e., economic power, infor-
mation power, and organizational power, is stronger than the other customers’
ones, only advantageous information for the specific customer might flow (Ishi-
hara 1982; Takashima 1994).

If goals or needs of channel members are different from each other, then chan-
nel conflicts occur within them, and necessary information is likely to be transmit-
ted inadequately (Stern et al. 1989; Uehara 1999).

In trust relationships, when the mutual trust between customers weakens, they
might not offer important information (Sheth and Parvatiyar 2000).

End user needs might not be adequately transmitted to the supplier, when the
intermediate user needs and end user needs are different from each other, or when
the final products manufacturer can’t exactly translate end user needs into compo-
nents/raw materials specification (Kuwashima and Fujimoto 2001).

Moreover, above-mentioned factors often exist simultaneously in the customer
system. If some cut-off factors exist, they should be removed, weakened or
avoided. It is the first step of a customer-oriented strategy to understanding the in-
formation flow in the customer system

To examine how the customer system orientation has been applied in new
product development by a supplier, this paper focuses on the case of LUMIFLON,
a fluoropolymer developed by Asahi Glass Company, Limited (AGC).
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Case Study — Development of LUMIFLON at AGC’

Product Feature

In 1982, AGC developed and commercialized the first soluble fluoropolymer for
coatings called LUMIFLONS3. In general, coatings are composed of four basic
elements: polymer, pigments, solvent, and additive. Especially the polymer has a
strong impact on the specifications of coatings (weather resistance, gloss retention,
adhesiveness, flexibility, transparency, etc.).

LUMIFLON offers some excellent features such as a superior weather resis-
tance and durability compared to existing coatings’ polymers such as acrylic sili-
con, and has been applied in wide markets, i.e., large-scale buildings, bridges,
cars, airplanes, and plants since it was introduced to the market.

LUMIFLON is now used in about 80% of all cases as fluoropolymer for coat-
ings except for those, which need to be applied at high temperatures in factories
for example. And it recorded 15000 usages for about 20years since entering the
market.

Development of LUMIFLON

In 1975, the development of LUMIFLON began. At that time the buildings in Ja-
pan, were planned to be built ever higher, and concerns about the long-term main-
tenance of these building rose. But the existing coatings for the exterior of these
buildings needed frequent repainting because of low durability. AGC expected
high potential demand for durable coatings, and started to develop a soluble
fluoropolymer for coatings.

At AGC’s Yokohama Laboratory, the synthetic research team consisting of 3 or
4 members was formed, and research of fluoropolymers for coatings started. At
that time, another fluoropolymer for coatings already existed, but it wasn’t soluble
well and needed to be applied in factories at high temperatures. Therefore, the
goal was set to develop a highly durable coating that could also be applied to
large-scale buildings.

After five years of experimentation, a prototype of this polymer was developed.
The new fluoropolymer obtained was named LUMIFLON (LF). As a result of
having promoted LUMIFLON, AGC had come to develop a new coating jointly
with three coating manufacturers. At AGC, the LF-team consisting of 15 members
from the synthetic research team, the applied research team, and the process de-
velopment team cooperated with the other coating manufacturers in the joint de-

2 Details of the case are discussed by Tomita (2003b).

3 LUMIFLON is the brand name, and the formal chemical name of this polymer is
Fluoroethylene-Alkyl Vinyl Ether (FEVE). At that time, another fluoropolymer for
coatings already existed, but it wasn’t soluble in a solvent well and needed to be applied
in factories at high temperatures. Therefore, a highly durable coating that could also be
used for large-scale buildings didn’t exist.
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velopment project. Thus, the new coating was developed by close cooperation be-
tween four firms.

Sales Failure and Cause Analysis

In 1982, the new fluoropolymer coating was offered in the construction market at
first, but was hardly sold. Analyses revealed that there were several problems:
First, the price of the new coating was higher than the price of existing ones. Sec-
ond, evidence of LUMIFLON’s durability was insufficient because it could only
be acquired after a period of several years (Matsushita 1991). Third, painters,
LUMIFLON’s customers’ customers, wouldn’t accept the new coating, as they ar-
gued that “if high durable coatings were adopted, then painters” work would de-
crease.” Fourth, wholesalers and general contractors also tended to avoid buying a
new coating because of the high sales risk. Rather, they aimed for large transac-
tions involving existing coatings to obtain higher margins. Fifth, sales promotions
by coating manufacturers were insufficient. Coating manufactures also tried to ob-
tain the orders of big customer (for existing coatings) in order to gain market share
efficiently. Therefore, they didn’t focus on sales of the new coating.

As mentioned above, the advantages of LUMIFLON such as high durability
weren’t transmitted adequately to the end user (owners of buildings). Another
problem was that coating manufactures couldn’t understand the needs of owners
of buildings adequately, because they tended to focus on close customers like
wholesalers and general contractors (Figure 2(a)). The following comment ex-
presses the problems of the coatings industry well:

“In the coating industry a firm in the distribution channel tends to meet with di-
rect customers, i.e., general contractors and design offices meet with owners’
needs and wholesalers meet with needs of general contractors and design offices.
Therefore, only superficial needs like cheaper price are transmitted to the material
supplier, instead of potential needs like quality (durability)” (Kagaya 2002).

Towards a Market Oriented Organization: Introduction of Backsell

Based on the results of these analyses, AGC built a market-oriented organization.
In 1984 a “Project Group” was established in the chemical division to understand
end users’ needs and in 1985 a special team was set up when LUMIFLON was re-
located to “Star Products™. This was a cross-functional team consisting of sales,
R&D, and production and was managed independently from other teams under the
direction of the Star Products Leader.

In addition, in 1985 AGC aimed at market development by using an approach
called "Backsell" in cooperation with selected coatings manufacturers. Backsell
meant that polymer manufacturers like AGC promoted their products from down-
stream to upstream in the distribution channel. For example, first AGC’s promo-

4 Star Products was an in-house venture system at AGC.
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tion of LUMIFLON based coatings was directed at end users (the owners of build-
ings) and only in a second step was it also geared towards general contractors.
(Matsushita 1991) (Figure 2(b)).

(a) Information Flow (b) Information Flow

(before Backsell) (after Backsell)
Polymer Polymer
Manufacturer Manufacturer -
l A l A
Coatings Coatings :
Manufacturer Manufacturer et
l A l A
Wholesaler Wholesaler
v |
General General
Contractor / Contractor /
Painter Painter
l A l A
Owner Owner
Developer Developer
p p

— Seeds (New Product) Information Flows

------------------- » Needs Information Flows

Fig. 2. Information flows before and after Backsell

Market Development

Based on the market oriented organization described above, coating manufacturers
such as AGC tried to promote LUMIFLON based coatings to end users by their
Backsell approach. Target markets were buildings, construction, and cars. Goals
were set to develop these markets. As mentioned above, the definition of the
Backsell was an approach for end users, but its practical goal was a broader range
of activities as follows.

1. Transmission of technical information and adequate collection of information
on needs

2. Proposals of joint product development with coating manufacturers in order to
develop new markets
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3. Provisions of incentives to each level of customers by offering new orders from
end users

We now explain how AGC behaved to achieve its goals by analyzing the case
of the buildings market. In the market, LUMIFLON based coatings are now
widely applied from regular houses to large-scale buildings, event halls, as well as
shrines and temples.

Transmission of Technical Information and Adequate Collection of
Information on Needs

In the construction market, AGC tried to approach as follows to transmit the tech-
nological (seeds) information adequately (Figure 2(b)). That is, sales promotion
was done with samples, panels, photos, test data by catch phrases, i.e., “mainte-
nance free”, “many color variations”, “high design quality”. In those cases, AGC
asked around about owners’ buildings each in order to understand owners’ needs
adequately. Thus, technological (seeds) information was adequately transmitted

and information on new needs was collected.

Proposals of Joint Product Development with Coating Manufacturers
in Order to Develop New Markets

If AGC took orders by communication with owners and LUMIFLON based coat-
ings were accepted at the design stage, LUMIFLON would certainly be used.
However, there were cases in which AGC and other coatings manufacturers
weren’t able to develop coatings immediately, because the needs of building own-
ers were often diverse, highly technological or very vague, such as “remove stains
easily”, “building design arrangement with rows of houses” and so on.

In those cases, based on owner’s needs AGC developed (improved)
LUMIFLON based coatings jointly with coating manufacturers and presented new
coatings to the owner. This development cycle was repeated until the owners of
buildings gave his approval.

Provision of Incentives to Each Level of Customers by Offering New
Orders from End Users

As mentioned above, general contractors and painters saw little merit in adopting
LUMIFLON based coatings. Then, AGC tried to increase sales by giving incen-
tives to its customers. For instance, AGC not only promoted LUMIFLON to gen-
eral contractors and painters but also offered them new orders for LUMIFLON
based coatings from end users (owners of buildings). As a result, they had incen-
tives of using the coatings.

Moreover, if coatings manufacturers were able to increase new orders from
building owners, they sold large quantities of LUMIFLON based coatings. As a
result, AGC offered to build long-term cooperative relationship with them.
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Consequently, by introducing the “Backsell” approach, AGC linked market de-
velopment with product development (improvement) effectively, and also has ap-
plied the coating to other markets, i.e., bridges, cars, airplanes, and plants, etc.

Management of Customer System

Based on the LUMIFLON case, this section discusses how a customer system ap-
proach like Backsell influences the product development process and in what kind
of situation this approach is effective.

Influence of Customer System Oriented Manner

In the last section, we described how AGC used an approach called Backsell in
order to increase sales of LUMIFLON based coatings. This system discusses what
impact the product development process in a “customer system” oriented manner
has, and in what conditions the process is most effective

In LUMIFLON’s case, there were the following two problems from a customer
system point of view. First, AGC couldn’t understand the needs of buildings’
owners adequately. Second AGC encountered the problem that it couldn’t transmit
new product information (seeds information) to the owners adequately. Factors
underlying these problems such as channel conflicts, limits of the needs translation
abilities of specific customers, and diverse customers’ negotiation power were
identified, which influenced the distribution channel for construction coatings in-
cluding coating manufacturers, wholesalers, general contractors, painters, and
owners (developer) of the buildings (Figure 2(a)).

With regard to the first problem, AGC depended on coating manufacturers to
promote LUMIFLON based coatings. However, owing to the limited number of
sales people, the coating manufacturers couldn’t promote enough. They rather fo-
cused on bulk orders for existing coatings by big customers (wholesaler and gen-
eral contractor) in order to get market share efficiently.

In sum, the goals of AGC and coating manufacturers were different from each
other. And the power of big coating customers strongly influenced sales decisions
of coating manufactures. As a result, it seemed that coating manufacturers
couldn’t acquire enough information on owners’ needs and translate it into poly-
mer specifications adequately.

In addition, the latter problem also resulted from channel conflicts. The whole-
salers and general contractors also tended to avoid buying a new coating because
of the high sales risk. Rather, they aimed for large sales of existing coatings to ob-
tain more favorable margins.

Furthermore, the painters tended to avoid using the durable coatings because
using them might lead to decrease the coating order for the long term.

That is, the goals of AGC, wholesalers, general contractors, and painters were
different from each other. As a result, AGC and the coating manufacturers
couldn’t transmit technological information to the owners adequately.
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Due to these goal differences between AGC and its customers, AGC couldn’t
transmit new product information (seeds information) to the owners adequately.

Based on these results of its analyses, AGC built a market-oriented organiza-
tion. In 1985, it tried to develop its markets by using an approach called "Back-
sell" in cooperation with a few coating manufacturers. This approach helped to
weaken, remove, or avoid the factors that cut off the flow of information in the
customer system. First, action 1. and 2. described in the last section allowed AGC
to avoid the cut-off factors (channel conflicts) and transmit new technological
(seeds) information and to collect information on needs by contacting owners di-
rectly. Second, action 3. in the last section enabled AGC to weaken the cut-off
factors (channel conflicts) further by giving incentives to wholesalers, general
contractors, painters.

As a result of its analysis, AGC implemented a customer system called Back-
sell, and achieved a high market share by feeding back needs information to the
product development process and by promoting new technological (seeds) infor-
mation to the end users.

Effectiveness of Customer System Approach

Next, we investigate in which situation the customer system approach is most ef-
fective. Generally speaking, this approach isn’t always critical to the new product
development of a supplier. For instance, when a new product is a commodity that
is difficult to differentiate, or when the intermediate user translates end user needs
into component/raw material specifications adequately, the supplier only has to
correspond to the intermediate customer needs accurately (Tamura 2001; Akase
2000).

On the other hand, when the supplier doesn’t understand the needs information
adequately, or when it doesn’t transmit the new product (seeds) information ade-
quately owing to above-mentioned factors, i.e., "channel conflict", and "diverse
customers’ negotiation power", etc., the customer system approach should be ef-
fective.

In addition, it is important to discuss in which stage of the product development
process a customer system approach should be started. In this case study, this ap-
proach was employed as an emergency measure — so to speak — after the commer-
cialization of the polymer for coatings. Yet, sales-opportunity losses after com-
mercialization could possibly have been avoided if this approach had been taken
before commercialization. Based on this case study, we thus argue that executing s
customer system approach during the early stages of new product development is
also effective.

Knowledge Accumulation of Customer System

This chapter suggested the “customer system” and argued how an effective devel-
opment pattern in a “customer system” oriented manner should be executed by
means of a case study. It is implied that suppliers not only need to consider the in-
termediate user, but also the end user or their customers’ customers in their new
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product development process. It also implies that knowledge accumulation
through a customer system may be an important aspect of new product develop-
ment for suppliers.

Knowledge about the customer system consists of knowledge about each cus-
tomer’s needs in the customer system and knowledge related to interdependencies
between customers. Ogawa (2000) stated that “background knowledge of needs”
is needed to translate needs information into necessary functions for customers
and this type of information can only be obtained by participating in the activity
that generates the information. Knowledge of the customer system in this chapter
is also closely related to “background knowledge of needs” because suppliers can
only get information by contacting the customer system directly.

However, for knowledge accumulation the opposite may be true. For instance,
in a piece of research on supplier management, Takeishi (2003) mentioned that
having organizational capabilities in-house which evaluate suppliers from multiple
angles is a critical point in order to effectively outsource for car manufacturers. It
implies that knowledge accumulation about the supplier system is also important
for final products manufacturers.

Of course, this research and our findings are subject to several limitations: We
focus on a single case study. More sophisticated conceptualization and systematic
analyses are needed in the future.
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Part ll: Process Aspects



The Japanese Know-Who Based Model of
Innovation Management — Reducing Risk at High
Speed

Sigvald J. Harryson

From Time-Based Competition to Time-Based Innovation

Introduction

Global competition and risk in innovation call for unique approaches and pro-
cesses to win on time with outstanding projects. Time-based competition in inno-
vation received particular attention in Japan in the 1980s and the early 90s
(Abegglen and Stalk 1985; Harryson 1998; Stalk and Hout 1990). This is also
where our research started with more than 150 interviews conducted during the
mid-90s and follow-up interviews in early 2000 to explore and better understand
how Canon, Sony and Toyota manage to reduce time in their innovation pro-
cesses. The interviews were conducted across all functions performing and super-
vising innovation, including some top executives, such as Akio Morita in June
1993, who strongly inspired the development of the know-who based concept
through the following statement:

The driving force of our rapid innovation is the conviction that if we lose money we
can always recover, but if we lose time we can’t. Therefore, time has always been a
critical issue at Sony. The best way to gain time is to communicate a lot and establish
as many personal relationships as possible... The more people you know, the better
it is.

Whereas know-how is the ability to solve problems efficiently based primarily
on internally accumulated knowledge, experience, and skills, know-who is the
ability to acquire, transform, and apply that know-how through personal relation-
ships. The ‘who’ in know-who based companies knows who has the know-how,
has the active empathy to rapidly establish the trustful relationship required to ac-
quire that know-how, and has the multiple competencies required to transform and
apply it in a new context so that innovation can occur. Increasingly, it seems that
to know who has the know-how gives new opportunities for corporate entrepre-
neurship and disruptive innovation through proactive exploration and creation of
new knowledge and invention, while simultaneously using know-who to transform
the results into target-driven and resource-efficient R&D processes for global ex-
ploitation of innovation.
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An important suggestion of our research on all three Japanese companies is that
external sourcing of technologies and skills does not have to result in a hollowing
out of internal R&D capabilities. In contrast, it seems to energize and create pow-
erful synergies in know-who based companies’ capability to network tacit knowl-
edge into innovation. Neither these networking synergies have been revealed so
far in the current literature on the topic — nor how to combine exploration and ex-
ploitation of disruptive technologies by leveraging such networking synergies
across individual, corporate and extra-corporate levels.

Reviewing Current Literature on the Topic

As witnessed by numerous authors, the Japanese approach to managing innovation
processes — especially in the automotive and consumer electronics industries —
provided a role-model for many other industries and companies across the globe
during the 1980s and early 1990s (Ayas 1996; Clark and Fujimoto 1990, 1991,
1992; Jones 1990; Nonaka and Kenney 1991; Pinto and Kharbanda 1996;
Womack et al. 1990). National and corporate networks are often provided as ra-
tionales for the high innovation performance of Japanese companies during this
period (Laage-Hellman 1997; Imai 1989a, 1989b). Assimakopoulos (2003, p.103)
even holds that:

The very existence of Japanese innovation is enough to confirm the responsibility of
the country’s networks; no further evidence is required.

Reviewing further key elements of this Japanese approach, another important
factor is that project managers usually rank as high as division managers and exer-
cise strong informal leadership. They coordinate entire projects, including produc-
tion and marketing, and have direct influence on working engineers. Through their
strong power and status, they can mobilize all the resources necessary to design,
develop, and commercialize a new product or service.

Very challenging targets are either induced by top management or emerge
within the team. They usually begin as overall visions that involve contradictions
in terms of opposing views or technological limitations, which make them hard to
reach (Itami 1987, p. 92; Nonaka 1988a, p. 15, 1988b, pp. 66—67). The initial vi-
sions are often equivocal and gradually disintegrated into more tangible tasks and
goals!'. The teams are quite self-organizing, autonomous and ensure overlapping
development phases in a ‘rugby approach’ (Imai et al. 1985; Kenney and Florida
1993, p. 61; Parsons 1991, p. 16; Smothers 1990, p. 523; Takeuchi and Nonaka
1986, pp. 137-41; Walker 1991) where engineers follow the project across its
overlapping phases, thus ensuring that generated knowledge is incorporated into

! The development of the Toyota Lexus (Harryson, 1995a; 1998) illustrates how visions

are used in practice. See also Bartlett and Ghoshal (1989, p. 204); Clark and Fujimoto
(1990, p. 110, p. 118); Schiitte (1991, p. 266). Kusunoki (1992, pp. 69-70) and Nonaka
(1988, p. 10) provide good examples of disintegration.
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the project until it turns into a manufactured product. A tradition of frequent inter-
action between divisions and, perhaps more important still, across corporate bor-
ders promotes parallel development for optimal speed (Aoki 1988, p. 216; Hamel
1991, pp. 96-99; Imai et al. 1985, p. 543; Nonaka 1990, pp. 28-32; Schiitte 1991,
p- 267).

Sharing of information through open communication is well reported (Ealey
and Soderberg 1990; Hatvany and Pucik 1982; Karlsson 1989; Kennard 1991;
Kenney and Florida 1993; Kobayashi 1990; Lu 1987). This lays the ground for a
greater degree of overlap. It is usually argued that information-sharing activities
take place in an environment of creative chaos with few managerial hierarchies or
formalism (Nonaka 1988a, pp. 61-62, 1990, pp. 28-33, 1991, pp. 96-104, 1994,
Ealey and Soderberg 1990, p. 8; Hedlund and Nonaka 1991, p. 34; Itami 1987, p.
92); Nonaka and Yamanouchi 1989, pp. 306-309).

Proposing a New Synergy Between Internal and External Networking

An emerging question in this context is: what is new with the know-who based
approach to knowledge and innovation (K&I) management? Many of the mecha-
nisms above are applied in companies today and external networking is clearly
recognized as an essential instrument to gain speed and flexibility. However, this
is rarely combined with the development of internal know-who, multicompetency,
or the use of human knowledge carriers. This is where the unique networking syn-
ergy emerges as the external networking for acquisition of specialized technolo-
gies and skills can enhance a company’s ability to develop internal know-who and
networking capabilities. Know-who based companies develop outward-oriented
entrepreneurs and multiple K&I networks, not only for R&D and innovation, but
also for the overall management of technologies and skills within and beyond the
company. In a highly holistic manner, these networks both explore and exploit ex-
ternal sources of creativity and technology to commercialize the knowledge ac-
quired thereby through a synergistic combination of external and internal network-
ing. Here, ‘External networking’ refers to the process of linking a firm with
extracorporate sources of technology. ‘Internal networking’ refers to the integra-
tion of the research, development, production, and marketing functions that make
up the innovation process. The ‘synergistic’ combination of external and internal
networking is a process by which the acquisition of technology from external
sources enhances a company’s ability to commercialize that technology through
integrative mechanisms inherent in the know-who based approach.

A second aspect that has not been highlighted in literature so far is the para-
doxical coexistence of hierarchy and its opposite, ‘heterarchy’ as introduced by
Hedlund (1986), which is a cornerstone of the know-who based approach. Most
literature emphasizes the self-organizing and organic aspects of Japanese innova-
tion management, but does not describe the role of hierarchy to move from explo-
ration to exploitation, so as to navigate around two dilemmas of innovation that
will be introduced in the theoretical framework.
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Introducing a Know-Who Based Approach to Networking

The new economics of information and knowledge, coupled with accelerating
technological complexity and shrinking product live cycles?, create intractable di-
lemmas for companies that rely on internal technological development to meet
their K&I needs. Such know-how based companies often seem to be ‘stuck’ and
unable to respond quickly enough to time-paced (Eisenhardt and Brown 1998;
Tabrizi and Walleigh 1997) market shifts, because they have concentrated on
making their pool of knowledge and technology more and more specialized. In-
stead of preserving their competitive edge, this has actually left many people in
marketing, R&D, and production short of the cross-functional skills they need to
perform rapid and radical innovation®. Exploiting given advantages does not seem
to be sufficient in a competitive environment that increasingly calls for creation of
novelty — geared towards clearly identified or successfully created market needs.
Due to the decomposition* of the industrial system and its value-chains, many
firms increase their knowledge intensity through deeper specialization. Paradoxi-
cal as it may seem, this seems to make them less well equipped to handle the
equally increasing knowledge extensity, i.c., the geographical and organizational
dispersion of knowledge important to competitiveness (Hedlund 1994, 1995). As a
consequence of these two seemingly opposite dynamic forces, it appears that the
real challenge is not simply to advance technological know-how, but to get the
balance right between technology depth (knowledge intensity) on the one hand,
and customer-driven speed of delivery through concrete market applications with
global reach (knowledge extensity) on the other hand.

The know-who based approach’s synergistic combination of external and inter-
nal networking anchors on two theoretical dilemmas of innovation, which seem to
limit the efficacy of pure internal technological development:

e The dilemma of technological leadership is that its successful pursuit tends to
focus firms on intracorporate activities. This decreases their sensitivity and re-
sponsiveness to external technological and market factors that ought to guide
product development. Moreover, the rigidity of typical technology problem-

The importance of time is well captured by Nelson and Winter (1982, p. 279), who, in
turn, refer to Schumpeter’s thinking, as they contend that ‘the payoff to an innovator
may depend largely on his ability to exploit that innovation over a relatively short pe-
riod of time’. See also Stalk et al. (1990, 1992) for more recent findings on time-based
competition.

3 Hedlund (1992, p. 16) states that ‘it is by now well-known that inter-functional collabo-
ration problems are at the root of difficulties to develop new products’.

Hedlund (1994, p. 19) rolled out pioneering thoughts on decomposition through a sce-
nario in which ‘strong intensification and extension of knowledge would lead to the de-
composition of the industrial system, entailing a global dispersion of specialized activi-
ties, in many cases eschewing existing firm boundaries’. That scenario is absolute
reality today, and these thoughts on decomposition are being published widely by lead-
ing consulting firms such as Blown to Bits by Evans and Wurster (1999).
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solving processes impedes cross-departmental collaboration and knowledge
transfer across units, which are vital enablers for radical innovation. The tech-
nology development process becomes increasingly self-driven and irreversible®.

The decreasing networking capability also makes it more difficult for the or-
ganization to unlearn and to create new knowledge. Finally, the knowledge trans-
fer that needs to take place between R&D, design and manufacturing (D&M), and
marketing and sales (M&S) decreases as well. The resulting functional isolation
and loss of networking capabilities thus make it highly unlikely that knowledge
will transform into innovation. The tacit knowledge-base might increase at the
level of specific individuals, but without systematically transforming it into organ-
izational knowledge that creates any real business impact. This dilemma provides
an initial rationale for external sourcing of specialized technologies and skills,
which is further strengthened by the second dilemma:

e The organizational dilemma of innovation is that the creation and exploration
of inventive technologies and knowledge appear to require small and organic
organizational structures, whereas rapid innovation through effective exploita-
tion of that knowledge, in contrast, calls for large and rigid organizations
(Burns and Stalker 1961; Nonaka and Konno 1998; Nonaka et al. 1994; Martins
and Terblanche 2003; Stern 2004). Companies trying to achieve entrepreneur-
ship by pursuing both creative invention and rapid innovation are most likely to
be caught in this dilemma.

As suggested by Figure 1, the organizational dilemma of innovation can be de-
scribed along the two critical dimensions that seem to influence an organization’s
capability to explore and exploit knowledge, i.e., size of the organization and the
degree of managerial hierarchy.

While the lower left-hand square seems to be most adequate for organic knowl-
edge flows that stimulate creative invention, the upper right-hand square depicts
the ideal conditions for well-structured and efficient processes. Accordingly, for
innovation to happen, both small organic organizations and a large hierarchic unit
are typically required.

He and Wong (2004) make a significant contribution to our knowledge about
ambidextrous organizations’ pursuit of both exploration and exploitation and how
this combination impacts the overall innovation performance and sales growth
rate. Their extensive empirical study of 206 innovating firms provides support for
the two alternative interpretations of the ambidexterity hypothesis, namely that:

1. The interaction between explorative and exploitative innovation is positively
related to sales growth rate; and

2. The relative imbalance between explorative and exploitative innovation strate-
gies is negatively related to sales growth rate.

5 In this context, O’Connor et al. (2002) note that companies that dominate one genera-
tion often fail to maintain their leadership in the next, as a result of self-confidence and
perhaps also of focusing too much on incremental innovation. See also Kusunoki
(1992) and Harryson (2002).
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Their data also shows that for highly ambidextrous firms that consider both ex-
ploration and exploitation as ‘very important’ the relationship between ambidex-
terity and sales growth rate becomes insignificant. Accordingly, He and Wong
(2004, p. 492) conclude that ‘the organizational tension inherent between explora-
tion and exploitation may become unmanageable when both are pursued to ex-
treme limits’.

Massive Chaos Effective Knowledge
Exploitation for Rapid
Innovation

« Strong and stable bureaucracy
« Strong production capability

* Incremental improvement

* Rigid processes

 Large MNCs with rich R&D
Large resources that are organic
enough for creative invention
and exploration, but too
unstructured to handle large-

Size of Unit/ scale exploitation
Organization Imaginative Knowledge :
9 9 . . 9 Decentralized Bureaucracy
Creation and Radical
Inven1:lon . - * Large hierarchic MNCs with
Small « Creative chaos/risk willingness small, decentralized R&D units

* Unlearning/creation of novelty

 Organic personal interaction
through collegial relationships

» Autonomous and self-organizing

that are still under hierarchic
control
» Excessive decentralization

Organic/Heterarchic Mechanistic/Hierarchic
Managerial System

Fig. 1. The paradoxical organizational needs of radical innovation

So, then, how can companies bring disruptive technologies to market and
achieve both speed and revolution in innovation? In practice, this would call for a
management approach that interlinks the two (shaded) opposite ideal positions
without moving into the undesired positions of massive (exaggerated) chaos or
decentralized bureaucracy. These two (white) fields are organizational dis-
equilibriums that seem to work against innovation. The main challenge for most
companies is to be innovative and exploit the results globally, while avoiding
these two dilemmas of innovation — which brings us back to the know-who based
approach — this time explored in a network perspective outlined in further detail
below.

Proposing a Network Perspective to Enhance Our Understanding of
Growth Through Innovation Performance

As an overall reflection on both theory and practice, it seems that relationship-
building for multilateral knowledge-sharing is critical both in creating and exploit-
ing innovation. Numerous authors have adopted a network perspective in which
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relationships and linkage patterns constitute the core element of analysis (Aldrich
and Whetten 1981; Bartlett and Ghoshal 1989; Easton 1992; Hakansson and Ford
2002; Hakansson and Henders 1992; Hékansson and Laage-Hellman 1984; Laage-
Hellman 1997; Jansson et al. 1990, 1995; Harryson 1995; Johansson and Elg
2002). Some general elements of such a network perspective are:

o Networks typically emerge because no organization is self-sufficient, but rather
dependent on extra-organizational resources for its sustained competitiveness.

e A network perspective aims at understanding the totality of relationships and
how they jointly accomplish the result.

e Networks are often divided into different (sub-) levels so as to better concen-
trate the level of analysis to a specific phenomenon where the main-activities
happen at that specific level of the network.

e Organizations and large corporations can be regarded and analyzed as inte-
grated networks of complex communication linkages, interdependent actors and
activities, and cross-organizational/corporate flows of resources.

As argued by Andersson (1998, p. 64),”the main message in the network view
is that cooperation is more efficient than competition for the firm’s development.”
If companies trust each other and develop bonds and communication channels be-
tween the different actors in the network, the resources and activities in the net-
work can be organized in a more efficient way. Trust, in particular, is a condi-
tional resource that can be better understood and leveraged to lubricate knowledge
transfers across islands of knowledge. We certainly know that no business is an is-
land in today’s business context (Hakansson and Snehota 1989; Hakansson and
Johanson 2001). Sophisticated networks support the creation and application of
knowledge all the way through from key-suppliers to the factory complex where
social interaction between individuals, groups and organizations is fundamental to
the corporate knowledge creation process. The combination of actors and re-
sources in multiple networks renders possible activities of tremendous breadth,
notwithstanding sharply focused individual efforts. As each individual product de-
velopment activity can be seen as part of a total knowledge creation process,
which in turn may be an integral feature of a specific network, it follows that a
network perspective will help us to more fully understand corporate technology
development and innovation processes.

According to Pfeffer and Salancik (1978), organizations are rarely able to in-
ternally generate all the resources and functions required to maintain themselves.
Hakansson (1987, 1989, 1990) considers how companies handle their technologi-
cal development in relation to external clients and organizations, particularly in
terms of collaborative projects, claiming that the question is not how the company
manages its technological development per se, but ‘how it manages to relate its
technological development to what is happening inside and between other organi-
zations’ (Hékansson 1990, p. 371). In line with the essence of holism, the right
combination of technologies and skills often yields a whole that is greater than the
sum of its parts. Accordingly, it is essential to know where these parts are and,
more essential still, to know who can best contribute to their transfer and trans-
formation, and integrate the parts into a greater whole. As opposed to the atomic
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view of transaction cost approaches, which take transactions as given instead of
considering their creation, a systemic view is required to understand how informa-
tion transactions happen, including the actors and their relationships (their know-
who).

Companies that move from know-how to know-who make extraordinarily ef-
fective® and efficient’ use of external networking to acquire both, tacit and explicit
knowledge with and from extracorporate centers of excellence. The most impor-
tant synergistic effect is that these external knowledge links free up key-
employees in the company to participate in sophisticated processes of internal net-
working with three critical objectives:

1. Enhancing the return on R&D through more effective transfer, transformation,
and application of knowledge across divisions and business units.

2. Enhancing innovation performance by ensuring that all R&D activities are
clearly attuned to market needs through the interlinking of creativity- and pro-
cess networks.

3. Enhancing the speed of innovation by securing an earlier and more intensive
knowledge transfer between R&D, design and manufacturing (D&M), suppli-
ers, and marketing and sales (M&S) networks.

Proposing a Know-Who Based Approach to Interlink Organic Flows
of Exploration and Structured Processes of Exploitation

Taking a know-who based approach to K&I management aims at identifying the
essential parts that contribute to the K&I management process as a whole. We
need to start already at the individual level and combine it with the organizational
and the extra-organizational levels. Finally, we need to better understand how
these different networks are interlinked into a whole so as to combine exploration
and exploitation — for both speed and revolution in innovation. To start with, two
different networks with different foci and key-objectives can be outlined:

1. Extracorporate creativity networks linked to the research center to internalize
external scientific knowledge of explicit and tacit nature;
2. Intracorporate process networks for more effective transformation of invention
into innovation — thus improving R&D efficiency by:
e Enabling corporate-wide diffusion and fusion of strategic technologies and
skills

Effective in the sense that any networking activities are explicitly targeted towards the
type of knowledge needed for business purposes, e.g., a specific project, or a special
skill needed for a process.

Efficient in the sense that the cost and efforts of their networking activities to acquire,
transform and apply knowledge are comparably low, thanks partly to their know-who,
which supports rapid identification of both those who have the knowledge as well as of
those who need it, and partly to their multicompetent skills, which support rapid acqui-
sition and transformation of both tacit and explicit knowledge.
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o Aligning R&D with market and customer needs through linkages to product
management and marketing networks

o Securing fast and efficient transfer of technologies and skills between R&D,
D&M, and supplier networks.

These two network levels correspond to the two organizational extremes out-
lined in Figure 1. A critical question that remains is how to manage for both, crea-
tive exploration and rapid market exploitation, i.e., how to capture the advantages
of small and big at the same time. As will be illustrated throughout the case-study,
the know-who based approach to K&I management centers around the creation
and management of organic project networks, which interlink and create comple-
mentarities between the creativity networks and process networks. Figure 2 out-
lines the two types of networks that need to be interlinked to form a know-who
based K&I system.

Process Networks for
» Knowledge (Dif)fusion

« Knowledge Transfer between >

Large R&D, D&M and Suppliers
/- Alignment between R&D, /
M&S and Product Management
Size of Unit/

Organization
Research
Center

with loose
Creativity
Networks
for Exploration of
Invention

Small

Organic/Heterarchic Mechanistic/Heterarchic
Managerial
Hierarchy

Fig. 2. Core networks of the know-who based K&I system

As suggested by the model, the organizational gap between creativity networks
and process networks needs to be bridged so as to accomplish both exploration
and exploitation. In this context, Canon’s development of the ferroelectric liquid
crystal display (FLCD) illustrates how such bridges were built in practice for crea-
tive exploration and effective exploitation of a disruptive display technology.

Canon’s Know-Who Based Approach to Commercializing
a Disruptive Display Technology

As a detailed case study, we will now investigate how Canon deployed a know-
who based approach to commercialize a disruptive technology that was invented
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but never produced in the West, where most companies claimed this would be im-
possible. A brief complementary example of a know-who based innovation pro-
cesses from Sony will follow to further illustrate and complete our understanding
of effective goal-completion and efficient knowledge transfer through a network
system. Many of the factors mentioned above will appear in this case study, but in
addition to these well-documented factors the case study will also stress the im-
portance of networking synergies through know-who and multicompetent engi-
neers, and speed and efficiency in knowledge transfer through the use of human
knowledge carriers.

Before describing the entire innovation process, from initial acquisition of the
technology to development and production of FLCDs, the multicompetent profiles
of the initial project leader, Dr. Kanbe, and of the second project manager and de-
sign and manufacturing centre manager, Mr. Hirokuni Kawashima will be intro-
duced.

Developing Multicompetent Project Managers with Extensive Know-
Who

Chief engineer Kawashima majored in physics and, before joining Canon, carried
out research in physics at a state laboratory. When he joined Canon in 1970, he
first went through a manufacturing and sales rotation program that is typical for
any researcher or engineer joining Canon, and then started his career in the Canon
Research Centre to develop photo sensors. Three years later, he started to work on
materials for copying machines:

My official location was at the Research Centre, but in fact I was serving rather as a
link between our laboratory and the development centre of a Copying Machine Busi-
ness Group.

When trial and final production started in 1980, Kawashima was moved to the
production plant in question, where he stayed for two years until production was
stable, and was then moved to a development centre of silicon drums, where he
spent a few years in the chemical division. After this period, he was put in charge
of a magnetic optical discs project. In 1988, Kawashima assumed responsibility
for the design and manufacturing centre of the Component Business Operation
Headquarters that hosted four development projects, one of which was the FLCD
project. It was at this point that he took over the formal responsibility for the
FLCD project, as this was transferred to the design and manufacturing centre. The
equally multicompetent initial project leader, Dr. Kanbe, will be described below.
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Know-How and Know-Who in Production as a Critical Prerequisite to
Enter the R&D Lab

Although Dr. Kanbe joined Canon Inc. with a PhD in solid state physics, his first
two years of job assignments were to gain know-how and, above all, know-who in
production. To begin with, he worked in a calculator production line and then in
the inspection line of a camera production line. He then gained three months of
(compulsory) on-the-job sales experience in a Canon shop before he arrived at his
desired destination — the Research Centre, where he supported research on thermal
printing technology.

This rich production experience supported Dr. Kanbe’s first formal project as-
signment, which was to develop a toner production process for copiers. After hav-
ing finished this project and having successfully accomplished another three-year
research project, his closest chief, Mr. Toru Takahashi, charged him with a new
mission: to find the future key technology of Canon. As will be described in more
detail throughout this case study, both the multicompetency and the expanded
know-who in production proved to be critical assets in handling the challenges of
Dr. Kanbe’s new mission.

Specialized Know-How from Knowledge Satellites

Three overall visions were given to the task force by Mr. Toru Takahashi, the di-
vision manager, indicating important fields of the future:

e High definition;
e High image quality;
e High density of information.

With the three visionary directives in mind, the task force decided to concen-
trate on future display technologies. Dr. Kanbe was made aware of the FLCD dis-
covery through an Applied Physics Letter that reported on the technology in 1980,
written by the inventors Dr. Lagerwall from Chalmers University of Technology
in Sweden and Dr. Clark from the University of Colorado in the USAS. In 1983,
Dr. Kanbe suggested to his chief, division manager Mr. Toru Takahashi, that he
go and see the inventors. The reason for this suggestion was that their discovery of
a new bistable liquid crystal technology could possibly be used in panel displays.
Neither division manager Mr. Toru Takahashi nor Dr. Kanbe were familiar with
liquid crystal technology at that time, but the initial meeting in the USA was suc-
cessful and a cooperative relationship was established between Canon and the two
scientists. At this stage, the task force of Dr. Kanbe was put to work on FLCD
technology.

The invention was partly based on previous research that had been conducted at Har-
vard University and at Université Paris-Sud in France. The discovery of Clark and
Lagerwall at Chalmers University of Technology enabled very fast switching speed and
bistability in ferroelectric liquid crystals, which had major implications for FLCDs. The
main obstacles were in manufacturing techniques.
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Know-Who in Production Made Convincing Prototypes Possible

Dr. Kanbe had samples of the ferroelectric liquid crystal compound prepared by
engineers in the Central Research Laboratory, but it was through his know-who of
former production engineer colleagues in the Component Development Centre
that critical glass plate prototypes could be successfully prepared. A lot of trial and
error of the resulting components followed and a small FLCD prototype was even-
tually presented to division manager Mr. Toru Takahashi, who encouraged and
supported a presentation to upper management. After some hesitation, the task
force was allowed to pursue the technology. Later that year (1984) negotiations
were started with Chalmers University of Technology and, in 1985, an agreement
was reached by which Canon was granted the right to use two fundamental patents
held by the scientists.

Local Focus on Manufacturing While Leveraging Global Scientific
Skills

Attempts had been made by the researchers to sell the technology to companies
like Ericsson, ABB, Philips and other giants, but it had proved impossible to find
any buyers in either Europe or in the US as all potential commercialization candi-
dates claimed it would be impossible to bring the FLCDs to production. Canon
also hesitated at first, but pursued the purchase of the technology, as it became
clear that Seiko was already working on an FLCD prototype. To catch up as soon
as possible, Canon immediately sent some people to the two universities in which
the invention was made — Chalmers University and the University of Colorado —
for support in the science of physics. The two inventors were also requested to
make frequent visits to Canon so as to bring additional scientific progress into the
project. Alongside the FLCD team, Canon had a task force working on a compet-
ing display technology, thin film transistor (TFT). Both task forces succeeded in
developing functioning prototypes, but the yield in trial manufacturing fell short of
requirements for real manufacturing. Thus far, the limited R&D activities of the
task forces had mainly taken place within the development centre or in small trial
production plants in the near vicinity. However, larger facilities would be required
to go from trial to real manufacturing. Having two competing task forces going to
this stage would have required too much money and too many people. The ques-
tion was which technology to stop? To decide this, the two task forces presented
their prototypes to a committee consisting of the CTO and several SBU managers.
During two intensive days, the two task forces had to convince this committee that
their embryos would be manufacturable in final production and that they would
face a strong market need when commercialized. The criterion of manufacturabil-
ity was demonstrated by presenting working prototypes and predicted plans and
resource needs in real manufacturing. In order to provide evidence of market
needs, the FLCD team presented market studies and trend analyses that were con-
ducted in parallel. It also reported on the progress made by Seiko and other com-
petitors in the field of displays so as to raise a sense of urgency to take the lead.
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After those two days, the manager of the Office Imaging Products Operation
said he would sponsor the display project if FLCD were to be the selected tech-
nology. As the TFT task force did not find an equally convinced sponsor, the CEO
of the time, Dr. Keizo Yamaji, announced the choice of FLCD, which then passed
the critical milestone of becoming a development project. The core of this pro-
ject’s activities and key-people were immediately transferred to a production plant
in Hiratsuka, some 10 miles away from the research centre. Key-researchers from
the discontinued TFT project were also transferred to the FLCD team at this plant.
An additional research agreement was signed with the inventors, in order to pro-
vide the necessary competencies in material design and other related research ac-
tivities. Some FLCD technology also seems to have been sourced from Bell Labo-
ratories. For further support in the development of liquid crystal material, Canon
established joint development with a supplier and maintained cooperation con-
tracts with three professors at two domestic universities: Tokyo Institute of Tech-
nology and Saitama University. In this context, Dr. Kanbe stated that

We can go freely to these universities to have free discussions with the professors
and researchers there. We also conduct joint experiments.

Human Know-How Shuttles Supported the Knowledge Creation
Process

A Senior researcher, Dr. Miyata, joined the material analysis division of the
Canon Research Centre in 1989, but was soon dispatched to Tokyo University, to
rejoin his initial creativity network, where he acquired new specialized skills in
material evaluation and fine-precision measurement. On his return to the Canon
Research Centre, he was assigned to the new-generation FLCD task force, for
which he worked three days a week, commuting between the Research Centre and
the production site. He still continued to work with the research team at the uni-
versity to secure further creation and acquisition of scientific knowledge. This in-
teractive knowledge creation and application process is illustrated in Figure 3.

Fig. 3. Production know-how as a necessary entry-ticket to R&D
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Leveraging Intracorporate Process-Oriented Skills

After a few years, the FLCD project expanded to a Display Business Operations
Centre with three FLCD projects focusing on:

e Materials: in particular, alignment of ferroelectric crystals.

e Production technologies: panel manufacturing and high-precision mounting
techniques.

o Interface: the connection of computers to the FLCDs, mainly software engi-
neering.

As the display project progressed towards trial manufacturing, engineers from
three units, which were tied to operations management (i.e., Cost Engineering,
Quality Management and Production Management), were transferred into the pro-
ject. In early 1993, the Display Business Operations Centre consisted, of some 100
engineers who were involved in one or several of the materials, production and in-
terface technology projects. The Display Business Operations Centre manager
stated:

Knowledge from external divisions is brought in, whenever necessary, by moving in
members from these divisions. As a result, a project team is not in a rigid form but
rather transitory and flexible through the continuous moving in and out of members.

Considerable synergies were exploited by migrating and cross-fertilizing tech-
nologies and skills within the Component Business Operations HQ, partly be-
tween flat panel displays and solar cell panels, and also with semiconductor pro-
duction technology, in particular aligners and steppers. The Project sponsor, Mr.
Toru Takahashi, stated that:

Canon’s experience in development of aligners and steppers has been of great use to
us when developing production equipment for FLCD. Also, a lot of the work that our
material engineers in the Canon Research Centre have done on toners and on optical
products has greatly benefited our development of FLCD materials.

As FLCDs had never before been mass produced, some additional manufactur-
ing know-how as well as new equipment were necessary. Key suppliers were
therefore involved as soon as the pilot production line began to develop. A senior
researcher stated:

We studied the technology together, which was advantageous for all of us. The key
suppliers could acquire more knowledge on our FLCD technology and its develop-
ment and we could build know-how within specialized production technology.

Close contacts were maintained with several competing suppliers to remain up
to date on all state-of-the-art production technologies and to increase the competi-
tive pressure on the suppliers. Some ten suppliers, labeled ‘co-developers’ were
closely involved in the development activities of all the aforementioned core tech-
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nologies. Equipment was not purchased until it had been confirmed for full-scale
manufacturing, which left Canon with the flexibility to try different production
technologies throughout the project.

Leveraging a Global R&D Network for Creativity in Software
Engineering

Some of the interface software engineering activities were pursued in Canon’s
software lab in Shin-Kawasaki, but the larger part took place in the Canon Infor-
mation System Research Laboratory in Sydney, Australia, supported by research
centers in Cambridge, UK as well as Stanford and Costa Mesa in the USA. The in-
teraction with these labs was very intense, as stated by chief engineer Dr. Kanbe:

Some of our engineers go to Australia five—six times a year. This lab strongly sup-
ports our development of software simulation programs and interface electronics.
Our R&D labs in the US and in the UK also give us some support in these fields.

These labs also served the purpose of extensive local networking to tap into the
resources and creativity that was available at these nodes of software development
excellence. Again, rotation of researchers was employed to secure an effective
know-how transfer from the external labs to the Display Business Operations Cen-
tre. Japanese engineers were acting as human know-how shuttles between Japan
and the different overseas teams. They could align external research activities with
the application-oriented needs of the display centre, as well as learn from the over-
seas experience and bring the results directly back to the team in Japan.

Transferring R&D Staff into a Marketing Network to Perform Market
Intelligence and Product Planning

As soon as the trial production line started to yield non-defective prototype dis-
plays in 1990, a Planning and Marketing group of approximately five engineers
was formed and dispatched to the Planning and Marketing HQ in Shinjuku, where
they were joined by a few marketing experts — usually with R&D background as
exemplified by Mrs. Akiko Tanaka. When she joined Canon in 1986, her first two
years consisted of testing and measuring the results of extensive trial-and-error ac-
tivities of liquid crystal materials. In 1988, she changed field and started to de-
velop software for the display—computer interface. Then, in 1990, she was dis-
patched to the Planning and Marketing HQ in Shinjuku to undertake market
intelligence activities. These activities, which related to her previous development
of interface software, mainly consisted of observing what competing display com-
panies offered and identifying what computer companies and other potential cus-
tomers needed and wanted. In addition, Mrs. Akiko Tanaka monitored those asso-
ciations and societies that relate to display technology. Observing the competition
was possible in several ways. Mrs. Akiko Tanaka used computer manufacturers as
a source of information regarding flat panel display competitors. Mrs. Akiko Ta-
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naka stated that “as the computer company is the potential customer of newly de-
veloped displays, it will know of any improvement or problem that a manufacturer
like Sharp and Matsushita may have. Mrs. Akiko Tanaka also mentioned the im-
portance of scanning patent-applications, research reports and press releases and
going to fairs. As an example, Canon takes part in the Ferroelectric Liquid Crystal
Symposium of Chalmers University of Technology.

Transferring Critical Knowledge to the Manufacturing Floor Through
Increasingly Empowered Project Leaders

In the early 1990s, as the project progressed towards production, the formal pro-
ject leadership role was handed over from Dr. Kanbe to Mr. Hirokuni Kawashima.
He also headed the Display Business Operations Centre in which the FLCD pro-
ject was hosted. A large part of the R&D activities also took place outside the cen-
tre. Research on liquid crystal materials was pursued in the Canon Research Cen-
tre in Atsugi, initially involving approximately ten researchers. As the project
advanced, most of these researchers were transferred into the Display Business
Operations Centre, where more applied and strongly production-oriented devel-
opment activities were required.

Figure 4 depicts the most important units that contributed to the project. In
1993, as the project advanced further towards final production, Mr. Toru Takaha-
shi, the former head of Component Business Operations, took over the formal pro-
ject responsibility — in addition to his function as head of one of Canon's six busi-
ness areas, Office Imaging Operations.
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Fig. 4. Main contributors to Canon’s development of FLCDs
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Using Organizational Hierarchy to Transfer Further R&D Brainpower
to Production

As of late 1994, the FLCD group had grown to a 200-person operation. Ninety per
cent of all members were located directly in the Display Business Operation Cen-
tre. Eight per cent of the engineers were still located in the R&D HQ, where they
did some interface development and coordinated these software development ac-
tivities that took place overseas. The remaining two per cent were researchers with
the Canon Research Centre, working on next-generation FLCD materials in col-
laboration with external university-based creativity networks. Mr. Toru Takaha-
shi's powerful position at Canon further accelerated the transfer of relevant skills
to the project and supported the transfer of most people in the increasingly large
project directly to the factory floor.

Paying More Attention to Group-Wide Results than Individual Project
Performance

Although commercial production has been running for several years now, and the
size of the displays has kept increasing, Canon does still not enjoy any significant
sales volumes on FLC displays. The most significant barrier is the high sales
price. Still, this price may not cover even half of the actual costs, given the signifi-
cant investments that the project sponsor Mr. Toru Takahashi pushed through the
board to make commercial production possible.

With respect to the extraordinarily high costs of this project and the relatively
limited revenues from commercialized FLCDs, most Western organizations would
probably have fired the project sponsor, or ‘punished’ him or her with a lateral
move — as often practiced in many Western companies. At Canon, Mr. Toru Taka-
hashi was rewarded with a promotion to CTO not long after completion of this
project. Why? The answer seems to reside in the holistic network approach taken
both to K&I management and to performance evaluation. Although the FLCD pro-
ject investments may never be covered purely through sales of FLCDs, the unique
production technologies and skills that were acquired and created throughout the
project have already been networked and propagated across the company.

These skills and technologies also encouraged Canon to revitalize the TFT dis-
play project that was put on ice as it competed against the FLCD project for re-
sources to proceed towards production. As a consequence, Canon is today the
worldwide leader in TFT display manufacturing equipment (i.e., of a competing
product). The patents® (now over 200) that were awarded during the project also

®  The President at the time, Dr. Keizo Yamaij, pursued a very powerful patenting strategy
requiring each engineer to submit twelve patent applications per year (Harryson, 2000).
In 1992, when I started my empirical research in Japan, Canon ranked first in patent
registrations in the US — with IBM ranking sixth that same year. Taking a time-
perspective of the decade from 1990 to 2000, Canon has had consecutive annual reve-
nues of approximately 10 billion yen from their patents, which is ten times their patent
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protect Canon’s position as unchallenged master of ultrafine precision in both
crystal displays and in additional related manufacturing equipment. Much of this
ultrafine precision has also found its way into Canon’s steppers and aligners — an-
other field in which Canon can boast world leadership today. Companies that
commit the mistake of focusing on individual profit and loss (P&L) accounts and
isolated project performance would not have sponsored this project, although it re-
sulted in a significant competitive advantage for the company as a whole.

Analyzing the Canon Case with Further lllustrations of
Know-Who Based K&l Management

Prior Know-How and Know-Who in Production as Critical Catalysts
for Linking Exploration to Exploitation

It seems clear that the vital transfer of both explicit and tacit knowledge from in-
ventive concept ideas to innovative production processes was enabled through the
migration of engineers from creativity networks to a rather organic project net-
work with a clear application focus. Then, by transferring the larger part (90 per
cent) of this team directly to the manufacturing floor, Canon ensured that all nec-
essary competencies were effectively integrated into a production process instead
of remaining isolated in upstream research labs. Such a transfer was facilitated by
the fact that most of these internal researchers and engineers had prior experience
from, personal know-who within, and respect for production. Through the fre-
quent changes a sense of belonging towards the company as a whole, rather than
to a specific function or location, had emerged. Hence, the transfer was not re-
sented but instead seen as a necessity to make innovation happen. I see this as the
most important reason why Canon succeeded in commercializing a disruptive
technology that was invented, but never produced, in the West. Internal multicom-
petency and know-who also allowed for the migration of ultrafine precision tech-
nologies and skills into other business areas and product applications so as to en-
hance the return on the FLCD investment and strengthen the overall innovation
performance and net sales growth of Canon. The principles and benefits of trans-
ferring technologies and skills within Canon are also reflected in the holistic per-
formance evaluation practiced by this company — as illustrated by Mr. Toru Taka-
hashi’s promotion to CTO.

Accordingly, we can add a know-who based project network to the initial
model in Figure 2 so as to interlink the creativity network and the process network
— including its underlying supplier and marketing networks — as outlined in Figure
5.

cost over this period. In my last meeting with Dr. Yamaji (March, 2002), he stated that
“we have to leave some proof that we have lived.” In this sense, patents are monuments
in the career of any engineer.
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Fig. 5. Leveraging know-who to interlink the K&I network system

Accordingly, the dilemmas of innovation can be circumvented by interlinking
creativity networks and process networks through a combination of latitudinal and
longitudinal navigation along the dimensions of organizational size and manage-
rial hierarchy. Such strategic navigation builds networks across small specialized
units geared towards creative invention and large process-oriented units geared
towards efficient product management and production for global commercializa-
tion.

Deploying a Know-Who Based Innovation Process to Commercialize
the Sony Mini Disc Walkman

Sony’s development of the Mini Disc (MD) Walkman was quite different from
Canon’s FLCD development. The actual MD project network never exceeded 30
formal full-time members. Hence, most activities were performed by researchers
and engineers who were not formal members of the actual project team, but core
members in other creativity or process networks. These supporting engineers were
not transferred to a growing project team, but remained instead in their original lo-
cations. The chief engineer and his deputy coordinated the entire process by con-
tinually meeting with the managers of the different interrelated divisions, centers
and business groups.

The management structure of the project appeared to be even more powerful
than that of the FLCD project. Because of a strict 18-month deadline set by Presi-
dent Ohga for the development as a whole, the development project received the
status of ‘corporate project’, thereby enabling a more effective mobilization of re-
sources. This has only happened to three other projects during Sony’s history: the
Betamax, the 8 mm video camera and the compact disc (CD) player.
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Consequently, a highly empowered steering committee was formed, including
the development centre manager and overall chief engineer Mr. Kenichi Tsu-
rushima, the senior general managers of the most involved business groups and
President Ohga, who headed the committee. Mr. Kenichi Tsurushima was eventu-
ally promoted to Director, which may reflect the importance attached to project
leaders. With the backing of this committee, it became easier to encourage the
large number of interrelated engineers to cooperate and monetary resources were
mobilized more easily. At some points, the project involved close to 300 devel-
opment engineers and 20 researchers from the Sony Research Centre.

Patent attorneys were in close interaction with the MD group during the entire
innovation process, thus offering protection of emerging intellectual property and,
to some extent, supporting licensing negotiations that were run in parallel with
competitors like Sharp, Sanyo, and Matsushita.

A marketing network called the MD Promotion Department pursued an aggres-
sive licensing process that was run immediately after Sony’s official announce-
ment of the MD technology in May 1991. Two people were appointed to establish
links with music software producers overseas, one in New York and one in Lon-
don. Both of them were in daily communication with the MD Promotion Depart-
ment in Japan. A new market research study was prepared in May 1992 by a pri-
vate market research company in the USA. Early customer feedback was
interlinked through the establishment of a monitor program, and through focused
group discussions with specially selected Sony customers.

For the modularized technology development of the next-generation MD, a lot
of interaction with foreign and domestic universities took place. This extracorpo-
rate interaction was mainly with the Research Centre, but a large number of
Sony’s design and manufacturing process networks in different business groups
were also involved in miniaturization activities related to the MD.

Similarities Between Different Companies and Projects

It seems reasonable to conclude that even though Canon and Sony are in quite
similar businesses, their approaches to project management differ mainly in terms
of formal resource allocation to one project within Canon, versus temporary use of
brainpower within Sony. However, even though Canon pursued an integral devel-
opment and Sony a modular development, the two innovation cases showed sev-
eral similarities:

e The project leaders were highly experienced across several functions (multi-
competent) and had strong networks (know-who) within their companies.

e Through different means of networking, both projects made extensive use of,
and created significant diffusion of, knowledge and technologies across func-
tional and divisional boundaries.

e All projects had a mid-term change in project leadership, starting with less sen-
ior but highly multicompetent leaders, and ending with senior leaders from hi-
erarchically strong and empowered positions — representing a longitudinal
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move in Figure 5 from heterarchy to hierarchy, or from exploration to exploita-
tion.

e The stronger and more hierarchical leadership style was introduced at a stage
where the projects grew in size and shifted from creation to application of
knowledge through physical transfer from R&D to production.

Human know-how carriers integrate the different networks. Referring to the
know-who based model introduced in Figure 2 and expanded in Figure 5, Senior
researcher Dr. Miyata served as a human know-how shuttle between Tokyo Uni-
versity in the creativity network linked to the Canon Research Centre and the de-
sign and manufacturing process network at the Display Business Operation Cen-
tre. The whole innovation process started as a small creativity network of only
three people with strong ties into external centers of excellence like Chalmers
University and the University of Colorado. The team gradually grew into a project
network, which still maintained strong ties to external sources of specialized skills
and creative invention, while also building increasingly strong ties to the Design
and Manufacturing process networks of the Display Business Operation Centre.
Finally, 90 per cent of the 200 members of this project network were permanently
transferred into this process network to secure full application of the knowledge,
strong ties to the marketing network, and tight control of the supplier network. To
enhance the return on knowledge, some key-FLCD people also migrated into the
(competing) TFT team, as well as into completely different divisions working on
steppers and aligners where Canon’s unique know-how in fine-precision mechan-
ics created a new competitive advantage for the company as a whole.

Accordingly, by applying an innovation process that was born in Japan, Canon
was not only first in commercializing a disruptive technology that was born in the
West, but also first in applying this knowledge to other applications for further
growth through innovation.

Similarly, Sony has deployed a highly know-who based approach to K&I so as
to acquire and build a sustainable leadership position in several segments and
categories of consumer electronics.

Know-who based networking patterns — as illustrated by Canon and Sony —
may be particularly relevant for companies in which the step between invention
and innovation is large and requires a lot of cross-functional teamwork to happen.
More process oriented companies like those in chemical and pharmaceutical in-
dustries may be able to bridge the innovation gap also with less networking and
perhaps even without multicompetent engineers. This may be one reason why the
Western and, perhaps more static, know-how based approach still seems to secure
leadership positions in many process-based industries, whereas the dynamic
know-who based approach to innovation continues to build leadership positions
throughout Asia in many industries related to ICT and consumer electronics.!?

10 For further reference on how Canon reached its leadership position and on the key-

characteristics of Japanese leadership for growth through innovation, see Yamai (1997).
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The Domestic Shaping of Japanese Innovations

Marian Beise

Introduction

Every salesman who travels to Japan experiences differences of the Japanese mar-
ket to the markets in Europe and the US. A unique culture, language, the tradi-
tional way of living have created a very special preference system. How can the
sometimes overwhelming export success of Japanese companies and their domi-
nance in particular innovations be explained? The rise of Japanese electronics, op-
tics, and automobile industries and the decline of some of these industries in
Europe and the US have been analyzed and discussed extensively. A commonly
held conviction is that the Japanese have sidestepped their own home market and
copied western technology and products for export. The competitive strength of
Japanese companies has been credited — among others — to general management
techniques, a hyper investment climate, long-term orientation of companies and
institutions, and strong relationships to suppliers. The success of Japanese innova-
tions has hardly ever been put down to originality but to new production tech-
niques that increased operational effectiveness at companies like Toyota, Canon,
and Matsushita to unprecedented levels. The ability to learn from western coun-
tries and the capacity to assess new scientific knowledge and quickly transfer new
technology from western laboratories to the shop floor have long been both ad-
mired and decried in the west. High risk-taking and long-term commitment of
Japanese mammoth conglomerates such as Toshiba, Hitachi, and Nissan would
have ensured an investment driven growth backed up by governmental guaranties
for survival (Johnson 1982). The remarkable entrepreneurship and vision of the
CEOs of companies like Sharp, Yamaha, Honda, Kyocera, and Sony (e.g. Johns-
tone 1999), although often underestimated by western scholars, are important in-
gredients of the tremendous efforts of Japan to make new technology beneficial
and affordable for a mass population. Yet, Porter (1990) and more specifically
Porter, Takeuchi, and Sakakibara (2000) have pointed to another important factor
of competitiveness: that the seemingly disadvantageous distinction of the Japanese
market created a home market advantage in certain industries. In this chapter the
effect of the characteristics of the Japanese market on innovations and on the in-
ternational competitiveness of Japan shall be discussed.

Innovation theories from Vernon’s international product life cycle theory to in-
duced innovation and local user-producer interaction theory have suggested that
innovations emerge in response to local market dynamics. These market-based in-
novation theories have been confirmed by numerous empirical studies and — in a
luminously stimulating way — by v. Hippel’s observation of lead-users. As a result
of significant differences from country to country most innovations remain popu-
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lar only regionally. In fact, most brands worldwide are local brands accustomed to
a country-specific context. Some locally induced innovations, however, become
internationally successful. Export success may stem from specific advantages of a
company. But if a country becomes specialized in international trade in a particu-
lar product or industry, then, there must be a country-specific advantage (Porter
1990).

The common hypothesis suggests that local interaction theories are not applica-
ble to the case of Japan. Instead, Japanese companies would have started in some-
how the 1960s to develop innovations for foreign markets, primarily the US mar-
ket. Only later were they introduced in Japan. The export-led growth hypothesis
states that Japan achieved high growth throughout the 1950s and 60s, because it
copied and produced goods demanded in the west and could export them based on
low labor costs and an undervalued exchange rate (Shinohara 1975, 1982). The
growth of exports stimulates investments in turn. The export success led to wage
increases and therefore domestic market growth. The implication of this hypothe-
sis for innovation management is striking, because it would imply that the Japa-
nese found a way to overcome the inefficiency of regional and cultural distance in
innovation development and to surpass foreign competitors in their own home
markets.

Yet, it will be argued in this chapter that they have not. Instead, the traditional
local-interaction-based theories of innovation development management are appli-
cable to Japan as well. Japanese innovations are shaped by the Japanese market
and the global success of those very innovations has been enabled — besides inno-
vation management techniques that are described in the other chapters in this
book — by certain characteristics of the Japanese market.

Furthermore it will be argued that even some important Japanese innovation
strategies are shaped by the distinct market characteristics in Japan. The role of the
Japanese market demonstrates that the relationship between Japanese innovation
management and its innovation success is embedded in a market context. Western
managers as well as politicians were often frustrated by the ability of Japanese
companies to utilize western technologies and inventions and turn them into bil-
lion dollar mass market products. Technology management, innovations and the
worldwide success of innovations, however, are not independent from the local
market context.

Why would the relationship between market context and innovation be of any
importance for technology management studies? The domestic shaping of innova-
tion and innovation management leads to a contingency theory of innovation man-
agement. The contingency theory in business strategy suggests that companies
must select a strategy that fits with its environment (Hofer 1975, Venkatraman and
Prescott 1990). If countries have different environmental characteristics, different
strategies might be advantageous. Strategies and innovation management ap-
proaches that work well in one country can fail in other countries, because they do
not “fit” into the foreign market context. For example Beechler and Yang (1994)
report that several Japanese companies were unable to transfer their human re-
sources management practices to the USA, because of differences in the environ-
mental contexts of both countries such as labor market conditions, alternative job
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opportunities, and regulatory conditions and were forced to adapt to the US style
of HRM. Nigel Holden explains the ongoing deterioration of the market position
of General Motors in spite of the introduction of Toyota techniques in a similar
fashion (Glisby and Holden 2003). The embeddedness of Japanese management
techniques also changes the view on what western companies can learn from
Japanese innovation management and production processes. It puts a question
mark behind the virtue of Japanese innovation management techniques for western
companies. A more obvious example is the tremendous product variety at Toyota.
This approach is certainly not imperative for all automotive companies even if it is
tremendously successful for Toyota. But the reason given here is that the product
variety approach of Japanese companies is induced by the Japanese market in the
first place.

It is therefore important to identify the market context that induces an innova-
tion approach in order to assess its true value. We need to carefully evaluate, what
conclusions western companies can draw from the local success of these tech-
niques. Even if the Japanese innovation strategy leads to exports, the same strat-
egy does not have to be successful in other countries as well. Yet, western compa-
nies in turn might be able to make use of the Japanese advantage not only by
adopting Japanese innovation techniques but by focusing their development activi-
ties on the Japanese market.

The questions of why localized strategies in Japan lead to export success and
why these mechanisms do not need to succeed in other countries are discussed at
the end of this chapter. We start with the hypothesis that Japanese companies re-
spond predominantly to their local market and not to export markets.

The Local Embeddedness of Japanese Innovations

It was the American consumer who was recurrently perceived as the major trend
leader for innovations. The Japanese consumer, in contrast, has been portrayed as
a follower but a leader who willingly embraces western technology (Tsurumi
1973). Ozawa (1974), for instance, argues that “the consumption pattern of the
American people played a particularly important role as a standard for the Japa-
nese to emulate.” The post war history of Japan is purportedly characterized by the
“Americanization of consumer tastes” (Ozawa 1974, p. 33). Along the line is a
common misunderstanding that Japanese innovation development lacks creativity
and is merely based on copying and refinement of western product design.

This perception, however, rests merely on the fact that basic scientific knowl-
edge for Japanese innovations was often discovered in the West. The traditional
view of the Japan as a follower ignores important historical technological break-
throughs that occurred in Japan. It is oblivious to characteristics of market demand
in Japan for products in which Japanese companies ultimately became leaders. It
has been noticed before, most prominently by Michael Porter (1990), that de-
manding users, the sophistication and quality of demand in Japan, play a decisive
role in shaping the innovations of Japanese companies.
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National fondness for particular products is often a cause of national competi-
tive advantage. The world consumes French luxuries, Italian clothes, German
automobiles, American fashion and fast food. Japanese products might lack an
overly national flavor. Yet, it will be argued here that there is the same home mar-
ket advantage for Japanese home electronics, cameras and office equipment.

For this purpose, the history of twelve innovations in which Japanese compa-
nies have succeeded in the world market was reviewed under the hypothesis that
the domestic market played a role in shaping the innovation and facilitated the in-
ternational success of Japanese companies. The products are electronic calcula-
tors, television sets with cathode ray tube (CRT), television sets with flat panel
displays, traditional silver halide cameras, digital cameras, game consoles, hydrau-
lic excavators, audio and video tape recorders, facsimile machines, copy ma-
chines, and semiconductors. In all these innovations Japanese companies have
achieved a high world market share or even global dominance. First, it can be
shown that these innovations are somehow related to the Japanese market. The
reasons for their global success will be discussed in the final sections below.

Demand in Japan is idiosyncratic in many respects which creates disadvantages
for export oriented firms but also unique innovation opportunities. Cultural, lin-
guistic, traditional factors, values, and motivations make the preferences of the
Japanese market different from those in other countries. A closer look reveals how
the Japanese culture has shaped globally successful Japanese products as much as
the American way of life has shaped global fast food. Besides culture, the Japa-
nese market context as a whole, the strategy the domestic market evokes and the
interaction between the market and innovators determine the design and the tech-
nology of Japanese innovations.

Japanese innovations are domestically shaped by three factors which are de-
scribed in the next section. First of all, the structure of demand in Japan is differ-
ent in details compared to Western countries. The complementariness between
technologies and between technologies and infrastructure as well as price dispari-
ties and varying national budget preferences ensue different demand structures
from country to country. Second, the cultural context of Japan gives rise to spe-
cific innovations or increases the preference for certain designs varying from high
density displays to super-hygienic fresh food. At first glance, these innovations are
not considered as cultural-specific; nevertheless the Japanese are more inclined to
them than consumers in any other country. Third, significant market structure
conditions in Japan in a number of industries channel the attention of users, pro-
ducers, and human resources and bring about particular product designs as well as
production techniques. The strategic-fit theory suggests that successful companies
follow strategies and management techniques in order to match the requirements
of the home market (Venkatraman and Prescott 1990). New management tech-
niques may well have been introduced because of the unique market context in Ja-
pan.

The government is another factor that has been believed to be influential in
shaping the domestic industrial structure. Yet, the industrial policy and the support
that Japanese firms have received from the government, albeit influential as initia-
tor and driver of the rapid growth of the heavy and chemical industry in post-war
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Japan, have had surprisingly little impact on the trade specialization of Japan.
While en vogue in the 1980s as an explanation for Japan’s success, it is commonly
agreed today that in the latter stage of Japan’s economy industrial policy had a
more preserving effect on the less successful part of the Japanese economy but
was hardly accountable for the internationally very successful part. The officials in
the Ministry of Industry and Trade which has been given overly high credit for
Japanese innovation successes in the past (e.g. Johnson 1982, Ozawa 1974, Shi-
nohara 1982) was much more conservative and uninspiring in its views regarding
what technologies and products were promising and should be pursued by Japa-
nese companies. In the 1950s, MITI set up a list of the most “desired technolo-
gies” which were to receive preferential treatment in the resource allocation pro-
cess (Ozawa 1974, p. 21). It listed — among others — artificial fibers, chemicals,
petrochemicals, pharmaceuticals, aircraft, steel and medical equipment but not a
single consumer good. All these industries have eventually been set up in Japan.
Yet, Japan did not gain a sustainable competitive advantage in most of the listed
industries compared to consumer electronics, automobiles, and optics that did not
receive the same official attention.

Instead, the role of entrepreneurs and visionary CEOs, who perceived market
opportunities in the domestic consumer market, is apparent throughout the history
of technology in Japan since Sony’s founders Masaru Ibuka and Akio Morita were
convinced that the transistor radio, the tape recorder, and television sets were the
most promising products to pursue. While becoming most visibly successful they
were not alone in their perception. Sharp, Kyocera, Canon, Matsushita, Yamaha
and many others experienced a clear preference in the Japanese market for specific
consumer goods and office equipment that were in line with the Japanese context.
Stereotypes about Japanese needs and skills, however, don’t travel far, when stud-
ied more thoroughly than in an anecdotal way. For instance, miniaturization and
integration are attributes often named as the foundation of Japanese competitive
advantage (Albach 1993, p. 81). But these terms are too general to explain the pat-
tern of success and failure in Japan. Japan is not the overall master of miniaturiza-
tion, automation and integration. For instance, Japan has been constantly success-
ful in semiconductors related to consumer goods, but its ambitious goals in the
computer industry have never been achieved. Nor are Japanese companies always
leaders in electronic gadgets in general. While Japanese manufacturers did suc-
ceed in commercializing VCRs for a mass market by transforming the large video
recorder for the professional segment into a version suitable for the private home
(Rosenbloom and Cusumano 1987; Prahalad and Doz 1987), the markets for
pocket computers (PDA) and MP3 players are dominated by US firms (because of
the specific market conditions in the USA). Japan did not become the main ex-
porter of cellular mobile phones, a masterpiece of miniaturization and integration.
Instead, two Scandinavian companies and one American company are the world
leaders. These are countries hardly notorious for their miniaturization skills
(Economist 1995, p. 60).
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Innovation and Market Interaction in Japan

It was often acknowledged that Japanese companies have developed a strong cus-
tomer orientation and cross-functional integration that facilitate the diffusion of
market knowledge within the whole firm and R&D-customer contacts all stages of
the new product development process (Song and Parry 1997). Japanese companies
would follow the market closely without attempting to educate the market to buy
what their engineers think are useful product designs. Quality improvements are
focused on customer needs and customer acceptability (Cole 1999). Since this
user-producer-interaction is most efficient or convenient in cultural and geo-
graphic proximity, Japanese innovations would be shaped by the Japanese market
as a result.

There is some evidence that the Japanese market played a major role in the in-
novation activities of Japanese firms. For once, the export-led-growth hypothesis
cited above, which suggests that Japanese companies have initially aimed at ex-
ports and responded predominantly to foreign demand, can easily be refuted.
While for some countries in Asia such as Korea and Malaysia the causality be-
tween exports and growth might be true, empirical studies on Japan suggest that
the local market played a much bigger role for innovation and growth than ex-
ports.! For all the products I have studied, there is a considerable lag of several
years between the start of production and first exports. Figure 1 shows examples
of the typical pattern of domestic production and exports of innovations. This pat-
tern is also visible in the scarce data on new technologies such as flat panel televi-
sion sets, digital cameras and game consoles. For some products such as automo-
biles it took even decades until high export shares were reached. In industries, in
which Japan eventually reached high export shares and which are marked by large
economies of scale, domestic sales were much larger than exports over a long pe-
riod until exports took off. For instance, since the 1950s the Japanese automobile
industry built large production capacities overturning Germany in 1970 with an
annual production of 5 m Motor vehicles, while exports remained low. In 1980 the

There is ample statistical evidence that the Japanese growth was not export-led. Chen
(1979), Afxentious and Serletis (1991), Krause and Sekiguchi (1976) and Boltho
(1996), using several different statistical tests, conclude that while exports improved the
current account balance and economies of scale, “the stimulus to growth was mainly
domestic in origin” (Krause and Sekiguchi 1976, p. 402). Kanamori (1968) finds that
among 55 manufacturing industries, an increase of exports by 15 % annually between
the mid 1950s and the mid 1960s occurred only for those products for which domestic
demand increased more than 15 % as well (but not for all of those). Sluggish domestic
demand was always followed by sluggish exports. With the temporary exception of
footwear, which is still the most mobile industry most sensitive to labor costs, Japan has
never reached an export success in products for which there is no or only a small mar-
ket in Japan itself. In addition, since 1952 prices of export goods from Japan fell while
export quantities increased: This is contrary to a positive correlation between prices and
quantities that the export-led hypothesis predicts (Boltho 1996).
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export share was just above 20 %. In the 1980s however, the export share in-
creased dramatically and surpassed 50 % in 1990.
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Fig. 1. Production and exports of selected innovations in Japan 1950-1997

Statistics, however, do not reveal how applications of new technologies were
induced by the domestic market. Gomory (1989) argues that Japanese firms do not
bother to do a lot of market research but quickly develop a variety of products in
order to find out what matches user preferences best based on the feedback receive
from the market. High horizontal product differentiation is indeed a characteristic
of Japanese companies and it is often stated by firms active in Japan that the Japa-
nese market is unpredictable about what will find appreciation. Kodama (1995) on
the other side argues that local demand already appeared before and during the
development of successful Japanese innovations or was intentionally created by
governmental institutions through a variety of policy instruments. Kodama asserts
that Japanese manufacturers were aware of needs for sophisticated displays, home
VCRs, and other electronic consumer goods and that the government had a strong
influence on demand in setting regulation in favor of the use of new technology.
The facsimile machine, for example, was indeed given a boost at the beginnings of
the 1980s by allowing subscribers of fixed lines to connect to the heavily regu-
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lated public telephone network and declaring facsimiled documents legally valid
(Scherer 1992). Yet, the pictorial Japanese language and a cumbersome process of
typing a letter in a typewriter or word processor clearly signified the benefit of fax
machines and copiers in Japan. The government opened up regulation that would
hamper the market but it did not create the market.

Yet, among the innovations studied active market development by the firms is
also apparent. For example, the tape recorder has been adopted in Japan more vig-
orously than in other countries because of the firms’ dedication to convince con-
sumers to use products formerly confined to the professional market.

The first tape recorder with a sufficient sound reproduction was invented in the
late 1930s at AEG in Germany and regularly used at German radio stations since
the 1940s. After the 2nd World War, this tape recorder was discovered by Ameri-
can GIs and brought to the US where it was copied, improved and produced for
the American market. One recorder was employed at the Occupations Headquar-
ters in Tokyo where in 1949 it inspired the founders of Sony Corporation to de-
velop a similar tape recorder aimed at the consumer market (Sony 2004. At the
same time, tape recorders were developed by several companies in the US (Brush,
Magnecord, Ampex), Germany (AEG, Grundig, Studer Revox), and Switzerland
(Naga) based on the old AEG model. The company that later became Sony Corpo-
ration was founded in 1945 and started to sell typical Japanese electronic appli-
ances such as rice cookers and electric blankets. The tape recorder that the com-
pany developed in 1950 was initially solely aimed at the domestic market as well.
A whole sale dealer tried to persuade potential users to buy it. While in the West
tape recorders were being used mainly by stenographers and news reporters, new
applications were discovered in Japan. After relentless efforts, the tape recorder
was successfully marketed for use in schools as audio visual teaching aid as part
of the Occupation forces education program. As the tape recorder steadily gained
popularity in schools, mass production was subsequently set up. Competitors en-
tered the market attracted by the emerging opportunity and competition further
enhanced market growth. As a result, tape recorders were more widely adopted in
Japan than in any other country. In the mid 1950s, the US company Superscope
imported and distributed the Sony tape recorder in the US and by 1960 Sony set
up an own distribution network in the US. Years after the first Japanese tape re-
corder was developed exports increased dramatically and only from them on did
exports dominate the Japanese tape recorder industry.

Similar stories can be told for the electronic calculator, the video recorder, and
the digital camera, all of which were still perceived as professional instruments in
the West at a time when the Japanese consumer market was pursued, persuaded
and won over. In the cases studied, Japanese firms responded to innovation oppor-
tunities in Japan by the absorption and refinement of recent technological inven-
tions that were discovered around the world. In an interactive process between in-
novator and market, a specific technological trajectory was followed, guided by
the preferences of domestic users. Innovations are therefore shaped by the market
but are not totally determined. International differences in the market penetration
of new products have an effect on the consumption pattern of a country. A cross-
country comparison of the structure of demand demonstrates that the consumption
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pattern varies internationally. In the next chapter the distinctive consumption pat-
tern of the Japanese market is discussed further.

The Structure and Size of Demand in Japan

On a very basic level consumption patterns are determined by the income of a
household. Vernon’s international product life cycle is based on the observation
that in countries where the per-capita-income of a growing middle class increases
(that is, where wealth is not totally concentrated in just a few hands), the con-
sumption pattern follows the course of the US, the country with the highest per-
capita income at that time. Because of this leading role of the domestic market
American firms were able to commercialize their products abroad a couple of year
after they were introduced in the US market. Yet, there are distinct differences in
national consumption patterns even if income levels are equal. And these struc-
tural differences could be responsible for the cultivation of specific innovation in
other counties than the US. For instance, the early fondness of the Japanese mar-
ket for consumer electronics probably results from a lack of alternatives that are
more prominent in the US such as a house, a private college education, interna-
tional travel or investments in a start-up company. Structural differences result
from differences in the cultural, geophysical, infrastructural, and institutional con-
text of a country as well as from different prices of non-tradable goods such as en-
ergy or the existence of certain infrastructure.

The composition of the local market can have an important effect on innovation
and innovation management. This is clearly apparent in the case studies of suc-
cessful consumer innovations. For instance, US electronics companies did not pur-
sue consumer innovations as aggressively as the Japanese. The consumer market
in the US was relatively less attractive a market segment compared to other seg-
ments (although the US consumer market was bigger than that in any other coun-
try). It was often reported that the top management of large electronics companies
like RCA, AT&T, and Westinghouse and semiconductor manufacturers didn’t
provide enough backing for innovation projects focusing on consumer goods. The
military and the computer industry were more profitable and less risky customers.
They were easier to persuade to use new technologies and it was therefore more
attractive to assign the best R&D resources to their projects. Because profits were
close to zero in the consumer sector, many US companies exited the market and
concentrated on highly profitable industrial markets and defense programs. Semi-
conductor manufacturers focused on military applications and shunned consumer
applications, which even made it difficult for Japanese electronics companies to
procure ICs in the US for their innovation projects (Johnstone 1999). The largest
TV producer in the world, RCA, neglected research at the TV set division for the
sake of the computer business unit, which eventually failed (Scherer 1992). In Ja-
pan there was no such choice. The Japanese defense budget is much lower even on
a per-capita basis and arms exports are prohibited. Japanese companies had to fo-
cus on private consumption and the domestic consumer market was clearly willing
to endorse new products. Another example for the early consumption orientation
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of the Japanese market besides the tape recorder is television. The demand for
TVs grew tremendously — even compared to Europe — since the 1950s. The abrupt
take-off in the diffusion of TV sets was launched with the broadcasting of the
royal wedding in 1959 and the Olympic Games in 1964. Color TV broadcasting
was introduced in 1960, seven years earlier than in Europe.

Within private consumption, the more consumers spend on particular items the
more attractive these products are for companies in terms investments in mass
production and R&D. If a country spends relatively more on a particular product,
local companies are more likely to spend more talent, R&D, and marketing efforts
in those products (Porter 1990). The market signals that the consumers consider
these products more important than other products. The demand structure can
shape the awareness of the whole country, including the effort of consumers to
evaluate new products the attention of the media and the decisions of the smartest
brains what to study and where to apply for a job.

Table 1. Specialization index of consumption expenditure in selected goods in 1998

Product Japan USA Ger- France UK Italy
many

Food 37 -38 10 29 -5 59
Clothing 15 -16 11 21 3 67
Footwear -18 -17 5 21 -5 110
Housing 19 -15 16 15 -12 20
Furniture -135 -7 60 -3 17 102
Household appliances 28 -40 19 21 15 66

Dishwasher -131 -15 110 12 -38 46

Microwave oven 33 -9 -35 35 5 -85

Electric toaster -87 28 -26 -44 37 -91
Hardware, DIY -8 -9 19 -10 27 44
Health goods -113 50 -93 -106 -190 -88
Purchases of cars -16 -4 31 -16 26 18
Rail travel 70 -278 -167 92 125 37
Air travel -95 6 -50 -2 112 91
Communications equip. 32 9 -43 -47 -249 -2
Communications services 10 -7 0 -18 -8 41
Video recorder 69 -50 -4 -44 39 -29
Video cameras 113 -76 -49 -9 -58 -58
Audio equipment 48 -55 34 38 36 -4
Home computers -96 49 -30 -188 -188 -181
Television sets 48 -32 28 -30 -2 20
Cameras 58 -25 -9 34 -10 -90
Gardening tools -87 16 37 -188 40 16
Writing instruments 29 -60 51 44 -46 -92

Source: Euromonitor, own calculations

An analysis of Japanese consumption expenditures for a selected set of prod-
ucts in Table 1 reveals distinct differences to the US, Germany, France, the UK,
and Italy. To highlight these differences, a consumption specialization measure is
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used. The consumption specialization index is calculated as the share of a particu-
lar good within total private consumption of a country divided by the average
share of that good among the six industrialized countries examined. In the table
the logarithm of this ratio multiplied by 100 is shown in order to shift the average
to zero and make it a more intuitive figure. A negative sign means therefore below
average expenditure and a positive sign above average expenditures of a country
for a specific good.

The analysis shows that the Japanese spend relatively more on food, rail travel,
and consumer electronics, optics, and pens, and less on health care and some
household products. Remarkable is the low willingness to spend on computers
(and software), much in contrast to the Americans, who spend more on computers
and computer related equipment than on audio and video equipment. Japanese
buyers purchased about one fifth to one sixth the number of PCs compared to
Americans during the 1990s (OECD 2000). This pattern is also observable in re-
lated product fields such as semiconductors. Japan is more specialized in chips for
consumer electronics (OECD 2000). In contrast, US companies hold a sustainable
competitive position in computer related ICs.? Consequently, the market for MP3
players and pocket computers (PDAs) which are complementary goods to com-
puters are dominated by US companies. In the 1990s digital cameras were widely
expected to be a computer accessory as well, in order to take photos that could be
stored and altered in computers and viewed on a computer screen. This led com-
puter companies such as HP and Apple to enter this new market at an early stage.
But the digital camera took a different road that started in Japan. The traditional
fondness of the Japanese for cameras poured over to digital ones. Instead of being
used solely for computers digital cameras were used independently and ultimately
substituted the traditional film cameras® As a result cameras had to be optimized
for print outs. For instance, the numbers of pixels had to be increased (computer
screens require a much lesser number of pixels). The Japanese market went on to
significantly shaping advanced digital cameras. In contrast, in the computer indus-
try, the proprietary designs of Japanese computer manufacturers could not set
standard, which corresponds (and is probable due) to the low share of computer
expenditures in Japan.

Local consumption patterns matter for other countries as well. Germans spend
more on cars and Italians more on clothing and footwear. This corresponds to each
countries trade specialization as Linder (1961) originally postulated. Yet, only a
few studies, for instance Anderson et al. (1981), Fagerberg (1992) and Porter
(1990) have looked into this causality. We will discuss the relationship between
demand structure and export performance of a country in the following section.

The dominance of the Japanese in memory chips, so called DRAMs was only tempo-
rary. The demise of the Japanese manufacturers of DRAMs in the 1990s demonstrates
that Japan has no genuine competitive advantage in computer related electronics.

One of the reasons for the early adoption of digital cameras in Japan that was men-
tioned during an interview with the Japanese camera association was the significant
higher price of print outs in Japan.
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In the early stage of a new technology, a large share of consumption is often
synonymous for a large market size relative to other countries even if the country
itself is small. For instance, Finland and Sweden were the largest markets for mo-
bile telephony in the late 1970s and early 1980s. Japan has less than half the popu-
lation of the US but sometimes was the largest market during the introduction
phase of a new innovation, which eventually became a worldwide success. And it
was already mentioned that Japan was at one time the largest market for tape re-
corders because of the discovery of new market segments. Estimates derived from
trade organizations, newspaper reports, and interviews suggest that Japan was also
the largest market for copiers in the 1960s, facsimile machines in the 1980s, and
for digital cameras in the late 1990s. After these products became world standards
in their categories the US and Europe overtook Japan in market size, usually in
this order. And still more years later, China and India would become even larger
markets. When this occurred, Japan’s companies had already secured their leading
competitive position through mass production and accumulation of technical ex-
pertise. The next section explores the cultural reasons for the distinct consumption
pattern of Japan.

The Cultural Shaping of Japanese Innovation and Management

The reasons for Japan’s inclination towards specific technologies or particular in-
novation designs are often based on cultural factors. Cultural factors of the de-
mand for innovations have recently attracted a range of studies.* The adoption of
innovations is suggested to be affected by cultural factors such as norms, religion,
and general education (Rogers 1995). For instance, Mansfield (1989) concludes
that the reason why Japanese firms adopted robots more widely than firms in the
United States (where the robot was invented) was the long-term orientation of
Japanese firms and not economic profitability factors such as scale economies,
factor prices etc. Terpstra and David (1991) define culture as the problem-solving
mode of nations and therefore relate innovation activities of countries directly to
culture. Different cultures would therefore generate different solutions or innova-
tion designs to the same problems. Cultural shaping of technology occurs when
the societal norms and behaviors favor specific technologies and technical specifi-
cations. This is most obvious when different cultures choose different technolo-
gies for the same function. For instance, it has been suggested that personal com-
puters, having no real technological advantage over mainframe computers,

4 Such as Albach (1993), Albach et al. (1989), Steenkamp et al. (1999), Herbig and
Palumbo (1994). Most authors, however, study the relationship between culture and
new product development, see e.g. Nakata and Sivakumar (1996) for a review. Cross-
national diffusion research in marketing evaluated the impact of Hofstede’s cultural
dimensions on national attitudes towards adopting innovation (innovativeness) (e.g. Ga-
tignon et al. 1989; Lynn and Gelb 1996). In these studies cosmopolitanism, mobility,
individualism, and low uncertainty avoidance have a positive effect on the early diffu-
sion of innovation, all dimensions on which Japan scores low.
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invaded large companies in the US in the 1980s through the back door because
engineers were most individualistic (Freiberger and Swaine 1984, Ceruzzi 1996)
while the Japanese happily share a large computer among their colleagues.

Yet, factual characterizations of Japanese consumers are sparse. Lazer et al.
(1985) for example list four main characteristics of the Japanese consumer that
shape Japanese products: 1. demanding and “choosy”, 2. fond of new and diverse
features, 3. hold a preference for compactness and 4. sensitive to the effects on the
quality of life. Our case studies indeed imply that some major cultural factors
shape innovations in Japan besides early mass-market appeal for electronic con-
sumer goods. Especially the Japanese language seemed to have an important effect
on Japanese innovation design. Copiers and fax machines proofed to be most suc-
cessful in Japan, because they were more beneficial for a country were most docu-
ments were hand written. In the history of flat panel displays, it is sometimes men-
tioned that the complex structure of Japanese characters made it necessary to
follow a matrix design for LCD displays, whereas the roman letters used in the
western world were less technically demanding to type, transfer and screen (Ka-
wamoto 2002). This could explain the massive effort of Japanese firms to develop
copiers, faxes and displays.

Not only can we relate product innovations demand conditions to a country’
market characteristics but also process innovations. Mishina (1989) suggests that
as much as Taylorism is related to the mass of low educated workers in the US at
that time, Toyotaism is rooted in the post war social conditions in Japan. The so-
phistication of Japanese consumers affected their motivation at the work place,
which brought Toyota’s chief production planner Taiichi Ohno to think how he
could involve the employees in the process of increasing quality and lowering
waste. This leads us to the contingency theory of management practices.

The Quest for Quality

A characteristic feature of Japanese products is quality. In the old paradigm, the
demand for quality came initially from the export markets. However, the quality
level of products also reflects the local demand conditions of a country. Brouthers
et al. (2000) reason that strategies of multinational firms are derived from demand
conditions and the competitive structure of their home markets. They suggest that
regional differences in the consumer market context led to the development of
typical nation-specific combinations of price and quality. While the US market
would set the incentives in a way that makes it most profitable for a local firms to
sacrifice quality for a lower price, the European market is said to be most advan-
tageous for a premium price strategy and high quality. The basic epitomes of
Japanese management strategy, high quality and low cost, are also suggested to re-
flect the domestic market context. There is some anecdotal evidence that the lower
price higher quality combination in Japan results from the unique demand condi-
tions in Japan. Quality requirements in Japan are commonly described as high
(Deshpande, Farley, and Webster 1993, Lazer, Murata, and Kosaka 1985). Of
course, US consumers also demand high quality. However, for the US consumer
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market, it is reasoned that the quality became less important for middle class con-
sumers compared to other product characteristics. Schonberger (1982) refers to
shorter fashion trends in the post war years that made products obsolete earlier re-
sulting in a “throw-away” attitude within the increasing consumerism in the US.
Statistical evidence for international different relative quality levels of demand
compared to other product features is rare.

Another reason for the Japanese quest for quality at low prices is that quality
improvements and cost cutting techniques are complements rather than substitutes
(Wheelwright 1981, Schonberger 1982). Cost-reduction efforts can lead to in-
creases in quality and vice versa. For instance, the introduction of just-in-time was
motivated by the desire to reduce inventory, yet it required a more reliable manu-
facturing process with less defects. Successes to reach near perfection were ulti-
mately reducing costs instead of increasing costs.

The strong effort for cost-cutting in the Japanese manufacturing sector de-
scribed by management literature is more obscure though (for instance, Ohmae
1988, p. 151 talks about an “instinct to built market share”). Yet, given that the
consumer market was predominantly targeted by Japanese corporations even for
new technology as explained above, the only way to establish this mass market is
to lower the price considerably.

At first glance it seems that a specific quality-price strategy applies to all indus-
tries equally and thus lacks the power to explain the specialization pattern of Ja-
pan. Yet, it cannot be applied to all industries to the same degree. First, the high-
quality/low-price strategy only fits the consumer sector and not always to the busi-
ness sector, and not to military and space applications. These early adopters
played a major role for new technologies in the US but not in Japan. High quality
was required of those applications while the price was not a major concern. And
the US companies were not unable to match the quality requirements for these ap-
plications. Second, while the Japanese market on average demands high quality
for low prices, in some industries this combination is less pronounced. For in-
stance, food is required to be of extremely high quality but is rather expensive
compared to other countries and home appliances are cheaper but lack the quality
levels common in Europe.

Third, in many industries the unique mix of low price and high quality was fea-
sible in all industries. Substantial price reductions were not possible in all indus-
tries because either economies-of-scale were low or there is a trade-off between
quality and cost. This means that the cost of production necessarily increases with

5 Empirical evidence of the attitudes of buyers towards quality is difficult to collect, since
consumers in most countries regard quality as important if asked (e.g. Barksdale et al.
1982). The success of Japanese products in the US market shows that demand in the US
prefers quality as well. Robert Cole of Haas Business School at Berkeley pointed out,
that the Japanese have educated the US market that quality is available for the same or
even a lower price (private conversation). It can therefore be reasoned that quality lev-
els in the US dropped below those of other countries because US manager perceived
other product characteristics as relatively more important than companies in Japan and
Europe.
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quality. Regulation and traditional market structure can also limit cost reductions
as is the case in the Japanese agricultural sector, in which small scale farms pre-
vailed backed by political lobbying and protectionism. Another reason for low ex-
ports is that quality requirements in Japan become too high for international stan-
dards. For instance, freshness requirements for food actually hamper exports.
Third, the term quality of a product might cover a characteristic of a product that
makes it difficult to adapt to other countries’ environments. For example, NTT has
a record of stringent quality requirements that rendered telecommunications
equipment made in Japan incompatible to the telecommunications infrastructure in
other countries (Grupp 1991, Cole 2004). It was therefore suggested that the Japa-
nese succeeded internationally only in those industries in which the Japanese
strategy mix (low price, high quality) was most feasible, for instance in the semi-
conductor and automobile industry.

Coping with Variety

While mostly discussed for the automobile industry, large or ‘excessive’ variety is
apparent in many Japanese industries and in most industries in which Japan be-
came very competitive internationally. This is clearly in contrast to the US com-
petitiveness that that is often associated with dominant company (Microsoft, Boe-
ing) or specific product designs (IBM-compatible PC). Many management
techniques such as just-in-time were in fact introduced not only to lower cost but
also to manage variety. Japanese companies have a market-based incentive to pro-
duce variety. NC machines diffused earlier and wider in Japan than in other coun-
tries because they were used for a different purpose: to facilitate variety. Kodama
(1995) notes that in western companies, NC machines were mostly employed in
mass production lines to increase quality whereas Japanese manufacturers used
NC machines to reduce the time needed to switch to a different model on the as-
sembly line in order to increase the flexibility of the production process.

The demand for variety, however, is not a unique characteristic of the Japanese
consumer market. The Japanese market has been characterized by higher homoge-
neity compared to other western countries which contradicts the standard argu-
ment for variety based on customer heterogeneity. Empirical observations find in-
deed that Japan does not have an exceptional demand for variety. Despite a variety
of models of each manufacturer, demand is concentrated on few models. Bélis-
Bergouignan and Lung (1999) find that in 1993 the top two models of each of the
Japanese car manufacturers comprise between 37 % (Nissan) and 68 % (Honda) of
total sales. This share has decreased since, but in 2003, Toyota’s three top models
still comprise 30 % of the number of all cars sold despite offering an almost ab-
surd variety of 63 models in the Japanese market. A comprehensive comparison of
Japan with Germany, the USA and Britain confirms that there is no higher demand
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for variety in Japan than in other countries. The concentration ratio of automobile
models sold in 2003 is actually higher in Japan than in all other countries.®

Companies with a wide product variety exist in all industrialized countries but
the evolution of variety in Japan was quite different. In the west, a specific pattern
of the evolution of a new industry has often been observed. When a new technol-
ogy emerges, many new firms enter the market and offer distinct product variants
(Utterback 1994). Product variety is generated by the large number of firms in the
market. When the growth rate of adoption decreases, the industry enters a consoli-
dation phase, in which the number of competitors declines steeply. Unsuccessful
companies exit the market, companies merge and larger companies acquire
smaller competitors. As a result of this M&A activity the remaining companies
have a higher product variety. The US carmaker General Motors, for example, in-
creased model variety mainly by taking over competitors. Its famous platform
strategy was the result of a consolidation of several similar models of the acquired
firms (Chandler 1962). Variety in Europe is automatically caused by the free intra-
European trade. Yet, Volkswagen of Germany, which was a one-product-company
for years, followed a similar path than GM after acquiring competitors in other
European countries. With the acquired firms came additional factories, which
avoided the pressure for flexible production like in Japan, where a variety of
model had to be produced in the same plant.

The increasing affluence of the Japanese consumer required the Japanese
manufacturers to increase variety at a time when the Japanese market was still
protected from imports and new local entrants were barred by high R&D costs and
other market entry barriers. Due to a low import share of the Japanese market
model variety has to be provided by the Japanese manufacturers. For instance,
while 30 % of the cars sold in Germany in 2003 were imported from foreign
manufacturers, Japan’ import share was as little as 7.7 %. Assuming that the gen-
eral demand for variety is equal in Japan and Europe, the Japanese companies, in
the automobile industry basically only three large companies, would have to create
in-house the same variety that emergence from all the European countries com-
bined so that no market segment is left vacant for imports.

The advantage of increasing model variety was challenged by lower product
volumes per model. This was tackled by increasing the flexibility of the produc-
tion system for small lot production. Higher variety also means higher fluctuation
in the production process, precisely for each particular model, even if the total
number of cars sold stays the same. Toyota’s lean production which made labor a
truly variable cost factor was an answer to this fluctuation problem in production.
And while the degree of platform variety equalized between US and Japanese car
manufacturers in the late 1970s, the Japanese — because of the lower number of
plants — had to achieve a higher platform variety on the plant level. Thus, produc-
tion lines had to be more flexible in Japan than in the US. The ability to produce a

¢ The share of the three top models (CR3) is 17 % in Japan, 13 % in Germany and Britain
and 12 % in the USA, while the CRS5 is 25 % in Japan, 19 % in Germany and 17 % in
the USA.
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product mix with frequent retooling is one the core production principles of Toyo-
taism, refined by smaller Japanese manufacturers.

Another economic reason for a firm to offer a variety of products is uncertainty
in the market. Variety can be induced by preference uncertainty even if customers
are homogenous (Carlton and Dana 2004). One reason for market uncertainty
could be that Japanese consumers are influenced by their peers’ choices, which
creates externalities. A market with strong externalities converges to single stan-
dards or at least to a low degree of variety over time. Yet, it is highly unpredict-
able what product variant becomes a standard (Arthur 1989). The Japanese market
is often associated with larger uncertainty. In an oligopoly, an increase of product
variety can increase market share if there is some degree of market uncertainty or
heterogeneity (segment fragmentation) in the market. Toyota’s growing product
variety was first clearly aimed at offering distinct models for separate consumer
segments. But it is characteristic for the later phases of variety augmentation, that
several models for the same segments were introduced to the market (Cusumano
and Nobeoka 1998, p. 28).

What about the applicability of the Japanese approaches to flexibility in West-
ern countries? While many Japanese companies successfully run transplants
around the world applying almost the same management techniques, they have
carefully adapted their production strategy in foreign markets. For instance, Toy-
ota follows an almost excessive variety strategy in Japan offering 63 models, but
only 27 in the US and 20 in Europe. Overall, the manufacturing strategy of man-
aging a worldwide model variety makes perfect sense; the same does not apply to
a car manufacturer like BMW that concentrates on five standardized models for
the world market. In addition, Toyota only reached a high market penetration
abroad when it designed car models for large overseas markets. The breakthrough
in the US market came after Toyota developed cars for the US market. In Europe,
the market share remained low, partly because of import restrictions but partly be-
cause the preferences in the European market are different. Toyota started to de-
velop its own European models as well which are selling better than the Japanese
models. Design and technical centers in the US and Europe helped to implement
the adaptations to the local market, a strategy that European manufacturers only
recently began to follow.

Toyota’s practices are justified by its dominant market share in the Japanese
market (Mishina 1989). However, while its production and innovation strategies
match the Japanese market requirements, the success of Toyota does not imply
that all of them will be successful in other countries as well. In general, assessing
the value of the principles of Japanese manufacturing systems for US and Euro-
pean manufacturers requires a detailed analysis of the local market situation in Ja-
pan.

Domestic Competition

The high degree of competition in the market is in itself a factor that shapes local
innovations. Fierce competition is a main characteristic of the Japanese market in
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many industries (Abegglen and Stalk 1985; Kotabe 1985). Probably the most im-
portant function of competition is that it reveals the preferences of users and the
benefits of numerous product variants. The more competitors and the higher the
degree of competition the more product variants are introduced in the market. As a
result in a highly competitive market different products are used than in a country
with a dominant manufacturer. A beverage company that dominates a market has
less incentive to innovate and focuses marketing activities on its established set of
brands.

An example for this innovation process is the soft drink industry. In Japan a
high number of new soft drinks are introduced into the market every year
(Markides 1997). The Japanese are fond of soft drinks and like to test new formu-
las. The market is highly competitive; many beverage companies are active in the
market. While the brands of the American soft drink mammoth Coca-Cola domi-
nate the market in most countries, in Japan they hold an unusually small market
share. Market entry barriers are low compared to Western countries because of
differences in the distribution system. Soft drinks in Japan are mainly distributed
through street vending machines, which are easier to set up for new entrants. In
such a national context new flavors are discovered and some of them survive the
market introduction phase. The Coca-Cola drink emerged in a situation similar to
that in Japan today. Many soft drinks originate from the southern States of the US
caused by the south’s hot climate as well as its strong religious culture, which
frowned upon harder beverages (Economist 1999, p. 81). Drink bars offered a va-
riety of carbonated mixes in order to identify consumer’s preferences. As Riley
(1958) notes, the variety of flavors added made it a typical American industry. In
the South of the United States a strongly increasing demand initiated fierce com-
petition, which spurred the search for and market tests of new flavors by local bot-
tlers. A very large variety of flavored carbonated beverages was tested in the local
market. Most of these did not appeal for long or they were demanded locally only.
But some like Coca-Cola became an international success. In the next section, the
relationship between local market conditions and international success of a local
innovation is discussed.

Domestic Shaping and Export Success

Japan’s economic success is accompanied by a tremendous export performance
that started in the 1960s and dramatically sky rocketed in the 1970s and 1980s. In
several industries, Japanese companies as a whole have virtually monopolized the
world market. During the in 1960s exports included steel, ships, and basic chemi-
cals. Since the 1980s exports are mainly based on innovation-intensive industries
such as automobiles, electronics, optics and machinery. If Japanese innovations
are domestically shaped, as has been argued in this essay, why did Japanese inno-
vations become so successful internationally? The Japanese’s fondness for sea-
weed and miso paste has not generated any exports, why did it work for fax ma-
chines and LCD displays? To begin with, a look at Japanese historical export
statistics shows that Japan never was an export intensive country as Germany or
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Sweden. In 2000, Japan’s export share of GDP stood at around 16 % which was as
low as the export share of the USA, but much lower than Germany’s share of
44 % and Sweden’s share of 56 % (Schumacher et al. 2003, p. 23). Looking at the
historical evolution of the Japanese companies, exports never came easy. A tre-
mendous effort and motivation to export was needed in order to overcome the cul-
tural hurdles between Japan and other countries (Lazer et al. 1985). Japanese
companies often started as OEM suppliers for foreign corporations and distribu-
tors. They had to learn extensively in foreign countries before they could success-
fully adapt their products to foreign market conditions. Not all industries were
successful. Japan has gained world market dominance only in a few industries or
products such as copiers, facsimile machines, television sets, motorcycles, video
game consoles and audio and video equipment. On the other hand, although being
early in the game, Japan did not gain a sustainable large world market share in
many related high-tech products such as personal computers, cellular phones, mi-
croprocessors, aircraft, medical equipment, pharmaceuticals and petrochemical.
Western industrialized countries generate high revenues and profits in many low-
tech industries, in which Japan is not successful at all such as fashion clothing,
sports goods, furniture, oil extraction and refinery and food. The distinction be-
tween export success and failure is not easily put down to distinct innovation
management strategies. Japans trade specialization is partly determined by Japan’s
market and demand conditions.

Japan’s Trade Specialization

Central to our argument is the observation that the export specialization of Japan
is not initially determined by technology and innovation. Initial technology gaps
do not explain Japan’s export success. In contrast, Japan is successful in many
non-R&D-intensive industries such as pens, musical instruments, rubber, and
magnetic tapes. Another simple test reveals that the competitiveness of Japan in
particular industries is not determined by R&D intensity. Within most R&D-
intensive industries there are R&D-intensive products and non-R&D-intensive
products. If the competitiveness of a country is base on R&D inputs then the coun-
try must be more competitive in the R&D-intensive parts than in the non-R&D in-
tensive parts of each industry. To test this proposition, the revealed comparative
advantage or RCA was calculated for the R&D-intensive and the non-R&D-
intensive parts of 20 industries that include R&D-intensive and non-R&D-
intensive products.” A comparison between the RCA’s of the R&D- and the non-
R&D-intensive parts of each industry shows that in 11 of the 20 industries Japan is
more competitive in the non-R&D-intensive than in the R&D-intensive industries.

The RCA is a widely used measure for international competitiveness. This analysis has
been conducted on the basis of the product list of R&D intensive industries that is used
in the report on the technological performance of Germany. This report is annually pre-
pared by five research institutions and published by the German Ministry of Education
and Research, see BMBF (2003).
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Fig. 2. The relationship between consumption and trade specialization in Japan in 1998

The industrial specialization of countries reflects not only the capacity to inno-
vate but also the structure of local demand. Since demand for goods of R&D-
intensive industries increases with income, high-income industrialized countries
are naturally somehow specialized in R&D industries. In order to test the relation-
ship between demand structure and trade performance, trade and domestic con-
sumption specialization patterns have to be aligned and compared. For 37 product
categories the structure of consumption expenditure was matched and compared to
their RCA measure of trade specialization (Fig. 2). There is a significant but weak
correlation between specialization of trade and consumption. Observations are ba-
sically in three quadrants. The most common observations are products in which
Japan either has a high trade and a high consumption specialization or products in
which is has a low trade and low consumption specialization. These two combina-
tions are in line with the argumentation that consumption specialization deter-
mines trade specialization. An important observation is that there are virtually no
products in the sample in which Japan has a low consumption but a high trade
specialization. This suggests that it rarely happens that Japan extensively exports a
good for which there demand in Japan is relatively low. There are, however, some
product categories, in which Japan has a low export performance in spite of do-
mestic demand that is above average. In these industries local demand does not
lead to high trade performance. These industries are for example food, alcoholic
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drinks, and washing machines. The cultural context of Japan is such different that
the local products cannot be adapted to the global market. The limitations of the
Japanese to export certain white goods such as dishwasher and washing machines
underline their dependence on the domestic market. For example, the Japanese
traditionally wash with cold water which has a fundamental effect of the design of
washing machines while dishwashers are rare in Japanese households (see Table
1). All in all, we can say that Japan successfully exports only those products in
which the Japanese are on average spending relatively more money than other in-
dustrialized countries and in which the domestic market context is close to the in-
ternational market context. In the next section we will discuss the export success
factors of Japan for those products for which the Japanese market context is more
favorable.

Factors of Export Success

It is argued here that Japanese companies are most successful in international trade
in those industries in which the domestic market led the word market. Interna-
tional competitiveness of a country is sustainable if the domestic market produces
a continuous stream of knowledge or information along an application trajectory
that keeps it ahead of competitors. The Japanese market gave Japanese companies
a home-market advantage for many specific innovations, which the Japanese now
dominate.® Domestic firms are more effective to react to changes in local demand
and thereby get faster and better feedback from the first applications of their inno-
vations. This interactive learning process refines innovations for widespread ap-
plication. By analysis the characteristics of the Japanese market for 12 products in
which Japanese companies have enjoyed a strong world market performance over
a long period we have learned that for these products

e Japan offered the largest domestic market at an early stage of the technology
life cycle®, or
o the penetration rate was highest in the growth phase of the diffusion, and

The home market theory was introduced by Linder (1961). It suggests that domestic
companies perceive national demand more efficiently than foreign companies. There
are two general arguments, which are especially true in the case of Japan. First of all,
firms have better information on local customer needs and consumer preferences. These
information asymmetries regarding local demand conditions are explained in innova-
tion theory by the need for close contacts between producers, customers, suppliers, and
industrial services in the introduction phase of innovations and, thus, regional proximity
and low cultural distance such as language or societal rules (e.g., Anderson et al. 1981,
Fagerberg 1992).

The Japanese bought more tape recorders, electronic calculators, digital cameras, and
flat panel TV sets than the US or the European market. For instance, according to mar-
ket estimations by DisplaySearch the Japanese Market represented around 75 % of the
worldwide market for LCD TV sets in 2001, above 50 % in 2002 and around 40 % in
2003.
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e product designs or technological trajectories were favored in Japan, that be-
came economically advantageous worldwide, and

o the degree of competition in the Japanese market exceeded those in other coun-
tries

These characteristics gave Japanese companies a home market advantage that
could be exploited internationally in the form of lower manufacturing costs or
market knowledge. The most obvious Japanese advantage is low costs through
mass production. This cost advantage has been achieved through the early mass
market in Japan for many of the analyzed innovations. As a result, Japanese com-
panies had incentives to build up mass production facilities and to drive down
costs with a refined production organization. They were successful in foreign
market with innovation designs that were originally fitted to the Japanese market
because of a lower price or a higher quality than foreign manufacturers. If price
differences are large, even substantial preference differences between the Japanese
and the western markets can be compensated. In the words of Theodore Levitt, the
customers succumb to the attraction of lower prices and abandon their previously
held preferences (Levitt 1983). Especially for innovations that included electron-
ics, the cost reduction potential of mass production was large enough to overcome
the differences between the unique market contexts of the Japanese and overseas
markets. For example, western markets initially preferred the teletypewriter for the
facsimile machine because of the roman letters were easier to type in and more
economical to transfer via the typewriter. The fax machine was better suited for
the Japanese writing system than the teletypewriter. The large price decline in the
Japanese mass market gave the fax machine an advantageous price-benefit-ratio
compared to the typewriter. For this reason it was adopted world wide.

Within this framework, we can characterize three groups of industries. First, if
markets are almost similar, such as in the steel industry, the electronic calculator
or the DRAM industry, small cost advantages can lead to high exports. But the
competitive advantage can be lost quickly when foreign competitors compensate
for the productivity difference. This happened in all three examples, in which US
and European companies (and Korean in the case of DRAMs) could come back
and regain market share. Second, although there are substantial and persistent dif-
ferences between the Japanese market and overseas markets, the Japanese market
has a persistent lead so that the cost advantage can compensate for the differences
in preference. This was the case with the facsimile machine, the robot, and the
camera industry. The third group comprises those industries, in which the differ-
ences are too large or the cost reduction potential too small so that there is no
global standardization. The large size of the Japanese market ensures that in most
industries there is an innovation design available so that the Japanese market does
not have to adopt a foreign innovation design (exception are the aircraft and the
pharmaceutical industry). This means that companies can fully concentrate on
identifying and matching the preferences of the market they know best. The fol-
lowing hypothesis can be derived: the relationship between the similarity of the
preferences in the Japanese and overseas markets and the export success of Japa-
nese companies is an inverted u-function.
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Besides the market size, the penetration rate in Japan was higher for most of the
analyzed innovations for much of the diffusion cycle. A penetration rate that is
higher than in any other country gives local companies an advantage with regard
to market knowledge. Higher penetration rates mean that a broader range of users
give feedback about what they like and what they do not like about the specific
design. Some market segments demand new features and applications. A wider
circulation in the whole market creates new benefits for users. The wider usage of
tape recorders, video recorders, electronic calculators, and digital cameras in Ja-
pan, for instance, have suggested that portability and compactness are more essen-
tial than professional features like programmability in the case of calculators. A
mass market normally has lower requirements than professional applications. Fax
machines were used more and more for normal business communications and pri-
vate households.

The Japanese market has demonstrated that was a trend leader in several indus-
tries. A trend leader selects technologies or innovation designs that later turn out
to be beneficial in other countries as well. In the camera industry, Japan tradition-
ally leads in the adoption of many innovations, some of them invented in western
countries. The Japanese market was not only the largest market for digital cameras
in the early years, but it switched several years earlier from more traditional silver
halide to digital cameras than the US and the European market. In 2001 digital
cameras represented already more than half of the total camera market, whereas
this threshold was reached in the US market only in 2003. In the flat panel indus-
try, the Japanese market has always preferred liquid crystal displays, while in the
US plasma was the preferred choice mainly based on military applications but also
for home TV sets. Yet, it became recently clear that LCD-displays will gain mar-
ket share in the TV segment worldwide with technical improvements that make
large LCD panels possible, a domain that was previously dominated by plasma.

Last but not least, a higher degree of local competition (compared to other
countries) is not only leading to innovation designs that harmonize with the do-
mestic context but is also to exports. The argument here is that hidden preferences
are discovered in competitive markets since more innovations are tested. There are
regularly tradeoffs between features of a product, one innovation design offers
more of A but less of B and with another design it is vice versa. Manufacturers of-
ten don’t know beforehand what features users prefer. In using various alternative
product designs users discover whether A or B is more important. In the digital
camera industry, for instance, Japanese consumers were able to constantly select
from a large number of different models signaling those manufacturers that were
active in the market (Kodak and HP were not) what features were valued more
and, therefore, more profitable to concentrate scarce R&D resources to. Although
the resulting improved designs are still somehow culture-specific, they might be
even better than the corresponding designs available in overseas markets with low
competition.

Contrary to the above argument runs the common claim that the Ministry of
trade and industry (MITI) established cartels in order to strengthen the industry by
preventing “excessive competition”, competition that would lead to market exits
and burden companies with losses. Before the war, the large Japanese conglomer-
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ates indeed monopolized industries under the provision of the commerce ministry.
After the Second World War, the successor of the commerce ministry, the MITI,
continued an intervening approach to industrial policy. However, the situation
changed in an important detail. Virtually all of the new zaibatsus could now enter
each new industry. Johnson (1982) suggests that, overall MITI’s policies even in-
creased competition. MITI’s announcements of desired technologies reduced the
risk, because it was clear that the government would help those companies that in-
vested in the desired technologies, in case the venture failed. Competition was
even more enhanced, because all companies tried to gain market share, since this
was the criterion according to which subsidies would be allocated in case of a cri-
sis of the industry. An analysis by Sakakibara and Porter (2001) should be able to
end the controversy. They found statistical evidence that domestic competition is
an essential factor for the international competitiveness of Japan. Industries with a
high degree of competition, measured by market share fluctuations, accomplish a
higher export performance than industries with a low degree of domestic competi-
tion.

Yet, the Japanese government did increase the export success of innovations in
a few cases. By recreating market conditions in Japan that are similar to those in
foreign countries, Japanese companies would face a market context at home that
would allow them to develop innovations for the domestic market that could later
be exported. For instance, in the late 1970s the US standards on exhaust gases of
automobiles were introduced in Japan — due to a delay in the US legislation pro-
cess — even one year before they came into effect in the US (Beise et al. 2003).
Since this specific regulation could only be matched with a catalytic converter, Ja-
pan was the first country that adopted this innovation that would later become an
international standard. As a result, Japanese manufacturers of catalytic converters
are international leaders.

Yet, contrary to the examples discussed above, our analyses suggest that the
competitiveness of Japan’s auto industry is not directly based on domestic innova-
tiveness. Japan is not really successful with indigenous Japanese auto designs but
mainly with derivates of western models. For example, the new 'tall wagon' genre
in the small car segment became highly successful in Japan but not in other coun-
tries; neither do boxy cars like the Nissan Cube (Fig. 3) which became the second
best selling car in Japan in 2004. The market potential abroad is limited because
these models do not fit into foreign market conditions (too small, underpowered,
the aerodynamics are unfavorable) and other advantages (low price, high quality)
are not big enough to compensation for that. The successes in foreign countries are
based on adaptations to or even separate models for overseas markets. After 1985
Japanese companies dramatically increased their direct investments and set up
manufacturing capabilities to serve foreign markets with country-specific models.
Since the automobile industry in the triad countries remained quite different, Japa-
nese auto manufacturers were able to increase their overseas market share by de-
veloping exclusive models, first for South-East-Asian countries, than for the US
market and - since in the beginning of the 1990s — for the European market. The
same strategy was chosen by American companies already before the Second
World War.
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Fig. 3. Japanese creativity with low exports

Up to the end of the 1990s (before the introduction of the hybrid cars), the
Japanese competitive advantage in the automobile industry appears to be mainly
derived from a better price-quality ration based on the superior organization of
production and not from pioneering product innovation. As has been described
above the production techniques are induced by the unique market situation in Ja-
pan, the increase in model variety and the need to cope with this in production for
a smaller market when compared to the US.

Conclusions

In this essay, it is suggested that the Japanese market has to take into account in
order to explain the characteristics of Japanese innovations and the export success
of Japan. Innovation management techniques or the technology gap theory often
cannot explain why Japan has succeeded to export vigorously and even dominate
the world market in various industries and why it failed in others. Of course, tech-
nological knowledge gaps and superior management formulas strengthened the
world market role of Japanese companies. Yet, it is argued here that these factors
are acquired or learned in the specific context of the Japanese market. The R&D
efforts of companies were guided or encouraged by the unique signals from the
Japanese market. Japanese companies are pushed towards mass-market-excellence
in particular industries competitive climate of the Japanese market. This mass-
market-excellence enabled the Japanese at the same time to overcome the substan-
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tial differences between the domestic and the overseas markets, which are often
frustrating for western companies that were initially determined to thrive in the
Japanese market (Czinkota, Kotabe 2000).

Japanese business behavior is often embedded in the market context of Japan.
Culture pays an import role here but that is not the only emanating factor of the
Japanese market. Other factors are the demand specialization in Japan, extreme
competition, the corporate structure and a low import share. The consequences of
this framework for western firms are twofold. First, Japanese management tech-
niques have to be related to the specific Japanese context in order to reveal the
contingencies of their functioning. Successful application of Japanese approaches
to innovation might require similar contexts in the countries where they are to be
implemented. This means either that companies in non-Japanese countries have to
recreate the Japanese context along with the one they already have adopted or that
the applicability is confined to the Japanese market. Second, western companies
can directly learn from the Japanese market in those industries, in which it has as-
sumed a leading role by being present in Japan. Although Kodak had established
an R&D center in Japan in the 1990s it exited the Japanese market and therefore
missed a decisive learning opportunity. With the take over of the Japanese cam-
eras manufacturer Chinon in 2003 and the presence in the Japanese market Kodak
can fully benefit from the leading position of Japan in the digital camera industry.
P&G and Coca Cola have realized similar advantages by setting up market intelli-
gence and R&D capabilities in Japan in the baby care and soft drink market re-
spectively. Although Japan is not a profitable market in many industries in which
Japan leads the world market, a company’s presence in the Japanese market is a
kind of investment a firm has to make in order to gain a knowledge advantage that
can be leveraged in other markets.

References

Abegglen JC and Stalk G (1985): Kaisha, the Japanese corporation. Basic Books, New
York

Afxentious PC and Serletis A (1991): Export and GNP Causality in the Industrial Countries
1950-1985. Kyklos 44:167-179

Albach H (1993): Culture and Technical Innovation: a Cross-Cultural Analysis and Policy
Recommendations. Akad. d. Wiss. zu Berlin Working Group Culture and Technical
Innovation, de Gruyter, Berlin

Albach H, de Pay D, and Rojas R (1989): Der Innovationsprozef bei kulturspezifisch unter-
schiedlich innovationsfreudigen Konsumenten. Zeitschrift fiir Betriebswirtschaft, Er-
génzungsheft Nr. 1:109-129

Anderson ES, Dalum B, and Villumsen G (1981): International Specialisation and the
Home Market - An empirical analysis. Industrial Development Research Series No. 19,
Research Report, Aalborg University Press, Aalborg

Arthur B (1989): Competing Technologies Increasing Returns and Lock-in by Historical
Events, Economic Journal 99, 116-131



The Domestic Shaping of Japanese Innovations 139

Barksdale HC, Perreault WD, Arndt J, Barnhill JA, French WA, Halliday M, and Zif J
(1982): A cross-national survey of consumer attitudes toward marketing practices, con-
sumerism and governmental regulations, Columbia Journal of World Business 17
(2):71-86

Beechler S and Yang ZJ (1994): The transfer of Japanese-style Management to American
subsidiaries: Contingencies, Constraints and Competencies. Journal of International
Business Studies 25:467-491

Beise M, Blazejczak J, Edler D, Jacob K, Janicke M, Loew T, Petschow U, and Rennings K
(2003): The Emergence of Lead Markets for Environmental Innovations. In: Horbach
J, Huber J, Schulz T (Eds) Nachhaltigkeit und Innovation: Rahmenbedingungen fiir
Umweltinnovationen. Miinchen, pp 11-53

Beise M and Rennings K (2004): National Environmental Policy and the Global Success of
Next-Generation Automobiles, International Journal of Energy Technology Policy
(IJETP), Special Issue “Energy Conservation", Vol. 2, No. 3: 272-283

Bélis-Bergouignan MC and Lung Y (1999): The Progressive Emergence of Product Variety
in the Japanese Automobile Industry, in: Lung Y, Chanaron JJ, Fujimoto T, and Raff D
(Eds) Coping with variety: flexible productive systems for product variety in the auto
industry, Aldershot, pp. 81-110

BMBF (2003): Zur Technologischen Leistungsfihigkeit Deutschlands, Bonn

Boltho A. (1996): Was Japanese Growth Export-Led? Oxford Economic Papers 48:415-432

Brouthers LE, Werner S, and Matulich E (2000): The Influence of Triad Nations’ Environ-
ments on Price-quality Product Strategies and MNC Performance, Journal of Interna-
tional Business Studies 31 (1), 39-62

Carlton D and Dana J (2004): Product variety and demand uncertainty, NBER working pa-
per 10594, Washington

Ceruzzi P (1996): From scientific instrument to everyday application: the emergence of
personal computers, 1970-77. History and Technology 13:1-31

Chandler A (1962): Strategy and Structure, Cambridge, Mass: MIT Press

Chen EKY (1979): Hyper Growth in Asian Economies Macmillan: London

Cole R (1999): Managing Quality Fads, New York, Oxford: Oxford University Press

Cole R (2004): Telecom Competition in World Markets: Understanding Japan’s Decline
and Possible Renewal, mimeo

Cusumano MA and Nobeoka K (1998): Thinking beyond Lean: How Multi-project Man-
agement is transforming product development at Toyota and Other Companies, New
York

Czinkota MR and Kotabe M (2000): Entering the Japanese Market: A Reassessment of For-
eign Forms’ Entry and Distribution Strategies, Industrial Marketing Management 29
(6): 483-491

Deshpande R, Farley JU, and Webster FE (1993): Corporate Culture, Customer Orientation,
and Innovativeness in Japanese Firms: A Quadrad Analysis." Journal of Marketing 57
(January): 23-27

Economist (1995): Hello Japan? Are you there?, August 12th, European Edition, p 60

Economist (1999): America is Going Soft, April 3rd, Européische Ausgabe:81-82

Fagerberg J (1992): The Home Market Hypothesis Re-examined: The Impact of Domestic
User-Producer Interaction on Export Specialisation. In: Lundvall BA (ed) National
Systems of Innovation, London, New York: Pinter, pp 226-239

Freiberger P and Swaine M (1984): Fire in the Valley: The Making of the Personal Com-
puter. Osborne/McGraw-Hill, Berkeley



140  Marian Beise

Gatignon H, Eliashberg J, Robertson TS (1989): Modeling Multinational Diffusion Pat-
terns: An Efficient Methodology, Marketing Science 8 (3): 231-247

Glisby M and Holden N (2003): Contextual Constraints in Knowledge Management The-
ory: the Cultural Embeddedness of Nonaka’s Knowledge-creating Company, Knowl-
edge and Process Management 10 (1): 29-36

Gomory R (1989): From the Ladder of Science to the Product Development Cycle, Harvard
Business Review (November-December):99-105

Grupp H (1990): Japan, in: Grupp H and Schnéring T (Eds) Forschung und Entwicklung
fiir die Telekommunikation — Internationaler Vergleich mit zehn Landern, Band I, Ber-
lin, pp. 141-240

Grossman GM and Helpman E (1990): Innovation and Growth in the Global Economy,
Cambridge, MA

Herbig PA and Palumbo F (1994): The Effect of Culture on the Adoption Process: a Com-
parison of Japanese and American Behavior, Technical Forecasting and Social Change
46, 71-101

Hofer CW (1975): Towards a Contingency Theory of Business Strategy, Academy of Man-
agement Journal 18: 784-810

Johnson Ch (1982): MITI and the Japanese miracle: the growth of industrial policy, 1925-
1975, Stanford, CA

Johnstone B (1999): We were burning: Japanese Entrepreneurs and the Forging of the
Electronic Age, New York

Kanamori H (1968): Economic Growth and Exports. In: Klein L, Ohkawa K (Eds) Eco-
nomic Growth: The Japanese Experience since the Meiji Era, Illinois, pp. 303-325

Kawamoto H (2002): The History of Liquid-Crystal Displays, Proceedings of the IEEE,
Vol. 90, 4:460-500

Kodama F (1995): Emerging Patterns of Innovation. Sources of Japan’s Technological
Edge, Boston

Kotabe M (1985): The Roles of Japanese Industrial Policy for Export Success: A Theoreti-
cal Perspective, Columbia Journal of World Business 20 (Fall): 59-64

Krause LB and Sekiguchi S (1976): Japan and the World Economy, in: Patrick H and
Rosovsky H (Eds) Asia’s New Giant — How the Japanese Economy Works, the Brook-
ings Institution, Washington, DC

Lazer W, Murata S, and Kosaka H (1985): Japanese Marketing: Towards a better Under-
standing, Journal of Marketing 49 (Spring):69-81

Levitt T (1983): The Globalization of Markets, Harvard Business Review 61 (3):92-102

Linder SB (1961): An Essay on Trade and Transformation, Almqvist & Wiksells Uppsala

Lundvall BA (1988): Innovation as an Interactive Process — From User-Producer Interac-
tion to the National System of Innovation, in: Dosi G (ed.) technical Change and Eco-
nomic Theory, London, pp. 349-369

Lynn M and Gelb B (1996): Identifying Innovative National Markets for Technical Con-
sumer Goods, International Marketing Review 13 (6):43-57

Mansfield E (1989): The Diffusion of Industrial Robots in Japan and the United States, Re-
search Policy 18:183-192

Markides CC (1997): Strategic Innovation. Sloan Management Review 38(3) Spring, 9-23

Mishina K (1989): Essays on technological evolution, Boston

Nakata C and Sivakumar K (1996): National Culture and New Product Development: An
integrative Review, Journal of Marketing 60 (1): 61-72

OECD (2000): OECD Information Technology Outlook 2000. Paris



The Domestic Shaping of Japanese Innovations 141

Ohmae K (1988): Getting back to Strategy, Harvard Business Review, November-
December: 149-156

Ozawa T (1974): Japan’s Technological Challenge to the West, 1950-1974: Motivation and
Accomplishment, The MIT Press: Cambridge, Mass., London

Perlmutter HV (1969): The Tortuous Evolution of the Multinational Corporation, Columbia
Journal of World Business 4:9-18

Porter ME (1990): The Competitive Advantage of Nations, New York

Porter ME, Takeuchi H, and Sakakibara M (2000): Can Japan Compete? Macmillan Bas-
ingstoke

Prahalad CK and Doz YL (1987): The multinational mission: balancing local demands and
global vision, New York

Riley JJ (1958): A History of the American Soft Drink Industry: Bottled Carbonated Bev-
erages, Washington, D.C.: American Bottlers of Carbonated Beverages

Rogers EM (1995): Diffusion of Innovation, 4™ Ed., New York.

Rosenbloom RS and Cusumano MA (1987): Technological Pioneering and Competitive
Advantage: The Birth of the VCR Industry, California Management Review 29 (1):
51-76

Sakakibara M and Porter ME (2001): Competing at Home to Win Abroad: Evidence from
Japanese Industry, Review of Economics and Statistics 83 (2):310-322

Scherer FM (1992): International High-Technology Competition, Cambridge: Harvard Uni-
versity Press

Schonberger RJ (1982): Japanese Manufacturing Techniques: Nine Hidden Lessons in
Simplicity, New York

Schumacher D, Legler H, and Gehrke B (2003): Marktergebnisse bei forschungsintensiven
Waren und wissensintensiven Dienstleistungen: Aussenhandel, Produktion und Be-
schiftigung, Studien zum deutschen Innovationssystem No. 18-2003, Berlin, Hannover

Shinohara M (1975): On the evaluation of the 360 Yen Exchange Rate, Japanese Economic
Studies 4:3-22

Shinohara M (1982): Industrial Growth, Trade, and Dynamic Patterns in the Japanese
Economy, University of Tokyo Press

Song XM and Parry ME (1997): A Cross-National Comparative Study of New Product De-
velopment Processes. Japan and the United States, Journal of Marketing 61 (2): 1-18

Sony Corporation (2004): Sony History, downloaded on 21.05.2004 from
http://www.sony.net/Fun/SH/index.html

Steenkamp JB, ter Hofstede F, and Wedel M (1999): A Cross-National Investigation into
the Individual and National Cultural Antecedents of Consumer Innovativeness, Journal
of Marketing 63 (2), 55-69

Terpstra V and David KH (1991): The Cultural Environment of International Business, 3™
Ed. Cincinnati, OH

Tsurumi Y (1973): Japanese Multinational Firms, Journal of World Trade Law, Vol. 7, No.
1 (January-February):74-90

Utterback JM (1994): Mastering the Dynamics of Innovation, Boston

Venkatraman N and Prescott J (1990): Environment-strategy coalignment. Its performance
implications, Strategic Management Journal 11 (1), 1-23

Wheelwright S (1981): Japan — where operations really are strategic, Harvard Business Re-
view, July-August, 67-76



Exploiting “Interface Capabilities” in Overseas
Markets: Lessons from Japanese Mobile Phone
Handset Manufacturers in the US

Masanori Yasumoto and Takahiro Fujimoto

Introduction

It has been asserted that close interfirm relationships enhance relation-specific
knowledge, and thus contribute to product development performances (Clark and
Fujimoto 1991; Dyer 1996; Ogawa 2000; von Hippel 1994). Particularly drawing
on the case of the manufacturer-supplier relationship in Japan, antecedents have
asserted that close relationships between firms enhance interfirm collaborative re-
lationships for product/technology development. These studies shed light on the
advantage of the close manufacturer-supplier relationships in Japan, and suggest
the criticality of relation-specific knowledge (Asanuma 1989; Dyer and Singh
1998; Nishiguchi 1994).

The close interfirm relationships may not allow Japanese firms to collaborate
with other firms outside the relationship in Japan. A firm embedded in an interfirm
network could be vulnerable outside the incumbent network that the firm commits
to (Uzzi 1997). The idiosyncratic interfirm relationship between specific firms in
Japan could hinder the Japanese firms from sufficiently exploiting the technolo-
gies and product development capabilities according to expected customer/partner
firms in oversea markets.

However, the case of a Japanese mobile handset manufacturer in the US casts
doubt on the concept of “relation-specific knowledge” in relation to close inter-
firm relationships. As embedded in the close local manufacturer-provider relation-
ship, Japanese mobile phone handset manufacturers are not necessarily successful
in the global market. However, some of the Japanese manufacturers have recently
built close relationships with US providers, and thereby enjoyed a high evaluation
of their products in the US market.

The case makes us infer that Japanese firms could be adept at coping with ex-
pected customer/partner firms in oversea markets even outside the local interfirm
relationships in Japan. Drawing on the case of a Japanese handset manufacturer in
the US, the study attempts to explore how a Japanese firm adherent to specific lo-
cal customer/partner firms can make use of accumulated technologies and product
development capabilities beyond the local interfirm network.

At first, the article overviews the characteristics, benefits, and problems of a
close interfirm relationship between manufacturers and customer/partner firms
drawing on the findings from the Japanese automobile industry. The article pro-
poses the concept of “interface capabilities” following the overview. At the fol-
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lowing section, the article attempts to outline the characteristics of the manufac-
turer-provider relationship and associated handset development capabilities in Ja-
pan, and envisages the case of a Japanese handset manufacturer in the US. At last,
the article discusses how Japanese manufacturers make use of the technologies
and product development capabilities across boarders.

Background

Many studies emphasizing interfirm collaborative relationships have focused on
the manufacturer-supplier relationship in the Japanese automobile industry. These
studies have identified the effectiveness of interfirm collaborative relationships in
automobile development (Clark 1989; Clark and Fujimoto 1991; Dyer 1996;
Helper and Sako 1995; Nishiguchi 1994; Wasti and Liker 1999).

A close interfirm relationship helps an automobile parts supplier assimilate the
customer automobile manufacturer’s specific knowledge and customize the com-
ponent design in accordance with the customer’s requirements. The collaborative
relationship enhances the design-in activities. The interfirm relationship in the
Japanese automobile industry encourages the supplier firms to elaborate technolo-
gies and product designs, so that the product development performances of Japa-
nese automobile manufacturers are enhanced (Clark and Fujimoto 1991). Also it is
suggested that close communication helps firms assimilate intangible cus-
tomer/partner firms’ knowledge, such as “sticky information”, which is regarded
as the critical source of product innovations (von Hippel 1994; Ogawa 2000).

However, a strong interfirm relationship may hinder a firm from adapting to
new environments beyond the incumbent relationship. An interfirm relationship is
based on social contexts (Eisenhardt and Shonhoven 1996; Gulati 1995; Uzzi
1997). Reflecting the emphasis on the influences of social contexts, studies have
examined the country-specificity of interfirm relationships (Chesbrough 1999a;
Gulati 1995; Shan and Hamilton 1991; Helper and Sako 1995; Wasti and Liker
1999). If the technologies and capabilities of a firm are bound to a country-
specific interfirm network, the firm would have difficulties in coping with over-
seas customers/partners because of its local relationships with specific cus-
tomer/partner firms in its country.

A close interfirm relationship could impose relation-specific costs on a firm
(Chesbrough 1999b; Eisenhardt and Schonhoven 1996). A firm is likely to de-
velop technologies and product development capabilities in accordance with the
requirements of existing major customer firms (Christensen 1997). Developing
customized products/components for a customer/partner firm requires a firm to
make customer/partner-specific investments in design/manufacturing knowledge.
As a result, the technologies and product development capabilities could be bound
to the customer/partner specific knowledge. Thus, the investments specific to an
existing interfirm relationship may cause the firm to have difficulties in effectively
exploiting the accumulated technologies and product development capabilities
outside the incumbent relationship.
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Outside the local relationship, a firm would need to make extra-investments to
build new relationships with expected customer/partner firms. Otherwise, the firm
may be resigned to relinquish the technologies and product development capabili-
ties, which the firm has accumulated in the incumbent interfirm relationship. Thus,
a Japanese firm that adheres to specific local customer/partner firms is likely to
have difficulties in coping with expected customer/partner firms in oversea mar-
kets, where the firm can hardly expect benefits from the local interfirm relation-
ship with specific Japanese customer/partner firms.

Distinction Between Interface Capabilities and Relational
Knowledge

The role of shared knowledge between customer/partner firms is critical for suc-
cessful product development (Clark and Fujimoto 1991; Dyer 1996; Dyer and
Singh 1999; Ogawa 2000; von Hippel 1994). In order to enhance knowledge in-
teraction with a customer/partner firm and thereby nurture shared knowledge, a
firm is presumed to have absorptive capacity, which helps the firm assimilate the
knowledge of the specific customer/partner firm (Dyer and Singh 1998).

In the argument, the absorptive capacity seems to be mingled with relation-
specific knowledge for the customer/partner firm. If the absorptive capacity as
well as the relation-specific knowledge is idiosyncratic to the interfirm relation-
ships with a specific customer/partner, a firm could not employ the absorptive ca-
pacity for any other customers/partners. The emphasis on the interfirm relational
specificity would obscure the specific capabilities of the firm.

The specific capabilities of a firm, which could complement partner firms’ ca-
pabilities, could attract the partner firms. The firm-specificity of the capabilities
encourages the partner firms to build close relationships with the firm (Eisenhardt
and Shonhoven 1996). As the critical sources of the firm’s attractiveness for the
partner firms, the firm-specific capabilities should be explicitly distinguished from
the relational knowledge between the firms.

Meanwhile, the determinants of interfirm relationships include external deter-
minants, such as social contexts, technological interdependencies, and so on, as
well as firm’s internal resources (Eisenhardt and Shonhoven 1996). Interfirm rela-
tionships are particularly associated with architectural interdependencies between
the components of a product system (Brusoni and Principe 2001; Chesbrough
1999b; Fujimoto 2004; Takeishi and Fujimoto 2001).

Scholars have focused on product architectures in order to consider related ef-
fective product development capabilities (Ulrich 1995). In the line of studies,
firms are presumed to benefit either of two alternative types of interfirm relation-
ships, “closed” or “open”, according to the interdependencies between the sub-
systems of the products concerned: integral/modular architecture.

Particularly a close interfirm relationship related to the interdependencies be-
tween sub-systems would encourage firms to develop relation-specific knowledge
for a specific customer/partner firm. An automobile is a complex integral product,
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in which the components are mutually interdependent. The interdependencies be-
tween components require relation-specific knowledge exchanges between manu-
facturers and suppliers, and thus engender the close manufacturer-supplier rela-
tionship (Clark and Fujimoto 1991; Dyer and Singh 1998). The Japanese close
interfirm relationship particularly in the automobile industry has drawn the atten-
tion for being adept at nurturing the relation-specific knowledge in the closed in-
terfirm relationship.

However, the necessity of specific knowledge exchanges between firms does
not necessarily result in “closed” interfirm relationships. As reported on several
Japanese electronic firms (e.g., Denso, ROHM, Keyence), firms may successfully
customize the products to various customers’/partners’ specific requirements (Fu-
jimoto 2004)!. These cases of the Japanese electronic manufactures make us infer
that a firm’s interface (i.e., interface architecture), which defines the specificity of
customer/partner firms, should be distinguished from the knowledge specificity
(Figure 1).

. Closed
Pretentious . .
closed Relationship
. Close
(partner specific) Relationshi (e.g., Ideal
P Japanese
Supplier System)
Interfirm
Interface
Specificity
“Close”
open Relationship
(routinized within a ¥arket . based on
firm for any partners) ransactions Interface
Capabilities
generic specific
Knowledge Specificity

Fig. 1. Interfirm interface specificity and knowledge specificity

In many of past studies, which emphasize the criticality of close interfirm rela-
tionships, it is implicitly presumed that a firm could exchange or share specific
knowledge with intimate customers/partners in closed interfirm relationships.
Open interfirm relationships are assumed to be related to generic knowledge ex-
changes between firms. Nevertheless, even though the relationship is “open” to

I Regardless of the internal design architecture of the product concerned, a firm can ei-

ther choose closed or open interfirm relationships (Fujimoto 2004). Also see the cases
of US manufacturers, such as Cisco, Intel, and Microsoft (Gawer and Cusumano 2003).
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any customers/partners, a firm would assimilate the customer/partner-specific
knowledge, and thereby could customize the products for the customers/partners.
If the interface activities which enhance specific knowledge exchanges with
customer/partner firms are routinized within a firm, the interface activities would
be applicable to any customer/partner firms. The interfirm interface of the firm
could be open to any of customer/partner firms even though specific knowledge is
exchanged with the firm and customer/partner firms. Thus, the open interfirm in-
terface allows the firms to exchange both of “specific” and “generic”” knowledge.
The routinized interface activities of a firm could be applied to any cus-
tomer/partner firms. Focusing on the interface between firms, the study posits that
a firm could have “interface capabilities”, which are nurtured in the close interac-
tion with incumbent customer/partner firms. As are specific to the firm, the inter-
face capabilities are distinguished from the specific knowledge of cus-
tomer/partner firms (Figure 2). Irrelevant to customer/partner firms, the interface
capabilities could help a Japanese firm assimilate the specific knowledge of the
requirements of customer/partner firms and reflect the knowledge on the products.

» Assimilated Relational Specificity
Manufacturer-Customer/Partner Relationship

Intrafirm Technologies and

Product Development 5 Customer/Partner-Specific knowledge
Capabilities

Relation-Specific
Interface

« Relational Specificity Mediated by Interface Capabilities

Manufacturer Customer/Partner

Intrafirm Technologies and .
Product Development Customer/Partner-Specific knowledge
Capabilities

Interface
Capabilities
* Other Customer/Partner Firms

Fig. 2. Decomposability of interface capabilities and specific knowledge

Furthermore, the interface capabilities may help a firm insulate and secure the
internal technologies and associated product development capabilities from the
idiosyncratic knowledge of each of specific customer/partner firms. As is the case
in the automobile industry, Japanese suppliers may be frequently required to cus-
tomize the component designs for the customer manufacturers. However, even in
the automobile industry, the interfirm relationship does not necessarily compel the
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suppliers to fully optimize the internal technologies and product development ca-
pabilities for the customer manufacturers (Takeishi 2002; Takeishi and Fujimoto
2001).

As is suggested in the cases of the above Japanese electronic firms, a firm can
customize its products according to its customers/partners without optimizing the
accumulated technologies and product development capabilities for each of cus-
tomer/partner firms (Fujimoto 2004). If properly mediated by the interface capa-
bilities, the technologies and product development capabilities, which have been
accumulated in the close relationships with specific Japanese customer/partner
firms, could be also available for prospective customer/partner firms in oversea
markets.

Overview of Japanese Mobile Phone Manufacturers

Whereas commercializing the most advanced technologies in the world, Japanese
mobile phone handset manufacturers’ performances are not necessarily prominent
in the global mobile phone industries. The dominant mobile communication tech-
nology (PDC: Personal Digital Cellular) in Japan is different from the major mo-
bile telecommunication technology standards, particularly GSM (Global Service
for Mobile communications), in the international market. Partly because of the
technology difference, Japanese manufacturers could not sufficiently exploit the
technologies in oversea markets.

However, the disadvantage of Japanese manufactures concerning the technol-
ogy difference is expected to vanish as the international standard mobile commu-
nication technologies, the third generation (3G) technologies based on IMT-20002,
CDMA (Code Division Multiple Access) technology (including cdma One, cdma
One 1x and cdma One 1x EV-DO) and W-CDMA (Wideband Code Division Mul-
tiple Access), diffuse in the world. The 3D technologies enable much faster net-
work speeds than the second generation technologies?.

High-speed networks reduce the costs and time of downloading data, contents,
and programs, and thus enrich mobile telecommunication services such as more
advanced information services, faster entertainment content/program download,
faster graphic and video data exchange, interactive video communication,
smoother browsing, and so on.

The diffusion of the 3G mobile network and associated handsets depends on the
collaboration between manufacturers and providers*. As the 3G services increase

2 IMT-2000 is the global mobile telecommunication technology guideline by the ITU

(International Telecommunication Union).

For instance, NTT DoCoMo’s PDC, the second generation technology, is capable of
exchanging data at a speed of 29.8K bit per seconds. On the other hand, one of the 3G
technologies, CDMA, is capable of exchanging data at 64K-2.4M bits per second. The
W-CDMA standard’s network speed is 384K bits per second.

“Tokusyu: Keitai-taikoku ga kawaru!!”, Syukan Daiyamond, Jan, 24, 2004. Also see
Funk (2004).
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the interdependencies between handsets and mobile network services, the interde-
pendencies between manufacturers and providers have also increased. Manufac-
turers would need to develop customized high-specification handsets, which are
equipped with sufficiently high-speed processors and large memory and battery
capacities, for specific providers since the advanced mobile services are not suffi-
ciently materialized.

In one of the leading markets in the world>, Japanese manufacturers have
elaborated technologies/handsets in the close interfirm relationship with Japanese
mobile service providers. The following case attempts to delineate how Japanese
manufacturers could successfully cope with oversea customer providers exploiting
the accumulated technologies and product development capabilities.

Relationship Between Mobile Phone Manufactures and Service
Providers in Japan

In the Japanese market, most of handsets have been developed and manufactured
for specific Japanese providers: NTT DoCoMo, KDDI (the brand name of the
mobile business is “au”), Vodafone (former J-Phone), and Tu-Ka. The manufac-
turers are OEM (original equipment manufacturing) manufacturers for the provid-
ers. Japanese providers as the OEM customers of the manufacturers plan the hand-
set lineup, and thus have strong influences on the production quantity and life
cycle of each handset.

The providers require novel and/or distinguished handsets in order to enrich
mobile telecommunication services and attract new subscribers. Japanese provid-
ers subsidize the handset sales so that the OEM manufacturers could be emanci-
pated from the rigid constraint of the development and production costs. The sales
subsidies enable manufacturers to develop and manufacture novel/distinguished
handsets, which are specific to the providers.

In the Japanese market, a new handset model is usually manufactured no longer
than 12 months. The handset models of a product line are renewed every 10 to 12
months. The manufacturers can neither pursue the scale-merit of handset produc-
tion nor cover the development cost with the handset sales per se (Funk 2002).
But, as at least the half of the shipment price of the handset is compensated with
the sales subsidy from the customer provider, the manufacturers could continue to
develop new handsets regardless of the development and production costs®.

Most of the handsets are classified into the high-end or the middle-range product cate-
gories in the Japanese market while, as Strategy Analytics reports, about 70% of the
handsets in the US market are low-end/entry products. Also see Wireless Week, Oct, 15,
2004. The average monthly payment of users to providers (APRU) in Japan, about $75,
is the highest in the world compared to about $49 in the US. Press releases, JD Power
(2003) and CTIA (2003).

Syukan Daiyamond, op., cit. Moreover, the providers provide manufacturers with tech-
nology development costs for novel handset development. As for FOMA (W-CDMA)
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Meanwhile, the competition between more than 10 manufacturers is harsh in
the Japanese market. As is the case of the suppliers in Japanese automobile indus-
try (Nobeoka 1996), the manufacturers compete for the orders of the handsets
from the providers’, and thus need to impress the handset model development pro-
jects on the providers. As a result, Japanese manufacturers provide new handset
models for the customer providers every 6 to 8 months in Japan — except other
minor model changes. The manufacturers have pursued product novelty and dis-
tinguished features for each of customer providers, so that the manufacturers build
close relationships with the customer providers.

Also there are relatively stable interfirm relationships in the US (e.g., AT&T
Wireless and Motorola). Mobile service providers in the US also provide sales
subsidies®. There are several large vendors, AT&T Wireless & Cingular Wireless,
Verizon Wireless, Sprint PCS and Nextel, Voice Stream (T-Mobile), and more
small vendors. As the competition between the providers is harsh, the providers
are also encouraged to provide new handsets with reasonable prices in order to at-
tract subscribers.

However, the basic designs of handsets are usually not customized for each of
the providers in the US. Major manufacturers in the US market have their own
handset development policies, product lineups, and development cycles (Funk
2002). The local providers are not involved in the planning of handset models and
platforms®.

Different from the case in Japan, the interfirm relationship is not expected to
include the collaborative product/technology planning between manufacturers and
providers. The sales subsidy in the US is not intended to cover the development
costs for customizing handsets/technologies for specific providers, but to make up
for the handset manufacturing costs in order to simply lower the sales prices.

handset development, NTT DoCoMo had provided six manufacturers 650 million dol-
lars for 4 years.

In the handset selection process of Japanese providers, manufacturers, as OEM manu-
facturers, usually need to compete against each other. NEC and Panasonic have com-
peted for the top position of NTT DoCoMo handset vendors. Sharp, a new entrant has
drastically increased the handset share for NTT DoCoMo in the early 2000s.

Chicago Tribune, Dec, 4, 2002. Providers have provided about $100 per handset on av-
erage. For instance, AT&T Wireless has subsidized more than $100 for each of the
handsets of Motorola, which is one of the AT&T Wireless’s largest handset vendors.
The platform of handsets is defined as a set of units of base band and RF (radio fre-
quency) band, which consist of integrated circuits and discrete components mounted on
printed on circuit boards (Funk, 2002). However, a basic platform is not necessarily de-
fined by Japanese manufacturers, and it may vary according to who manufactures it.
Several manufacturers also include digital signal processing chips /units in their plat-
forms.
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Handset Development Strategy of Japanese
Manufacturers

Major European and US manufacturers build a platform for each of the product
lines, which defines a standardized product design and core components common
across handset models over several years (Funk 2002). Even though developing
several handset models in a product line for the years, a platform/basic product de-
sign is shared among handset models within a product line.

Taking advantage of a standardized basic product design and a set of common
parts, particularly a platform, enhances the cost reduction, and enables the manu-
facturers to provide the handset models for various providers within a mobile tele-
communication technology in the world®. Based on the basic product de-
sign/platform, the manufacturers modify the exterior designs, specifications, and
software for each of the customer providers. This strategy helps these manufactur-
ers gain large market shares in the global market.

On the other hand, the functions and structures of the relationship between mo-
bile service providers and manufacturers in Japan are similar to the manufacturer-
supplier relationship in the Japanese automobile industry (Funk 2002). The prod-
uct development strategy of Japanese handset manufacturers is largely influenced
by the close manufacturer-provider relationship, which is characterized by the col-
laborative product and technology planning and OEM vender contract based on
the subsidy system. In the close relationship with specific domestic providers,
Japanese manufacturers have developed most of the handset models “customized”
for each of the customer providers.

The harsh competition between manufacturers as well as the sales subsidy sys-
tem has encouraged the manufactures to pursue product novelty and/or product in-
tegrity rather than development and manufacturing costs. As a result, the basic
product design (architecture, circuit design, and mechanical design) and compo-
nents are almost entirely furbished in a new handset model even if succeeding a
preceding model of a product line.

In contrast to the case of international major manufacturers, Japanese manufac-
turers have not developed sufficient consideration of product lineup strategies and
platform management (Funk 2002). However, in recent years, several Japanese
firms also attempt to have the handsets in a product line mutually share common
parts'!. The handsets which are developed in a season mutually share 70-80 % of

10" Tn one year, Motorola develops more than 50 models, and Samsung develops more than
200-300 models. However, most of the models would not be platform models, but de-
rivative models according to various providers and markets in the world.

11" Based on a questionnaire sheet on product development, the clinical data was collected
from manufacturers in the US and Japan from 1999 to 2004. The responding manufac-
turers for the Japanese market include Kyocera (Oct 18, 2000; Dec 2, 2003), Mitsubishi
Electronics (Oct 20, 2000), NEC (Jun 16, 2004), Panasonic (Aug 19, 1999; Nov 9,
2000; Oct 26, 2004), Sanyo (Dec 26, 2002; Jun 25, 2003), Sharp (Jul 7, 2004, e-mail
response), Sony-Ericsson Mobile Communications (Oct 17, 2002), and Toshiba (May
19, 2004, e-mail response). For the US market, the responding manufacturers are Kyo-
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common parts (cost-base) in several major manufacturers. The parts may include
the base band unit, digital signal processor, and RF unit, which are regarded as
platform units in the definition of international major manufacturers.

The manufacturers also take advantage of the technologies and software, which
have been accumulated in past development projects. Nevertheless, the ratio of
common parts between models over more than a year (i.e., carried-over parts) is
still small, at most 10-15 %. Accordingly, the basic product design, particularly
circuit and mechanics, is designed afresh in most of the cases. Japanese firms have
not developed sufficiently standardized basic product designs/platforms, which
could be applicable to several models over several years.

The lack of standardized product designs/platforms over several years requires
Japanese manufacturers to develop new product designs and parts, which are cus-
tomized for each of the models. In other word, Japanese manufacturers are liable
to develop “model-specific” design and components in each of handset develop-
ment projects.

Japanese Mobile Phone Manufacturers in the US

The saturation of the Japanese market and the international standardization of mo-
bile telecommunication technologies have encouraged Japanese manufacturers to
advance to oversea markets since the end of the 1990s. Several Japanese manufac-
turers, including Panasonic and NEC, realize or aim at more handset sales in over-
sea markets than the sales in Japan.

Whereas frequently fluctuating, the market share of handset shipment demon-
strates that top handset manufacturers in the US and the world have been Nokia,
Samsung, Motorola, Siemens, LG, and Sony-Ericsson in recent years'2. However,
the total handset shipment volume includes the shipment volume of low-end hand-
sets for matured mobile telecommunication technologies.

On the other hand, the 3G technologies, CDMA and W-CDMA?, are expected
to realize more innovative services based on the network speeds. As an interna-
tional standard, one of the 3G technologies, CDMA has been already diffused to a
certain extent in several areas including the US and Japan'4. Thus, the article fo-
cuses on CDMA manufacturers.

cera (Sept 24, 2004, Kyocera Wireless, US), Panasonic (Aug 26, 2002, Panasonic
America, US), Sanyo (Dec 26, 2002, Sanyo Telecommunications, Japan), and Sony-
Ericsson (Dec 3, 2002, Sony-Ericsson Mobile Communications USA, US). Additional
data was supplemented by e-mail correspondences.

12 Press release, IDC (2004).

Major Japanese manufacturers, such as Panasonic, NEC, Mitsubishi, and so on, adopt

W-CDMA in close relation to NTT DoCoMo whose is one of its major developers.

14 CDMA subscribers account for 46 % (70.5 M) of the total subscribers in the US (EMC
World Cellular Data Base, Apr, 2004) and for 21 % (17.25 M) in Japan (TCA, Apr,
2004). In both of the markets, CDMA subscribers have grown by more than 15-20 %
annually. Whereas GSM network subscribers represent more than 70 % of the world’s
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LG, Samsung, Motorola, Kyocera, and Sanyo are leading CDMA handset
manufacturers in the US. In 2001, Motorola enjoyed the top-notch position, and
other manufactures, Nokia, Audiovox, and so on followed. However, in recent
years, Korean and Japanese manufacturers have dramatically gained the market
shares by the high-specification handset models. The total market share of Korean
and Japanese manufacturers amounted to 40% in 2004, and is expected to exceed
60% within several years's.

Whereas the market shares of manufacturers could be largely influenced by the
amount of investments in target markets, using customer satisfaction indexes
would help us eliminate the effect of the investment scale, and thus approximate
the product development capabilities of manufacturers'®. A customer satisfaction
index has ranked Sanyo, LG, and Samsung as top three manufacturers in recent
years!”. The ranking is explicated by the high-end features of the manufacturers’
handsets. Kyocera is not ranked as the top manufactures, but is evaluated higher
than several major manufacturers.

In the ranking, the manufacturers continuously excel major manufactures from
2001 to 2004 (e.g., Nokia and Motorola). These manufacturers fall behind Korean
and Japanese manufacturers in developing high-specification models in terms of
the features: color display, digital camera, MPEG player, shell style design, and so
on'8, These features are closely related to advanced mobile telecommunication
services such as contents download, graphical data transmission, and user-friendly
graphical interfaces.

It is reported that Korean and Japanese manufactures flourish as the handsets
are in accordance with the demand for high-specification models, particularly
CDMA handsets, in the US'™. The demand for high-specification handsets, which
have been already diffused in the Japanese market?’, has grown even in the US
market.

subscribers and still are growing in number, their ratio is 20% in the US (EMC World

Cellular Data Base, Sept, 2004). Of the total subscribers in Japan, W-CDMA subscrib-

ers, though increasing, account for up to 5 %, and PDC subscribers still represent about

75 % (TCA, Apr, 2004).

Press Release, Strategy Analytics (2004). Also see Wireless Week, opus cited

16 The Customer satisfaction index also helps researchers elucidate the product develop-
ment capabilities in the world automobile industries. See Clark and Fujimoto (1991).

17 «“U.S. Wireless Mobile Phone Evaluation Study”, JD Power press releases from 2002 to
2004. The handset performance rank is evaluated by features, durability, physical de-
sign, battery function, and operation.

18 Wireless Week, opus cited

19 "Quest for handset dominance”, Wireless Week, June 15, 2004. For instance, the APU of
the handsets of Samsung, which has gained market share with high-specification hand-
sets, is reported to amount to $190 while that of Motorola amounts to less than $150.
Also see Competitive Intelligence, March 9, 2004.

20 Soumu-syou (The Ministry of Internal Affairs and Communications, Japanese Govern-
ment), 2004, Jouhou Tushin Hakusyo (Information and Communications in Japan
2004).

15
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Japanese manufacturers are experienced in developing high-specification hand-
sets in accordance with advancing providers’ mobile telecommunication services.
Particularly after the introductions of cdma One by KDDI in 1998 and i-mode by
NTT DoCoMo in 1999, Japanese manufacturers have preceded European and US
manufacturers in the experiences of the handset development for the advanced
mobile telecommunication services. In recent years, several Japanese manufactur-
ers have showed that the manufacturers could also make use of the advanced tech-
nologies and handset development capabilities even in the international market.

Sanyo*

Sanyo would demonstrate a new handset development strategy of Japanese mobile
handset manufacturers. Sanyo as well as Kyocera is not the vendors of NTT
DoCoMo, which has been the largest provider in Japan and led Japanese advanced
mobile technologies and services. As a CDMA handset vendor, Sanyo and Kyo-
cera have attempted to build the position not only in the Japanese market but also
in oversea markets, particularly in the US market.

In particular, Sanyo have enjoyed the high evaluation on the handsets and in-
creased the handset sales in the US market. Thus, we here focus on Sanyo partly
considering the case of Kyocera (Kyocera Wireless)?2.

Background in Japan

Sanyo Electronics is one of the largest consumer and industrial electronics manu-
facturers in Japan. In 2004, the annual sales of the group amount to more than 20
billion dollars in the world?. The handset business is under the control of the Per-
sonal Electronics Group, which also includes the digital camera business. Sanyo
Wireless Telecommunications and Tottori Sanyo take charge of the handset busi-
ness. Sanyo Wireless Telecommunications, once the personal communication

2 The information on the strategy, handset development, and manufacturing as well as re-
lationships with providers both in the US and Japan was provided by the senior director
of planning and engineering and the Planning Section manager, Sanyo Telecommunica-
tions (Dec 26, 2002) and Plant General Manager, Sanyo Seimitsu (Jun 25, 2003). Addi-
tional data was supplemented by e-mail correspondences.

22 The information on the strategy, handset development, and relationships with providers
in Japan was provided by the Corporate Development Group Manager, Head Office
(Oct 18, 2000) and the Marketing Department manager, Corporate Mobile Communica-
tion Equipment Division (Dec 2, 2003). The information on the US was provided by the
product manager, Kyocera Wireless (Sept 24, 2004). Additional data was supplemented
from both manufacturers by e-mail correspondences.

23 See Sanyo Electronics Co., Ltd. Corporate File for the following general information
on the firm
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business division of Sanyo Electronics, was established as a group company of
Sanyo Electronics in 2002.

Sanyo Wireless Telecommunications develop technologies and handsets for
both Japanese and oversea markets?*. Tottori Sanyo is a manufacturing company
of Sanyo group, and develops and manufactures handsets mainly for the Japanese
market. As for the handset business, Sanyo group also has the factories in Hi-
roshima and Osaka and a manufacturing company in Nagano in Japan. Hereafter,
the article examines the case of Sanyo Telecommunications.

Sanyo’s handset business as well as other major Japanese handset manufactur-
ers, such as Mitsubishi, NEC, Panasonic, Sharp, and so on, not only procures most
of the handset components from the outside of the group, but could also take ad-
vantage of the group companies’ resources. For instance, Sanyo group has the bat-
tery and device business sectors.

Sanyo Electronics, the Power Group, is the leading battery firm for lithium-ion
and lithium-polymer batteries, which are critical particularly for high-specification
phones. The device business sectors are organized under the Device Group, which
includes the Electronic Device (capacitor, SAW filter, micro speaker/receiver etc.)
and Semiconductor (CCD camera module, LED driver, power control,
MP3/WMA decoder, multi-media processor LSI etc.) companies and the Display
Business Unit. Sanyo also set out other product areas related to handset products,
such as audio and visual products and digital camera.

In Japan, most of NTT DoCoMo’s vendors mainly committed to the PDC stan-
dard, which has been the dominant mobile communication technology in Japan,
until the manufacturers started providing W-CDMA handsets for NTT DoCoMo
in 2003. Different from these NTT DoCoMo’s top vendors, Sanyo, as a non-NTT
DoCoMo vendor, entered the mobile handset market late in the mid 1990s.

While mainly focusing on CDMA, Sanyo has provided the handsets for both of
CDMA and PDC providers: KDDI, Vodafone, and Tu-Ka?. In the Japanese mar-
ket (sales volume), Sanyo ranks 6™ in market share (8.1%), and is the top manu-
facturer in the CDMA handset market (26% in Japan, 2004) and the top vendor of
KDDI, which is the only CDMA provider and second largest provider in Japan?.
Sanyo has increased its market share from 5% to more than 7% since 1999%".

The sales shares of manufactures for each of the providers fluctuate as Japanese
manufacturers compete for gaining larger amount of handset order from the pro-
viders. Sanyo has developed the handset business in a close relationship with
KDDI. Whereas KDDI procures about 20% of the handsets from Sanyo, KDDI is
also the top customer of Sanyo. Sanyo ships about 80% of the handsets to KDDI.

24 The handsets for the Japanese market are manufactured at the group manufacturing

companies.
25 For the following data on Sanyo and KDDI, see Yano Research Institute (2004), 2004-
2005 Mobile Communication Sou-Shijo.
Press release, MM Research Institute (2004). Toshiba and Sony-Ericsson are other
CDMA handset manufactures in Japan.
27 Press release, MM Research Institute (2004).

26
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The relationship between KDDI and Sanyo would be close and mutual as is the
case of the relationship between NTT DoCoMo and the vendors.

Competing with other KDDI vendors, Kyocera, Sony-Ericsson, and Toshiba,
Sanyo has built the position of the leading manufactures for KDDI in the early
2000s%8. In 2000, Sanyo introduced shell style browsing phones, which were
equipped with 256 color display, in advance of other vendors of KDDI. In accor-
dance with KDDI’s handset lineup strategy, the high-specification handsets sup-
ported KDDI’s mobile service progress. The high-specification handsets have
helped Sanyo gain the market share.

In the US Market

The business of Sanyo in the US is under the control of Sanyo North America®.
Under the management of Sanyo North America, Sanyo Fisher Company takes
charge of the mobile phone handset business. However, Sanyo does not have the
local group company to develop and manufacture the handsets for the US. The
handsets for the US are developed in Japan and manufactured in China.

In 1998, Sanyo started to provide handsets for Sprint PCS. Sprint PCS is one of
the largest US providers (4th position in 2004) and the second largest CDMA pro-
vider in the US. As several mobile communication technologies, including GSM
and CDMA, have been used in the late 1990s in the world, Japanese manufactur-
ers, such as Panasonic, NEC, and Mitsubishi, could not decide to commit to any of
the global mobile communication technologies. Thus, many of major Japanese
manufacturers have lost the opportunities to nurture close relationships with pro-
viders in oversea markets. On the contrary, from the beginning of the diffusion of
the CDMA technology, Sanyo has focused on the standard and built the relation-
ship with a CDMA provider in the US.

Sprint PCS also procures handsets from Samsung, Nokia, LG, Motorola, and
Toshiba. Sanyo has provided its handsets only to Sprint PCS in the US. In recent
years, Sanyo competed with Samsung for the position of the top vendor of Sprint
PCS. As one of the top vendors of Sprint PCS, Sanyo achieved an annual sales
growth of 40%.3

It should be noted that two major handset manufacturers, Samsung and LG,
also focused on CDMA handsets, accelerated investments in the oversea business
based on CDMA technology in the late 1990s, and became leading vendors of
Sprint PCS and Verizon Wireless. Samsung and LG have also made large invest-
ments in GSM handset business. As a result, in contrast to many of Japanese
handset manufacturers, the Korean manufacturers built the position in the global
market.

28
29

Yano Research Institute, opus cited

See http://www.sanyo.com/home.cfm for the following general information on Sanyo’s
wireless business and history in the US.

30 Strategy Analytics also reports that the growth of CDMA sales, 26%, has boosted the
CDMA sales of LG (mostly for Verizon) to 63% in North America market in 2003.



Exploiting “Interface Capabilities” in Overseas Markets 157

Product Development Strategy in the US

At the product engineering stage, both of the CDMA handsets for the US and Ja-
pan are developed in a product development group of Sanyo Wireless in Japan.
Sanyo’s handsets for the US market are roughly divided into two types: the hand-
sets designed specifically for the US market and the applied handsets of the Japa-
nese models to the US market. Kyocera also employ both of the types.

In the project for the former type model, both of the hardware and software are
designed for a specific model for Sprint PCS. Nevertheless, the components (in-
cluding base band chip, digital signal processor, and RF unit) and the software
platform/common software (including BREW/JAVA application platform and
wireless interface software) are often shared among the Japanese and US models.

The project for the latter type model reuses the basic hardware design, compo-
nents, and related software of the past handset model for the Japanese market.
Considering the specifications to the US customer provider and subscribers, the
project modifies the portions of the preceding model: exterior design, devices
(e.g., display unit), and provider/model specific software and data (e.g., related to
handset system control, device applications and controls, user interfaces, wireless
interface data).

As the projects for the Japanese market is more advanced and complex than for
the US market, both the project types for the US market attempt to exploit the
technologies and product development capabilities based on the projects for the
Japanese market. The basic product development process of the handsets for the
Japanese market is almost same as the process for the US market. The lead-time of
the product development process in the projects for the US market, 10-12 months,
is as long as the lead-time for the Japanese market®'.

However, the model change cycle in a product line, 8-12 months, in Japan is
faster than in the US. Moreover, the handsets and services are more advanced in
Japan than in the US. The advanced handsets in Japan need to be equipped with
advanced displays (65536 colors, TFT, after 2002), processors (133 MHz in
2003), memory (1 MB in 2003), and batteries, according to the complex product
function (more than 1 million step software in 2003) for the high-end handset fea-
tures and services*2.

In addition to the hardware, control software and drivers for user/wireless inter-
face devices (e.g., control unit, display, keypad, power management chip) and re-
lated applications are required to be optimized for each of models. Thus, Sanyo as
well as other Japanese manufacturers almost entirely furbish both of the hardware
and software (except common applications, device driver programs and software
platform) in the projects for the Japanese market. The projects for Japanese market
need to integrate the renewed design, components, and software.

31 Based on data collected from manufacturers in the US and Japan from 1999 to 2004.

32 See Funk (2004). The processor speed would be 500 MHz in 2005. The memory size
would be 5 MB, which may allow 100 BREW/JAVA programs, in 2005. Also, support
for external memory, such as SD memory cards, was added in recent years.
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As a result, the handset and development activities for the Japanese market are
far more complex than for the US market. The required resource for a typical
handset development project for the Japanese market, several hundred thousand
engineering-hours, is sometimes ten times as large as the typical project for the US
market. Compared to the process for the US market, the handset development
process for the Japanese market is characterized with overlapping between stages,
particularly between design, prototyping, test, software stabilization, and manufac-
turing, due to trial and error iterations.

The ratio of software engineering for advanced handset features have increased,
particularly in Japan, as the mobile services and consumer needs are elaborated.
As for the project for the Japanese market, more than 70% of human resources are
assigned to software engineering®. The ratio of software engineering is estimated
at least as large as the ratio of hardware engineering (more than 50%) even in the
projects for the US market.

Sanyo uses common software platforms and programs for both the US and
Japanese markets. Basic software related to wireless interfaces (e.g., base band
and radio frequency) and OS are common across providers within a technology
standard. Application platform and software (e.g., BREW/JAVA) could be also
usable across providers.

Based on the platform and common programs, Sanyo develops/modifies the
software and related data in accordance with the services and specification re-
quirements of the customer provider. These software and data are related to the
provider-specific applications, user interfaces, and detail wireless interface speci-
fications. Also, model-specific software such as system control software and de-
vice-related applications/drivers (e.g., digital camera, display, and keyboard) can
be developed/modified.

On the other hand, as for the hardware, Sanyo has developed product-specific
designs and components without definite hardware basic designs, platforms, and
other common parts of the handsets for both the Japanese and US market. Sanyo
sometimes furbishes the basic designs and components of the handsets even for
the US market. Nevertheless, the handset models for the US market owe the de-
signs and technologies to the handsets for the Japanese market.

In most of cases, the basic design of a product line, such as architecture and cir-
cuit design, is inherited from a former model to a new model both in the US and in
Japan. Even the base band chip, RF unit, and related digital signal processor,
which are defined as platform in European and US major manufacturers, are liable
to be common between the former and new models. These designs and compo-
nents are not only shared among the models for the Japanese markets but also car-
ried over from the preceding handset models for the Japanese market to the fol-
lowing models for the US market. The accumulated technologies, sometimes
specific designs and components, as well as software platforms and common pro-
grams are carried over from advanced Japanese models to following US models.

33 Based on data collected from manufacturers in the US and Japan from 1999 to 2004.
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Managing Close Relationships in the US and Japan

The product development strategy of Sanyo is different from both the international
major manufacturers’ and other Japanese manufactures’ strategies. Sanyo basi-
cally develops model-specific designs, components, and software customized for
each of the US and Japanese providers. As other Japanese manufacturers, Sanyo
does not define specific hardware platforms. Nevertheless, Sanyo successfully ex-
ploits the technologies and product development capabilities for the handsets for a
US provider outside the Japanese local manufacturer-provider relationship.

a) Customization (e.g., Sanyo)

US Mobile
Service Provider

Customized/
Modified
Model in US

----- -+ following
models

Customized
Model in Japan

----- -+ following
models

Japanese Mobile
Service Provider

b) Modification (e.g., Major International Manufacturers)

Platform other modified
) (Model) models
---------- >

A 4

i Model Modified
E for the Provider

A 4

| Mobile Service Provider |

—— : tangible information (design/components/software) flow

------ - : intangible/specific information flow

Fig. 3. Difference in customer-interface process
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The product development strategy largely rests on how Sanyo can manage the
relationships with the customer providers. As is the case of the relationship be-
tween Sanyo and KDDI in Japan, Sanyo has built a close relationship with Sprint
PCS in the US. In the relationship with the US provider, Sanyo enrolls the pro-
vider in the handset planning process as Japanese manufacturers including Sanyo
do in Japan (Figure 3).

In contrast to the case of major European and US manufacturers, Sanyo ex-
changes specific knowledge with the customer providers from the product plan-
ning stage. In the stage, the provider’s requirements are assimilated and reflected
on the handset features, specifications, and even designs/components.

In Japanese firms including Sanyo, the planning process takes on average 2 to 3
months of the total handset development lead-time (about 10 months) whiles the
product design starts 1 month before the formal approval of a handset develop-
ment project. The planning lead-time is as long as the average planning lead-time
in Japan, but is shorter than the average planning lead-time, 4 to 5 months, of the
projects for the US market. During the planning process, the product planners
communicate with the customer provider once in a week on average.

In the process, the product planning group and product design group collabo-
rate to develop the basic product concept and features, product design, exterior de-
sign, and specification. Sanyo as well as Japanese manufacturers offers the plan to
the customer provider. Based on the handset lineup plan, the provider exchanges
the information on the requirements for the handset with Sanyo, and reviews the
proposed handset development plan.

The exchanged information does not only include materialized requirements
but also intangible request information. The information could include the infor-
mation of basic design, battery, digital camera, display, memory, processor, and
other detail functional specifications, related devices/software, and basic wireless
technology specifications, which are closely related to provider-specific services
and user interfaces. Particularly at the early stage of the planning, the customer
provider also provides the intangible request information on the exterior design,
handset features, and user interface (e.g., application features, body color, and so
on).

Reflecting the provider’s review, the product planning group decides the detail
specification, cost, and schedule, and offer the revised product plan and exterior
design to providers. When the providers accept the proposal, the handset devel-
opment project is formally approved. The information exchange-proposal-review
cycle may be repeated several times.

In the collaborative process with the providers, Sanyo attempts to assimilate the
specific requirements from the customer providers, propose the handset model
plan, and reflect the requirements on the handsets both in the projects for both the
US and Japan. Sanyo applies the same product planning process to the handset de-
velopment project for the US market though the product planning section for the
US market is separated from the section for the Japanese market.

It should be noted that Sanyo does not simply reflect the customer provider’s
materialized requirements on the handsets. Assimilating the requests from the
provider, Sanyo is active in proposing high-specification handsets for Sprint PCS
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based on the advanced technologies accumulated in the Japanese market. Sanyo
has a similarly close relationship with providers in both the US and Japan, which
enhance customized handset designs and specifications according to specific re-
quirements from the providers.

The handset development strategy would not rely on any specific providers, but
would be facilitated by the routinized interface activities to collaborate with pro-
viders. In the close relationship with the customer providers in the Japanese mar-
ket, Sanyo as well as other Japanese manufacturers has experienced in assimilat-
ing provider-specific requirements, proposing distinguished/novel handsets in
accordance with the requirements, and developing the requirements into the hand-
set specifications, designs, and software.

We could suggest that Sanyo takes advantage of the experiences in the Japa-
nese market for a US provider. Beyond the specific manufacturer-provider rela-
tionship in Japan, Sanyo have exploited the interface activities reflecting the spe-
cific knowledge from the offshore provider on the handset models.

Discussion

In contrast to major international manufacturers, Sanyo as well as other Japanese
manufacturers have developed customized handsets for specific customer provid-
ers without well-defined hardware designs and platforms. The technologies and
product development capabilities have been nurtured in the local provider-
manufacturer relationship in Japan.

As described in the cases of the automobile and computer/electronic device in-
dustries (e.g., Chesbrough 1999a; Nishiguchi 1994), the technologies and product
development capabilities of the firms in a local interfirm relationship may be idio-
syncratic. Nevertheless, Sanyo has successfully made use of accumulated tech-
nologies and product development capabilities even for the handset development
projects for the US market.

The case of Sanyo witnesses that the interface capabilities should be distin-
guished from customer/partner specific knowledge even though nurtured in the
close relationship with specific local providers in Japan. The interface capabilities
would not rely on specific customer/partner firms, but would be routinized as the
firm-specific capabilities of a manufacture so that the manufacturer could cope
with prospective customers/partners.

Due to the interdependencies between handsets and mobile telecommunication
systems, high-specification handset development depends upon the collaboration
between manufacturers and providers. The case would demonstrate that, in spite
of the increasing necessity of closer collaborative manufacturer-provider relation-
ship, the internal technologies and capabilities of a firm could be distinguished
from the knowledge on specific customer/partner firms. With the interface capa-
bilities, a firm could cope with customer/partner firms’ requirements without
adapting internal technologies and capabilities to each of the customer/partner
firms.



162 M. Yasumoto and T. Fujimoto

The case suggests that the interface capabilities could help Japanese firms as-
similate tangible/intangible specific requirements even from offshore cus-
tomer/partner firms. Japanese firms could propose and develop advanced handsets
in accordance with even the offshore customer providers’ expectations. The inter-
face capabilities would enable a firm to take advantage of the accumulated tech-
nologies and product development capabilities in accordance with the require-
ments from customer/partner firms in oversea markets.

It is emphasized that a firm needs to standardize technologies and prod-
uct/component designs, particularly platforms, within the firm to accelerate the ef-
fective product development processes (Baldwin and Clark 1997). Furthermore, a
firm could lead interfirm networks as well as customer/partner firms based on the
standardized technologies and product/component designs (Brusoni and Prencipe
2001; Gawer and Cusumano 2002; Sturgeon 2002).

However, a firm may also need to cope with each of customer/partner firms.
The knowledge of a specific customer/partner firm is a critical factor for product
success (Ogawa 2000; von Hippel 1994). The criticality of customer/partner-
specific knowledge does not impel a firm to fully integrate the internal technolo-
gies and capabilities according to the customer/partner firm’s requirements. The
case here demonstrates that interface capabilities could mediate the relevance be-
tween the internal technologies and product development capabilities of a firm and
customer/partner-specific knowledge.

It is expected that Japanese manufacturers could successfully enter oversea
markets with Japanese providers, particularly NTT DoCoMo and Vodafone. How-
ever, as the case showed, Japanese manufacturers may pursue an alternative strat-
egy. The case reveals that Japanese firms may take advantage of their accumulated
technologies and product development capabilities even in international interfirm
relationships when exploiting the interface capabilities. The alternative strategy
based on the interface capabilities may allow Japanese manufacturers to cope with
various customers/partners in the global market.

Conclusion

Drawing on the case of Japanese mobile phone manufacturers in the US, this study
explores how a Japanese firm in the close local relationship successfully copes
with prospective customers/partners in an oversea market. The case demonstrated
that firms in a close local interfirm network may make use of the interface capa-
bilities, which have been nurtured in the interfirm relationships with specific cus-
tomers/partners.

The interface capabilities of a firm allow the firm to exploit the technologies
and product development capabilities encouraging the firm to assimilate cus-
tomer/partner firms’ expected requirements into products. Thus, the interface ca-
pabilities are expected to play a critical role in building close, not necessarily
closed, relationships with customers/partners even in oversea markets.
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The interface capabilities enable manufactures to create opportunities for coop-
eration with new customer/partner firms, and thus to choose product development
strategies other than the traditional strategy based on the close provider-
manufacture relationship. The Japanese interfirm relationship may require custom-
ized and model-specific product/component designs, which enhance product in-
tegrity for specific customer/ partner firms. Thus, firms are liable to pursue distin-
guished/novel product in each of product development projects (Clark and
Fujimoto 1991; Yasumoto and Fujimoto 2005).

In contrast to this, the interface capabilities may help a firm devise a coherent
product strategy, such as a platform/multi-project strategy, beyond single product
development projects. Without the product strategy, a firm may face problems of
over-specifications and high costs (Cusumano and Nobeoka 1998). In related in-
terfirm networks, the firm also may have difficulties to build a position if the firm
could not successfully exploit the core technologies and capabilities based on the
product strategy (Brusoni and Prencipe 2001; Gawer and Cusumano 2002). We
need to not only further examine the process of interface capabilities but also ex-
plore how interface capabilities could be employed in relation to platform/multi-
project strategies and contribute to elaborate these strategies.

We are also required to understand the impacts of the technological bases of the
interface capabilities. An interfirm relationship would heavily rely on technologi-
cal interfaces, such as network protocols and technology standards, which define
interdependencies between the sub-systems of a product/service system (Brusoni
and Prencipe 2001; Sturgeon 2002). Thus, the relevance of an interfirm relation-
ship and its dependence on technological attributes of the interface should be ex-
plored hereafter.
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“Fuzzy Front End” Practices in Innovating
Japanese Companies

Cornelius Herstatt, Birgit Verworn, Christoph Stockstrom, Akio Nagahira, and
Osamu Takahashi

Introduction

In a comparison of 14 German and 14 Japanese NPD projects, Herstatt et al.
(2004: 20) report on front-end related activities in these countries. They found Ja-
panese companies to rely on a comparatively formal approach with strong meth-
odological support to reduce uncertainty. With this paper we try to extend and test
their propositions in order to develop a deeper understanding of Japanese front end
activities in the context of a large scale study. We will report on findings about ty-
pical activities such as idea generation and assessment, and the reduction of mar-
ket and technological uncertainty. In addition, we will show differences in the
practices between successful and unsuccessful companies with regard to the exe-
cution of several front end activities.

For this purpose, the paper is organized as follows: Part 2 provides an overview
of our study describing our sample and addressing methodological issues. We pre-
sent our findings concerning typical front-end-related activities in part 3. Next, we
report on the differences between successful and unsuccessful companies. This
paper ends with a discussion of our results and suggestions for further research.

Study

Aim of the Study

Empirical work by Cooper and Kleinschmidt showed that “the greatest differences
between winners and losers were found in the quality of execution of pre-
development activities” (Cooper and Kleinschmidt 1994, p. 26). Two factors were
identified as playing a major role in product success: the quality of executing the
pre-development activities, and a well defined product and project prior to the de-
velopment phase (Cooper and Kleinschmidt 1990, p. 27).

A study of 788 new product launches in Japan confirmed that Japanese new
product professionals view the importance of pre-development proficiency in
much the same way as their American and European counterparts (Song and Parry
1996, pp. 422, 433).
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fuzzy front end
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Fig. 1. The new product development process

Beside this acknowledged relevance of the fuzzy front end, most of existing
studies do not look in any greater detail into the various distinct activities within
the frame of the fuzzy front end and present them collectively under the heading
“pre-development activities”. This study tries to develop a deeper understanding
of fuzzy front end practices in Japanese companies as well as innovation projects.
Which methods, tools, and approaches are used? Which techniques support the
important task to reduce project uncertainties, e. g. related to market or technol-
ogy? How do successful companies approach the fuzzy front end of innovation
compared to less successful or unsuccessful companies? These are the questions
we will take a closer look at.

Methodology

We reviewed literature about front-end activities (e.g., Khurana and Rosenthal
1998; Koen, Ajamian and Burkart 2001; Kim and Wilemon 2002; Rubinstein
1994; Verganti 1997; Zhang and Doll 2001) and developed a standardized ques-
tionnaire to assess front end related activities in Japanese companies. Figure 1
shows our frame of the fuzzy front end phase within a model of the new product
development process.

In Japan, the interpretation of the questions was verified during exploratory in-
terviews and a mailed pre-test. For the large-scale study, we identified a total of
2000 mechanical and electrical engineering companies. MOST (Management of
Science and Technology Department) at the Tohoku University in Sendai send the
questionnaire to the R&D directors of these companies. 553 companies finally an-
swered the questionnaires (response rate = 28%).

Sample

The Sample contains companies ranging in size from below 50 employees to large
corporations, one of which has more than 100,000 employees. The structure of our
sample is further reflected in annual sales which vary between 5 million and 31.1
trillion Yen. Therefore the majority of the sample consists of medium to large
companies employing with 100 to 10,000 employees and annual sales between 1
billion and 1 trillion Yen.



“Fuzzy Front End” Practices in Innovating Japanese Companies 169
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Fig. 2. Size of the companies

Company Success

Company success was measured by two items: The achievement of corporate
profitability and growth goals during the last five years. In doing so, we follow the
notion of evaluating success by comparing the actual outcome of the companies’
activities with the organizations’ planned objectives (Zhang and Doll 2001, p.
102). While this approach may be criticized for not generating standardized meas-
ures of success and failure across firms, this rather reflects an artifact of real-world
differences between firms, industries, economic conditions, accounting rules, tem-
poral situations, and decision criteria rather than a criticism of these scales (Song
and Parry 1997, p. 7).

Reflecting Japan’s difficult economic state (Yoshida 2002, p. 2), it was not sur-
prising that 47% of the companies stated that they did not meet expected profit-
ability goals during the last five years. In addition, 50% of the companies stated
that corporate growth remained below expectations during the same time.
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Fig. 3. Corporate success

In order to be categorized as successful, companies had to meet or exceed their
corporate goals on both of the aforementioned items, while companies which did
not meet either goal were considered to be unsuccessful for the purpose of our
analysis. Companies which achieved one of these goals but failed concerning the
other were not included into the analysis in part 5. Overall, 238 companies were
labeled successful, while 225 companies were unsuccessful.

Results

This section summarizes our key findings about fuzzy front end practices in the
Japanese companies. Firstly, we will describe how ideas were typically generated,
assessed, and selected. Secondly, we will summarize how market and technologi-
cal uncertainty were reduced prior to project execution. Finally, we will describe
typical project planning activities as a further opportunity to reduce project related
uncertainties and as a basis of controlling during the following steps of the product
development process.

Idea Generation

27% of the companies engage in a systematic search for new product ideas. When
this is the case, ideas are primarily sought internally. Only a small minority of
companies additionally looks for ideas outside of the firm. None of the respon-
dents searched for new product ideas exclusively outside of his company. Clear
responsibilities are standard: almost every firm assigns the search for new product
ideas to an individual or a group. However, only about a third of the respondents
use databases to store and process new product ideas.

Our present study corresponds with former findings about the frequent use of
brainstorming in Japan (Harryson 1996, p. 26): Close to 60% of the companies
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regularly apply brainstorming to develop new products. Only the use of kaizen,
which is also employed by 60% of the companies, is equally widespread. While
value analysis is still applied by 44% of the participants, only 11% of the compa-
nies report the use of other creativity techniques, which therefore seem to play a
minor role. While answers showed a wide variety of different practices, a fre-
quently mentioned instrument is an employee proposal system usually connected
to a reward scheme.

Idea Assessment

54% of the companies have their ideas assessed by individuals as well as by
groups. The minority of the companies employs only one of these two possibili-
ties: 26% only let groups assess their ideas, while 20% rely on assessments by in-
dividuals.

In 99% of the companies, upper management is at least sometimes involved in
the idea assessment, for 78% of the companies, this is a typical procedure.

Following the aforementioned notion of reducing as much uncertainty as possi-
ble by employing interdisciplinary teams for idea assessment, 46% of the compa-
nies frequently use multifunctional groups. Another 34% at least sometimes do so.
However, 20% of the companies do not consider this to be necessary. Out of the
440 companies which at least sometimes use interdisciplinary teams to assess new
product ideas more than 60% involve the R&D department in this process. The
marketing department is employed by more than half of the companies. 20% have
the after sales or customer service department participate in the assessment, while
12% include other functions.

28% of the participants stated that they generally use technical criteria to assess
new product ideas. Another 32% sometimes include technical criteria in their con-
sideration. The remaining 40% do not bear these in mind during their evaluation
process. Regarding the nature of these technical criteria, the 329 firms which at
least sometimes employ them mainly consider technical feasibility (78%). The
availability of the required technology inside the firm is a criterion used by 48% of
these 329 respondents.

45% of all companies frequently assign weights to economic and technical cri-
teria in accordance with their importance. Another 29% sometimes resort to scor-
ing the various criteria.

Reduction of Market Uncertainty Prior to Development

We found that 53% of the participating firms contact their customers very often.
Another 41% at least sometimes contact their users to develop or evaluate new
product ideas. Despite the important role of customers in the new product devel-
opment process, especially with regard to the reduction of market uncertainty, 6%
of the companies only very seldom contact their customers for this purpose.
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When customers are contacted, this is most often done by the marketing de-
partment (48%) and/or the R&D department (47%). Other functions such as appli-
cation engineering (14%) and after sales/customer service (13%) play a minor
role.

Customers can be selected according to different criteria and motivations. De-
pending on which criteria the selection process is based on, the integration of users
may be more or less beneficial. Figure 4 summarizes our results:

According to which criteria do you select s/users you t to lop and luate new ideas?

Degree of dissatisfaction with existing product

Motivation to solve the problem with existing product

Knowledge of the customer about technology
incorporated in potential product

Importance of customer (e.g. sales volume)

Good relationship with the customer (e.g. with
regard to secrecy)

Other

No criteria are used

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
N=551 Percentage of companies

Fig. 4. Criteria for customer selection

The factors representing drivers for participation in the NPD process on behalf
of the customer seem to be most important: The motivation of the customer to
solve his problem he has with the existing technology is the most important crite-
rion and is applied by 66% of the companies. In addition, the degree of dissatisfac-
tion with the existing product plays an important role, as this criterion is used by
56% of the respondents. In contrast to this, the following criteria rather consider
benefits on behalf of the companies: For 54% of the firms, the importance — in
terms of e.g. sales volume — of the customer is a criterion for asking him to par-
ticipate in the NPD process. 36% hope to benefit from the customer’s knowledge
about the technology incorporated in the new product and select them accordingly.
A good relationship with the customer is a selection criterion for 29% of the re-
spondents. Among the diverse other criteria for selecting users to develop and
evaluate new product ideas, two themes stick out: Some companies randomly se-
lect their users to participate — thereby employing no criteria. Besides, some com-
panies ask users of a current product to participate — regardless of whether they are
their own or customers of a competitor. In only one case the company specifically
searched for competitors’ customers to advice them in the development and
evaluation of new product ideas.

Direct customer contact represents the most often used market-related source of
information. For other means to acquire knowledge about the target market see
Figure 5. As has been described by Harryson (1996, p. 61), Japanese companies
put a strong emphasis on analyzing competitive products. We find support for
these findings, as 78% of the companies acquire information this way. Customer
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complaints also play an important role. They are analyzed by 72% of the firms. In
contrast to this, only half of the respondents conduct customer surveys and 46%
rely on studies and market research carried out by third parties. Other market-
related sources of information only play a minor role.

Market-related sources used to develop new product ideas

Direct contact to customers 90%
Customer complaints

Customer surveys

Market research or study by externals
Analysis of competitors and their products
Other 5“/‘0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
N=550 Percentage of companies

Fig. 5. Market-related sources used to develop new product ideas

Considering the importance of the customer as a source of information, it is
surprising to see that only 27% of the companies very often systematically inte-
grate customer requirements into the definition of their new product concepts.
This may be due to the fact that it is sometimes hard for users to specifically ar-
ticulate their needs and functional fixedness may hinder them to imagine the re-
quirements they want future products to meet (Herstatt 2002, p. 71; Mullins and
Sutherland 1998, p. 228). Consequently, 53% of the firms just sometimes integrate
customer requirements and 20% even only very seldom.

Systematically translating the customer requirements into technical specifica-
tions allows the companies to incorporate the information into their product con-
cepts. This step is at least sometimes carried out by 85% of the firms. While 15%
refrain from any translation of customer requirements into technical specifications,
39% systematically do so. A well-known tool for this translation is QFD (Quality
Function Deployment). For an overview of this technique see Griffin and Hauser
(1993).

Reduction of Technical Uncertainty Prior to Development

There is a variety of different tools and methods which allow for the reduction of
technical uncertainty during the pre-development phase. One way to reduce tech-
nical uncertainty is to evaluate technical feasibility with early prototypes. This
could be either based on virtual prototypes, rapid prototypes or early, rough physi-
cal prototypes. In addition to showing technical feasibility, such early prototypes
can be used for improving the communication within the development team, with
customers or with top management. It enables an early assessment of customers’
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needs and enhances top management support e.g. for the commitment of resources
(Clayton et al. 1996, p. 449; Watts et al. 1998, p. 48).

In our study, almost 90% of the companies make use of early physical proto-
types, 15% apply rapid prototyping and 11% use virtual prototyping (see Figure
6). Almost half of the companies use simulation to reduce technical uncertainty.
Overall, only 5% of the respondents do not apply any methods or tool to reduce
technical uncertainty during the predevelopment phase. This supports the proposi-
tion that Japanese companies rely on a strong methodological support to reduce
uncertainty (Herstatt et al. 2004).

Methods or tools applied to reduce technical uncertainty

Simulation

Virtual reality techniques
Rapid prototyping

Early physical prototyping 89%

Other 5%

None 5‘%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
N=551 Percentage of companies

Fig. 6. Methods or tools applied to reduce technical uncertainty

Front End Project Planning

For 40% of the respondents, a systematic initial planning is a standard procedure.
49% at least sometimes plan their projects systematically. 11% do not engage in
systematic initial planning at all. In the next section, we evaluate the effect of sys-
tematic initial planning on success. In this section, we look at the different plan-
ning activities and support of these activities by methods and tools in more detail.

In our study, almost half of the companies define milestones with deliverables
(see Figure 7). Terms like work packages are not widespread in Japan. Instead,
projects are broken down into “teams”. Cost plans are assigned to these teams.
This is the case in 64% of the companies we looked at. In addition, more than half
of the companies determine the required staff for the project already during the
initial planning. With regard to tools, bar charts, network diagrams and project
management software are not often used (18%, 3%, and 14% of the companies).
This is in line with former results (Herstatt et al. 2004).
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Initial planning

Milestones with defined deliverables
Teams / work packages 64%
Cost plan 64%

Required staff for the project 55%

Bar charts (Gantt charts)

Network diagrams 3%‘

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
N=551 Percentage of companies

Fig. 7. Market-related sources used to develop new product ideas

In sum, the descriptive results about fuzzy front end practices in the Japanese
companies we looked at confirm a rather systematic approach to the front end with
strong methodological support. In the next section, we will look at the effect that
different front end practices have on companies” success.

Comparing Successful and Unsuccessful Companies

In this section, we compare successful and unsuccessful companies with regard to
different front-end-related activities that we argue to be influential on NPD suc-
cess. We do so with the help of contingency tables which classify the companies
by the achievement of their corporate growth and profitability goals on the one
hand and by the execution of the respective activity on the other.

The product development process starts with an idea originating from basic re-
search, customer based techniques, or creativity techniques (Cooper and Klein-
schmidt 1990, p. 45). Not only may ideas stem from a variety of sources, also their
generation often is a complex and creative task associated with considerable un-
certainty. While researchers argue about whether to have individuals generate
ideas (Rochford 1991, p. 289) or to leave this task to — preferably multidiscipli-
nary — teams (Baker et al. 1985, p. 40; Geschka 1992, p. 284, 294-296; Rubinstein
1994, p. 656; Rochford 1991, p. 289; Song and Parry 1997, p. 9), a systematic ap-
proach to this endeavor is likely to contribute to the reduction of uncertainty and
thereby positively influences success. Hence, we conjecture that

P1: Companies engaging in a systematic search for new product ideas are more
successful than companies which do not search systematically for new product
ideas.
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Table 1. Number of companies by success and search strategy

Systematic search Success Total frequency
Yes no
yes 73 61 134
no 165 164 329
Total frequency 238 225 463

Table 1 reveals that the majority of the respondents do not engage in a system-
atic search for new product ideas. In addition, performing a chi-square test of in-
dependence, the results also show that the hypothesis that there is no relationship
between row and column frequencies cannot be refuted. Hence, the data does not
support our proposition.

One possible explanation for this is that a systematic search for new product
ideas is only the beginning of a NPD project. Many uncertainties still remain at
this point, such as the question whether the ideas generated will pass the assess-
ment step or be terminated there. Consequently, a systematic approach to search-
ing for new product ideas may in itself not be influential enough to already have
an effect on corporate success at such an early phase of the NPD process.

After generating a number of ideas, the next step, idea assessment, is necessary
to decide on the execution of an idea or to select the most promising idea from al-
ternatives. The importance of this step within the product development process is
empirically supported by studies in Western countries as well as in Japan and
other countries (Cooper and Kleinschmidt 1986, p. 82, 1994, p. 25; Johne and
Snelson 1988, p. 119; Mishra et al. 1996, p. 540; Song and Parry 1996, p. 431).

The risk in this step is twofold: On the one hand, the decision to continue with a
project based on a bad idea entails further cost which leaves less available re-
sources to other more promising projects. On the other hand, good ideas may not
be recognized as such and promising ideas may be terminated with the conse-
quence that the company may forgo a profitable business case.

Upper management support has frequently been found to contribute to success-
ful NPD (Brown and Eisenhardt 1995, p. 352). The involvement of upper man-
agement in the assessment of new product ideas may prove supportive to success
inasmuch as upper management is likely to be more involved and offer greater
support for ideas of which they approved during assessment in order to insure
their success. Therefore, involvement of upper management in the assessment of
new product ideas may result in support and championing for a project which has
repeatedly been identified as contributing to new product success (Kim and Wile-
mon 2002). Consequently, we propose that

P2: Upper management involvement in the assessment of new product ideas con-
tributes positively to success.
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Table 2. Number of companies by success and upper management involvement in the as-
sessment of new product ideas

Involvement of upper Success Total frequency
management
yes no
Yes 189 169 368
Sometimes 47 52 99
No 2 3 5
Total frequency 238 224 462

Table 2 reveals that the majority of the companies involve upper management
in the process of assessing new product ideas. However, performing a chi-square
test of independence, we do not find support for our proposition in the data. This
can be explained by the evidence, that almost every company in our sample in-
volved upper management. Therefore, we can only compare companies which
most of the time involve upper management to companies which sometimes in-
volve upper management and not test our proposition.

Given that decisions frequently have to be made without having all of the rele-
vant information at hand, idea assessment is accompanied by a high degree of un-
certainty. The more radical the innovation project, the more difficult an early as-
sessment of an idea becomes. In this context, interdisciplinary teams may be of
value in order to account for as many facets and perspectives on a problem as pos-
sible.

Interfunctional integration has long been identified as a success factor for NPD
(Cooper and Kleinschmidt 1987 p. 171; Salomo et al. 2003, p. 167). Especially,
cooperation between R&D and marketing is regarded as vital to new product suc-
cess (Souder 1990, p. 15). Some authors suggest that the assessment of new prod-
uct ideas provides a greater reduction of uncertainty if various corporate functions
can contribute their specific knowledge and thereby allows for more successful
products (Aggteleky and Bajina 1992, pp. 154-156; Song and Parry 1997, p. 9).
Hence, we suggest that

P3: New product idea assessment by interdisciplinary teams contributes positively
to success.

Table 3. Number of companies by success and interdisciplinary teams in the assessment of
new product ideas

Involvement of inter- Success Total frequency
disciplinary teams
yes no
yes 121 93 214
sometimes 74 83 157
No 43 49 92

Total frequency 238 225 462
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From Table 3 the calculated > = 4.209, which has less than a 15% probability
of occurring if the classifications were independent. Our suggestion that the as-
sessment of new product ideas by interdisciplinary teams contributes to success
therefore cannot be supported by the data.

After the assessment and selection of an idea, the concept has to be worked out
in more detail. This includes the reduction of market uncertainty in order to arrive
at a deeper understanding of the external environment. The target market has to be
defined and customer requirements have to be integrated into the product concept,
prior to development (Balbontin et al. 1999, p. 274; Cooper and Kleinschmidt,
1990, p. 26, 1994, p. 26; Khurana and Rosenthal 1997, p. 113; Maidique and
Zirger 1984, p. 198; Song and Parry 1996, p. 427).

One possible way is to extensively use customer or user information for devel-
oping the new product concept. This type of information can either be gathered by
direct contact with customers or by relying on functions operating closely with
client organizations such as after sales/customer service. Consequently, companies
should maintain close and direct relationships with their customers. While it is
frequently argued that it is more difficult to reduce market uncertainty in new
markets as potential customers are often unable to articulate their needs or may
not even be aware of them (Mullins and Sutherland 1998, p. 228). Callahan and
Lasry (2004, p. 116) argue that customer input is always important but for the case
of very new products. Following this notion we suggest that

P4: Successful companies contact their customers more often to develop and
evaluate new product ideas than unsuccessful companies.

Table 4. Number of companies by success and frequency of customer contact

Customer contact Success Total frequency
yes no
very often 144 105 249
Sometimes 84 102 186
very seldom 9 18 27
Total frequency 237 225 462

Table 4 reveals that the majority of the respondents contact their customers
very often. In addition, the chi-square test of independence (3> = 10.546) shows
that there is only a less than 1% probability that the frequencies are independent.
Hence, we find strong support for our proposition in the data.

Within the process of NPD, each corporate function should contribute accord-
ing to its special strengths and abilities. The marketing department has been re-
peatedly identified as a source of valuable knowledge for the project team (Ben-
kenstein 1987; Griffin and Hauser 1996; Cooper and Kleinschmidt 1987). It is in
close contact with a company’s customers, and is more knowledgeable about their
problems and needs than any other corporate function. It understands the ”voice of



“Fuzzy Front End” Practices in Innovating Japanese Companies 179

the customer” and thereby allows for the development of products that correspond
to market needs. Therefore, we suggest that

P5: Contact between marketing and customers positively contributes to success.
Analogous to the description of the results in the former section, we perform
this analysis only for the 435 companies which contact their customers at least

sometimes to develop and evaluate new product ideas.

Table 5. Number of companies by success and department contacting customers

Marketing contacts Success Total frequency
customers
yes no
Yes 126 87 213
No 102 120 222
Total frequency 228 207 435

From Table 5 the calculated x> = 7.604, which has less than a 1% probability of
occurring if the classifications were independent. These data reveal strong support
for our notion that the frequency of marketing contacting customers is higher for
successful firms than for unsuccessful companies.

However, listening to one’s customers and gathering information from them is
not sufficient. In order to develop products which will be successful in the market
place, the companies have to derive customer requirements from the information
gathered and integrate these into the definition of their new product concepts. We
therefore propose that

P6: Systematic integration of customer requirements into the definition of new
product concepts contributes positively to success.

Table 6. Number of companies by success and systematic integration of customer require-
ments into new product concepts

Systematic integration of customer Success Total frequency
requirements
yes no
yes 89 46 135
sometimes 109 122 231
no 39 57 96
Total frequency 237 225 462

From Table 6, the calculated %* = 17.503, which has less than a 0.1% probabil-
ity of occurring if the classifications were independent. Hence, we find strong
support for our proposition in the data.

The final step then is to translate the customer requirements into technical
specifications, which can be done using QFD, as was described above. The cus-
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tomer information is rephrased in a way that allows for the engineering of the
product concept. Hence

P7: Companies systematically translating customer requirements into technical
specifications are more successful than companies not doing so.

Table 7. Number of companies by success and translation of customer requirements into
technical specifications

Translation of cus- Success Total frequency
tomer requirements
yes no
yes 107 77 184
sometimes 99 107 206
no 31 40 71
Total frequency 237 224 461

Table 7 reveals that the majority of the respondents at least sometimes translate
customer requirements into technical specifications. In addition, the chi-square
test of independence (> = 5.981) shows that there is a 5% probability that the fre-
quencies are independent. Hence, we find support for our proposition in the data.

According to the “rational plan” research stream in NPD, “a project that is well
planned, implemented, and appropriately supported will be a success” (Brown and
Eisenhardt 1995, p. 348). As has been stated above, planning of NPD projects has
been repeatedly identified as a significant determinant of new product success in
Western countries as well as in Japan (Thieme et al. 2003; Song and Parry 1996,
p. 432; Balachandra and Friar 1997, p. 279; Pinto and Slevin 1988, p. 67;
Maidique and Zirger 1984, p. 198). On the other hand, it is argued that planning
might not be beneficial under all circumstances, such as in a rapidly changing en-
vironment for example, and that NPD success in those cases rather depends on the
company’s ability to improvise (Benkenstein 1987). However, as this second view
only addresses more specific circumstances, we follow the first argument and pro-
pose:

P8: Companies systematically planning a project prior to its start are more suc-
cessful as companies which do not systematically plan innovation projects.

Table 8. Number of companies by success and systematic initial planning

Systematic planning Success Total frequency
prior to start
yes no
Yes 109 82 191
Sometimes 101 122 223
No 28 21 49

Total frequency 238 225 463
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As is evident from Table 8, there exists a relationship between the two frequen-
cies. The chi-square test of independence shows that there is a less than 5% prob-
ability that the frequencies are independent. We therefore find support for our
proposition in the data.

Conclusions

The companies in our sample engage in a variety of activities to generate new
product ideas. In accordance with prior research (Herstatt et al. 2004, p. 20; Har-
ryson 1996, p. 26) we find that Japanese companies employ a number of different
creativity techniques of which brainstorming is the most important.

As advocated by previous research (Cooper and Kleinschmidt 1987, p. 171,
Souder 1990, p. 15; Aggteleky and Bajina 1992, pp. 154-156; Song and Parry,
1997, p. 9; Salomo et al. 2003, p. 167), the majority of the companies involve in-
terdisciplinary teams and upper management in the assessment of new product
ideas. However, our analysis cannot link these practices to corporate success.

The respondents use various sources of information to reduce uncertainties in-
herent in NPD. Customers represent the most prominent source of information for
the companies followed by competitor analysis. Information from customers is not
only gathered via direct contact. The companies also evaluate customer com-
plaints and conduct surveys. It shows to be most beneficial, if marketing contacted
customers.

We found strong support for our suggestion that frequent contact with custom-
ers is important to company success. However, this is not sufficient in itself: The
gathered information and customer requirements need to be integrated into the
product concept. This requires them to be translated into technical specifications.
Both of these activities are more often carried out by successful companies than
their unsuccessful competitors.

Finally a systematic approach to planning NPD projects is found to be posi-
tively related to corporate success.

Overall, we were able to support and extend the findings of Herstatt et al.
(2004) with regard to Japanese management practices during the fuzzy front end
of the innovation process.
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Implementing Process Innovation — The Case of
the Toyota Production System

René Haak

Introduction

For more than twenty years now, the Toyota production system has been the sub-
ject of lively interest and debate in the West. Particularly the 1980s and early
1990s saw a real boom in the publication of scientific writings and works of popu-
lar science which tried to get to discover the secret of Toyota success. One of the
best known papers is the study carried out by Massachusetts Institute of Technol-
ogy (MIT) researchers Womack, Jones and Ross in 1990, which intrigued whole
legions of production scientists, management researchers and industry practitio-
ners and had a key impact on subsequent research and on the Western view of the
Toyota production system and also on the self-image of Japanese production man-
agement itself.

In the course of the International Motor Vehicle Program (IMVP) the MIT re-
searchers highlighted the differences between the factories in the automobile in-
dustry world-wide. They derived from the data for this study the basic hallmarks
of the production system that became known globally as Lean Production.

The MIT researchers posited the theory that Lean Production would change the
world in the same way as Fordist mass production had in the past, so that sooner
or later all the important automobile manufacturers would be forced to adopt the
Japanese system. However, the existence of ‘one best way’ revealed itself as a
myth during the 1990s. A number of Japanese automobile manufacturers, once
paradigms of Japanese production management, were forced to enter into partner-
ships with foreign counterparts; in some cases, the management of the company
was also handed over to ensure continued competitiveness. Others, however, such
as Toyota and Honda, were able to maintain their world-wide leadership and con-
tinued to develop their specific forms of production system. Toyota’s profits in-
crease with each year and it now occupies second place in the world ranking be-
hind General Motors and ahead of Ford.

In order to examine the Toyota production system one must first of all ask what
is meant by production system, the development and nature of which will be ana-
lyzed on the following pages. In this contribution, the production system is meant
as the management system of manufacturing companies. This interpretation is
based on the integrative approach to production management where production
management includes the running of production processes, quality management,
logistics, maintenance, industrial engineering and procurement.
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The Toyota production system can be seen as a technology-based, comprehen-
sive production management system with the primary goals of increasing produc-
tivity and reducing costs (Monden 1983). This is achieved by reducing cycle time,
increasing flexibility, reducing stock levels and shortening machine changeover
times. According to Ohno the basis of the Toyota production system is “the abso-
lute elimination of waste. The two pillars needed to support the system are:

e just-in-time
e autonomation or autonomation with human touch.

Just-in-time means that, in a flow process, the right parts needed in assembly
reach the assembly line at the time they are needed. A company establishing this
flow throughout can approach zero inventory. The other pillar of the Toyota pro-
duction system is called autonomation — not to be confused with simple automa-
tion. It is also know as automation with a human touch. At Toyota, a machine
automated with a human touch is one that is attached to an automatic stopping de-
vice. In all Toyota plans, most machine, new or old, are equipped with such de-
vices as well as various safety devices, fixed-position stopping, the full-work sys-
tem, and baka-yoke foolproofing systems to prevent defective products. In this
way, human intelligence, or human touch, is given to the machines.” (Ohno 1988,
pp. 4-6)

The difference between the concepts of Lean Production and the Toyota pro-
duction system is that Lean Production (Jiirgens 1994) was coined by the MIT re-
searchers Womack, Jones and Ross and is used for any company in any branch of
industry, whereas the term Toyota production system refers to the production
management system at Toyota, but includes basically the same elements. In his
latest book “The Toyota Way” (2004) Liker give us an impression of what exactly
a lean enterprise is. “You could say it’s the end result of applying the Toyota pro-
duction system to all areas of your business. In their excellent book, Lean Think-
ing, James Womack and Daniel Jones define lean manufacturing as a five-step
process: defining customer value, defining the value stream, making it “flow”,
“pulling” from the customer back, and striving for excellence. To be a lean manu-
facturer requires a way of thinking that focuses on making the product flow
through value-adding processes without interruption (one-piece flow), a “pull”
system that cascades back from customer demand by replenishing only what the
next operation takes away a short intervals, and a culture in which everyone is
striving continuously to improve.” (Liker 2004, p. 7)

This contribution cannot discuss all the aspects of Toyota production system
mentioned here in high detail. It is more important to highlight key developments,
identify changes and challenges in the Toyota production system and to illustrate
the particular characteristics of this worldwide famous production management
system.

The Toyota production system is unique, or in other words it is Toyota’s unique
approach to manufacturing, and the result is unique in the world of manufacturing.
Toyotas specific production system is the basis for much of the “Lean Production”
movement that has dominated manufacturing trend for the last 15 years. It is clear,
that Toyota’s performance is a direct result of operational excellence. This excel-
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lence is based in part on tools and quality improvement methods made famous by
Toyota — with roots in the United States — in the manufacturing world, such as
kaizen, jidoka, just-in-time, and heijunka. Tools and techniques are one part of
Toyota’s approach to be better than the competitors. But the success at implement-
ing these tools stems from a deeper business philosophy based on its understand-
ing of people and human motivation. According to Liker (2004, p. 6) the “success
is ultimately based on its ability to cultivate leadership, teams, and culture, to de-
vise strategy, to build supplier relationships, and maintain a learning organiza-
tion.” So, in this contribution special attention will be paid to the tools and also to
the philosophy of the Toyota production system.

Two central issues for discussion in this chapter arise from these preliminary
observations. On the one hand, we examine the question of which central factors
have influenced the development of the key features of the Toyota production sys-
tem; in other words, where were its roots, where were the important factors shap-
ing the tools and the philosophy. On the other hand, we look at the issue of
whether the strength of Toyota production system, derives from its nature as a dy-
namic rather than as a static system, from the fact that constant change is inherent
in the Toyota production system, forming the basis for a flexibility which ensures
that the system can survive in the face of rapidly changing competition and market
constellations. In other words, can the Toyota production system be understood as
a key factor in the corporate processes of learning, adaptation and improvement,
as the key factor in a learning organization? Are change and continuity the main
characteristics of the Toyota production system and which challenges is Toyota
facing in the future?

Technology and Knowledge Transfer

A look back at the development of Toyota production system reveals that the
global successes of Toyota over recent decades can be linked in no small part to
technology and knowledge transfer and the associated advances in organizational
learning. One of the areas in which the success of Toyota production system crys-
tallized was automation technology and, following on from that, the development
of the autonomation system (jidoka) at Toyota and the just-in-time system which
will be examined in greater detail later. Successful transfer and further develop-
ment of advanced technologies from the USA and Western Europe were important
prerequisites for the emergence of a specifically Toyota production system and
also therefore for the unstoppable business and technological advance of Toyota
following World War I1.

Adopting and improving technology from the United States and Western
Europe, increasing productivity with new forms of work organization, manage-
ment and staff development together with autonomation technology, a nation-wide
program to improve quality based on the thinking of the Americans Deming and
Juran coupled with a high degree of flexibility were the key elements that enabled
also Toyota to catch up quickly with advances in organizational learning. Ohno
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(1988, p. 3) pointed out: “We have learned a lot from the U.S. Automobile empire.
America has generated wonderful production management techniques, business
management techniques such as quality control (QC) and total quality control
(TQC), and industrial engineering (IE) methods. Japan imported these ideas and
put them into practice. The Japanese should never forget that these techniques
were born in America and generated by American efforts.”

On an individual level, it was the commitment and willingness to learn on the
part of Japanese technicians, engineers and managers, particularly those in com-
panies engaged in electrotechnology, mechanical engineering and machine tool
building, and in laboratories undertaking research into manufacturing science
which made the advances in production management possible. Toyota played a
key role in this process. Improving the existing situation and implementing the
findings in practical applications characterize the development of the Toyota pro-
duction system.

Along with the transfer of technology and knowledge, it was the industrial inte-
gration of innovative technology and new forms of work organization and com-
pany leadership which characterized the Toyota production system.

The Company: A Whole System

The Toyota production system has made its mark on industrial practice and on
manufacturing science research in places other than in Japan. It embodies in Lean
Production a corporate approach and a basic company strategy that view the fac-
tory as a whole system, as a work system overlaying the single work station and
the workshop. Essentially, Toyotaism concerns the developmental mainstays of
production management: manufacturing technology and work organization. It
tries, whilst avoiding any form of waste, to combine the benefits of manual pro-
duction — Taylor’s central interest in rationalization — with the advantages of mass
production (Fordism).

As Toyotaism became more widespread, internal and external production logis-
tics (just-in-time) took up a key position for corporate success along with work
organization and manufacturing technology (autonomation, jidoka in Japanese).
Toyota people usually explain just-in-time and jidoka as the twin pillars of the
Toyota Production System (Ohno 1988; Nihon Noritsu Kyokai 1978; Monden
1983) and do not highlight the work organization system specifically, although it
plays a large part in the success of the Toyota Production System.

The term jidoka can be translated as autonomation. This term includes on the
one hand the concept of automation and on the other that of autonomous monitor-
ing for defects and elimination of their causes. In automated work processes, a de-
fect or poor quality can cause the machines to come to an immediate standstill.
Work can only continue when the cause of the problem has been removed. If one
work stage is interrupted, the whole production system can come to a stop, as the
constraints of kanban only allow minimum interim stocks. In some cases there are
no interim or buffer stocks.
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Therefore the production workers have to be in a position to find the defect as
soon as possible and take the appropriate steps towards fixing it to minimize pro-
duction down time. For example, all the work places are supplied with light indi-
cators called andon which call the workers allocated to that particular production
section to help. The potential for disruption to the production system resulting
from autonomation, quality assurance and cost reduction has also earned Toyo-
taism the name ‘Management by Stress’ (Parker and Slaughter 1988). Further-
more, social pressure on less productive employees in the group can cause prob-
lems for the productivity and motivation of the group members. From the point of
view of the learning organization that is looking at autonomation from the aspect
of learning theory, stress within a certain context (taking into account intensity,
time period, the constitution of the individual, social norms) can however promote
learning.

Toyota production system was developed for the manufacture of passenger cars
in the Toyota Motor Company’s factories and is used primarily in the automobile
and the automobile supply industry. It did not remain limited to Japan: it has
proved an effective structure for production in other economies and achieved con-
siderable productivity and quality effects (Schmitt 1998; Yui 1999).

The Toyota production system approach originated with Eiji Toyoda and Tai-
ichi Ohno. In a well-known study by the Massachusetts Institute of Technology,
which was published in 1990 under the title ‘The Machine that Changed the
World’, Toyota’s factors for success are named as technology leadership, cost
leadership and time leadership.

In their comparative study, the authors find the main factor for success in Japa-
nese companies is a different system of production from that practiced in Euro-
pean and American companies: lean production. In their view, lean production
combines the advantages of manual production with those of mass production,
whilst avoiding the high costs of the former and the inflexibility of the latter. On
the one hand, many multi-skilled workers work in groups, as is the case in manual
production; on the other hand, large volumes of standardized parts are produced
with the aid of flexible automated machinery — similarly to mass production
(Womack, Jones and Ross 1990).

The findings of the international comparison made in this study between mass
and Toyota production system are summarized in the following list of “lean pro-
duction” features:

fewer defects in automobile manufacture;

the manufacturing process is much faster;

the repair area in the company is smaller;

the stocks held by the company are smaller;

the majority of employees work in teams;

the workers frequently change their job within the company in the production
area;

o the workers offer more suggestions and are trained for longer;

e the organizational structures are flatter.
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Essentially, the key factor is organizational learning, which manifests itself as
the result of the advances in manufacturing technology and in work organization,
improved product quality and careful use of resources. Other features of this or-
ganizational learning system are low warehouse stocks, shorter product develop-
ment times and low staffing levels and, especially at Toyota, involving assembly
workers in the permanent quality control system and the continuous process of
improvement (kaizen) (Shimizu 1988). As a result, production errors fell dramati-
cally and costly post-processing was minimized.

Kaizen

Kaizen can be interpreted as the Toyota management philosophy which involves
every employee in achieving the goal of continuous improvement of structures
and systems (Hayashi 1991, Jirgens 1991), and stand behind the successful im-
plementation of tools and techniques of the Toyota production system. The start-
ing point for this philosophy is the knowledge that each business is confronted
with many problems which can be solved by establishing a company culture with
two main features: each employee can with impunity point out errors and identify
problems, and solutions for the weaknesses identified are found by the employees
of the organization working together (Yamashiro 1997; Imai 1993).

Continuous improvement of structures and systems uses a systematic procedure
based on Deming’s PDCA cycle (Plan, Do, Check, Act). The PDCA cycle is used
in Japanese companies to initiate, track and review improvements. Approaching
the matter systematically, the cycle begins with the planning phase (Liker 2004, p.
24). For example, the area earmarked for improvement is discussed in the work
group and the most important findings and the biggest obstacles are identified.
Then the current situation is analyzed. In order to proceed efficiently, the problem
under investigation is defined and described precisely. To identify causes, relevant
data is collected from the production workers. A quantitative base of data is indis-
pensable for identifying clearly the potential for improvement and defining appro-
priate interim goals and actions. This is also a requirement for making the targeted
improvements unmistakably visible to all the employees in the course of the im-
provement process.

In the do phase of the improvement cycle, the actions selected are carried out.
This does not mean however that it is impossible to return to the plan phase if nec-
essary, in order to gather more information and review the actions. Defining the
actions is only the first step on the way to achieving the improvement of the pro-
duction systems and structures.

In the check phase that follows, the effects of the planned actions are analyzed.
An investigation is carried out into whether and how the goals defined in the plan-
ning phase can be achieved. The results are monitored, documented and illustrated
in the activity catalogue. Regular monitoring reveals whether the goals have been
achieved. If this is not the case, then investigations are carried out into why the
undesirable deviations occurred. Even failures hold important information for
shaping the improvement process.
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The last phase of the cycle — act — serves to review the previous phases and to
record the experiences made during the process, by standardizing successful fac-
tors and making them obligatory for other employees in the company, and to initi-
ate follow-up activities, from which targets for subsequent improvements can be
set up. If the cycle is carried out sequentially as it is intended to be, the problems
under consideration are increasingly limited as knowledge and experiences from
the previous cycles can be applied.

The newly created standards or rules set up by the kacho or bucho (in some
Japanese companies by the kakaricho or kumicho) as results are not set in stone.
The aim of the standard is to create a basis for further improvement, but also to
encourage confidence in consistent quality, to create a solid basis for worker edu-
cation and training and to remove product liability problems (Suzuki 1994). The
old standard is only replaced when a new one is defined in the course of the im-
provement process. The role of the kakaricho or the kumicho, the immediate su-
pervisor, who does not work in production with the other employees, is to find
new templates for standards on the basis of the daily production data and to push
through improvement measures together with expert kaizen teams, who are as-
sembled specifically for the problem situations, or with work groups.

The PDCA cycles running on the different levels of the company can be inte-
grated both upwards and downwards in the hierarchy. This creates multifunctional
project teams primarily in the area of product development or in production pro-
cess innovation. Problems which cannot be dealt with on one level of the company
or in a functional area are referred to the next highest level or to a level with the
specific subject knowledge, as are faults in the production process, so that pre-
cisely the knowledge required for solving the problem can be applied. In this con-
text, the integrated PDCA cycle can also be understood as a process of organiza-
tional learning, in which subject knowledge and experience can be gathered on an
individual basis and made available through the improved standards to be worked
with throughout the company.

Avoiding Waste

A central concern of kaizen is to eliminate or avoid waste of all kinds in the com-
pany. Frequently, waste in a company is not perceived because it is associated
with processes that have developed historically and new, simpler options are not
even considered. Seven areas with the potential for waste have been identified in
the production area.

The most important area is overproduction (1) where a larger volume is manu-
factured than is required by the internal or the external customer. Unnecessary
process stages are created with this kind of waste with serious consequences, as
overproduction in its turn can cause a number of different types of waste. The just-
in-time system developed by Toyota and product control with the kanban system
have provided a remedy in this situation.

Overproduction leads to more work-in-progress (2). This represents waste as it
requires space, incurs storage costs, requires to be searched, makes additional
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movement of materials necessary and, above all, conceals problems in the produc-
tion process (e.g. machine downtime) or unstable processes.

Also, any form of transport (3) is classified as waste in the Toyota production
system, as material transport does not in itself add value. Work stations placed at
distance from each other result in additional costs for the transport of work-in-
progress. The turnaround time of the product or the workpiece is longer, thus in-
creasing the job time calculated for the manufacturing process.

One outcome of big buffer inventories and lengthy transport are waiting and
idle periods (4). This form of waste results in an unbalanced utilization of workers
and machines.

Waste in the manufacturing process (5) is frequently a result of the previously
listed types of waste. However, there is also waste in the manufacturing process if
there is a simpler or faster way to carry out a certain production task. This waste is
caused by ambiguous instructions, lack of ability, skill or knowledge on the part of
the employees or by too many unnecessary inspections.

One of the basic premises of kaizen, that the manufacturing process can always
be improved, is that unnecessary motion (6) should be avoided, by reducing the
number of movements in the work flow by changing the work systems (e.g. avoid-
ing long distances, repeated refamiliarization due to too many unnecessary inter-
ruptions).

Defects (7), the seventh waste area, arise frequently due to inattention or lack of
concentration. Defects in their turn also cause other kinds of waste, such as the
same work having to be carried out twice or more, or long idle or waiting times.

Employees — The Secret of Toyota’s Success

One of the basic convictions of kaizen is that nobody knows a work station as well
as the employee who works there in the production process day in, day out. For
this reason, the aims of kaizen and hence the lean production philosophy as em-
bodied by the Toyota production system are to increase productivity and employee
motivation by eliminating waste within the framework of a systematic and consis-
tent operation.

How should waste be eliminated from the work environment? This is one of the
central issues of kaizen and therefore one of the fundamental issues of the Toyota
production system and its philosophy. In other words, how can the knowledge, the
experience, the skills and the expertise of the workers be used to create the most
effective work system? The 5 S process can be applied to the whole company or
focus on just one work station. The core of the 5 S process to combat waste can be
understood as follows:

o S (seiri): The employee needs to decide which tools and accessories are re-
quired at the work station.

o S (seiton): The employee needs to put the tools and accessories he thinks he re-
quires in order so that they are at hand in the right place at the right time when
he needs them for his work.
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e S (seiso): The employee needs to keep the workstation clean; that is, clean and
take care of the orderly workstation and the tools and accessories.

o S (seiketsu): The employee must observe standards, rules, and regulations; he
must turn instructions into rules.

o S (shitsuke) The employee must observe all the points listed and improve on
them continuously.

The 5 S process is not a fashionable trend in management science. One can
posit the theory that the 5 S process forms part of the self-image of a Japanese
production manager at Toyota. The central question from a business management
point of view is: what are the benefits of continuously maintaining and improving
the work environment? The answer is quite easy: it creates more time for the value
added process or time can be better utilized.

Tools for Solving Problems

Through kaizen, tools have been developed for solving problems which are in-
tended to enable continuous improvement in the interests of the customer. Quality
assurance, just-in-time, automation, extensive product monitoring, kanban, sug-
gestion schemes, and much more are linked together under the kaizen ‘umbrella’
(Nonaka and Takeuchi 1997; Sebestyén 1994).

First and foremost, kaizen encourages process-oriented thinking, as it is mainly
corporate processes that are to be improved to allow goals to be reached more ef-
ficiently (Matzky 1994). Following Argyris and Schon (1999), this process-
oriented thinking is equivalent to organizational learning. Implementation of the
kaizen philosophy and its tools places the organization in a problematic situation.
For example, the employees in a multifunctional project group (Hyodo 1987) find
after systematic investigation that there is a discrepancy between the results they
expect from their actions and the actual outcome of the actions. The employees
examine the matter and try to rearrange their activities so that their actions and re-
sults are again congruent (Nonaka and Takeuchi 1997). Following Argyris and
Schoén’s concept of the learning organization, the organization members’ theory-
in-use is modified if the discoveries leading to the solution of the problem are
fixed in company-specific artifacts such as a change in the manufacturing organi-
zation and in new work programs. The result of these modifications is that the or-
ganization has learnt (Argyris and Schon 1999).

A key element of this problem solving process specified in the kaizen philoso-
phy which can find negative deviations (performance gaps) is repeated analysis of
an existing set of facts (Nonaka and Takeuchi 1997). Looking at the company to
find the causes of problems and the reasons for performance gaps and identifying
solutions is the core thinking behind kaizen. Continuous improvement of the pro-
cesses means that all the members of the company are constantly learning so that
they can on the one hand react flexibly to permanently changing challenges and on
the other improve on the existing situation more and more. Kaizen is quite differ-



194  R. Haak

ent from traditional methods of business rationalization as it is not a matter of
large-scale innovation but of small, but continuous improvement.

Group Work

In order to diffuse the philosophy of continuous improvement further throughout
the company, product teams on the level of work organization and personnel man-
agement were put together under the leadership of Taiichi Ohno. In these product
teams, each member was able to carry out all the stages in production. The group
members were supposed to distribute the work in the group themselves and dis-
cuss and agree with each other on the ways to optimize the production process
(Hyodo 1987; Nonaka and Takeuchi 1997; Ernst 1999).

Group work organization was seen above all as communication and dialogue to
improve the group members’ performance. Rotation within the jobs allocated to
the group played a key role in employee training. The rotation plans were com-
piled on a daily basis by the supervisor and planned to allow weaker group mem-
bers to improve their skills and to make provision for more effective employees to
be kept on standby for when production was disrupted.

This form of work organization has cost cutting (avoidance of waste) and pro-
ductivity increase as its foremost goals; employee training is seen as the tool that
will achieve the goals. Training group members is important in planning for and
working with a work force that is as flexible as possible. However, note here that
there are groups of employees (such as short-term workers, new recruits, or em-
ployees from other areas) who are not considered for participation in these job ro-
tation schemes. It also takes some time before work experience is sufficient to al-
low group members to be included in the rotation scheme.

The existing training and problem solving potential of employees deployed in
the context of wide-ranging improvement activities also form a key source of in-
formation for creating adaptable work systems. The structural integration and har-
nessing of individual knowledge gained through experience is a comprehensive
program which runs on all levels of the company. For production, these are quality
circles, suggestion schemes and improvement measures at the individual worker
level. All these activities are supported by work groups, teams of experts or indi-
viduals.

Just-in-Time

On a concrete level — the flow of parts in the production process — Ohno devel-
oped the well-known just-in-time system, which is represented in the literature in
many different and occasionally contradictory ways. The determining features are
group technology, the kanban system, short set-up times, harmonization of the
production process and quality assurance (Gorgens 1994, p. 15).

This astonishingly simple and economically so promising idea was that in each
stage of the process only as many parts are produced as necessary to cover the
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immediate requirements of the next manufacturing stage. Empty containers are re-
turned to the previous processing stage which is the automatic signal to produce
more parts (Ohno 1988). Essentially, this just-in-time system is oriented towards
intracompany and intercompany processes. A just-in-time system would not be
thinkable without the conscious implementation of collective strategies in the or-
ganization. Toyota undertook to guarantee its suppliers a certain volume of orders
over a certain period and furthermore, was prepared to share with them the profits
achieved with the cost savings if the partner adopted the Toyota production system
— in this particular case the just-in-time principle of pulled material flow.

Teams

Another modification to work organization which affected the whole production
process at Toyota was the grouping together of design and manufacturing engi-
neers in teams and the encouragement given to group-based success. Learning and
knowledge boundaries within the organization were abandoned and the knowledge
available on different hierarchical levels and the associated methods for solving
problems were put on a broader plane. As a result of this change to work organiza-
tion, development time for new car models fell dramatically and product quality
again improved. This structural change also represented a considerable advantage
from the marketing policy point of view. It was possible to respond more quickly
to changes in customer requirements and penetrate a number of niche markets in-
tensively and at a low cost.

Organizing a team as an independent and accountable business unit initiates
learning where performance gaps are identified and makes knowledge available so
that team members can carry out their work. Each team member has the ability to
carry out many, in some cases different, types of work within the group and the
resulting redundancy creates a very flexible company (Hyodo 1987).

With shared knowledge bases, organization as a team forms the basis and is a
catalyst for organizational learning in Japanese companies (Ducan and Weiss
1979).

Quality Management

At Toyota, quality is at the centre of the product and process-oriented efforts to-
wards improvement and innovation integrated in the kaizen company philosophy.
Economic success only comes when the customer is convinced of the quality of
the product. The high quality of Toyota products and the quality management sys-
tems in his production system are considered exemplary today.

Originally the development of production-oriented quality procedures derives
from American ideas and industrial applications (Deming circle and quality con-
trol). The process of continuous improvement is based on the PDCA cycle which
was developed in the 1950s by W. Edwards Deming, an American. Following
World War II, these American ‘achievements’ were methodically developed into
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Total Quality Control (TQC) in Japan and then developed further to the Total
Quality Management (TQM) of today. Quality circles are a central core element of
the total quality management system (Goetsch and Davis 2003). These quality cir-
cles, which are held regularly and are supported by engineers, can also be seen as
a central element of the learning organization as they identify performance gaps
and lead to a review of the way the organization works.

Before World War II, the emphasis in Japan was on (final) inspection, which in
line with Taylorism, was carried out by a dedicated quality control department.
American influence after World War II brought the introduction of statistical qual-
ity control (1946). The modern Japanese concept of quality circles therefore has
its roots in the period shortly after World War II. 1946 saw the foundation of the
Union of Japanese Scientists and Engineers (JUSE) which promoted the develop-
ment of quality control in Japanese manufacturing businesses considerably. In the
1950s, on the initiative of the Japanese Union of Scientists and Engineers the idea
of systematic quality assurance was brought to Japan.

It was American quality experts who shaped the eventually independent quality
system in Japan. In the years 1950-52 Deming held a series of lectures on the sub-
ject of “Statistical quality control’ (inspection during production). Joseph M. Juran
emphasized in his seminars (1954) the role that top and middle management
should play in quality control. Armand V. Feigenbaum, who invented the term
TQC (Total Quality Control), extended responsibility for quality to all areas of the
company. Quality no longer meant the elimination of defective products but that
they were avoided from the beginning by monitoring the process. These methods
were developed further in Japan. One of the most important representatives of the
Japanese movement was Kaoru Ishikawa, who extended quality management to
include social aspects. Another step forward was taken by Masaaki Imai, who pos-
tulated that continuous improvement of processes to raise the standard of all out-
put would be a recipe for success in Japanese quality management.

These efforts resulted in 1962 in the first official registration of a quality circle.
At the beginning of its development, the quality circle was originally a learning
group which then gradually addressed itself to solving problems with practical ap-
plication of techniques it had learnt. Toyota production management moved fur-
ther and further away from traditional inspection-oriented quality control and de-
veloped quality procedures for use within the production process and within
product development.

Today, this idea is also applied to suppliers and other business partners from
Toyota who play their part in the value added process. Whilst quality control
originally focused on production and other technical areas in the company, efforts
are made far beyond that nowadays.

The core idea of the quality circle is that problems are most likely to be identi-
fied and eliminated where they occur. Using this approach, production employees
are supposed to identify the weak points in their day-to-day work and find the so-
lution themselves. The primary goal of the quality circle is to improve the quality
of the product and the process.

Quality circles have two main aims:
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To optimize manufacturing processes and work flow using the employees’
knowledge and experience.

To improve job satisfaction and motivation with regular group meetings which
also improve company-internal communications (knowledge transfer, exchange of
experience, transparency).

Kaizen — Core of Toyota Production System and
Embodiment of Organizational Learning

Organizational learning processes have been made possible by the transfer of
knowledge and technology (for example, automation technology and the autono-
mation system at Toyota) and frequently form the basis for the development of
systems (NC and CNC-technology and manufacturing applications), which in their
turn enable organizational learning by modifying the knowledge base (knowledge
linked to the technology, for example, manufacturing processes) in the organiza-
tion of Toyota.

Organizational learning in production through the company-wide and cross-
company process of continuous improvement (kaizen) is one of the main charac-
teristics of Toyota production system, a key hallmark of the success of Toyota.
The endeavor to achieve a zero-fault strategy in Toyota plants as part of the total
quality management system, which means that a defective part is not only rejected
but that the cause of the error is also removed, is an expression of kaizen and as
such an expression of the fundamental thinking by Toyota managers and workers.

In response to the technical problems with products and production which arose
in the interplay between American, Western European and the Japanese’ own
methods and applications, the continuous improvement system today concentrates
on production, but as a management concept includes all the activities and em-
ployees throughout the whole company. This means that Toyota production man-
agement can be considered the management of the process of continuous im-
provement which forms the basis of the “Toyota Way” (Liker 2004).

For instance, Toyota production workers, marketing experts and design engi-
neers actively co-operate in groups to identify problems, find solutions and de-
velop better technology in order to eliminate performance gaps they have identi-
fied. The improvements they work out apply not only to their particular working
group but also become valid for other working groups via a central integration and
co-ordination mechanism; works management for example.

The improvement becomes obligatory for all the members of the organization,
becomes a new standard and a long-term theory-in-use also for employees new to
the company. The search for improvements to products, processes and systems
applies not only to the company itself, but as part of a collective strategy creates a
bridge to intercompany co-operation (for example, involving supplier companies).

The high degree of standardization in the formal management systems of Toy-
ota brings about successful learning in groups which benefits the whole organiza-
tion, that is, it enables organizational learning. This knowledge is also passed on to
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or shared with other companies via the collective strategies (collaborating compa-
nies, value added partnerships, alliances, supplier networks). New knowledge cir-
culates through companies in the same networks very quickly. The highly-
regarded kaizen concept, the manufacturing leadership philosophy which still re-
mains valid even under the currently prevailing low growth conditions, has proven
to be an effective method for learning particularly in the area of production and
enables progress in a combination of individual, organizational and interorganiza-
tional learning.

Toyota production system and his philosophy is associated with specific forms
of work organization (for example, group work, team organization), of logistics
and quality (for example, just-in-time, kanban, quality circles), of manufacturing
processes (high-tech manufacturing systems, NC and CNC systems, autonoma-
tion), of personnel deployment (for example, job rotation) and of education. Its
main characteristic overall is that it has been strongly molded by step by step
learning and is expressed in the philosophy of continuous improvement. The chal-
lenge for Toyota in the frame of rapid internationalization is to continue this suc-
cessful way of doing business worldwide. The manager and the worker in various
Toyota plants and numerous nation and different cultures have to understand the
“Toyota Way”, which based on the main principle “kaizen”.
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Part Ill: Organizational Aspects



Reorientation in Product Development for Multi-
project Management: The Toyota Case

Kentaro Nobeoka

Introduction

There are two primary purposes in this case study on Toyota. First, this study ex-
amines a new organizational form for product development, the one featuring the
management of multiple projects and their interdependencies. Various authors
suggest that the competitive environment in many industries has been changing in
recent years as product life cycles have shortened and as customers have de-
manded increasing levels of product variety (Stalk and Hout 1990; Wheelwright
and Clark 1992; Sanchez 1995). In the new environment, the strategic usage of
economies of scope has become important as a competitive factor (Markides and
Williamson 1994; Garud and Kumaraswamy 1995). In order to implement the
scope strategy among multiple projects, the management of inter-project interfaces
is necessary, which this study calls the multi-project management. This aspect of
environmental change has demanded a new organizational structure and process.
However, few studies have explored specific organizational arrangements that aim
at the management of concurrent multiple projects.

A second purpose is this: By describing details of organizational transformation
at Toyota, we explore processes and benefits of capability-based reorientation.
Toyota’s change from a single-project-oriented to a multi-project-oriented man-
agement is a major reorientation in many respects. In many cases, firms have to
destroy existing capabilities when they try to implement major reorientation
(Miller and Friesen 1980; Nelson and Winter 1982; Tushman and Romanelli
1985). Toyota, however, was successfully able to adapt to the new strategic direc-
tion, while at the same time enhancing its existing capabilities. This perspective
contrasts with a distinction between continuous and discontinuous change (Hin-
ings and Greewood 1988; Tushman and Romanelli 1985).

Specifically, this case study focuses on the objectives, inherent processes, and
outcomes brought about by changes in product development organization imple-
mented at Toyota in 1992 and 1993. The new organization strives for multi-
project management. It consists of three vehicle development centers in which
multiple projects are grouped together, in contrast to either traditional single-
project-oriented or function-oriented organizations. The reorganization toward
multi-project management was the most comprehensive change in product devel-
opment organization implemented within Toyota since it established the Shusa
(heavyweight product manager) organization system around 1965.
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Firms such as Toyota that had been successful for a long time had accumulated
bundles of unique capabilities or competencies over time. It is important to en-
hance the firm’s existing capabilities to maintain a sustainable competitiveness
(Wernerfelt 1984; Barney 1991; Amit and Schoemaker 1993). At the same time,
organizations need to change in response to changes in their environment. A long-
term organizational success, however, promotes the development of routines and
inertia that make reorientation difficult to implement (Nelson and Winter 1982;
Hannan and Freeman 1984). In addition, successful organizations tend to ignore
changes in their external environment (Kiesler and Sproull 1982; Dutton and Dun-
can 1987).

Although the importance of utilizing the firm’s unique capabilities to respond
to a new external environment was widely discussed, there has been few studies
that have described such processes (Leonard-Barton 1992; Garud and Nayyar
1994). In a changing competitive environment, firms have to develop and evolve
their capabilities to sustain further their competitive advantage. The value of the
firm’s capabilities often depend on the combination of various capabilities (Black
and Boal 1994). Firms may combine existing capabilities and newly developed
capabilities to achieve major strategic reorientation, which Toyota seems to have
done. It is also important for firms to search for new development of capabilities
before their capabilities become totally obsolete in the competitive market (Itami
1987).

Toyota had accumulated unique organizational capabilities in the management
of product development for a long time. In the 1960s, Toyota began to establish a
project-based management system that aimed at coordinating activities in different
functional areas into a well-integrated new product. Clark and Fujimoto (1991)
have described this as an organization featuring "heavyweight" product managers.
Toyota’s organization encourages the exchange of information across functional
boundaries within the firm and manages complex system products effectively.
These organizational capabilities enabled Toyota to have been more successful
than most other automobile firms.

Even in the early 1990s when Toyota made the reorganization into the Center
organization, Toyota performed better than most competitors in the world. The re-
organization was a fundamental reorientation with respect to both product strategy
and organizational processes. Toyota, however, did not destroy its existing compe-
tencies or capabilities. On the contrary, while changing organizational goals, Toy-
ota utilized and enhanced its capabilities. This case study describes details of
processes and contents of Toyota’s organizational changes.

Toyota has often been considered to be a leader in adopting new organizational
structures and managerial processes in the areas of manufacturing and product de-
velopment. For example, the Toyota production system, symbolized by its JIT and
Kanban systems, has been targeted as one of the best practices in manufacturing
by many firms, not only in automobile production but also in other industries.
With respect to product development organization, Toyota seems to have taken
initiative again in establishing the new development organization.

The paper first discusses the competitive importance and organizational re-
quirements of multi-project management in Section 2. Section 3 explains the old
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organization, a heavyweight product manager organization, at Toyota, focusing on
its history and emerging problems. It then turns to a description of changes into
the new organization, the Center organization, in Section 4, and of its outcomes in
Section 5. The final section will discuss conclusions and implications.

Multi-project Management: Framework

Existing studies on automobile product development have found that a project-
oriented approach, rather than a function-oriented approach, leads to a higher per-
formance in terms of lead time and efficiency for individual projects (Takeuchi
and Nonaka 1986; Clark and Fujimoto 1991). Clark and Fujimoto (1991), for ex-
ample, have found that in order to shorten lead time, to reduce engineering hours,
and achieve excellent quality, product development projects need to utilize pro-
ject-oriented management, led by heavyweight product managers. These manag-
ers, using their autonomous power throughout the entire product development ac-
tivities, facilitate quick completion of a project by integrating different functions
such as design engineering, manufacturing engineering, and marketing.

On the other hand, in addition to the efficient development of individual prod-
ucts, many studies have shown that Toyota as well as other leading Japanese
automobile firms have been developing new products more frequently than U.S.
or European competitors (Abegglen and Stalk 1985; Womack et al. 1990). Their
capability in developing individual products efficiently through a project-oriented
organization helped implement the strategy of prolific product introductions. This
frequency has been considered as one of the sources of Japanese firms’ competi-
tive advantage in world markets (Fujimoto and Sheriff 1989, Nobeoka and Cusu-
mano 1996).

In recent years, however, Japanese manufacturers including Toyota have been
facing profitability problems that are related at least in part to the high costs of de-
veloping and manufacturing so many new products or product variations. There-
fore, Japanese firms are attempting to develop new products more efficiently
while maintaining both a high frequency of new product introductions and high
design quality in individual projects. A project management system that assigns
too much autonomy to each project may concentrate too heavily on developing
multiple new products through relatively autonomous projects. This system tends
to result in the development of many proprietary components for each project, and
may require excessive financial and engineering resources.

In order to achieve economies of scale and scope in product development as
well as in manufacturing, it is common for firms to leverage their financial and
engineering resource investments by reusing existing technologies and designs in
multiple projects (Nobeoka and Cusumano 1995; Garud and Kumaraswamy
1995). Firms also have to consider how to share many components among multi-
ple projects without sacrificing an individual product's design quality and distinct-
iveness. A key challenge facing managers in terms of product development is how
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to share technology across multiple product lines and across multiple generations
of products without overly compromising design quality and competitiveness.

In order to achieve this, product development organizations need to coordinate
inter-project interfaces and interdependencies (Nobeoka and Cusumano 1995).
Most product-management research that has focused on the management of single
projects is not helpful for managers and researchers attempting to understand the
complexity of coordinating multiple projects. It may seem that a traditional func-
tion-oriented, rather than project-oriented, organization may be more appropriate
to manage inter-project interdependencies. Functional managers could oversee in-
ter-project coordination at least within their functions. For example, firms could
decrease autonomy of individual project managers and shift power back to func-
tional managers to pursue scope strategy such as component sharing between mul-
tiple projects.

However, this type of structure is weak at cross-functional integration. Func-
tional organizations also lack a mechanism to ensure that individual products re-
tain distinctive features and a high degree of product integrity. A product devel-
opment project is a system consisting of closely coupled multiple engineering
functions (Rosenberg 1982; Henderson and Clark 1990), and an automobile is a
typical example of complicated system product. Firms have to manage multiple
projects, while recognizing the importance of “product integrity” in each project.
Therefore, effective multi-project organizations may need a product development
organization that achieves both cross-functional coordination and inter-project co-
ordination.

One of the central issues most of the past studies have examined is the distinc-
tion between project-oriented versus function-oriented organizations (Davis and
Lawrence 1977; Tushman 1978; Katz and Allen 1985; Clark and Fujimoto 1991).
These studies have argued that product development organizations require two dif-
ferent coordination mechanisms to achieve two major goals. First, in order to in-
crease the quality and quantity of inputs of technical knowledge, a high degree of
coordination among technical specialties is needed. Second, in order to integrate
all technical knowledge toward well-defined products, a high degree of coordina-
tion within a project is required. These two aspects of coordination requirements
have primarily been discussed with respect to the balance between project and
function orientations in the new product development organization.

These studies, however, have not paid much attention to the management of the
inter-project interfaces except for resource-sharing efforts within each function. A
primary issue regarding multi-project management organizations is the simultane-
ous achievement of cross-functional coordination and inter-project coordination
through the way the firm organizes and controls multiple projects. Inter-project in-
terdependencies must be coordinated within the context of a specific project as an
integrated system. Cross-functional integrity in each project must be maintained.
To share components while retaining the distinctiveness of individual products,
firms also need organizational structures and processes that enable system-level
coordination across multiple projects (Garud and Kumaraswamy 1995). Therefore,
firms that consider a new multi-project management organization should use a



Reorientation in Product Development for Multi-project Management 211

new framework that moves beyond the balance between project and function ori-
entated organizations.

Following sections examine that Toyota's reorganization into product develop-
ment centers may represent one way to manage multiple projects. By establishing
three centers, each of which contains several vehicle development projects, Toyota
has improved inter-project coordination among technically related projects. At the
same time, Toyota has enhanced its existing capabilities by strengthening the au-
thority of product managers over functional managers, and this has improved
cross-functional integration. This paper focuses on how Toyota’s approach has
solved the apparent contradiction between these two goals.

This case study is based on seven interview visits to Toyota between 1992 and
1996. The interviewees included four general managers who were involved in the
planning and implementation of this reorganization, as well as four product man-
agers, eighteen vehicle engineers, and three cost management planners. In two of
the interviews, the general managers, utilizing internal documents, explained the
purposes, processes, and outcomes inherent in the reorganization. In interviews
with other development personnel, we made inquiries about their own perspec-
tives regarding the reorganization including specific influences to their own tasks
and processes. These procedures played an important role in detecting any poten-
tial personal biases of the interviewees.

Traditional Shusa Organization at Toyota

In 1953, Toyota assigned the first shusa, or product manager, to a new vehicle
project (Ikari 1985)'. When Toyota started product development for the 1955
Crown, Kenya Nakamura became the first shusa to head a project. At that time he
was a member of the Engineering Management Division. The shusa organization
was strengthened in February 1965 when Toyota formally established the Product
Planning Division to organize and support shusas. At that time, there were already
ten shusas, and each shusa had five or six staff members, which totaled about 50
members in the division. The basic organizational structure with respect to the
roles of the Product Planning Division and shusas did not fundamentally change
until 1992, when Toyota introduced the center organization. One of the minor
changes before that time was a change in the title name for a product manager
from "shusa" to "chief engineer" in 1989. In order to avoid any confusion, the rest
of this paper will consistently use the new term, chief engineer, to refer to this po-
sition, rather than shusa or (heavyweight) product manager.

After having maintained the same basic structure and processes for more than
two decades, in 1990, Toyota decided to evaluate its entire product and technology
development organization and to change it if necessary, so that the organization
would fit the competitive environment at the end of the twentieth century. Toyota

' I referred to Ikari's book with respect to the information regarding the early period of

the Shusa organization in the 1950s and 1960s.
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launched an initiative, called the Future Project 21 (FP21), to study any problems
in its product development organizational structure and processes. The leader of
the project was Yoshiro Kinbara, an executive vice president in charge of product
and technology development. A manager at Toyota explained that no specific
threats triggered this project. At that time, Toyota was actually doing better than
most of its competitors. People at Toyota, however, recognized that organizations
sometimes needed to be reviewed and overhauled to continue to be competitive in
a changing environment. This belief helped Toyota improve problem sensing ca-
pabilities, while it was still relatively successful.

Soon after the FP21 started its studies, the team identified two potential prob-
lems for the future. These problems led Toyota to conclude that it would need a
major reorganization. First, there was an organizational problem. A primary point
was that Toyota’s product development organization had become less efficient in
communication and had come to need more coordination tasks than before to
manage new product development. Second, the competitive environment for the
Japanese automobile industry started changing drastically around 1990, which
seemed to require Toyota to change its product development strategy and organi-
zation. The following sections discuss these two problems in more detail.

Organizational Problems

Figure 1 shows Toyota's product development organization before its reorganiza-
tion in 1992. There were as many as sixteen design engineering functional divi-
sions, and each had a functional manager. There were about fifteen projects pro-
ceeding concurrently, even though Figure 1, a simplified model, depicts only nine
projects. Each project had a chief engineer, who was located in the Product Plan-
ning Division under general managers.

The product development organization was actually a huge matrix organization
rather than a project-based organization. Chief engineers and general managers in
the Product Planning Division did not directly oversee the engineering divisions in
this organization structure. However, chief engineers at Toyota were supposed to
have considerable authority over the entire product development process, includ-
ing different engineering stages, manufacturing, and product concept creation. Ac-
cording to the definition by Clark and Fujimoto (1991), chief engineers at Toyota
were supposed to be typical examples of heavyweight product managers.

However, the product development organization at Toyota had become much
larger than before, and chief engineers started to find it difficult to control and in-
tegrate different functional divisions when developing a new product. As the
number of product development projects increased, the number of engineers also
increased. At the same time, the degree of specialization in the engineering divi-
sions had become narrower, reflecting the increasing number of different engi-
neering divisions. As of December 1991, there were about 7000 people in the six-
teen product development engineering divisions. They were working, on average,
on fifteen concurrent projects. In addition, Toyota had a Research and Advanced
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Development Group located at the Higashi-Fuji Technical Center. This had about
2000 additional people?.
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Fig. 1. Toyota's product development organization in 1991

In 1991, a chief engineer had to coordinate people in 48 departments in 12 divi-
sions to manage new product development. This estimate comes from Toyota's in-
ternal data on the number of frequent participants in meetings a product manager
held. In 1976, there were only 5000 people in the entire product development or-
ganization, as compared to 11,500 in 1991. A chief engineer had to coordinate

27000 people in the sixteen engineering divisions and 2000 people in the RAD group
added up to 9000. There were, in total, about 11,500 people working on product devel-
opment. The rest of the people were engaged in supporting activities such as patent
management, certification process management, CAD system development, and proto-
type development.
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only 23 departments in six divisions. At that time, a chief engineer generally
needed to talk with only six division managers to integrate all the design engineer-
ing functions. This change indicated that, during the fifteen years, coordination
tasks had become much more complicated for chief engineers.

In addition to this added complexity, there was another problem that made it
difficult for some chief engineers to manage a new product development project.
Some relatively junior chief engineers started to complain that they did not always
have enough authority over senior functional managers. Originally, only a limited
number of “charismatic” senior managers tended to rise to the position of chief
engineer. Toyota people often considered them as "gods" within their projects.
However, in recent years, Toyota has assigned relatively junior people to the posi-
tion of chief engineer. There are two reasons for this change. First, the number of
chief engineers required to cover all new vehicle projects had increased. Second,
Toyota recognized that people needed particular talents to be excellent chief engi-
neers, and their seniority was not as important as their ability.

Functional managers also found it difficult to spend sufficient time on manag-
ing engineering details of all the vehicle projects, because most managers had to
oversee about fifteen different projects®. They did not have enough time to oversee
complicated interfaces and interdependencies between these projects either. Due
to the large number of functional divisions and vehicle projects, each chief engi-
neer was able to arrange for regular meetings with all the relevant functional man-
agers only about once every two months.

There was a problem also at the engineering level. Because of their narrow spe-
cialization, engineers did not have a “system view” of the entire product. For ex-
ample, some engineers only knew about the inner body of doors and did not know
much about the outer body because interior engineering and body engineering di-
visions were separate. This kind of excessively narrow specialization had a nega-
tive impact on the development of a well-integrated product. In addition, Toyota
realized that the narrow specialization caused another problem for engineers when
they were promoted to become a manager in charge of a larger engineering task
such as the entire body. It was difficult to train general engineering managers in
this organizational structure.

Engineers also found it difficult to have a strong sense of commitment to a spe-
cific vehicle development. Because of the narrow specialization and the large
number of projects, each engineer frequently had to transfer between unrelated
vehicle projects. This may sound useful to transfer technical know-how between
different projects. In reality, however, despite the frequent transfer of engineers,
Toyota found that it could not transfer system knowledge in this way. Nor was this
structure particularly appropriate for inter-project knowledge transfer.

Toyota's rapid growth in size partially caused these organizational problems.
One way to increase the chief engineer's authority and to eliminate problems

There were a few exceptions. For example, as of 1991, there were already two separate
body engineering divisions, each of which was responsible for front-wheel-drive and
rear-wheel-drive vehicles, respectively. Therefore, each functional manager was in
charge of about a half of the entire vehicle projects.
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caused by narrow specialization is to create a pure project team organization, such
as the one Chrysler adopted for its LH and Neon projects*. In this organization,
almost all engineers exclusively work for a single project for its entire duration.
However, Toyota did not consider the project team organization efficient. This
type of organization can work well for firms with a small number of projects and
little technical interdependency between multiple products concurrently being de-
veloped. Because Toyota has many projects and a limited number of engineers, it
cannot assign engineers to a specific project for the entire duration of the project.
The peak period for design engineering work for engineers in a specific project
lasts only about one and half or two years out of a four-year project. Therefore,
when a project task is outside of the peak, engineers should be transferred to other
projects to be utilized efficiently. In addition, a change in the competitive envi-
ronment discussed in the next section also made the project team approach inap-
propriate. In the new environment, effective inter-project technology sharing has
become more important.

Even the organization at Toyota prior to 1991 had problems with respect to in-
ter-project coordination. One of the policies of Toyota's chief engineer organiza-
tion was to encourage the autonomy of each chief engineer with respect to his own
vehicle project. General managers in the Product Planning Division above chief
engineers, therefore, did not supervise chief engineers in the details of individual
projects. In addition, the number of vehicle projects was too large for managers to
deal effectively with multi-project management issues such as resource allocation,
technology transfer, and component sharing across all projects.

In summary, Toyota's product development organization had five problems.
These caused difficulties in both project integration and inter-project coordination:

1. There were too many functional engineering divisions with too narrow spe-
cialization of engineers.

2. There were too many vehicle projects for each functional manager to manage
the engineering details of each project as well as inter-project coordination.

3. It had become much more complicated and difficult for chief engineers to over-
see all the engineering functions.

4. The chief engineer organization was not appropriate for inter-project coordina-
tion.

Change in the Competitive Environment

The competitive environment surrounding Japanese automobile firms started
changing around 1991. There were two interrelated issues. First, rapid growth in
domestic production levels at the Japanese firms virtually ended. The aggressive
product strategy of Japanese automobile firms in the 1980’s, such as frequent new

4 Many business magazines and industry journals have described the organizational

change into the project team at Chrysler. Scott (1994) has summarized these articles
and his own interviews at Chrysler.
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product introductions and replacements, had been partially based on their assump-
tion of continuous rapid growth. The new environment seemed to require some
changes in this strategy, as well as in company organizations. Second, the impor-
tance of cost reduction became even more critical for international competition
than before. In addition to the appreciation of the yen, Japanese advantages in de-
velopment and manufacturing productivity have been diminishing. Both factors
have had a strong negative impact on the cost advantages they had been enjoying.

Because of these changes, the traditional chief engineer system, which primar-
ily focused on building the best individual products once at a time, needed to be
fundamentally changed. Chief engineers always thought about the success of only
their own projects. A general manager who used to be a chief engineer said, "Each
product manager wanted to increase sales of his own project even by developing
many new proprietary components and by expanding the target customer segments
of his project into other product lines within Toyota." He explained that, during
the period when Toyota's production volume was growing rapidly, these charac-
teristics of Toyota's chief engineer system worked well for the Company. Because
total production was growing rapidly, cannibalization of individual product lines
was not a major problem. The market in each product segment also expanded, and
this growth made it possible for each project to expand its target market.

In addition, Toyota was able to sell more of most new products than it had ex-
pected. Therefore, high development and production costs caused by many new
proprietary components was not much of a problem either. A manager in charge of
cost management admitted that, "Prior to 1991, few new products met an original
target cost when it was introduced to the market. However, the sales volume for
each new product was usually larger than its original plan. The large sales volume
lowered the actual production cost compared to its original plan through scale
economies. In the end, a new product usually reached the production cost that had
been originally planned, when the entire production during its life cycle was fully
considered." Because of a faster depreciation of manufacturing equipment than
original plans, production costs also appeared to be lower than expected. Given
this common pattern, a chief engineer primarily tried to develop a new product
that would sell well, rather than a product that would meet a conservative cost tar-
get.
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Fig. 2. Production units at Toyota
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However, starting in 1990, Toyota's production volume stopped growing, as
shown in Figure 2. Profit from each new product also started decreasing. Under
these circumstances, Toyota needed a new product development strategy and or-
ganization, particularly with respect to cost management. One particular aspect of
the chief engineer system was considered inappropriate in this new environment:
The management of each individual project was too independent. Toyota con-
cluded that multiple related projects needed more coordination.

First, in the stagnant market, new products should be more carefully positioned
to each other so that any cannibalization would not occur. Within a limited total
sales volume, the expansion strategy of one product line would easily cannibalize
some portion of sales of neighboring products within Toyota. Second, in order to
reduce production cost, Toyota needed to increase in commonalty of components
and technologies among multiple new products. Sales increase, which used to help
cover shortage in cost reduction efforts, could not be expected anymore. Under the
Toyota's chief engineer system, there was a tendency that each project overly de-
veloped its proprietary components. There are many symptoms of the old product
strategy and organization at Toyota. For example, there are now three distinctive
platforms for three products that are similar in size and technology: the Co-
rona/Carina, the Celica/Carina ED, and the Camry. A chief engineer for each pro-
ject wanted to develop an ideal platform for each product.

In view of these organizational problems and changes in the competitive envi-
ronmental, Toyota decided to change its product development organization exten-
sively. A new organization needed both to strengthen the integration mechanisms
for engineers in different functions so that they could create a well-integrated new
product, as well as to facilitate coordination among different projects so that tech-
nologies and components can be effectively transferred and shared. These two ob-
jectives are in a sense contradictory, because Toyota needed both to strengthen its
project orientation as opposed to function orientation, and to enhance inter-project
coordination. For example, a project-oriented team approach might be appropriate
for a strong project orientation, but might be inappropriate for inter-project coor-
dination. On the other hand, strengthening the functional orientation to enhance
the efficient usage of specific components throughout multiple vehicle projects
would be totally unsuitable to enhance an individual product’s level of integration
or coherence. Therefore, Toyota decided to consider a new organization beyond
the mere balance between these two alternatives. Thus, Toyota reached a conclu-
sion that it would fundamentally change its organizational structure for product
development.

Establishment of Development Centers

Toyota made two major changes in its product development organization. These
changes did not reduce the total number of people working on product develop-
ment at Toyota. At the end of 1991 before the reorganization, there were about
11,500 people in product development, and the number rose to about 12000 in
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1993. Rather the changes specifically targeted the problems discussed in the pre-
vious section.
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Fig. 3. Toyota's product development organization as of 1992

First, in 1992, Toyota divided all of its new product development projects into
three centers as shown in Figure 3. The center grouping focuses on the similarity
in platform design. Center 1 is responsible for rear-wheel-drive platforms and ve-
hicles, Center 2 for front-wheel-drive platforms and vehicles, and Center 3 for
utility vehicle/van platforms and vehicles. Each center has between 1500 and 1900
people, and works on about five different new vehicle projects simultaneously.
Toyota had considered other grouping schemes, such as by product segment (lux-
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ury vs. economical vs. sporty cars, or small vs. medium vs. large cars). Toyota
chose platform design similarity because this would lead to the highest level of in-
ter-project design interdependencies within a center. In addition, because new
platform development requires the most resources, sharing a platform design
among multiple product lines would save the most in engineering investment and
reduce production costs most effectively.

Second, in 1993, Toyota created Center 4 to develop components and systems
for all vehicle projects. It reorganized the Research and Advanced Development
Group (the RAD Group), and assigned most people from this to Center 4. While
the RAD Group used to work on research and advanced development rather inde-
pendently, Center 4 closely supports vehicle development by providing specific
projects with components and systems. In addition to engineers in the RAD group,
Center 4 added engineers working on some components such as electronics and
new engines that did not need much daily coordination with a vehicle project.

As discussed earlier, the center organization changes were supposed to improve
both project integration and inter-project coordination. This section specifically
describes how some key aspects of the reorganization related to improvement in
these two areas. Important features of this reorganization include:

. Reduction of the number of functional engineering divisions.

. Reduction of the number of projects for each functional manager.

. Changes in the roles of the center head for multiple vehicle projects.

. Establishment of planning divisions in each center.

. Adoption of a hierarchical organization for chief engineers in related projects.
. The roles of Center 4.

AN N AW =

Reduction of Functional Engineering Divisions

In order to decrease coordination tasks required for a well-integrated vehicle pro-
ject, Toyota reduced the number of functional divisions for design engineering.
The complexity raised by the large number of functional divisions made it difficult
for chief engineers to manage vehicle projects. While the old organization had six-
teen different functional divisions, each new center has only six engineering divi-
sions.

This simplification into the center organization prompted two other changes.
First, specialization in each functional engineering division widened. For example,
Toyota used to have two separate divisions for designing bodies and inte-
rior/exterior equipment: the Body Engineering Division and the Interior Engineer-
ing Division. In the new organization, the Interior Engineering Division merged
with the Body Engineering Division. Another example is the merger of two differ-
ent chassis engineering divisions, each of which had been separately responsible
for suspension systems and brakes. Each design engineering division now has
wider design responsibilities. An important point is that this did not enlarge the
size of each functional division, because each functional division is now responsi-
ble for only a limited number of projects within the center.
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Second, Toyota also reduced the number of functional divisions to be managed
in a specific vehicle project through the usage of Center 4, the component and sys-
tem development center. In order to simplify the work of the first three centers,
Toyota separated development of some components and systems that can be man-
aged outside specific vehicle projects. Toyota considered three factors to decide
whether particular engineering functions should be in a vehicle project or the
component center. First, managers decided that components that need to be exten-
sively tailored to each vehicle project should be managed within a project. Second,
components that have to be carefully coordinated with other parts of the vehicle
design should also be developed within the project. On the other hand, some com-
ponents with modular characteristics can be developed separately from specific
vehicle projects and still be inserted into a product design relatively easily. These
may be developed in Center 4. These types of components and systems tend to be
shared by multiple vehicle projects, and it is not efficient to develop them in a
specific project. Third, component development that needs much new technical
knowledge should be developed in Center 4. Such development usually requires a
group of technical specialists working together. These types of components also
sometimes need a long time to develop and do not fit the time frame of specific
vehicle projects.

Following these guidelines, Toyota allocated the development of some compo-
nents or systems to Center 4. For example, the upper-body design directly visible
to the customer has to be differentiated in each product. It should also be exten-
sively interdependent with other parts of the automobile design, such as the chas-
sis and interior. Therefore, the upper-body design should be managed within the
project, and Toyota maintained this function within Centers 1-3. On the other
hand, components like batteries, audio systems, and air conditioners do not usually
need to be tailored to each different vehicle project. Therefore, Toyota moved the
Electronics Engineering Divisions that developed these electronic components to
Center 4.

The example of the Electronics Engineering Divisions is actually more compli-
cated and indicates the extensive thought and analysis that Toyota put into imple-
menting this reorganization. Toyota carefully examined characteristics and inter-
dependencies of each component development, so that Centers 1-3 can be
simplified and yet contain all relevant components that need extensive coordina-
tion within each vehicle project. For example, among the electronics components,
the wire harness usually needs to be tailored to each vehicle project and has con-
siderable interdependency with the body structure. Therefore, Toyota merged this
engineering function into the Body Engineering Divisions and kept wire harness
development within Centers 1-3.

Another example of eliminating activities from the vehicle project centers is the
development of totally new engines, which is now located in Center 4. There are
many engineering tasks involved in new engine development that are not related
to integration tasks within a particular vehicle project. In addition, the time frame
of new engine development does not fit that of specific vehicle projects. New en-
gines usually need about six to eight years to develop, which is longer than the 4-
year lead time of the average new vehicle project.
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In this way, only component engineering that needs extensive project integra-
tion remains in the vehicle project centers. In the old organization, part of the
product development organization was responsible for both vehicle projects and
most component development. This mixture made the old organization compli-
cated and difficult to manage.

In summary, by widening the engineering specialization within each division
and by transferring some component development into Center 4, Toyota limited
the number of functional divisions in Centers 1-3. In addition, because Toyota di-
vided each function into three centers, the wider specialization did not require lar-
ger functional divisions.

Reduction of the Number of Projects for Each Functional
Manager

Each functional manager is responsible for a smaller number of projects in the
new center organization. For example, managers in Center 1 can focus only on
vehicle projects with rear-wheel-drive platforms. Because, in some functional ar-
eas, there used to be too many projects for functional managers to oversee, it was
difficult for them to pay careful attention to all the projects. For example, the func-
tional manager for interior engineering was responsible for all different vehicle
projects, which usually added up to about 15 concurrent projects. In the center or-
ganization, all functional managers are responsible for only about five product
lines that are all technologically related to each other. Each functional manager
now can spend sufficient time on the coordination with each chief engineer. In ad-
dition, this reduction of the management scope for each functional manager should
result in more effective multi-project management in such areas as resource allo-
cation and technology sharing. Each functional division can also focus on fewer
types of vehicle technologies. This focus may lead to more efficient development
and accumulation of technical knowledge as a division.

Roles of the Center Head for Multiple Vehicle Projects

Each head of Centers 1-3 officially supervises the entire product development op-
erations, including both chief engineers and design engineering functions within
the center. Equivalents to the center heads in the old organization were three dep-
uty general managers above chief engineers in the Product Planning Division.
Each of the deputy general managers was in charge of small cars, large cars, and
trucks/vans. They reported to the general manager of the Product Planning Divi-
sion. However, they officially managed only chief engineers, not functional man-
agers and engineers as seen earlier in Figure 1. These general managers above the
chief engineers, therefore, were not supposed to manage design engineering in de-
tail. In addition, there were also general managers above the functional managers,
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and it was not often clear which general managers - those above chief engineers or
those above functional managers - had more authority. In the center organization,
each of the three center heads manages engineering details for multiple vehicle
projects within the center. From these perspectives, while the old organization was
officially a matrix organization both at the chief engineer level and at the general
manager level, the new one is organized primarily around projects.

Using their positions, the center heads are supposed to play two important roles
that have to be deliberately balanced. First, a center head helps each chief engineer
integrate different functions. One of the key elements of the Toyota chief engineer
system has been the strong leadership of a chief engineer. However, as discussed
earlier, chief engineers recently found some difficulties in coordinating all the
functional managers. In the center organization, chief engineers can use the center
head's support to manage different functions. Second, each center head is respon-
sible for the coordination of different vehicle projects within the center. A center
head can now effectively implement this because he manages all the operations in
the center. The separate planning division in each center, discussed next, also
helps the center head coordinate projects.

Establishment of Planning Divisions in Each Center

Each center has a planning division to support the management of each center.
The Planning Division consists of staff members and three departments: the ad-
ministration department, the cost planning department, and the product audit de-
partment. There are about 170 to 200 people in each planning division of the three
centers. The administration department is responsible for personnel management,
resource allocation, and the long-term product portfolio planning within each cen-
ter. It also conducts an advanced concept study for individual projects, before
these projects become a formal project and a chief engineer is assigned.

The equivalent of the Planning Divisions in the old organization was the Prod-
uct Planning Division. One of the major structural differences is that chief engi-
neers used to be located within the Product Planning Division. Most members in
the Product Planning Division directly worked for individual chief engineers. For
example, most cost management people in the division used to be divided by vehi-
cle project and primarily reported to individual chief engineers. On the other hand,
in the new organization, cost management people are more independent of chief
engineers and report to the planning division manager and the center head in each
center, although they continue to work closely with chief engineers. This reflects
one of the central concerns at Toyota, which is that each center needs to reduce
development and product costs by efficiently leveraging resources and compo-
nents across multiple projects.

Each center also does long-term product portfolio planning. The management
scope used to be so large in the old organization that the project portfolio planning
and resource allocation for each project were too complicated to be effectively
managed. Now the Planning Division in each center can consider technology shar-
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ing and resource allocation among multiple projects in the present and the future
more carefully than before, by focusing on a limited number of closely related
projects. This type of center-oriented management support may be critically im-
portant to the effective operation of the center organization.

Hierarchical Organization of Chief Engineers

Another feature in the center organization is the hierarchical chief engineer struc-
ture for managing product families as shown in Figure 4. This structure also helps
strengthen the multi-project perspective of the center organization. For example,
there used to be two separate chief engineers for the LS 300 and the Supra pro-
jects. Now, there continue to be two chief engineers, but one of the two supervises
both the LS 300 and the Supra projects, and primarily manages the LS 300 project.
The other chief engineer manages the Supra project and reports to the chief engi-
n