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introduction

Technological changes occur through non-
linear cycles of incremental and radical
innovations. In addition to incremental im-
provements on the existing technology and
technological processes, occasional radical
innovations emerge, with potentially devastat-
ing effects on the old technological and even
economic systems (Schumpeter 1934). While
potentially providing organizations with rare
and inimitable sources of competitive advan-
tage (Barney 1991), radical innovations are
characterized by high risk and uncertainty. Be-
cause of the inherent uncertainty, companies
tend to accumulate knowledge, techniques,
and skills through incrementat improvements.

The potential value of radical innovations
for future technologies, products, and services
has attracted wide interest among scholars (for
example, Von Hippel 1988; Anderson and
Tushman 1990; Damanpour 1991; Hage and
Hollingsworth 2000; Van de Ven et al. 1999).
Those studies identify important macro-level
factors, but tend to perceive innovation as a
thing. As a consequence, relatively little re-
scarch examines innovation processes, defined
as ‘nonlinear cyclels] of divergent and conver-
gent activities’ (Van de Ven et al. 1999: 16). Fur-
ther focus on processes is important in order to
Identify the particulars that contribute to rad-
ical innovations as things. Knowledge-creation
theory, with its dynamic process view, is used

in this chapter to explain radical innovation
processes (Nonaka 1991, 1994; Nonaka and
Takeuchi 1995; Nonaka and Toyama 2002).

Radical product innovations ate products
previously unavailable, products that improve
performance significantly, or products remov-
ing some undesired quality (Hage and Hol-
lingsworth  2000). One recent radical
innovation of importance is the first commer-
cialized hybrid electric vehicle, the Prius. The
introduction of this vehicle in December 1997
marked a radical shift from more than a cen-
tury of dominance by the internal combustion
engine. In addition to introducing the revolu-
tionary vehicle, Toyota Motor Corporation
(hercinafter ‘Toyota‘) made during the project
radical improvements to new product-devel-
opment efficiency. The development from an
early prototype to mass-produced vehicles
took only fifteen months. The case shows
how idealistic projections and careful selection
of people tie various knowledge domains into a
dynamic coherence.

Four sections follow this introduction to the
chapter: the basic tenets of the knowledge-cre-
ation theory arc explained; the discussion
moves from the ba (shared context in motion)
to the SECI knowledge conversion process and
the synthesis of the ba and the SEC; the Prius
case is used to illustrate how the ba and the
SECI act as a dynamic coherence in knowledge
creation; the chapter closes with conclusions
and managerial suggestions.

Context and process of
knowledge emergence/creation

Knowledge-creation theory is based on related
ontological and epistemological assumptions
(Nonaka 1994; Nonaka and Takeuchi 1g9s).
The time-space specific interactions in know-
ledge-creation are dialectical because the act-
ors influence, and are influenced by, their
surrounding reality. Two dialectical relations
are germane to radical innovation: one be-
tween inner and outer dialectics, and the
other between thought and action. Positivist
management science can be said to ignore the
context spectficity and dialectic relationships
because of the subject-object duality. As the
world is frequently explained through struc-
tured immobility, little is known about know-
ledge-creation processes. In contrast, we
describe the creation of knowledge as a dy-
namic phenomenon through the ba and the
SECI process of knowledge conversion.

Context for knowledge emergence (ba)

A duality of objective structures and subjective
consciousness exists in Anglo-American social
theory (Brown 1978). These domains meet in
organizations inhabited by subjective individ-
uals. As objective structures shape human ac-
tion in the structural approach, little focus is
directed on the self-directing and dialectic
human consciousness. But the human inner
(processes internal to the individual) and outer
{interactions between the individual and the ex-
ternal world) dialectics can instead be assumed
to have an impact on the surrounding reality,
which is why organizations do not always live
up to their rational promise. An easy way out
for many scholars is to explain organizations
objectively, and to disregard intentionality,
values, and other subjective human attributes.
In contrast to objective positivism, the ba con-
cept seeks to transcend some of this objectivity—-
subjectivity opposition (Nonaka and Konno
1998; Nonaka and Toyama 2002, 2003).

The paradox in objective theories is simul-
taneous explanation of structures suited to
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foutine and non-routine tasks (Thompson
1967). Although scholars have sought 10 solve
this puzzle over the years, objective explan-
ations put humans into a secondary position.
While positivist assumptions are based on
a priori notions of human behavior, we claim,
as do phenomenologists and pragmatists, that
human thought and action are inherently sub-
jective. Human actors can be explained
through universal and idiosyncratic compon-
ents {Hayek 1948), and have various, seemingly
rational, means to reach their ends. Both
means and ends are influenced by time-space
in which humans draw on their values or ideals
to determine appropriate means in context-
specific action (Rescher 1987, 2003), The appro-
priate means to reach the goals is a matter of
intelligent pursuit in which mecanings are cre-
ated by visualizing the projected act in the
future (Schutz 1932). The objective structures
may thus guide and create tendencies, rather
than law-like causalities.

Organizations can also be described as inter-
twined collections of meaning structures
(Nonaka and Konno 1998). By consciousness,
individuals are united with the surrounding
and unfolding reality. Understanding how
reality ‘works’ is possible only through pure
experience beyond the subject-object separ-
ation (Nishida 1970). New mecanings at the
indlvidual level emerge from ontological
nothingness or selflessness; the self itself is
realized through the act of experiencing. That
is, open ba generates new meanings. The high-
est form of knowing takes place from a point at
which the knower and the known are one.
Realization of the self and the surrounding
teality as an absolute nothingness means that
no relationship is exempt from the dialectic of
coming to be and passing away. In the purest
form, nothing exists in ba except relationships
(Chia 2003). In presenting the {ndividual as an
effect of experience and relationships, Kitaro
Nishida (1970) characterizes the individual self
as a secondary social construction of reality. As
the ability to achieve nothingness is a major
cognitive achievement, and subject to individ-
ual variations, the self-transcending acts of
pure experiencing and knowing by becoming
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can be facilitated through triangular phenom-
enological roles (Varela and Shear 1999). These
roles, connecting inner self with the surround-
ing reality, are further important for consen-
sual validation and nourishment of new ideas.

The intertwined inner and outer dialectics
blur relations between individuals and their
surrounding reality. Indeed, the boundaries be-
tween self and others, as well as firms and their
environment, are essentially open. While the
agency-structure interaction is explained in
various ways, phenomenologists and struc-
wural sociologists agree that humans create
knowledge in social interaction, through
which they seek to fulfill their projects as em-
bedded and intentional actors (Merleau-Ponty
1962; Giddens 1984). In the process, the sur-
rounding reality both inhibits and provides
opportunitics to the consciously chosen pro-
jects. Humans have an embedded desire for
projects that are both realistic but contain un-
reachable higher aspirations. There is hence a
gap between aspiration and attainment. To
quote Rescher (1987: 143): ‘Optimal results are
often attainable only by trying too much—by
reaching beyond the limits of the possible.
Man is a dual citizen of the realms of reality
and possibility. He must live and labor in the
one but strive toward the other.’ Individuals, as
self-promoting actors and parts of social col-
lectives, seek to gain the essence of their sur-
rounding reality through action-reflection
dialectics (Polanyi 1952; Heidegger 1962; Schén
1983). The body acts as the medium between
the mind and the environment (Merleau-
Ponty 1962), which explains why some know-
ledge used in these projects is acquired
through reflecting experiences in direct activ-
ities, and some of it occurs at a subconscious
level.

The philosophical notion of habifus builds
on structural assumptions towards shared
knowledge (Husserl 1947; Merleau-Ponty 1962;
Bourdieu 1985). In contrast to the structural
dominance over humans, collective habits are
developed over time through the dialectics be-
tween selfhood and otherness, Habitus can be
understood as a kind of mind-less or uncon-
scious orchestration of actions that does not

presuppose agency and intentionality (Chia
2004). It is not about blind cultural program-
ming of human behavior nor is it about the
spontanecous creativity and intention of willful
free agents. Rather, habitus as a set of internal-
ized predispositions enables actors to cope
with unexpected and changing situations by
inducing non-deliberate responses  which,
while containing a degree of improvisation,
reproduce regularities that make most human
behavior ‘expected’ and ‘rational.” However,
social practice theorists, such as Bourdieu
(1985), reject a linear and causal view of action.
Instead of assuming that human actions lollow
structures, humans create space for inter-
actions and the creation of meaning in the ba
by their knowledge and intersubjectivity. In
the supporting context, the interaction, re-
spect for various ideas, and free exchange of
tacit knowledge allows the new knowledge to
emerge.

The role of an organization is to be a support-
ing mechanism for knowledge creation by
connecting and energizing various ba. As tacit
knowledge is located in various ba, managers
create and foster free exchange of knowledge
in, across, and between various ba. They also
connect and rewire knowledge domains. Posi-
tioning is important: research estimates that
20 per cent of the actors hold about 8o percent
of the network connections (Barbasi 2002).
Managers can alternatively use hicrarchies
and formal power to connect be at various
organizational levels to form a greater ba (Non-
aka et al. zo00a). It can further be claimed, asin
recent research on transactive memory direc-
tories, that organizations can create struc-
tures enabling employees to use information
technology to search and locate knowledge
(Peltokorpi 2004). Also, physical places act as
supporting contexts for the creation of know-
ledge (Nonaka and Konno 1998). The interfaces
amongst the ba evolve through interaction,
time, and intersubjectivity.

Firms connect, lead, and organize the inter-
action among the vatious ba through networks
(Nonaka et al. 20004). Through their small-
world networks, people locate external collab-
orators with the right knowledge to speed up

the product-development process. The small-
world network properties enable the coexist-
ence, even in a sparse network, of a high degree
of clustering, and of short average path lengths
to a wide range of nodes (Watts 2003). Once the
structural view of networks is replaced with a
relational view, networks act as both the out-
come and initial condition of agency. People
and firms feed into networks, enecgize them by
their input, and, in wrn, are enriched through
the networks’ content and activity. In contrast
to the traditional concept of innovation net-
works (for example, Von Hippel 1988; Dyer and
Nobeoka 2000), the relational network concept
is not a way of presenting relations among
fixed entities, but is about being itself (Mer-
leau-Ponty 1962). What gives any object its
properties as well as its ontology is a set of
relations to other entities. This means that in-
dividuals, like organizations, are born, act,
evolve, and cease to exist because of their net-
worked part of the whole.

Knowledge-creation process (SECI)

Knowledge creation occurs through the dia-
lectics of tacit and explicit knowledge (Nonaka
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1994; Nonaka and Takeuchi 1995; Nonaka and
Toyama 2002, 2003). Instead of adopting an
objective approach to knowledge, the know-
ledge-creating theory draws from phenomen-
ology, idealism, rationalism, and pragmatism.
Knowledge is ‘a dynamic human process of
justifying personal belief toward the truth’
{Nonaka and Takeuchi 1995: 58). The process
takes place through the Socialization, External-
ization, Combination, and Internalization
modes (Figure 4.1).

Direct experiences during the socialization
phase enable the accumulation of tacit know-
ledge. The emphasis on obtaining pure in-
sights from experience embraces the
phenomenological philosophy (Husserl 1931;
Nishida 1970). The mind gives the accumulated
experiences  subjective personal meanings.
Tacit knowledge is hard to externalize and ex-
plain, as there is more to know than can be
explicitly communicated through language
(Polanyi 1952). It is, therefore, important for
actors to embrace contradictions rather than
confront them (Nonaka and Toyama zo003; Var-
ela and Shear 1999). The Structuration Theory
links humans to the environment (Giddens
1984). Humans perform daily actions through
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practical and discursive consciousness. Where
the former refers to tacit stocks of knowledge
from which humans unconsciously embrace
environment, the latter describes conscious
levels of knowing. Like tacit knowledge, prac-
tical consciousness reflects humans’ being in-
side of the external world.

During the externalization phase, tacit
knowledge is shared through metaphors, dia-
logues, analogies, and models. Metaphors can
be described as the use of words and prototypes
outside their conventional meanings. Dia-
logues can be distinguished from conversa-
tions: in conversations, people tender their
case through logic, and try to change the opin-
ions of other people; in contrast, dialogues, as
‘a stream of meaning flow among and through
a group of people,’ are based on active listening
and openness to changing opinions (Bohm
1990: 1). Important in the process is the diver-
sity of knowledge, which increases the likeli-
hood of the emergence of radical solutions
(Hage 1999). Other enablers are intentionality
(Searle 1983), love, care, trust (Nonaka and
Takeuchi 1995), the embracing of paradoxes,
and cultivation of opposite traits.

Firms systematize, validate, and crystallize
the externalized tacit knowledge during the
combination phase in more explicit forms for
collective awareness and practical usage. Firms
can, for example, break down concepts into
smaller components to create systemic, expli-
cit knowledge. These components arc evalu-
ated and validated rationally through their
effectiveness. The process includes monitor-
ing, testing, and refining to fit the created
knowledge with the existing reality. The com-
bination and distribution of knowledge can be
facilitated by infosmation technology, division
of labor, and hierarchy.

New knowledge is acquired and utilized
through experimentation and discipline dur-
ing the internalization phase. This phase can
be described as a transformational praxis in
which knowledge is applied and used in prac-
tical situations, becoming a base for new rou-
tines (Nonaka and Toyama 2003; Nonaka ef al.
forthcoming). Explicit knowledge, such as
product and service concepts, has to be actual-

ized through action, practice, and reflection so
that it can really become owned (Nonaka and
Toyama 2003). The consequent products work
as a trigger to elicit tacit knowledge from cus-
tomer demand and consumption patterns. Ex-
ternal stimulus from customer reactions is thus
reflected in the processes, starting a new spiral
of knowledge creation.

The movement through the four modes of
knowledge creation forms a spiral that be.
comes larger as it moves up the ontological
levels (Nonaka and Toyama 2003). While the
boundaries between the modes are claimed to
be porous (Tsoukas 1996), growth of social
knowledge occurs through the sequence of
sensing = sharing = systematizing = utiliz-
ing. There is constant interaction between the
different levels of analysis, because individuals
interact with the environment, and new know-
ledge changes the societal rules and behavior.
The accumulated knowledge, techniques, and
skills set the agenda for further innovations
that contribute to economic/societal change
and the evolution of economic institutions.

Synthesis of context and process

A synthesis between context (ba) and process
(SECI) enables knowledge creation. [nter-
actions among the various ba are created by
knowledge visions, which are value-driven ar-
ticulations of an idealistic praxis for a scciat
collective (Nonaka et al. forthcoming). Know-
ledge visions form a nexus among the past,
present, and future, as the past has meaning
only as a projection of the future. The future is
not a determinate end but opens up a cascade
of potentials. Middle managers bridge the top-
management visions and the chaotic reality at
the front line (Nonaka et al. 2000a). They take
the roles of instructor, coach, mentor, and co-
ordinator to encourage knowledge sharing, as
well as to disseminate information.

While the visible hand of managerial control
is occasionally important to speed up pro-
cesses, the most effective part of power is
rooted in language (Alvesson 1996). Managers
have the opportunity, more than others, o

give meanings to events, and in doing so con-
tributing to the development of norms and
values. Pettigrew (1077) describes this as the
management of meaning, referring to a process
of symbol construction and value use designed
both to create legitimacy for one’s own de-
mands and to delegitimize the demands of
others. Being able to define the reality of
others, managers are powerful agents creating
shared meanings, ideas, values, and reality
through communication and the social con-
struction of meaning.

Toyota Prius case'

Toyota has emerged as one of the world's lead-
ing automakers since its establishment in 1937.
Global sales of Toyota and Lexus brands (com-
bined with those of Daihatsu and Hino) totaled
6.78 million units in the fiscal year 2003. This is
equivalent to one vehicle every six seconds.
Besides 12 plants and 11 manufacturing subsid-
iaries and affiliates in Japan, Toyola has 51
manufacturing companies in 26 countries
which produce Lexus- and Toyota-brand ve-
hicles and components. As of March 2004,
Toyota employs 264,000 people worldwide
{on a consolidated basis), and markets vehicles
in more than 140 countries. The automotive
business, including sales finance, accounts for
more than go per cent of the total sales, which
came to a consolidated 17.29 trillion yen in the
fiscal year ending March 2004. Toyota has not
recorded an operating loss since it officially
started to measure Its profits in the 1940s.

Knowlecfge-based strategy

Although Toyota was, in many respects, suc-
cessful in the early 1990s, the belief that there
was no crisis waiting in the future was itself
considered to be a potential crisis. Successes
were seen to limit idealistic visioning of future
possibilitles. In order to avoid the curse of suc-
cess, top management wanted to face future
challenges at an advantage by developing
core technology, path-breaking vehicles, and
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new routines of product development for the
218t century. Without a path-breaking vehicle,
it was felt that Toyota would be following a
steady path of incremental innovation,
rather than moving radically to a new level of
existence.

In terms of the trends for future auto-
mobiles, top management had long been
aware of the demand for cleaner air and greater
fuel savings. This value-rational consideration
was already explicit in the Earth Charter of
1992, which outlined goals to develop and mar-
ket vehicles with the lowest emissions possible,
Within the charter, the number one action
guideline was ‘always to be concerned about
the environment.” President Fujio Cho made
the following statement:

It bothers me when I'm told that, in the 100 years of
automobile development, Japan has not contrib-
uted anything. Unfortunately, the starting lines
were different, so nothing can be done about this.
With respect to the environment, however, the
starting line is the same for everyone. Toyota will
make every effort so that we can hear that Japan's
technology has contributed this much to the envis-
onment.

The global environmental concerns and con-
sequent need for low-emission vehicles sur-
faced relatively late, giving Toyota an
opportunity to break old technical systems
with revolutionary, environmentally friendly
technologies. The company had long worked
to reduce emissions in internal combustion
engines (ICE) and it was also one of the leading
automakers in terms of fuel efficiency.

In reflecting on the Earth Charter, Toyota
started to focus more seriously on alternative
technologies in 1901. These efforts were stimu-
lated partially by the Zero Emission Vehicle
(ZEV) program implemented by the State of
California in 1990. Managers realized quickly
that car manufacturers need to respond to
these increasingly environmental standards.
While the company responded to the ZEV
mandate with a battery powered RAV-4 in
1996, the car never became a commercial suc-
cess: high costs and a low operating radius were
unsolved problems with battery-powered ve-
hicles. The Electronic Vehicle Development
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Department consequently started a systematic
study of the hybrid system, combining an en-
gine and a motor. The current Prius chief en-
gineer, Mr Masao Inoue, recalled:

Back in the eatly 1990s, when Toyota was develop-
ing a business case for hybrid technology, it was
decided that the engineering program would need
to be done almost entirely in-house. This meant
that nearly every bit of design, engineering, parts
production, and assembly would be done in-house.
No partnerships. No contractors. No supplicrs of
major components or systems.

The in-house development was considered to
enable the gaining of overall knowledge of the
system and all included components. Top
management was committed to providing the
needed resources for the uncertain project.
While risky, this approach allowed Toyota to
develop an internal stock of sich tacit know-
ledge and reduce dependence on external part-
ners during the early development phase.
Embedding knowledge in a product could
also yield more economic returns in the long
run. It can further be assumed that external
partners neither possessed the needed know-
ledge nor shared the same passion for the pro-
ject. Toyota wanted to create an internal ba for
the project and utilize external networked
knowledge later, when smoothing the manu-
facturing processes and cutting down costs.

The origins of the Prius project

The origin of the Prius project can be traced
back to initiatives made by a small study group
that cxecutive vice-president of R&D, Mr
Yoshiro Kimbara, started in order to find alter-
native ways to increase future competitiveness
in late 1993. The initiative had strong top-man-
agement support from the beginning. The gen-
eral manager of the General Engineering
Division, Mr Ritsuke Kuboshi, was soon
selected to take over as leader of the initiative.
He was formerly the chief engincer of Celica,
with a reputation for being aggressive and
strongly determined. Mr Kuboshi used his net-
work to select ten middle managers for a small
study group later called Generation 2ist

Century (G21). They met once a week, on top
of their daily work, to study the vehicle for the
21st century. As an indication of the vision and
urgency, it was decided that the final output of
the project should be a mass-produced, mass-
marketed, fuel-efficient vehicle. Anpther mis-.
sion was to search for a new way to do product
development. They had only three months to
complete the mission.

The high-level sponsorship increased com-
mitment and urgency to create as comprehen-
sive a plan as possible within the limited time
period. As a guideline, they had only the im-
plicit understanding that Toyota was seeking
to move to the next level in automobile devel-
opment. The fact that they were able to de-
velop structured guidelines and a half-size
blueprint indicates the level of commitment
among employees. Toyota frequently uses pro-
jects to test the aptitude of potential hand-
picked future managers. One such team
member was Mr Sateshi Ogiso, who stayed
with the hybrid car project until its launch in
1997. Although Mr Ogiso was only 32 years old,
Mr Kuboshi gave him demanding responsibil-
ities to cultivate his leadership skills. He was
also made responsible for preparing the final
report to the Toyota Motor Company Board.

The Gar group proposed to the Toyota Motor
Company Board that the new vehicle shoutd:

* realize a larger inner space by making the
wheel base as long as possible;

» place the seats at a higher position to make
it easier to get in and out of the car;

* make the car more aerodynamic by mak-
ing the body height about 1,500 mm;

* improve fuel efficiency by so per cent in
comparison to the vehicles in the same
class (the target was 20 km per liter);

* use a small engine and efficient automatic
transmission.

The reference vehicle for fuel efficiency was the
Toyota Corolla. The report did not make any
specific proposal to develop a hybrid car, partly
because the development at that time was con-
sidered embryonic for mass preduction. Fur-
ther, the Ga1 group was at this stage still
largely influenced by the dominant paradigms

of vehicle development. The next step was
to develop a more detailed blueprint for the
vehicle.

Hybrid vehicle development

Mr Takeshi Uchiyamada was selected to lead
the second stage of the Gz1 project, in January
1994. The project mission was to create a global
small car for the 21st century. Before the assign-
ment, he was a test engineer, in charge of re-
organizing  R&D  laboratories.  These
responsibilities  made  him  knowledgeable
about Toyota technologies, and able to locate
people with the needed knowledge. Although
a novice at feading a new-mode! development
project, his technical knowledge, social net-
works, and relative inexperience were consid-
ered to be beneficial in developing a concept-
breaking vehicle: the inexperience allowed
him to evaluate critically and, if necessary, to
break the cstablished product-development
routines and dominant thinking. And his so-
cial networks cnabled him to locate the right
people with the right knowledge.

The Gz21 project deviated in many respects
from ordinary product-development projects
at Toyota. The goal to develop a concept-break-
ing vehicle meant there was virtually no inter-
action with external parties. Attention to
internal resources increased focus, commit-
ment, and full utilization of knowledge re-
sources. And the strong top-management
support gave the team relatively free access to
resources. According to Mr Uchiyamada, he
was ‘given a free hand, unbound by any of
the usual corporate and cngincering con-
straints; freedom from component sharing
and commonalities, marketing considerations,
and product hierarchy.” Moreover, the core
mcmbers were solely dedicated to developing
one end product. This enabled Mr Uchiyamada
to focus on one task and build a self-sufficient

team with all necessary capabilities. The care-
fully selected initial ten members with about
ten years of experience came from eight
technological areas, among them bedy, chas-
sis, engine, drive system, and production
technology. They were all in their in their
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carly thirties—old enough to have expertise,
but young enough to be flexible,

Having a core team working solely for one
product enabled the sharing of physical space.
It was the first time at Toyota that a whole
product-development  project team had
worked in one room. They installed two CAD
systems and PCs in the room. The concentra-
tion of people increased commitment, know-
ledge exchange, and decision-making speed. In
addition, the knowledge diversity and inter-
functional interaction enabled team members
to develop an overview of the whole project
and the various challenges involved in real
time, The experiences during the project were
carefully documented and, after the hybrid ve-
hicle project, sharing one big room in new-
product development became a common prac-
tice at Toyota, because of the efficiency of
knowledge combination.

Mr Uchiyamada was quick to identify factors
that might slow the project down. He sought
to Increase commitment, interaction, and de-
cision-making with such credos as:

¢ technology should be evaluated by every-
one, regardless of specialty;

» one should think what is best for the prod-
uct instead of representing one’s own de-
partment’s interests;

* one should not care about age or rank
when discussing technologies.

These guidelines aimed to break down struc-
tural rigidities and promote openness for con-
structive criticism, finding solutions through
cross-functional collaboration, and open shar-
ing of ideas. He emphasized delaying final de-
cisions in order to perceive problems from
various angles, especially in the development
of physical prototypes.

At the beginning of the project, the team
followed the earlier guidelines for developing
the twenty-first-century vehicle. The group
envisioned a small sedan with seating for four
adults that would focus on safety, looks, low
poliution, and efficiency. A 1.3- or wLs-liter
direct injection engine was thought to be the
answer for improved fuel efficiency. Top man-
agement rejected this first proposal due to its




96 Nenaka and Peltokorpi

conventionality; the guidelines were conse-
quently respecified to force the team to seek
radical solutions beyond the existing techno-
logical boundaries, and, critically, top manage-
ment made a decision to break organizational
silos and forge creative linkages among various
ba. 1t was for this reason that Executive Vice-
President Wada established an idealistic goal of
100 per cent improvement in fuet efficiency. It
was also emphasized that the goal of the
project was a mass-produced vehicle.

The team set about the changes required by
this rejection of a conventional engine in favor
of the underdeveloped hybrid system. The first
goal was to develop a concept car for the 1995
Tokyo Motor Show in late October—the team
had about one year. The concept car was
named Prius, the Latin word for ‘before.’ At
that time, the leaders of the two projects—
Gar1 and hybrid development—were separated
in terms of goals and understanding. Initial
interactions between the groups revealed prob-
lems in the fuel infrastructure: constant bat-
tery recharging was required in the hybrid
technology. Toyota had developed the hybrid
system at the Electronic Vehicle Department,
but the now-urgent need to create a synergist
hybrid technology for mass production meant
there was also a need to build a bridge between
technology development and manufacturing.
To develop the production technologies for the
hybrid system, Toyota created the Unit Produc-
tion Technology Department.

In order to increase concentration and devel-
opment speed, Mr Wada formed a project team
to research and to analyze candidate hybrid
technology for mass-produced vehicles. Be-
cause of the relatively long in-house experi-
mentation, the team had many choices.
According to Mr Uchiyamada: ‘We had 8o re-
search engineers and we got over 8o plans, in-
cluding historical ones and those in the heads
of our rescarchers.’ Those eighty were first nar-
rowed down by a newly developed analytical
program to twenty, and then finally to four
technologies. Each of these four was evaluated
carefully through computer simulation. At the
engineer management meeting, the final
choice was made, based on efficiency, cost,

and business advantage. The approved tech-
nology was code-named 890T in mid-Junc 1995,

This hybrid system was still largely in the
rescarch phase, and the head of the hybrid
project, Mr Takehisa Yaegashi, and his team of
fifteen engineers worked day and night to
build an engine for the concept car. They com-
pleted one in time for the Tokyo Motor Show.
The concept car aroused wide interest at the
motor show, but it was not ready for mass
production. After the Motor Show, the Product
Audit room, responsible for evaluating a car
from the viewpoint of users, tested the car
designed for mass production at the test
course. On the first day, the car did not start.
On the subsequent try, it moved only one
meter. For fifty days, because of a basic engin-
eering fault which caused logistical problems,
the prototype Prius was not drivable: the en-
gine and motor computers failed to communi-
cate with each other. It finally moved about
100 meters under its own ICE/electric power
in December 1995. Said Mr Uchiyamada, ‘At
that time, my first impression was “It moves!”
rather than “It runs.” ’

The small event was one of the reasons that
top management changed the target time for
market introduction. The vehicle had origin-
ally been planned to be ready for the market at
the end of 1999, which was a very short time
period for designing, developing, and getting
manufacturing ready for a complex product. [t
usually took an average of approximately four
years for Toyota to develop a car; the ambitious
goal for the Prius and its new technologies was
fifteen months. However, when Mr Wada
introduced a new plan for launch in 1998, the
President, Mr Hiroshi Okuda, said, ‘It Is too
late. Could it be one year earlier? It is import-
ant that we release it early. This car may change
the future of the auto industry, not to mention
the future of Toyota.’ The Chairman, Mr Shoi-
chiro Toyoda, and President Okuda insisted on
the early launch in December 1997: another
reason for it, according to Mr Uchiyamada,
was the Kyoto Conference on global warming
issues in 1997.

The change in market-introduction target
time forced the tecam to find ways to cut the

product-development cycle time. The chal-
lenge was to control the technological uncer-
tainty, stimulate creative problem solving, and
make sure that the time limits were not
exceeded. Mr Uchiyamada decided to coordin-
ate the whole project with three experienced
members. One member was responsible for the
hybrid system, another for the body, cost
issues, and weight, with the remaining
member responsible for regulatory issues,
production planning, and marketing. Mr
Uchiyamada explained, ‘You have to keep the
numbers down if you want to develop a vehicle
quickly.’ The intent was also to set parameters
early and make key decisions as quickly as pos-
sible. The other key decision was to rely on
extensive simultancous engineering, which
brought various groups together in product de-
velopment. As the hybrid system was still in
the research stage, both the research and the
development were conducted at the same time.

Horizontal and cross-functional cooperation
was critical in order to create a mutual under-
standing of the diverse technologies and the
dependencics among them. In contrast with
previous projects in which development
teams submitted ‘orders’ to related depan-
ments to develop necessary components for
new models, cross-functional cooperation
during the hybrid project was intense and
spontaneous. In addition, engineers had to
possess and develop knowledge beyond their
specialties due to the complex technological
interrelations in the hybrid system. The
efficiency of the hybrid system depends on
the combination of all subsystems, and when
problems cccurred in the integrated system,
engineers had to find the cause of the problem
in close. cooperation. All these functions
sought to fulfill the vision of the criticality of
speed.

The Gz1 was made an official product-devel-
opment project and was renamed ‘Product
Planning Zi’ in January 19¢6. In addition to
the core members from Gz1, Mr Toshihiro Obi
joined Zi to oversee the entire process of com-
mercialization, production technology, pro-
duction, sales, and public relations. He was
another heavyweight leader that was brought
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in at the right time to speed up the product
faunch. In addition to wide networks, he
brought vital knowledge that was needed to
commercialize the vehicle based on customer
needs. Unlike other members, he had fifteen
years of experience in product planning and
commercialization for cars such as Tercel, Star-
iet, Corsa, and Sainos. Furthermore, because of
the top priority of the project, Mr Uchiyamada
was able to obtain the needed human re-
sources, About 1,000 people eventually worked
for the project at Toyota (most of them on a
part-time basis).

In addition to the hybrid technology, the
aerodynamics, maximum interior space, and
ergonomics were all important to the vehicle's
development. The small vehicle should be
large enough inside to contain the hybrid tech-
nology and be comfortable to passengers. The
vehicle was virtually built around passengers,
as Mr Uchiyamada described:

[ placed the driver not in a hypothetical automotive
package, but in a comfortable scated posture
mid-air. The front-seat passenger, likewise, was in
a comfostable position with the right amount of
space between him or her and the driver
Rear-seat passengers followed. And around the
four floating people a package was created, with
small outer dimensions and optimum interior

space.

A competition was held to increase diversity in
vehicle design in February 1996. The partici-
pants were from design centers in California,
Europe, Tokyo, and Toyota City. Seven teams
presented more than twenty designs. Five of
them were chosen for further evaluation, with
two reaching the final competition. They were
from the Design Department at the Toyota
headquarters and Calty Design Studio in Cali-
fornia. The headquarters design was an exten-
sion of the existing models. In contrast, the
Calty design was futuristic. The panel of judges
consisted of Toyota executives and 100 em-
ployees. While the executives appreciated
both designs, employees favored the futuristic
design, and the winner was Calty’s Mr Irwin
Lui. The first-generation Prius was short and
upright, distinctive among contemporary
small sedans.
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Battery joint venture

While most problems were eventually solved
during the project, the persistent obstacle was
battery technology. Because of the limited car
size, the batteries needed to be small, but
powerful enough for smooth functioning.
They should also be reasonably priced and
have a long life-cycle. Toyota did not have the
in-house knowledge to tackle the problems in-
volved, and formed a joint venture with Mat-
sushita Battery Industrial Co. Ltd. (MBI) in
December 1996. MB] was a logical partner: it
had knowledge of developing batteries for
electric-powesed  vehicles. The Electronic
Vehicle Development Department had also
cooperated earlier with MBI to develop a
nickel hydrogen battery for RAV-4. In the
joint venture, called Panasonic EV Energy Co.
Ltd., the role for MBI was to produce battery
cells, and Toyota's was to produce modules and
holders.

The external cooperation brought with it the
problems of developing the ba for smooth
interaction. The early challenges in joint de-
velopment and production were heat resist-
ance and quality control. Because batteries
were initially placed next to the engine, heat
created problems. The early battery prototypes
were heat sensitive and could not be used on
hot days. The other challenge was to create a
shared mindset on quality control: while MBI
tolerated certain failure rates, tight quality
control was required for hybrid car technology.
Because of the early production problems, the
first batteries produced less than one-third of
the required performance.

The shared mindset came through move-
ment of management-level employees, open
dlalogues, and shared understanding of the
requirements needed for a mass-produced ve-
hicle. When test drives took place in July and
August 1997 in extreme conditions in Japan,
Nevada, California, and New Zealand, engin-
eers of Panasonic EV Energy participated to
understand battery requirements in real con-
ditions. These experiences in the actual
context enabled engineers to detect problems
quickly, and several modifications were made

in the following months to prevent battery
failures.

Product launch

The first media test-drive event was held at the
Higashi-Fuji Proving Grounds, and the Prius
was unveiled officially to the press in October
1997. The first Prius rolled out from the factory
in December 1997. The world’s first commer-
cialized hybrid car was welcomed with wonder
and surprise, and Toyota had to give three press
conferences in Tokyo. The extensive media
coverage, reasonable price, and general interest
in hybrid technology resuited in a back-order
of 3,500 hybrid vehicles, and the company
quickly decided to raise production from
LOOO units to 2,000 units per month. The
Prius received numerous awards, including
Japanese Car of the Year and American Car of
the Year, for its innovative product concept
and technologies.

The in-house design and production proved
to be beneficial for three reasons. First, it en-
abled the accumulation of knowledge, tech-
niques, and skills: the first Prius included
more than 3oo0 patents. Because of the know-
ledge concentration, Toyota was able to de-
velop and modify the hybrid system in a
short time. According to Mr Takehisa Yaegashi,
‘I hesitate to say we are much ahead of the
others, but 1 do want to emphasize the differ-
ence between Toyota and the other companies
... We have a six-year advantage in mass-pro-
ducing hybrid cars.’ At the time of the launch
of the first Prius, Toyota’s closest rival, Honda,
was estimated to be about three to four years
behind Toyota in the late 1990s. Second, the
company has been able to improve and sim-
plify technology to reduce costs. According to
Mr Inoue, ‘We have been able to significantly
reduce the cost of major hybrid components
and sophisticated support systems through in-
house R&D.’ Third, Toyota has been able to use
the created knowledge across all main develop-
mental drives: alternative energy, such as com-
pressed natural gas; diesel engines; gasoline
engines; and electronic vehicles.

Second-generation Prius

At the New York Auto Show in 2003, the second-
generation Prius demonstrated how quickly
Toyota was able to make improvements in hy-
brid technology. In addition to increased atten-
tion to exterior design, the new model is based
on a new main system called Toyota Hybrid
System [l (THS I1), which has moved the hybrid
technology to a new level. According to Mr
Satoshi Ogiso, who had been with the Prius
project from the beginning:

For the second-generation rius, we tocused on the
promotion of widespread use and driving perform-
ance. No matter how good the environmental per-
formance, if the system does not come into wide use,
its benefits will not be felt by society. We completely
abandoned the original concept of the Prius and
started with a blank slate to create a new concept.
Our higgest concern was whether we would be able
to create a second-generation vehicle that could
compare to the epoch-making fitst generation.

Despite only having a 1.5-liter engine, the hy-
brid system enables the new Prius to have ac-
celeration that outpaces 2.o-liter-engine cars.
The main focus in the development was placed
on the high-voltage circuit between the battery
and the generator, which increases the voltage
to the motor provided by the battery. The
battery still provides 21 kW, but it is smaller
and less costly to produce than in the previous
model.

When the second-generation Prius seached
US showrooms in October 2003, dealers re-
ceived 10,000 orders before the car was even
available. The environmental performance of
the new Prius has been praised in Europe, and
it is subject to preferential tax treatment in
fifteen ceuntries, including France, the United
Kingdom, and Germany. The new lrius has
received several awards, such as ‘Car of the
Year’ from the US magazine Motor Trend, ‘Best
Engineered Vehicle’ from the Society of Ameri-
can Automotive Engineers, ‘North American
Car of the Year’ from the US automotive
journalists, and ‘International Engine of
the Year 2004’ from international automotive
journalists. In addition, support from users
shows the extent to which Toyota has
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succeeded in raising consumer appreciation of
hybrid vehicles.

Toyota is seeking to utilize hybrid technol-
ogy in a wide range of vehicles. In the process,
the horizontal deployment (yoko-ten) of ideas
and technologies is being used extensively. The
company has announced that, by summer
200s, it will start to sell a hybrid Lexus SUV,
RX4o0h, whose V6 engine will deliver power
rivaling that of a V8 engine, with the fue} effi-
ciency of a compact car. The hybrid technology
will be likely to be extended further to diesel
engines in trucks and commercial vehicles.

Toyota is offering its technology to other
automakers to create scaje economies. Execu-
tive Vice President Akihiko Saito explains:

We believe that the proliferation of environmental
technologies is essential. Prolifesation is not some-
thing that Toyota can achieve on its own, and when
considering the global environment, it is important
that automakers from around the world work to-
gether. That is why we are considering disclosing
technologies.

This has so far led to the signing of licensing
agreements with Nissan and Ford. Several Jap-
anese carmakers have launched a hybrid ve-
hicle, or are seeking to launch one in the near
future. The success of hybrid vehicles has not
gone unnoticed in Europe, where several
makers have announced market launches in
2003 and 2004. The patent activity on hybrid
technology has accordingly increased rapidly
in recent years. While most American car-
makers have been skeptical about developing
hybrid vehicles, General Motors announced in
December zooz that it plans to sell one million
hybrid vehicles by 2010. The others are likely to
follow.

Discussion

The flow of occurrences leading to the first
commercialized hybrid vehicle evolved from
policy statements and environmental con-
cemns. While most automakers were hesitant
to develop environmentally friendly technolo-
gies, the Toyota Motor Company Board had an
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ing of interrelated technologies. This enabled
fast and efficlent knowledge exchange. The
team members were quick to create the key
concepts for the twenty-first-century vehicle,
and ready to change their mindsets when their
inittal plan was rejected. Team members used
information technology and visiled other
teams to share their embryonic concepts and
ideas with relevant entities to get creative criti-
cism and diverse ideas for improvements. They
further documented their experiences in a 200-
page book that has been used since to develop
research and development processes at Toyota.

The urgency, the focus on a single product,
and the strong top-management support en-
abled the core team to utilize various organiza-
tional resources quickly and efficiently, and to
link various ba into a self-transcending and
coherent fashion tied by a single overarching
vision (Figure 4.3). The seemingly risky, but
calculated, top-management goal was to create
strong linkages and shared visions between the
Gar group and the BR-VF hybrid system. While
various ba were unified by a single vision, they
were given autonomy to reach targets by self-
organizing action. In addition, somewhat free
utilization of organizational resources, the
concentration on one product, and close
cross-functional interaction enabled people
and teams to bring their own experiences and
contexts into ba to make the shared context a
rich one.

In summary, the case shows that knowledge
creation needs many, multi-level ba, con-
nected to each other organically to form a
greater ba. An organization Is an organic con-
figuration of ba in motion, where various ba
form a fractal. Hence, leaders have to facilitate
the differentiation and interweaving among a
varicty of seemingly distant and disconnected
ba, and to synthesize the knowledge that
emerges from the larger ba. An important en-
abler in the process was the accumulated tacit
knowledge that was carefully connected and
rewired from various organizational domains.

Conclusion

This ctiapter presents, through case analysis, a
knowledge-based view of radical innovation.
Instead of viewing innovation merely as a
‘final’ state, we describe innovation as a cre.
ative process. The knowledge-creating theory
describes the process through the SECI and ba,
in which subjective but rational human actors
combine tacit and explicit knowledge in dia-
lectic fashion. The context and processes are
combined by vague and inspirational know-
ledge visions, which middle managers exccute
through intense social interaction. Their
human connections enable them to link vari-
ous ba as a large and systematic knowledge-
creating system. While external networks en-
able firms to detect market possibilities, early
phases of radical innovation are, provided that
appropriate knowledge domains exist, con-
ducted most efficiently within companies.

The development of the Prius was radical in
at least three respects. First, it did not fit into
any existing product line and it was designed
to give Toyota a new image. Second, the ve-
hicle used Innovative technologies in its en-
gine, motor, battery, and brakes, and in
combining them into a hybrid system. Many
of these new technologies were later applied to
other products. Third, Toyota used a new
method of product development to produce
the Prius. While it usually took about four
years for Toyota Lo develop a new model of an
existing preduct, the Prius was developed in
fifteen months. The increased speed in product
development enabled Toyota, to expand lines
more rapidly and renew products more
quickly. An interesting detail was the relative
lack of external involvement in the product-
development process.

A case study was used In this chapter to illus-
trate social processes leading to radical innov-
ation in one company. While Toyota is a
distinctive company with its own culture,
practices, and history, case studies on radical

innovation projects show that strong top-man-
agement vision and support, linkage of know-
ledge resources by middle managers, and
strong knowledge fermentation, enable radical
innovations, especially in Japanese organiza-
tions (Nonaka and Takeuchi 1995, Nonaka
et al. forthcoming). In order to identify the
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mechanisms and differences between com-
panies in radical innovation processes, future
research could be conducted using both quali-
tative and quantitative methodologies for
depth and breadth in understanding the pheno-
menon of radical innovation.

Note

1. The case is based partly on an unpublished work by Rycko Toyama.
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5 Innovation, Competition, and
Enterprise: Foundations for
Economic Evolution in
Learning Economies

). Stanley Metcalfe

Introduction

This chapter reviews a triad of related ideas at
the core of how an understanding of the con-
nections between the growth of human cap-
ability and the growth of material standards of
living are related. It outlines a framework in
which this triad—innovation, enterprise, com-
petition—and the development and growth of
an economy are woven together in a fabric of
change. The framework defines the restless
nature of modern capitalism, its incessant
capacity to transform itself from within in a
continuous process of creative destruction.
Capitalism can never be stationary. Its dy-
namic and transformative powers have marked
cffects across time and space. The chapter ex-
plores the foundations of this perspective; it
justifies the label of ‘restless’ for the attributes
of this economic system; it traces the conse-
quences for the development of that economy
and its connection with the continued growth
in standards of living.

The metaphor of restlessness suggests a
search for improvement and a sense of discom-
fort and uncertainty about how the economic
order and the position of individuals within it
will evolve. Foremost among these attributes
are the connection between the triad and the
growth of knowledge, the evolutionary nature
of a competitive process grounded in innova-
tive rivalry, and the complementary role of

market and non-market processes in shaping
innovation and the economic response to in-
novation. Among these non-market processes
are those defined by innovation systems. As we
witness at every level of aggregation in any
modern economy, the institutional framework
of modern capitalism is unique in its self-
organization and self-transformation of eco-
nomic activities. In short, a modern economy
is incessantly evolving into a new economy;
there is always an edge of modernity to the
system so that, over extended periods of time,
continuity can only be found in process and
broad institutional form, not in morphology
and activity. What is significant about the cur-
rent phase of capitalism is that this process is
spreading: an increasing number of economies
are taking on the attributes of restless capital-
ism. China and India are leading examples,
following the successes of S. Korea and the
other ‘tiger economies;’ they will no doubt be
followed by others on the edge of modernity,
such as Brazil, or the transition economies of
the former Soviet bloc (Amsden 1989, 2001).
The emergence of new capitalisms can only
accelerate change in the established Western
economies, which will have to find ‘new
sources of comparative advantage to sustain
their relatively high standards of living. That
is to say, an innovative response will be re-
quired to the challenge of new international
competition. But to say this is simply to




