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Writing a book based on the findings of a major research
effort and developing a new automobile utilizing many different
technologies and manufacturing techniques present many of the
same problems. In particular they require a tightly knit project
team, clear leadership, and the willingness of many specialists to
contribute their personal knowledge and insights to a group
effort.

The team putting this book together has been led by Jim
Womack, Dan Jones, and Dan Roos, the three senior managers ol
the IMVP. They have been assisted on a daily basis by John
O'Donnell, the IMVP program manager, who has shared his vast
knowledge of the auto industry, and by Ann Rowbotham, the
IMVP program secretary, who has mastered every detail of a
complex project over five years,

The other members of the team have been Donna Carpenter
and her associate Abby Solomon, our editorial advisors; Helen
Rees, our literary agent; and Eleanor Rawson, our editor at
Rawson Associates.

For each of us this has been a sometimes trying but ultimately
rewarding experience. Womack, Jones, and Roos had never tried
to write for a broad audience, while Carpenter, Rees, and Rawson,
with years of experience in commercial publishing, initially found
many customs of the academic world curicus or even incompre-
hensible. In the end, we have learned much from each other and
we hope this hybrid product—based on a rigorous research pro-
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gram but speaking to a general audience—reflects a successful
melding of two distinct cultures.

It would all have been for naught except for the exiraordinary
generosity of our IMVP research affiliates in sharing their knowl-
edge freely. While three of us are listed as authors because we put
the words on the page, this has truly been a group effort by
individuals from many backgrounds and countries. We have tried
to acknowledge their contributions fully at appropriate points in
the text and end notes. The reader should always bear in mind
that, like the development of 2 new car in a "lean” auto company,
this has been a truly collective endeavor.

Danter Roos, Director, IMVP
DanteL T. Jongs, European Director, IMVP
James P. Womack, Research Director, IMVP
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On a sunny afterncon in the fall of 1984, we
stood on the granite front steps of the Massachu-
setts Institute of Technology and pondered the
future. We had just concluded an international
onference to announce the publication of our previous book, The
Future of the Automobile,! in which we examined the problems
acing the world motor-vehicle industry at that time.

. Our findings about the automobile itself were guardedly op-
fimistic. We concluded that technical means were on hand to
solve the most pressing environmental and energy problems
caused by the use of cars and trucks. There were still question
_marks about the long term, in particular about the “greenhouse”
effect caused in part by carbon dioxide spewing from auto tail-
pipes, but we thought the automobile itself could adapt. However,
‘we were much gloomier about the auto industry and the world
economy.

We concluded that the auto industries of North America and
Europe were relying on techniques little changed from Henry
- Ford’s mass-production system and that these technigues were
“ simply not competitive with a new set of ideas pioneered by the
Japanese companies, methods for which we did not even have a
name. As the Japanese companies gained market share, they were
encountering more and more political resistance. At the same
time, the Western companies didn’t seem to be able to learn from
their Japanese competitors. Instead, they were focusing their
energies on erecting trade harriers and other competitive imped-
iments, which we thought simply delayed dealing with the real
issue. When the next economic downturn came, We feared that
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4 THE MACHINE THAT CHANGED THE WORLD

North America and Europe would seal themselves off from the
Japanesg threat and, in the process, reject the opportunity for the
p;;5p3r1ty and more rewarding work that these new techniques
offer.

We felt that the most constructive step we could take to

prevent this development from occurring would be to undertake a
detailed study of the new Japanese techniques, which we subse-
quently named "‘lean production,” compared with the older West-
ern mass-production techniques, and to do so in partnership with
all the world’s motor-vehicle manufacturers. But how? As we were
pondering this question on that sunny afternoon, one of the senior
industry executives attending our conference approached us
... with precisely this idea.
‘ ‘Why not also include governments worried about revitaliz-
ing their motor-vehicle industries,” he asked, "“and raise enough
f%mds to really do the job properly?” Thus was born the Internga—
tional Motor Vehicle Program (IMVP) at Massachusetts Institute
of Technology and, ultimately, this book.

THE INTERNATIONAL MOTOR VEHICLE PROGRAM

At the‘ beginning of 1983, a fortuitous event at MIT provided the
ideal institutional setting for the IMVP. A new Center for Technol-
ogy, Policy and Industrial Development was formed with Daniel
Roos as its first director. The Center had a bold charter: to go
beyond conventional research to explore creative mechanisms for
mdgst-ry—governmcnvuniversity interaction on an international
basis in order to understand the fundamental forces of industrial
change and improve the policy-making process in dealing with
change. The IMVP was an ideal program for the new Center to
Qemonstrate a creative role for a university in working coopera-
tively with governments and industry. b

As we moved ahead with planning the IMVP in the new
Center, we realized that our success would depend critically on
six e]ements: thoroughness, expertise, a global outlook, indepen-
dence’, industry access, and continuous feedback. '

First, we had to examine the entire set of tasks necessary to
man.ufacture a car or truck: market assessment, product design
detailed engineering, coordination of the supply chain, operatigor;
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dividual factories, and sales and service of the finished prod-
We knew that many efforts to understand this industry had
further than the factory, an
bhe sure, but only a small part

e realized that to do a thorough job we would need many

'pés‘i;c)f expertise of a sort not normally found in a university

ing. We would need researchers knowledgeable about each

ct of the system who were committed to rigorous research

ethods, but who were also comfortable with the inherent mess-

ss of the industrial world, where nothing is ever as neat as in

cidémic models. Our solution was 10 find researchers now in

demia who had come from the world of industry and who

ere willing to go back into design shops, supply companies, and

ctories for weeks or months to gather the detailed information

& rieeded for sound conclusions.

"‘For example, Richard Lamming and Toshihiro Nishiguchi,

uir specialists in supply systems, were pursuing Ph.D.’s in En-
land at the University of Sussex and Oxford University, respec-
ivély, during their tenure with the IMVP. However, their interest
n supply came from their previous work experience in Western
nd -Japanese companies. Richard had been a parts buyer for
aguar in England, while Toshihiro had worked for Pioneer Elec-
ric in Japan. During their four years of work for the IMVP they
ssited hundreds of component supply companies and plants in
North America, Western Europe, and Japan. In addition, they
xamined supply systems in the leading developing countries,
“including Korea, Taiwan, and Mexico.

o Similarly, Andrew Graves, our technology specialist, was pur-
“suing a Ph.D. at the University of Sussex alter many years in a
~career as a builder of Formula 1 racing cars. Andy spent months
“traveling to the major design and engineering centers of the
- motor-vehicle world. On each visit he was testing ideas about the
best means for companies to introduce new technologies, ideas
formed initially in the world of auto racing, where continuous
- “technical Jeadership is the key to success.

' One of our factory specialists, John Krafcik, was the first
- American engineer hired at the Toyota—General Motors joint ven-
© ture, NUMMI. His training at NUMM! included lengthy periods
in Japan at Toyota factories in Toyota City, where he learned the
fundamentals of lean production at the source. John completed
an MBA degree at MIT's Sloan School of Management while
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traveling the world surveying ninety auto assembly plants in
fifteen countries, in what we believe is the most comprehensive

industrial survey ever undertaken in any industry.
Two additional MBA students at MIT, Antony Sheriff and

Kentaro Nobeoka, provided insight for our product-development

studies, through case studies of the product-development process
based on their previous work as product planners at Chrysler and
Mazda, respectively.

A mere listing of these names shows an additional feature of
our work that we felt was essential—to develop a completely

international team of researchers, with the language and cultural
skills to understand production methods in different countries
and an eagerness to explain their findings to colleagues from very
different backgrounds. These researchers (who are listed in Ap-
pendix B) were not primarily stationed at MIT and were not
primarily American. Rather, we developed a worldwide team with
no geographic center and no one nationality in the majority.

To be taken seriously both inside and outside the motor-
vehicle industry we peeded to be independent. Therefore, we
determined to raise the $5 million we needed through contribu-
tions from many car companies, components suppliers, and gov-
ernments. (The thirty-six organizations ultimately contributing
to the IMVP are listed in Appendix A.) We limited contributions
from individual companies and governments to 5 percent of the
$5-million total and placed all the funds in a single account, so
that no sponsor could influence the direction of our work by
earmarking its contribution for a special purpose. We were also
careful to raise funds in equal amounts in North America, Western
Europe, and Japan, so that we would not be subject to national or
regional pressures in our conclusions.

For our researchers to succeed, they would need extensive
access to motor-vehicle companies across the world, from the
factory floor to the executive suite. We therefore made it clear to
potential sponsors that their most valuable contribution would
not be money but rather the time given by their employees to
answer our questions. In every case these companies have been
even more open than we had hoped. We have been truly amazed
by the spirit of professionalism in this industry, which has moved
managers in the worst facilities and weakest companies to share
their problems frankly, and managers in the best plants and
strongest companies to explain their secrets candidly.

Finally, to succeed in our work we were determined to devise
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t 5f feedback mechanisms where we coufd‘ expla.in our ﬁnchnfgs
d’ustry, governments, anhd unio}}:lls and gain their reactions tor
nefit. We did this in three ways.
- I&?ﬁ?,a\lygeh;d an annual meeting for the liaison person frm,n
.h?.é’ponsor. At these meetings we went over the prevz'ous yt;ar 5
ocearch.in detail, asking for criticism and for suggestions about
he next our research.
;jgés;cei?iv{:ield an annual policy forum at a different iocg-
around the world—Niagara-on-the-Lake if‘l’} Canada, .Comobm
1y, Acapulco in Mexico-—to present our ﬁndmg§ to seﬁmor exce-
s-and government officials from the sponsoring comparnies
. sovernments, plus interested observers fro.m labor 31110115
nd the financial community. These pr‘ivate meetings pmv;;}led ari
portunity for senior leaders of this industry to discuss t f.f rea
yroblems of moving the world from mass to Iean- product{on,
tiside the glare of publicity and the need for pgbhc posturing.
Those attending the IMVP policy forums are listed in Appen-

“ Finally, we've conducted several hundred private brneflfngst for
co.mpanies, governments, and unions. For examp.lc:, our tac Eliy
Sractice team conducted a seminar at each of the ninety assem y
platits we visited as part of the IMVP World‘ Assem}nly Plant
urvey. In these seminars, we reviewed worldwide vpe-:}:‘io'rmance(i
assessed the performance of the plant we were v151tmg,f an
explained the reasons that plant might lag in world-class per orm—[
ance. We also conducted briefings for corporate .rn_ana‘gemend
hoards, union executive committees, government mlmst‘rlgs, ar;l !
leaders in the investment community, in each case m‘{piammght e
differences between mass production and lean with ideas on how

to convert to lean production.

- THIS BOOK

'. 'We have now spent five years exploring the difference‘s’bztween
* mass production and lean production in one enormog? industry.
We have been both insiders with access to vast amounts of proprici
" etary information and daily contact with mdu:f;t.ry leaders., an

outsiders with a broad perspective, often very.crmcai, on existing
practices. In this process we've become convinced that the prin-
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ciples of lean production can be applied equally in every industry -
across the globe and that the conversion to lean production will
have a profound effect on human society—it will truly change the -

world.

We therefore decided not to write an academic report on our -
work, a dry summary of findings by a committee seeking a -
consensus. Instead, in the pages that follow, the three of us, as:
leaders of the Program, tell the story of how human society went -
about making things during the rise, and now the decline of the.
age of mass production, and how some companies in some coun-
tries have pioneered a new way of making things in the dawning ‘

age of lean production. In the last part of our book, we provide a
vision of how the whole world can enter this new age.

Our story draws on the 116 research monographs prepared
by IMVP Research Affiliates, as listed in Appendix D, but neces-
sarily provides only a small fraction of the evidence behind our
analysis. Readers with further interest in specific topics should
consult Appendix D and write for copies to the IMVP, Center for
Technology, Policy and Industrial Development, E40-219, MIT,
Cambridge, MA 02139 U.SA.

Readers should realize that with such a rich diversity of
global intellectual resources and viewpoints, IMVP researchers
have not agreed on every point. This volume presents the personal
view of the three Program leaders and should not be taken as an
official statement agreed to by all participants. Certainly, they
should not be blamed for any errors or omissions.

Our story is not just for an industry audience but for every-
one—government officials, labor leaders, industry executives, and
general readers—in every country with an interest in how society
goes about making things. In the process, we necessarily make
some unflattering comparisons of companies and couniries. We
ask the reader to take these in the proper spirit. We have no wish
to embarrass, or for that matter to compliment, but rather to
illustrate the transition from mass to lean production with con-
crete examples that readers can understand.

We also ask the reader to understand that our sponsors have
been extraordinarily supportive of our work. They have sent
senior executives to our annual meetings and several have given
us a critique of a draft of this volume—in some cases voicing
disagreements. However, they have neither exercised veto power
over our findings nor endorsed our conclusions. The views in the
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gés ahead are strictly our own. For our sponsors’ wi%iingness 1o
let us-think big thoughts without interference at a time of pro-
iind transition, we are deeply grateful.

'ﬂ_ﬁhl CHALLENGE FOR THE READER

pﬁ:ésenting our work to a broad audience we héve Qne grf:at
war that readers will praise it or condemn it as yel arilot?er
: "pan” book, concerned with how a sub-set of the popu atl(én
sithin a relatively small country produces rflanufac?ured gcx:w 5
n a unique way. Our intention 1is emphaticaliy. different. ei
clieve that the fundamental ideas of lean production are unjlver
al-—applicable anywh}ere Eyianyonc;:;}—?nd that many non-Japa
168 nies have already learned this.
ne§e£}§$p$e devote our attention in the pages ahead to a-care‘i;:;i
explanation of the logic and techniques of lgan pmducmo.r;v j
pay little attention to the speciz}l features of Japan};ﬂse S:DICIH =
the high savings rate, near unnterszfl literacy, a_homoge inal
population, alleged inchnfit%on to subordmatedpezjs ol
desires to group needs, and the willingness, even the desire, ©
work long hours—which some observers crc.:dit for Japanese su
cess, but which we believe are of secondary importance.
. Similarly, we pay little attention to other.‘ feafm'res'of J;lpan‘ese:
society—the limited role for women and mmontges_ ucll t te eL?;le
omy, the tight relation between government and IDCUs ryc,1 e
‘barriers to foreign penetration of the domestic market,_ a}lii R
pervasive distinction between foreign and Japgnese——whm ot e;
countries adopting lean production woulc} neither wz‘mht nor nee !
to copy. This is not & book about what is wrong wit J‘a.lfla? 0
with the rest of the world but about what is right with lean
pmdﬁgjeorrtl}.leless, the level of tension ab(_Jut trade and investment
" between Japan and the rest of the worldlis pow so great that mgs‘;
" readers, in Japan as well as the West, will need to make a sp;:Cla
effort to extract the universal principles of lean production from
ir initial, Japanese application. .
theniil;lrllt;ailrjl thFi)s centug?, most Europeans were unable tcz1 diff.er—
entiate the universal ideas and advantages of mass production
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gggﬁihelr unique American origins. As a result, ideas of great
’ were re;e@ed for a generation. The great challenge of the
urrent moment is to avoid making such an error twice

THE MACHINE THAT CHANGED THE WORLD

Forty years ago Peter Drucker dubbed it "the
industry of industries.” Today, automobile man-
ufacturing is still the world’s largest manufac-
turing activity, with nearly 50 million new vehi-
cles produced each year.

- Most of us own one, many of us own several, and, although
Wwe may be unaware of it, these cars and trucks are an important
partof our everyday lives.

“.“Yet the auto industry is even more important to us than it
~appears. Twice in this century it has changed our most fundamen-
lideas of how we make things. And how we make things dictates
“not only how we work but what we buy, how we think, and the
- way we live.

- After World War I, Henry Ford and General Motors’ Alfred

“Sloan moved world manufacture from centuries of craft produc-
“tion—led by European firms--into the age of mass production.
“Largely as a result, the United States soon dominated the global
“gconorny.
_ After World War I1, Eiji Toyoda and Taiichi Ohno at the Toyota
“‘Motor Company in Japan pioneered the concept of lean produc-
“tion. The rise of Japan to its current economic preeminence
- quickly followed, as other Japanese companies and industries
 copied this remarkable system.
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Manufacturers around the world are now trying to embrace °
lean production, but they're finding the going rough. The compa-
nies that first mastered this system were all headquartered in one -
country—Japan. As lean production has spread to North America -
and Western Europe under their aegis, trade wars and growing

resistance to foreign investment have followed.

Today, we hear constantly that the world faces a massive -j
overcapacity crisis—estimated by some industry executives at
more than 8 million units in excess of current world sales of about
50 million units.2 This is, in fact, a misnomer. The world has an
acute shortage of competitive lean-production capacity and a vast
glut of uncompetitive mass-production capacity. The crisis is

caused by the former threatening the latter.

Many Western companies now understand lean production,
and at least one is well along the path to introducing it. However,
superimposing lean-production methods on existing mass-pro-
duction systems causes great pain and dislocation. In the absence
of a crisis threatening the very survival of the company, only
limited progress seems to be possible.

General Motors is the most siriking example. This gigantic
company is still the world’s largest industrial concern and was
without doubt the best at mass production, a system it helped to
create. Now, in the age of lean production, it finds itself with too
many managers, too many workers, and too many plants. Yet GM
has not yet faced a life-or-death crisis, as the Ford Motor Company
did in the early 1980s, and thus it has not been able to change

This book is an effort to ease the necessary transition from
mass production to lean. By focusing on the global auto industry,
we explain in simple, concrete terms what lean production is,
where it came from, how it really works, and how it can spread to
all corners of the globe for everyone’s mutual benefit.

But why should we care if world manufacturers jettison
decades of mass production to embrace lean production? Because
the adoption of lean production, as it inevitably spreads beyond
the auto industry, will change everything in almost every indus-
try—-choices for consumers, the nature of work, the fortune of
companies, and, ultimately, the fate of nations.

What is lean production? Perhaps the best way to describe
this innovative production system is to contrast it with craft
production and mass production, the two other methods humans
have devised to make things.

The craft producer uses highly skilled workers and simple but
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x1%fé_-toals to make exactly what the consumer gsks [Or——céne
inat.a time. Custom furniture, works of decorative art,g%{; zz
xotic sports cars provide current-day example;. W(; i _.ovcj
ea-of craft production, but the problem wnh_ it is o thjs;
Goods produced by the craft method—as automobﬂez oxgce Wc,l;;
usively—cost too much for most of us to afford. Ohma ;
Tuction was developed at the beginning of the twentieth cen
as: ative. -
aﬁéaiii‘tsz;roducer uses narrowly s_kii-led profcsw‘opja}; to
4 ﬁfoducts made by unskilled or semiskilled Workr:zrs-. 1.(;1;11 : 1r:ig
sive, single-purpose machines. These churn OLihL stfm ar L;
zed products in very high vofume.‘Bccagse the macl 1-T_1LE:V c;:os)r
much and is so intolerant of Fhsruptmn, the m.::tss—pzi 0 }ug;a
ds many buffers—extra supplies, extra workers’, an; u;; :
space——to assure smooth production. Because chang;ng ?\ erd i
product costs even more, the mass-pmof}ucer keeps siar} {l}l; :
ighé in production for as long as possible. The br:esuh.d bz
sumer gets lower costs but at the expense of‘varlgty.an y
oans of work methods that most employees find boring an
dls?ggltéﬁién producer, by contrast, cqmbi_nes the_ acfn/fmtag?sL ;})i
craft-and mass production, while avoiding thfa high cost of ! e
rmer and the rigidity of the latter. Toward this end, iealn prfot }111-
ers employ teams of multiskiliied \.Norkers- at all leve’s % _ m;
rganization and use highly flexible, mf:reasmg}y auior?dtc

hines to produce volumes of proc?ucts in enormous varl‘(;tzf. o
‘Lean production (a term coined by IMVP researcher ho
afcik) is “lean” because it uses less of e\_fe_rythmg i:on}pahe]i:
ith mass production—half the hurpan effort in the {E;Lt«:;i yf{ Lz;l )
the manufacturing space, half the investment in tools, ha A he
ngineering hours to develop a new product in hg}_f the 111":'1{3. 5;2 ,
it requires keeping far less than half the needed mvent}oryy O(r]l V)Ii
esults in many fewer defects, and produces a greater and eve
growi iety of products.

gfow};;r%l;;?ethye rnlzjst striking differ_ence .between.mg;ss pr;iduc—
tion and lean production lies in their ultimate O.E.)Jecuv{i&'_ ;1;.5}-’
producers set a limited goal for themselves— ggod\muuc v
‘which translates into an acceptable number of defectés, a rgax{;-
‘mum acceptable level of inventories, a nayrow range ol stan ;rO;
jzed products. To do better, ;hley argue, wogld cost 100 muC

e i uman capabiiities. o
exce;i;r?h;;(fglifers, on thi; other hand, set their sights explicitly
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Juction. We then look in “The Elements of Lean
1’ at how lean production works i:n fgctory operations,
evelopment, supply-system coordination, customer re-
d as a‘total lean enterprise. .

: “‘Diffusing Lean Production,” we examine how
is spreading across the world and to other mduls(«
nthe 'process, is revolutionizing bow: we live gnd work.
see; however, lean production isn't spre'admg every-
uniform rate. So we'll look at the bar.ners that are
companies and countries from befzommg lean. And
creative ways leanness can be achieved.

on perfection: continually declining costs, zero defects, zere
ventories, and endless product variety. Of course, no lean:p
ducer has ever reached this promised land-and perhaps 1o
ever will, but the endless quest for perfection continues to:gener
ate surprising twists. i

For one, lean production changes how people work but
always in the way we think. Most people—including so-cal
blue-collar workers—will find their jobs more challenging as le
production spreads. And they will certainly become more produ
tive. At the same time, they may find their work more stress
because a key objective of lean production is to push respons
ity far down the organizational ladder. Responsibility me:
freedom to control one’s work—a big plus—but it also rai
anxiety about making costly mistakes. -- :

Similarly, lean production changes the meaning of profe:
sional careers. In the West, we are accustomed to think of caree
as a continual progression to ever higher levels of technical kno
how and proficiency in an ever narrower area of specialization:
well as responsibility for ever larger numbers of subordinates
director of accounting, chief production engineer, and so on.

Lean production calls for learning far more professional skill
and applying these creatively in a team setting rather than in:
rigid hierarchy. The paradox is that the better you are at team
work, the less you may know about a specific, narrow specialt
that you can take with you to another company or to start a né
business. What's more, many employees may find the lack of’
steep career ladder with ever more elaborate titles and job de
scriptions both disappointing and disconcerting. ;

If employees are to prosper in this environment, companies
must offer them a continuing variety of challenges. That way
they will feel they are honing their skills and are valued for thé
many kinds of expertise they have attained. Without these contin
ual challenges, workers may feel they have reached a dead end at
an early point in their career. The result: They hold back their:
know-how and commitment, and the main advantage of lean
production disappears. :

This sketch of lean production and its effects is highly simpli
fied, of course. Where did this new idea come from and precisely’
how does it work in practice? Why will it result in such profound’
political and economic changes throughout the world? In this
book we provide the answers. :

In “The Origins of Lean Production,” we trace the evolution:







: o new idea springs full-blown from a void.
ather, new ideas emerge {rom a set of conditions in which old
asmo longer seem to work. This was certainly true of lean
oduction, which arose in one country at a specific time because
ventional ideas for the industrial development of the country
ved unworkable. Therefore, to understand lean production
sorigins fully, it is important to go much farther back in
me, in fact, back to the origins of the motor industry at the end
the nineteenth century.
In Chapter 2, we look at the craft origins of the industry in
1880s and the transition to mass production around 1915,
en craft production encountered problems it could not sur-
int. We take pains to describe the mature system of mass
I"O_'du_uction as it came to exist by the 1920s, including its strengths
nd weaknesses, because the system's weaknesses eventually be-
ame the source of inspiration for the next advance in industrial
hinking.
In Chapter 3, we are then ready to examine the genesis of lean
uction in the 1950s and how it took root. We also summarize
key features of the fully developed lean production system as
ame to exist in Japan by the 1960s, at a point long before the
est of the world took note.




In 1894, the Honorable Evelyn Henry Ellis, a
wealthy member of the English Parliament, set
out to buy a car.! He didn’t go to a car dealer—
there weren’t any. Nor did he contact an English
automobile manufacturer—there weren't any of those either.

Instead, he visited the noted Paris machine-tool company of
Panhard et Levassor and commissioned an automobile. Today,
P&L., as it was known, is remembered only by classic-car collec-
tors and auto history bulffs, but, in 1894, it was the world’s leading
car company.?

It got its start—and a jump on other potential competitors—
when in 1887 Emile Levassor, the “L"” of P&L, met Gottlieb
Daimler, the founder of the company that today builds the Mer-
cedes-Benz. Levassor negotiated a license to manufacture Daim-
ler’s new “high-speed” gasoline engine.

By the early 1890s, P&L was building several hundred auto-
mobiles a year. The cars were designed according to the Sysréme
Parnthard—meaning the engine was in the front, with passengers
seated in rows behind, and the motor drove the rear wheels.

When Ellis arrived at P&L, which was still primarily a man-
ufacturer of metal-cutting saws rather than automaobiles, he found
in place the classic craft-production system. P&L’s work force was

1
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overwhelmingly composed of skilled craftspeople who carefully
hand-built cars in small numbers.

These workers thoroughly understood mechanical design
principles and the materials with which they worked. What's
more, many were their own bosses, often serving as independent
contractors within the P&L plant or, more frequently, as indepen-
dent machine-shop owners with whom the company contracted
for specific parts or components.

The two company founders, Panhard and Levassor, and their
immediate associates were responsible for talking to customers to
determine the vehicle's exact specifications, ordering the neces-
sary parts, and assermmbling the final product. Much of the work,
though, including design and engineering, took place in individ-
ual craft shops scattered throughout Paris.

One of our most basic assumptions in the age of mass produc-
tion—~that cost per unit falls dramatically as production volume
increases—was simply not true for craft-based P&L. If the com-
pany had tried to make 200,000 identical cars each year, the cost
per car probably wouldn’t have dipped much below the cost per
car of making ten.

What's more, P&L could never have made two—much less
200,000—identical cars, even i these were built to the same
blueprints. The reasons? P&L contractors didn’t use a standard
gauging system, and the machine tools of the 1890s couldn't cut
hardened steel.

Instead, different contractors, using slightly different gauges,
made the parts. They then ran the parts through an oven to
barden their surfaces enough to withstand heavy use. However,
the parts frequently warped in the oven and needed further
machining to regain their original shape.

When these parts eventually asrived at P&L'’s final assembly
hall, their specifications could best be described as approximate.
The job of the skilled fitters in the hall was to take the first two
parts and file them down until they fit together perfectly.

Then they filed the third part until it fit the first two, and
so on until the whole vehicle—with its hundreds of parts—was
complete.

This sequential fitting produced what we today call “dimen-
sional creep.” So, by the time the fitters reached the last part, the
total vehicle could differ significantly in dimensions from the car
on the next stand that was being built to the same blueprints.

Because P& couldn’t mass-produce identical cars, it didn't
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try. Instead, it concentrated on tailoring each product to the
precise desires of individual buyers.
It also emphasized its cars’ performance and their hand-fitted

~ craftsmanship in which the gaps between individual parts were
- nearly invisible.

To the consumers Panhard was trying to woo, this pitch made

| perfect sense. These wealthy customers employed chauffeurs and
‘mechanics on their personal stafls. Cost, driving ease, and simple
 maintenance weren't their primary concerns. Speed and custom-
o dzation were.

Evelyn Ellis was no doubt typical of P&L's clients. He didn't

" ‘want just any car; he wanted a car built to suit his precise needs

and tastes. He was willing to accept P&L’s basic chassis and
engine, he told the firm's owners, but he wanted a special body
constructed by a Paris coachbuilder.

He also made a request to Levassor that would strike today’s
auto manufacturer as preposterous: He asked that the transmis-
sion, brake, and engine controls be transferred from the right to
the left side of the car. (His reason wasn’t that the English drove
on the left-—in that case, moving the controls to the lelt side of the
vehicle was precisely the wrong thing to do. Besides, the steering
tiller remained in the middle. Rather, he presumably thought the
controls were more comfortable to use in that position.)

For P&L, Ellis’s request probably seemed simple and reason-
able. Since each part was made one at a time, it was a simple
matter to bend control rods to the left rather than the right and
to reverse the linkages. For today’s mass-producer, this modifica-
tion would require years—and millions or hundreds of millions of
dollars—to engineer. (American companies still offer no right-
side-drive option on cars they sell in drive-on-the-left Japan,
since they believe the cost of engineering the option would be
prohibitive.)

Once his automobile was finished, Ellis, accompanied by a
mechanic engaged for the purpose, tested it extensively on the
Paris streets. For, unlike today's cars, the vehicle he had just
bought was in every sense a prototype. When he was satisfied that
his new car operated properly—quite likely after many trips back
to the P&L factory for adjustment—Ellis set off for England.

His arrival in June 1895 made history. Ellis became the first
person to drive an automobile in England. He traversed the fifty-
six miles from Southampton to his country home in a mere 5
hours and 32 minutes—exclusive of stops—for an average speed
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of 9.84 miles per hour. This speed was, in fact, flagrantly illegal,
since the limit in England for non-horse-drawn vehicles was a
sedate 4 miles per hour. But Ellis didn't intend to remain a
lawbreaker.

By 1896, he had taken the Parliamentary lead in repealing
the “flag law"” that limited automotive speeds, and had organized
an Emancipation Run from London to Brighton, a trip on which
some cars even exceeded the new legal speed limit of 12 miles per
hour. Around this time, a number of English firms began to build
cars, signaling that the automotive age was spreading from its
origins in France to England in its march across the world.

Evelyn Ellis and P&L are worth remembering, despite the
subsequent failure of the Panhard firm and the crudeness of Ellis’s
1894 auto (which found a home in the Science Museum in London,
where you can see it today). Together, they perfectly summarize
the age of craft production in the motor industry.

In sum, craft production had the following characteristics:

* A work force that was highly skilled in design, machine
operations, and fitting. Most workers progressed through
an apprenticeship to a full set of craft skills. Many could
hope to run their own machine shops, becoming self-em-
ploved contractors to assembler firms.

* Organizations that were extremely decentralized, although
concentrated within a single city. Most parts and much of
the vehicle's design came from small machine shops. The
system was coordinated by an ownerfentrepreneur in direct
contact with everyone involved-—customers, employers, and
suppliers.

» The use of general-purpose machine tools to perform drill-
ing, grinding, and other operations on metal and wood.

» A very low production volume—1,000 or fewer automobiles
a year, only a few of which (fifty or fewer) were built to the
same design. And even among those fifty, no two were
exactly alike since craft techniques inherently produced
variations,

No company, of course, could exercise a monopoly over these
resources and characteristics, and Panhard et Levassor was soon
competing with scores of other companies, all producing vehicles
in a similar manner. By 1905, less than twenty years after P&L
produced the first commercially successful automobile, hundreds
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of companies in Western Burope and North America were turning
out autos in small volumes using craft techniques.

The auto industry progressed to mass production afler World
War I, and P&L eventually foundered trying to make the conver-
sion. Yet, a number of craft-production firms have survived up to
the present. They continue to focus on tiny niches around the
upper, luxury end of the market, populated with buyers wanting
a unique image and the opportunity to deal directly with the
factory in ordering their vehicles.

Aston Martin, for example, has produced fewer than 10,000
cars at its English workshop over the past sixty-five years and
currently turns out only one automobile each working day. Tt
survives by remaining small and exclusive, making a virtue of the
high prices its craft-production techniques require. In its body
shop, for example, skilled panel beaters make the aluminum body
panels by pounding sheets of aluminum with wooden mallets.

In the 1980s, as the pace of technological advances in the auto
industry has quickened, Aston Martin and similar lirms have had
to ally themselves with the automotive giants (Ford, in Aston
Martin's case®) in order to gain specialized expertise in areas
ranging from emission controls to crash safety. The cost of their
developing this expertise independently would have been simply
prohibitive.

In the 1990s, yet another threat will emerge for these craft
firms as companies mastering lean production—Iled by the Japa-
nese—begin to pursue their market niches, which were too small
and specialized for the mass-producers, such as Ford and GM,
ever 1o have successfully attacked. For example, Honda has just
introduced its aluminum-bodied NS-X sports car, which is a
direct attack on Ferrari’s niche in ultra-high-performance sports
cars. If these lean-production firms can cut design and manufac-
turing costs and improve on the product guality offered by the
craft firms—and they probably can—the traditional craft produ-
cers will either have to adopt lean-production methods them-
selves or perish as a species after more than a century.

Nostalgists see Panhard and its competitors as the golden age
of auto production: Craftsmanship counted and companies gave
their full attention to individual consumers. Moreover, proud
craft workers honed their skills and many became independent
shop owners.

That's all true, but the drawbacks of craft production are
equally obvious in hindsight. Production costs were high and
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didn't drop with volume, which meant that only the rich could
afford cars. In addition, because each car produced was, in effect,
a prototype, consistency and reliability were elusive. (This, by the
way, is the same problem that plagues satellites and the US.
space shuttle, today’s most prominent craft products.)

Car owners like Evelyn Ellis, or their chauffeurs and mechan-
ics, had to provide their own on-the-road testing. In other words,
the system failed to provide product quality—in the form of
reliability and durability rather than lots of leather or walnut—
because of the lack of systematic testing.

Also fatal to the age, however, was the inability of the small
independent shops, where most of the production work took place,
to develop new technologies. Individual craftsmen simply did not
have the resources to pursue fundamental innovations; real tech-
nological advance would have required systematic research rather
than just tinkering. Add these limitations together and it is clear,
in retrospect, that the industry was reaching a plateau when
Henry Ford came along. That is, as the general design of cars and
trucks began to converge on the now familiar four-wheel, {ront-
engine, internal-combustion vehicle we know today, the industry
reached a premature maturity, fertile ground for a new produc-
tion idea.

At this point, Henry Ford found a way to overcome the prob-
lems inherent in craft production. Ford's new techniques would
reduce costs dramatically while increasing product quality. Ford
called his innovative system mass production.’

MASS PROBUCTION

Ford’s 1908 Model T was his twentieth design over a five-year
period that began with the production of the original Model A in
1903. With his Model T, Ford finally achieved two objectives. He
had a car that was designed for manufacture, as we would say
today, and that was, also in today’s terms, user-friendly. Almost
anyone could drive and repair the car without a chauffeur or
mechanic. These two achievements laid the groundwork for the
revolutionary change in direction for the entire motor-vehicle
industry 3

The key to mass production wasn't—as many people then and
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now believe—the moving, or continuous, assembly line. Rather, it
was the complete and consistent interchangeability of parts and the
simplicity of attaching them to each other. These were the manufac-
turing innovations that made the assembly line possible.

To achieve interchangeability, Ford insisted that the same
gauging system be used for every part all the way through the
entire manufacturing process. His insistence on working-to-gauge
throughout was driven by his realization of the payolf he would
get in the form of savings on assembly costs. Remarkably, no one
else in the fledgling industry had figured out this cause-and-effect;
so no one else pursued working-to-gauge with Ford’s near-reli-
gious zeal.

Ford also benefitted from recent advances in machine tools
able to work on prehardened metals. The warping that occurred as
machined parts were being hardened had been the bane of previ-
ous attempis to standardize parts. Once the warping problem was
solved, Ford was able to develop innovative designs that reduced
the number of parts needed and made these parts easv to attach.
For example, Ford's lour-cylinder engine block consisted of a
single, complex casting. Competitors cast each cylinder sepa-
rately and bolted the four together.

Taken together, interchangeability, simplicity, and ease of
attachment gave Ford tremendous advantages over his competi-
tion. For one, he could eliminate the skilled [itters who had always
formed the bulk of every assembler’s labor force.

Ford's first efflorts to assemble his cars, beginning in 1903,
involved setting up assembly stands on which a whole car was
built, often by one fitter. In 1908, on the eve of the introduction ol
the Mode! T, a Ford assembler’s average task cycle—the amount
of time he worked before repeating the same operations—totaled
514 minutes, or 8.56 hours. Fach worker would assemble a large
part of a car before moving on to the next. For example, a worker
might put all the mechanical parts—wheels, springs, motor,
transmission, generator—on the chassis, a set of activities that
took a whole day to complete. The assembler/fitters performed
the same set of activities over and over at their stationary assem-
bly stands. They had to get the necessary parts, file them down so
they would fit (Ford hadn’t yvet achieved perfect interchangeability
of parts), then boltl them in place.

The first step Ford took to make this process more efhcient
was to deliver the parts to each work station. Now the assemblers
could remain at the same spot all day.
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Then, around 1908, when Ford finally achieved perfect part
interchangeability, he decided that the assembler would perform
only a single task and move from vehicle to vehicle around the
assembly hall. By August of 1913, just before the moving assembly
line was introduced, the task cycle for the average Ford assembler
had been reduced from 514 to 2.3 minutes.

Naturally, this reduction spurred a remarkable increase in
productivity, partly because complete familiarity with a single
task meant the worker could perforim it faster, but also because
all filing and adjusting of parts had by now been eliminated.
Workers simply popped on parts that fitted every time.

Ford's innovations must have meant huge savings over earlier
production techniques, which required workers to file and fit each
imperfect part. Unfortunately, the significance of this giant Jeap
toward mass production went largely unappreciated, so we have
no accurate estimates of the amount of effort—and money—that
the minute division of labor and perfect interchangeability saved.
We do know that it was substantial, probably much greater than
the savings Ford realized in the next step, the introduction in
1913 of the continuous-flow assembly line.

Ford soon recognized the problem with moving the worker
from assembly stand to assembly stand: Walking, even if only for
a yard or two, took time, and jam-ups frequently resulted as faster
workers overtook the slower workers in front of them. Ford's
stroke of genius in the spring of 1913, at his new Highland Park
plant in Detroit, was the introduction of the moving assembly
line, which brought the car past the stationary worker. This
innovation cut cycle time from 2.3 minutes to 1.19 minutes; the
difference lay in the time saved in the worker’s standing still
rather than walking and in the faster work pace, which the
moving line could enforce.

With this highly visible change, people finally began to pay
attention, so we have well-documented accounts of the manufac-
turing effort this innovation saved. Journalists Horace Arnold and
Fay Faurote, for example, writing in Engineering Magazine in 1915,
compared the number of items assembled by the same number of
workers using stationary and moving-assembly techniques and
gave the world a vivid and dramatic picture of what Ford had
wrought (see Figure 2.1)

Productivity improvements of this magnitude caught the at-
tention and sparked the imagination of other auto assemblers.
Ford, his competitors soon realized, had made a remarkable
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FIGURE 2.1

Craft Production versus Mass Production in the Assembly Hall:
1913 versus 1914

Minutes of Late Craft Mass Percent
Elfart to Predyuction, Production, Redugtion
Assemiig: Falf 1913 Spring 1514 in Effart
Engine 504 226 652
Magneto 20 5 75
Axle 150 26.5 83

Major Components
into & Complete
Vehicle 750 a3 B8

Note:  ''Late craft production” already contained many of the elements of mass production, in
particuiar consistently interchangeable parts and a minute division of labor. The big change
from 1913 to 1914 was the transition from stationary o moving assershly.

Scurce: Calculated by the authors from data given in David A. Hounshell, From the American System
fo Mass Production, 1800-1932, Baltimore: Johns Hopkins University Press, 1984, pp. 248,
254, 255, and 256. Hounsheil's data are based on the observations of the journalisis Horace
Amoid and Fay Faurote as reported in their volume Ford Methods and the Ford Shops, New
York: Engineering Magazing, 1915,

discovery. His new technology actually reduced capital require-
ments. That's because Ford spent practically nothing on his as-
sembly line—less than $3,500 at Highland Parké—and it speeded
up production so dramatically that the savings he could realize
from reducing the inventory of parts waiting to be assembled far
exceeded this trivial outlay.

(Ford's moving assembly consisted of two strips of metal
plates—one under the wheels on each side of the car—that ran
the length of the factory. At the end of the line, the strips, mounted
on a belt, rolled under the floor and returned to the beginning.
The device was quite similar to the long rubber belts that now
serve as walkways in some airports. Since Ford needed only the
belt and an electric motor to move it, his cost was minimal.)

Even more striking, Ford's discovery simultaneously reduced
the amount of human effort needed to assemble an automobile.
What's more, the more vehicles Ford produced, the more the cost
per vehicle fell. Even when it was introduced in 1908, Ford's
Model T, with its fully interchangeable parts, cost less than its
rivals. By the time Ford reached peak production volume of 2
million identical vehicles a year in the early 1920s, he had cut the
real cost to the consumer by an additional two-thirds.”
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To appeal to his target market of average consumers, Ford
had also designed unprecedented ease of operation and maintain-
ability into his car. He assumed that his buyer would be a farmer
with a modest tool kit and the kinds of mechanical skills needed
for fixing farm machinery. So the Model T's owner’s manual,
which was written in question-and-answer form, explained in
sixty-four pages how owners could use simple Lools to solve any
of the 140 problems likely to crop up with the car.

For example, owners could remove cylinder-head carbon,
which causes knocking and power loss, from chamber roofs and
piston crowns by loosening the filteen cap screws that held the
cylinder head and using a putty knife as a scraper. Similarly, a
single paragraph and one diagram told customers how to remove
carbon deposits from their car’s valves with the Ford Valve Grind-
ing Tool, which came with the auto?® And, it a part needed
replacement, owners could buy a spare at a Ford dealer and
simply screw or bolt it on. With the Ford Model T, there was no
fitting required.

Ford's competitors were as amazed by this designed-in repair-
ability as by the moving assembly line. This combination of
competitive advantages catapulted Ford to the head of the world's
motor industry and virtually eliminated craft-production compa-
nies unable to match its manufacturing economies. (As we pointed
out earlier, however, a few European craft-based producers of
ultra-low-volume luxury cars could ignore the juggernaut of mass
production.)

Henry Ford’s mass production drove the auto industry for
more than half a century and was eveniually adopted in almost
every industrial activity in North America and BEurope. Now,
however, those same techniques, so ingrained in manufacturing
philosophy, are thwarting the efforts of many Western companies
to move ahead to Iean production.

What precisely are the characteristics of mass production as
pioneered by Ford in 1913 and persisting in so many companies
today? Let’s take a look.

Wark Farce

Ford not only perfected the interchangeable part, he perfected the
interchangeable worker. By 1915, when the assembly lines at
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Highland Park were fully installed and output reached capacity,
assembly workers numbered more than 7,000. Most were recent
arrivals to Detroit, often coming directly from the farm. Many
more were new to the United States.

A 1915 survey revealed that Highland Park workers spoke

- more than fifty languages and that many of them could barely

speak English.® How could this army of strangers cooperate to

“produce a greater volume of a complex product {the Model T)
- than any company had previously imagined—and do it with

consistent accuracy?

The answer lay in taking the idea of the division of labor to
its ultimate extreme. The skilled fitter in Ford's craft-production
plant of 1908 had gathered all the necessary parts, obtained tools
from the tool room, repaired them if necessary, performed the
complex ftting and assembly job for the entire vehicle, then
checked over his work before sending the completed vehicle to the
shipping department.

In stark contrast, the assembler on Ford’s mass-production
line had only one task—to put two nuts on two bolts or perhaps
to attach one wheel to each car. He didn’t order parts, procure his
tools, repair his equipment, inspect for quality, or even under-
stand what the workers on either side of him were doing. Rather,
he kept his head down and thought about other things. The fact
that he might not even speak the same language as his fellow
assemblers or the foreman was irrelevant to the success of Ford's
system. (OQur use of “he,” "him,” and “his" is deliberate; until
World War 1I, workers in auto factories in the United States and
Europe were exclusively male.)

Someone, of course, did have to think about how all the parts
came together and just what each assembler should do. This was
the task for a newly created professional, the industrial engineer.
Similarly, someone had to arrange for the delivery of parts to the
line, usually a production engineer who designed conveyor belts
or chutes to do the job. Housecleaning workers were sent around
periodically to clean up work areas, and skilled repairmen circu-
lated to refurbish the assemblers’ tools. Yet another specialist
checked quality. Work that was not done properly was not discov-
ered until the end of the assembly line, where another group of
workers was called into play—the rework men, who retained
many of the fitters’ skills.

With this separation of labor, the assembler required only a
few minutes of training. Moreover, he was relentlessly disciplined
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by the pace of the line, which speeded up the slow and slowed
down the speedy. The foreman-—formerly the head of a whole
area of the factory with wide-ranging duties and responsibilities,
but now reduced to a semiskilled checker—could spot immedi-
ately any slacking off or failure to perform the assigned task. As a
result, the workers on the line were as replaceable as the parts on
the car.

In this atmosphere, Ford took it as a given that his workers
wouldn’t volunteer any information on operating conditions—for
example, that a tool was malfunctioning—much less suggest ways
to improve the process. These functions fell respectively to the
foreman and the industrial engineer, who reported their findings
and suggestions to higher levels of management for action. So
were born the battalions of narrowly skilled indirect workers-—
the repairman, the quality inspector, the housckeeper, and the
rework specialist, in addition to the foreman and the industrial
engineer. These workers hardly existed in craft production. In-
deed, Faurote and Arnold never thought to look for them when
preparing the productivity figures shown in Figure 2.1.' These
figures count only the direct workers standing on the assembly
line. However, indirect workers became ever more prominent in
Fordist, mass-production factories as the introduction of automa-
tion over the years gradually reduced the need for assemblers.

Ford was dividing labor not only in the factory, but also in
the engineering shop. Industrial engineers took their places next
to the manufacturing engineers who designed the critical produc-
tion machinery. They were joined by product engineers, who
designed and engineered the car itself. But these specialties were
only the beginning.

Some industrial engineers specialized in assembly opera-
tions, others in the operation of the dedicated machines making
individual parts. Some manufacturing engineers specialized in
the design of assembly hardware, others designed the specific
machines for each special part. Some product engineers special-
ized in engines, others in bodies, and still others in suspensions
or electrical systems.

These original “knowledge workers”’—individuals who ma-
nipulated ideas and information but rarely touched an actual car
or even entered the factory—replaced the skilled machine-shop
owners and the old-fashioned factory foremen of the earlier craft
era. Those worker-managers had done it all—contracted with the
assembler, designed the part, developed a machine to make it,
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and, in many cases, supervised the operation of the machine in
the workshop. The fundamental mission of these new specialists,
by contrast, was to design tasks, parts, and tools that could be
handled by the unskilled workers who made up the bulk of the
new motor-vehicle industry work foree.

In this new system, the shop-floor worker had no career path,
except perhaps to foreman. But the newty emerging professional
engineers had a direct climb up the career ladder. Unlike the
skilled craftsman, however, their career paths didn't lead toward
ownership of a business. Nor did they lie within a single company,
as Ford probably hoped. Rather, they would advance within their
profession—{rom young engineer-trainee to senior engineer, who,
by now possessing the entire body of knowledge of the profession,
was in charge of coordinating engineers at [ower levels.

Reaching the pinnacle of the engineering profession often
meant hopping from company to company over the course of
one’s working life. As time went on and engineering branched into
more and more subspecialties, these engineering professionals
found they had more and more to say to their subspecialists and
less and less to say to engineers with other expertise. As cars and
trucks became ever more complicated, this minute division of
labor within engineering would result in massive dysfunctions,
which we'll lock at in Chapter 5.

{rganization

Henry Ford was still verv much an assembler when he opened
Highland Park. He bought his engines and chassis from the Dodge
brothers, then added a host of items ordered from other firms to
make a complete vehicle. By 1915, however, Ford had taken all
these functions in-house and was well on his way to achieving
complete vertical integration (that is, making everything con-
nected with his cars from the basic raw materials on up). This
development reached its logical conclusion in the Rouge complex
in Detroit, which opened in 1931. Ford pursued vertical integra-
tion partly because he had perfected mass-production technigues
before his suppliers had and could achieve substantial cost sav-
ings by doing everything himself. But he also had some other
reasons: For one, his peculiar character caused him to profoundly
distrust everyone but himself.
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However, his most important reason for bringing everything
in-house was the fact that he needed parts with closer tolerances
and on tighter delivery schedules than anyone had previously
imagined. Relying on arm’s-length purchases in the open market-
place, he figured, would be fraught with difficulties. So he decided
to replace the mechanism of the market with the “visible hand”
of organizational coordination.

Alfred Chandler, a professor at the Harvard Business School,
coined the term “visible hand” in 1977. In his book of the same
title, he attempted to provide a defense for the modern large
firm.»* Proponents of Adam Smith’s “invisible hand” theory
{which argued that if everyone pursued his or her own self-
interest, the free market would of itself produce the best outcome
for society as a whole) were disturbed by the rise in the twentieth
century of the vertically integrated modern corporation. In their
view, vertical integration interfered with free-marker forces.
Chandler argued that a visible hand was critical if modern cor-
porations were to introduce necessary predictability into their
operations.

Chandler used the term simply to mean obtaining needed
raw materials, services, and so forth from internal operating
divisions coordinated by senior executives at corporate headquar-
ters. The invisible hand, by contrast, meant buying necessary
parts and services from independent firms with no financia!l or
other relationship to the buyer. Transactions would be based on
price, delivery time, and quality, with no expectation of any long-
term or continuing relationship between the buyer and the seller.
The problem, as we will see, was that total vertical integration
introduced bureaucracy on such a vast scale that it brought its
own problems, with no obvious solutions.

The scale of production possible—and necessary—with Ford’s
system led to a second organizational difficulty, this time caused
by shipping problems and trade barviers. Ford wanted to produce
the entire car in one place and sell it to the whole world. But the
shipping systems of the day were unable to transport huge vol-
umes of finished automobiles economically without damaging
them.

Also, government policies, then as now, often imposed trade
barriers on finished units. So Ford decided to design, engineer,
and produce his parts centrally in Detroit. The cars, however,
would be assembled in remote locations. By 1926, Ford automo-
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biles were assembled in more than thirty-six cities in the United
States and in nineteen foreign countries.”

It wasn't long before this solution created yet another prob-
lem: One standard product just wasn't suited to all world mar-
kets. For example, to Americans, Ford's Model T seemed like a
small car, particularly after the East Texas oil discoveries pushed
gasoline prices down and made longer travel by car economically
feasible. However, in FEngland and in other European countries,
with their crowded cities and narrow roads, the Model T seemed
much larger. In addition, when the Europeans failed to find any
oil at home, they began to tax gasoline heavily in the 1920s to
reduce imports. The Europeans scon began to clamor for a
smaller car than Ford wanted to supply.

Moreover, massive direct investment in [oreign countries cre-
ated resentment of Ford's dominance of local industry. In En-
gland, for example, where Ford had become the leading auto
manufacturer by 1915, his pacifism in World War I was roundly
denounced, and the company’s local English managers finally
convinced Detroit to sell a large minority stake in the business 1o
Englishmen to diffuse hostility. Ford encountered barriers in
Germany and France as well alter World War I, as tariffs were
steadily raised on parts and complete vehicles. As a result, by the
early 1930s, Ford had established three fully integrated manutac-
turing systems in England, Germany, and France. These compa-
nies produced special products for national tastes and were run
by native managers who tried to minimize meddling from Detroit.

Toals

The key to interchangeable parts, as we saw, lay in designing new
tools that could cut hardened metal and stamp sheet steel with
absolute precision. But the key to frnexpensive interchangeable
parts would be found in tools that could do this job at high
volume with low or no set-up costs between pieces. That is, for a
machine to do something to a piece of metal, someone must put
the metal in the machine, then someone may need to adjust the
machine. In the craft-production system—where a single machine
could do many tasks but required lots of adjustment—this was
the skilled machinist’s job.
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Ford dramatically reduced set-up time by making machines
that could do only one task at a time. Then his engineers perfected
simple jigs and fixtures for holding the work piece in this dedi-
cated machine. The unskilled workers could simply snap the piece
in place and push a button or pull a lever for the machine to
perform the required task. This meant the machine could be
loaded and unloaded by an employee with five minutes’ training.
(Indeed, loading Ford's machines was exactly like assembling
parts in the assembly line: The parts would fit only one way, and
the worker just popped them on.}

In addition, because Ford made only one product, he could
place his machines in a sequence so that each manufacturing step
led immediately to the next. Many visitors to Highland Park felt
that Ford's factory was really one vast machine with each produc-
tion step tightly linked to the next. Because set-up times were
reduced from minutes—or even hours—to seconds, Ford could get
much higher volume from the same number of machines. Even
more important, the engineers also found a way to machine many
parts at once. The only penalty with this system was inflexibility.
Changing these dedicated machines to do a new task was time-
copsuming and expensive.

Ford's engine-block milling machine is a good example of his
new system. In almost every auto engine, then and now, the top of
the engine block is mated to the bottom of the cylinder head to
form a complete engine. To maintain compression in the cylin-
ders, the fit between block and head must be absolutely flush. So
the top of the block and the bottom of the cylinder head has to be
milled with a grinding tool.

At Henry Leland’s Cadillac plant in Detroit (where, inciden-
tally, consistent interchangeability for all the parts in a motor
vehicle was achieved for the first time in 1906), a worker would
load each block in a milling machine, then carefully mill it to
specification. The worker would repeat the process for the cylin-
der heads, which were loaded one at a time into the same milling
machine,

In this way, the parts were interchangeable, the fit between
block and head was flush, and the milling machine could work on
a wide variety of parts, But this process had a down side: the time
and effort—and therefore expense—it took for the skilled machin-
ist who operated the machine.

At Highland Park in 1915, Ford introduced two dedicated
machines, one for milling blocks and the other for milling heads—
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not just one at a time, but fifteen at a time for blocks and thirty at
a time for heads. Even more significant, a fixture on both ma-
chines allowed unskilled workers to snap the blocks and heads in
place on a side tray, while the previous lot was being milled. The
worker then pushed the whole tray into the miller, and the process

~ proceeded automatically. Now the entire skill in milling was

embodied in the machine, and the cost of the process plummeted.

Ford's tools were highly accurate and in many cases auto-
mated or nearly so, but they were also dedicated to producing a
single item, in some cases to an absurd degree, For example, Ford
purchased stamping presses, used to make sheet-steel parts, with
die spaces large enough to handle only a specific part. When the
factory needed a larger part because of a specification change or,
in 1927, for the completely redesigned Model A, Ford often dis-
carded the machinery along with the old part or model.

Product

Ford's original mass-produced product, the Model T, came in nine
body styles—including a two-seat roadster, a four-seat touring
car, a four-seat covered sedan, and a two-seat truck with a cargo
box in the rear. However, all rode on the same chassis, which
contained all the mechanical parts. In 1923, the peak year of
Model T production, Ford produced 2.1 million Model T chassis,
a figure that would prove to be the high-water mark for standard-
ized mass production (although the VW Beetle later equaled it).

The success of his automobiles was based first and foremost
on low prices, which kept falling. Ford dropped his prices steadily
from the day the Model T was introduced. Some of the reduction
had to do with shifts in general consumer prices-—before govern-
ments tried to stabilize the economy, consumer prices went down
as well as up—but mostly it was a matter of growing volume
permitting lower costs that, in turn, generated higher volume. At
the end of its run in 1927, however, Ford was facing falling
demand for the Mode! T and was undoubtedly selling below cost.
(Demand fell, because General Motors was offering a more mod-
ern product for only a little more money. Moreover, a one-year-
old GM automobile was less expensive than a new Ford.)

The Ford car's amazing popularity also stemmed from its
durability of design and materials and, as noted, from the fact
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that the average user could easily repair it. Concerns thai buyers
rank highest today hardly existed in Ford’s world. )

For example, fits and finishes—or the cosmetic aspects of a
car, such as the fender panels coming together without gaps, a
lack of dribbles in the paint, or the doors making a satisfving
clunking sound when slammed—weren’t a concern for Ford's
customers. The Model T had no exterior sheet metal except the
hood; the paint was so crude that vou would hardly have noticed
dribbles; and several of the body styles had no doors at all.

As for breakdowns or problems in daily use—engines that
stumble, say, or mystericus electrical difficulties, such as the
“check engine” signal that comes on periodically in some cars—
these, too, didn’t bother Ford's buyers. Il the Model T engine
stumbled, they simply locked for the cause in the question-and-
answer booklet the company provided and fixed the problem. For
example, they might drain the gas tank and pour the fuel back
through a chamois to strain any water out. The bottom line: If a
part didn't it properly or was installed slightly out of tolerance,
the owner was expected to fix it. And, since all cars broke down
frequently, ease of repair was key.

At Highland Park, Ford rarely inspected finished automobiles.
No one ran an engine until the car was ready to drive away from
the end of the assembly line, and no Model T was ever road-vtesled.

Nonetheless, despite a manulacturing system that probably
did not deliver very high guality in our modern sense, Ford was
able to dominate what soon became the world’s largest industry
by becoming the first to master the principles ol mass production.
It wasn't until fifty years later that plants organized on lean-
production principles could deliver near-perfect quality without
extensive end-of-the-line inspections and large amounts of rework.

THE LOGICAL LIMITS OF MASS PROBUCTION: THE ROUGE

True mass production began with Highland Park, but the end
wasn't yet in sight. Ford believed that the last piece in the puzzle
was to apply a "visible hand” to every step in production, from
raw materials to finished vehicle. This he attempted to do at the
Rouge complex, which he openied near Detroit in 1927, Smaller-
scale duplicates of the Rouge were opened at Dagenham, England
and Cologne, Germany, in 1931. ’
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At these facilities, Ford continued his obsession with a single
product—the Model A at the Rouge, the Model ¥ at Dagenham,
and the Ford V8 in Germany. He also added a stecl mill and a
glass factory to the metal-forming and -cutting activities that took
place at Highland Park. All the necessary raw materials now came
in one gate, while finished cars went out the other gate. Ford
had succeeded in completely eliminating the need for outside
assistance.

He even added raw materials and transport to the visible
hand—through a wholly owned rubber plantation in Brazil, iron
mines in Minnesota, Ford ships to carry iron ore and coal through
the Great Lakes to the Rouge, and a railroad to connect Ford
production facilities in the Detroit region.

In the end, Ford attempted to mass-produce everything—{rom
food (through tractor manufacture and a soybean extraction
plant) to air transportation (by means of the Ford TriMotor, which
was supposed to reduce the price of commercial air trafhic, and
the Ford “Flying Fliver,” which was intended as the airborne
equivalent of the Model T). Ford's idea was that by making
everything, from food to tractors to airplanes, in a standardized
form at high volume, he could dramatically reduce the cost of
products and make the masses rich. He financed all his projects
internally, for Ford loathed banks and outside investors and was
determined to maintain total control of his company.

Eventually, these steps beyond Highland Park all came to
naught, partly because the synergy among industries, which in-
dustrialists repeatedly seek and seldom find, was never there, but
also because Ford himselfl had absolutely no idea how to organize
a global business except by centralizing all decision-making in
the one person at the top—himself. This concept was unworkable
even when Ford was in his prime, and it nearly drove the company
under when his mental powers declined in the 1930s.

SLOAN AS A NECESSARY COMPLEMENT T0 FORD

Alfred Sloan at General Motors already had a better idea in the
early 1920s when he was called in to straighten out the messes
that William Durant, General Motors’ mercurial founder, had
made. Durant was the classic empire-building financier. He had
absolutely no idea how to manage anything once he bought it. He
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therefore wound up with a dozen car companies, each managed
separately with a high degree of product overlap. Because he had
no way to know what was going on in these companies, beyond
quarterly profit-and-loss statements, he was repeatedly surprised
to discover that too many cars were being manufactured for
market conditions or that not enough raw materials were avail-
able to sustain production. A burst of averproduction heading
into the economic slump of 1920 finally did him in; his bankers
insisted that someone with management skills take the helm. So
Pierre du Pont, chairman of E. I. du Pont, became chairman of
General Motors and, in turn, made Sloan GM's president.

An MIT graduate (he contributed a block of his GM earnings
to found the Sloan School of Management at MIT after World War
I1), Sloan gained control in the early 1900s of the Hyatt Roller
Bearing Company, a firm purchased by Billy Durant around 1915.
He was vice-president of GM when Durant was ousted; he gained
the presidency on the basis of a memo he wrote in 1919 on how to
run a multidivisional company.

Sloan quickly saw that GM had two critical problems to solve
if it was going to succeed at mass production and oust Ford as the
industry leader: The company had to manage professionally the
enormous enterprises that the new production techniques had
both necessitated and made possible, and it had to elaborate on
Ford’s basic product so it would serve, as Sloan put it, “every
purse and purpose.”

Ford Motor Company, of course, didn't suffer from GM's
product overlap problem, because Ford produced only one prod-
uct. It did, however, have all the organizational problems, but
Henry Ford refused to acknowledge them. He succeeded with
mass production in the factory, but he could never devise the
organization and management system he needed to manage effec-
tively the total system of factories, engineering operations, and
marketing systems that mass production called for. Sloan would
make the system Ford had pioneered complete, and it is this
complete system to which the term mass production applies today.

Sloan swiftly found a solution for each of GM's difficulties. To
resolve the management problem he created decentralized divi-
sions managed objectively by the numbers” from a small corpo-
rate headquarters. That is, Sloan and the other senior executives
oversaw each of the company’s separate profit centers—the five
car divisions and the divisions making components such as gen-
eratars {Delco), steering gears (Saginaw), and carburetors (Ro-
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chester). Sloan and his executive group demanded detailed re-
ports at frequent intervals on sales, market share, inventories,
and profit and loss and reviewed capital budgets when the divi-
sions required funds from the central corporate coffer.

Sloan thought it both unnecessary and inappropriate for
senior managers at the corporate level to know much about the
details of operating each division. If the numbers showed that
performance was poor, it was time to change the general man-
ager. General managers showing consistently good numbers
were candidates for promotion to the vice-presidential level at
headquarters.

To satisfy the broad market General Motors wanted to serve,
Sloan developed a five-model product range that ran incremen-
tally from cheap to expensive, from Chevrolet to Cadillac. It
would, Sloan reasoned, lully accommodate potential buyers of
every income throughout their lives.

Sloan had worked out this strategic solution to the company's
problems by about 1925, although he only codified it for the world
outside General Motors when he got around to writing his mem-
oirs as he approached ninety in the 1960s.13

He also worked out solutions to two other major problems
confronting the company. Through his links with DuPont and the
Morgan Bank, he developed stable sources of outside funding,
which would be available when needed.

Also, his idea of decentralized divisions domestically worked
just as well in organizing and managing GM’s foreign subsidia-
ries. Manufacturing and sales operations in Germany, Britain,
and many other countries became self-reliant companies man-
aged by the numbers from Detroit. The arrangement demanded
very little management time or direct supervision.

It isn't giving Sloan too much credit to say that his basic
management ideas solved the last pressing problems inhibiting
the spread of mass production. New professions of financial man-
agers and marketing specialists were created to complement the
engineering professions, so that every functional area of the firm
now had its dedicated experts. The division of professional labor
was complete.

Sloan’s innovative thinking also seemed to resolve the conflict
between the need for standardization to cut manufacturing costs
and the model diversity required by the huge range of consumer
demand. He achieved both goals by standardizing many mechan-
ical items, such as pumps and generators, across the company’s
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clical nature of the industry meant that some workers
aid off frequently, so seniority—not competence—be-
o4 determinant of who would go and who wguld stay.
dd some jobs were easier (or more iqterestmg) than
all paid roughly the same wage, seniority also becamg
Jle that governed job assignments as well..The result
owing list of work rules that unquestionably re-
fhiciericy of Ford's mass-production factory as workers
ontinually for equity and fairness.

entire product range and by producing these over many v
with dedicated production tools, At the same time, he annu
altered the external appearance of each car and introduced
endless series of “hang-on leatures,” such as automatic transm
sions, air conditioning, and radios, which could be installe
existing body designs to sustain consumer interest.
Sloan’s innovations were a revolution in marketing andm
agement for the auto industry. However, they did nothii
change the idea, institutionalized first by Henry Ford, tha
workers on the shop floor were simply interchangeable part
the production system. So, on the shop floor matters went.fi
bad to much worse.
Ford himself was happy enough with the high rates ofit
over his labor philosophy and practices encouraged. Nonethe
he realized that once the continuous-flow system was fully
place at Highland Park in 1914, his company’s efficiency wa
much higher than its rivals that he could afford simultanco
to double wages (to the famous five-dollar day) and dramatical
slash prices. These actions permitied him to portray himself.as
paternalistic employer (and avoid unijons), while he drove;
craft-based competitors to the wall. '
The trouble with the higher wage, as it turned out, was th:
it worked: Turnover slowed as Ford’s workers decided to sta
their jobs. Eventually they began 1o stop dreaming about a refy
to the farm or to the old country and realize that a job at Ford
was likely 10 be their life’s work. When that realization dawrie
their conditions of employment rapidly came to seem less.and
less bearable. :
Furthermore, the auto market turned out to be even mo
cyclical than the rest of the economy. American car companies, o
course, considered their work force a variable cost, and. th
turned workers away from their plants at the first sign of
downturn in sales. All this meant that by the time of the Great
Depression the conditions for a successful union movement inthe
auto industry were fully in place.
This was, however, a mass-production union movement.
leadership fully accepted both the role of management and 1
inherent nature of work in an assembly-line factory. Not surpri
ingly, then, when the United Auto Workers finally signed agre
ments with what had become the Big Three in the late 1930s,the
main issues were seniority and job rights; the movement was
called job-control unionism. "

4SS PRODUCTION: AMERICA TN 1955

-aétdry practices, add Sloan’s mark’eting and manage-
niques, and mix in organized labor’s new role in con-
assignments and work tasks, and you h;we mass
in its final mature form. For decades this system
from victory to victory. The U.S. car companies domi-
he world automotive industry, and the U.S. markel ac-
for' the largest percentage of the world’s auto _sa}es.
in practically every other industry adopted glms.lar
-usually leaving a few craft firms in low-volume niches.
‘vear had before, 1955 illustrated just how large and
the auto industry and the system on which it was baf?Ed
‘ome. This marked the first year that more than 7 million
biles were sold in the United States. It was also the.year
h Sloan retired after thirty-four years as either president
chairman of General Motors. |
iree giant enterprises—Ford, GM, and Chrysler—accounted
reent of all sales, and six models accounted for 80 percent
aré sold. All vestiges of craft production, once the way of
1stfy, were now gone in the United States. ‘ _
ry-is fleeting, however, as the then mighty U.S. auto
‘has now learned. Ironically, 1955 was also the year that
downhill slide began, as Figures 2.2 and 2.3 show. Th.e share
ket:claimed by imports began its steady rise: Their early
ion of mass production could no longer sustain these U.5.
p nies in their leading positions.
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FIGURE Z.2

Shares of World Motor Vehicle Production by Region, 13551988
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THE DIFFUSION OF MASS PRODUCTION

A major reason the Big Three American firms were losing their
competitive advantage was that by 1955 mass production had
_bc:cpme commonplace in countries across the world. Many people,
in fact, had expected the American lead to narrow much earlier,
in the years immediately after World War 1. Even before the war,
a steady stream of pilgrims, including André Citroén, Louis Re-
nault, Giovanni Agnelli (of Fiat), Herbert Austin, and William
Morris (of Morris and MG in £ngland), had visited Highland Park.
Henry Ford was remarkably open in discussing his techniques
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FIGURE 2.3

Share of the American Car Market Held by the American-Owned
Companies, 19551989
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with them, and, in the 1930s, he directly demonstrated every
aspect of mass production in Europe with his Dagenham and
Cologne factories.

The basic ideas underlying mass production had, therefore,
been frecly available in Europe for years before the onset of World
War II. However, the economic chaos and narrow nationalism
existing there during the 1920s and carly 1930s, along with a
strong attachment to the craft-production traditions, prevented
them from spreading very far. At the end of the 1930s, Volkswagen
and Fiat began ambitious plans for mass production at Wolfsburg
and Mirafiori, but World War 1I soon put civilian production on
hold.

So, it wasn’t until the 1930s, more then thirty years after
Henry Ford pioneered high-volume mass production, that this
technology, unremarkably commonplace in the United States,
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fully diffused beyond Ford's native turf. By the late 1950s, Wolfs-
burg (VW), Flins (Renault), and Mirafiori (Fiat) were producing at
a scale comparable to Detroit's major facilities. Furthermore, a
number of the European craft-production firms, led by Daimler-
Benz {Mercedes), also made the transition to mass production.

All these companies were offering products that were dis-
tinctly different from the standard-size car and pickup truck
favored by the U.S. manufacturers. In the early days, the Europe-
ans specialized in two types of cars that the Americans didn't
offer: compact, economy cars, exemplified by the VW Beetle, and
sporty, fun-to-drive cars, such as the MG. Later, in the 1970s, they
redefined the luxury car as a somewhat smaller vehicle with
higher technology and more sporting road manners (the 3,500-
pound, fuel-injected, independently suspended, unibody Mercedes
versus the 5,000-pound, carbureted, straight-axle, body-on-chas-
sis Cadillac). (The unibody car weighs less for a given size of
passenger compartment than a body-on-chassis car. Though it
has the advantages of greater rigidity and thus less of a tendency
to rattle, it also costs more to engineer.)

Combined with Europe’s lower wages, these product varia-
tions were their competitive opening into world export markets.
And, like the Americans before them, Europeans racked up suc-
cess after success in foreign markets over a period of twenty-five
years, from the early 1950s into the 1970s.

They also concentrated—as Detroit did not during this time—
on introducing new product features. European innovations in the
1960s and 1970s included front-wheel drive, disc brakes, fuel
injection, unitized bodies, five-speed transmissions, and engines
with high power-to-weight ratios. (Unitized bodies have no frame
of steel beams under the car. Instead, like a tin can, the surface
sheet metal holds the car together.) The Americans, by contrast,
were the leaders in comfort features—air conditioning, power
steering, stereos, automatic transmissions, and massive (and very
smooth) engines.

History could have gone the Americans’ way it fuel prices had
continued to fall—as they did for a generation, up until 1973—
and if Americans had continued to demand cars that isolated
them from their driving environment. However, energy prices
soared and younger Americans, particularly those with money,
wanted something fun to drive. Detroit’s problem was that its
“hang-on" features, such as air conditioning and stereos, could
easily be added to existing European cars. But it would take a
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total redesign of the American vehicles and new production tools
to introduce more space-efficient bodies, more responsive suspen-
sions, and mare fuel-efficient engines.

However, as became apparent in the late 1980s and as we will
show in the following chapters, the European production systemis
were nothing more than copies of Detroit’s, but with less effi-
ciency and accuracy in the factory.

Furopean auto plants experienced in the 1950s what the
Americans had experienced in the 1930s. During the early postwar
years, most European plants employed large numbers of immi-

- grants—Turks and Yugoslavs in Germany, Sicilians and other

southern Ttalians in Italy, and Moroccans and Algerians in
France—in the interchangeable assembler jobs.

Some of these people returned home as the postwar European
labor shortage cased. Others, however, stayed, to be joined by
Jarger numbers of native workers. Eventually, just as had hap-
pened in the United States, the workers in Turin, Paris, and
Wolfsburg realized that mass-production work was not a way
station to self-employment back home; it was, instead, their life's
work. Suddenly the interchangeable, dead-end monotony of mass-
production plants began to seem unbearable. A wave ol unrest
followed.

The European mass-production systems were patched up in
the 1970s by increasing wages and steadily decreasing the weekly
hours of work. European car makers conducted a few marginal
experiments as well with worker participation, such as the one at
Volvo's Kalmar plant, which—in a revival of Henry Ford’s assem-
bly hall of 1910—reintroduced craft techniques by giving small
groups of workers responsibility for assembling a whole vehicle.
In addition, the sobering economic conditions after 1973 damped
worker expectations and reduced employment alternatives.

These were only palliatives, however. In the 1980s, European
workers continued to ind mass-production work so unrewarding
that the first priority in negotiations continued to be reducing
hours spent in the plant.

This situation of stagnant mass production in both the United
States and Europe might have continued indefinitely if a new
motor industry had not emerged in Japan. The true significance
of this industry was that it was not simply another replication of
the by now venerable American approach to mass productioi.
The Japanese were developing an entirely new way of making
things, which we call lean production.



In the spring of 1950, a young Japanese engineer,
Eiji Toyoda, set out on a three-month pilgrimage
to Ford's Rouge plant in Detroit. In fact, the trip
marked a second pilgrimage for the family, since
Eiji's uncle, Kiichiro, had visited Ford in 1929,

Since that earlier time much had happened to the Toyoda
family and the Toyota Motor Company they had founded in 1937.0
(The founding family's name, Toyoda, means "abundant rice
field” in Japanese, so marketing considerations called for a new
name for the fledgling company. Accordingly, in 1936, the com-
pany held a public contest, which drew 27,000 suggestions. “Toy-
ota,” which has no meaning in Japanese, was the winner.)

Most of these events had been disastrous for the company:
They had been thwarted by the military government in their
effort to build passenger cars in the 1930s, and bad instead made
trucks, largely with craft methods, in the ill-fated war effort.

And, at the end of 1949, a collapse in sales forced Toyota to
terminate a large part of the work force, but only after a lengthy
strike that didn’t end until Kiichiro resigned from the company
to accept responsibility for management failures. In thirteen
years of effort, the Toyota Motor Company had, by 1950, produced
2,685 automobiles, compared with the 7,000 the Rouge was pour-
ing out in a single day.?

This was soon to change.
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Eiji was not an average engineer, either in ability or ambition,
After carefully studying everv inch of the vast Rouge, then the
largest and most efficient manufacturing facility in the world, Eiji
wrote back to headquarters that he “thought there were some
possibilities to improve the production system.”?

But simply copying and improving the Rouge proved io be
hard work. Back at home in Magoya, Eiji Toyoda and his produc-
tion genius, Taiichi Ohno, soon concluded—lor reasons we will
explain shortly-—that mass production could never work in Japan.

- From this tentative beginning were born what Toyota came to call

the Tovota Production Systern and, ultimately, lean production

THE BIRTHPLACE OF LEAN PROBUCTION

Toyota is often called the most Japanese of the Japanese auto
companies, being located in insular Nagoya rather than cosmo-
politan Tokyo. For many years its work force was composed
largely of former agricultural workers. In Tokyo, the firm was
often derided as “a bunch of farmers.” Yet today, Tovota is re-
garded by most indusiry observers as the most efficient and
highest-quality producer of motor vehicles in the world.

The founding Tovoda family succeeded first in the textile
machinery business during the late nineteenth century by devel-
oping superior technical features on its looms. In the late 1930s,
at the government’s urging, the company entered the motor vehi-
cle industry, specializing in trucks for the military. It had barely

gone beyond building a few prototype cars with cralt methods

before war broke out and auto production ended. After the war,

Toyota was determined to go into full-scale car and commercial
- truck manufacturing, but it faced a host of problems.

+ The domestic market was tiny and demanded a wide range
of vehicles—luxury cars for government officials, large
trucks to carry goods to market, small trucks for Japan's
small farmers, and small cars suitable for Japan's crowded
cities and high energy prices.

* The native Japanese work force, as Toyota and other firms
soon learned, was no longer willing to be treated as a
variable cost or as interchangeable parts. What was morg,
the new labor laws introduced by the American occupation
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greatly strengthened the position of workers in negotiating
more favorable conditions of employment. Management's
right to lay off employees was severely restricted, and the
bargaining position of company unions representing all
employees was greatly reinforced. The company unions
used their strength to represent everyone, eliminating the
distinction between blue- and white-collar workers, and
secured a share of company profits in the form of bonus
payments in addition to basic pay.*

Furthermore, in Japan there were no “guest workers''—
that is, temporary immigrants willing to put up with sub-
standard working conditions in return for high pay—or
minorities with limited occupational choice.” In the West,
by contrast, these individuals had formed the core of the
work force in most mass-production companies.

« The war-ravaged Japanese economy was starved for capital
and for foreign exchange, meaning that massive purchases
of the latest Western production technology were quite
impossible.

» The outside world was full of huge motor-vehicle producers
who were anxious to establish operations in Japan and
ready to defend their established markets against Japanese
exports.

This last difficulty provoked a response from the Japanese
government, which soon issued a prohibition on direct foreign
investment in the Japanese motor industry. This prohibition was
critical for Toyota (as well as other entrants in the Japanese auto
industry) to gain a toehold in the car-making business. It wasn't
enough, however, to guarantee the company's success bevond
Japan.

Besides, the government nearly went too far, After the prohi-
bition on foreign ownership and the imposition of high tariff
barriers had encouraged a host of Japanese firms to enter the auto
industry by the early 1950s, the Japanese Ministry ol Interna-
tional Trade and Industry (MITT) had second thoughts. MITI
believed that the first requirement of an internationally competi-
tive auto industry was high production scale, so it proposed a
series of plans to merge Japan's twelve embryonic car companies
into a Japanese Big Two or Big Three to baitle Detroit's Big Three.
The merged companies were to specialize in different sizes of cars
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to prevent “excessive’ domestic competition and to gain high

scale to compete on price in export markets.

What if these plans had succeeded?

The Japanese industry might have grown rapidly at first, but
it would probably have shared the fate of the current Korean
motor indusiry. That is, as the advantage of lower wages gradu-
ally disappeared, the new-entrant Japanese producers, with noth-

ing new to offer in production techniques and limited competition
at home, would have become also-rans in the world motor indus-
try. They might have been able to protect their domestic market,
‘but they would have posed no long-term threat to the established
firms elsewhere in the world using the same techniques.

.- Tnstead, Toyota, Nissan, and the other companies defied MITI
and set out to become full-range car producers with a variety of
new models. Toyota's chief production engineer, Taiichi Ohno,
quickly realized that employing Detroit’s tools—and Detroit's
methods—was not suited to this strategy. Craft-production meth-

“ods were a well-known alternative but seemed to lead nowhere for

a company intent on producing mass-market products. Ohno
knew he needed a new approach, and he found it. We can look at
the stamping shop for a good example of how his new techniques

‘worked.?

{EAN PRODUCTION: A CONCRETE EXAMPLE

More than sixty years have passed since the introduction of Henry
Ford's Model A with its all-steel body. Yet, across the world, nearly
all motor-vehicle bodies are still produced by welding together
about 300 metal parts stamped from sheet steel.

Auto makers have produced these “stampings’ by employing

one of two different methods. A few tiny craft producers, such as

Aston Martin, cut sheets of metal—usually aluminum—10 a gross

shape, then beat these blanks by hand on a die to their final shape.

(A die is simply a hard piece of metal in the precise shape the
sheet metal should assume under pounding.)
Any producer making more than a few hundred cars a year—

~ a category that includes auto makers ranging from Porsche to

General Motors—starts with a large roll of sheet steel. They run
this sheet through an automated “hlanking’ press to produce a
stack of flat blanks slightly larger than the final part they want.
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They then insert the blanks in massive stamping presses contain-
ing matched upper and lower dies. When these dies are pushed
together under thousands of pounds of pressure, the two-dimen-
sional blank takes the three-dimensional shape of a car fender or
a truck deor as it moves through a series of presses.

The problem with this second method, from Ohno’s perspec-
tive, was the minimum scale required for economical operation.
The massive and expensive Western press lines were designed to
operate at about twelve strokes per minute, three shifis a day, to
make a miilion or more of a given part in a year. Yet, in the early
days, Toyota's entire production was a few thousand vehicles a
year.

The dies could be changed so that the same press line could
make many parts, but doing so presented major difficulties. The
dies weighed many tons each, and workers had to align them in
the press with absolute precision. A slight misalignment produced
wrinkled parts. A more serious misalignment could produce a
nightmare in which the sheet metal melted in the die, necessitat-
ing extremely expensive and time-consuming repairs.

16 avoid these problems, Detroit, Wollsburg, Flins, and Mira-
fiori assigned die changes to specialists. Die changes were under-
taken methodically and typically required a full day to go from
the last part with the old dies to the first acceptable part from the
new dies. As volume in the Western industry soared after World
War II, the industry found an even better solution to the die-
change problem. Manufacturers found they often could “dedi-
cate” a set of presses to a specific part and stamp these parts for
months, or even years, without changing dies.

To Chno, however, this solution was no solution at all. The
dominant Western practice required hundreds of stamping
presses to make all the parts in car and truck bodies, while Ohno's
capital budget dictated that practically the entire car be stamped
from a few press lines. ""'

His idea was to develop simple die-change techniques and to
change dies frequently—every two to three hours versus two to
three months—using rollers to move dies in and out of position
and simple adjustment mechanisms.? Because the new techniques
were easy to master and production workers were idle during the
die changes, Ohno hit upon the idea of letting the production
workers perform the die changes as well.

By purchasing a few used American presses and endlessly
experimenting from the late 1940s onward, Ohno eventually per-
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fected his technique for quick changes. By the late 1950s, he had
‘reduced the time required to change dies from a dav te an

astonishing three minutes and eliminated the need for die-change

~specialists. In the process, he made an unexpected discovery—it
“actually cost less per part to make small batches of stampings
“than to run off enormous lots.

There were two reasons lor this phenomenon. Making small

batches eliminated the carrying cost of the huge inventories of
“hnished parts that mass-production systems required. Even more

important, making only a few parts before assembling them into

“acar caused stamping mistakes to show up almost instantly.

The consequences of this latter discovery were enormous. Tt

“made those in the stamping shop much more concerned about
- quality, and it eliminated the waste of large numbers of defective
- parts—which had to be repaired ai great expense, or even dis-

carded—that were discovered only long after manufaciure. But to
make this system work at all—a system that ideally produced two
hours or less of inventory—0hno needed both an extremely skilled
and a highly motivated work force.

If workers failed to anticipate problems before they occurred
and didn't take the initiative to devise solutions, the work of the
whole factory could easily come to a halt. Holding back knowl-
edge and effort—repeatedly noted by industrial sociologists as a
salient feature of all mass-production svstems—would swiftly
lead to disaster in Ohno's factory.

LEAN PRODUCTION: COMPANY AS COMMUNITY

As it happened, Ohno’s work force acted to solve this problem for
him in the late 1940s. Because of macroeconomic problems in
Japan—the occupying Americans had decided to stamp out infla-
tion through credit restrictions, but overdid it and caused a
depression instead—Toyota found its nascent car business in a
deep slump and was rapidly exhausting loans from its bankers.
The founding family, led by President Kiichire Toyoda, pro-
posed—as a solution to the crisis—Afiring a quarter of the work
force. However, the company quickly found itself in the midst of a
revolt that ultimately led to its workers occupying the factory.
Moreover, the company's union was in a strong position to win
the strike. In 1946, when the Japanese government, under Ameri-

o
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can prompling, strengthened the rights of unions, including man-
agement, and then imposed severe restrictions on the ability of
company owners to fire workers, the balance of power had shifted
to the employees.

After protracted negotiations, the family and the union
worked out a compromise that today remains the formula for
labor relations in the Japanese auto industry. A quarter of the
work force was terminated as originally proposed. But Kiichiro
Toyoda resigned as president to take responsibility for the com-
pany’s failure, and the remaining employees received two guar-
antees. One was for lifetime employment; the other was for pay
steeply graded by seniority rather than by specific job function
and tied to company profitability through bonus payments.

In short, they became members of the Toyota community,
with a full set of rights, including the guarantee of lifetime
employment and access to Toyota facilities (housing, recreation,
and so forth), that went far beyond what mest unions had been
able to negotiate for mass-production employees in the West. In
return, the company expected that most employees would remain
with Toyota for their working lives.

This was a reasonable expectation because other Japanese
companies adopted seniority-based wages at the same time, and
workers would suffer a large foss of earnings if they started over

at the bottom of the seniority ladder with another company. The

wage progression was quite steep. A forty-year-old worker doing
a given job received much higher pay than a twenty-five-year-old
doing the same job. If the forty-year-old quit and went to work for
another emplover, he would start with a zero seniority wage that
was below that of even the twenty-five-year-old.

The employees also agreed to be flexible in work assignments
and active in promoting the interests of the company by initiating
improvements rather than merely responding to problems. In
effect, the company officials said: "“If we are going to take you on
for life, you have to do your part by doing the jobs that need
doing,” a bargain to which the unions agreed.

Back at the factory, Taiichi Ohno realized the implications of

this historic settlement: The work force was now as much a short-
term hixed cost as the company's machinery, and, in the long

term, the workers were an even more significant fixed cost. After

all, old machinery couid be depreciated and scrapped, but Toyota
needed to get the most out of its human resources over a forty-
year period—that is, from the time new workers entered the
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- company, which in Japan is generally between the ages of eigh-
“teen and twenty-two, until they reached retirement at age sixty.
So it made sense to continuously enhance the workers’ skills and
to gain the benefit of their knowledge and experience as well as
their brawn.

' © LEAN PRODUCTION: FINAL ASSEMBLY PLANT

Ohno's rethinking of final assembly shows just how this new
_approach to human resources paid enormous dividends [or Toy-
ota. Remember that Ford's system assumed that assembly-line
~workers would perform one or two simple tasks, repetitively and,
~Ford hoped, without complaint. The foreman did not perform
assembly tasks himself but instead ensured that the line workers
followed orders. These orders or instructions were devised by the
industrial engineer, who was also responsible for coming up with
‘ways to improve the process.

Special repairmen repaired tools. Housekeepers periodically
cleaned the work area. Special inspectors checked guality, and
- defective work, once discovered, was rectified in a rework area
- after the end of the line. A final category of worker, the utility
man, completed the division of labor. Since even high wages were
unable to prevent double-digit absenteeism in most mass-produc-
- tion assembly plants, companies needed a large group of utility
workers on hand to fill in for those employees who didn’t show up
each morning.

Managers at headquarters generally graded factory manage-
- ment on two criteria—yield and quality. Yield was the number of
cars actually produced in relation to the scheduled number, and
. quality was out-the-door quality, after vehicles had defective parts
repaired. Factory managers knew that falling below the assigned
production target spelled big trouble, and that mistakes could, if
necessary, be fixed in the rework area, after the end of the fine but
before the cars reached the guality checker from headquarters
~ stationed at the shipping dock. Therefore, it was crucial not to
stop the line unless absolutely necessary. Letting cars go on down
the line with a misaligned part was perfectly okay, because this
type of defect could be rectified in the rework area, but min-
utes and cars lost to a line stoppage could only be made up
with expensive overtime at the end of the shift. Thus was born
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the “move the metal” mentality of the mass-production auto
industry.

Ohno, who visited Detroit repeatedly just after the war,
thought this whole system was rife with muda, the Japanese term
for waste that encompasses wasted effort, materials, and time. He
reasoned that none of the specialists beyond the assembly worker
was actually adding any value to the car. What's more, Chno
thought that assembly workers could probably do most of the
functions of the specialists and do them much better because of
their direct acquaintance with conditions on the line. (Indeed, he
had just confirmed this observation in the press shop.) Yet, the
role of the assembly worker had the lowest status in the factory.
In some Western plants, management actually told assembly
workers that they were needed only because automation could
not yet replace them.

Back at Toyota City, Ohno began to experiment. The first step
was 1o group workers into teams with a team leader rather than
a foreman. The teams were given a set of assembly steps, their
piece of the line, and told to work together on how best to perform
the necessary operations, The team leader would do assembly
tasks as well as coordinate the team, and, in particular, would fill
in for any absent worker—concepts unheard of in mass-produc-
tion plants.

Ohno next gave the team the job of housekeeping, minor tool
repair, and quality-checking. Finally, as the last step, after the
teams were running smoothly, he set time aside periodically for
the team to suggest ways collectively to improve the process. (In
the West, this collective suggestion process would come to be
called “quality circles.”) This continuous, incremental improve-
ment process, kaizen in Japanese, took place in collaboration with
the industrial engineers, who still existed but in much smaller
numbers.

When it came to “rework,” Ohno's thinking was truly in-
spired. He reasoned that the mass-production practice of passing
on errors to keep the line running caused errors to multiply
endlessly. Every worker could reasonably think that errors would
be caught at the end of the line and that he was likely to be
disciplined for any action that caused the line to stop. The initial
error, whether a bad part or a good part improperly installed,
was quickly compounded by assembly workers farther down the
line. Once a defective part had become embedded in a complex
vehicle, an enormous amount of rectification work might be
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needed to fix it. And because the problem would not be discovered
uintil the very end of the line, a large number of similariy defective
vehicles would have been built before the problem was found.

© So, in striking contrast to the mass-production plant, where
stopping the line was the responsibility of the senior line man-
ager, Ohno placed a cord above every work station and instructed
workers to stop the whole assembly line immediately if a problem
emerged that they couldn’t fix. Then the whole team would come
over to work on the problem.

 Ohno then went much further. In mass-production plants,
problems tended to be treated as randor events. The idea was
Simply to repair each error and hope that it didn’t recur. Ohno
instead instituted a system of problem-solving called “the hive
why's.” Production workers were taught to trace systematically
‘every error back to its ultimate cause {(by asking “why”" as each
‘layer of the problem was uncovered), then to devise a fix, so that
it would never occur again.

. Not surprisingly, as Ohno began to experiment with these
ideas, his production line stopped all the time, and the workers
_easily became discouraged. However, as the work teams gained
experience identifying and tracing problems to their ultimate
“cause, the number of errors began to drop dramatically. Today, in
‘“Toyota plants, where every worker can stop the line, yields ap-
proach 100 percent. That is, the line practically never stops! (In
fnass-production plants by contrast, where no one but the line
“manager can stop the line, the line still stops constantly. This is
not to rectify mistakes—these are fixed at the end—but to deal
‘with material supply and coordination problems. The conse-
“quence is that 90-percent yield is often taken as a sign of good
management.)

: Even more striking was what happened at the end of the line.
As Ohno's system hit its stride, the amount of rework needed
“before shipment fell continually. Not only that, the quality of the
‘shipped cars steadily improved. This was for the simple reason
" that quality inspection, no matter how diligent, simply cannot
~ detect all the defects that can be assembled into today’s complex
vehicles.

: Today, Toyota assembly plants have practically no rework
"areas and perform almost no rework. By contrast, as we will show,
" a number of current-day mass-production plants devote 20 per-
cent of plant area and 25 percent of their total hours of effort to
" fixing mistakes. Perhaps the greatest testament to Ohno's ideas
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lies in the quality of the cars actually delivered to the consumer.
American buyers report that Toyota's vehicles have among the
lowest number of defects of any in the world, comparable to the
very best of the German luxury car producers, who devote many
hours of assembly-plant effort to rectification.

LEAN PRODUCTION: THE SUPPLY CHAIN

Assembling the major components into a complete vehicle, the
task of the final assembly plant, accounts for only 15 percent or
so of the total manufacturing process. The bulk of the process
involves engineering and fabricating more than 10,000 discrete
parts and assembling these into perhaps 100 major components—
engines, transmissions, steering gears, suspensions, and so forth.

Coordinating this process so that everything comes together
at the right time with high quality and low cost has been a
continuing challenge to the final assembler firms in the auto
industry. Under mass production, as we noted earlier, the initial
intention was to integrate the entire production system into one
huge, bureaucratic command structure with orders coming down
from the top. However, even Alfred Sloan’s managerial innova-
tions were unequal to this task.

The world’'s mass-production assemblers ended up adopting
widely varying degrees of formal integration, ranging from about
25 percent in-house production at small specialist firms, such as
Porsche and Saab, to about 70 percent at General Motors, Ford,
the early leader in vertical integration, which actually did ap-
proach 100 percent at the Rouge, deintegrated after World War 11
to about 50 percent.

However, the make-or-buy decisions that occasioned so much
debate in mass-production firms struck Ohno and others at Toyota
as largely irrelevant, as they began to consider obtaining compo-
nents for cars and trucks. The real question was how the assem-
bler and the suppliers could work smoothly together to reduce
costs and improve quality, whatever formal, legal relationship
they might have.

And here the mass-production approach--whether to make
or buy—seemed broadly unsatisfactory. At Ford and GM, the
central engineering staffs designed most of the 10,000-plus parts
in a vehicle and the component systems they comprised. The
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firms then gave the drawings to their suppliers, whether formally
part of the assembler firm or independent businesses, and asked
them for bids on a given number of parts of given quality (usually
expressed as a maximum number of defective parts per 1,000)
delivered at a given time. Among all the outside irms and internal
divisions that were asked to bid, the low bidder got the business.®

For certain categories of parts, typically those shared by
many vehicles (tires, batteries, alternators) or involving some
specialized technology that the assembler firm didn’t have (engine

ccomputers, for example}, independent supplier firrns competed to
supply the parts, usually by modifying existing standard designs

to meet the specifications of a particular vehicle. Again, success
depended upon price, quality, and delivery reliability, and the car
makers often switched business between firms on relatively short
notice.

In both cases, corporate managers and small-business owners
alike understood that it was every firm for itselt when sales
declined in the cyclical auto industry. Everyone thought of their
business relationships as characteristically short-term.

As the growing Toyota firm considered this approach to com-
ponents supply, Ohno and others saw many problems. Supplier
organizations, working to blueprint, had little opportunity or
incentive to suggest improvements in the production design based
on their own manufacturing experience. Like employees in the

- mass-production assembly plant, they were told in effect 10 keep

their heads down and continue working. Alternatively, suppliers
offering standardized designs of their own, modified to specific
vehicles, had no practical way of optimizing these parts, because
they were given practically no information about the rest of the
vehicle. Assemblers treated this information as proprietary.

And there were other difficulties. Organizing suppliers in
vertical chains and playing them against each other in search of
the lowest short-term cost blocked the flow of information hori-
zontally between suppliers, particularly on advances in manufac-
turing techniques. The assembler might ensure that suppliers had
low profit margins, but not that they steadily decreased the cost
of production through improved organization and process inno-
vations.

The same was true of quality. Because the assembler really
knew very little about its suppliers’ manufacturing techniques—
whether the supplier in question was inside the assembler firm or
independent—it was hard to improve quality except by establish-
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ing a maximum acceptable level of defects. As long as most firms
in the industry produced to about the same level of quality, it was
difficult to raise that level.

Finally, there was the problem of coordinating the flow of
parts within the supply system on a day-to-day basis. The inflexi-
bility of tools in supplier plants (analogous to the inflexibility of
the stamping presses in the assembler plants) and the erratic
nature of orders from assemblers responding to shifting market
demand caused suppliers to build large volumes of one type of
part before changing over machinery to the next and to maintain
large stocks of finished parts in a warehouse so that the assembler
would never have cause to complain (or worse, to cancel a con-
tract) because of a delay in delivery. The result was high inventory
costs and the routine production of thousands of parts that were
later found to be defective when installed at the assembly plant.

To counteract these problems and to respond to a surge in
demand in the 1950s, Toyota began to establish a new, lean-
production approach to components supply. The first step was to
organize suppliers into functional tiers, whatever the legal, formal
relation of the supplier to the assembler. Different responsibilities
were assigned to firms in each tier. First-tier suppliers were
responsible for working as an integral part of the product-devel-
opment team in developing a new product. Toyota told them to
develop, for example, a steering, braking, or electrical systemn that
would work in harmony with the other systems.

First, they were given a performance specification. For exam-
ple, they were told to design a set of brakes that could stop a
2,200-pound car from 60 miles per hour in 200 feet ten times in
succession without fading. The brakes should fit into a space 6" x

8" % 10" at the end of each axle and be delivered to the assembly

plant for $40 a set. The suppliers were then told to deliver a
prototype for testing. If the prototype worked, they got a produc-
tion order. Toyota did not specify what the brakes were made of
or how they were to work. These were engineering decisions for
the supplier to make.

Toyota encouraged its first-tier suppliers to talk among them-
selves about ways to improve the design process. Because each
supplier, for the most part, specialized in one type of component
and did not compete in that respect with other suppliers in the
group, sharing this information was comfortable and mutually
beneficial.

Then, each first-tier supplier formed a second tier of suppliers
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under itsell. Companies in the second tier were assigned the job
of fabricating individual parts. These suppliers were manufactur-
ing specialists, usually without much expertise in product engi-

neering but with strong backgrounds in process engineering and

plant operations.
For example, a first-tier supplier might be responsible for

manufacturing alternators. Each alternator has around 100 parts,

and the first-tier supplier would obtain all of these parts from
second-tier suppliers.

Because second-tier suppliers were all specialists in manufac-
turing processes and not competitors in a specific type of compo-

nent, it was easy to group them into supplier associations so that

they, too, could exchange information on advances in manufactur-
ing techniques.

Toyota did not wish to vertically integrate its suppliers into &
single, large bureaucracy. Neither did it wish to deintegrate them
into completely independent companies with only a marketplace
relationship. Instead, Toyota spun its in-house supply operations
off into quasi-independent first-tier supplier companies in which
Toyota retained a fraction of the equity and developed similar
relationships with other suppliers who had been completely in-
dependent. As the process proceeded, Toyota's first-tier suppliers
acquired much of the rest of the equity in each other.

Toyota, for instance, today holds 22 percent of Nippondenso,
which makes electrical components and engine computers; 14
percent of Toyoda Gosei, which makes seats and wiring systems;
12 percent of Aishin Seiki, which makes metal engine parts; and
19 percent of Koito, which makes trim items, upholstery, and
plastics. These firms, in turn, have substantial cross-holdings in
each other. In addition, Toyota often acts as banker for its supplier
group, providing loans to finance the process machinery required
for a new product.

Finally, Toyota shared personnel with its supplier-group firms
in two ways. It would lend them personnel to deal with workioad
surges, and it would transfer senior managers not in line for top
positions at Toyota o senior positions in supplier firms.

Consequently, the Toyota suppliers were independent compa-
nies, with completely separate books. They were real profit cen-
ters, rather than the sham profit centers of many vertically inte-
grated mass-production firms. Moreover, Toyota encouraged them
to perform considerable work for other assemblers and for firms
in other industries, because outside business almost always gen-



52 THE MACHINE THAT CHANGED THE WORLD

erated higher profit margins. (Nippondenso, for example, a §7-
billion company, is the largest manufacturer in the world of
electrical and electronic systems and engine computers. As we
mentioned, Toyota holds 22 percent of its equity, and Nippon-
denso does 60 percent of its business with Tovota. Probably an-
other 30 percent of Nippondenso's equity is held in the Toyota
supplier group of companies, and 6 percent is held by Robert
Bosch, the giant German components firm. The rest trades pub-
licly )

At the same time, these suppliers are intimately involved in
Tovota's product development, have interlocking equity with Toy-
ota and Toyota group members, rely on Toyota for outside financ-
ing, and accept Tovota people into their personnel systems. In a
very real sense, they share their destinies with Toyota.

Finally, Ohno developed a new way to coordinate the flow of
parts within the supply system on a day-to-day basis, the famous
just-in-time system, called kanban at Toyota. CGhno's idea was
simply to convert a vast group of suppliers and parts plants into
one large machine, like Henry Ford’s Highland Park plant, by
dictating that parts would only be produced at each previous step
to supply the immediate demand of the next step. The mechanism
was the containers carrying parts to the next step. As each con-
tainer was used up, it was sent back to the previous step, and this
became the automatic signal to make more parts.i!

This simple idea was enormously difficult to implement in
practice because it eliminated practically all inventories and
meant that when one small part of the vast production system
failed, the whole system came to a stop. In Ohno's view, this was
precisely the power of his idea—it removed all safety nets and
focused every member of the vast production process on antici-
pating problems before they became serious enough to stop every-
thing.

It took Eiji Toyoda and Ohno more than twenty years of
@lentiess effort to fully implement this full set of ideas—includ-
ing just-in-time—within the Tovota supply chain. In the end they
succeeded, with extraordinary consequences for productivity,
product quality, and responsiveness to changing market demand.
As we'll see in chapters 4 and 5, the lean supply chain became a
major strength of the lean production system.
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LEAN PRODUCTIGN: PRODUCT DEVELOPMENT AND ENGINEERING

‘Wherever it occurs—at central engineering headquarters or in the
supplier organizations—the process of engineering a manufac-
tured object as complex as today’s motor vehicle demands enor-

‘mous effort from large numbers of people with a broad range of

‘okills. Therefore, it's easy to make mistakes in organizing the

rocess so that the whole of the results achieved is mysteriously
éss than the sum of the parts.
Mass-production companies try to solve the complexity prob-

“lem by finely dividing labor among many engineers with very
- specific specialties. Professor Kim Clark of the Harvard Business
“School reports, for instance, finding an engineer in a mass-pro-
duction auto company who had spent his whole career designing
~auto door locks. He was not an expert on how to make door locks,
“however; that was the job of the door-lock manulacturing engi-
“neer. The door-lock design engineer simply knew how they should
“look and work if made correctly.

The weaknesses of this system of divided labor were easy to

* see and mass-production companies over the years tried to devise
" coordination mechanisms. Even in the mid-1980s, though, the

best solution they had found was the product-development team

with a weak leader (really just a coordinator), whose members

still reported to the senior executive of their individual technical

' specialties. Significantly, career paths in most Western firms still
- followed a constricted progression through their technical depart-
" ment: junior piston engineer to senior piston engineer, and then
© junior drive-train engineer to senior drive-train engineer, and so

forth. One might someday hope to reach the position of chief
product engineer, the level at which disagreements among prod-
uct engineers, manufacturing-process engineers, and industrial

" engineers in the plants were worked out.

Ohno and Toyoda, by contrast, decided early on that product
engineering inherently encompassed both process and industrial
engineering. Thus, they formed teams with strong leaders that
contained all the relevant expertise. Career paths were structured
so that rewards went to strong team players rather than to those
displaying genius in a single area of product, process, or industrial
engineering, but without regard to their function as a team.

As we'll see in Chapter 5, the consequence of this approach to
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lean engineering was a dramatic leap in productivity, proeduct
quality, and responsiveness to changing consumer demand.

LEAN PRODUCTICN AND CHANGING COMSUMER DEMAND

The new Toyota production system was especially well suited to
capitalize upon the changing dermands that consumers were plac-
ing on their cars and upon changing vehicle technology. By the
1960s, cars and light trucks were increasingly a part of daily life
in developed countries. Almost everyone, even people with no in-
herent interest in cars, depended on them to get through the day.

Simultaneously, vehicles were acquiring features that made
them quite impossible for the average user to repair. The putty
knife and wrench that could fix almost anything that could go
wrong with a Model T were of litile use by the 1980s for a broken
engine-management computer or antiskid braking system.

Also, as households began to acquire more than one vehicle,
people no longer wanted just the standard-size car or truck. The
market began to fragment into many product segments.

For the Toyota production system, these developments were
all blessings: Consumers began to report that the most important
feature of their car or truck was reliability. Tt had to start every
morning and could never leave the user stranded. Vehicle malfunc-
tions were no longer a challenge for the home tinkerer, but were
inexplicable nightmares, even for owners with considerable me-
chanical skills. Because the Toyota system could deliver superior

reliability, soon Toyota found that it no longer had to match

exactly the price of competing mass-production products.

Furthermore, Toyota's tlexible production system and its abil-
ity to reduce production-engineering costs let the company supply
the product variety that buyers wanted with little cost penalty. In
1990, Toyota is offering consumers around the world as many
products as General Motors—even though Tovota is still half GM's
size. To change production and model specifications in mass-
production firms takes many years and costs a fortune. By con-
trast, a preeminent lean producer, such as Toyota, needs half the
time and effort required by a mass-producer such as GM to design
a new car. So Toyota can offer twice as many vehicles with the
same development budget.
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Tronically, most Western companies concluded that the Japa-
nese succeeded because they produced standardized products in
ultra-high volume. As recently as 1987 a manufacturing manager

_in Detroit confided in an interview with members of our project

that he had found the secret of Japanese success: "They are
making identical tin cans; if I did that I could have high quality
and low cost, too.” This illusion stems from the fact that the

! Japanese companies initially minimized distribution costs by
_ focusing on one or two product categories in each export market.

However, the total product portfolio of the Japanese firms has

- always been broader, and they have steadily increased their prod-

uct range in every world market. Today they offer almost as many
models as all of the Western firms combined, as we will see in

" Chapter 5.7 In addition, their product variety continues to grow

rapidly even as Western firms stand still on average and ac‘tuaﬁy
reduce the number of different models made in each of their
factories. Ford and GM, for example, have been “focusing” their
assembly plants toward the poal of one basic product in each
plant. By contrast, the Japanese transplants in North America all
build two or three products.

Because product lives now average just four years, the average
production volume of a Japanese car over the period of its produc-
tion is now one-quarter that of the Western mass-market produ-
cers, and the gap is widening. That is, the Japanese currently
make, on average, 125,000 copies of each of their car models each
year. The seven Western high-volume companies make nearly
twice as many. However, the Japanese keep models in production
four years on average, while the Western companies keep them in
production almost ten years. This means that during the life of a
model the Japanese make 500,000 copies (125,000 times 4), while
the Western companies make 2 million (200,000 times 10), a four-
to-one difference.

Even more striking, Japanese producers such as Toyota are
already producing at only two-thirds of the life-of-the-model pro-
duction volume of European specialist firms, such as Mercedes
and BMW. Indeed, with the arrival of a host of new Japanese niche
cars, such as the Honda NS-X, the Japanese may be able to do
what mass-production firms never could: attack the surviving
craft-based niche producers, such as Aston Martin and Ferrari, to
bring the whole world into the age of lean production.
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LEAN PRODUCTICN; DEALING WITH THE CUSTOMER

All of the variety available from lean production would be for
naught if the lean producer could not build what the customer

wanted. Thus from an early date Eiji Toyoda and his marketing
expert, Shotaro Kamiya, began to think about the link between
the production system and the consumer.

For Henry Ford this link had been very simple: Because there
was no product variety and because most repairs could be han-
died by the owner, the job of the dealer was simply to have enough
cars and spare parts in stock to supply expected demand. In
addition, because demand in the American car market fluctuated
wildly from the earliest days of the industry, the assembler tended
to use the dealer as a shock absorber to cushion the factory from
the need to increase and reduce production continually. The
result, fully in place by the 1920s, was a system of small, finan-
cially independent dealers who maintained a vast inventory of
cars and trucks waiting for buyers.

Relations between the factory and the dealer were distant
and usually strained as the factory tried to force cars on dealers
to smooth production. Relations between the dealer and the
customer were equally strained because dealers continually ad-
justed prices—made deals--to adjust demand with supply while
maximizing profits. As anyone who has bought a car in North
America or Europe knows, this has been a system marked by a
lack of long-term commitment on either side, which maximizes
feelings of mistrust. In order to maximize bargaining position,
everyone holds back information--the dealer about the product,
the consumer about his or her true desires—and everyone loses in
the long term.

Kamiya had learned this system by working in General Mo-
tor's Japanese distribution system in the 1930s, but it seemed
broadly unsatisfactory. Therefore, after the war he and Toyoda
began to think of new ways to distribute cars.’> Their solution,
worked out gradually over time, was to build a sales network very
similar to the Toyota supplier group, a system that had a very
different relation with the customer.

Specifically, the Toyota Motor Sales Company' built up a
network of distributors, some wholly owned and some in which
Toyota held a small equity stake, who had a “shared destiny”
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* with Toyota. These dealers developed a new set of techniques that
“Toyota came to call “aggressive selling.” The basic idea was to
“develop a long-term, indeed a life-long, relation between the

assembler, the dealer, and the buyer by building the dealer into
the production sysiem and the buyer into the product develop-

ment process.

The dealer became part of the production system as Toyota
gradually stopped building cars in advance for unknown buyers

“and converted to a build-to-order system in which the dealer was

the first step in the kanban system, sending orders for presold cars
to the factory for delivery to specific customers in two to three
weeks. To make this workable, however, the dealer had to work
closely with the factory to sequence orders in a way the factory
could accommodate. While Ohno's production system was re-
markably adept at building products to specific order, it could
not deal with large surges or troughs in total demand or abrupt
shifts in demand between products that could not be built with
the same tools—for example, between the largest and smallest

" cars in the product range or between cars and trucks.

Sequencing orders was possible in turn because Toyota's sales
staff did pot wait in the showroom for orders. Instead they went
directly to customers by making house calls. When demand began
to droop they worked more haurs, and when demand shifted they
concentrated on households they knew were likely to want the
type of car the factory could build.

The latter was possible because of a second feature of aggres-
sive selling—a massive data base on households and their buying

~ preferences that Toyota gradually built up on every household

ever showing interest in a Toyota product. With this information
in hand, Toyota sales staff could target their efforts to the most
likely buyers.

The system also could incorporate the buyer into the product
development process and in a very direct way. Toyota focused
relentlessly on repeat buyers—critical in a country where govern-
ment vehicle inspections, the famous shoken, resulted in practi-
cally every car being scrapped after six years. Toyota was deter-
mined never to lose a former buyer and could minimize the
chance of this happening by using the data in its consumer data
base to predict what Toyota buyers would want next as their
incomes, family size, driving patterns, and tastes changed. Unlike
mass-producers who conduct product evaluation "clinics” and
other survey research on randomly selected buyers—buyers pre-
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sumed to have little “brand loyalty”’—Toyota went directly to its
existing customers in planning new products. Established cus-
tomers were treated as members of the “Tovota family,” and
brand loyalty became a salient feature of Toyota's lean production
systemnl.

THE FUTURE OF LEAN PRODUCTIGN

Toyota had fully worked out the principles of lean production by
the early 1960s. The other Japanese auto firms adopted most of
them as well, although this took many years. For example, Mazda
did not fully embrace Ohno's ideas for running factories and the
supplier system until it encountered a crisis in 1973, when export
demand for its fuel-bungry Wankel-engined cars collapsed. The
first step of the Sumitomo group in offering help to Mazda was to
insist that the company’s Hiroshima production complex rapidly
remake itself in the image of Toyota City at Nagoya.

What's more, not all firms became equally adept at operating
the system. (One our most important objectives in this volume is
to educate the public to the fact that some Japanese firms are
leaner than others and that several of the old-fashioned mass-
production firms in the West are rapidly becoming lean as well.)
Nevertheless, by the 1960s the Japanese firms on average had
gained an enormous advantage over mass-producers elsewhere
and were able for a period of twenty vears to boost their share
of world motor vehicle production steadily by exporting from

their highly focused production complexes in Japan, as shown in

Figure 3.1.

This path of export-led development came to an abrupt halt
after 1979, as the world economy slumped, trade imbalances with
North America and Europe reached unmanageable proportions,
and trade barriers were erected. In the 1980s the world was at the
same point in the diffusion of lean production that it was with
mass production in the 1920s: The lcading practitioners of the
new method are now of necessity attempting to increase their
share of the world market through direct investment in North
America and Europe (as shown in the checked area in Figure 3.1)
rather than through ever growing exports of finished units. Mean-
while, American, European, and even Korean firms—aoften accom-
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plished masters of now ohsolete mass production—are trying to
match or exceed the performance of their lean challengers. |
This process is enormously exciting. I.t al_so.produces L,I'lOI’
mous tensions. There will be real losers (including somc.oi ?lau
smaller and less accomplished Japanese ﬁrms).as we}-l_ as winners,
and the public everywhere tends all too readily to interpret the

. . . (N3 7 . . i Vr i rr
contest in simple nationalistic terms— us versus them,” “our

country versus “‘theirs.” - ction
We will return to the problem of diffusing lean production in

the final chapters of this book because we believe ii. is one of the
most important issues facing the world economy in .Lhe 19905.
However, we first need to gain a deeper understanding of the

elements of lean production.
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he general public has a simple and vivid men-
tal image of auto production—the assembly plant where all the
parts come together to create the finished car or truck. While this
final manufacturing step is important, it represents only about 15
percent of the human effort involved in making a car. To properly
understand lean production, we must look at every step in the
process, beginning with product design and engineering, then
going far beyond the factory to the customer who relies on the
antomobile for daily living. In addition, it is critical to understand
the mechanism of coordination necessary to bring all these steps
into harmony and on a global scale, a mechanism we call the lean
enterprise.

In the chapters just ahead, we proceed through each of the
steps of lean production. We begin with the part of the system
everyone thinks they understand—the factory as represented by
the assembly plant—to show systematically how very different
lean production is from the ideas of Henry Ford. We proceed to
product development and engineering, then into the supply sys-
tem, where the bulk of manufacturing occurs. Next we look at the
system of selling cars and trucks—the end of the production
process in the world of mass production, but the beginning of the
process in lean production. Finally, we examine the type of global
lean enterprise needed to make the whole system work, the one
aspect of lean production that is still not fully developed.

[k



The automotive assembly plant dominates its
landscape, wherever in the world it's located.
From a distance, it is a vast windowless mass
surrounded by acres of storage areas and railway
yards. The complex shape of the building and the lack of a facade
often make it hard to know just where to enter. Once inside, the
scene is initially bewildering.

Thousands of workers in one vast building tend to streams of
vehicles moving across the floor, while a complex network of
conveyors and belts in the lofty ceiling carries parts to and fro.
The scene is dense, hectic, noisy. On first exposure, it's like finding
oneself inside a Swiss watch—fascinating but incomprehensible
and a little frightening, as well.

In 1986, at the outset of the IMVP, we set out to contrast lean
production with mass production by carefully surveying as many
of the world's motor-vehicle assembly plants as possible. In the
end, we visited and systematically gathered information on more
than ninety plants in seventeen countries, or about half of the
assembly capacity of the entire world. Ours would prove one of

This chapter is based on the IMVP World Assembly Plant Survey. The survey
was initiated by John Krafcik, who was later joined by John Paul MacDuffie.
Haruo Shimada also assisted.

Th



76 THE MACHINE THAT CHANGED THE WORLD

the most comprehensive international surveys ever undertaken in
the automobile or any other industry.

Why did we choose the assembly plant for study? Why not
the engine plant, say, or the brake plant or the alternator factory?
And why so many plants in so many countries? Surely, the best
lean-production plant in Japan and the worst mass-production
plant in North America or Europe would have sufficiently dem-
onstrated the differences between lean and mass production,

Three factors convinced us that the assembly plant was the
most useful activity in the motor-vehicle production system to
study.

First, a large part of the work in the auto industry involves
assembly. This is so simply because of the large number of parts
in a car. Much of this assembly occurs in components plants. For
example, an alternator plant will gather from suppliers or fabri-
cate the 100 or so discrete parts in an alternator, then assemble
them into a complete unit. However, it’s hard to understand
assembly in such a plant, because the final activity usually makes
up only a small part of the total. In the final assembly plant, by
contrast, the sole activity is assembly-—welding and screwing
several thousand simple parts and complex components into a
finished vehicle.

Second, assembly planis all over the world do almost exactly
the same things, because practically all of today’s cars and light
trucks are built with very similar fabrication techniques. In al-
most every assembly plant, about 300 stamped steel panels are
spot-welded into a complete body. Then the body is dipped and
sprayed to protect it from corrosion. Next, it is painted. Finally,
thousands of mechanical parts, electrical items, and bits of uphol-
stery are installed inside the painted body to produce the com-
plete automobile. Because these fasks are so uniform, we can
meaningfully compare a plant in Japan with one in Canada,
another in West Germany, and still another in China, even though
they are making cars that look very different as they emerge from
the factory.

Finally, we chose the assembly plant for study, because Japa-
nese efforts to spread lean production by building plants in North
America and Europe initially involved assembly plants. When we
began our survey in 1986, three Japanese-managed assembly
plants were already in operation in the United States and one was

ready to open in England.

By contrast, Japanese plants for engines, brakes, alternators,
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and other components, though publicly an?ounced for }i‘\ilort,‘hI
America and Europe, were still in the planning stage. We knew

' i it's point carmine mpany’s blue-
from experience that it's pointless to examine a compan)

prints for a new plant or to fook at a plant just as; it sta{r‘l‘s
production. To see the full difference between lean dﬂd) ~ﬂ3'&bs
production at the plant level, we had to compare planis operating
“ ﬁl&}‘iiu;?gut the second question we are o'f't'en abkcd ‘ ENhy
study so many plants in so many co.umries? Th’e ir-lb“;jc-;s
simfﬁe. Lean production is now spreading ﬁ'org’ Ja-pd%lwojiodu&
cally every nation. Directly i;éllis ga;h are the giant mass-|

i ants of the previous industrial era. - .
nor gd;tr{;féouiry and every {:omglaan.ymim:h)‘dmg,}l \:&fe‘r{mghs
add, in the less accomplished companies in .Iapanmwwf‘: 121}.7«; ozm
an intense, even desperate, desire to lf’now t}ie an.swuv t(}”xsz
simple questions: “Where do we stand?. and “What mgs{ ;;«;nj”
to match the new competitive level required by lean production:
Now we know the answers.

CLASSIC BASS PRODUCTION: GHY FRAMINGHAM

We began our survey in 1986 at General Motors' Fra;pmg}lfamé
Massachusetts, assembly plant, just a few miles sout_h o fopryoglf
base in Boston. We chose Framingham, not be_cause it wj-lslnf.af ‘[
but because we strongly suspected it embodied all the elements
classic mass production,

o d?)sicﬁrs‘i inferview with the plant’s senior managers waa éijti
promising. They had just returned from a L/E)ur_ o_f the T(?yf?t; o
joint-venture plant (NUMMI) where John Krafcik, c}.urﬁsa’e‘ bl
plant survey leader, formerly worlf:ed. One repor'ted ’glﬁt ch;,e
repair areas and secret inveniories had to ex1s; {.,} fn | the
NUMMI plant, because he hadn’t seen enough o1 zt 1{@;’\ T
“real” plant. Another manager wonderf:d what ai_.t t; ._1;53{ ‘;311
about. " They build cars just like we do A’thxrd warne t ra el
that NUMMI talk [about lean production] is not welcome aroun
herei)espite this cold beginning, we found the plant managdemuxlft
enormously helpful. All over the world, as we have slfnu-, 1;§or11
ered again and again, managers and workers badly want to lea
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where they stand and how to improve. Their fear of just how bad
things might be is in fact what often creates initial hostility.

Qn the plant floor, we found about what we had expected: a
classic mass-production environment with its many dysfunctions.
We began by looking down the aisles next to the assembly line.
They were crammed with what we term indirect workers—work-
ers on their way to relieve a fellow employee, machine repairers
en route to troubleshoot a problem, housekeepers, inventory run-
ners. None of these workers actually add value, and companies
can find other ways to get their jobs done.

Next, we looked at the line itself. Next to each work station
were piles—in some cases weeks’ worth—of inventory. Littered
about were discarded boxes and other temporary wra:pping ma-
terial. On the line itself the work was unevenly distributed, with
some workers running madly to keep up and others finding time
to gmoke or even read a newspaper. In addition, at a number of
points the workers seemed to be struggling to attach poorly fitting
parts to the Oldsmobile Ciera models they were building. The
parts that wouldn't fit at all were unceremoniously chucked in
trash cans.

At the end of the line we found what is perhaps the best
evidence of old-fashioned mass production: an enormous work
area full of finished cars riddled with defects. All these cars
needed further repair before shipment, a task that can prove
enormously time-consuming and often fails to fix fully the prob-
lems now buried under layers of parts and upholstery.

- On our way back through the plant to discuss our findings
with the senior managers, we found two final signs of mass
production: large buffers of finished bodies awaiting their trip

through the paint booth and from the paint booth to the final -

as§embly line, and massive stores of parts, many still in the
railway cars in which they had been shipped from General Motors’
components plants in the Detroit area.

Finally, a word on the work force. Dispirited is the only label
that wguld fit. Framingham workers had been laid off a half.
.dozen times since the beginning of the American industry’s crisis
in 1979, and they seemed to have little hope that the plant could
long hold out against the lean-production facilities locating in the
American Midwest.
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GLASSIC LEAN PRODUCTICN: TOYOTA TAKAOKA

" Our next stop was the Toyota assembly plant at Takaoka in Toyota
- City. Like Framingham (built in 1948), this is a middle-aged

facility (from 1966). It had a much larger number of welding and
painting robots in 1986 but was hardly a high-tech facility of the
sort General Motors was then building for its new GM-10 models,
in which computer-guided carriers replaced the final assembly
line.

The differences between Takaoka and Framingham are strik-
ing to anyone who understands the logic of lean production. For a
start, hardly anyone was in the aisles. The armies of indirect
workers so visible at GM were missing, and practically every
worker in sight was actually adding value to the car. This fact was
even more apparent because Takaoka's aisles are so narrow.

Toyota’s philosophy about the amount of plant space needed
for a given production volume is just the opposite of GM's at
Framingham: Toyota believes in having as little space as possible
so that [ace-to-face communication among workers is easier, and
there is no room to siore inventories. GM, by contrast, has be-
lieved that extra space is necessary to work on vehicles needing
repairs and to store the large inventories needed to ensure smooth
production.

The final assembly line revealed further differences. Less than
an hour’s worth of inventory was next to each worker at Takaoka.
The parts went on more smoothly and the work tasks were better
balanced, so that every worker worked at about the same pace.
When a worker found a defective part, he—there are no women
working in Toyota plants in Japan—carefully tagged it and sent it
to the quality-control area in order to obtain a replacement part.
Once in quality control, employees subjected the part to what
Toyota calls “the five why’s” in which, as we explained in Chapter
2, the reason for the defect is traced back to its ultimate cause so
that it will not recur.

As we noted, each worker along the line can pull a cord just
above the work station to stop the line if any problem is found; at
GM only senior managers can stop the line for any reason other
than safety—but it stops frequently due to problems with machin-
ery or materials delivery. At Takaoka, every worker can stop the
line but the line is almost never stopped, because problems are
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solved in advance and the same problem never occurs twice.
Clearly, paying relentless attention to preventing defects has re-
moved most of the reasons for the line to stop.

At the end of the line, the difference between lean and mass
production was even more striking. At Takaoka, we observed
almost no rework area at all. Almost every car was driven directly
from the line to the boat or the trucks taking cars to the buyer,

On the way back through the plant, we observed yet other

ditferences between this plant and Framingham. There were prac-

tically no buffers between the welding shop and paint booth and
between paint and final assembly. And there were no parts ware-
houses at all. Instead parts were delivered directly to the line at
hourly intervals from the supplier plants where they had just been
made. (Indeed, our initial plant survey form asked how many days
of inventory were in the plant. A Toyota manager politely asked
whether there was an error in translation. Surely we meant
minutes of inventory.)

A final and striking difference with Framingham was the
morale of the work force. The work pace was clearly harder at
Takaoka, and yet there was a sense of purposefulness, not simply
of workers going through the motions with their minds elsewhere
under the watchful eye of the foreman. No doubt this was in
considerable part due to the fact that all of the Takaoka workers
were lifetime employees of Toyota, with fully secure jobs in return
for a full commitment to their work.!

A BOX SCORE: MASS PRODUCTION VERSUS LEAR

When the team had surveved both plants, we began to construct
a simple box score to tell us how productive and accurate each
plant was (‘accurate’” here means the number of assembly defects
in cars as subsequently reported by buyers)? It was easy to
calculate a gross productivity comparison, dividing the number
of hours worked by all plant employees by the number of vehicles
produced, as shown in the top line of Figure 4.1° However, we had
to make sure that each plant was performing exactly the same
tasks. Otherwise, we wouldn't be comparing apples with apples.
So we devised a list of standard activities for both plants—
welding of all body panels, application of three coats of paint,
installation of all parts, final inspection, and rework--and noted
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FIGURE 4.1

General Motars Framingham Assembly Plant Yersus Toyola Takauka
Assembly Plant, 1986

: GA Framingham Toyola Takaoka
Gross Assembly Hours

per Car 407 18.0
Adjusted Assembly

Hours

er Car 3 16
‘Assembly Defacts

per 100 Cars 136 45
‘Assembiy Space

‘per Car 5.1 4.8
inventories

of Parts (average) 2 waeks 2 hours

Note:  Gross assembiy hours per car are calculated by dividing total hours of effort in the plant by
the total number of cars produced.
“pdjusted assembly hours per car” incorporates the adjustments in standard activities and
product attributes described in the text,
Defects per car were estimated from the J. . Power Initial Quakity Survey for 1987,
Assembly space per car is square feet per vehicie per year, corrected for vehicle size.
Inventories are a rough average for major parts.

Source: IMVP World Assambly Plant Survey

any task one plant was doing that the other wasn't, For example,
Framingham did only half its own welding and obtained many
prewelded assemblies from outside contractors. We made an ad-
justment to reflect this fact.

We also knew it would malke little sense to compare plants
assembling vehicles of grossly different sizes and with differing

“amounts of optional equipment, so we adjusted the amount of

effort in each plant as if a standard vehicle of a specified size and
option content were being assembled.* )
When our task was completed, an extraordinary hnding
emerged, as shown in Figure 4.1. Takaoka was almost twice as
productive and three times as accurate as Framingham in per-
forming the same set of standard activities on our standard car.
In terms of manufacturing space, it was 40 percent more efficient,
and its inventories were a tiny fraction of those at Framingham.
If you remember Figure 2.1 from Chapter 2, you might won-
der whether this leap in performance from classic mass produc-
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tion, as practiced by GM, to classic lean production, as performed

by Toyota, really deserves the term revolution. After all, Ford -
managed to reduce direct assembly effort by a factor of nine at |

Highland Park.

In fact, Takaoka is in some ways an even more lmpressive .
achievement than Ford's at Highland Park, because it represents .
an advance on so many dimensions. Not only is effort cut in half |
and defects reduced by a factor of three, Takaoka also slashes 1:
inventories and manufacturing space. (That is, it is both capital- -

and labor-saving compared with Framingham-style mass produc-

tion.) What's more, Takacka is able to change over in a few days -
from one type of vehicle to the next generation of product while
Highland Park, with its vast array of dedicated tools, was closed :

for months in 1927 when Ford switched from the Model T to the
new Model A. Mass-production plants continue to close for
months while switching to new products.

DIFFUSING LEAN PRCDUCTION

Revolutions in manufacture are useful only if they are available
to everyone. We were theretore vitally interested in learning if the
new transplant facilities being opened in North America and
Europe could actually institute lean production in a different
environment.

We knew one of the Japanese transplants in North America
very well, of course, because of IMVP research affiliate John
Krafcik's tenure there. The New United Motor Manufacturing Inc.
(NUMMI) plant in Fremont, California, is a joint venture between
the classic mass-producer, GM, and the classic lean producer,
Toyota.

NUMMI uses an old General Motors plant built in the 1960s
to assemble GM cars and pickup trucks for the U.S. West Coast.
As GM’s market share along the Pacific Coast slipped steadily, the
plant had less and less work. It finally closed its doors for good in
1982. By 1984 GM had decided that it needed to learn about lean
production from the master. So it convinced Toyota to provide
the management for a reopened plant, which would produce
small Toyota-designed passenger cars for the U.S. market.

NUMMI was to make no compromises on lean production.
The senior managers were all from Toyota and quickly imple-

RUNNING THE FACTORY a1

mented an exact copy of the Toyota Production System. A key
action toward this end was the construction of a new stamping
plant adjacent to the body-welding area, so that body panels
could be stamped in small lots just as they were needed. By
tontrast, the old Fremont plant had depended on panels supplied
by rail from GM's centralized stamping plants in the Midwest.
There they were stamped out by the million on dedicated presses.
The United Automobile Workers Union also cooperated to
make lean production possible. Eighty percent of the NUMMI
work force consisted of workers formerly emploved by GM at
Fremont. However, in place of the usual union contract with
‘thousands of pages of fine print defining narrow job categories
and other job-control issues, the NUMMI contract provided for
only two categories of workers—assemblers and technicians. The
union agreed as well that alf its members should work in small
teams to get the job done with the least effort and highest quality.

By the fall of 1986, NUMMI was running [ull blast. And we
were ready lo compare it with Takacka and Framingham, as
shown in Figure 4.2.

We found that NUMMI matched Takaoka’s quality and nearly
matched its productivity. Space utilization was not as efficient
because of the old GM plant’s poor layout. Inventory was also
considerably higher than at Takaoka, because almost all the parts
were transported 5,000 miles across the Pacific rather than five or
ten miles from neighboring supplier plants in Toyota City. (Even
so, NUMMI was able to run with a two-day supply of parts, while
Framingham needed two weeks' worth.)

FIGURE 4.2

General Motors Framingham versus Toyota Takaoka versus
NUMMI Fremont, 1987

G Eramingham Toyota Takaoka KUMBMI Fremont
Assembly Hours
per Car Ky 16 19
Assembly Defects
per 100 Cars 135 45 45
Assembly Space
per Car 8.1 4.8 7.0
Iaventories of
Parts {average) 2 weeks 2 hours 2 days

Source: IMVP World Assembly Plant Survey
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1t was clear to us by the end of 1986 that Toyota had truly
achieved a revolution in manufacturing, that old mass-production
plants could not compete, and that the new best way—Ilean pro-
duction——could be transplanted successfully to new environ-
ments, such as NUMMI. Given these findings, we were hardly
surprised by subsequent events: Takaoka continues to improve,
now with much additional automation. NUMMI is also getting
continually better and a second line is being added to assemble
Toyota pickup trucks. Framingham was closed forever in the
summer of 1989.

SURVEYING THE WORLD

Once we hnished our initial survey, we were determined to press
ahead on a survey of the entire world. We were motivated partly
by the fact that the companies and governments sponsoring us
wanted to know where they stood and partly by the knowledge
that a survey of three plants could not answer a number of
questions about what roles automation, manufacturability, prod-
uct variety, and management practices play in the success of
manufacturing.

However, we soon realized that we would have to conceal
company and plant names when we reported our findings. Many
companies were willing to grant us access to their plants only on
the condition that we would not reveal plant names in our results.
We have respected their wishes and in this book identify plants
only when the company has agreed.

After four more years of research, we have found the following

about productivity and quality {or accuracy) across the world, as
summarized in higures 4.3 and 4.4

These findings are not at all what we had expected. We had
anticipated all of the Japanese firms in Japan to be roughly
comparable in performance—that is, equally lean. Further, we
had expected all of the American plants in North America and the
American- and European-owned plants in Europe to perform at
about the same level with little variation and to trail the average
Japanese plant by about the same degree that Framingham
trailed Takaoka in 1986. Finally, we expected the assembly plants
in developing countries to be marked by low productivity and low
quality. The reality is different.
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FIGURE 4.3

Assembly Plant Productivity, Volume Producers, 1589
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Note:
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American firms.

US/NA = American-owned plants in North America.

US&JE = American- and Japanese-owned plants in Europe.

E/E = European-owned plants in Europe. o

NIC = Plasts in newly incustrializing countries: Mexico, Brazil, Taiwan, and Korea.

Source: IMVP World Assembly Plant Survey

What we find instead is that there is a considerable range of
productivity performance in Japan, indeed a difference of two £0
one between the best plant and the worst in both productivity
and quality. The differences along other dimensions—space utili-
zation, level of inventories, percentage of the factory devoted to
rework area—are much less, but there is still variation.

In North America, we quickly discovered that Framingham
was in fact the worst American-owned plant. Average Big Three
performance in late 1989 was much better—48 percent more
effort and 50 percent more defects, compared with the Framing-
ham/Takacka gap in 1986 of nearly twice the effort and three
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FIGURE 4.4

Assembly Plant Quality, Velume Producers, 1983
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as reporied by owners 8 the first three months of use. The reports only include cars sold in
the United States.

Source: {MVP Worjd Assembly Plant Survey, utilizing a special tabulation of defects by assembly
plant provided by J. D. Power and Associates.

times the defects. Even more striking, Ford, the originator of mass
production seventy-five years ago, is now practically as lean in its
North American assembly plants as the average Japanese trans-
plant in North America.’ The best U.S.-owned plants in North
America are now nearly as productive as the average Japanese
plant—and are very nearly equal in quality.

Perhaps most striking was our finding about Europe. Fra-
mingham, the North American plant that fared so poorly in
comparison with Takaoka and which has now been closed, in fact
had considerably better productivity in 1986 than the average
European plant had achieved by 1989. Indeed, as we marched
through plant after plant we came to a remarkable conclusion:
Europe, once the cradle of craft production in the motor industry,
is now truly the home of classic mass production. Average Ameri-
can performance—under unrelenting pressure from the Japanese
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transplants in North America—ahas improved dramatically, partly
by closing the worst plants, such as Framingham, and partly by
adopting lean production techniques at others. Europe, by con-
trast, has not vet begun to close the competitive gap.

Regarding the Japanese transplants in North America, we
found about what we expected. Their average performance is

‘about comparable to the average Japanese plant in terms of
‘quality but lags about 25 percent in terms of productivity. We
‘believe these differences are partly due to the fact that the trans-
‘plants are still at an early point in the learning curve with respect

to lean production. The differences are also due to ditferent

" methods of obtaining supplies that necessitate extra work, a point

we will return to in Chapter 6.°

However, there is important variation among the transplants
as well, For example, one of the transplants has the least efficient
utilization of manufacturing space in the entire world sample. In

“general, we found that the besi-performing companies in Japan
run the best-performing transplants in North America, suggesting

that most of the variation observed is due to differences in man-
agement.

Finally, the assembly plants in the developing countrics,
notably Brazil, Korea, Mexico, and Taiwan, show an extraordinary
range of performance. The best plant in terms of quality, Ford at
Hermosillo, Mexico, in fact had the best assembly-plant quality
in the entire volume plant sample, better than that of the best
Japanese plants and the best North American transplants. The
best developing country plant was also surprisingly efficient,
particularly given its modest level of automation. By contrast, the
worst developing country plants were very poor performers, with
poor quality and abysmal productivity.

What accounts for the difference? We believe it can be traced
to the assembly of a product from a lean-development process (as
at Hermosillo, where the car assembled was a variant of a Mazda
323) and doing so with management assistance from a hrm
mastering lean production. (In the case of Hermosillo, this was
directly from Ford, but in several other cases an independent firm
had received significant and continuing Japanese management
assistance, effectively becoming a transplant).

These findings require a dramatic reordering of our mental
map of the industrial world, which we believe many readers will
find very difficult: We must now stop equating ‘‘Japanese” with
“lean” production and “Western” with “mass” production. In
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fact, some plants in Japan are not particularly lean, and a number
of Japanese-owned plants in North America are now demonstrat-
ing that lean production can be practiced far away from Japan. At
the same time, the best American-owned plants in North America
show that lean production can be implemented fully by Western
companies, and the best plants in the developing countries show
that lean production can be introduced anywhere in the world.

THE STRANGE CASE OF THE “CRAFT" PRODUGERS

The productivity and quality data in figures 4.3 and 4.4 are only
for mass-market cars, that is, Fords but not Lincolns, Toyotas but
not Lexus, Volkswagens but not Mercedes. From the outset, we
believed that assembly plants are all pretty much the same in
what they actually do, no matter how prestigious the brand
they're putting together. The same type of robots, indeed often
identical models from the same manufacturer, make both the
Volkswagen and the Mercedes body welds. Paint is applied in
practically identical paint booths, and final assembly involves the
installation, largely by hand, of thousands of parts as the vehicle
moves along a lengthy assernbly line. The real difference between
the mass-market and the luxury car is that the latter may have a
thicker gauge of steel in its body, extra coats of paint, thicker
insulation, and many more luxury add-on features.

While obvious to us, this idea is not universally accepted even
in the auto industry and is certainly not the view of the broader
public. Repeatedly, executives told us that our productivity and
quality findings might be correct for the average car and light
truck, but “luxury cars are different.”

We set out to find out for certain by conducting a special
world survey of assembly plants making luxury cars. We went to
the Japanese large-car plant that we believe, based on our survey
of the same company's mass-market car plants, to be the best in
the world. In North America, we looked at the Lincoln and
Cadillac plants. In Europe we visited Audi, BMW, Mercedes, Volvo,
Rover, Saab, and Jaguar. In each case, we carefully standardized
the tasks being undertaken and the specifications of the vehicle,
so that we were in fact asking how much effort each plant would
need to perform standard assembly steps on the smaller and less
elaborate standard car and how many errors it would make in the
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process. So the actual amount of effort expended in each plant is
actually much greater than that shown in figures 4.5 and 4.6. In
‘addition, we adjusted for absenteeism, which runs at 25 percent
.in many of these European plants compared with 5 percent or
less in Japan. The hours in our table represent hours actually

orked, not hours on the payroll.
Our findings were eye-opening. The Japanese plant requires

one-half the effort of the American luxury-car plants, half the
_effort of the best European plant, a quarter of the effort of the

verage European plant, and one-sixth the effort of the worst
‘uropean luxury-car producer. At the same time, the Japanese

plant greatly exceeds the quality level of all plants except one in
Burope—and this European plant requires four times the effort
“of the Japanese plant to assemble a comparable product. No

“FIGURE 4.5

‘Luxury Car Assembly Plant Productivity, 1989
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Note:  “Luxury cars” include those produced by the European “specialist producers™—Daimler-

Benz, BMW., Violvo, Saab, Rover, Jaguar, Audi, and Alfa Romeo—and by Cadifiac and Lincoln
in North America. The Japanese luxury category includes the Honda Legend, the Toyola
Cressida, and the Mazda 929, the three most expensive sedans being built by the Japanese
companies for export in 1989. The Toyota Lexus and Nissan Infiniti models were too recent
to include.

- Source: IMVP World Assembly Plant Survey
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FIGURE 4.6 ound that a third of the total effort involved in assembly occurred

n this area. In other words, the German plant was expending
‘more effort to fix the problems it had just created than the

Luxury Car Assembly Plant Quality, 1989

240 apanese plant required to make a nearly perfect car the first
230 [ Best txme
7 O Weighted Average - We politely inquired of these white-smocked workers exactly
3 . B Worst what they were doing. ""We're crafismen, prootf of our company's
z edication to quality,” they replied. These “craftsmen' would
e ™ ave been surprised to learn that they were actually doing the
g work of Henry Ford's fitters in 1905-—adjusting off-standard parts,
E ow ne-tuning parts designed so as to need adjustment, and rectify-
'% 100 ng incorrect previous assembly work so that everything would
z w . work properly in the end.
3 g - Certainly, these workers are highly skilled and the work they
“ . % o is no doubt challenging, since every problem is different.
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- discovered so that they never recur. When employees don't take
his important last step, subsequent assembly work compounds
he initial problem and it's necessary to call for the craftsman to
ut things right.

Our advice to any company practicing “‘craftsmanship” of
~this sort in any manufacturing activity, automotive or otherwise,
s simple and emphatic: Stamp it out, Institute lean production
‘as quickly as possible and eliminate the need for all craftsman-
ship at the source. Otherwise lean competitors will overwhelm
-you in the 1990s.
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Note:  “Luxury cars’ are as defined in Figure 4.5,
Source: IMVP World Assembly Plant Susvey, based an data suppiied by J. 0. Power and Assoclates.

wonder the Western luxury-car producers are terrified by the
arrival of Lexus, Infiniti, Acura, and the Japanese luxury brands
still to come.

In reviewing these data, many readers may wonder if the
difference lies in greater product variety and lower production
scale in Europe. Certainly our mental image of these companies
is that of low-volume craft production. In fact, this is simply not
true, The Eurapean plants, with one exception, produce at the
same volume as the mass-producers we looked at earlier, and in
most cases produce a less complex mix of products than the
Japanese luxury car plant we surveyed.

When we visited the high-quality but low-productivity Euro-
pean plant we just mentioned, we didn’t have to go far to find the
basic problem: a widespread conviction among managers and
workers that they were craftsmen. At the end of the assembly line
was an enormous rework and rectification area where armies of
technicians in white laboratory jackets labored to bring the hin-
ished vehicles up to the company’s fabled guality standard. We

- THE IMYP WORLD ASSEMBLY PLANT SURVEY IN SUMMARY

Figure 4.7 summarizes a number of dimensions of current world-
wide performance of the volume producers at the assembly plant
level in addition to productivity and quality. In particular, it is
triking to note the difference between average Japanese perform-
ance and the average in North America and Europe in terms of
he size of repair area needed, the fraction of workers organized
“into teams, the number of suggestions received (and the lack so
far of suggestion systems in the Japanese transplants), and the
~‘amount of training given new assembly workers.
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FIGURE 4.7 FIGURE 4.8

Summary of Assembly Plant Characteristics, Velume Producers, 1989

\ . Productivity versus Quallly in the Assembly Plani, Volume Producers, 1988
(Averages for Plants in Each Region) '
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Automation:
Welding (% of direct steps) 86.2 85.0 76.2 76.6
Painting (% of direct steps) 54 8 40.7 33.6 38.2
Assembly (% of direct steps) 1.7 1.1 1.2 3.1

Figure 4.8 will show, is that both trends are in evidence and they
cancel each other out. The Japanese domestic and transplant
facilities are all concentrated in the lower left corner of the figure.
For these lean plants, quality really is free. Removing these plants
leaves a pattern in which plants tend to have high quality or high
productivity but not both. For these mass-producers, quality is
‘expensive when it can be achieved at all.

Source: IMVP World Assembly Plant Survey, 1989, and J. B. Power Initial Quality Survey, 1989

One additional and very important finding of the survey bears
note: the relation between productivity and quality. When we first
began the survey and correlated productivity with quality in all
plants, we found almost no relationship. What's more, this did
not change over time. In Figure 4.8, showing the relationship
across the world at the end of 1989, the correlation between
productivity and quality is .15.

This seemed puzzling. We thought it should either be nega-
tively correlated—plants with high quality should require more
effort to achieve this, as Western factory managers had long
thought—or it should be positively correlated—quality should be
“free,” as many writers on Japanese manufacturing had sug-
gested. The answer to the puzzle, as a moment’s examinatjon of

i GETTING TO LEAN

We have periodically reviewed our survey findings with practi-
cally all the world’s motor-vehicle producers, the main sponsors
‘of the IMVP. So the figures we report here don't come as a surprise
to these companies and are now generally accepted as an accurate
summary of the general state of competition at the factory level.
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5 UNNING THE FACTORY

However, determining who stands where in world competi-

iGURE 4.9

%

tion differs from explaining precisely what the also-rans need to
do to catch up. As we have reviewed our data with these compa-
nies, their executives and managers have questioned us on four
points in particular.

First, they ask whether automation is the secret. Our answer
is that it is and it isn't. Figure 4,9 shows the relation between the
fraction of assembly steps that are automated—either by robotics
or more traditional “hard” automation—and the productivity of
plants. There is clearly a downward slope to the right—more
automation means less effort. (Stated another way, higher levels
of automation show a strong negative correlation (—.67) with
higher levels of effort.) We estimate that on average automation
accounts for about one-third of the total difference in productivity *.
between plants.

However, what is truly striking about Figure 4.9 is that at any
level of automation the difference between the most and least -
efficient plant is enormous. For example, the least automated
Japanese domestic plant in the sample (with 34 percent of all
steps accomplished automatically), which is also the most effi-
cient plant in the world, needs half the human effort of one
comparably automated European plant and a third the effort of -
another, Looking farther to the right in Figure 4.9, we can see that
the European plant that is the most automated in the world (with -

Note:

jﬁomation versus Productivity, Volume Producers, 1988
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48 percent of all assembly steps done by automation) requires 70
percent more effort to perform our standard set of assembly tasks .
on our standard car than is needed by the most efficient plant -
with only 34 percent automation.

The obvious question is, how can this be? From our survey
findings and plant tours, we've concluded that high-tech plants™
that are improperly organized end up adding about as many -
indirect technical and service workers as they remove unskilled .
direct workers from manual assembly tasks.

What's more, they have a hard time maintaining high yield
because breakdowns in the complex machinery reduce the frac
tion of the total operating time that a plant is actually producing .
vehicles. From observing advanced robotics technology in many
plants, we've devised the simple axiom that lean organization
must come before high-tech process automation if a company is :
to gain the full benefit.’

The also-rans’ second question is, Does the manufacturability
(ease of assembly) of the product make the difference, rather than

the operation of the factory? Understandably, union leaders have
often asked us this question as well. Donald Ephlin, now retired
from his position as vice-president of the United Auto Workers in
the United States, engaged us in a dialogue on this point through-
out the life of the IMVP.

How much of the competitive gap between good firms and

bad, he wanted to know, lies with the unionized workers in the
plant and how much with engineers and managers far away in the
corporate development offices. His argument has been simple:
“The workers ] represent in American plants are getting the blame
for problems they are helpless to correct.” Ephlin argued that
putting in place organizational improvements—just-in-time in-
ventory, a cord that allowed the worker to stop the line, and so
forth—would make a difference, but that none of those improve-
‘ments could make a plant fully competitive if the product design
‘was defective.
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Answering the manufacturability question defnitively is dif-
ficult, because we would need to perform what auto makers call a’
tear-down analysis on every car being assembled in every plant

we surveyed. Only then could we see how many parts the car has
and how easily they can be assembled. This analysis would be

staggeringly expensive and time-consuming. So we can report

only some interesting but partial evidence that manufacturability
is indeed very important.

One piece of evidence is a survey we conducted in the spring .
of 1990 of the world’s auto makers. We asked them to rank all the -
other auto makers in terms of how manufacturable their products
are at the assembly plant. They were to base their ranking on.

tear-down studies that car companies conduct as part of their
competitive assessment programs. (Strange as it may seem, the
first production models of any new car are unlikely to reach
consumers. Instead, competitors buy them, then immediately tear
them apart for competitive assessment.) The results the manufac-
turers reported are shown in Figure 4.10.

We can't confirm the accuracy of these findings, because we
don’t know how much tear-down analysis companies do or how
well they do it. When we began our assembly-plant survey, we
were amazed to discover that very few car companies conducted
systematic benchmarking studies of their competitors. Neverthe-
less, the companies responding were in close agreement on which
producers design the most manufacturable designs, and the find-
ings correlate nicely with company performance on our produc-
tivity and quality indices. This suggests that manufacturability is
conducive to high performance in the factory.

Further evidence comes from a recent comparison General
Motors made between its new assembly plant at Fairfax, Kansas,
which makes the Pontiac Grand Prix version of its GM-10 model,
and Ford’s assembly plant for its Taurus and Mercury Sable
models near Atlanta. This comparison was based on tearing down
both cars, then using shop manuals to reconstruct the assembly
process.

GM found a large productivity gap between its plant and the
Ford plant—both make cars in the same size class, with similar
levels of optional equipment and selling in the same market
segment. After careful investigation, GM concluded that 41 per-
cent of the productivity gap could be traced to the manufactura-
bility of the two designs, as shown in Figure 4.11. For example,
the Ford car has many fewer parts—ten in its {ront bumper
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IGURE 4.10

 FIGURE 4.11

“Manufacturability of Products in the Assembly Plant,
'Producers Ranked by Other Producers, 1980

Aange of
raduter Average Rank Rankings
oyota 2.2 1-3
anda 39 B

azda 4.8 36
5.3 2-11

Nissan 5.4 4-7

ord 56 2-8

olkswagen 6.4 3-9
itsubishi 6.6 -1
uzuki 8.7 5-11
eneral Motors 10.2 7-13
~Hyundai 11.3 813
~Renauit 12.7 10-15
“Chrysler 13.5 9-17
“BMW 13.8 12-17
“Volvo 13.9 1017
-PSA 144 11-16
“Saab 16.4 13-18
“Daimler-Banz 16.6 14-18
- Jaguar 18.6 17-19

' ‘Note:  These rankings were compiled by summing responses 10 & survey of the ningtesn major

assembler firms. Eight firms retuened the survey in usable form—two American, four
European, one Japanese, and one Korean. The firms werg asked to rank all ningleen firms
“according to how good you think each company is at designing products that are easy for
an assembly plant to build.”

Source; IMVP Manufacturabiiity Survey, 1990

Ford Atlanta Assembly Plant versus GM Fairfax Assembly Plant, 1988

Productivity Difference, Allocated by Cause:

Sourcing 9%

- Processing 2%
.. .Design for Manufacture 41%
_ Factory Practice 48%
100%

Source: General Motors
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compared with 100 in the GM Pontiac—and the Ford parts fit

together more easily. (The other major cause of the productivity.
gap was plant organizational practices of the type we have just:

discussed. The GM study found that the level of automation

which was actually much higher in the GM plant—was not a

factor in explaining the productivity gap.)

Ease of manufacture is not an accident. Rather, it’s one of the
most important results of a lean-design process. We'll look at this:

point more carefully in Chapter 3.
A third question that often crops up when we review our
survey findings with companies is product variety and complexs

ity. The factory manager we encountered in Chapter 3, who.
maintained he could compete with anyone if he could only focus:
his factory on a single standardized product, is typical of many
Western managers. This is certainly an interesting idea and it has:

a simple logic to commend it.

However, in our survey we could find no correlation at all
between the number of models and body styles being run down a.
production line and either productivity or product quality. We:
tried a different approach by comparing what was being built in’

plants around the world in terms of “under-the-skin’’ complexity.
This was a composite measure composed of the number of main

body wire harnesses, exterior paint colors, and engine/transmis-
sion combinations being installed on a production line, plus the:
number of different parts being installed and the number of

different suppliers to an assembly plant. The results were even
less assuring to those thinking that a focused factory is the
solution to their competitive problems: The plants in our survey
with the highest under-the-skin complexity also had the highest
productivity and quality. These of course were the Japanese
plants in Japan.®

LEAN ORGANGZATION AT THE PLANT LEVEL

Those coripany executives, plant managers, and union leaders
accepting our conclusion that automation and manufacturability

are both important to high performance plants, but that gaining:

the full potential of either requires superior plant management,

usually raise a final question that we find most interesting: What -

are the truly important organizational features of a lean plant—
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the specific aspects of plant operations that account for up to halt
‘of the overall performance difference among plants across the

orld? And how can these be intreduced?
:The truly lean plant has two key organizational features: Ir

transfers the maximum number of tasks and responsibilities to those

warkers actually adding value to the car on the line, and it has in

place a system for detecting defects that quickly traces every problem,
‘once discovered, to its ultimate cause.

This, in turn, means teamwork among line workers and a
simple but comprehensive information display system that makes
it possible for everyone in the plant to respond quickly to prob-
ems and to understand the plant’s overall situation. In old-

‘fashioned mass-production plants, managers jealously guard in-

ormation about conditions in the plant, thinking this knowledge

is the key to their power. In a lean plant, such as Takacka, all
‘information—daily production targets, cars produced so far that
‘day, equipment breakdowns, personnel shortages, overtime re-
“quirements, and so forth-—are displayed on andon boards (lighted

electronic displays) that are visible from every work station. Every
time anything goes wrong anywhere in the plant, any employee

;_"who knows how to help runs to lend a hand.

% Soin the end, it is the dynamic work team that emerges as
the heart of the lean factory, Building these efficient teams is not

‘simple. First, workers need to be taught a wide variety of skills—

in fact, all the jobs in their work group so that tasks can be rotated

‘and workers can fill in for each other. Workers then need to
-acquire many additional skills: simple machine repair, quality-
checking, housekeeping, and materials-ordering. Then they need
:encouragement to think actively, indeed proactively, so they can

devise solutions before problems become serious.

Our studies of plants trying to adopt lean production reveal
that workers respond only when there exists some sense of recip-
rocal obligation, a sense that management actually values skilled
workers, will make sacrifices to retain them, and is willing to
delegate responsibility to the team. Merely changing the organi-
zation chart to show “"teams’” and introducing quality circles to

find ways to improve production processes are unlikely to make
‘much difference.

This simple fact was brought home to us by one of our carly

‘studies of Ford and General Motors plants in the United States. In

the Ford plants we found that the basic union-management con-
tract had not been changed since 1938, when Ford was finally



108

forced to sign a job control contract with the UAW. Workers

continued to have narrow job assignments and no formal team -
structure was in place. Yet, as we walked through plant after plant
we observed that teamwork was actually alive and well. Workers
were ignoring the technical details of the contract on a massive

scale in order to cooperate and get the job done.1

By contrast, in a number of General Motors showcase plants
we found a new team contract in place and all the formal appa- -
ratus of lean production. Yet, a few moments’ observation revealed :
that very little teamwork was taking place and that morale on the

plant floor was very low.

How do we account for these seeming contradictions? The -
answer is simple. The workers in the Ford plants had great -
confidence in the operating management, who worked very hard

in the early 1980s to understand the principles of lean production.
They also strongly believed that if all employees worked together
to get the job done in the best way the company could protect

their jobs. At the GM plants, by contrast, we found that workers
had very little confidence that management knew how o manage |

lean production. No wonder, since GM’s focus in the early 1980s
was on devising advanced technology to get rid of the workers.
The GM workers also had a fatalistic sense that many plants were
doomed anyway. In these circumstances, it is hardly surprising

that a commitment to lean production from the top levels of the
corporation and the union had never translated into progress on

the plant floor.

We'll return to the thorny question of how lean production -

can be introduced into existing mass-production factories in
Chapter 9.

IS LEAN PRODUCTION HUMANLY FULFILLING?

As we noted in Chapter 2, Henry Ford's sword was double-edged.
Mass production made mass consumption possible, while it made
factory work barren. Does lean production restore the satisfaction
of work while raising living standards, or is it a sword even more
double-edged than Ford's?

Opinions are certainly divided. Two members of the United
Automobile Workers Union in the United States have recently
argued that lean production is even worse for the worker than
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‘mass production.!! They go so far as to label the lean-production
system instituted at NUMMI in California management by stress,
because managers continually try to identify slack in the system—
unused work time, excess workers, excess inventories—and re-
nove them. Critics argue that this approach makes Modern Tines
Took like a picnic. In Charlie Chaplin's widget factory at least the
orkers didn’t have to think about what they were doing and try
to improve it.

. A second critique of lean production comes in the form of
‘what might be called “neocraftsmanship.” This has been put in
operation in only a few plants in Sweden, but it draws wide
ttention across the world because it appeals to a seemingly
‘unshakable public faith in craftsmanship.

.+ Let's take Volvo's new Udevalla plant in western Sweden as
‘an example. At Udevalla, teams of Volvo workers assemble Volvo's
740 and 760 models on stationary assembly platforms in small
work cells. Each team of ten workers is respounsible for putting
together an entire vehicle from the point it emerges from the
paint oven. Looked at in one way, this system is a return full circle
-to Henry Ford’s assembly hall of 1903, which we and the vest of
‘the world left behind in Chapter 2. The cycle time—the interval
‘before the worker begins to repeat his or her actions—increases
at Udevella to several hours, from about one minute in a mass- or
“lean-production assembly plant. In addition, workers in the as-
sembly team can set their own pace, so long as they complete four
cars each day. They can also rotate jobs within the teams as they
“desire. Automated materials-handling delivers the parts needed
for each car to the work team. Proponents of the Udevalla sys-
tem argue that it can match the efficiency of lean-production
plants while providing a working environment that is much more
humane.

We strongly disagree with both points. We believe that a vital,
but often misunderstood, difference exists between tension and a
continuing challenge and between neocraftsmanship and lean
production.

To take the first point, we agree that a properly organized
lean-production system does indeed remove all slack—that’s why
it's lean. But it also provides workers with the skills they need to
control their work environment and the continuing challenge of
making the work go more smoothly. While the mass-production
plant is often filled with mind-numbing stress, as workers struggle
to assemble unmanufacturable products and have no way to
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improve their working environment, lean production offers a
crealive tension in which workers have many ways to address
challenges. This creative tension involved in solving complex
problems is precisely what has separated manual factory work:

from professional “think” work in the age of mass production.

' To make this system work, of course, management must offer’
its full support to the factory work force and, when the auto
rrfarket slumps, make the sacrifices to ensure job security that has’
historically been offered only to valued profeésionals. It truly is g

system of reciprocal obligation.

WhatAs more, we believe that once lean production principlesf
are fully instituted, companies will be able to move rapidly in”
the 1990s to automate most of the remaining repetitive tasks in:

awto assembly-—and more. Thus by the end of the century we
expect that lean-assembly plants will be populated almost en-
tIr‘er by highly skilled problem solvers whose task will be to
think continually of ways to make the system run more smoothl
and productively. ’

. The great flaw of neocraftsmanship is that it will never reach
this goal, since it aspires to go in the other direction, back toward
an era of handcrafting as an end in itself. ,

We are very skeptical that this form of organization can ever
be as challenging or fulfilling as lean production. Simply bolting
and screwing together a large number of parts in a long cycle
rz}iher than a small number in a short cycle is a very limited
vision of j‘ob enrichment. The real satisfaction presumably comes
n reworking and adjusting every little part so that it fits properly
In the properly organized lean-production system, this activit is;
totally unnecessary. , g

Ifmally, the productivity of the Udevalla system is almost
certain to be uncompetitive even with mass production, much
less lean production. We have not audited Udevalla or K,almar
tffie two Vglvo plants operated on the neocralt model, but som(;
simple arithmetic suggests that if ten workers requi;e 8 hours
sm‘qplAy to assemble four vehicles (not including welding the body
painting i, and gathering necessary materials)—for a total of Z(i
as‘sembly hours per vehicle—Udevalla can hardly hope to compete
;Aglt;l ;);r?) s;:rvey's Ieadliélg lean-production plant, which requires

.3 hours to weld, paint, i 5
o a3 hours & vemde.p and assemble a slightly smaller

Bef(?re leaving this point, we offer one final reason why lean

production is unlikely to prove more oppressive than mass pro-

duction. Simply put, lean production is fragile. Mass production
s designed with buffers everywhere-—extra inventory, extra
pace, extra workers—in order to make it function. Even when
parts don't arrive on time or many workers call in sick or other
workers fail to detect a problem before the product is mass-

produced, the system still runs.

However, to make a lean system with no slack—no safety

net—work at all, it is essential that every worker try very hard.
Simply going through the motions of mass production with one’s
head down and mind elsewhere quickly leads to disaster with

ean production. So if management fails to lead and the work

force feels that no reciprocal obligations are in force, it is quite
predictable that lean production will revert to mass production.
As one lean-production manager remarked during a plant tour:
“Mass production is simply lean production run by the rule book,
~ so that no one takes initiative and responsibility to continually

‘ improve the system.”

This last point raises some profound questions about the

~ spread of lean production across the whole world, a topic that
" occupies our attention in Chapter 9. However, at this point, we
need to follow the logic of lean production from the assembly
* plant back to product development. As we'll see, the nature of the
modern motorcar—a highly complex product with more than

10,000 parts—requires a highly complex design and engineering
systern. And, as in every other aspect of production, the lean
approach to coordinating this system is fundamentally difterent

from that of mass production.
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GM-10: PRODUCT DEVELGPMENT il A SASS-PRODUCTION FIRM

In 1981 General Motors began to plan a replacement for its just
launched front-drive A-cars and its older rear-drive G-cars, the
company’s offerings in the intermediate-size segment of the North
American market. The A-cars—the Chevrolet Celebrity, Pontiac
6000, Oldsmobile Ciera, and Buick Century-—would normally have
remained in production for ten years. However, GM knew that
Fprd was developing a new intermediate-size model for introduc-
tion in 1985, and the Japanese companies were thought to be
planning a much stronger presence in this segment. (Intermediate
is one of the four standard size categories traditionally used to
segment the American car market: subcompact, compact, inter-
mediate, and full size.)

The intermediate-size segment of the market had by then
become GM's volume base, accounting for about one-third of the
company's annual car sales in North America. Senior executives
at GM concluded that they dare wait no longer than 1986 for a
new model. They knew that if they tried to run the usual ten-year
cycle with A bodies while continuing with the older G bodies,
they would fall badly behind Ford and the Japanese. So they set

This chapter is based on the research of Takahiro Fujimoteo, Andrew Graves,
Kentare Nobeoka, and Antany Sherifl.
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.in motion the extraordinarily complex and expensive process of
developing a new car.

~ All large automobile companies——mass production or lean-—
“face the same basic problem in developing a new preduct. A
‘number of functional departments—marketing, power train engi-
‘neering, body engineering, chassis engineering, process engineer-
-ing, and factory operations—must collaborate intensively over an
‘extended period of time to develop the new car successfully. The
«question is how,

 The simplest approach would be to create a totally self-
‘contained project team consisting of the necessary number of
‘planners and engineers. A team manager could orchestrate the
‘efforts of this group over a period of years until the project was
completed.

In fact, no company in the world, mass-producer or lean, does
this. The reasons are simple. Every company has a range of
models, mechanical components, and factories that must be
shared. Model A will share a transmission with Model B and be
built alongside Model C in the same factory. Isolating the trans-
mission engineers and factory managers for Model A in a self-
sufficient team would never work, since their efforts would soon
be at cross-purposes with teams working on models B and C.
Isolating the product planners would never work either, because
their designs might overlap with other new products in the plan-
ning pipeline. Moreover, engineers working in isolation would
soon loose contact with the technical frontier of their specialty, as
it is pushed ahead by research activities in the functional de-
partments. The result: Their designs would not be state-of-the-art.

In consequence, most automotive companies develop some
sort of matrix in which every employee involved in developing a
product reports both to a functional department and to a devel-
opment program. The leadership challenge is managing the ma-
trix to satisfy the needs of both the functional department and the
product-development program.

At General Motors, meeting this challenge has been particu-
larly critical. From the 1930s to the end of the 1950s, the company
turned out five basic models—the Chevrolet, Pontiac, Oldsmobile,
Buick, and Cadillac. The five had separate chassis, bodies, and
engines but shared hundreds, or even thousands, of other parts--
pumps, electrical components, springs, bearings, and glass. So
the development of a new model by any of the car divisions
involved a complex interaction with the other car divisions and
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‘coupe and a four-door sedan, and several requested a station
‘wagon.

: Dorn’s group took this information and consulted with the
. GM Styling Center on the exact external and internal appearance
f.each model. This process begins with rough sketches, proceeds
o detailed models in clay, then advances 1o actual prototypes,
‘hich are shown to representative potential buyers for their
eactions.

+ When all the thousands of decisions on specifications, appear-
sice, and performance had been made, Dorn’s group conveyed
the details to the next group of specialists in what was then
General Motors’ Fisher Body Division and the components-engi-
“neering divisions. There engineers worked out the precise specifi-
cations of every major part and, more important, decided which
-parts could be carried over from the existing A cars and which
could be obtained from other GM products. Parts that could
‘neither be carried over nor shared had to be designed from
- scratch. (This advanced engineering is the most time-consuming
and expensive part of any development program and needs to
“start as soon as possible.)

_ By this point, Robert Dorn was becoming concerned. The GM-
10 program was steadily slipping its five-year timetable, and
"Dorn’s smal} staff seemed powerless to make it go faster. Much of
" the problem stemmed from the fact that Dorn and his group were
.in fact coordinators, rather than managers. In other words, they
“reasoned with people in order to coordinate efforts; they weren't
leaders who gave orders and expected to be obeyed. When they
“urged the engineering departments to go faster, they were met
with promises but little action. Clearly, in this matrix, each
~employee was more concerned with pleasing his or her functional
department boss than the GM-10 program coordinator. For ex-
“ample, if the coordinator pointed out that a feature of the engine
“needed changing so it would run correctly, the team representa-
~tive from power train engineering would stall, knowing that the
-engine was just fine for the cars that accounted for most of GM's
S production volume.

As the program fell further behind, its problems multiplied.
The erosion of the station wagon segment by minivans caused
cancellation of the station wagon version of GM-10, and the
- introduction of the Ford Taurus in 1985 caused GM to redesign
the exterior sheet metal of the GM-10 cars because senior execu-

the components divisions that made the shared parts. This was
the organizational consequence of Alfred Sloan’s determination
to share as many parts as possible to gain economies of scale. ;

After 1959, when GM introduced its first small cars, the
situation became still more complex. By the late 1960s the com-
pany was offering four separate sizes of car in each car division
except Cadillac, where it offered two models. To preserve econo-
mies of scale while doing this, GM began to share a basic model
between its divisions, giving the model sold under each divisional
name a slightly different appearance. So the new intermediate
model introduced in 1968 was served up as a Chevrolet Chevelle,
a Pontiac Tempest, an Olds F-85, and a Buick Skylark. These cars
had different exterior sheet metal and different dashboards and
door trims on the interiors but used exactly the same basic
components, including engines and chassis, under their metal
skins. In other words, everything tucked out of sight was exactly *
the same. To develop these products, the company now had to
coordinate the needs of four marketing divisions as well, each
wanting a ditferent character—sporty, conservative, technologi-
cally advanced, luxurious—in their version to satisfy the expecta-
tions of rraditional buyers of that division's cars.

GM's approach to developing its new model, known inside -
the company as the GM-10, was standard. Senior executives -
designated a program manager to take the lead in coordinating
the functional departments involved in the development process.
Robert Dorn, chief engineer of GM's Pontiac Division, was selected
as the GM-10 manager and given a $7-billion development budget.
He set up an office in GM's Chevrolet Division, recruited a small
personal staff, and went to work. (Since the GM system doesn’t
have an Office of Program Manager, those selected for this role °
are, in effect, nomads and must find a division to take them in.}

His first step was to get the four car divisions to agree on the -
target market of consumers for the car and the product features
these buyers would find most appealing. To get the job done, he
ordered large amounts of survey research among consumers and
an analysis of sales patterns in the market.

Key decisions made during this process included the physical
dimensions of the new cars, their general appearance and per-
formance, the target market and price (around $14,000) and
accompanying target cost, fuel economy (about 24 miles per
gallon), and body styles. All four divisions wanted a two-door
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tives felt they would otherwise be too similar to the Ford products.

Finally, in 1985, Dorn had enough and resigned. He was
replaced by Gary Dickenson, who faced the next major hurdle in
the GM-10 program—moving the completed product design from

Fisher Body and the components-engineering departments over |

to the then General Motors Assembly Division (GMAD), which

was charged with actually manufacturing the cars. GMAD was a -

monolithic organization (now disbanded in a major reorganiza-

tion), with its own internal culture and career path, and Dicken-
son soon became as frustrated as Dorn in trying to move the .
program along within a group that was manufacturing a dozen

other major products. The timetable continued to slip.

As GM-10 was finally ready to reach the market in 1988,
Dickenson was given a new assignment, and a third program
manager, Paul Schmidt, was given the task of overseeing the
faunch. His job was to debug the four advanced-technology assem-
bly plants designated to build GM-10 and coordinate the vast
marketing and promotional apparatus. In addition, he had to deal
with the many running changes in the design of the cars. These
changes were introduced after launch to increase consumer satis-
faction, decrease warranty costs, and streamline factory opera-
tions.

The first GM-10 mode!, the Buick Regal two-door coupe,
reached buyers in the spring of 1988, seven years after the initial
decision to proceed with the project and two years after the
original deadline. The Olds Cutlass Supreme and the Pontiac
Grand Prix two-door models came next early in 1989. The last
model in the range, the Buick Regal four-door sedan, finally
reached dealer showrooms in the summer of 1990, nine years after
the GM-10 program began. Meanwhile, Ford had launched its
Taurus and Sable models as expected at the end of 1985, and
Honda had gone through two generations of its Accord model,
moving it up in size almost to match the physical dimensions of
the GM-10 cars.

Not surprisingly, the GM-10's, although generally agreed to
be competent, have encountered tough competition in the market.
By 1986, GM had decided that the 1.6-million-unit annual produc-
tion goal for the existing A and G bodies was not realistic and had
scaled back production plans for the GM-10's to I million units
annually (and from seven hnal assembly plants to four). The
company wanted to reach this goal by 1990. In fact, 1989 sales
were only at about 60 percent of the planned level, meaning that
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even with continuing sales of some A bodies GM lost 700,000 units
of sales in its largest selling segment during the 1980s.

- What's more, as we saw in the last chapter, the GM-10 cars
are neither easy nor inexpensive to make. Thus what was formerly
one of GM's most profitable areas—the intermediate segment—
no longer pulls its weight. Indeed, the A bodies that GM-10 was 1o
réeplace have proved much more profitable in the late 1980s, and
the company now plans to continue the production of the Olds-
mobile and Buick variants indefinitely.

-~ THE HONDA RCCORD: LEAN PRODUCT DEVELDPMENT

At the beginning of 1986, when the GM-10 program was already
four vears along, Honda began planning its own product for the
intermediate segment, the fourth-generation Accord, to be
launched in the fall of 1989 as a 1990 model. Since its introduction
in 1976, the Accord had been the key to Honda's success in export
markets and had grown steadily from subcompact to intermedi-
ate size to reflect the increasing incomes and family size of its
loyal buyers.

Honda's product development process is quite different from
GM’s. In 1985, Tateomi Miyoshi was appointed Large Project
Leader (LPL)} for the new Accord and given powers far surpassing
any Robert Dorn ever dreamed of. While Honda also uses a
matrix, in which each project member is on loan from a functional
department, Miyoshi was told to borrow appropriate people from
each of the relevant departments and transfer them to the Accord
project for its life. Rather than coordinating, Miyoshi’s task was,
clearly, to manage. He could move the project along rapidly,
because all the necessary resources were under his direct control.
As the Accord plan was finalized, it became clear that the car
would serve different market demands in different parts of the
world. For the U.S. market, both a two-door coupe and a station
wagon would be important, as would a four-door sedan. For the
Japanese market a four-door hardtop would be needed along with
the sedan and the coupe, the latter to be imported from the United
States. Finally, Europe would be served by the sedan from Japan
and the coupe and station wagon from the United States. In
addition, Honda needed slightly different versions of each car for
its separate Honda and Vigor distribution channels in Japan.
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Honda therefore decided to subdivide its development work
into one Japanese team responsible for the basic car (including
the four-door sedan) and two sub-teans, one in the United States

responsible for the coupe and station wagon variants, and one in
Japan responsible for the four-door hardtop. The coupe and sta-
tion wagon were to be produced exclusively in the United States
at Honda's Marysville, Ohio, complex, using production tools
designed and built at Marysville, while the sedan was to be built
in both Japan and the United States, and the hardtop in Japan
only.

Once the product plan was set, the Honda team steamed
ahead at breakneck speed and with no interruptions. While team
members continued to work closely with their functional depart-
ments, for the reasons we just mentioned, Miyoshi and practically
every member of the team continued in their jobs until well after
the new model was launched on schedule in the fall of 1989. They
then returned to their functional departments or were assigned to
a new product-development project, perhaps the next generation
Accord, set for introduction in the fall of 1993.

While a conservative design, the Accord has been a resound-
ing success in the marketplace, particularly in North America. In
fact, since 1989 it has been the largest-selling model in North
America, a position always held during the previous eighty years
by a GM or Ford product.

A SNAPSHOT OF PROBUCT DEVELOPMENT ARCUND THE WORLD

The GM-10 and Accord cases suggest a striking difference between’
the lean- and mass-production approaches to product develop-
ment and the consequences for competitive success. But they are
only two examples, and it would be dangerous to draw firm
conclusions on such limited, if provocative, evidence. Fortunately,
just as we were launching our research in 1986, Professor Kim
Clark at the Harvard Business School was undertaking a world-
wide survey of product-development activities in the motor indus-
try. With the help of Takahiro Fujimoto, a Ph.D. candidate at the
Business School, Clark surveyed practically every auto assembler
in North America, Japan, and Western Europe.! He asked how
many hours of engineering effort were needed and how much time
it had taken to produce their most recent new products. Though
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‘our projects were entirely separate in inspiration, funding, and
conduct, we've benefited from lengthy discussions with the Clark
teamn, and their work complements our global surveys of factory
‘practice and supply-system management.

Clark and his team initially faced the same problem as we

;-did in the assembly plant: How do you ensure an apples-to-apples

omparison? Automobile development projects can vary greatly

‘in the size and complexity of the vehicles, the number of different
“body styles spun off a base model {or “platform,” in car talk), the
‘number of carryover parts from previous models, and the number
‘of shared parts from other models in a producer’s range. As we
‘have noted, carryover and shared parts require rmuch less engi-
‘neering than totally new parts. Since they are already developed,
‘they often need only minor modifications to fit into a new model.

After they made adjustments for these variables, the Clark

‘team's findings were simple and striking. Based on twenty-nine
“clean sheet’" development projects reaching the market between

1983 and 1987, Clark found that a totally new Japanese car

‘required 1.7 million hours of engineering effort on average and

took forty-six months from first design to customer deliverie's.2
{(By “‘clean sheet,” we simply mean that these were cars with
totally new bodies, although some used carryover or sha.red en-
gines.) By contrast, the average U.S. and European projects of
comparable complexity and with the same fraction of carryover
and shared parts took 3 million engineering hours and consumed
sixty months. This, then, is the true magnitude of the performance
difference between lean and mass production: nearly a two-to-one
difference in engineering effort and a saving of one-third in devel-
opment time, .
Perhaps the most remarkable feature of Clark’s survey is his

- finding that lean product-development techniques simultaneously

reduce the effort and time involved in manufacturing. This fact

-turns on its head one of our most common assumptions, one that

is based on seventy years' experience with mass production:
namely, that any project can be speeded up in a crisis but that
doing so greatly increases the cost and amount of effort.

We're all familiar with the refrain: “Sure I can get it ready

~ sooner, but it's going to cost you a fortune!” We suggest that

“faster is dearer” will now join “quality costs morg" (an idea
debunked in Chapter 4) on the junk heap of ideas left over from
the age of mass production.
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the skills needed to make a wonderfully complex manufactured
product, such as the autornobile, come into being.
One might even say that the shusa is the new supercraftsman,
directing a process that now requires far too many skills for any
one person to master. Oddly, while we're used to thinking of
dedicated teamwork as the ultimate sublimation of individuality,
riew products inside the Japanese aulo indusiry are commonly
known by the shusa’s name: “That is Fuji-san's car’ or “Akoika-
san has really stamped his personality on that car’ are phrases
sommonly heard within Japanese companies. Perhaps, after all,
e cannot escape a human need for craftsmen to exist. However,
an era when the skills involved are not s0 much technical as
‘social and organizational-—and far beyond the grasp ol any indi-
vidual—craftsmen must now take the form of the shusa.
Western mass-producers also have development team leaders,
‘as we saw in the GM-10 example. What's the difference between
“the two systems? We believe it lies in the power and career path
“of the team leader. In Western teams, the leader is more properly
‘called a coordinator, whose job it is to convince team members to
‘cooperate. It's a frustrating role, because the leader really has
limited authority, so few team leaders report enjoying it. Indeed,
many company executives view the job as a dead end in which
success leads to little reward and failure is highly visible (as we
“saw in the story about the GM-10 project, which opens this
“chapter).
What's more, the team leader is in an extremely weak position
"“to champion a project within the company. 1t’s commeon in Detroit,
Wolfsburg, and Paris for top management 10 override the team leader
about the specifications and feel of the product-—often repeatedly
during the course of development. That this happens is understand-
able, given senior management’s role of juggling other corporate
needs as market conditions change. However, in the worst case-—and
all too frequently, particularly in the United States—the result is a
product with no personality or distinction that the company must
sell solely on the basis of low price.

THE TECHNIGUES OF LEAN DESIGN

1t's wonderful to know that new products can now be produced
faster with less effort and fewer errors. However, as we've noted
innovations are most useful when they are available to everyone
and, as we have seen, practices at General Motors and the othe
mass-producers lag far behind. What then are the precise tech
niques of lean design that the best auto firms use and how can
they be transferred to existing mass-producers? :

To find the answer we began by looking at Clark’s and Fuji-
moto's work, but then asked Antony Sheriff and Kentaro Nobeoka
of our IMVP staff to conduct additional investigations. Sheriff, a-
former product planner with Chrysler, had become disillusioned
with American approaches to product development when he
joined the IMVP, while Nobeoka was a product planner on leave
from Mazda to pursue a Ph.D. at MIT. Between the two of them
they had a vast knowledge of product development as it looks
from the inside.?

From Clark’s and Fujimoto's work and our own investiga-
tions, we conclude that there are four basic differences in design
methods employed by mass and lean producers. These are differ-
ences in leadership, teamwork, communication, and simultane-
ous development. Taken together, lean techniques in these four
areas make it possible to do a better job faster with less effort.

Leadership

First, let's look at the leadership of a project. The lean producers
invariably employ some variant of the shusa system pioneered by
Toyota (termed the ‘‘large-project leader,” or LPL, system at
Honda). The shusa is simply the boss, the leader of the team
whose job it is to design and engineer a new product and get it
fully into production. In the best Japanese companies the position
of shusa carries great power and is, perhaps, the most coveted in
the company. True, employees may seek the position as a step-
ping-stone to the top. However, for those who truly love to make
things, the job brings extraordinary satisfaction. In fact, it's the
best position in the modern world from which to orchestrate all

Teamwork

The problem here becomes clearer by looking at the second
element of lean design, the tightly knit team. As we saw, in the
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- Japanese firms most committed to the shura system (which Clark
-;and Fujimoto term “heavyweight” team management) needed an
average of only 333 team members, while the Western firms with
ihe weakest teams (mostly in Germany) needed an average of
1,421 staff members during the life of a project. The Japanese use
fewer people partly because efficient organization requires fewer
bodies, but also because there is so little turnover in the Japanese
teamns. Because Western department managers vigw tearm mem-
bers as simply the representatives of their home department in
the development process, they show little concern about fre-
quently recalling staft as other needs for their skills crop up in
their own department. For the team, however, these recalls mean
‘a great loss because much of the essential knowledge of a devel-
‘opment team lies in the shared viewpoints and experiences of
team members over an extended period.

lean-development process, the shusa assembles a small team,
which is then assigned to a development project for its life. These
employees come {rom functional departments of the company—
market assessment, product planning, styling, advanced engineer-
ing, detail engineering (body, engine, transmission, electrical),
production engineering, and factory operations. They retain ties
to their functional department—it's vital that they do so, as we
explained earlier in this chaper—but for the life of the program
they are clearly under the control of the shusa. How they perform
in the team, as judged by the shusa, will control their next
assignment, which will probably be another development team.

By contrast, in most Western companies a development pro-
ject consists of individuals, including the team leader, who are on
short-term loan from a functional department. Moreover, the
project itself is moved from department to department along a
sort of production line, which leads from one end of the company
to the other. That is, the project is actually picked up and moved
from the marketing department to the engineering divisions, and
ihen to the factory operations department during its life, in the
same way that a car moves from the welding to the painting to
the assembly department in the assembly plant. So it is worked
on by totally different people in each area.

The members of the team know that their career success
depends on moving up through their functional specialty—getting
promoted from chief piston engineer to deputy chief engine engi-
neer to chief engine engineer, for example—and they work very
hard in the team to advance the interest of their department. In
other words, being a member of the GM-10 team, say, doesn’t lead
anywhere. The team leader will never see an employee's personnel
records, and the leader’s periormance evaluation won't make
much difference to the employee’s career. Key evaluations will
come from the head of the employee's functional division, who
wants to know, “What did you do for my department?” As a
result, discussing the best way to achieve harmony between the
engine and the body, for example, easily can disintegrate into a
politicized debate between the interests of the engine engineering
department and the body engineering department.

The continuity in the Japanese development teams is reflected
in another of Clark's and Fujimoto’s findings. They discovered
that about 900 engineers are involved in a typical project in an
American or Furopean company oOver its life, while a typical
Japanese team enlists only about 485. What was more, those

Communication

“This point brings us to the third feature of lean design—commu-
“nication. Clark and Fujimoto found that many Western develop-
*ment efforts fail to resolve critical design trade-offs uniil very late
" in the project. One reason is that U.S. team members show great
reluctance to confront conflicts directly. They make vague com-
‘ mitments to a set of design decisions—agreeing, that is, to try to
" do something as long as no reason Crops up not to. In Japan, by
* contrast, team members sign formal pledges to do exactly what
- pveryone has agreed upon as a group. So conflicts about resources
and priorities occur at the beginning rather than at the end of the
process. Another reason is that a design process that is sequential,
going from one department to the next rather than being kept at
team headquarters, makes communication to solve problems very
difficult in any case.

The result is a striking difference in the timing of the effort
devoted to a project. In the best Japanese lean projects, the
numbers of people involved are highest at the very outset. All the
‘relevant specialties are present, and the shusa’s job is to force the
group to confront all the difficult trade-offs they'll have to make
to agree on the project. As development proceeds, the number of
people involved drops as some specialties, such as market assess-
ment and product planning, are no longer needed.
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By contrast, in many mass-production design exercises, the
number of people involved is very small at the outset but grows to a
peak very close to the time of launch, as hundreds or even thousands
of extra bodies are brought in to resolve problems that should have
been cleared up in the beginning. The process is very similar to what
we saw in the assembly plant: The mass-producer keeps the line
moving at all costs but ends up doing massive amounis of rework at
the end, while the lean producer spends more effort up [ront correct-
ing problems before they multiply and ends up with much less total
effort and higher quality in the end.

Simuitaneous Development

The final technique separating lean from mass production in
product development is simultaneous development. To see what
we mean by this term, let’s take the example of die development.’

As we pointed out in Chapter 4, practically every car and light -
truck built in the world today has a body constructed of stamped ;
steel panels. The heavy metal forms, called dies, needed to press
finished body panels out of sheet steel are among the most com-
plex and expensive tools in the industrial world. They are made -
of exotic steel alloys for extreme strength and hardness and must :
be formed to tolerances of microns across continuously curving
surfaces. What's more, the matching faces of the die (the upper
and lower or “male” and “female” elements) must mesh with
absolute precision. Otherwise, the sheet steel will tear or even :
melt to the face of the dies as the two pieces come together under
tons of pressure. -

The mass-production approach to die-making has been sim-
ple: Wait until the product designers give precise specifications
for the stamped part. Then, order an appropriate block of steel in
the die-production department and cut it, using expensive, com-
puter-driven, die-cutting machines. Because cutting proceeds
through many steps involving many machines, this process means
that the dies pile up waiting for the next machine to become
available. Total development time, from the first day that product
designers order a new set of dies until the dies begin stamping
panels for production cars, is about two years.

By contrast, the best lean producers—and they're all Japanese
but no longer only in Japan {Honda is designing and cutting dies
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for its Marysville, Ohio, plant at Marysville)—begin die produc-
‘tion at the same time they start body design. How can they?
‘Because the die designers and the body designers are in direct,

face-to-face contact and probably have worked together in previ-

-ous product-development teams.

The die designers know the approximate size of the new car
nd the approximate number of panels so they go ahead and

srder blocks of die steel. Then they begin to make rough cuts in
“the steel, so it's ready to move to final cutting as soon as the final
‘panel designs are released.

This process, of course, involves a considerable degree of

“anticipation. The die designer must understand the panel-design

process as well as the panel designer does and be able to antici-

pate accurately the panel designer’s final solution. When the die
designer is correct, development time is drastically shortened.
“When the die designer is wrong (an infrequent occurrence), the
company pays a cost penalty. Still, the original schedule can be
“met by giving the catch-up die priority routing through the
~cutting process.

Also, the lean die makers seem to be much better at schedul-

“ing production in the die-cutting shop. Their solution shouid
come as no surprise if you remember the example of Ohno's
stamping shop from Chapter 3: The die cutters have special,
_quick-change cutting tools, allowing one machine to handle many
“different types of cuts, so the dies that are being cut spend much
" less time in queues.

What's the end result of this intense communication between

- ‘panel designers and die makers plus accurate anticipation by the
~ die makers and clever scheduling of flexible cutting machines? Tt

means that the best lean producers in Japan (and in QOhio) can
produce a complete set of production-ready dies for a new car in

~ one year, exactly half the time needed in typical mass-production

die-making.s Not surprisingly, this process requires fewer tools,
lower inventories (since the key element, the expensive die steel,

s in the shop only half as long), and less human effort.

PRODUCTION-DEVELGPMENT BOX SCORE: LEAN VERSUS MASS

* Figure 5.1 sums up all the advantages of lean product develop-

ment in the form of a box score.
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FIGURE 5.1 ion step by step and this takes time. For example, Toyota execu-
ives at the Georgetown, Kentucky, plant say that it will take a
decade for the plant to fully master the Toyota Production System.
To ensure than no one takes short cuts, they've built up the plant’s
production rate very slowly, stopping as necessary to get each

tep right rather than rushmg ahead and going back later to

Product Development Performance by Regional Aute Indusiries, Mid-1980s

Furopean  European-:
Japanese American Volurme  Specialist:
Producers Pratiucers Producers  Producers:

Average Engineering Hours per New

Car {miliions) 1.7 3.1 2.9 34 ework errors not just in the cars but in the entire production
Average Devetopment Time per New orgamzauon

Gar (inmonths) 46.2 60.4 5.3 599 However, once lean production is fully in place in the factory,
Nu%nber of Employees ir Project 465 803 904 's easy to introduce new products developcd by a lean-develop-
Nu:»;g of Body Types per New Car 53 17 97 13 men‘t process. For‘ example, }apgncse pIa.ntar iaking on new n.mdcls
Average Ratio of Shared Parts 18% 359, 08% 30% regain their previous productivity level in four mon i:l"is, whxlﬁe the
Supplier Share of Enginesring 51% 14% 37% 399, Americans need ﬁv.e,.and.a the Et%ropeans .need an entire vear.
Engineeting Change Costs s Share Muclh more striking is the difference in quah‘gy. Japanese lean-

of Total Die Cost 10-20% 30-50% 10-30% “production plants can introduce new lean designs with only a
Ratio of Delayed Products 1ing 1in 2 1in 3 -'small blip in delivered quality, while American and European
Dig Development Time (months) 13.8 25.0 28.0 plants struggle for a year to get quality back to its original level,
Prototype Lead Time {months) 5.2 12.4 10.9 ~which is Iower than that of the Japanese to begin with,
Time from Production Start to First

Sale (months) 1 4 2
Return to Normal Productivity After

New Modet {months) 4 5 12  THE CONSEQUENCES OF LEAN DESIGN IN THE MARKETPLACE
Return to Normai Quality After New

Modei {manths) 1.4 11 12

What do companies that have mastered lean design do to take
advantage of their strength in the marketplace? Obviously, they
will offer a wider variety of products and replace them more
frequently than mass-production competitors. And this is exactly
what has been happening in the auto industry across the world in
the 1980s.

. In Figure 5.2 we summarize the number of models the Japa-
tiese car companies were selling worldwide between 1982 and
1990.¢ We then compare this number with the total worldwide
product offerings by the U.S.-headquartered producers and the
five high-volume BEuropean car companies (PSA, Renault, Fiat,
Rover, and Volkswagen). We provide a separate calculation for
five smaller European specialist firms: BMW, Mercedes, Volvo,
Saab, and Jaguar.

% The trend is striking. The Japanese firms are using their
'advantage in lean production to expand their product range
rapidly, even as they renew existing products every four years.
Between 1982 and 1990 they nearly doubled their product portfo-
lio from forty-seven to eighty-four models.

Source: Kim B. Ciark, Takahiro Fulimoto, and W. Bruce Chew, "'Product Development in the World
Auto Industry,” Brookings Papers on Economic Activity, No. 3, 1987; and Takahiro Fujimoto,
“QOrganizations for £ffective Product Developrment: The Case of the Globat Motor Industry,”:
Ph.D. Thesis, Harvard Business School, 1988, Tables 7.1, 7.4, and 7.8

When we review this box scare, we can see several additional
advantages of lean design. For one, lean design results in a much
higher fraction of projects coming into production on time. In-
deed, five of six Japanese projects reach the market on the time-
table laid out at the beginning of development, while only half of
American projects come in on time. The GM-10 project was worse
than average in its slippage, but hardly unusual.

Another advantage lies in the ability of the lean factory to
absorb new products without paying a productivity penalty. Many
Western analysts have been badly misled by the slow start-up
schedules (“ramp-up rates,” in car talk) of the Japanese trans-
plants in North America and Europe. What they fail to realize is
that these facilities are building up the social process of produc-
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At the same time, the Furopean volume firms were pursuing

Mumber of Models and Average Model Age by Regional
Origin of Producers, 19821940

old-fashioned mass-production strategies as they struggled to
absorb the companies taken over in the 1970s and 1980s. They
reduced their models on offer slightly, from forty-nine to forty-

three, and allowed remaining models to age markedly. Specifi-

1684
_ cally, PSA (Peugeot) rationalized the product offerings of Citroén
o - zgiﬁﬂ%erica and Chrysler Europe while Fiat consolidated the offerings of Alfa
8 - o= fapan Romeo. Recently Volkswagen has absorbed the Spanish producer
& Europe Seat (which previously built Fiat designs under license}, Volvo
N nd Renault have agreed to collaborate on auto-making activities,
g and General Motors has become the senior partner in a joint
z 62 w0 venture involving Saab’s autometive operations. These events
5.1 ® " suggests that one more round of product rationalization may be
§ @ carried through in Burope in the early 1990s.
The Americans by contrast have managed a substantial in-
o w = crease in their product ranges, from thirty-six to fifty-three mod-
2 els, but at a cost, as you can see along the bottom axis of Figure
5.2. The numbers here refer to the average number of years the
o . [ ] i ‘ , ‘average product has been in production. In the case of the Japa-
' 2 s ‘ 5 6 7 8 ‘nese producers, this number is between 1.5 and 2.0 years—about
Product Age (ysars) what one would expect from companies with policies of replacing
every model every four years. For the Americans, by contrast, the
Note: Cforgzigezeir;ngrgugede;nz# tategories _liﬁ'sedmontgne focation of their hegdc:lzusrte(s. Al ‘average age has risen from 2.7 to 4.7 vears, suggesting that the
ot sl 1 o comapy il e e mr 0o e e 1 qerage model is now kept n production for nearly ten sears
Europe are ;“fﬁ]l;dgscéﬂnig: mﬁ";ﬁ:fgcagc cnqr;%. M(i\def{s elj_evelopid ?uéSEjBTIr?e 1{;‘&:8 méijor_ :-rather t}_lan‘ the eight years common in }he pa:"st.‘Theﬁ reason, we
s i e ot o s o i ol s T el blieve, i sianply tha the Americans,with heir ineffciont prod
by Ford and GM Holdzn’s in Australia are not counted. : ‘uct-development processes, are finding they do not have the
The mode! count inclsdes all astomobiles and car-derived, $ront-wheel-drive mini-vans, It ‘money or engineers to expand their product range and renew
;inudes lr'elea.;—\ghgel-dr%ve minijvans,. Sporz{’utﬁiiy.vehicles, and trucks. -;'their products frequently.
A 5 e st s o o A quick look at the North American motor-vehicle maricet, a5
Sabie is counted a5 two models, Two-, targe-, four-, and five-door variants and station shown in Figure 5.3, indicates that the Japanese strategy of the
:aggn \'B¥5it;ﬂst0f th&;&me car are.cgumen‘ as one mfl?dﬂi “1980s is likely to continue in the 1990s. As of the 1991 model year,
s g s 15 b g by S e s ot v 0 the Jepanese companies till ofer no products i the ullsize car,
Products from craft producers, sugh as Ferrart and Aston Martin, and models in production ~van, and pickup truck classes. Similarly, their range of offerings
for more than twenty years, such as the Moryis Mini and Citrogn Deux Cheveux, have been in the European luxury and sport specialty classes is still very
excluded. ‘modest, despite the recent excitement about Lexus, Infiniti, and
Source: Calculated by Anfony Sheriff from product daia in Aufomobile Aeview, Geneva, 1950 ang ‘Acura. Large cars and pickup trucks are the most profitable areas

previous years N . .
of the entire world market. So it would be remarkable if the

“Japanese producers did not move ahead rapidly to complete their
‘product offerings in the larger size classes of cars, trucks, and
“vans, and perhaps to develop new market segments as well.

At the same time, the European volume producers will soon
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 This trend has striking implications for production volumes,
both annually for each model and cumulatively over each model’s
life. Figure 5.4 shows the average annual production volume for
all models produced worldwide by the companies headquartered

FIGURE 5.3

Producer Shares of the American Motor Vehicle Market, 1989

5

MIC= 1t

oo Eutop - 9 in each region. American volume per model has been falling, not
ad Aumrzﬁian apan + 349 only because the aumber of models offered has increased but
Japan ccause the Americans as a group have been losing market share
! and total volume. Nevertheless, the Americans still produce 60
T o4 : percent more units of their average model each year than do the
2 WCe 10 e 2 pr— Japanese. Furopean production per model (among the volume
£ e P roducers) has also been rising, partly due to model consolidation
;S P dzpan+ 81 = 0 nd partly due to the extremely strong European car market. The
‘Europeans are currently also producing 60 percent more copies of

Ao o100%  Turpe s @ Europs -10. ‘the average model each year than the Japanese.
i sapen = 83 Jopar - 283 Figure 5.5 takes the analysis one step further. We have dou-

‘bled average product age (shown in Figure 5.2), then multiplied
y average annual production volume per mode] (shown in Figure

1 LPY c L 5

Vehicle Type {GURE 5.4

Note:  These are market shares and sales volumes for producers headquariered in: Japan, Europe
and North Americe and for producers headguartered in the newly devaioping countrigs;:
principaily Korea. Alt vehicles sold by those producers are inciugded in their share, wherever;
the veficles were procuced. Thus the Japanese share includes vehicles assembled at theis

Annual Production Volume of the Average Model,
* by Regional Producers, 1982-1990

30
North American plants. ’ A
- nerica
HPY = full-size pickup trucks and fuli-size vans —g— E:;i;eai
FS == full-size cars priced below $25,000 U.S. 250 -
V= mini-vans Japansss
| = intermediate-size cars Spacially
LPU = small pickup trucks o 2007
¢ = compact cars E ot
L = luxury cars of any size priced above $25,000 U.S. T8
§ = subcompact cars i .
o
Source: Calculated by the authers from Ward’s Automolive Reports g
&
Y0 g0
complete their product consolidation process, and companies o T " T,
from all three regions are likely to be adding products such as
mini-mini vans in the smaller size classes. The consequence? All
surviving producers will offer a wider product range in the 1990s, 0 T T T e v s e e

but unless the Western mass-producers transform their product- Year

development systems, the Japanese producers will be able to
widen their range much more rapidly and, even as they do so, be
able to keep their existing products fresh by replacing them every
four years. :

“Noter  “"Modeis” are as defined in Figure 5.2. Al production of a given modei worldwide is summead
under the headguarters region. Production for 1990 has been estimated.

.-Soam:e: Calculated by Artony Sheriff from preduction data from PRS
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FIGURE 5. i i
o ncrease in the number of products on offer since the heyday of

mass production in 1955 and the continually declining number of
sales per product. (The years 1955, 1973, and 1986 have been used
because these were years of peak demand in this highly cyclical

Estimated Life-oi-the-Model Production Volume, by Region, 1982-1990

2500

. & American )
#901 —w—  Europsan market. To make the 1989 sales-per-product figures comparable
2000 { Spacialty to the earlier years, we have assumed that 1989 sales were at the

1986 level when they were actually aboui 9 percent lower.)

Japanese

1780

100¢
1955 1973 1986 1949(2)

Production Volume {thousands)

Total
5004 Praducts on Sale (1) o 84 117 142
Saies/Product {000s) 25% 169 136 112

250+

Share of Market Captured by 6 Largest-Selling Products 73 43 25 24

to02 :9‘53 5.&3‘54 :sslss 1;6 !Siﬂ‘i 1988 1989 1930 : American Products: (3}
Year Number on Sale 25 38 47 50
Sales/Product (000s) 309 322 238 215

Nofe:  “"Models’ are as defined in figures 5.2 and 5.4, This figure has been estimated by doubling
the average product age shown in Figure 5.2 and multiplying by annual production volumes
shown in Figure 5.4, Some type of estimation is unavoidable, because most of the models
counied in the figure will continue in nroduction for a number of years,

Source: Calculated by Antony Sherift frem PRS and Automobife Review data

European Products: (3)
Number on Saie 5 2 27 30
Sales/Product (000s) 11 38 2% 18

Japanese Products: (3}

; Number on Sale 0 v M 58
5.4) for the Americans, the European volume producers, the Eur- Sales/Product (000s) 0 55 94 73
opean specialists, and the Japanese. Because the Japanese mod-
Notes:

els—with very few exceptions—remain in production only four
years compared with eight to ten years for the American and
European volume producers, it is not surprising that the Japanese
are producing only one quarter as many copies of each car during
its production life. What is surprising is that the very long model
lives of the European specialist products result in 50 percent more
copies being produced during their lives than of the average
Japanese “mass market” car. Who are the real "specialists” in
today’s world auto industry? )

A final perspective on lean product strategy emerges when we
shift our focus from production volumes worldwide to what has
been happening in a specific market, notably the U.S. car, van,
and truck market. We have already seen in Figure 5.3 that a broad
array of market segments are now served with a surprisingly even
level of sales across segments. Figure 5.6 shows the dramatic

{1y A product is deficed as a vehicle sefiing more than 1,000 units in the U.5. market annually that
shares no exiernal panels with and has & different wheelbase from any other vehicle in a producer’s
Tange. Thus Ford Taurus and Mercury Sable are counted as one product, as are the four GM-10 cars
sold unger the Chevrolet, Pontiac, Qidsmoblle, and Buick badges. Aithough the Ford and GM cars
have entirely ditferent exterfor sheet metal, they share the same wheelbase and a large number of
under-the-skin structural items along with many machanical components. Note that the products
tounted here are nat the same as the models defined and counted in figures 5.2, 5.4 and 5.5.

12) 1955, 1973, and 1986 were chusen because they were years of peak voluee in the highly cystical
‘American motor-vehicle market. Sales in 1989 were down 9 percent compared with 1986, so using
1989 velume wouid not provide a good comparisan of the trend in average sales per product. We
have therefore used 1986 sales volume ta calculate the total sales per product in 1989. Alsa, we have
taken 1989 raarket shares by regional producess, multipiied these by 1986 ovarall sales to gain sales
by regional producer, and then used these figures to calculate average sales per product by region for
1989.

{3} Thase are products buill anywhere in the worid for salg in the U.S. market by firms headquariered
in each region. Thus the Volkswagen Fox model built in Brazil is counted as Eurcpean, and the Ford
Merkur models built in Germany are counted 45 American,

Source: Calcilated by the authors from sales data in Ward’s Automotive Reports, January 8, 1390
(for 1989) and in the Ward’s Autemotive Yearbook (for 1956, 1973, and 1986).
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In fact, the ultimate destination of lean production in terms
of the variety of product offerings is unknown. We have recently:
talked with Japanese auto executives planning continuing and’
major reductions in their target volume for sales of each product:
In the extreme case, although not for several decades, is it possible
that we will return full circle to the world of craft production;.
where each buyer was able to custom order a vehicle suited to his’
or her precise needs? :

This possibility is graphically portrayed in Figure 5.7, which:
shows that at the beginning of the automotive age there was an
extraordinary range of products for sale, with production and:
sales volume for the average car very low, Often, as we saw at,
Panhard et Levassor, each car was a one-of-a-kind custom-built to
ihe wishes of its owner. Under Henry Ford the volume per car
zoomed, to 2 million copies per year for the Model T, vet the exit
of practically all craft producers from the industry meant that
product variety fell from thousands to dozens of offerings. Classic
mass production, under Alfred Sloan, increased product variety
modestly, but the world awaited the arrival of lean production for
a true renaissance in consumer choice. And the end is not yet in
sight.

WHERE LEAN DESIGN GOES NEXT

When we present these findings to Western car companies, senior
executives often say that the Japanese focus on short model cycles
and wider product varjety is interesting, but only as a curiosity,
ot a threat. “They will never be able to sustain this pace, and
consumers will soon grow tired of short cycles and too many
hoices,” said one senior European executive (a position that
nores the success of Japanese firms using similar strategies of
product proliferation with a host of other consumer products—
‘motorcycles, cameras, watches, consurner electronics).

The arrival on the scene of Japanese luxury cars secms even
‘to have strengthened this position. As another executive re-
tnarked: “Buyers of luxury cars don’t want constant model
hanges, since it undermines the resale value. The Japanese will
-have to stop this.”

‘.. We respectfully disagree. We think of lean product develop-
ment as a multifaceted capability, which has fundamentally
hanged the logic of competition in this industry. The producers
1 full command of these techniques can use the same develop-
ment budget to offer a wider range of products or shorter model
“¢cycles—or they can spend the money they save by implementing
~an efficient development process for developing new technologies.
f luxury car buyers resist a short model cycle, the lean producer
¢an concentrate on a wider variety of models. If wider model
variety doesn't attract customers, new technologies may—per-
haps electronic suspension, a body so immune fo rust that it
¢carries a lifetime guarantee, or even a new type of engine. And in
 every case, the shorter development cycle will make lean compa-
nies more responsive to sudden changes in consumer demand.
The choice, and the advantage, will always lie with the lean
producer. This becomes more apparent when we contrast lean-
and mass-production approaches to the development of new tech-
nologies.

FIGURES.T

The Progression of Product Variety and Praduction Voiume in the Auto Indusiry

Mass Production {Ford), 1914

Mass Production {Sloan), 19208

Lean Production, 1970s

Volume Per Product

" INVENTING SOMETHING NEW

Craft Production. 1800

Nurmber of Products on Sale The people involved in the product-development efforts we've just

looked at were engaged in routine problem-solving. They com-
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“to concentrate the scientists and engineers who were working on
advanced preproduction ideas at GM'’s technical center outside
Detroit. There, he [elt, they would be free of the daily distractions
of. commerce and able to focus on the company's long-term needs.
Over the decades, GM built an enormous, very high-quality
staff and made a number of fundamental discoveries. In the mid-
1970s, in fact, GM's technological resources proved vital to the
welfare of the entire world auto industry when its scientists and
engineers—on very short notice—nperfected the exhaust catalyst
technology now used by every car company in the world to
produce automobiles that meet emission standards. GM proved
that when the external environment demanded quick action, it
could, and can, innovate.

“. Unfortunately, in the absence of a crisis—a situation in which
the future of the company was at stake and normal organizational
barriers to the flow of information were suspended—new  ideas
percolated from the research center to the market very slowly. And
when a crisis did occur, the lack of day-to-day contact between the
thinkers in the rescarch center and the implementers in product
“development often meant embarrassing gaffes. In GM's case these
“included the Corvair project in the late 1950s, the Vega project in the
“late 1960s, the X-car project in the late 1970s, and the high-tech
factories for the GM-10 products in the late 1980s. In each case,
innovative ideas for new products and factories foundered when
‘implementation could not live up to the original technical targets.
hese results are in startling contrast with what has happened in the
ast decade in the lean-production companies.

bined existing components and proven engineering principles to
develop new products that were up-to-date and in tune with:
current consumer desires. In other words, they solved problem
without having to engineer anything that was fundamentally new

But what happens when the old solutions no longer work-—
when the external world changes in such a way that existin
components and design principles are no longer adequate to d
the job? And, what does a company do when competition stiffen
and it needs something better than a me-too solution to maintai
its market position?

This is the job for research as opposed to development—the
conscious process of inventing, perfecting, and introducing some-
thing that is new. As we will see, lean producers approach the;
problem in a very different way from mass-producers.

invention in Mass Production

Alfred Sloan was an MIT-trained electrical engineer, so his advice
on technological innovation may surprise us. In his memoirs, My
Years with General Motors, he had this to say on the topic: “. . . it
was not necessary to lead in technical design or run the risk of
untried experiments [provided that] our cars were at least equal
in design to the best of our competitors in a grade.””® '

When he wrote these words, in retirement in the early 1960s
Sloan had come to perceive a special problem with innovation
because of the size and market dominance of GM. By that time
when GM had sewn up hall the North American auto market, any
truly epochal innovation—say, a turbine-powered truck or a ca
with a plastic body—could have bankrupted Ford and Chrysler."
The auto makers’ plight would certainly have attracted the atten-
tion of a U.S. government intent on preventing a monopoly in its:
largest industry. So caution made sense. GM hardly wanted t
innovate its way {o corporate dismemberment.'®

However, the way GM and the other large mass-producers—
including those in Europe-—went about organizing their funda-:
mental research made it highly unlikely that they would come up:
with startling innovations in any case. Unfortunately, they have.
learned this sad fact only very recently.

In thinking about innovation, Sloan carried Henry Ford's:
:deas on Lhe division of labor to their logical extreme. He decided

 fnvention in Lean Production

University-trained mechanical, electrical, and materials engi-
Aeers start their careers in an interesting way al many of the
Japanese lean producers.! They assemble cars. At Honda, for
example, all entry-level engineers spend their first three months
in the company working on the assembly line. They're then
cotated to the marketing department for the next three months.
They spend the next year rotating through the engineering de-
‘partments-—drive train, body, chassis, and process machinery.
Finally, after they have been exposed to the entire range of
‘activities involved in designing and making a car, they are ready
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for an assignment to an engineering specialty, perhaps in the

engine department.

At first, they are likely to be assigned to a new-product
development team. There they will do very routine work, largely
adapting established designs to the precise needs of the new
model. This task, as we saw in the preceding chapter, continues

for up to four years.

After successfully working on a new development project, the’
young engineer is likely to be transferred back to the engine
department to do more fundamental work, perhaps on the design
of a new engine, such as the V6 and V8 units recently introduced.
by the Japanese producers and intended for use in a whole range
of new models. (An engine-development program, like a new-:

model development program, requires three to four years between
initial concept and actual production.)

Once the engineers successfully finish their stint on this
second type of development team, some of the most promising are
selected for additional academic training and then are set to work
on longer-term and more advanced projects. For example, the
engineer might study how to incorporate fiber reinforcements
into highly stressed metal parts, such as the rods connecting the
crankshaft to the pistons. In working on these projects, the engi-
neers consult closely with academic experts on retainer to the
company.

However, even these longer-term development projects have a
very ,speciﬁc objective—to remedy some weakness in the com-
pany’s products identified by the product or major-component
development teams. So they are tied tightly to the needs and
timetable of specific development projects. And, the work is con-
ducted by engineers who thoroughly understand the practicalities
of product development and production. To make sure that the
engineers maintain their sensitivity, Honda, for example, assigns
even its most advanced engineers to spend a month of each year
working in one of the other functional areas of the company-—the
selling divisions, factory operations, supply coordination, and so
forth.

The Japanese lean producers exercise extreme care not to
isolate their advanced technologies from the day-to-day workings
of the company and the incessant demands of the market. Based
on their observations of U.S. and European mass-producers, they
long ago concluded that, to be effective, engineering, even of the

most advanced sort, must be tied into the key market-driven
artivities of the comnanv.
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* LEAN INNOVATION il PRACTICE; LOW-TECH WEAKLINGS TO HIGH-TECH WONDERS

Just how this process can work is nicely illustrated by the evolu-
tion of Japanese engine designs during the 1980s. At the beginning
of the decade, the Japanese companies faced a common problem.

They had assumed that energy prices would continue to climb

-and that consumers would want smaller cars, so they had invested
billions of dollars in the late 1970s in new engine plants for small
four-cylinder engines. Instead, fuel prices fell and consumers were
Jooking for larger cars with more power.

What to do? Engine sizes can be increased slightly using

‘existing production tools by widening the bore of the cylinders
‘and increasing their stroke. However, to go further—by adding
“cylinders or changing the engine’s configuration, from, say, four

cylinders in a line to six in a V arrangement—would be stagger-
ingly expensive, because it would require junking most of the
existing production tools. New billion-dollar engine plants would,

_in turn, drain resources from the product-development teams
straining to rapidly increase the range of Japanese products.

Surely, the lean producers thought, there is a quicker and easier

“solution.

In fact, there was. The product-development teams turned to

_the advanced engineering groups, which suggested introducing

every available technical feature to boost the performance of the
basic four-cylinder engines. These features were conceptually
simple-—fuel injection rather than carburetors, four valves per
cylinder rather than two (to get more fuel in and more exhaust
out on each stroke), balance shafts in the bottom of the engine (o
damp the inherent roughness of four-cylinder designs), turbochar-
gers and superchargers (to get more power from the same size
engine), a second set of overhead cams (1o make valve timing
more precise), and even an additional set of cams for use at higher
engine speeds (to get full power from the engine across a wide
range of operating conditions).

In addition, the engineers worked very hard on what is known
in the industry as refinement—paying attention to the smallest
details of an engine design so that the finished engine runs
smoothly and without complaint at all speeds and in all driving
conditions, imitating the performance of a much larger engine.

Finally, the engineers paid endless attention to manufactura-
bility. Because they were going against one good engineering
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practice—by adding parts and complexity to an already complex:
device—they had to work extra hard at manufacturability so the
complex engines would work properly every time and entail only
the minimum of extra production expense.

As these features were added during the decade of the 1980s
they had an interesting effect on public perceptions—one tha
was perhaps unanticipated. Even as they raised the power of th
same basic engine, in some cases by a factor of two, these innova
tions convinced buyers, particularly in North America, that Japa
nese cars were now ‘high-tech,” that they now had the mos
advanced features. They had grown from “low-tech” weaklings i
1980 to “'high-tech” wonders by 1990 while preserving their man
ufacturers’ basic investment in production facilities for small
engines.

This perception on the part of consumers was enormousl
frustrating to engineers in many of the mass-production compa
nies who knew that all these “innovations” had been around the
motor industry for decades. For example, four valves per cylinder’,
and double overhead camshafts were available on the 1924 Bent--
ley, and superchargers were common on the largest European:
luxury cars in the 1930s. However, they had often been vetoed by
management as too expensive or complex for production use or
restricted to use in a limited range of specialty models.

What's more, when the mass-producers, particularly in the .
United States, tried to copy these “innovations’” on a wide scale, .
the weaknesses of their engineering systems were exposed. In:
many cases it took years to introduce a comparable feature, and
often it was accompanied by drivability problems or high produc-
tion costs. GM, for example, lagged Toyota by four years in:
introducing many of the features we just listed in its Quad Four.
engine; it needed two more years to reach a high level of refine--
ment. Even then, manufacturing bottlenecks meant that this en-.
gine was available in only a narrow range of GM cars using four-
cylinder engines.

particular, it is not surprising that the U.S. Compani'es manage 10
spend more on their research activities, as shown in F}gure :).8,‘
but badly trail the Japanese companies in a key mdlﬁcator of
echnological strength—patenting—as shown in Figure 5.9. (The
patent data are for all patents registered in the United States by
otor-vehicle and supplier firms from the different regions of the
world.)?

What's more, in the last decade the Japanese lean producers
ave consistently outpaced the Americans and even the Europeans
ti bringing these patented innovations to market.

FIGURE 5.8

::Annuai Spending on Motor Vehicle Research and Development,
by Region, 19671988
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LEAN PRODUCTION VERSUS MASS IN RESEARCH AND DEVELOPMENT:
SOME NUMERICAL COMPARISONS

Given the contrasting approaches 1o innovation, it’s not surpris-
ing that the examples we cited are typical and that performance
in the development of new technologies differs systematically. In
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FEIGURE 5.8
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HKofor Yehicle Industry Patenting, 1969-1986
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o far we've talked about innovations that involve the introduc-
jon in production vehicles of ideas already fairly well understood
n the technical level. We've listed a number of advances of this
ype in the 1980s, and many more will be available in the 1990s—-
n particular, the application of electronics to mechanical vehicle
ystems such as vehicle suspension and the availability of mobile
_communications at lower cost in a much wider variety of vehicles.
Jut what about epochal innovations—really big leaps in techno-
ogical know-how such as would be entailed in workable fuel-cell
ower units or all-plastic body structures or saphisticated navi-
ation and congestion-avoidance systems? As we will see, the
990s may prove a time for such innovations. Can lean producers
espond to these much more daunting challenges?

~In fact, the world auto industry has lived during its first
‘century in a benign environment—demand for its products has
“increased continually, even in the most developed countries; space
has been available in most areas to expand road networks greatly;
and the earth’s atmosphere has been able to tolerate ever-growing
use of motor vehicles, with minor technical fixes in the 1970s and
1980s designed to solve smog problems in congested urban areas.
Shortly, the environment for operating motor vehicles may be-
come much more demanding.

. Demand for cars is now close to saturation in North America,
Japan, and the western half of Europe. A small amount of incre-
mental growth will be possible in the 1990s, but by the end of the
century producers in these markets will need to provide consum-
ers with something new if they want to increase their sales volume
{(measured in dollars or marks or yen rather then units). Moreover,
the growth of vehicle use and increasing resistance to road build-
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Jagan: Dodwell Consultants, The Structure of the Japanese Autopa :
o e panese Autoparts Industry, Tokyo: |
North America: Etm Infernational, The Eim Guide fo Autometive Sourcing, 1987-88, East ©.
Lansing, Michigan: Eim International, 1987 ;
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Estimated by the Science Policy Research Unit of the University of Sussex from data supplied
by the United States Dffice of Technology Assessment, Washington, D.C. .

-ing have made the road systems of these regions steadily more
~congested, gradually stripping motor-vehicle use of its pleasure.
New electronic-vehicle technologies that permit vehicles to
_navigate around congestion and even, some day, to drive them-
" selves might solve both problems: Handing driving over to the
computer would permit car companies to charge much more per
car, even if they did not sell more units—and in-vehicle entertain-
“ment systems could be moneymakers as well if drivers were
relieved of the need to watch the road.
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Meanwhile, in the 1990s cars and trucks that are able to
gather information from the roadway about congestion and to
find the fastest route to their destination could make much better
use of limited highway space. Given the size of the potential prize
it’s no surprise that governments and motor-vehicle companies in
North America, Western Europe, and Japan have recently initiated
publicly funded cooperative research programs in each region to
find technical solutions to these problems.”

However, making these technologies a reality is truly daunt—
ing. The computer industry is still a long way from adequate
computing power for autopilots, and the reliability of such sys:
tems would have to be very high. Although motor vehicles under
human control kill more than 100,000 people each year in North
America, Western Europe, and Japan combined, it's hard to imag:
ine that the public would accept a computer-controlled system
that killed a half or even a tenth as many people.

What's more, solutions will have to be sought far beyond the
research labs of individual companies, both because publicly
owned roads will be a key element in the necessary information
systems and because the standards selected may have a major:
bearing on the health of national motor industries. The recent
debate over worldwide standards for high-definition television—
in which governments in each major region have jockeyed to
provide an advantage for their home team—are perhaps a fore
taste of what is to come in the motor-vehicle industry.

A breakthrough in navigation and autopiloting could revital
ize the consumer’s desire to spend discretionary income on motor
vehicles, even in the most saturated markets. However, even more
startling breakthroughs in motor-vehicle technology may be
needed simply to preserve what society has already, if the worst .
predictions about the greenhouse effect are borne out. These focus -
on the potential effects of the rising levels of carbon dioxide
(partly from motor vehicles), methane, and chlorofluorocarbons
(partly from auto air conditioners) in the earth’s atmosphere. :
These emissions may dramatically raise temperatures and alter -
the global climate if they're allowed to continue.

In the worst case, early in the next century we may see a
dramatic rise in sea levels as the Antarctic ice melts, flooding
much of the world’s coastal plains where population is concen-
trated. We may also see rainfall patterns change to convert the
world’s breadbaskets to dustbowls. Even much more modest

changes could threaten the earth’s ability to support its current
population.

Currently, the scientific debate on the greenhouse effect is
extraordinarily confused. Everyone agrees that carbon dioxide,
methane, and chlorofluorocarbon levels are rising, but the precise
consequences of the increase are far from clear. Computer models
incorporating the many feedback loops in the climate system are
the keys to prediction. So far, however, the models are in only
loose agreement and make their predictions only within a broad
range. What's more, the fate of specific regions as climate changes
is even less clear.

On the ether hand, society is now pouring enormous scientific
resources into finding precise answers, probably within the next
few years. We would be surprised if the motor-vehicle industry
does not have to respond in dramatic ways—and its response may
provide the final test of lean approaches to research and develop-
ment. For example, in the extreme case, emissions of carbon
dioxide might have to be eliminated altogether, creating the need
for hydrogen-powered cars, which produce only water as an end
~product of combustion, or even solar-powered vehicles.

So far, the Japanese lean producers have not failed at epochal
innovations of this sort; they simply haven't tried, occupying
themselves instead with a brilliant scavenging process that has
scanned the technological landscape for ideas nearly ready for the
market, as in the case of the high-tech four-cylinder engines of the
1980s. A much more difficult challenge probably lies just ahead.




The modern car is almost unimaginably compli-
cated. As we noted, a typical model is made up
of more than 10,000 parts, each of which must
be designed and made by someone. Organizing
this enormous task is probably the greatest challenge in manufac-
turing a motor vehicle. Yet it is the one least understood and
appreciated by the outside world.

Henry Ford thought he had solved the problem by the time of
World War I: Do it all yourself in your own company. However,
his solution raised as many questions as it answered: How do you
organize and coordinate hundreds of thousands of employees in
hundreds of factories and engineering offices? What do you do
with your machines and factories, all dedicated to making specific
parts for your own products, when demand shifts or the economy
goes sour?

In the 1920s, Alfred Sloan found one answer to these prob-
lems: Do it all in your own company, but set up decentralized
parts-making divisions as independent profit centers—for exam-
ple, Harrison Radiator, Saginaw Steering, AC Spark Plug—to
make specific categories of parts for the whole company. By
treating the divisions as independent businesses, Sloan thought,

This chapter is based primarily on the research of Toshihiro Fujimoto and
Richard Lamming. -
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" he could impose the cost and efficiency discipline of the market
“while preserving the coordination advantages of a unified
scompany.

Sloan had a solution to the problem of the cyclical car market
‘as well: When the market slumps, lay off workers in the supply
“system just as vou lay off workers in the assembly plant.

By the 1950s, the Ford Motor Company under Henry Ford I
had a new idea, which, as it turned out, was actually an old idea.
_Ford put out to bid to completely independent supplier firms
many categories of components formerly supplied from within
he company. The suppliers were given detailed drawings of the
necessary parts and asked for their price per part. The lowest
bidder generally won a one-yvear contract. When the market
“slumped, these suppliers were laid off by means of canceled
~contracts, just like workers. This was, in fact, the world Ford had
eft around 1913; the world of arm’s-length, market-based, short-
“term interactions with independent businesses.

In the 1980s mass-production companies around the world
were using both approaches. GM was the most integrated, with
about 70 percent of the parts in each car and truck supplied by its
in-house parts divisions. Saab, at the opposite extreme, made
only about 25 percent of its parts, always preserving for itself just
those parts most visible to the consumer—the body and the
“rengine.

How much each company actually integrated was a function
of the company’s history and its size. The enormous investment
GM had sunk into its parts operations made it very hard to think
“-about alternatives, while Saab was simply too small to make all
its own parts. (Indeed, a key justification of the Ford purchase of
Jaguar and of the GM joint venture with Saab has been that
- Jaguar and Saab can obtain cheaper parts through the greater
“ bargaining power of a larger producer and can share some com-
“mon parts, such as switches and lights, with Ford and GM,
respectively.) However, neither system—in-house or arm's-
- length—works very well.

: In the mid-1980s, in the twilight of mass production, many
~.companies, including General Motors and Chrysler, experimented
~with reducing the fraction of parts they cobtained from their in-
" house suppliers. This tactic was inspired by a belief that lower
wages in outside supplier companies were the competitive secret
- of the Japanese supply systems.

In our view, this change in direction—now on hold at Chrysler
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nvestment, but even less for those commodity parts, such as
batteries or tires, that most companies in the industry buy from
the same suppliers and that are already in production. So price,
quality, delivery reliability, and contract length become the four
key elements of the assembler-supplier relationship.

. When the suppliers see the drawings, they know from long
experience that they are involved in a complex game, where none
of the real rules are written into the bid tender. They realize that
the assembler’s procurement office is under tremendous pressure
to reduce costs. "'Cost comes first” is the assembler’s byword. So
quoting a low price per part is absolutely essential to a winning
bid. However, the suppliers are also aware that follow-on business
for a new model can often extend for ten years. Then there’s the
market for replacement parts, which may be considerably longer.
So, in reality, they are not bidding on a one-year contract but,
potentially, on a stream of business running for twenty years.

Since this is the case, should they bid below cost? Doing so is
tempting, because the suppliers’ experience also tells them that
once a part is in production, with acceptable quality and delivery
performance, they may be able to go back to the assembler for a
cost adjustment: “We can't get our steel in the net shape we need,
so scrap costs are running above our estimates,” they may say
(meaning, that the only steel blanks they can get are too big, so
they must cut off more to get the size of part they need, a process
that entails extra initial cost and waste), or “Our union is insisting
on work-rules changes that are increasing our costs” or “The new
machine we bought to mold steering wheels cannot provide ade-
quate quality without hand finishing.”

In addition, there exists a long tradition of the annual cost
adjustment for follow-on contracts, designed to allow for general
inflation. The assembler tends to grant these adjustments across
the board without investigating individual circumstances. To look
into each case would simply require too much effort. Of course,
suppliers are almost certain actually to reduce production costs
over time, since, as time goes on, they gain experience in produc-
ing the part. So the annual cost increase in subsequent years may
turn a money-losing initial bid into moneymaking follow-on
business.

Finally, for some parts requiring heavy investments in new
production tools, the assembler may find it extremely costly and
inconvenient to obtain a new supplier once production is in full
swing. Suppliers of these parts may gamble that their ability to

and GM because of resistance by middle management and the:
UAW—-largely misses the point.2 The key to a competitive parts-:
supply system is the way the assembler (for example, Ford or
Renault or Toyota) works with its suppliers (for example, Ford’s:
Automotive Trim Operations or Bendix, Renault’s Transmissions:
Division or Valeo, Toyota's Engine Division or Nippondenso).

Whether the supplier comes from inside the company or ou
makes surprisingly little difference. To see why this is so, let's’
pick up where we left off in Chapter 5 and follow the component
supply process as it has worked (and in many cases still works) i
mass-production car companies. We'll trace the system from th
moment it begins in the design of a new car.

MATURE MASS PROBUCTION: DESIGHING THE PARTS

Remember that the design process in a mass-production company’
proceeds in a sequence, one step at a time. First, the overall
concept for the new model is specified by the assembler’s product
planning team and reviewed by senior management. Then the
product is planned in detail, down to the fraction of an inch (for-
example, the wheelbase and track) and the specific type of mate
rial to be used for each part (for example, steel fenders, plastic.
steering wheel, aluminum engine}. Next, detailed engineering .
drawings are made for each part, specifying the precise materials’
to be used (steel of a given gauge with double galvanized coating:
for the fenders, for example; thermoset plastic with carbon fiber
reinforcement for the steering wheel; specific aluminum alloy fo
the engine black, and so forth). Only at this point are the organi
zations that will actually make the parts called in. These typically
number between 1,000 and 2,500 for the complete car, including:
independent companies and in-house parts divisions. '

When the suppliers—whether in-house or independent—#- -
nally get the call, they are shown the drawings and asked for bids.
For example, they're asked, “What will the cost per steering wheel -
be for 400,000 steering wheels per year?” The mass-production. :
assembler also sets a quality target, so many bad parts per 1,000
as the acceptable upper limit, and a delivery schedule—perhaps:
one or two times a week—with a penalty for failure to deliver on
time or in the right quantity. The term of the contract is generally -
quite short—usually a vear for parts that require new capital
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raise prices will grow over time. This mind-set makes the temp-
tation to “‘buy the business’'—that is, put in a deliberately lower
bid in order to get a foot in the door—almost irresistible.

The mass-production assembler has played this game thou-
sands of times and fully expects the successful bidders to come
back later for price adjustments. Thus it is important for the
assembler’s product designers to have some idea of suppliers'
real costs, so they can accurately estimate price adjustments
downstream,

1t's hard work, though. A key feature of market-based blddmg
is that suppliers share only a single piece of information with the;
assembler: the bid price per part. Otherwise, suppliers jealously
guard information about their operations, even when they are
divisions of the assembler company. By holding back information
on how they plan to make the part and on their internal ethciency;
they believe they are maximizing their ability to hide profits from
the assembler.

Once the assembler designates the winning bidders, the su
pliers set to work making prototype parts. This process is hkely
to uncover many problems, because the traditional mass-pro-
ducer farms out the many parts in a complex component to many.
suppliers who may have no direct contact with each other. For
example, until recently General Motors built practically all its
own seats by ordering about twenty-five parts per seat from as
many suppliers. When the parts were finally put together in the
finished seat, it was not surprising that a piece wouldn't fit or that
two abutting materials would prove incompatible. For example;
they might rattle or squeak in cold weather because of different
expansion coefficients.

Once the supplier tests the parts in components and the
assembler, in turn, tests the components in complete vehicles, the
assembler specifies necessary changes in each part and gives the
sign-off to begin volume production. However, the mass-produc-
tion assemnbler is still not through with the supplier-selection
process.

-costs among suppliers whose operations it only vaguely under-
-stands. The obvious way to do sa is to identify additional suppliers
or each part and give them the final, production-ready drawings
s the basis for making bids. The suppliers who already have been
elected are horrified, of course—which is precisely the idea, The
nitial supplier also feels cheated, because the new bidder will not
ave to bear the cost of fine-tuning the original drawings.

. Of course, the first supplier has also played this particular
ame countless times before and has probably left some room in
ts bid to make adjustments in subsequent years, as the assembler
lays two or even three or four suppliers against each other.
What's more, many of the assembler’s threats to seek an alterna-
ive source may turn out empty, particularly when they are
irected at in-house suppliers.

- Let's take the example of one of GM's in-house suppliers.
We'll imagine that the program manager for a new GM product is
nhappy with the in-house supplier’'s bid—it’s too high and, in
he past, the supplier had quality and delivery problems. How-
ver, no soconer does the manager identify an alternative bidder
utside the company than the in-house supplier goes to corporate
eadquarters and explains that loss of business on this part will
equire an increase in the cost of similar parts already being
upplied for other GM products. Why? Because economies of scale
~will be lost and the in-house supplier will have excess capacity.

' Headquarters, always very respectful of scale-economy and
capacity-utilization justifications in a mass-production firm such
s GM, then has a talk with the program manager. The in-house
‘supplier makes solemn promises to try harder to reduce costs in
-the future while improving quality and delivery reliability—and
gets the business. In this way, the internal market, which suppos-
dly keeps the in-house supply divisions honest, is gradually
diluted. This process explains how GM managed to have both the
world’s highest production volume and the world’s highest costs
~in many of its components supply divisions through much of the
“last decade.

At the end of the selection process, the assembler usually ends
up with a single supplier for the most complex and technologi-
“cally advanced components, such as engine computers. For corm-
smodity parts such as tires, three or four suppliers are often put
“under contract. However, designating the complete roster of sup-
“pliers and beginning volume production is only the end of the
first stage of assembler-supplier collaboration on a new product.

MATURE MASS PROBUCTION: SUPPLYING THE PARTS

At this point, the purchasing department is worrying less about.
getting the vehicle into production and more about how to control
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Immediately after a new model reaches the market a length
process of debugging begins, entailing intense interaction be
tween the assembler and its suppliers. Despite years of testing o
prototypes, the assembler often discovers from initial consume
feedback that something is not right—either a part doesn't wor
at all or buyers complain that it doesn't work well. :

For example, a new model’s brakes work properly but squeak':
when they are cold. The solution? A “running change,” which i
this case involves substituting a new brake-pad material on th
production line at the earliest possible moment. In the 1980s
many Western companies introduced thousands of runnin
changes in the first year or two of a new model’s life. Each of these
may have required renegotiating the supplier contracts—which:
meant cost increases for the assembler.

Another aspect of debugging involves manufacturability. The:
assembly plant may report that workers find it nearly impossible:
to att‘ach a part properly because of its design, or, perhaps, there
are simply too many parts in a given area of the vehicle—ten:
when one should do, say. The only solution may be to redesign the |
part or the entire component, a step assemblers almost never took
before the 1980s—because it’s expensive—but one they have taken :
more frequently in recent years as the demand for quality has
grown along with awareness of the manufacturing cost penalty of’
an improperly designed component over the production life of a
model.

Finally, the supplier may fail to meet quality targets. Remem-
ber that the mass-producer expresses these targets as an accept-
able percentage of bad parts. When the assembler finds fewer than
the acceptable number of bad parts, typically by inspecting parts
as they are delivered to the assembly plant, these are tossed in the
waste bin or sent back for a credit. Only when the number of
defective parts goes above the acceptable level does the assembler
do something dramatic—send the whole shipment back, say, and
refuse payment.

~Even in this case, it's strictly the supplier’s responsibility to
find the problem and correct it. Most suppliers believe strongly
that “what goes on in my factory is my own business.” Assembler
meddling in supplier production problems is distinctly unwel-
come, because it could uncover valuable data on the supplier's |
operations and costs—information that the assembler could use
to bargain down prices for follow-on contracts. :

The supplier-assembler relationship can remain conflicted

wven once a new model is fully debugged. If competition is unex-
ectedly stiff, for example, production may never reach the
planned volume. So costs increase, even as pressure grows to cul
prices. The assembler may be tempted to look for sources at lower
cost—even outside the companies already under contract.?
Suppliers who have just tocled up, and who are, n fact,
selling below cost, mnay then be dumped for a lower bidder. This
step no doubt cuts costs in the short term but reconfirms all
suppliers, including the new winners, in the belief that informa-
on must be guarded from the assembler and that any trust
placed in a long-term relationship is trust misplaced.

As if these hurdles weren't enough, there’s the problem ol
fluctuating volume. As we'll see in Chapter 9, the major auto
‘markets of the mass-producers, particularly in North America,
+tend to be highly cyclical. There may also be rapid shifts in the
ix of products that consumers demand, even when the total
number of cars and trucks sold is stable. The mass-production
_assembler takes the position that these shifts are unpredictable
“and that parts orders may have to be canceled on sudden notice.
_Any oversupply ol parts that may result is the supplier’s problem.
What's more, mass-production suppliers tend to have very large
tocks of both finished parts and parts in process. Suppliers,
therefore, build overstock contingencies into their bids, and, in
he end, the consumer pays for the erratic flow of business.

As should be clear by now, the mature mass-production
supply system is broadly unsatisfactory to everyone concerned.
The suppliers are brought in late in the design process and can do
little to improve the design, which may be hard and expensive to
manufacture. They are under intense cost pressure from a buyer
who does not understand their special problems. As a result,
implausible bids win contracts, followed by adjustments, which
may make the cost per part higher than those of realistic but
losing bidders. This process makes estimating costs accurately
difficult for the assembler. Moreover, the effort to play bidders off
against each other makes them very reluctant to share ideas on
improved production technigues while a part is in production. In
other words, they have no incentive to merge their learning
‘curves.

. At best, the typical mass-production supply system can suc-
_ceed in keeping the suppliers’ profits very low. The assembler’s
‘purchasing department may cite this fact as the primary evidence
‘of its success. However, parts costs—-a very different matter from
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ith continuous input from the suppliers’ engineers, different
areas of the car—suspension, electrical system, lighting, climate
control, seating, steering, and so forth-—are turned over to that
rea’s supplier specialist to engineer in detail. The frst-tier sup-
liers, then, have full responsibility for designing and making
omponent systems that perform to the agreed-upon performance
pecification in the finished car. The supplier’s development team,
ith its own shusa and with the help of resident design engineers
rom the assembler company and the second-tier suppliers, then
onducts detailed development and engineering.

In 1988, for example, Nisshin Kogyo, a leading Japanese
fake manufacturer, had a product-development team of seven
ngineers, two cost analysts, and a liaison person regularly posi-
ioned at Honda's research-and-development center. The team
was working on a daily basis with Honda's development engineers
n the design of a new Honda car”

The nature of the supply arrangements means that the assem-
bler may actually know relatively little about certain parts or
systems. We interviewed the head of one Western supplier who
had recently become the seating supplier to one of the Japanese
transplants in North America. To get started, he had flown to
Tokyo and asked the assembler for a detailed set of engineering
drawings, so he could prepare a bid. However, the assembler
explained that he knew very little about the technical aspects of
seating and certainly had no drawings: “These are entirely the

responsibility of our two traditional suppliers of seating. You will

supplier proﬁts—may remain very high, and quality may prove
both unsatisfactory and resistant to improvement, all because no
one really communicates with anyone else. Surely there is a better
way.

COMPONENTS SUPPLY 1 LEAN PRODUCTION®

There is a better way. Again, we travel to Japan to find it. To see
just how that system works, let’s return to the shusa-led product:
development process we looked at in Chapter 5. At the very outset
of product development, the lean producer selects all the neces-
sary suppliers. The leading Japanese lean producers involve fewer
than 300 suppliers in each project (compared with 1,000 to 2,500
at Western mass-producers).s These suppliers are easy to desig-
nate, because they are typically the companies supplying the
same parts for the producer’s other models and are long-term
members of the assembler’s supplier group. (We'll explain the
nature of these groups shortly.) Significantly, they are not selected
on the basis of bids, but rather on the basis of past relationships
and a proven record of performance.

A third to an eighth as many suppliers are involved, compared:
with a mass-production company, because lean producers assign
a whole component—for example, seats-—to what they call a first
tier supplier. This supplier is in charge of delivering complete
seats to the assembly plant. In consequence, Nissan, for example
has only one seating supplier for its new Infiniti Q45 model, while
GM, in many cases, is still dealing with twenty-five suppliers’
providing the twenty-five needed parts to the seat-building de |
partment of its assembly plants.

The first-tier supplier typically has a team of second-tier.
suppliers—independent companies that are manufacturing spe
cialists. These companies may, in turn, engage helpers in a third.
or even fourth tier of the supply pyramid. These latter companies .
make individual parts according to drawings supplied by the
second-tier firm. (We looked at the historical origins of this system.
in Chapter 3.)

have to ask them,” he said. (In the end, the Western company
formed a joint venture with one of the Japanese suppliers to
supply the North American transplant.)

The lean assembler doesn’t delegate to the supplier the detail
design of certain parts considered vital to the success of the car,
due either to proprietary technology or to the consurner’s percep-
on of the product. Leading examples of parts usually reserved
¢ the assembler’s in-house supply divisions are engines, trans-
issions, major body panels, and, increasingly, the electronic
anagement systems that coordinate the activities of many vehi-
le systems.

. Even when it comes to parts where the assembler is only
posely acquainted with the technology and totally dependent
n a single outside supplier, the lean producer takes care to learn
an enormous amount about the supplier’s production costs and
uality.

The first-tier suppliers to a lean development program assign
staff members—called resident design engineers—to the develop- ::
ment team shortly after the planning process starts and two to
three years prior to production. As product planning is completed,-



‘Mg THE MACHINE THAT CHANGED THE WORLD :"COORDINAT!NG THE SUPPLY CHAIN 149

But what is it about this system that allows an interchange of
such sensitive information to take place? The answer is simple:
The system works only because a rational framework exists for
determmmg costs, price, and profits. This framework makes the
two parties want to work together for mutual benefit, rather than
look upon one another with mutual suspicion. :

Almost all the relationships between supplier and assembler
are conducted within the context of a so-called basic contract:
The contract is, on the one hand, simply an expression of the
assemblers’ and suppliers’ long-term commitment to work to-
gejther. However, it also establishes ground rules for determining'
prices as well as guality assurance, ordering and delivery, propri
etary rights, and materials supply ’ |

. In short, the contract lays the basis for a cooperative relatio
ship, one that is fundamentally different from the relatively ad-
versarial relationships between supplier and assembler in the
West., Similar contracts have also been commonplace between
first- and second-tier suppliers in Japan since the 1960s.

ique called value analysis is used to achieve further cost reduc-

ons. Value analysis, which continues the entire time the part is

géing produced, is, again, a technique for analyzing the costs of

ach production step in detail, so that cost-critical steps can be

dentified and targeted for further work to reduce costs still

irther. These savings may be achieved by incremental improve-

ents, or kaizen, the introduction of new tooling, or the redesign

f:the part.

" Of course, all producers—mass and lean—iry to analyze

osts, but lean production makes it much easier to do this accu-

ately. Where set-up times have been honed always to require

only a few minutes and where production runs are frequent, short,

ind uninterrupted, cost estimators do not have to wait around for
days or weeks to average the performance over several production

runs, They can quickly collect data that is accurate and represen-
ative. Tndeed collecting the data can be left to the machine
aperators themselves. This makes it possible to do a complete cost
analysis several times a year and to monitor progress in cutting
costs accurately?

Obviously, for the lean approach to work, the supplier must
¢hare a substantial part of its proprietary information about costs
and production techniques. The assembler and the supplier go
over every detail of the supplier’s production process, looking for
ways to cul costs and improve quality. In return, the assembler
must respect the supplier’s need to make a reasonable profit.
greements between the assembler and supplier on sharing prol-
its gives suppliers the incentive to improve the production pro-
¢ess. because it guarantees that the supplier keeps all the profits
erived from its own cost-saving innovations and kaizen activities.
. A second feature of lean supply is continually declining prices
ver the life of a model. While mass-producers assume that bid-
ers are actually selling below cost at the outset of a contract and
ill expect to recoup their investment by raising prices year by
ear, lean producers assume—or rather know—that the price for
he first vear's production is a reasonable estimate of the sup-
lier's actual cost plus profit. The assemblers are also well aware
f the learning curve that exists for producing practically any
tem. So they realize that costs should fall in subsequent years,
ven though raw-materials costs and wages increase somewhat.
[mprovements in lean-production companies should, in fact,
come much faster—that is, learning curves should be much
steeper—than in mass-production companies because of kaizen,

LEAN SUPPLY [N PRACTICE

Let's now take a closer loogk at how the supplier-assembler rela-
tionship works in practice.

. At the heart of lean supply lies a different system of establish
ing prices and jointly analyzing costs. First, the lean assembler
establishes a target price for the car or truck and then, with the
suppliers, works backwards, figuring how the vehicle can be made
for this price while allowing a reasonable profit for both the
ansembler and the suppliers. In other words, it is a "market price
minus’ systern rather than a “‘supplier cost plus” system.

To achieve this target cost, both the assembler and the sup
plier use value engineering techniques to break down the costs o
each stage of production, identifying each factor that could lower:
the cost of each part. Once value engineering is completed, th
first-tier supplier designated to design and make each component:
then enters into mutual bargaining with the assembler, not on -:'
the price, but on how to reach the target and still allow a reason
able profit for the supplier. This process is the opposite of the:
mass-production approach to price determination. ';

Once the part is in production, in lean production, a tech
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arts boxes sent from the assembler back to the supplier are the
ignal to make more parts——yet another innovation of lean pro-
iiction is essential: production smoothing. Lean production, as
el consider in more detail in Chapter 9, is characterized by
raordinary flexibility in shifting the mix of products manufac-
ured and doing so on only a few hours’ notice. At the same time,
hersystem 1s extremely sensitive to fluctuations in the total
slume of cars and trucks made. These types of shifts are very
lifficult to accommodate in a system in which employees, because
job guarantees, are a fixed cost.

So Toyota and other practitioners of lean production work
ry-hard at heijunka (production smoothing), in which the total
ame the assembler manufactures is kept as constant as possi-
le: The aggressive selling system we'll look at in the next chapter
argely makes the success of heijunka possible in the Japanese
domestic market, while in export markets the Japanese lean
producers have enjoyed a cost or quality advantage for thirty
years. This has made it possible to cut prices during market
umps in order to keep production volume steady.
. The Japanese have another motive for practicing production
smoothing: They want to ensure a steady volume of business for
é suppliers. That way, the suppliers can utilize employees and
achinery much more effectively than in the West, where they
are dden changes in the volume and mix

forders at very short notice. These unannounced changes by the
ssembler are the cause of Western suppliers holding unnecessary
tocks; they feel they must buffer themselves against sudden
urges in ordering by the assemblers. After all, if you have con-
tantly varying orders from the assembler and also need to make
rompt deliveries, there’s only one solution. You must make
omplete parts in expectation of orders and keep lots of raw
yaterials on hand.

In Japan, assemblers give suppliers advance notice of changes
volume. If the changes are likely to persist, the assembler will
work with the supplier to look for other business. The assembler
vill not, as in the West, suddenly pull such activities in-house so
tcan keep its own staff working. In Japan, there is a commitment
o share the bad times as well as the good. Suppliers are, 10 a
nsiderable extent, considered fixed costs, like the assembler’s

the continuous incremental improvement in the production
process,

The question is, who realizes the savings? Again, throug
mutual discussion and bargaining, the assembler and supplie:i‘
agree on a cost-reduction curve over the four-year life of the
product, with the proviso that any supplier-derived cost saving
beyond those agreed upon will go to the supplier. This is t
principal mechanism in the lean-supply system for encouragin
suppliers to engage in rapid and continuous improvement. '

Here's an example of how the process works. Say the price
a part, such as an instrument cluster, is set at 1,200 yen the firs
vear of production. Say, too, that through the joint efforts of the
assembler and supplier, a cost of 1,100 yen is achieved in the firs
year. In this case, the assembler pays the supplier 1,150 yen the
first year. The assembler and supplier share the profit.

Now, say the supplier, through its own efforts, comes up with
another innovation that further reduces the price in the first yea
to 1,080 yen. The supplier would keep the balance and still rece ;
1,150 ven. The same process would apply in the three subsequen
years.\? -

By agreeing to share the profits from joint activities ar
letting suppliers keep the profits from additional activities the;
under:take, the assembler relinquishes the right to monopolize th
benefits of the supplier’s ideas, benefits Western suppliers woul
be horrified to give up. On the other hand, the Japanese assemble
gains from the increased willingness of its suppliers to corme |
with innovations and cost-saving suggestions and to work colla
boratively. The system replaces a vicious circle of mistrust with
virtuous circle of cooperation. ;

Once the component is designed and production begins, ad
ditional differences appear between mass and lean supply. Fo
one, lean production has few running changes for the simpl
reason that the new car or truck tends to work the way it
supposed to.

Another important difference is the way components ar
delivered to the assembler. It is now almost universally the prac
tice in the best lean-production companies to deliver component
directly to the assembly line, often hourly, certainly several time
a c%ay, with no inspection at all of incoming parts. This procedur
is in keeping with the famous just-in-time system, the inventio employees."”
of Taiichi Ohn_o. . . Of course, even the best components supply system occasion-

To make just-in-time work at all—a system in which empty; ally comes up with a dud, and even for the best lean producers,
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zero defects is a goal rather than a reality. However, a final
important difference between mass and lean supply emerges once
a defect is found. In old-fashioned mass-production systems, the
assembler’s parts checkers at the receiving dock usually spot
components problems. As we saw, when the defects are few, these
parts are simply discarded or returned for a credit. When theya
numerous, the whole shipment may be rejected and returne
Doing so is feasible, because the assembler typically has a week
of more of parts already on hand and can easily continue prodit
tion while waiting for an acceptable shipment. j

The lean producer has a very different attitude. With no
reserve stocks, a faulty shipment could prove catastrophic. In the
worst case, the entire assermnbly plant with its 2,500 workers mig
grind to a halt. Yet, this disaster almost never happens in practice,
despite the fact that parts are not inspected until they are actually
installed on the car or truck, Why not?

For two reasons: The parts supplier knows what faulty parts
can mean and takes pains not to let it happen. As one supplier:
remarked to us, ‘“We work without a safety net, so we can’t afford
to fall off the high wire. We don't.”'? And, in the rare event a
defective part is found, the assembler’s quality-control depa
ment goes rapidly through what Toyota calls the "five why's
Both the supplier and the assembler are determined to trace every
defective part to its ultimate cause and to ensure that a solution
is devised that prevents this error from ever happening again.

The supplier, very likely, will have a resident engineer in the
assembly plant to work on problems. If the engineer can't sort out
what's wrong, the assembler’s engineers take a trip to the sup
plier’s plant. This visit, however, is not an inquisition. Rather, the
trip is more like a bilateral problem-solving mission.

In the world of mass production, the supplier might ﬂatly
forbid these field visits: “My plant is my business!" is a typical
supplier response in the West. By contrast, lean-supply agree-
ments in Japan always provide for plant access by assembler
personnel.”® Let's look at what might happen when they arrive. .

First, they discover that the defective part has been caused by
a machine that cannot hold a proper tolerance. But the machine
isn't the ultimate cause. So the team asks: “Why can't this ma-
chine hold tolerance?”’ The supplier’s personnel report that it's
because the machine operators cannot be adequately trained. The
team members ask, “Why?” The supplier answers that it's be:
cause these employees keep quitting to look for other work, which

eans the operators are always novices. “Why do workers keep
titting?"” team members then ask. The answer: "Because the
vork is monotonous, noisy, and unchallenging.” The ultimate
esolution: to rethink the work process in order to reduce turn-
.over. This, at last, is the ultimate cause—almost always an organ-
ational problem. Once the difficulty is fixed, it's highly unlikely
he problem will recur. In the process of repeatedly working
hrough the five why's and in trying to find process improvements
hat reduce costs and boost profits, lean suppliers learn enormous
mounts about practical paths to better manufacturing.

ANAGING THE RELATIONSHIP

nal feature of lean supply is the supplier associations where
Il the first-tier suppliers to an assembler meet to share new
ndings on better ways to make parts. Toyota, for example, has
tl_jree regional supplier associations: the Kanto Kyohokai, the
okai Kyohokai, and the Kansai Kyohokai—with 62, 136, and 25
rsi-tier suppliers respectively in 1986; Nissan has two, the Sho-
okai and Takarakai—with 58 and 105 suppliers.” Most of the
ther Japanese assemblers have supplier associations as well. In
ddition, many of the larger suppliers also have associations for
heir second-tier suppliers, for example, the Denso Kyorvokukai
it:Nippondenso.

. Most of the main suppliers belong to these associations,
‘hich have been extremely important for disseminating such new
oncepts as statistical process control (SPC) and total quality
ontrol (TQC) in the late 1950s and early 1960s, value analysis
VA) and value engineering (VE) later in the 1960s, and computer-
ed design (CAD) in the 1980s.15

These meetings would never be possible among mass-produc-
ion suppliers. They know that sharing any findings about how to
make parts cheaper with less effort will only ensure that they lose
he next bidding round to their rivals—or that they will win but
nly with such a low bid that they can’t make any money. So the
rocess of improving productlon techniques becomes the job of
he professional engineering societies, such as the SOC}etV of
n_dustr}al Engineers in the United States. The job gets done, but
ry indirectly and slowly.

By contrast, suppliers to a lean producer know that as long as
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they make a good-faith effort to perform as they should, the
assembler will ensure that they make a reasonable return on their
investment. So sharing with other group members means that the
performance of the whole group will improve and every membet
will benefit. In other words, active participation in mutual pro
lem-solving through the supplier group is an act of simple self:
interest.

Before leaving this point, we should clear up an area-
misunderstanding about lean supply—the frequent assumpti
in the West that all parts are “sole-sourced” in a lean-supp
system—that is, every part is supplied by only one supplier. This
is generally true for large complex systems that require massive
investments in tools—transaxles, electronic fuel-injection sy
tems, engine computers, and so forth—but much less so for
simpler parts. ﬁ

Lean assemblers do worry about how hard their supplie
will try, just as Toyota and other assemblers worry about sustai
ing the work pace in the assembly plant. There they stick with th
seemningly antiquated continuous assembly line because it is
highly effective pacing device. To make sure everyone tries har
continually, the assemblers usually divide their parts order be-
tween two or more members of their supplier group.’s The assem
blers don't take this step to drive prices down—remember th:
prices are not determined through bidding but by mutual inve
tigation between the assembler and a predesignated supplie
Rather, they do it to prevent anyone letting down on quality o

res based primarily on the number of defective parts found on
he assembly line, the percentage of on-time deliveries in the
roper quantity and sequence, and performance in reducing costs.
: Suppliers regularly compare their scores with those of their
ompetitors, discuss the findings, and highlight problem areas for
ttention, often with the help of engineers loaned from the assem-
ler. The scoring system is not simply a statistical exercise. It also
sesses the supplier’s attitude and willingness to improve. Only
‘there is no sign of improvement will the supplier, in the end, be
ired. As one assembler purchasing agent remarked in an inter-
rdew: “We will stick with any supplier as long as we think they
re making an earnest effort to improve. It's only when we think
hey have given up that we bring the relationship to an end.”
These then are the elements of lean supply. Rather than
ice—determined by the relative bargaining power of the two
ides—as the main link with outside suppliers and bureaucracy
5. the chief link with in-house supply divisions, the lean as-
sembler substitutes a long-term agreement that establishes a
‘ational framework for analyzing costs, establishing prices, and
haring profits. It is therefore in the interest of all parties con-
stantly to improve their performance by being completely open
with one another, with neither party fearing that the other will
ake advantage of the situation exclusively for its own ends. The
elationship between suppliers and assemblers in Japan is not
ilt primarily on trust, but on the mutual interdependence
enshrined in the agreed-upon rules of the game. However, a stable
delivery reliability. t.of rules doesn't mean that anyone can slack off. Quite the

When a supplier falls short on quality or reliability, th opposite. It keeps everyone striving constantly to improve per-
assembler does not dismiss the company—the normal methodi [ormance.,
the West. Instead, the assembler shifts a fraction of the busines . Because lean producers are so successful in devolving much
from that supplier to its other source for that part lor a give ‘the responsibility for engineering and making parts to sup-
period of time as a penalty. Because costs and profit margins hav érs, they need to do much less themselves than in mass-produc-
been carefully calculated on an assumed standard volume, shif ion companies. Of the total cost of the materials, tools, and
ing part of the volume away can have a devastating effect on th finished parts needed to make a car, the Toyota Motor Company
profitability of the uncooperative supplier. Toyota and other cor tself accounts for only 27 percent. The company produces 4
panies have found that this form of punishment is highly effectiv llion vehicles per vear with only 37,000 employees. General
in keeping everyone on their toes, while sustaining the long-ter Motors, by contrast, adds 70 percent of the value in 8 million
relationship essential to the system. vehicles and needs 850,000 employees worldwide to do it.'7

Lean producers do occasionally fire suppliers, but not capf’ Part of the difference, to be sure, is that Toyota is more
ciously. Suppliers are never kept in the dark about their perform efficient in everything it does. A large part of the difference,
ance. Far from it. In {act, all the Japanese manufacturers maintai wever, is that Toyota and other lean producers do many fewer
relatively simple supplier grading systems. The suppliers receiv things. Clark and Fujimoto found, for example, that Japanese lean
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producers on average do detail-engineering on only 30 percent o
the parts in their cars.'® {Detail-engineering is the process 0
producing detailed drawings of parts that suppliers can then use
to make the parts.) The suppliers engineer the rest. During the
carly 1980s, by contrast, the American mass-producers were pet
forming detailed engineering on 81 percent of their parts. Y
these mass-producers were still dealing with three to eight times
as many outside suppliers as Toyota. In other words, since t
Americans were doing much more of the detail-engineering and
building a larger fraction of the parts they needed within th
company, we would expect that the number of outside supplier:
they would require would be much smaller. Instead, the situation
is just the opposite. Even more striking, they needed a much
larger purchasing staff. In 1987, GM had 6,000 employees in it

arts production. This meant rationalizing their supplier struc-
ure and reducing the number of suppliers.

" This rationalization is well under way, as shown by the
wduction in the number of suppliers by every mass-producer
during the 1980s, from a range of 2,000 to 2,500 at the beginning
6f the decade to between 1,000 and 1,500 at the end.?? The mass-
oducers are trying to cut the number of suppliers to each
sembly plant to between 350 and 500, and have largely reached
is goal, as shown in Figure 6.1.

) . . , . i A
parts purchasing operations while Toyota had only 337.1¢ Avérages for Each Regian Jaj?;aﬁmm J:ﬁ:i??:: ﬁsr?ne;f;; Eurgpe
Supplier Performance: (1)
Die change times {minutes) 7.9 214 1143 1237
E . Lead time for new dies (weeks) 1.1 19.3 345 40.0
REFORMING MASS-PRODUCTION SURPLY SYSTEMS Job classifcations 29 ¥ 85 51
achines per warker 7.4 4.1 2.5 2.7
, . ] ' friventory levels (days) 1.9 4.0 8.1 16.3
We've been talking so far as if the world has two types of suppli No.-of daily JIT deliveries 7.9 1.8 1.6 0.7
systems—mass and lean, General Motors and Toyota. In fact ris defects (per car) (2) 24 na 33 62
mass-production supply systems no longer exist in their pur Suppier Involvement in Design: (3)
form—at General Motors or anywhere else. A decade of intensifiet Engineering carried out by suppliers (% total
competition and the introduction of many new technologies ir < _?nurs) . s (9% 513 ng 1§ 3‘;’,
automobiles have led to major changes in the way Western mass B}la%ilggf g}a‘zi?t{‘s/ﬁa{ s () 62 ﬁa 16 39
producers are treating their suppliers. We now hear a lot of tal sembler designed parts {%) 30 na 81 54
dbou't 'trust and ‘partnership and ’smgie—soqcmg. The change ipplier/Assembler Relations: (4)
aren’t just rhetorical, but they don’t necessarily represent a shif iimber of suppliers per assembiy ptant 170 238 509 442
toward lean supply either. : ventory level (days, for 8 parts) 0.2 1.6 2.9 2.0
To investigate the extent of these ch MV raportion of parts delivered just-in-time (%) 45.0 35.4 14.8 7.9
5 changes, IMVP researche dportion of parts single sourced (%} 121 98.0 69.3 32.8

Richard Lamming visited the largest components suppliers an
the assemblers’ purchasing departments in Europe and North
America.?® To supplement his extensive interviews, we also con
ducted a mail survey of suppliers in North America.2! The find
ings?

Intensified competitive pressures have forced Western assem
blers to lock for further savings in their bills for component
Some assemblers facing a crisis—Chrysler in 1981, for example
simply resorted to across-the-board reductions in the prices the
paid their suppliers. Others, however, tried to drive costs dow
over the long run by more fully exploiting economies of scale in.

pies and sources!

1) From & matched sample of fifty-four supplier plants in Japan (sighteen), America (fen American-
wied and eight Japanese-owned), and Europe {eighteen). T. Nishiguehi, Strategic Duaitsm: An
tarnative in Industrial Societies, Ph.D. Thesis, Nuffieid College, Oxford, 1989, Chapter 7, pages 313
6 347

2) Caloulated from the 1988 J. D. Power Initial Quality Survey.

| From the survey of twenty-nine product development projects by Clark and Fujimoto. K. B. Giark,
Fuimote, and W. B. Chew, 'Product Developmest in the World Auto Industry,” Brookings Fapers
n Economic Activily, No. 3, 1987, page 741; T. Fulimoto, Organizations for Effective Product
Deielopment. The Case of the Global Moior Industry, Ph.D. Thesis, Harvard University, 1989, Table
1.

4) From the IMVP World Assembly Plant Survey, 1990.

(75
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This development occurred at the same time that many as
semblers began to outsource the production of parts that could b
produced more economically by specialist suppliers than by in
house divisions. (“Outsource,” in car-industry jargon, simpl
means buying a part from another company rather than maki
it yourself.) In the early 1980s, for instance, Ford in the Unite
States shut down its in-house wiring-harness assembly operati
and gave this business to twelve outside suppliers. Later in-
decade it reduced the number of suppliers to four.>

Assemblers can reduce the number of suppliers in three wa

First, they can tier suppliers by assigning whole component
to a first-tier supplier—seats, for example—as the Japanese:d
This tack can reduce the number of suppliers from twenty-five t
only one, as we saw earlier. The assembler’s administrative cos
for coordinating supply plummets. :

Second, even without tiering, assemblers can cut the numbe
of suppliers by reducing the parts count in components. In Chap
ter 4, we showed how front-bumper assemblies in a GM ¢a
contained ten times the parts of a similar assembly in a Ford ¢
So GM might also have ten times as many suppliers to its assem
bly plant. Because cars and trucks are becoming more comp
cated, partly because of environmental demands and partly
satisty consumers, there will always be a race between a growin
number of vehicle systems and a declining number of parts p
system. For the moment, however, parts counts are falling faster
with the result that assemblers are reducing the number of sup
pliers. :

Third, assemblers can single-source parts that previously ha
two or three suppliers. They can convert to single-sourcing withi;
a traditional market context by soliciting bids, then giving all1
business to the low bidder. The supplier who gets the entir
business should then have greater economies of scale and, hence
lower prices. Respondents to our mail survey confirmed th
single-sourcing was indeed a trend. On average, between 1983 an
1988, the number of suppliers producing a specific part for eac
American assembler fell from 2 to 1.5 and the number of supplier,
producing the same general type of part for each assembler fel
from 2.3 to 1.9.2¢ (As shown in Figure 6.1, this is in sharp contr
with Japan, where multiple sourcing is the rule.)

The main reason assemblers go to single-sourcing is to ge
longer production runs of a single component and avoid dupli
tion of tooling. There's a down side to single-sourcing as well

vever. It leaves the assembler vulnerable to supply disruptions,
‘happened during recent strikes affecting Ford and Renault in

Although many observers have argued that single-sourcing is
other useful technique Western assemblers can learn from the
panese, we've already seen that this argument is both wrong
d 'beside the point. These same observers assumed that single-
urcing in Japan led to longer-term relationships with suppliers.
Fdct, as we saw, Japanese long-term relationships do not depend
ingle-sourcing but on a contract framework that encourages
peration.

Another change in the Western supply system is the shifting
titude toward quality among assemblers. All the U.S. assem-
ers have instituted a quality grading system for suppliers—not
ston a shipment-by-shipment basis but for all parts supplied
et-a considerable period. Ford started a systematic supplier
ading system, called Q1, in the mid-1980s. Q1 was followed
shortly by the GM Spear program and Chrysler Pentastar. These
complex statistical systems that rank suppliers by the number
defects discovered in the assembly plant, delivery perfor-
ances, progress in implementing quality, improvement pro-
ms in the supplier plant, level of technology, management
titudes, and more. The aim was to bring every supplier gradu-
y:up to higher and higher levels of performance and quality.
hese programs had a major impact in diffusing quality-monitor-
techniques, such as statistical process control (SPC), to sup-
rs.

‘With SPC, tool operators record the dimensions of each
t—or a sample of parts—produced. If they notice these dimen-
onis straying from what they should be, they either make the
cessary adjustments to the machine, or, if it's a more difficult
oblem, such as a machine malfunction, call for help. In theory,
defective part should be produced. Part of the Q1 program
olved going one step further and sharing these SPC charts with
the assembler.

‘Qur mail survey showed that 93 percent of suppliers used
SPCon all their operations in 1988, up from 19 percent in 1983.%
1e.Japanese began improving quality in their suppliers through
same process, though they diffused SPC to their suppliers in
e late 1950s, some thirty years ago. Obviously, mass-producers
have a long way to go. In fact, once suppliers use SPC systems
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for a while to identily when a machine is about to produce
defective parts, find out why, and then take steps to ensure the
problems don’t recur, SPC becomes a routine activity for produc
tion workers, a point many Japanese companies reached in the
mid-1960s. _'
The next step in the path to lean supply, of course, would be
the sharing of detailed information on the cost of each production
step, using value-analysis techniques. Tronically, General Electric
originally developed these techniques in 1947, and they were
enthusiastically adopted by the Japanese in the early 1960s.2 By
1988, however, only 19 percent of U.S. suppliers were providing
this kind of information to their assembler customers. This fact
shouldn't come as a surprise, since no fundamental change oc-
curred in the adversarial power-based relationship between as:
semblers and suppliers.
We have seen some shift toward more frequent deliveries in
the West. In 1983, more than 70 percent of U.S. suppliers delivered
more than a week's supply of parts at once (that is, they delivered
once a week or less frequently). Today, this number has fallen to
20 percent.?” This percentage compares with 16 percent of Jap
nese suppliers delivering weekly as far back as 1982 .2® That year
52 percent of Japanese suppliers were delivering daily and &
further 31 percent hourly. In the United States, only 10 percent of
suppliers were delivering daily or hourly combined by 1988. :
The American improvement in delivery schedules, though, is
not a move toward lean supply. Rather, it is an attempt to cut the
amount of inventory in the assembler's plant; the supplier, in-
stead, keeps the inventories. So the change doesn’t represent.a
philosophical shift but simply an attempt by assemblers to shift
costs to their suppliers.
Moreover, it is one thing to deliver smaller lots of parts more
frequently to the assembler, but quite another to produce these
parts in smaller lots, as a lean supplier would do. In fact, 55
percent of U.S. suppliers produced more than a week's supply of
a part at one time before changing the tools to make another part;
hardly any change from 60 percent five years earlier.?®
Many suppliers in the survey still express skepticism about
the just-in-time concept. That they do is, perhaps, not surprising
given the way the concept has been used by assemblers thus far;
The suppliers, with some justice, see just-in-time as a way of:
shifting the burden of inventories onte them. Part of the problem
is that, initially, just-in-time was thought of as frequent deliveries

“{o the assembly plant. However, as we saw in Chapter 4, just-in-
ime comes into its own only when it is applied to production.
The discipline imposed in the plant by manufacturing small lots
$one of the key steps to greater efficiency and quality in lean
sroduction.
- As another sign that conditions aren’t changing radically, our
ma:l survey revealed no evidence to suggest that U.S. suppliers
hought U.S. assemblers any more trustworthy than they did five
years ago—although we did see some moves toward longer-term
contracts. The average contract length rose from 1.2 years to 2.3
years, and the proportion of suppliers with contracts of three
years oI ImMore rosc from 14 percent to 40 percent.® At the same
time, suppliers reported that the assemblers had given them little
assistance in reducing costs and adopting new techniques—a
finding that supports our impression that those relationships are
as distant as ever.
Tt is true that supplier engineering, combined with [ong-term
contracts (three to five years instead of a year or less), higher
quality standards, more frequent deliveries, and single-sourcing
of many components characterize a new North American supply
system of the early 1990s. Don’t be fooled by these developments,
however, into thinking that Western suppliers have been moving
toward lean supply. They have not. While many of the changes
resemble what Japanese lean supply looks like from the West,
arly all have been driven by cost pressures and existing mass-
production logic: single-sourcing for achieving economies of scale,
just-in-time for shifting the burden of inventories, and more.
Indeed, without a fundamental shift away from a power-based
bargaining relationship, it is almost impossible to move toward
léan supply. If the assemblers don't establish a new set of ground
rules for joint cost analysis, price determination, and profit shar-
ing, the suppliers will continue to play by the old rules.
. Confronted with this power-based relationship, the suppliers’
main objective is to shift any advantages to their side. Their chief
way of doing so has been to introduce new technologies and bring
ogether discrete components into systems. Without detailed
alue analysis, the assembler is unable to do more than guess the
price of a complex component or to play off one supplier againsi
the other.

The incorporation of many new technologies into the aulo-
obile, such as antilock brakes, electronic engine-management
systems, and plastic body parts, is giving some suppliers a greater
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he United States. Those U.S. suppliers who have managed to
tire contracts with the transplants have an excellent opportu-
y to learn everything from lean manufacturing and preduct
elopment to lean supplier relationships. And it can be done.
When, for example, GM's Packard Electric Division began to
ply the GM-Toyota joint-venture NUMMI plant in California,
nitial shipments of wiring harnesses were judged competitive
price but not on quality .32 After discussing the situation with
UMMI, Packard stationed a resident engineer at NUMMI full-
me, so that quality problems could be attacked immediately. Tt
) 'sought technical assistance (in the form of three industrial
ineers loaned for six months) from Sumitomo Wiring Systems,
of Toyota's traditional suppliers of wiring harnesses. The
itomo engineers helped Packard install the full Tovota Pro-
tion System in its plant at Juarez, Mexico, dedicated to supply-
NUMMI. The results of Packard’s continuous efforts to learn:
fter eighteen months it advanced from the bottom to the top in
UMMTI's supplier rating.

‘But there is still ample potential for misunderstanding the
fferences in supplier philosophies, as the following example
ustrates:3?

‘A U.S. supplier of a complex part won business from NUMMI
nd steadily improved its defect rate and delivery reliability to
ear perfection. Then, it put in for a large price increase, a move
t seemed reasonable by Western standards, since it had proved
capabilities. However, to NUMMI's Toyota-trained purchasing
f, the request seemed a blatant example of bad faith. In the
ota system, suppliers should never commit themselves to de-
Vering at unrealistic prices but must be prepared instead to
er their price continually over the life of the model. This kind
misunderstanding illustrates the difference in approach be-
een mass and lean supplier relations that has vet to be bridged.

role in designing not only discrete parts but whole systems
also bringing many new suppliers—giants such as Motorola;:
mens, and General Electric Plastics—into the industry for the f
time. The more complex the technology, the less it fits the.:_::gdl
tional mass-production supply systems where the assembler
the upper hand. Companies supplying technologically adva
or complex components have an opportunity to add more valu
or, in other words, improve their bargaining power vis-a-vi
assemblers. For many suppliers, this has been the prime mou
tor for moving to more advanced technologies. :

SUPPLIER PERFORMANCE

While all these changes in the relationship between suppliers 4
assemblers have been occurring in the United States, what
been happening to supplier manufacturing performance? How'!
is the gap between U.S., European, and Japanese supplier_s_
answer this question, Toshihiro Nishiguchi conducted a survey
fifty-four matched components plants in Japan, Europe,
North America.® The results, as summarized in Figure 6.1, sh
that manufacturing performance among Western compon
companies has been no better than that of the assembler
other words, the performance gap we found when we compa
assembly plants is mirrored in the supplier industry.
In terms of component quality, the United States was withi
shouting distance of the Japanese—with 33 component defe
per 100 cars compared with 24 for the Japanese. The Europ
at 62 defects per 100 cars, still lagged far behind. On all othe
measures, however, such as the time it took to change too]
dies, the level of inventories, the number of job classifications
plants, the degree of multi-skill working, and delivery frequen
Nishiguchi found a significant gap between parts makers i
United States and Europe and those in Japan (see Figure 6.‘1);
most cases, the gap was larger than in assembly—a fact'{
indicates that the components industry is some way behind
assemblers in adopting lean manufacturing.
However, all is not lost, as there are now at least 145 Japan
components suppliers located in North America, and many m
U.S. suppliers are beginning to supply the Japanese transpla_n_t

WESTERN EUROPE AS A HALFWAY STATION

he supplier system changes in North America, it is coming to
semble not so much the supplier system in Japan as in Western
rope. Although the mass-production assemblers in Western
Europe, as we saw in Chapter 4, are now the world's most ortho-
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dox followers of Henry Ford in their own factories, the European
supply system has always differed from mass-production method
and has been somewhat closer to lean supply 2 :

That’s partly because European assemblers have always bee;
smaller and more numerous. Six companies divide the mas:
market with shares of 10 to 15 percent of total production, whik
a half-dozen specialist companies split the rest of the market
These are shown in Figure 6.2 for the 1989 sales year. '

These smaller assemblers never had the scale or the funds it
contemplate doing everything themselves, as Henry Ford di
initially and GM very nearly did for fifty years. What's more, ther
have always existed a number of strong European suppliers—le
by the German firm Bosch, but including GKN (universal joints
and SKF (bearings}—with a clear technical lead in certain com
ponent areas. So the tradition in Europe has always been for th
large suppliers to be more talented. Rather than working
drawings, many have engineered complete components for th
assemblers. Clark and Fujimoto found, for example, that whil
the U.S. assemblers were detail-engineering 81 percent of thei
parts and the Japanese assemblers were detail-engineering onl
30 percent, the European assemblers were detail-engineering 3
percent.® The size of the leading European suppliers is shown b

the fact that the European components market is the largest in
the world and the top twenty companies account for one-third of
the total sales of components to the assemblers. In the slightly
smaller U.S. market, by contrast, the top thirty companies ac-
count for a third of total component sales.

An additional feature of the European supplier industry that
makes it more similar to lean than to mass supply is the grouping
of suppliers around their home-country assemblers, both physi-
cally and in terms of long-term relationships. The French assem-
biers, for example, have historically drawn on French suppliers,
neentrated in the Paris area, with whom they have worked for
decades.

- What has been distinctly unlean about the European supply
system is the large number of suppliers to each assembler—
between 1,000 and 2,000. These large numbers indicate that Jean
tiering has not been the pattern, and the European mass-market
assemblers are now working very hard to reduce the complexity
of their supply systems by designating suppliers for whole com-
ponents. This development is occurring just as Europe itself is
moving from a set ol national motor-vehicle production systems
o a truly regional system, so the leve! of structural reorganization
under way, even in the absence of pressure from lean producers,
is substantial.

We are seeing a move toward tiering in Europe. Renault, for
example, is designating the components of the car into 150 “fam-

FIGURE 6.2

Autemetive Markel Shares in Western Europe, 1989

Sales FIGURE 6.3

Producst Marfet Share { %} Volume {million o
Volkswagen (Audi, Seat) 15.0 2.0 tstimated Number of Components Suppliers in
Fiat {Lancia, Alfa Romeo) 14.8 1.991 North America and Western Europe
Peugeat {Citraén) 12.7 1.704 :
Ford 11.6 1.562 - Major Kinor
General Mators North America 1,000 4,000

{Opel, Vauxhall) 11.0 1.488 West Germany 450 = 000
Renauit 10.4 1.392 - France _ 400 11500
g’lercedes Benz 3% ﬁ; United Kingdom 300 1,500
B 8 gL Htaly 250 1,000
Volvo 2.0 266 Spain 50 500
i e
TOTAL 100.0 13.478 peow : 0

Source: Richard Lamming, '‘Causes and Effects of Structural Changs in the Furopean Autamotive

Source: Financial Times, January 22, 1990 Gomponents industry,” IMVP Working Paper, 1989, p. 13.
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United States, many European suppliers have foreseen what is to
come in Furope and what must be done to close. the gap. More-
over, through joint ventures with Japanese suppliers and experi-
ence in supplying parts to incoming Japanese assemblers, the
;'European suppliers could, in fact, lead the assemblers toward
lean production in Europe.

ilies” of component types, Peugeot into 257, and Fiat into 2503
For each of these families, the companies are looking for eith
two or three suppliers who can deliver the complete system. Or
they are attempting to bring together the suppliers of the individ:
ual parts within a system and have them cooperate in delivering
a completed system to the assembly plant. This is a variant o
tiering and could reduce the amount of paperwork involved in
specifying the component by 50 percent. One French supplier
estimates that this grouping together of suppliers can reduce as
many as hfteen into one.

In the last few vears, suppliers have begun to take the initia:
tive toward restructuring the industry on a European basis. A
number of suppliers have taken over companies in another coun-
try to create truly European companies supplying customers
across Europe. Examples include the takeover of Jaeger and Solex
in France and Lucas’s electrical businesses by Magneti Marelli o
Italy, and the many acquisitions by the Valeo group of France. A
number of suppliers have built new plants elsewhere in Europe
Bosch and other German companies have, for instance, set up
plants in the U.K. to get away from the very high costs of produc:
ing in Germany and to sell to the Japanese transplant assembly
operations. :

Because of the greater strength of many European compo
nents suppliers, particularly in Germany, we do not expect as
many Japanese suppliers will come to Europe as have come to
North America.’” Of those who have come, only 40 percent have
established wholly owned operations, compared with 64 percen
in North America. The declared strategy of many Japanese sup:
pliers is instead to enter into joint ventures with European sup
pliers. Japanese assemblers have also said that they anticipate
that they'll have an easier time finding locally owned suppliers in
Europe than they did in North America. That’s because the Japa
nese think that the existing European suppliers are much bette
than the existing ones in the United States and Canada, so they
feel they can work with the Europeans.

However strong the European components industry may be
it still faces much restructuring over the next decade. As we saw
earlier, it lags as far behind the Japanese as the European assem
blers do in terms of manufacturing performance and quality
Close relationships with the European assemblers may well un
dergo strain, as the assemblers struggle to close the gap with th
incoming Japanese assemblers. Through their operations in the .

“THE REMAINING HURDLES TO LEAN SUPPLY

he Western mass-producers are now well on their way to crea}ing
new post-mass-production supply system, which consists of the
ollowing features:

« Larger and more talented first-tier suppliers who wi-ll engi-
neer whole components for the assemblers: They will sup-
ply these components at more frequent intervals under
longer-term contracts.

o« Much higher quality standards.

s Much lower costs.

..+ Unfortunately, as we saw earlier, the reforms made to da‘te
have involved pushing the traditional mass-supply system to its
imits under pressure, rather than fundamentally chgngmg the way
he system works. Progress toward lean supply remains blocked by
the unwillingness of Western assemblers to give up tbe power-
based bargaining they have relied on for so long. In our interviews
with Western assemblers and suppliers we found strong evidence
that evervone knows the words of the new song but few can hold
the tune. _ o

The fundamental problems are inherent in the system’s In-
centive structure and logic. Many Westerners still believe -that the
relationship between assemblers 4nd suppliers in Japan is based
on partnership and trust alone. If only we could re-create t}}ese
qualities in the West, these people say, we would make big istrldes
toward catching up with them in efficiency. In fact, we find no
evidence that Japanese suppliers love their assembler customers
any more than suppliers do in the West. _

Instead, they operate in a completely different framewor}c
that channels the efforts of both parties toward mutually benef-
cial ends with a minimum of wasted effort. By abandoning power-
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based ba.rg:aining and substituting an agreed-upon rational struc
ture for jointly analyzing costs, determining prices, and sharin
profits, a_dversarial relationships give way to cooprerative onesg
Ceoperatlon does not mean a cozy relaxed atmosphere—far frorﬁ
it. As we saw, Japanese suppliers face constant pressure to im:
prove their performance, both through constant comparison witfl
other suppliers and contracts based on falling costs. However,
they also have much greater discretion than in the West, witﬁ
gxl—nzztf;:,spormb}hty for designing and engineering their owﬁ_
At the end of Chapter 4, we made the jimportant distinction
between t}m mind-numbing tension of mass-production work and
the creative challenge of constant improvement in lean produc-
tion. Very much the same contrast exists in the supplier systems:
In mass production, suppliers are constantly frustrated as the.
try to guess the assembler’s next move. In lean production su)z
pliers don't constantly have to look over their shoulders In;tealcji-
th.ey can get on with the job of improving their own Ope;‘ationsm:
with the knowledge that they will be fairly rewarded for doing so
How can the Western post-mass-production supply system.
move toward true lean supply? We suspect that the key means
will be the creation of lean-supply systems in the West by the
Japanese producers, a topic we'll return to in Chapter 9. The
Japanese move will force the Western assemblers and theh: -
pliers to go the final mile. o

We've now walked through the steps in the mo-
tor-vehicle production process—the factory, re-
search and product development, and compo-
_ nents supply. In each of these areas, we found a
large gap between the methods and results of mass production
- and those of lean production. The last stop in our journey takes
~ us to the real reason for these production efforts: the consumer.
~ We take a look at how the production system knows what the
~ customer wants and how he or she goes about buying and main-

taining an automobile. We also examine how the manufacturer
goes about delivering the car to the customer.

Why didn’t we begin our odyssey with the link between the
customer and the production system? This might seem the logical
place to start in understanding any market-driven manufacturing
process. Here's the reason: Throughout this volume, we've exam-
ined each step of the production process by beginning with the
perspective of mass production. And, as we've shown in earlier
chapters, the success of mass production has been so geared to
the needs of the manufacturing and design processes that the
customer has tended to come last. So that’s the sequence we've

followed as well.

This chapter is based on the research of Daniel Jones, Jan Helling, and Koichi
Shimokana.
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he industry was already dominated by the Big Three auto mak-
ers, which had established their own dealer chains, a situation
+that wouldn’t change for at least another decade. Theoretically,
he Supreme Court decision might have helped tiny companies,
uch as Nash and Studebaker, to survive. But these were on their
ay out anyway, so the decision had no real impact on them
ither. However, once imports began to arrive on the scene in the
ate 1950s, many of the smaller and weaker dealers began to
dual’’——that is, to add a second or third line of cars from a
oreign assembler in an attempt Lo beef up their business.

" For new competitors in the U.S. market, such as Volkswagen
nd Renault, the ability to pick up existing dealers quickly and
nexpensively paved the way for rapid growth in market share.
For example, in only two years-—from 1957 to 1939—the import
share of the U.S. car market jumped from 2 to 10 percent, a rate
of increase that would have been (and still is) quite impossible in
Furope and Japan, as we'll see shortly.

. There have been other changes in U.S. car dealerships over
the decades. As the investment in equipment necessaly Lo service
cars increased, the number of car dealers gradually dropped.
From 45 500 in 1947, the number fell to 30,800 in 1970, and to
25,100 in 1989.' 1t will probably drop to less than 20,000 during
the 1990s.2 As the car market grew and the numbers of dealers
fell, the number of cars sold per dealer increased from 70 in 1947
to 393 in 1989 (580 if light trucks are included)}, as shown in
Figure 7.1 Recently, the Japanese and Korean producers have
been cautious about expanding their dealer networks and have
instead pushed up the number of cars sold per dealer to record
levels, as shown in Figure 7 1. Also, in the past few years a number
of “megadealers” have emerged to challenge traditional single-
‘site dealerships. These entrepreneurs maintain forty or more
putlets and, in many cases, sell a dozen or more brands.

In other ways, however, the dealership system has hardly
‘changed at all since Henry Ford’s day. Overwhelmingly, dealers
~are still small, individually owned businesses. Some 11,700 of
- them, or 47 percent, are still single-site operations. In many cascs,
they still pay cash up front for cars and still complain about the
- assemblers forcing them to take cars they don’t want. Inventories
~are still large—averaging sixty-six days' stock on hand over the
last decade,* just above the sixty days that industry considers the
optimum level, where plenty of cars are on hand to provide
variety for the walk-in buyer but carrying costs are not excessive.

THE MASS-PRODUCER AND THE CUSTOMER

Her}ry Ford knew how to deal with the customer. He let the deale
do it. Apci, he knew how to handle the dealer as well: Keep him
small, isolated, and under a binding contract to sell only Ford
products. final]y, have the dealer buy cars from the facgj in
advance of sales, in proportion to his or her geographic sales gea'
Thz}t way, the dealer would have a stock of products on hand t
satisfy the walk-in customer. o 1'('}
In practice, this last feature of the system had enormou
advaptages for Ford; it provided a buffer of finished units to
cushion fluctuations in sales volumes. What's more, Ford d
manded full payment from his dealers at the shippiné dock bs
bought his parts and raw materials on consignment. So he could
run t'he business with no cash invested in inventory.-ﬂe was paid
by his customers (the dealer, of course, not the ultimate con
sum-er) before his bills for materials came due. If dealers balked
?;u's efforts to fo;ce cars on them in advance, as they someiimi:
id in economic down i i E
did in econon fmnChis’:xrns, Ford fired his ultimate weapon: H
Perl?aps this system was for the best in Ford's day. He offere
only a single product, so custom orders were beside thé point. Th
consumer might as well buy from inventory. Besides, most bL; er:
had the mechanical skills to do their own répairs and’ if n::cess}zla
;(;uid grciel;i par;s directly from the factory. They ha'd‘ little neég-”'
we do today, for a i i it
it y n attentive dealer (or mechanic) to keep their
But Forc_i’s system set a bad precedent. It clearly signaled that
the production needs of the factory came first; the dealer and the.'é
customer were expected to make any necessary accommodations |
As product offerings became more varied under Alfred Sloan an(i-"
cars became steadily more complex mechanically, Ford's a :
proach to customer relations became less and less sat,isfactory P
The system changed very slowly, however. In the late 194‘05
the U.S. Supreme Court took away the right of assemblers t(;
enforce exclusive selling clauses in their dealer franchises. These |
S{lfﬂflses ghave the factory the right to cancel the franchise‘of any
‘ ;{2111 Srdlvai(e)rasgiepnlﬁ}pted to sell a competitor’s products through the
The demise of exclusive dealing meant nothing at the time
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FIGURE 7.1

Gar Sales per Dealer in the United Stafes

FProducer 1956 1965 1978

Generat Motors 183 351 464 249
Ford 189 318 389 259
Chrysler 104 213 239 114
Honda 396 693
Tqyo%a 423 578
Nissan 393 477
Hyundai 1369
Volkswagen 753 18
Yolvo 120 257

Source: Compiled from Automotive News Market Data Book, various years

In some ways, the dealership system has even moved back-
ward since Ford’s day. Every assembler maintains an enormous
marketing division for each of its sales divisions (for example,
Chevrolet, Mercury, Dodge) with a main office near headquarters
and regional offices to oversee dealers in each geographic area.
The marketing division and the dealers typically have strained
relationships, because the division sees its job as making sure
that the dealers sell enough of the cars the factory must make to
maintain steady production. The sales division’s key activity is to
juggle incentives for both consumers and dealers so all the cars
are sold.

To achieve this goal, the marketing division may tie dealers’
orders for popular cars to their acceptance of unpopular cars—a
highly effective but extremely unpopular method of meshing
supply with demand. For example, we recently visited a divisional
headquarters at a U.S. company. Headquarters was facing the
problem of how to sell 10,000 already built cars that no dealer
wanted. The company had built the automobiles based on its
forecasts of market demand rather than on actual orders from
dealers or consumers. The market had changed, however, and no
one wanted the cars.

One possible solution was the one we just discussed: to tie
orders from the dealers for more popular models to the slow
sellers. So to get five popular models, each dealer had to accept
one unwanted model. Another was to offer a factory rebate on the
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unwanted models. This option was much more acceptable to the
dealers but considerably more expensive for the company.

To make matters worse, coordination between the sales divi-
sion and product planners in the big mass-production companies
is poor. While the product planners conduct endless focus groups
and clinics at the beginning of the product-development process
to gauge consumer reaction to their proposed new meodels, they
haven't found a way to incorporate continuous feedback from the
sales division and the dealers. In fact, the dealers have almost no
link with the sales and marketing divisions, which are responsible
for moving the metal. The dealer’s skills lie in persuasion and
negotiation, not in feeding back information to the product
planners.

It's sobering to remember that no one employed by a car
company has to buy a car from a dealer (they buy in-house
through the company instead, or even receive a free car as part of
their compensation package). Thus, they have no direct link to
cither the buying experience or the customer. Moreover, a dealer
has little incentive to share any information on customers with
the manufacturer. The dealer’s attitude is, what happens in my
showroom is my business. {In this respect, the relationship be-
tween dealer and manufacturer resembles the one between com-
ponents supplier and assembler.)

As it happened, we visited one divisional manager in Detroit
on the day he was first shown the production-ready version of a
major new model. The manager told us that the car he saw was
entirely different in character and consumer appeal from the
prototype he had agreed to sell two years earlier. Since then, the
sales division had had little contact with the product-develop-
ment team, which made many changes to the vehicle in order to
make it easier to manufacture. As far as the sales manager was
concerned, however, these changes jeopardized the sales appeal of
the car in the market, and now il was too late to make any
adjustments. In the end, the divisional manager’'s judgment
proved right—the product has been a disaster.

In fact, the assemblers’ sales divisions have grown into enor-
mous bureaucracies that cannot effectively communicate market
demand back to product planners. Moreover, they antagonize the
dealers, with whom they should have a collaborative relationship.

What's more, the bazaar tradition of car selling—where the
customer and the dealer try to cutwit each other on price—is still
firmly in place at dealerships, even though more and more buyers
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The European and Japanese exporters to the Un.iied Staﬁes
have never accepted special orders, because of the fhstances' in—
olved in supply. Rather, they concentrated on adding a va;‘\l;tix,f
f.options as standard equipment on the cars they e‘xpoft: " ity}.
he growth of import franchises over the years, consumcljs a;(-ci
many more choices. In 1958, for example, U.S.? consumers coEu
buy twenty-one different makes of car from ten different manulac-

rers; in 1989 they could buy 167 different modeis sold unde\r
thirty-seven different makes from twenty-five different producers‘.
So the North American consumer now has an enormous anc;r
srowing variety of products to buy off Fhe dealer’s lot. Ir:;{owevez., i
vehicle isn't already available that fits the customer's require-
ments, he or she may find it difficult to special order one.

report in surveys that they thoroughly dislike it. And that mean
the flow of information between customer and dealer is restricté

Salespeople, that is, aren’t really interested in the customer,
needs or desires. They want to close the deal as soon as possibl
and will present only selected bits of information about th
product to achieve that end. Once the deal is signed, the salespel
son has no further interest in the customer. The entire selling an
nhegotiating system is based on giving the customer as little rea
information as possible—the same principle on which the rela
tionship between dealers and manufacturers is based.

The result? As the factory and engineering shop have becom
more efficient under the pressure of lean competitors, the after
the-factory component of the car business—a component tha
includes not just dealing costs (manufacturer’s advertising an
promotions, shipping, stalf and overheads, and more) but also th
dealer’s advertising and warranty work—has accounted for
larger and larger fraction of the total cost the consumer pays
Most analysts currently estimate that 15 percent of the buyer’
total cost is incurred after the factory gate, when the new car i
turned over to the assembler’s selling division before being sen
on to the dealer.

As post-factory costs have risen to a larger percent of tota
costs, the assemblers have understandably begun to focus mor
attention on pushing these costs down. However, studies of retail
ing more generally show that auto distribution costs in North
America and Europe are already considerably lower, as a fraction
of total cost, than for many products, including food. In fact, wha
the distribution system already offers is low cost, but with an
even lower level of service.s :

We can see other elements of Henry Ford’s dealership Systens
still firmly in place today. In the 1980s, the elimination of special
ordering became a favorite method for mass-producers to try to
improve efficiency in their factories and supply chains. With
special ordering, a customer would go to a dealer and specify a
car with a particular set of options. The car would be built once
the order was placed. Custom ordering a new car was once an
annual or biannual ritual for many Americans and Canadians but
is now much less common. As the retiring general manager of a
sales division at a Big Three company recently told us with some
satisfaction, “If T've accomplished nothing else in my years here,
I have succeeded in stamping out special orders!” '

“The Customer in Eurape

The European distribution system has, in many ways, closely

resembled the American, except in many respects it's thirty vears

behind. Tn Western Europe, there are not only more fiealers thgn

in the United States, but in many countries there is still a two-tier

‘dealer structure, something that disappeared fro)m the Umtgd

:."States in the 1930s. That is, in addition to Europe’s 36,200 main

ealers, there are also 42,500 subdealers.¢ Mpst of these are smgli

repair shops selling new cars that are Suppilied through the ma‘n‘l

‘dealer acting as a wholesaler. Compared with the United States,
‘where each dealer sells, on average, 393 cars a year, the average
‘main dealer in Western Europe sells only about 280 cars a year,
‘and, if we count the subdealers, only 128.cars a year e.ach. (Datel
comparing sales per dealershig ;n) the United States with Europe
| n are given in Figure 7.2,

..a?gti?;ae's systgem also has the additional complication of anoth}eli
Jayer between the manufacturer and the dealer, namely,f t L
‘pational import company, which performs many of 1he‘ unc-
tions—such as overseeing dealers—of the regional sales ofﬁce in
he United States. However, in many cases these companies are
‘tiot owned by the manufacturer. For example,.\folyo cars are sqici
“in the U.K. through Volvo Concessionaires, which is owned §?y the
Lex Group—a company that also owns many car dealers in the

-United Kingdom.
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FIGURE 7.2 . .
ost European countries, you don't have to look much farther for

he answer than the fine print in the contracts of European
anchises. In most cases, the franchises prohibit the selling of

Car Saies per Dealer, by Region, 1984

Hain Main & Sub- Dealers of

_ Dealer Dealors Dot s Dealars nother brand on the same site—making it difficult for the Japa-

United States 355 na fmparts ese to find dealers. Moreover, the Japanese have been constrained

396 225 . ’

Europe: ' y quotas in many European markets, so the volume they can
United Kingdom 321 233 359 148" ffer is not always enough to tempt a larger, established dealer
K\éﬁf Germany ;89 119 192 59 o switch franchises to them, although this situation is now
France 3%2 1;3 220 84. hanging. )

Japan 295 58 Bﬂf So far, again with the exception of ﬂ_ﬁe U.K., there has not

na 222 na een a shakeout of the weaker dealers in Western Europe. Most of

he subdealers still sell cars made by the local preducers. As
ompetitive pressure leads to a rationalization of the dealer net-
vork, many of these dealers are the first to go. This happened in
he U.K. in the 1970s, as Rover cut its dealers from 6,800 in 1968
“down to 1,900 in 1982 in response to its falling share of the
market.* This move proved a golden opportunity for the importers
‘who were just entering the U.K. market to snap up these dealers
nd create their own network. We can expect to see a similar
ationalization of the dealer networks in France, Germany, and
taly, as the European car market becomes more integrated, and
ompetitive pressures from the Japanese mount. So far, however,
the Japanese have faced the very expensive task of starting distri-
- bution channels from scratch.

A major question for the newly unified Europe will come in
995, when the current exemption of car dealers from restrictive
selling laws comes up for review. In the case of almost every other
onsumer product, the European Community requires a factory
o permit its franchisees to sell competing brands. In 1995, the
Community must decide whether to follow U.5. or Japanese or
raditional European practice in organizing its distribution net-
work for cars. As we've seen, this is as much a trade issue as one
of competition policy, because the ability of dealers to “dual” will
almost certainly ease the importers’ path.

In addition to a more complex structure, the European sys-
tem exhibits the same inefficiencies as the American. European
dealers’ finished-unit inventories are similar to those in North
America. Moreover, the fraction of total costs that the consumer
incurs after the factory gate is about the same in Europe as in
North America.

 One feature of the distribution system has developed ditfer-
“ently in Europe. This is the sale of executive, luxury, and high-

Note:  The United States and Japan do not hay
_ 85 ar e sub-feaiers. Thare
Japan in 1984, “Main & Sub-Dealers” is the average of both.

Source: ?)!;{I;rggg}(atiaunnglk“zf;g Fuit(ure of Car Dealerships in Curope,” 1986; Automotive New Mariei
. . chimokawa, “The Study of Automotive Sales, Distributi ici
Systems and Its Further Revolution,” IMVP Warking Paper, May 1’98;“?{5;{.'0“ and Senie

were virtually no imports ini;

Moreover, in the last decade, the number of main and sub-
dgalers has actually increased in most of Western Europe. And;
with the opening up of the French, Spanish, Ttalian, and i’ortu-,
guese markets to the Japanese during the 1990s, thé number of
dealers could increase even further—even though some of the new
dealers in Japanese cars in those countries will
sold other existing makes.

The only exception to this trend in Europe is t it
Kingdom, where the number of dealers has stfadiiy c};:o;gzciiﬁd
frong ‘12,000 in 1968 to 8,144 in 1988.7 In some respects the car-
retall}ng structure in the United Kingdom has gone even further
than in the United States toward the megadealer, with the growth
of I?ﬂrge publicly owned dealer groups owning many dealerships
selhgg a variety of makes on separate sites. The Ia;"gest of these
Pubhc]y owned dealer groups, such as Lex, are now expanding |
mtolthe United States and into continental Europe. ¢

t is not only the structure of the distribution system i
Europe that differs from i : he logal
oot tters fro that of the United States. The legal

The European assemblers have never legally lost their right
to enforce exclusive dealership clauses in their franchises, so
n@rket access for mew imports has always been much rr;ore
difficult than in the United States. If you've ever wondered why
Japanese cars were for years sold out of garages on back streets in

have previously

—
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omestic market and the manner in which the pieces of their
stem fit together point toward the lean distribution system of
future, a system hardly imagined in the West.

To see lean distribution for what it should be, we can’t begin
om a narrow cosi-cutting perspective, the normal Western ap-
voach, in which factors such as the number of sales made by
ach salesperson per month are the way to measure success.
her, we must view it-as an essential component of the entire
an production system.

“Let’s begin by visiting a typical car dealer in almost any
estern country. The premises consist, effectively, of a large
king lot on which sits a vast array of new cars gathering grime
nd running up interest costs. The sales personnel, who work on
ndividual commissions, live on a fixed proportion of every sale
lus a small base wage. Most are professional sellers, not product
pecialists. That is, they've received their training in sales tech-
iques, particularly in how to drive an effective bargain, rather
han in the special features of what they're selling. So it really
Gesn’t matter if they're selling shoes, computers, encyclopedias,
I cars.

We've visited showrooms for years as part of our IMVP work
nd are continually amazed at just how little salespeople do know
bout their products: The salesman who defended the merits of
ear-wheel drive in the front-wheel-drive car he showed us; the
aleswoman who argued for the fuel economy of the four-cylinder
ngine in the V6 model on display; the salesman who volunteered
hat shoes, his previous product specialty, were a lot easier to sell
han the cars he had been selling for the past two weeks—-these
ire only a few examples of salespeople’s glaring lack of product
mowledge, a problem that is particularly acute in North America.
The turnover of sales personnel in Europe is much lower, and
hey seem to know more about the specific products they are
elling.)

While it may still be possible to special order some makes of
ar in North America, the sales staff pushes the customer very
hard to take a car already on the lot, perhaps by offering a better
discount. Once a deal is struck, after some intense haggling, the
customer, now the buyer, is turned over to the financial staff to
arrange payments, then to the service staff to arrange delivery.
The service department is in charge of taking care of any subse-
guent problems.

* Three months after the sale, the buyer usually receives a

performance sports cars. As part of a deliberate strategy of see
ing to differentiate these cars from those offered by the volum
producers, some specialist producers instituted a much higher
ievel of service to the customer. For example, Volvo, together with
1t§ U.K.. importer, Volvo Concessionaires (owned by Lex Services
pioneered a lifetime service contract and other forms of enhance
care, |
. This approach was rapidly copied by other European special
ists and has been applied in their dealerships in North America
For example, part of the successful sales recovery of Jaguar'i
North America in the carly 19805 was through enhanced custome
care, which overcame consumer concerns about the reliability:o

sites built to standard designs and on staff training.

European specialist producers have also continued and eves
encouraged custom ordering of cars. In the German domesti
market, for example, Mercedes offers no option packages; rather
all options are “free standing” and installed at the faé:tory 1
customer order. (The inability of the factory to do this easily o
accurately is, in fact, one of the causes of low productivity in th
European specialist plants we visited in Chapter 4.) '

However, in other respects the basic dealer structure has
remalr}ed the same, even in these luxury dealerships. It is taken
as a given that a high level of service entails high distribution
costs and that this can only be justified on luxury makes with
high gross margins. Cheaper cars can logically only be sold

through dealers offering the minimum of assistance to the con.
Sumer. '

THE LEAN PROBUCER AND THE CONSUMER

Is there an alternative, lean approach to selling and servicing
cars, an approach that completes the lean-production system?
We think there is, at least in logic, and a number 01:" its
elerpents can be seen in Japan today. The Japanese system is not
an ideal model of a lean distribution system for a number of
reasons and, in fact, as we'll see shortly, it is changing. However,
the way the Japanese producers think about distribution in theili
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sale through the channel are being developed, statf members from
the channel are on loan to development teams. These channel
tepresentatives are in a position to make an invaluable contribu-
on to product development, for reasons we'll examine in a
oment.

~The channel, which is part of the Toyota company, sells its
rs through seventy-eight dealer firms, each with about seven-
teen different sites. (This contrasts with the several hundred or
thousand dealer firms the mass-producer has to work with.} About
20 percent of the dealers are owned by the Corolla channel." The
st are either partly owned by Corolla or independently owned,
though all the training is done centirally by Corolla. Each of
these dealerships has had a long and close relationship with
Toyota, and they can best be characterized as part of an extended
family that is fully integrated with the parent. In addition to
aining, the channel provides staff and a full range of services for
those dealerships where it does not own the facilities. All told, the
channel sold about 635,000 cars and trucks in 1989 and has 30,400
mployees.

. The employees, many of whom are college graduates, are
ired right after graduation each spring. They undergo an inten-
ve training program at the Corolla ““University,” which offers
sixty courses, mostly related to marketing. Once the new employ-
ees are fully trained—although formal training continues every
vear for every employee—they're assigned to specific dealerships
and begin selling cars.

The sales staff in each dealership is organized into teams of

even or eight, an organization very similar, in fact, to the work
¢ams in the Toyota and NUMMI assembly plants we described in
hapter 4. Just like those in the factory, these teams are multi-
killed; all members are trained in all aspects of sales—product
nformation, order taking, financing, insurance, and data collec-
ion (which we'll explain shortly). They're also trained to system-
tically solve owners’ problems as they arise.
-~ Fach work team begins and ends the day with a team meet-
ng. During the bulk of the day, team members disperse to sell
ars door-to-door, with the exception of one team that staffs the
nformation desk in the dealership. Each month, the entire team
takes a day to solve systematically any problems that have
ropped up, using the “five why's” and other problem-solving
echniques. These meetings are the sales equivalent of the quality
ircle in the factory.

questionnaire from the assembler. “Were you satisfied with th
car and with the dealer?” the company wants to know. And |
some years after the sale, the buyer is likely to receive a mon,th
or quarterly magazine from the assembler with a few genera
interest articles and information on new products. :
~ That’s the extent of the relationship between buver and selle
tpr the most expensive consumer purchase most of us make in ot
lives. (Remember that our homes, the other big-ticket item in ot
persongi conswmption, usually appreciate in value, while our car
depreciate over a decade ar less to near worthlessness. So i
terms ol net consumption, cars are much more important tf’lé
housing.) :

How does the scenario we just sketched contrast with th
sales practices of the lean Japanese producers? Again, let's tak
Toyota as an example.’ Toyota has five distribution “channels” i
Japan—Toyota, Tovopet, Auto, Vista, and Corolla, and is about o
open a sixth. (Nissan and Mazda also have five separate channel
egch and Honda and Mitsubishi have three each.) The channeli
stmply the name on the dealership. In the United States fb
exapaple, we might see the name of the individual owner—-’-fo
?m;th Buick, say. In Japan, it's Toyota Vista or Toyota Corolla
The channels are nationwide and in many cases are owned by th
assembler. Each channel sells a portion of the total Toyota ;;rod
uct range. For example, one channel may sell less expensive
models, another sportier ones, and so forth.

The channels have different labels and model names for thei
cars, but the main thing that differentiates them is their appea
to dl.fferem groups of customers. Since every car in all five char:
gels is clearly identified as a Toyota, the purpose of the channels
is not to establish brand identity, as with sales divisions in the
United States. Rather, it’s to develop a direct link between thé
n}an.ufacturing system and the customer—whom Tovota, not ac:
cidentally, calls the owner. , :

To see just how the Toyota system works let’s look at one of
the five channels, Corolla. Toyota established this channel in 1961
to sell the Publica model but changed the name to Corolla in 1966
when this new model replaced the Publica in the Toyota product
range. It has since expanded its lineup to include the Supra;
Camry, Celica, and Corolla II models and the Townall van antf
pickup. :

The Corolla channel is directly tied into the product-develop:
ment process. During the entire period that new cars destined fof
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fomi;all;;g (})é cars doorr;-to—door is unique to Japan and is un;
» vewildering to foreign obs ; ’ ;
orm i ervers. Here's how it waork
geogramﬁmb'ers draw up a profile on every household within th
geogr é) 1cfa}:ezia around the dealership, then periodically vis]
cach thfi, ::;.11:(,1 first calling to make an appointment During thej
e sales representative updates the h !
many cars of what age doe ami s W Profe: Ho
5 ‘ s each family have? i
ma T - ¥y have? What is the mak
and ;pf;lfg:atzo'ns? How much parking space is available? 15;3}:\1
many cf i 're‘n u}) the household and what use does the famil
mare ¢ .EIL% 'c_ar)s. When does the family think it will need
E}E pm(;u ztcciirs. Thg last response is particularly impoftant:
-planning process; team memb i
e pro 5 ; ers syste
this g}formatwn back to the development 1eams§ maticallyfe
e (;lf tﬁ}e)bgs;s of the information they've garnered and a kn{)ﬁl
ge;S o Ha}os :)roHa product range, the sales representative sug:
: appropriate specification for ¢ i ]
| ‘ ‘ : 1 for a new vehicle t ¢
a};t;su}t)ar}glc:larbcusiomers needs. The family may have SOTLT:E?
what to buy, of course, even if it’ i
: , , if it's really in th r
abe at v, of \ e market f
Onx t E{; the salefs.rc,presen tative may bring a demonstration veh(i)zlz
o negt vx}sl;_t. OI;}CG a household is ready to buy, it places;
S order through the sales re i , '
Speciz presentative. A vast majority of
spe rmajorit
bei;gme g;;;antaé‘e‘cus}tomer ordered, just as this possi%:)iiitg ?&E
nated in the United States. Th i
being : . The vehicle order also
O}{gl;ﬁl{ly ;?Su'des a compéete financing package, trade-in onag}ig
, insurance, because the sale nt i {
¢ : ice, s agent i i
prov Ia;:le one-stop service for the auto buyer : o trained 9
cars are customer ordered i
’ , you mi
fdct(;ry cope? Here's what happens.y gt sk, how docs dhe
ac i
demandt(?"y ?&Cm}ves try to make an educated guess about the
d ghis.f or 1t ez;:nt versions, colors, and so forth. On the basis
orecast, they establish the plant’ i : :
of thi : 7 plant’s build schedule, whi
tht ii)sc;n 511(\16 11; the components suppliers so the latter kii(fw
o L:e.ml ; Sfc;ra'g of hthese forecasts obviously depends
‘ e build schedule is revised. This i ically
on ' . This is typic
m(.;;; t:j\? dfzs in Japan, compared with every month to si};(pweialil()s(
buﬂd sc}elsa 1Once the orders come in, the assembler adjusts the
pulld s ;}i uje to make the specific cars the customer want
Locause e apanese‘ practice just-in-time production doing so.
P much eazier than in the West, which has much 1eés flexible
jactoris aap much longer lead times for ordering parts (which sit
ne s inventory for a long time before they are used)
course, the Japanese build schedule is more acc.urate in:

.first place and can accommodate a customer-specified order
ore easily because of the much quicker feedback from the
istomers about what they really want, and because Japanese
calers keep a much closer watch on trends in tastes. The assem-
ly:plant and the components suppliers can plan ahead more
urately and get the right mix of products going down the
e—for example, mixing some high-specification cars that take
ittle longer to build with low-specification cars that take less
iime. Japanese factories can deliver a customer-ordered car in
der two weeks in Japan. The same order—if the customer could
et it at all—would take six weeks in the West, at best, and could
ake as long as three months.
_What about determining a price? Because the customer is
suying a car tailored to his or her needs, the haggling that
Western car buyers find so distasteful is almost eliminated in the
Japanese system. The salesperson doesn't need to discount the
product in order to get rid of a car that the customer would rather

ot have. Moreover, the prime objective of Japanese dealers is o
keep the customer feeling that he or she is part of the dealer’s

amily.” Dealers want customers to think that they have been

treated well and have paid a fair price.
- Remember that this is likely to be one of many transactions
that the customer does with this salesperson. The salesperson will
probably already have sold, the customer a car in the past, taken
are of the formalities of registering it and disposing of the traded
ar, arranged to have the car serviced, and seen it through the
gorous government inspections. Quite possibly the salesperson
ill also have battled with the insurance company for an accident
{aim on the customer’s behalf and lent him or her a car while
he customer’s own car was being repaired. In the West the
ressure is on to make the most out of a one-off transaction
stween two strangers with no subsequent loyalty or commit-
nent. (Even if the customer returns to the same dealer for a
ubsequent purchase, the salesperson is likely to have maved on.)
1 the Japanese system the aim is to maximize the stream of
ncome from a customer over the long term.

_ With very few defects in Japanese cars and intense competi-
ion in the Japanese car market, it is clearly understood that the
dealer will fix any problems the owner encounters with the car
even after the end of the formal warranty. The customer need not
argue with dealers to get them to accept responsibility for war-
ranty claims, an unpleasant experience that usually convinces
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Western customers to look elsewhere for their next car, partic
larly to a brand that has a reputation for few ﬂaws, Iz)n 1
contract is sigped, the order goes directly to the factory. Wherf fih
car is ready, in ten days to two weeks, the sales representati

personally delivers it to the new owner’s house. The new ¢ ba o
need never go near a dealership. ‘ =

aison d'étre is o prepare vehicles for the Ministry of Transport
nspections, a task that provides a major source of revenue. {Gov-
rnment inspections also existina milder form in Europe and are
truly mild, by comparison with Japan, in North America.} All cars
must pass the first inspection when they are three years old. The
Ministry then requires inspections every two years, until a car’s
tenth year, whereupon inspections are required annually.

" The cost of these inspections becomes quite high as cars age.
Tests not only become more frequent, but more demanding. For
example, by about the seventh year the entire brake system will
probably need replacement, even if it functions normally. So the
Japanese have a strong incentive to buy a new car after four years,
and most Japanese retire their cars at this time. (The dealer resells
only a third of the trade-ins in the local market. Another third is
shipped to other Southeast Asian couniries for sale there, and
one-third is scrapped, because the repair costs the dealer would
incur to fix them to meet test standards are prohibitively high. As
we'll see, apart from wear and tear, dealers fix anything that goes
wrong, so they don’t want to take the risk of taking on high future
costs or tarnishing their reputation.) Car buyers have little oppor-
tunity to postpone their next purchase in hard times—a common
response to economic downturns in the West.

The Lean Dealership

Some Japanese buyers, particularly younger ones in big citie
_would rather visit a dealer. Unlike older people, the 'Iige mies
interested in shopping around and seeing for thémse?ves wi?;
products are being offered. This trend is occurring just as mant
f_‘a-ctgrers are finding it increasingly difficult to recruit e:on'?f
w.il_lmg to sell cars door-to-door. For one, the assembierz"s Er'
hlrlng more women as salespersons, some of whom are not eage
to knock on doors, particularly during the evening. The resflt
More and more Japanese are buying their cars at the dealershi
z‘abogt 20 percent do so in the Corolla channel, and this ercentp—r
;s'hxgher for other channels. In addition, as we'll see pall b i
will visit the dealer eventually to get theilj" car servicec{ v
w }E iylz;cal mgderr_l Corolla dealership may look similar to
estern lealershxps in one respect—its showroom—but eve
thing eIsc? is different. For starters, no vast parking areas exist‘riyt;
fact, you'll see few cars on the premises other than three or f(])u
demogstrator models. Since most cars are manufactured to orderr
there 1s no expanse of finished vehicles to buy off the lot and n ’
Sixty- or seventy-day stock of cars running up interest costs IO
Japan, the stock of finished cars in the system avera oy
twenty-one days.”? ges onl
Scfcond, a salesperson doesn’t descend on the hapless sho
per. Since the team is paid on a group commission, the seven 5_
eight team members in the showroom have no ince’ntive to .rag
the customer before the next salesperson does or suggest thzi h
pori;h‘e cgln pr.ovide a better deal. Instead, members of the team al{;
; - ;?jﬁc Z S;z(;?os;fon once the customer approaches them to ask
area’fl‘he }}eart of any Japgne'se dealership is its service area. The
8 prumary purpose isn't to rectify problems or carry out
routine servicing as is the case in Western dealerships. Rathgr its

 Channel Loyalty in Lean Production

We're used to the idea that buyer loyalty to a given brand is

Targely a vestige of the past in the Western auto markets. The fact

that a customer buys a Chevrolet or a Renault once doesn't

increase the likelihood of that customer’s buying a Chevrolet or
‘Renault the next time around. Far from it. Most Western consum-
ers shop around today, looking for a good bargain or an available
vehicle that meets their needs. They pay relatively little attention
“to specific brands.

In the U.K., for example, brand loyalty has fallen from around
“80 percent in the 1960s to 50 percent today. It's even lower in the
United States, where, moreover, repurchase of the same brand
falls with the consumer’s age—from about 30 percent for those
_above age fifty-six, 22 percent to 23 percent from ages twenty-six
“through fifty-five, and 13 percent for those under age twenty-five.t?
This situation doesn't exist in Japan. A key objective of every
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ntegral part of the production process. The elaborate data collec-
ion on owner preferences for new vehicles is fed systematically
o development teams for new products, and the company goes to
extraordinary lengths never to lose an owner once he or she is in

distribution channel is to build and nurture lifetime channe
loyalty. Again, let’s look at the Corolla channel. :

Once a new car is delivered, the owner becomes part of th
Corolla family. This means frequent calls from the person sellin
the car—who henceforth becomes the owner's personal sale!
agent. The representative will make sure the car is workin
properly and ferret out any problems the owner may be having t
relay back to the factory. :

The sales agent also sends the owner a birthday card or:
condolence card in case of death in the family and will call to ask
if sons and daughters will need a car as they leave for college o
their first jobs. It’s often said in Japan that the only way to escape
the sales agent from whom you once bought a car is to leave the
country. .

One aspect of this relationship would no doubt be particu-
larly welcome to Western car buyers. Because the channel is
obsessed with market share and tries never to lose a single owner;
the relatively short-term warranties Japanese assemblers offer are
ignored. The channel will, in general, continue to fix defective
cars at no cost to the owner throughout the vehicle's normal life;
provided the owners have not abused them. (Obviously, this im:
plicit warranty doesn’t apply to routine wear, such as replacing
brake and clutch linings.) :

Third, the system is lean. The whele distribution system
contains three weeks’ supply of finished units, most of which are
already sold.

. The system that delivers this high level of service is also very
different from a mass-production dealer system. The induAstry is
iiery much more concentrated-—there are only a iotal of 1,62_1
dealer firms in Japan, compared with some 16,300 dealer princi-
pals in the United States, a market two and a half times larger
than Japan. Almost all Japanese dealers have multiple outlets and
some of the largest easily match the megadealers found in the
“United States. In the same way as lean producers only have a
. limited number of suppliers, they only work with a limited num-
ber of dealers, who all form an integrated part of their lean-
production system.'

THE FUTURE OF LEAN CUSTOMER RELATIONS

If many elements of the Japanese system are superior, as we think
they are, why haven't they been copied in the West? When we
asked the Japanese lean producers and the Western mass-produ-
cers this question, two completely different answers emerged. The
Western producers unanimously argue that the system is too
expensive, “a cost-control nightmare they wish they could get out
of in Japan,” to quote one. It requires large amounts of effort to
sell each car, they maintain, as shown by the fact that the average
sales representative in a U.S. dealership sells ten cars per month
(or about one car every two days}, while the average Japanese
sales representative sells four cars per month {or about one a
week). From the mass-producer’s perspective, in which the costs
of selling are already too high, this extra cost seems completely
impossible to justify.

The Japanese perspective is quite different. First the system
of door-to-door selling is viewed as an anachronism suited to
special conditions in Japan. It is gradually being phased out there,
so it is only the other elements of the system that the Japanese

LEAN VERSUS MASS DISTRIBUTION: A SUMMARY

As we've seen, the lean approach to dealing with customers is
significantly different in concept from the mass-producers’ ap:
proach. First, the Japanese selling system is active, not passive;.
indeed the Japanese call it “aggressive selling.” Rather than
waiting at the dealership for customers attracted by advertising:
and publicly announced price cuts, such as factory rebates, the
dealer’s personnel periodically visit all the houscholds in the
dealer’s service area. When sales lag, the sales force puts in more
hours, and when sales lag to the point that the factory no longer.
has enough orders to sustain full output, production personnel:
can be transferred into the sales system. (This type of transfer
occurred during Mazda's crisis in 1974 and, more recently, at
Subaru.)

Second, the lean producer treats the buyer—or owner-—as an
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would wis.h to introduce in North America and Europe. However,
and most important, as one Japanese executive pointed out: ”Thé:
system makes no sense unless cars are built to order and delivered:
almost immediately. We can do this only as we develop a com le. "
top-to-bottom manufacturing system in North America andpEu
rope by the end of the 1990s.” i

In the current situation, where Japanese cars are manufa
tured 7,000 miles and many weeks from the U.S. customer ard
_whe_rf: Jafpanese companies are constrained by market-share lim |
itations in many markets, they've chosen to behave like Wester
mass-producers, We believe that following the Western system.is
not their ultimate intent, and that the Western mass—producé :
may be in for a final surprise before the end of the 1990s, as this
last element of the lean-production system emerges. ’ .

The Japanese companies are quite aware of the costs of their

system—no one is better at analyzing the costs of every step ir'l':
production down to the last yen. They argue that these costs
\youid make no sense if lean selling were serving the same func:
tions as mass-production selling. However, they point out, it does
much‘ more. The lean selling system, with its periodic sui‘ve $ of.:
practlcally all consumers in the Japanese market, is the ﬁrst};te -.
in the produ‘ct-development system. It avoids Lfle need for thg
time-consuming, expensive, and frequently inaccurate marke
assessment surveys of the Western mass-producers.
- The lean selling system also reduces inventory costs drama
lcaliy and smooths the flow of production in the factory Bjﬂ
makmg sure its sales force has a clear understanding of the n;eedé;'
of the factory, in particular for a smooth flow of total orders eve
as the mix of orders fluctuates, it’s possible to make the facto
work better.

Moreover, the Japanese system helps fine-tune new produc
apd catch embarrassing or dangerous errors before massive—and
hlghl)-/ visible—public recalls are needed. |

Finally, the lean selling system instills channel loyalty in the
buyer and makes it extraordinarily hard for new competitors t .
gain share. This is a key reason Western mass-producers have ha
such a hard time making headway in the Japanese market. It is
onE‘y in the past few years, as Western firms such as BMW.r and
D.am*.iler—Benz have made the necessary investment in their ow
distribution channels, that import sales have become significan

rising to 5 percent in 1990 compared with less t
decades.15 p ess than | percent for

“Information Technology and Lean Customer Refations

$.we've pointed out, the Japanese companies are well aware of
heir selling costs, particularly for door-to-door sales, just as they
ve aware of their costs in every other area of production. They
elieve that the most promising way to cut back these costs lies in
he area of information technology. To see how information tech-
ology might work, let’s take one more trip to our Corolla dealer.
. The first thing a consumer encounters on entering a Corolla
ealership today is an claborate computer display. Bach Corolla
wier in the Corolla family has a membership card that can be
nserted in the display, just as one would insert a card in a bank
machine. The display then shows all the system’s information on
hat buyer’s household and asks if anything has changed. It it has,
he machine invites the owner to enter new information. The
ystem then makes a suggestion about the models most appropri-
ate to the household’s needs, including current prices. A sample
of each model is usually on display in the showroom immediately
adjacent to the computer display.

At this point, if the owner is seriously interested in buying, he
or she can approach the sales desk where the seven or eight team
sembers are seated and discuss the particulars of a sale. Cars
sold in this manner are rising steadily in Japan (from about 20
percent at present), and the companies hope that over the long
ierm, they can largely deal with most existing owners in this way.
Indeed, at some point in the future, they hope that the same
information will be available at every owner’s home on a com-
puter or television screen.
 The customer has access to other data bases as well—on
everything from obtaining financing and insurance to parking
permits (necessary in many Japanese cities before you can buy a
‘car). Customers can also access information on secondhand cars
hould they want to buy one and obtain data on all their transac-
tions with the dealer for service and inspections.

. While each owner will still know an individual in the sales
stwork to contact in case of difficulty, most of the sales force can
now be directed to “conquest” sales of owners who are currently
Joyal to other brands. The end result, the companies hope, should
e that the selling cost for the average new car will drop substan-
ially, but the information harvested from consumers and the
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feeling of channel loyalty will be retained. If the Japanese produ
cers can accomplish this goal and then transfer this truly lea,
selling system across the world, the system of lean productio
will be complete.

What we see in Japan, then, is that distribution is a full
integrated part of the entire production system. It is not simpl
an expensive door-to-door selling system. In essence it is a syst
that provides a high level of service to the customer and a high
level of real feedback to the manufacturer. When product plan
ning, marketing and distribution costs, together with the benefit
of more accurate matching of production to demand (meaning
less discounting and distress selling) and better production sched
uling (meaning a more efficient factory) are added in, the Japa
nese system is already delivering a higher level of service fo
much lower real cost than Western analysts have realized. When
information technology is fully added to the system to produce’
truly lean distribution network, it should be possible to eliminat
yet another of the inherent compromises in mass production. Jus
as quality costs less, not more, in the lean factory and as designing
products faster reduces costs and errors, selling cars in a lean
fashion with a high level of service should be possible at much
lower real costs than in mass production with its low level ¢
service. Lean distribution will form the front end of a system thal
is driven by the needs of the customer, not by the needs of the
factory. In an increasingly competitive world market where, a$
we saw in Chapter 5, more affluent customers are seeking—ant
able to pay for—a greater choice in personal transportation, this
reorientation of the entire mass-production system will be critica
for survival.

Today there is much discussion in the West of the inadequa:
cies of the distribution system. Customers are unhappy, the as-
semblers are unhappy, and the dealers are only marginally prof:
itable. However, discussion in the West of the future of automotive
distribution has so far focused on finding a new winning format
for dealers-—megadealers, publicly owned dealer chains, separate
sales and service outlets, or lifetime-care schemes that keep the
customer coming back for repairs for more than the first three
years of the product’s life. As we've seen, however, this isn't the
right way of looking at the issue. Instead, we must think of
distribution in a wider context, as an integral part of a customer-
focused lean-production system. The winning formats that fit this
system may turn out to be quite different from our current

xpectations. Indeed, we may end up with not just one w1§mng
ormat but several to suit different types of customers, products,

ind market segments.

With this review of distribution, we've now looked at E_lﬂ i}h‘e
eps in the immensely complex task of pFoducmg a motor V? 11—,
cle. One of the features of lean pmd_uct{on we noted 11? every
apter was the need for close coordination betu.f?ffn Ithc, ;ga.niys/
steps, often involving face-to-face contact. Su-rgr.lbmg ¥, tns)
rie even of distribution, where a trub{ lean d}siribum?}n syst;{r;;
probably requires a production system in or very near the marke
Of:fsa;a.cause of the great distances betwee'n the xyorld’s major
markets and the persistence of trade barme_rs, this §ugg}ests in
turn that lean producers wishing to succeed in the globa mgtor_‘
industry over the long term will need to devei_op complste péo )uc
tion/distribution systems in each major region. But owd O(t_s a
company create and manage such a jgiobai m_ztwgrk ;E pro tuc,hiaorf
complexes? This is the challenge we'll examine in the next chap
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ver from his grandfather in 1945, he inquired where the compa-

ny's financial reserves were on deposit; he learned that the money,

about $700 million, was all kept in cash in the company vault.)

The first Henry Ford had never even deposited money in the bank,

much less borrowed from one, and all the company’s stock at the

time of his death was held by family members.

Hardly anyone else in the mass-production auto industry was

ever so independent. Most of the major car companies in the West

were publicly held from an early date in their histories, as the

financial demands of rapid growth caused the founders to convert

om family or private financing to the stock market. (The Ford

Motor Company finally traveled down this path in 1956.) Of
surse, in many cases {Peugeot, Fiat, Ford) the founding family

etained and retains a dominant share of the stock.

 After World War II, a number of companies in Europe found

2 new source of financing in the form of public ownership. A new
olkswagen was established with the German government as its
ajor stockholder, while Renault, Alfa Romeo, the Spanish com-
any Seat (which is now owned by Volkswagen), and British
eyland came under public control at different times for different
easons. In the case of Renault, the French state saw the company
s an engine of growth that would introduce mass-production
rinciples to the entire country. The Italian, Spanish, and British
governments, by contrast, were unwilling to see one of their
argest companies fail. In any event, this era of public ownership
has now largely come to an end. With the privatization of Rover,
Alfa Romeo, and Seat in the late 1980s, and the recent sale of the
German federal government’s stake in Volkswagen, only Renault
temains under public control. Its senior managers have vigorously
argued that it, too, should be privatized.

Thus, shares of practically all the Western auto companies
are traded on public exchanges. So are the Japanese lean produ-
cers, but there the similarities end. You may remember from
Chapter 3 the story of Toyota's efforts to get on a sound financial
footing after World War IL. Its experience can be extended to the
other Japanese auto makers.

In the first era of Japanese industrialization, after the Meiji
Restoration in 1870, large companies were financed through the
aibatsu. These family-owned holding companies controlled in-
‘dusirial empires that consisted of a large company in each of the
ajor sectors—steel, shipbuilding, construction, insurance, fi-
‘nance. Bach zaibatsu included a bank, and the deposits in the

The steps of production, from the day a nes
automobile design is initiated to the day an
owner drives the car away, are only part of the
total production process. For these steps to suc
ceed, money must be available to underwrite the multivear deve
opment effort, a highly trained and motivated staff must be i
place, and activities occurring at different places around th
world must be coordinated. Although no company, so far Has--
succeeded fully in doing so, we believe that lean pro’ducers ;nus .
appro‘ach the tasks of finance, personnel management, and globa
Cf)ordlnation in a very different way from mass-produ::ers Collec
tl\_ier, the lean approach to these activities, if it can be pérfeeted
will complete the lean enterprise. :

FINANCE

Henry Ford, as you may remember from Chapter 2, needed n
ex‘temal financing. By selling cars for cash faster th,an his su

pliers came to collect their money, he managed to remain conlz
pletely self-sufhicient, while running a giant business entirely:
owned by his immediate family. Indeed, when Henry Ford I tooii
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ut none of the keiretsu members was willing to sell its “captive”
hares at any price. So few companies actually could be bought.

. The system was glued together partly by a sense of reciprocal
bligation—each member of the group held every other member's
tock in a sort of trust. However, if the sense of obligation faltered,
the more practical factor of hostage equity kept selling in check:
f one company considered selling its stake in another to an
tsider seeking to gain control, the second company could retal-
jate by selling the first company’s equity to outsiders as well. No

e sold.
. A variant of this system was soon extended downward into

the supplier groups, as well. We saw in Chapter 3 how Toyota spun
off supplier companies, such as Nippondense and Toyoda Gosei.
Toyota held an equity stake in these companies, and they had a
small equity stake in Toyota. Soon the Toyota industrial group
«hibited some of the circular equity structure seen in the keiretsu,
although Toyota held a strong position at the center.
- The recent attempts of the American raider T. Boone Pickens
to seize control of Koito, a Toyota group member, show just how
powerful the group system is. Toyota owns only about 15 percent
of Koito, and Pickens was able to buy up shares totaling more
han 26 percent. Yet, he couldn’t gain a seat on the Koito board.
In addition, no other shares seemed to be for sale, even at an
ffering price well above what the shares would fetch on the open
“market.
.. This system of group equity has been exasperating to Western
‘companies and governments because its logic is so different.
apanese companies, with what at first appears to be a public
quity structure, are in reality privately held. This arrangement
ould not be allowed under the investment laws of the United
tates and a number of European countries-—companies would
ave to explain that only some of their stock was actually for sale.
While we believe the keiretsu and industrial groups are in fact the
most dynamic and efficient system of industrial finance yet de-
rised, they are not adequately understood in the West.
.. Besides providing members protection against hostile take-
overs, an often cited advantage of the keiretsu system is the low
ost of funds for group members. The inexpensive funds come in
wo forms.? First, many Japanese companies pay hardly any
dividends. Typically, they pay a 10-percent yield on the par value
of their stock, where the par value, established at the time of the

bank were the major source of funds for investments by th
comp;nles in the group.

The Americans eliminated these tightly organi ing
durlng their post—-World War 11 occu}fatioyn O% Jagzg.g;(f);}??g
{\merlcans left, the zaibatsu were replaced by a new form
industrial ﬁnanee, the keiretsu. Each keiretsu consists of perhafﬁ
twenty major companies, one in each industrial sector. Unlike th
zgzbatsu, there is no holding company at the top of the organiza
tion. Nor are the companies legally united. Rather, they're hel
togeth‘er by cross-locking equity structures—each cc;mpany own
a portion of every other company’s equity in a circular pattern
and a sense of reciprocal obligation. Toyota, for example, is affili
ated with the Mitsui keiretsu, while Mazda is a member ’of Sumi
tomo, and Mitsubishi Motor Company is a member of Mitsubishi
Among the key companies in every group are a bank, an insuranc
company, and a trading company. Each of these has substantia
;ash reszourfces th;t can be made available to the members of thi

roup. In fact, thei i i
invesrzmem act, 0 r key purpose is to help each other rais

Thesg groupings arose only gradually as Japan rebuilt afte
the Americans left. The equity in the previous zaibatsu had bee
c}eclared void in 1945. The Japanese companies initially wet
financed almost entirely by loans supplied by the big Tokyo bank:
and guaranteed by the American government. Since coOmparnies
had only these loans and their physical assets, their equity was
very modest. As the economy took off and many companies b
came profitable, they began to worry about being bought up by
foreigqers. They also distrusted the arm's-length stock markSt ay
Fhe primary means of generating equity, because they couldn’s
imagine a system in which there was no reciprocal obligation

To address these concerns, the growing companies of'the
1950s apd 1960s hit upon the idea of selling equity to each other
often with no cash changing hands. So each member of the prewal
groups, and some newcomers as well, joined the new keiretsu in
which the equity went around in a circle. |

'Ijhe large groups were essentially privately held--but ona
massive scale. That is, their stocks traded in small volumes on the
highly volatile Tokyo stock market, but the stock that really
c?unted was never for sale. The Americans and other foreigners
d_lscow?red this fact after 1971. That year equity in Japan was
liberalized to permit foreign majority control of any company
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much more than lean. Up to this point, Mazda’s cars could
command premium prices because of the high-tech image of the
Wankel motor. Scrapping the Wankel meant Mazda would now be
selling ordinary cars, so prices had to come down. And for this
drop to occur, it was essential that Mazda reform its production
system.

Mazda's salvation came from the Sumitomo group, which
controlled the car company's equity through cross links. The
Sumitomo bank sent a team of executives to replace the family
‘management. These new executives’ key decision was to copy the
Toyota Production System at Mazda’'s Hiroshima production com-
plex, so that Mazda could become cost- and quality-competitive
with the best Japanese companies. A second key decision was to
provide massive loans for new engines and a new model range, so
Mazda could expand, rather than contract, its market presence.
' The contrast with British and American practice in the 1970s
and 1980s is striking. When British Leyland and Chrysler began
“to founder, their bankers and institutional investors, numbering
in the hundreds, were mainly concerned with how to minimize

initial equity trades in the 1950s, is substantially zero. So Toyot
stock, for example, in fiscal 1989 paid a dividend of 18.5 yen or 10
percent of earnings, while Nissan paid only 7 yen or 7 pércent of:
earnings. |
_ Second, in the 1980s, the booming Tokyo stock market pef
mitted the Japanese auto companies to issue vast amounts of new
stock in the form of convertible bonds that could be converted to
stock if a company's stock reached a certain price in the market
Buyers ol these bonds were willing therefore 10 accept very low
interest rates on the presumption that their real return would
come from the stock conversion in the continually advancing
Tokyo market. During the 1980s Tovota issued $6.2 billion in
convertible bonds at interest rates from 1.2 to 4 percent, a cost o
capital far below that available to Western auto compar;ies. Even
much weaker companies such as Isuzu and Fuji Heavy Industries
{(Subaru) were able to obtain low-cost financing through this
means.* :
' H?W lor}g this second form of low-cost fund raising can con-
tinue is an interesting question. On the one hand, the slump in
the Tokyo market in 1990 suddenly made investors aware that

conversion will not always be possible, and the issuance of con:
vertible bonds stopped, at least temporarily. On the other hand
Japan is still a country of obsessive savers, and these savings must?
find some outlet. |
However, even in the absence of cheap investment funds, the
Japanese group system still confers a significant competitive ad-
vantage, specifically in ensuring that investment funds are wisely
spent. For proof of this hypothesis, we need look no farther than
the way financial systems in Japan and the West deal with com-
panies in distress. The key Japanese instance is the Mazda turn-
aroun'd in 1974. Up to that time, Mazda had been run by its
founFilng family, which was strongly oriented to product engi-
neering. The hallmark of the company was its fuel-hungry but
technically advanced Wankel rotary engine. When energy prices
sudderﬂy soared in 1973, Mazda faced a major problem. It needed
an entirely new set of fuel-efficient piston engines, and it needed
a new range of models for the new engines. :
The company faced another pressing problem as well. Mazda
had been charging higher-than-average prices for cars in its mar-
ket segment, even though the Wankel was cheaper to make than
f:)rdma}*y engines. The reason for the high prices was Mazda's
inefficient production system, which resembled mass production

“their exposure. In both cases, the stock was widely held and no
effective organization of stockholders existed to voice their con-

cerns. The outside members of the company boards neither under-
stood the real problems nor knew what to do. Instead, the hoards

remained passive, the banks wrote off their loans, and the insti-

tutional investors simply sold their stock at a loss and walked

- away.

British Leyland ended up under direct government control

for a decade, while Chrysler needed a government-guaranteed

loan to regain its momentum. However, neither firm inspired

- enough confidence in governments or investors to qualify for more
~ than the minimal amount of assistance to keep going. With tight
" constraints on product-development funding, both companies

struggled through the 1980s. More significant, in nei ther case was

~the financial system or the government able to tackle the real

problem: dysfunctional mass-production systems that could no

- longer compete in the world market.

The investment finance systems behind the other Western

~ producers in Europe have been more effective, at least in provid-

ing companies the funds pecessary to weather crises. This is

- because a single large shareholder with a long-term outlook has
~controlled the destiny of most European companies: the Agnelli
family at Fiat, the Peugeot and Michelin families at PSA, the
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giiirllgt af?n;ily gt B}i\d\f\;’) the Handelsbank at Volvo, the Wallenberg
aab, the Porsche/Peich farmil P
Deutsche Bank at Merced e s el the
o ¢s. Renault, of course, is still
, , , state-
Egﬁfi,e;i(é;oéiswagen had a large government shareholdineg
ntil - 1hus no company has been "“friendless,” wi )
: : s, with
sxgmﬁcant shareholder committed to the company and no st "
relation to a major bank. e
. Neyertheless_, although the Japanese groups do make mis
aveiz, .mh someh.}.n_stances very big ones, the keiretsu system on
ave Aic; 10&; ex 1b&ed superior performance compared with both
-saxon (American and British) and conti
: , ! tinental Euro:
?ean systems of fma.m:e. Western finance tends to be either ir:: "
tg:enit :nd _1;1r}glelj}; uninformed about a company's problems (aspi
~ase of the American and British instituti i |
o s of the ‘ institutional investors and
p their stock and loans at the first si ;
or patient but passive (as in the case of ide diret rounle)
Cared Sty passive (as in se of outside directors in the
ain and the family shareholders i i
rs in conti-
nental Europe). The latter have often failed to confront the prrcl;ti;-:'

game.

o meet with the external affairs director, the person at Honda
ho handles relations with governments and the general public.
e was unavailable, we were told: He had just joined the company
nd was busy assembling cars. The best lean producers believe
hat the point of production is where value is truly added, not
hrough indirect managerial activities, and that all employees
ced to understand this fact as soon as they enter the company.
Those who stay in the factory grow increasingly able to solve
roblems. Management stresses that problem-solving is the most
mportant part of any job. Management’s objective is to give
mployees increasingly challenging problems to solve in order to
est continually their skills, even when, unlike in Western compa-
nies, no promotion up a ladder to section head, say, or tactory
manager is possible. Higher pay comes largely on the basis of
seniority, with performance bonuses as well. Tn other words, the
lean manufacturers, which operate without much of the hierarchy
we find in Western companies, try to make employees understand
that their capacity to solve increasingly difficult problems is the
most meaningful type of advancement they can achieve, even if
their titles don't change.
 For those employees with a specialized skill—mechanical
engineering is the most common—the lean producer attempts to
harpess the skill to a team process where it will be of maximum
use. We saw how this technique works in Chapter 5. We also saw
how team members are shifted to subsequent teams and how they
may be asked to learn entirely new skills as they move through
their careers.

For employees who are needed for general management, the
contrast between mass production and lean is equally striking.
Because decision-making and problem-solving are pushed far
down the ladder in the lean company, it has much less need for
layers of middle and senior managers to send orders down the
hierarchy and transfer information back up. Instead, the key
functions for managers are to tie the supplier organizations to the
assembler organization and to tie together geographically dis-
persed units of the company. Typically, the company sends man-
agers at the midcareer level to high-level positions in the supplier
companies in the assembler’s group and rotates mid- and senior-
Jevel managers between the company's operations, particularly
the foreign vperations.

These practices have two advantages. They create a complex
network of interpersonal relations, so the assembler and the

fremg’yc;z::grat?, thg Japanese group system is patient and ex-

-term in orientation—hut v H i ':

bty e ery well informed and.

inadequate performance. Th -

to invest heavily to financ arourde bem iord
! € corporate turnarounds, because thei

considerable knowledge reduces the risks of failure -

CAREER LADBERS

As we’ ¥ i

As ;er ;’: noted aﬁt a number of points, mass production provides
ana;yst: pnzigressl;)n for production workers. Engineers, financial .
,» and marketing specialists pro ‘ ’ ical

te gress through technical
expertise. The progression for ; ough
the general ma i '
ever higher levels of the i AT thrce
: e corporate hierarchv. All th :
are dysfunctional for the organizati 0 Seinig

; ganization as a whole. The lean e

- ! . nter

f:);s;,rby ;{:nu}"a}?t, st}x;lves to provide every employee with a clear
path, although these are very di |
ey path ry different from those of mass
pmd{ﬁ: tlijjfl?inwitfh, every employee begins by working on the

e lor some period of time. For ex i

rod - : . ample, whi
visiting the Honda plant in Marysville, Ohio, rccentlypwe aske}fl
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suppliers and those in the company’s international operation

“FIGURE 8.1

know each other through personal contacts. They are also th
conduit through which the company’s culture is spread into th
supplier system and to new regions.

GEOGRAPHIC SPREAD

The world at large, including, we must note, a number of the
Japanese lean producers, does not yet understand a vital feature
of lean production. This mode of production achieves its highest
efficiency, quality, and flexibility when all activities from design
to assembly occur in the same place. As a senior Honda executive
recently remarked, “We wish we could design, engineer, fabricate;:
and assemble the entire car in one large room, so that everyone
involved could be in face-to-face contact with everyone else.” And,
as we saw in the last chapter, the final step in the system, lean
sales and service, cannot work at a}l without a production system
located in the same area as the sales market.

For this reason, lean producers in the 1990s will need io
create top-to-bottom, paper-concept to finished-car manufactur-
ing systems in the three great markets of the world—North Amer-
ica, Europe, and East Asia (centered on Japan). This process is
farthest along in North America, where the Japanese firms began
opening assembly plants in 1982, Eleven were in operation by the
end of the decade and in 1990 accounted for slightly more than 20
percent of automobile assemblies in North America, as shown in
figures 8.1 and 8.2.

Doing the whole job in one large room will not be possible, of
course. Nor will it be possible to do it even in an area as cop-
stricted as Toyota City, but the geographic pattern of lean produc-
tion in North America is already clear. The transplant assembly
operations (with the exception of NUMMI) are located within a
300-mile radius in the American-Canadian Midwest, The vehicles
assembled in these plants at first contained only about 20 percent
U.S. and Canadian content, but this figure rose steadily to about
60 percent in 1990, and we expect it will reach 75 percent by the
late 1990s.

The supplier plants, some old and some new, are mostly
located nearby, so parts can be shipped from supplier to assem-
bler in less than a day's drive. (Comparisons with Japan in terms

Share (%)

:' Japanese Transplant Share of North American
. Automobile Production, 19821990

‘Jﬁr
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i ite mislead-
of the geographic concentration of suppliers can be quite
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r \ = clo
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Detr(z:rsa 1("}?31-] ghihppliers and be able to recruit engineers easily
quar S.
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These centers are growing rapidly,
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Three American companies in Detroit. However,

operation

although it will be past
the size of the Big
are already



207

THE MACHINE THAT CHANGED THE WORLD

ANAGING THE LEAN ENTERPRISE

205

FIGURE 8.2

Japanese Transplant Production Facilities in North America
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THE ADVANTAGES OF GLOBAL ENTERPRISE

oint o i
p f sale, creating a top-to-bottom manufacturing system i

each ' i
of the world’s major markets benefits a company in fivi
ving to manufacture and exﬁor.

ways, cqmpared with rivals tr
from a single region.

First i i
, and most obvious, it provides protection from trade

For Ihe company producing at orne
guar in Britain or Saab in Sweden

b-arrllers and currency shifts,
site in one region, such as Ja

produce an export windfall—for example, th

mid-1980s, when the d
, ollar i
currencies. v strong

range. e i i i
S‘tatges E’Zi }?zgmg th1§ period, a weaker currency in the United
and S,aab fro m};‘?ng $ primary export market, converted Jaguar'
absorbed res;?::ctilgl ﬂ}{)erSFtOdnear—bankrupm_ They were then
) » T¢ vely, by Ford and Gen ; ieg
wnthultzregionai production bases cral Motors, comparies

or ies t '

von of iziie :eogrirgzlz;rlnes th}?t wa;n to capture a substantial fract
eac market, the less f ' :
Ther rxet, on of the 1980s is :
The eulrSC ilmply no substitute for within-the-region produg}ciear'.
ko é)nal Case of cars a].’ld trucks accounts for about 15 percem? (r)lf
Do I01'151_111"1pt10n in North America, Europe, and Japan. Thi 3
Amorine _aélge H_U’mbe_f —$240 billion per year in the case of Nortlﬁ "
at it's ditficult to imagine offsetting exports that

could balance trade i
. among regions whe
massive numbers of motor vehicles and C e apan) produces

Thassi the other regions consume

Thee ience
do ot ari:é)(ta;lcngclof the 1980s also suggests that if trade barriers
These methods de hans anor-vehicle trade, currency shifts will
0 have ditferent conseque . - :
osed T Skt quences. Government-im-
Srs riccfilugéa:hon 1he-1mpo%*t of finished units tend to make imt (1)1::-
€y raise prices to ration demand, while currzncy

relation to European

hifts do the opposite. However, in either case, the fact remains
hat in the long run producers must either locate within the
market of sale (as the Japanese are doing in North America and
urope) or cede that portion of the world motor-vehicle market
as the European volume producers seem to be doing in North

. A second advaniage for the company developing a multi-

egional, top-to-bottom production systen is rich product diver-

sity. As we saw in Chapter 5, the motor-vehicle market in Europe,

North America, and Japan is progressively fragmenting, with no

end in sight. A lean production system can gain most economies

of scale at much lower volume per individual product compared

with mass production, as we also saw in Chapter 5. However,

achieving this goal presumes that the variety of products can be

assembled in sequence on one large production line using several

sizes of engine and transmission from a large engine plant and a

large transmission plant. 50 companies with higher production

volumes for all their products combined still have a competitive

‘advantage. As long as corporate management can deal with the

complexity, being big still means being better, and being big in

the 1990s requires that companies manufacture in each of the

‘major regions.

~ Equally important, consumers in the three regions continue

to demand different types of products and—this point is key—1t0
attach different images to the same product. Consider the exam-
ple of German luxury cars sold as taxis in Germany to create 4
volume base for their manufacturers, but sold in North America
‘and Japan at much lower volumes and much higher prices as
luxury goods. Similarly, Honda has recently pocketed healthy
-profits by exporting its Accord coupe, built and sold in the United
“States at high volume, as a much more lixurious, limited-volume
- product for the Japanese market.

_ Honda seems to have been the first to see the advantage of
“this approach. 1t plans during the 1990s to develop a set of
“products unique to each major region. These will be produced
within the region to serve volume segments in that region. The
. company will then export these products to other regions to fll
- market niches where it hopes their limited volume and exclusivity
- will permit charging higher prices.

' If this approach is carried to its logical conclusion, the multi-
~ regional producer will have an intracompany product portfolio
and trade flow as shown in Figure 8.4, where the majority of
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FIGURE B.4

“demand is met by the production system within each region and

Cross-Regional Product Flows Within 2 Company

- cross-regional trade is reasonably balanced.
A third advantage the multiregional producer can achieve

Global Company

North
America

Post-National Company

over the single-region producer is the sophistication managers
gain through exposure to many different environments. Sophisti-
cation is subjective, of course, but in our interactions across the
~world with executives in all the major assembler and supplier
firms, we've been struck by how much extra perspective managers
“gain from trying to manufacture products in different environ-
ments.

For example, we are convinced that one reason Ford has
- performed better than General Motors in recent years is simply
" that Ford has more of its production activities outside the United
- States and moves more personnel back and forth between its
different international operating units. It's now rare to meet a
senior executive at Ford who hasn’t spent years managing opera-
- tions outside the United States.

By contrast, while GM has many foreign subsidiaries, it is
still common to meet GM executives who have punched their
ticket with a two-year tour at Opel in Germany or at GM of
Europe in Switzerland, but who otherwise haven't worked outside
the American Midwest. The wider exposure at Ford produces a
higher level of sophistication in operations management. Since
managers have been exposed to radically different ways of solving
problems, they also have the flexibility to think more creativety
about strategic issues facing the company. (Gaining the full bene-
. fit of international operations obviously requires a sophisticated
personnel system to rotate managers in the most productive ways,
an issue we'll return to shortly.)

A fourth advantage for the multiregional producer is protec-
tion against the regional cvclicality of the motor-vehicle market.
Motor vehicles are the foremost among what economists call
durable goods. With some patching, owners can almost always
get their cars to run a bit farther. So motor-vehicle sales in every
country tend to be more volatile than the general economy.
However, the world major markets don’t go up and down at
exactly the same time; for example, the Japanese market was
booming at the close of the eighties, while the American market
had gone soft. Thus, a company with a presence in all major
markets has more protection against cyclicality.

Establishing a global production system is particularly im-
portant for those U.S. companies relying predominantly on the
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especially cyclical North American market. The Japanese compa
nies still sell the majority of their cars in the Japanese marke
which, for reasons we’ll examine in the next chapter, is much les
cyclical. They'll therefore find it easier to plow through the nex
automotive recession in North America and will cut prices:i
necessary to sustain smooth production at their new transplan
facilities. By contrast, General Motors and Chrysler largely Oper
ate and sell in the United States and Canada. Any fall-off in sale
will force them to take money away from product-developmen
activities and their foreign alliances to cover short-term operatin;
costs. .

The product-development consequences will become appar
ent only in the mid-1990s, when these U.S. companies will proba
bly suffer further share losses. However, the slow market condi
tions of 1989 and 1990 already have had some effects. Chrysle
reduced its share in Mitsubishi Motors from 24 to 12 percent an
GM reduced its equity stake in Isuzu from 44 to 38 percent. Thes
actions to raise cash are moving these companies in precisely th
wrong direction in terms of establishing a global productio
presence.

This fact becomes apparent when we consider the final advan
tage of developing a full-fledged production system in each of th
major markets: Doing so denies competitors defended market
from which to skim profits to use in competitive battles elsewher
in the world.

The Japanese domestic market during the 1980s provides the
most striking example of what can happen when foreign compa
nies cede a major regional market to domestic companies. The
Western companies could have pushed hard to buy the weaker:
Japanese companies—Isuzu and Suzuki, in GM’s case, and per
haps Mazda as well (Ford). This would no doubt have led to
“investment friction” in Japan, where, as we have just seen, the'
group equity structure effectively excludes foreigners unless the .
group consciously decides to include them. However, this is an -
issue that will have to be faced shortly in any case, and it would"
have been in the interest of the Western firms to push very hard
on this point.

Instead, they pushed for trade liberalization, so they could :
more easily export finished cars and parts to Japan. Liberalizing
trade was an uphill struggle-—even in the absence of trade barri-
ers—because the Americans really had nothing to sell that was
competitive, either on price or quality, in the Japanese auto

market except a few novelty products, such as Cadillac ‘hmou—
sines, the car of preference for Japanese gangsters until they
transferred their loyalties to Mercedes in the 1980s.
" Meanwhile, the Japanese companies received a windfall from
North American and European quotas. When the Japanese we1l‘§
told they could sell only a fraction of the cars they had S(.)h
breviously, they simply raised their prlces~un.t11 sales fell to t{ e
required level. And they reaped huge prohts‘ in the process. In-
deed, the Western quotas are arguably the blggest public—poh'c}i
oost the Japanese auto industry has ever re¢61ved_more _usefu
ian the Ministry of International Trade and ind},istry (MI’}“I} everj
was in Japan. The Japanese companies useid their profits o wage
.+ market-share war in Japan, probably selling below cost in many
ases and ensuring that Western importers woulq hav¢ little
iiccess selling there, even if there were no trade barriers at all. ‘
Then, in the late 1980s, the situation reversed. The.Japaneae_
ompanies used large profits from the booming domestic r.nark;l:t
where the Japanese government did help by sha‘rply refiucmg the
ommodity tax on car purchases) to underwrite their massive
avestments in production facilities in North America and Europ?.
hey could move ahead without fear of U.S. producers ﬁhrjig suit
hat they were dumping or practising other trade retaliation,
‘because their profits were not used to sell cars abrc_;ad .below
apanese prices. Instead, their profits were used for capital mve;t-
ments and new products, such as the Toyota Lexus L5400 and the
Nissan Infiniti Q45, designed primarily for the U.S. and European
maﬂ'}?z.U.S. and European companies, with no production pres-
ence in Japan, made some profits themselves m.the strong J ap;i.-
nese market through a trickle of imports but miss.ed most of t 1e
opportunity. The failure to establish a ma}nufacturmg pres;ncetm
Japan or elsewhere in East Asia—to seriously chaiienge‘ oyo a};
Nissan, and Honda in their home market and take away this ric
profit lode-—is surely one of the West’s worst competitive lapses.

MANAGING THE GLOBAL ENTERPRISE

Given the overwhelming evidence that a multiregional Qrodi_icuon
presence is now essential for success in the motor-vehicle indus-
try, one question remains: how to manage a lean, global enter-
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prise consisting of three top-to-bottom production complexes in
the 1990s, and perhaps several more in the twenty-first century
(for instance, in India for the southern Asia market, in Brazil and
Argentina for the Latin American market, in Indonesia or Austr
lia for the Oceanic market, and even in South Africa—if the
present movement toward rejoining the world community contin:
ues—for the southern Africa region).

This is not a trivial management issue. Indeed, dynamic and:
effective management of global production organizations has
largely defied the ingenuity of the automotive mass-produce
over nearly a century of trying.

The first auto company to pursue a global manufacturing
strategy was Ford.” The present Ford Motor Company was founded:
in 1903 to manufacture the original Model A. By 1905, even though
annual production still totaled less than a thousand units, Henry.
Ford had established a Canadian manufacturing plant to assem-
ble Ford cars for sale in Canada. In 1911, three years after the:
introduction of the Model T, Ford opened an assembly plant at
Manchester in England. By 1926, Ford was operating assembly:
plants in nineteen countries.

However, these steps hardly constituted serious internation
alization. Ford’'s primary motivations were to reduce shipping.
costs—parts were cheaper to ship than finished units—and to'
surmount tariffs. Then as now, these were usually higher on:
finished units than on parts. Henry Ford made clear that all design’
and as much component fabrication as possible were to be re-
tained in Detroit. In addition, the foreign branch plants, as they:
were called, were almost always under the management of Amer-
icans sent from Detroit.

This pattern continued throughout the 1920s. However, as’
one country after another erected trade barriers after the collapse:
of the world economy in 1929, Ford was forced to go farther. He
built a fully integrated manufacturing complex at Dagenham in
England in 1931 and a similar, though smaller complex, at Co-
logne in the same year. By the mid-1930s, these plants were.
producing practically all the parts for Ford's products. Much more
radical from Henry Ford’s perspective, they manufactured a new:
product, the Model Y, not produced in the United States. This was
Henry Ford's belated acknowledgment that Europeans did not’
want to drive American-style large cars.

We must remember, however, that the Model Y was designed
in Detroit, and many of the tools for its manufacture were made

MANAGING THE LEAN ENTERPRISE Ni

there as well. While English engineers suggested ways to accom-
modate the car to European tastes, the Model ¥ and all ford
products of the 1930s were practically 100-percent American
engineered.

Only after the war did Ford of England and qud of Germany
begin to hire their own product-development engineers, and not
until 1961, with the introduction of the Ford Anglia, was a Ford
product for the first time completely designed in a foreign coun-
iry.+ This development occurred exactly fifty years after Ford
‘began its European assembly operations at Trafford Park, Man-
: ter.

.ChesBy this point, the Ford Motor Company had turned 180
degrees from its original practice. Where Henry Ford had de-
manded 100-percent control of the product and ensured that all

‘manufacturing decisions came from Detroit, Henry Ford 11 pre-

ided over a remarkable process of decentralization in which the

‘newly formed Ford of Europe shared no common products with

etroit. Tt also had limited personnel transfers—that is, only a

few Americans in senior positions. It was in many ways a totally
‘separate company in all respects save financial,

Because it recognized the emergence of a uniﬁed.WesFern
Furope before West German, French, or British companies did—
‘becoming the first “European’ company in Europe—Ford of Eu-

‘rope (established in 1967) became remarkably successful and was

a key contributor to the survival of Ford in North Ai:l‘lﬁl"ica.
‘Massive loans from Ford of Europe tided Ford over during the
‘great North American auto depression of 1980 to 1982. '

" However, from the perspective of senior management in De-
troit, the evolution of a largely decentralized company was far
from ideal. By the 1970s, the company in North America had
~developed a wide range of products smaller than the sFandgrd
size American car of the 1950s. Many of these cars were identical
in overall dimensions to the products developed separately by
Ford of Europe. It seemed only logical that global standardi.zatic?n
of products in each size class would produce enormous savings in
development costs and manufacturing economies. .

Ford's first attempt to standardize on a global basis was the
Escort, introduced in 1979. A world design team was designated
to develop this car with contributions from all of Fm“d's giof:)ai
operating companies. However, in the process a curious Fhmg
happened: The Europeans from Ford of Europe and the Americans
from North American Automotive Qperations managed to specity
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class after rejecting use of the Mazdg 121 design (wh;ch \fﬁs
indged 100 small). Finally, executives in Eurgpe are resxsu?ég bie
inclusion of their large car (the Scorpio) in i-he Taurus/Sable
feplacement program on the ground that no mngie d-em%n‘carz
tisfy both American and Hurgpean consumers in thls: class o

ar. What's more, Mazda, while happy to a::t as lead des}%ﬁ? fon
¢ 323/Escort project, has continued to design 1ts own mo gc, 5 o;
sther size and market classes—121, Miata,'626, and 92 —Tag

ese models continue to compete directly with Ford products in

change after change in this “world” car to accommodate, respec:
tively, European and American tastes and manufacturing prefer
ences. On launch day, the European and American Escorts, al
though practically indistinguishable in external appearance,,
shared only two parts—the ashtray and an instrument panel.
brace. :

In 1979, Tord bought a 25-percent stake in Mazda in Japan
Because Mazda also makes a full range of products from small t
large, it seemed logical to integrate some of Mazda's product
into the worldwide Ford product-planning and developmen
process. :

For a start, Ford established its own distribution channel m
Japan (Autorama) and began selling restyled Mazda 121, 323, and .
626 models there with “Ford” badges. These models are also sold
as Fords in many markets in Southeast Asia. A bit later Ford
decided to import a restyled version of Mazda's small 121 design
to the United States from Korea, where it is assembled by KIA, a
small firm in which Ford and Mazda both hold a small equity
stake. This model is sold under the name Ford Festiva, :

By the time the Ford-Mazda link was fully established, it was
too late to consider a joint design exercise for Taurus/Sable
(launched in 1985), but joint design was carried through on the
new Mazda 323 and Ford Escort (launched in 1989 in Japan and
in 1990 in the United States). A similar cross-regional exercise
involving Ford of Europe and Ford North America (called CDW
27) is now under way on the new Ford Tempo/Topaz for the North
American market and the Ford Sierra replacement in Europe, due

jor regional markets. ‘ .
) r;lai}fsobgring to realize that even with its l_imncd ?rogﬁehs&m
lobalizing design and production, Ford is still t%le Cy&d}[j }'Cii re;r
mong all companies, including the Japanese, in estadw t‘ g
self as a truly global organization with design and produc ;on
acilities in the three major markets. Bj,_f contrast, Chrg{s}er as
nly a tiny manufacturing presence outsxde‘ NQth Amcﬁfa},ocggo
isting of an agreement with Steyr in Austria to asse}mM ci rs,has
Chrysler vans each year (beginning in 1991 Gefneraﬂ oto s has
_astrong presence in Europe and Brazil but contmgn—;:s tc})l rt:u:}l1 e
perations as decentralized, stand—glone companies tha arr v
alk 1o its North American operations. Finally, the Eu;ope‘:{fxm
wned companies have either never started the g.loba iza 1?):1
- process or, as we'll see in a moment, rpade only halting progress

~ations in developing countries. ‘ -

- %}‘;\; i;;;;;cse, by contfast, are now showing an 1‘nte:1‘t§01.1 ‘t(;
globalize after strong initial reluctance ar}d have haici some 1311113‘
success. However, they face huge hurdles in the coming decade, as

in 1991,

Ford calls the process of joint design, with the lead role
assigned to either Mazda at Hiroshima (for 323/Escort) or Ford
North America in Dearborn (for the next generation of large cars
to replace the Taurus/Sable) or Ford of Europe in the United
Kingdom and Germany (for Tempo/Sierra), “Centers of Responsi-
bility.” Senior executives in the company have advocated this
approach as the only way to control spiraling development costs
for new products at a time when a greater variety of cars and
trucks is needed in every regional market.

However, thus far full implementation of Centers of Respon-
sibility has eluded Ford’s best efforts. Ford of Europe argued that
the new 323/Escort was too small for Europe and has pushed
ahead with its own design for launch at the same time. Similarly,
in 1989 it introduced a new Fiesta model in the next smaller size

we will see in a moment,

THE EURCPEAN FAILURE TO GAIN A GLOBAL PRESENCE

The European industry now trails the Americans and t‘he J génanfﬁei
in globalization, as shown in Figure 8.5. Wher; we consi e‘rh g:
experience of the Europeans, a fundar'nema} axiom eln;jerges. Tis
impossible to establish lean production on a globa asis whe :
you have not mastered it at home. The case of Volkswagen pro
i illustratiorn.
Vldeflirfl }g907(')4c§ &l)‘;lzstijagen established an American assembly 1?1ant
at Westmoreland, Pennsylvania. Its objective was to estabhs? z
lower-cost American manufacturing base as the German mar
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FIGURE 8.5
worst, such as the Kenosha, Wisconsin, assembly plant built in

1905.
We can appreciate the full cost of Renault’s setback in the

United States when we consider that the company now has no

The Internationalization of Vehicle Assembly, 1
! ' i , 1988
{% of total vehicles built by place of final asysembly)

H .
Ford ﬂmeﬁg‘m“" Lﬂﬂﬂf1f;eglon Other Regi manufacturing presence outside France, Spain, and Portugal,
Geaeral Motors 65 10 gg three of the most protected markets in Europe, excepting a sole
Volkswagen Group 56 05 19 assembly plant in Belgium. Volkswagen at least retains a half
gea;éiﬁcééxfg)\;;) 79 11 10 interest in the Autolatina operation in Brazil, owns an integrated
PSA ?; 34 5 manufacturing complex in Puebla, Mexico, and a small but trou-
Honda 7 20 3 bled operation in Shar_lghai. If it could master lean production in
Nissan o 3 o5 manufacturing operations and product design, and transf@r the.sc
Mazda (incl Kia) 85 23 21 }techniques to its Brazilian, Mexican, and Chinese operations, 11
foyota 89 3 15, prospects might improve rapidly and dramatically. This is partic-
Mitstbighi a0 13 ? ularly so given its geopolitical advantage in establishing opera-

tions in Eastern Europe.
Clearly, the first step for the European comparnies is {0 master

lean production in all areas of manulfacture, so they can defend
‘their home region. Otherwise, the Japanese and, surprisingly, the

mericans may be the only lean producers in post-1992 Europe.
(Ford has dramatically improved its manufacturing operations in
‘Furope by transferring what it has learned from Mazda.} Only
hen the Furopeans master lean-production methods will they
be in a position to revitalize their manufacturing presence in
‘North America and East Asia. By then, though, it may be too late.

Nofes:  Excludes double counting of kits assembied abroad.

S ’ E :
i :
SUrCe. 5t ati;{i by he authors o CD nité dES CO st uctgurs Fra G3is d A%fto Ub es 139p3 m e

ap\pregatgd and the Japanese producers stepped up their sale
offensive in North America. However, Volkswagen knew nothin
about lean production and staffed its U.S. plant with old-lin
manufacturing managers lured away from General Motors

.T}.)e ‘results were disastrous. For one, cost savings fa.iIed t
P}aterlahze.‘ ‘Equally damaging, the product adjustments mad
for the American market caused quality to tumble while alienat
ing buygrs attracted to traditional German products. After fift
years of frustration, Volkswagen departed for Mex.ico in E9%E9n
hgpmg that low wages there would provide the basis for reest
bllshmg its historic position in the entry-level U.S. market :

R'enauf.t suffered an even more costly disaster. It pur.chased
American Motors in 1979 with the intention of obtaining a low
cost presence in North America. However, Renault also had no
unc‘ierls‘tz%ndmg of lean production and made little headway in
ger;:?i é:ng some of the worst mass-production plants in North
5 By 1987 Renault had had enough. Ii sold out for a fraction o
its purchase cost to Chrysler, which is belatedly attempting to
reform these old facilities, in the first instance by closinggthe

THE JAPANESE AND GLOBAL PRESENCE

The Japanese begin from a better position but face extraordinary
lobal challenges as well. A brief look at Honda's strategy sheds
“considerable light on the problems ahead.
‘i As is so often the case, the company that takes the boldest
“leap in the world market is the one in the weakest position at
home. While Americans have practically made Hondas a cult
“product, the company was perceived in Japan as a scrappy, but
~somewhat eccentric, minor player. Unlike Toyota, Nissan, Mitsu-
bishi, and Mazda, Honda had no close links to a keiretsu and
“no major business activity other than cars and motorcycles.
‘Completely atypical for Japanese companies, it also had little
“interest in the truck market, limiting its offerings to a single
mini-mini van.
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Capacity should reach 600,000 units by the end of 1990. Combined
with its imports, Honda will probably pass Chrysler at this point
10 become number three in North American passenger car sales.®

_ Of greater interest [or our purpose, Honda has steadily in-
eased the North American content of its cars by adding a
00,000-unit engine plant at Anna, Ohio, and a host of wholly
wned components operations nearby. It also obtains a wide
ange of components from traditional Honda suppliers from Ja-
an who have opened American transplants nearby and from
stablished American-owned suppliers. While local-content cal-
ulations are notoriously unreliable, Honda's claim that it will
chieve 75-percent Morth American manufacturing value in its
mited States and Canadian assembled cars by 1992 is probably
ot far off the mark. ("Local content’”” is simply the portion of the
ear made in the United States. For example, the engine made in
nna, Ohio, is local, while the engine computer made in Japan is
mported content.)

How companies can add engineering value is a much more
nteresting question when it comes to achieving global presence.
Honda has taken the lead among the Japanese transplants in
stablishing an American engineering operation, both for prod-
cts and manufacturing processes. What's more, Honda is already
ffering one model, the Accord coupe, which is styled and tooled
n America; has a second, the Accord station wagon, in prepara-
ion: and talks of designing and engineering products from the
ground up in North America by the end of the 1990s.

. However, we shouldn’t underestimate the scale of this task.
Honda will have 700 engineers in Ohio and Michigan by 1991,
seemingly a large number until one remembers that Ford and GM
émploy tens of thousands of engineers in Detroit. Even taking into
account our findings from Chapter 5 that Honda and other Japa-
nese firms are likely to use engineers up to twice as efficiently as
the Americans, Honda has a long way to go to implement top-to-
bottom lean production in North America. This process took Ford
fifty years in Europe. Honda is renowned for its ability to do
things in a hurry, but we shouldn’t underestimate the problems
involved in developing a complete product-development system
on a new continent.

. FEven if Honda can move very rapidly, we have to ask how the
company's growing global operation will be managed. Honda's
public answer is that it will build an alliance of self-reliant
regional companies in Japan, North America, and Western Fu-

Given its overwhelming reliance on exports, which accoun
for about 70 percent of its Japanese production, Honda decided
by the mid-1970s that it would be necessary to produce abroad
Its vulnerability 1o currency shifts and trade barriers was simph
too great if it didn't spread its manufacturing base. Its U.S aﬂtg
asseml?ly plant opened in 1982 but was initially only an as‘se‘mbf
operation producing cars with perhaps 25 percent American mag
ufacturing content versus 75 percent Japanese.

A:t the same time, Honda was searching for a manufacturing
base in Europe. This was much harder to develop, because Honda
started seif}ing in Europe considerably after Toyota and Nissan;
and even alter Mitsubishi and Mazda. So it was last in the que :
for the quotas established on Japanese imports into Britai
Frapce and Italy by the early 1980s and had a very weak dist
bution network in the more open markets, such as Germany. With
European sales of only 140,000 units in 1989, spread betweén five
models, Honda was in a weak position to move immediately to a
full-size assembly operation. T
o .In.stead, Honda pursued a stormy alliance with Rover Group;
1n1.t1.ain a state-owned company but now part of private-sect'o;*
British Aferospace. After several licensing agreements in which
Rover built Honda designs in England, this led to collaboration
on the design of the model that became the Honda/Acura Legena'
and the %iover Sterling. Honda planned to sell Legends producedf
at Rover’s 'U.K. Cowley plant to bolster its sales volume in Europeﬁ
However, it reportedly found the cars of unacceptable qualityi
even after rework at a new Honda-owned plant at Swindon in".:
:ftzz;e;nbfgr;%énd. So it quietly discontinued this effort shortly

The next step was to design and produce Jjointly a new midsiz
car, the Honda Concerto/Rover 200. In 1989 Honda took a 20
percent eql{ity stake in Rover and provided a large amount of:
manufac’turmg assistance on the new Concerto/Rover assembled
at Rover’s Longbridge plant near Birmingham. The product wasg.
laun?hed in Europe in late 1989 and will be followed in 1992 by 4
new joint product, the Syncro, produced at Honda’s own assembly.
plant at Swindon, which Honda will open at that time. .

Honda has therefore moved painfully toward a European
based manufacturing system, whose final form is yet to emer
thrf)ugh a complex collaboration with Rover. Meanwhile, in gxe
United States and Canada, it has steadily expanded its as’sembl
plants at Marysville and East Liberty, Ohio, and Alliston, Ontario.
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E‘})ﬁ;il anéi e%fgn in 'Latm .America {Brazil) and Southeast Asia
g tt1 and ).. ¢ major rgg;onal companies are to conduct top—to:-.
’ ;36 (I);n : :s&g?(% engineering, and manufacture of products. The
are Lo 1so prrmarxly in their region of manufacture, bt
mited volumes are also to be exported to other regions to ’s e
inche ma‘rkets”m a pattern similar to that of the hypotl‘ueteizV
b;zpst»nationa‘l company in.Figure 8.4. The Accord coupe, no
eing exported from the United States to Japan and so , b
expo}gied to Europe as well, is the first example of this 1;r§§e;§ ;
ol aut hoi\:{f are the regions to coordinate their activities? Wh
. world Honda personnel system look like? Will the senié
3_0?35_ at headquarters still be reserved for Japanese nati:;ii”O
é(:ir;llggdtb};i ;:otn;parij{ at age twenty-two? How long will it take%t'
K - the alliance of self-reliant regions? These are all
questions Honda ; if it i 3 g
e emer;x;;s: answer if it is to succeed at becoming:

or global production, supply, product development, technology
cquisition, finance, and distribution.

 The central problem is people—how to reward and motivate
housands of individuals from many countries and cultures so
hat they work in harmony. Unfortunately, the three models
developed so far for this enterprise are inadequate. The first is
sxtreme centralization of decision-making at headquarters, a
headquarters almost invariably located in the home country and
staffed by nationals of the home country.

. As we've seen, this was Ford’s approach from 1908 into the
1960s and is the approach of many Japanese companies maoving
offshore now. Centralization produces bad decision-making. Much
worse from a political standpoint, it generates intense resentment
in other regions, as it scon becomes apparent that the most
important decisions are always reserved for headquarters and for

those employees with the right passport.

The commonly pursued alternative has been extreme decen-

tralization into regional subsidiaries, each developing its own

products, manufacturing systems, and career ladders in isolation

from the other regions. This was the position of Ford of Europe in

‘the 1970s and still describes GM of Europe. This hermetic division

by regions results in a narrow focus, ignores advantages of
‘¢ross-regional integration, and creates gilded cages for highly

paid national executives unable to rise any farther in their
‘organization.

- Strategic alliances with independent partner firms from each
‘region, a variant on the last approach, is the third model. Exam-
“ples include Mitsubishi with Chrysler and General Motors with
Isuzu and Suzuki. (Indeed, Lee lacocca has often talked of a
- Mitsubishi/Chrysler/European producer alliance, calling it Global
Motors.)

. Unfortunately, these arrangements leave the central question
of coordination and overall management unanswered. Given this
fact, it is hardly surprising that most strategic alliances in the
motor industry (as differentiated from narrowly focused joint
" ventures such as NUMMI with specific, short-term objectives)
~have proved undynamic and unstable. The continuous bickering
~ between Ford and Mazda, GM and Isuzu, and Chrysler and Mit-
~subishi suggest not that these arrangements need better manage-
" ment, but that they are unmanageable except in perfectly stable

market conditions.
In this vacuum of choices, let us propose a new corporate

SPECIFYING THE MULTIREGIONAL ENTERPRISE

ioéiiizd‘ Honlda, tge two most advanced companies in building
gional production system, have m i
b ade considerabl 4
gress, although neither would claim i erfoc
: aim it has yet found the perfe¢
; eC
?giu{?o'r:. CI?yS eempgrlson, however, the Europeans and Chrypsleri
nited States haven’t left the starti
: ‘ te, and th f th
Japanese, includin ially trail 1 Clearly
, g Tovota, substantially trail Hond !
world and the auto indu . e
stry have a long way to i
. to in : go before multi
Z}e]gazﬁnal pfroducuon is fully implemented. We'll consider thi
chal erilige rom a political perspective in our final chapter. Here
1ayin0goou?i }:Llhcz n:anage;nem challenge these companies face b
e teatures of a truly global enterprise t i
g ou se that ca
multiregional lean production in the 199{};‘? ; aCh!e"_
L Our fgoai is to spec?ify the ideal enterprise in much the was
o Yers o such‘ craft-built cars as the Aston Martin used to specify
e car}of ti}elr dreams. Unfortunately, no such dream machin
curr;z}l)t y exists, so we will create it: Multiregional Motors (MRM)
¢ management challenge, we beli is si i
| ¢ , eve, is simple in -
to devise a form of ent i . Ty o
: enterprise that functions smooth!

: m : on a
il;;llilregui)(nal basis and gains the advantage of close contait with
to a ma‘g lets and the presence as an insider in each of the major

gions, At the same time, it must benefit from access to systems
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form we term the post-national. The key features of what we cal

Multirentonal Mots mreaope ) Th _stay fresh and a broad network of horizontal information channels

“would develop across the company.

Teams in Japan do stay together now, but members aren't
assigned to new projects in new regions as a way to create a global
flow of horizontal knowledge and to give every employee a sophis-
icated understanding of the world. {The question, of course, i3
not whether this is a good idea in principle, but whether enough
employees would find it attractive.} As they travel through the
company and across regions, these managers also would create a
uniform company culture-—a largely implicit way of thinking and
doing things that every organization needs to function well.

s A mechanism for coordinating the development of new prod-
ucts in each region and facilitating their sale as niche products i
other regions—without producing lowest-common denominator
products. The logical way to accomplish this goal is to authorize
each region to develop a full set of products for its regional
market. Other regions may order these products for cross ship-
ment as niche products wherever demand warrants.

Since MRM will ship products in roughly equal volumes
among its regional markets, it can largely ignore currency shilts:
Losses on cars shipped in one direction are offset by higher profits
‘on cars sent in the other direction.

When currencies shift today, management typically panics
and explores ways to relocate production to low-cost areas
quickly. Or they search for trade protection.

MRM's managers, who will have a long-term commitment to
a world-class lean-production system in each major region, can
‘be much more relaxed, provided that one additional element of

the post-national enterprise is in place: internationalized financ-
ing and equity.
: Most of today's motor-vehicle companies have the bullk of
“their equity and borrowings in their home region and pay divi-
“dends and loans in their home currency. So shifts in currency
values are still a problem, even il they have succeeded in establish-
‘ing a multiregional production system.

Consider an American firm with dollar-based loans and divi-
" dends. A strengthening of the dollar could prove very damaging if
“the company earned the bulk of its profits offshore—even though
“the company’s markel position and profitability in local currency
terms in all three regional markets was unchanged.

Internationalizing corporate equity so that funds are raised

« An integrated, global personnel system that promotes person
nel Ifrom any country in the company as if nationality did not exist:
{%Ch;eving this goal obviously will require great attention to ieam':
ing languages and socialization and a willingness on the part of
younger personnel to work for much of their career outside their
home country. However, we already see evidence that youngéf
managers find career paths of this type attractive.

We have met numerous Japanese managers at the U.S. trans:
planis Who look forward to long U.S. tours and to future assign;
ments in Europe. Unlike older managers who often lack language
skills, they see this path both as an interesting way to live and as
the surest route to success in their company. :

Similarly, Ford of Europe has recently had considerable suc:
cess in recruiting European managers who do not expect or want
to work in their home country and who anticipate serving for
consi'derable periods in the United States as well. And we are now
running across a number of Americans eager to work in Japan.,

» A set of mechanisms for continuous, horizontal information
flow among manufacturing, supply systems, product development
technology acquisition, and distribution. The best way to put thesé5
mechanisms in place is to develop strong shusa-led teams for
product development, which bring these skills together with a.
clear objective.

In most Western companies, much activity is unfocused '.
Prodgci planners work on products that never get the green light,
massive amounts of staff waste time fighting fires. The best Japa-
nese pompanies, by contrast, believe strongly that if you aren |
working directly on a product actually heading for the market;
you aren’'t adding value. So involving as many employees as’:
possible in development work and production is vital. Companies
should keep their eyes on the product the consumer will buy.

Teams would stay together for the life of the product, and.
team members would then be rotated to other produc:bdez;elop .
ment teams, quite possibly in other regions and even in different.
specialties (for example, product planning, supplier coordination;
marketing). In this way the key mechanism of information flo :
woul.d be employees themselves as they travel among technica
specialties and across the regions of the company. Everyone would'
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in each region in rough correspondence with sales volume and
manufacturing investment would largely eliminate this concern.:
Dividends could then be paid in the currency of the region to:
insulate the organization from currency shifts between regions.

With these new approaches to personnel management, infor
mation flows, product development, cross-regional trade, anc
internationalized finance in place, it may be possible to create ai
MRM appropriate to the regional world of the 1990s. We believ:
it is particularly important that motor-vehicle companies sucha
MRM come into being, not just for commercial reasons but be
cause of the emerging global political challenge. We will return t
this point in the final chapter.




/ e have now gone through the elements of
Jean production in the factory, in product development, in the
upply system, in the sales and service network, and in the
ypothesized multi-regional lean enterprise. Our conclusion is
imple: Lean production is a superior way for humans to make
hings. It provides better products in wider variety at lower cost.
qually important, it provides more challenging and fulhilling
work for employees at every level, from the factory to headquar-
ers. It follows that the whole world should adopt lean production,
nd as quickly as possible.

- As with so much else, however, this is easier to say than to do.
Whenever a fully developed set of institutions is firmly in place—-
s is the case with mass production—and a new set of ideas arises
o challenge the existing order, the transition from one way of
doing things to another is likely to prove quite painful. This is
_particularly true if the new ideas come from abroad and threaten
the existence of major institutions in many countries, in this case
‘the massive home-owned, mass-production motor-vehicle com-
panies. With help from their governments, these institutions may
esist change for decades or even overwhelm the new way of
thinking.

So we are not certain that lean production will prevail. We do
believe that the 1990s will tell the tale. We are convinced that the
-chances of lean production prevailing depend critically on a wide
public understanding of its benefits and on prudent actions by
old-fashioned mass-producers, by the ascendent lean producers,
and by governments everywhere.

0
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In the remaining chapters ) .
lean production & chapters, we'll shift from analysis-—what

Between 1914 and 1924, Henry Ford's and Alfred
Sloan's industrial innovations destroyed a vig-
orous American industry, the craft-based motor-
vehicle business. During this period, the number
. of U.S. automobile companies feil from more than 100 to about a
~ dozen; of which three—Ford, General Motors, and Chrysler—
- accounted for 90 percent of all sales.!

Yet there was no panic, no protest, no call for government
intervention. True, a series of social critics questioned the new
" type of factory life that mass production was introducing, but no
one called for the protection of the embattled craft producers.

_ The reason for the lack of resistance is not far to seek. Even as
~ Ford and Sloan were demolishing one industry they were creating
" a second—the mass-production motor industry, and they were
- doing it in the same city where craft production had flourished

most vigorously. The growth of this second industry was so dra-
~ matic that practically all the skilled workers of the cralt-based

industry could find jobs building tools and doing other skilled
' tasks to support the mass-production system. Indeed, until 1927,
" when Model T sales collapsed, Henry Ford faced the continual
problem of finding encugh skilled workers in the Detroit area to
man his toolmaking operations. Meanwhile, the rapid growth of

7
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cara i i
Crea{?;igtiﬁfﬁ ;;elgz, (;?nz}l:med with continually falling prices, was:
e fume ousands of new unskilled jobs on the
1 -
boys,r; Vziiggg,}iorfi and Sloax} were Americans—hometow
hera brtamnd lcjnl,xly ford adroitly portrayed himself as a foll
Tro brin noiu 11? stang:larcli of living to the common ma
as no suggestion of foreign menace in the tri ;
production in Detroit. ¢ triumph of mas
No one has repeated Ford’s and Sloan's i .
N o : n's ease in su i
n?; Sly}iz s‘icptli‘gdlﬁc}mn method with another. Indeed, apspsli:)}:g
b productic L?m cgaﬂn to move abrgad from the United States, i
e D ooou Sr resistance. This pattern is repeating its'el'
e Lear ap c(i) luction dl‘sp‘]aces mass production. The basic
prob] pmdueiin is tha-t existing companies and workers using
O Cer rodu 01;1‘1 techmques find it hard to adopt new ways
e sechin o j{hcoul.lt_nes. The a'ltemative method of diffusing
o Schniques— e;u r.wal of fore‘lgn companies—tends quickly
e Cmﬁpanies ;)r_la l;st;c reaction in the countries where the old-
Sre companies re ased. The result has often been a delav of
ubstituting new production methods for old ones !

t Highland Park. When workers were hired, they were explicitly
old that they would be handymen—that is, none of their cralt
kills, if they had them, would be needed, and they would be
vailable to move from job to job in the assembly hall.’® (Indeed,
one manager at Trafford Park estimated that it took only five to
en minutes to train a worker to do practically any of the assembly
obs in the plant.) The first powered assembly line was installed
n September 1914, about nine months after the first powered line
became a reality at Highland Park. By 1915, the full complement
of Ford assembly technology and techniques was in place at
Trafford Park.
" The implications of Ford’s mass-production system were not
lost on the skilled workers Ford was hiring for the bodybuilding
shop. The upholstery department, for example, used special
molds to eliminate the skilled job of hand stuffing. Seat-cover
tewing was standardized and simplified. In the body shop, stamp-
ing presses eliminated the skilled panel beaters (whose descen-
dants we recently encountered at Aston Martin). A paint-spraying
‘system substituted for the skills of the brush painter. The result
‘in 1913 was a strike that closed the body shop, as skilled coach
builders protested Ford's methods and argued for a return io
‘skilled work paid by the traditional piece-rate system.* (Ford had
broken ranks with British employers and paid by the hour at
Trafford Park, as he did in Detroit.)
Because workers doing simplified tasks on the production
Jine could easily be replaced, and Ford, in any case, could supply
finished car bodies from Detroit, the strike soon collapsed. It was
“more expensive to ship car bodies from Detroit-—the British tariff
and damage in transit drove costs up—but Ford could do so until
the strikers exhausted their savings and gave in. By 1915, no one
~was challenging Ford's system in the plant, and a Ford manager
“from Detroit reported that productivity at Trafford Park was
comparable to that at Highland Park.® Seemingly, mass produc-
" tion had triumphed in a new setting. Logically, it should scon
" have become the dominant form of production in England and
- perhaps in Europe as well.
: However, this was not to prove
series of events that make us very cautious about th
easy triumph of lean production in the 1990s.

MASS PRODUCTION EXCOUNTERS CRAFT PRODUCTION IN BRITAIN

In October 1911 He
, nry Ford opened .
Traf j P an auto assemb
Srl;it;ﬁ)rd \Park near Ma.nchester, England .? With the E;Ciy Ei)amfat.
River ?:c?r?lmhblygoi ant in Windsor, Ontario, just across t}i Dgtfoi?
abroad. Fo dlsb lighland Park plant, this was Ford’s first venture
tations-of I;he ttuit the Trafgord Park plant to overcome the limie'
ransport of the d . o
over;ome trade barriers as wel] ay, but soon he needed it to
n 19 -itai 3
MeKonna 1 15 E’% itain ha('i abandoned free trade and adopted the
autos .that f;l , ;’thh imposed a 25-percent tax on completed-
the United nge~ rom abroad. (Most of these Imports came from
%0 foreinn maa;tss;.) 1:ai"ts, b}if (éontrast, bore only a 10-percent tariff.
g acturers had a s oyt . ’
asse?l[.)i_y plants in England. a strong incentive 1o establish final
patChr:;é;Hly, everything went well at Trafford Park. Ford dis-
replicate ¢ arg}e n.umber of American managers from Detroit 1
exactly the mass-production system he was perfecting

the case. The reason was a
e rapid and
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'CONFUSION ABOUT DIFFUSION £

THE TRIBULATIONS OF MASS PRODUCTION IN BRITAIN

Fo.rd.s problfems began in 1915 with an improbable event the
I[?}?Sl(én of his Peace Ship.¢ Ford was an ardent isolationist:' The
Tmf ' States should stay out of the First World War, he protested
l0 ;(3 alf:: end, he orge_mlzed a trip to Europe aboard a chartered ship
0 1;10 er peace privately between Germany and Britain. In Brit
izzr;,}yo(;)\_i?fver, th? public perception of Ford's motives was empha.ti
itterent from Ford's own statements: H i
thought to be pro-German. Th oplar sonmoy
n. The result was popular resistance to
to
ilzgiglfr;)éi:‘::ts‘—.many r:fwspapers, for example, refused 10 accept
s ising—an 3 ' itish
oy g a loss of morale among Ford's Brmsl}'

Energetic action by Ford's British managers offset some of -

;}:ij b}?d lfeeling, but Ford's problems soon multiplied. The energy
and ors;ptziwer fiaxes enacted after the war were particularly
on Ford products. The horsepower tax i i
: ax in particular, which
giz fe?gzzsgd ‘t‘cl) the government by Ford’s competitors and which
eir "long stroke” designs over Ford’
) ng i rd’s short-stroke en-
g;ne', prov;id a crippling blow. Ford’s Model T, envisioned as the
u:lversz; - car, was soon the wrong car for Britain. The conse-
Egracxzf:e 0 : _ord IS bad fortune was that his factory often ran at a
fon of its capacity and the company back in Detroit seemed
to lose interest in its performance.
e (I;(l); s;{z;;rlsuf}%lg, fgct(;ryhperformance seemed to deteriorate
: e of the English managers shared i
‘ . a conception of
‘r)k;aanagfemfent thz.it was compatible with mass production. 'i")he idea
0 manutacturing career beginning on the shop floor with hands-
WI;I managen&enft was unattractive to middle-class Englishmen
o emerged from an educational |
1| system that steered them
toward the civil service, th iahlovel
, the law, and other types of hi

rd ! e, U , igh-level
agﬁlm?ratm?' They d.xdn t want to get involved with th% nitty-
gritty of running anything. Rather, they wanted to delegate oper-

ational details, just as they did with the Empire. ’
- In ?(li’lditlor}, British. managers were persuaded that English-
. e?i,’ with a long experience of craft working, would not tolerate
O?It‘h .s ;\neth.ods. For a short period perhaps—under the whip hand

é merican managers—but certainly not over the long term
s olr]lsequently., managing the shop floor soon became, by de-
ult, the responsibility of the shop steward, who typically was a

Tont-1

ate payin
roduction, where every worker’s etfort is pa

ther worker.

system and the industry leader—making suc
hardly surprising that Ford’s
production with only partial success.

plus electrification equals Communism.’
“this formula to ' Soviets plus Prussian railway adm

‘killed craftsman highly suspicious of mass production. These

ine managers lobbied to retain traditional skills and piece-

ent systems, which made no sense in continuous-flow
s paced by that of every

The performance of Ford's English plants went backward

sre an enormous gulf developed between practice in
etroit and in Trafford Park. When Ford abandoned Trafford Park

ind established a full-fledged, top-to-bottom manufacturing sys-
em at Dagenham, England, in 1931, the gap became even greater.

foreover, it persists to this day.
With the Ford Motor Company—the invenior of the new
h a poor showing, it's

English cormpetitors embraced mass

NDUSTRIAL PILGRIMS: THE TRIP T0 HIGHLAND PARK

By the spring of 1914 Henry Ford was actually turning out two

odel T's and refurbished captains of
dustrial pilgrims began to arrive
ued for forty vears. (Indeed, the
f Eiji Toyoda in 1950.) The
tains an extraordinary

products at Highland Park: M
industry. An endless stream of in
around 1911 in a flow that contin
pilgrimages ended only with the visit o
Ford Archive in Dearborn, Michigan, con
-gallery of pilgrims photographed with the master.

They range from André Citroén (Citroén), Louis Renault (Re-
“nault), and Giovanni Agnelli (Fiat), to nameless Russians anxious

“to add mass-production techniques to Lenin's formula of “Soviets
' (Lenin later amended

inistration plus

American industrial organization equals Socialism.”)” A particu-

larly striking photo taken in 1921 captures Charlie Chaplin and

Henry Ford in smiling mutual admiration alongside the Highland

Park assembly line, at a time when Ford was still perceived as a
" miracle worker for the masses rather than the enemy of labor*

Wiliiam Morris, founder of the Oxford Motor Company (and

its subsidiary MG), and Herbert Austin, founder of the Austin

- Motor Company, were armong these pilgrims. After Morris visited

~ Highland Park in 1914, he returned to England determined im-
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at a time on carts, a procedure that

nvolved lifting and tugging at every machine.) However, what the

echnology couldwn’t do was totally eliminate human intervention

by automatically transferring the parts from one machine to the

sext. Indeed, this goal still exceeds the capabilities of technology.
Herbert Austin had a very similar experience, except he never
coptemplated a high-tech leap as a way out. After visiting High-
Jand Park in 1922, he returned to England determined to copy
Ford’s system. He succeeded halfway. Austin installed assembly
lines, although these were not powered until 1928 or jater, and
divided work into small unskilled tasks. But shop-floor manage-
ment was still very weak, so he stuck with piece rates as the best
way of motivating his workers.

An Austin worker vears later tol
system worked in practice: “Well .
doing a job. If you were on ordinary ti
week and then you'd have to go quicker and quicker to get m
So the [assembly line] would start at time and a quarter . .. and
then it would go up to time and a half, or three pounds a week.
[Management] would speed it up as we got used to it . . . to double
time. And when it got to double time, they’'d stop. No more, 1o
faster. And what we used to do, we'd have a real good go, we'd
pick the bodies up . - - and jump the pegs [to move the cars along
faster than the assembly line] and we’d make it up to double time
and a half, which was about five pounds a week, and this is a lot
of money in them days.”™ '

The idea of workers running down the line carrying automo-
biles faster than the conveyor seems comical today. And the
system must have had horrendous consequences for the quality of
the finished car, but Austin could see no other way to manage. As
one of his senior managers argued, in defense of the piecework
pay system: “‘Some form of extra wage [the bonus] must be paid
to a man if he is expected 1o work harder. The only alternative is
to pay a high wage similar to the Ford system and insist on task
achievement. . . . The daily task system at fixed wages may
perhaps, be workable in American . . . factories, but the necessary

.. driving works policy would not be acceptable either to English
Labour or Management.” (The English term for factory is
“works,” so a ‘‘driving works policy” is simply machine pacing
with standard day rates.}

The consequence of this hybri
system of mass production,’’ was t

mediately to copy mass- . .
But Z‘Z it b ;); 14 esé\g;czigztgg:echﬁ@ues in his own factory
bly 1in; ::;ZZ igéfl‘:: ptied production, and a hand-

rode on dollies place until 1919. In this arra .
along to 1?12122 ;)tn ‘razi-.s. However, the automobilesn %:f;—]s . (;lar
speed of the slowehtta“on by hand, so the whole line ranp;ItS li
untl 1934 tWemvs AWOrker. The assembly line was not pow : d
IMorris ais,o found Y{L Ei;sﬂfrﬁ }:(?rgs %FSE p}?wered line i“pDeti;?t
1ad. For exa S tvide labor to th s
separate Worglgj;,( h}s final assr;mbiy line consistefi Z’;tzli?thford
soparate work tasks in 1919, while Ford's had forty-five b S o
willing and able t(l)m " dlfﬁcuh to develop manaéers wh‘:) M
Ouite incrediblop?\;ate a Ford?style mass-production s Stw er_?
a piece-rate Systerny) Ay continued to pay all his worl}{ler‘;m..
all tasks were Hiop. émti} after World War 11, despite the fact thm:1
only concern natue H‘Ogether in a continuous line. The work Y
the day’s qu{)ta ani:? Y, was to work as fast as they could tormErs...
easily imagine the qualify for a bonus, then knock off. We i
the finished produy HttzonseCIuences of this system for the Q'Ual‘tcan
Morris stuck xt:i;;h i e

e

other way to get his el?np(‘izvrj;:séobfsaigse h.e could think of ne.
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me you'd get two pounds a
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was tryh{i;s ;3011 éhe ‘_”Ork pace and piece rates. In short, while he
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those of General M
otors and Ford, nev
¢r ma nd 1960s was nothing more

or qualit .

Crisqis Of};;ngU.s.. pian_ts. Indeed, it was not until the financial.

powered asee ,bsflx{y-seven vears after the introduction of t}? |

Bt Leyiar?gi) yhime at Highland Park, that Rover (forme 13_.

companias e the successor to the merged Austin and M il

ies p
set (}:ut ;';. n{:j”g ?}dop[ﬁd Standard hour}y rates and Cxphgffli :
atch the productivity of t ; Y

Levia A Pt ) - ity ol the Americans iti

reginr;(d;;zs nationalized in 1975, By 1979, it was hem()'n(.f:t.iSh :

ot makae .ﬂ{iw r‘nanagemem‘ was installed with clear inst%iﬁ:g

time, of course ej\;’nﬂ%pan}’ efiﬁciem or close it down.) By this-
L ¢, American-style mass p; :

under siece [ =t production . :
er siege [rom Japanese-inspired lean production was already ;:

ean economic miracle of the 1950s a
than a belated embrace of mass production. Volkswagen built
“Wolfsburg as the world’s largest car plant under a single roof, and
Renault and Fiat responded with Flins and Mirafiori, all plants
included in our survey reported in Chapter 4.
By the mid-1960s, continental Europe had finally mastered
American techniques (just as Eiji Toyoda and Taiichi Ohno were
moving beyond them) and began to challenge Detroit in export
markets.’? At the same time, the Americans were investing aggres-
sively in Europe and had developed complete production devel-
- opment and supplier systems on & Europe-wide basis. The process
of replacing craft production with mass production had been
" completed, but it had taken fifty years.

tched the productivity.

MASS PRODUCTION IN CONTINENTAL EUROPE
h {EAN PRODUCTION ENCOUNTERS MASS PRODUCTION

The French, German, and [tali i
on, trench, German, an experience with mass -
o was inf;ligm ;n the English theme, with the diggijélse
o yerica $ had'a ha-rder time spreading their home-
o System [heo;g )d.li”ec't investment. Citroén, Renault, and
o eocite the ¢ rec industrialists most taken with the r;'1ass-
D erion <0 jde}; . 51r;gg{ed through the 1920s and 1930s to
This e Stemi{f} cd aotic economic and political conditions
but also from the lackeof iﬁi;i}};féf@él;;esi:faﬂce IE y Craftspeople;
out also from the estic mar
n;;rrléezrci::(ge;uis fgom hyperinflation to depres:itoié Furopean
logne e to I ;1 through example with investments at Co-
(i Gorma e ny Snd I?mssy near Paris, and GM bought the
e oerman bt Confer .pe] in 1925, However, ltaly firmly closed
M 1o ooth prac};?cn;ﬁ; Xgat Waif more, the need of Ford and
European country, due to trade I[;yari?;‘for hin Errome amt aach
i;hcz1 Atlantic, pushed u od
and,

ation to the substitution of mass produc-

tion for craft production because of the perspective it gives on the
current challenge of superimposing lean production on mass
production. In fact, the new challenge seems much greater.

In Europe in the 1920s, the craft-based auto industry was
quite small. The substitution of mass production, had it suc-
ceeded, would certainly have increased employment spectacu-
larly, as it did when mass praduction finally arrived in mature
form in the 1950s. Nevertheless, the threat of foreign domination
(by the Americans) was so frightening and the mismatch between
existing institutions and conceptions {such as English notions of
management and continental notions of skilled work) so great
that Europe sealed itself off rather than adapt.

In the 1990s, the fear of foreign domination (this time by the
Japanese) will surely prove as great. However, the mature nature
of the motor-vehicle market in North America and Europe, cou-
pled with the efficiency gains inherent in lean production, mean
that no painless solution can emerge. As lean production replaces
mass production but the same aumber of cars and trucks are built
each year, many jobs will disappear.

What's more, the current Western automotive work force is in
precisely the opposite position of craft workers in 1913, The
introduction of mass production created new jobs for craft work-
ers—these workers made the production tools needed by the new

We have paid careful atte

ithin Europe and
i across

in general, ret %COSIS' restricted the size of the market
Europe plunged ’intco a\; ed the spread of mass production. As

N ar once more at the _ .
progress . e end of the 1930x
failfre of{ﬁl?gis production had been quite limited. Tn tug:, tt}}}le
ing causes of thmpean economy to grow was one of the unde i ;
progressed, the guwar. That is, because mass production h;;n)f;
. ' ropean economy s . o
tions that helped lead to war. y stagnated, creating the condi-

After the
the war, change became very rapid. Much of the Euro
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system. By contrast, lean
production workers who
skills and no place to go.

bproductlon displaces armies of mass-
y the nature of this system have no

THE NEW INDUSTRIAL PILGRIMS: THE TRIP 70 HIROSHIMA AND TOYOTA EITY

ortunately, a new pilgrimage route soon emerged, this time from
Detroit to Japan. Most notable of the early pilgrims was a joint
eroup from the Ford Motor Company and the United Automobile
Workers Union, reversing the steps Eiji Toyoda took in 1950,

In 1980, the Ford Motor Company suffered what turned out
to be a very timely crisis. The company began to lose both vast
smourts of money and large chunks of market share. Fortunately,
senior Ford management and the UAW Jeadership at Ford realized
that the problem was not primarily cyclical, although the 1980
downturn in the market was the worst since the 1930s. They
concluded that the Japanese competitors were doing something
fundamentally new—in short, that the traditional explanations
we just cited were inadequate to account for the Japanese success.

Thev decided to go to Japan to see for themselves, a journey
that became feasible by Ford's purchasing 24 percent of Mazda in
1979. This meant that senior Ford executives and Ford's UAW
Jeadership could gain full access to Mazda's main production
complex in Hiroshima and determine for themselves why Ford
was taking a beating in international competition.

Ford had a second stroke of luck in its Mazda connection,
notably that Mazda itsell had experienced a timely crisis in 1974.
The failure of its technology-driven product strategy-—based on
its use of the fuel-hungry Wankel engine—caused Mazda to trans-
form its production complex at Hiroshima into a faithful copy of
Toyota's lean-production system at Toyota City. 1f-the Ford and
UAW executives had visited Hiroshima in 1973 rather than 1981,
they might well have reached the wrong conclusions.

After several weeks in Hiroshima, followed by months of
careful staff work, the Ford executives and Ford's UAW leaders
discovered the answer to Japanese SUCCESS: lean production. Spe-
cifically, they found that Mazda could build its 323 model with
only 60 percent of the effort Ford needed to manufacture its Escort
selling in the same market segment. Moreover, Mazda made many
fewer manufacturing errors in doing so. Equally striking, Mazda
could develop new products much more rapidly and with less
offort than Ford and worked much more smoothly with its sup-

pliers to do s0.”
Back in the United States, the severe crisis at Ford—which by

THE THREAT ON THE HORIZON: INITIAL MISPERCEPTIONS OF LEAN PROBUCTION

Anythi ; T

auZmpI;sg ttfiilj in the fikely o be misunderstood, typically by
categories an d}?: ;un the new phenomenon in terms of 'traditignabih-
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the logi o
e logjam of old thinking and entrenched interests. Suddenly;

em s at 5
abopi?y}c;:z; att gllalgvels of the company were ready to stop thinking:
om0 &t vance t}?mr‘ careers or the interests of their
fppartment anc ;)hstart thmkmg .about how to save the company :'
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g the 1980s Ford was able to implement many eiement;no -

lean production a
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in the 1980s and failed to find any opporiunities for growth, it
was simply not able to face up to the challenge.

For the same reason, the European motor-vehicle companies
have been represented only modestly along the pilgrimage route
to Toyota City and lean production. The European auto market

“was vigorous in the last half of the 1980s, sefting a new sales
“record each year from 1985 through 1989, and Japanese compeli-
tion was contained through formal trade barriers and a welter of
" gentlemen’s agreements.” As a result, the Buropean companies
had little external pressure on them to change. As mentioned, the
' most notable movement toward lean production in Europe was
_ pot by European companies but by the American company, Ford,

which attempted to apply in Europe what it had learned in Japan.
An experience of our group perfectly summarizes ihis situa-

tion. In 1982, while visiting a French auto assembly plant in the

Paris area, we encountered a young engineer. He had just returned
to the plant after a year-and-a-half exchange visit in a Japanese
car company in Japan. He was bubbling over with enthusiasm

" about the contrast between lean production, as he had discovered

it almost by accident in Japan, and the mass-production practices
of his own company. He was eager 1o introduce lean-production
techniques as quickly as possible. His main concern was where to
begin and how to capture the attention of senior management.

Our discussion was cut short by a remarkable event—a vio-
lent industrial action involving two factions of the North African
guest workers who held practically all the production jobs in the
plant. These workers were represented by two separate unions
and were embroiled in a dispute over work rules. As the tension
between the two factions grew toward a confrontation in which a
large number of finished vehicles were vandalized, the plant
managers advised our team fo Jeave. We wished the young engi-
neer the best of luck in implementing lean production as we
hurriedly departed.

In the fall of 1989, quite by accident, we encountered the
same engineer at one of the provincial plants of his company
where he was now head of manufacturing. We asked what had
become of his efforts to institute lean production. For a moment
he looked puzzled, but then he remembered our initial encounter
and gave us a remarkable reinterpretation of events: The real
problem, he had concluded, was the guest workers in the French
auto plants in the Paris area. In the provinces, however, guest
workers were not an issue. All the workers were French, a spirit of
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cooperation prevailed, and he w i
: . ould sta
against any in the world. cle up B current plan
N thWe ha‘d considerable difficulty in continuing the conversation
ot }1lsisp}<3);nt,IE lzelc{aus?1 the survey we had just completed showed
ant takes three times the effort and i
makes three ti
as many errors as the best lean i in
m -production plants in Japan in
;r;::;{klilfea -Cornptarablfe prloduct‘ What's more, the amount 0? space
Inventory levels in his plant w S i
e, Tentory lev ere several times the
, e French plant was focused i
. on a singl
prodIuct }iﬂ one‘body §tyle on each of its production lines. .
lean ;rso d?lrt, su;lce his comgany hadn’t faced a challenge from a
cer, he wasn't able to initiate the ch i i
‘ ange in mind-set
nmeeesded t; lénplement lean production. The young bearer of the
me ?:ﬁ;]el l‘a .rec{iumed 1frlom the pilgrimage and fitted himself into
lar industrial landscape of mass producti
uction. :
profound sense of gloom as we left the plantl? Wetelea

BENCHMARKING THE PATH TO LEAN PRODUCTION

?.::/’anr}l) rzh;uii;\f;ﬂ’{ha.\if‘e _been ii;iigrims ourselves, first to the best
- n iaciiities——all in Japan until ver
- y recently—and
;}Iﬁjn]}g]a(:k to the strqngholds of mass production in North A)r;}erica
- ;:;ope. \g’le believe we have traveled farther and made more
sons than anyone else, either inside or outsi
ompari , tside the motor-
E:efl;;c::; ;nc‘iusfry. So, \Shere do we stand along the path to global
m lean production? And what must h
whole world to embrace this system? appen for the
o IRemember ?hat as a practical matter there are only two ways
o c;ean production to diffuse across the world, The Japanese lean
ucers can spread it by building pl raki
: plants and taking over -
panies abroad, or the American and E . rcer
oad, : ‘ uropean mass-produc
can adopt it on their own. Which of these method proﬁ)fes do;::

nant will have profound i icati
pant will b profound implications for the world economy in

DIFFUSION THROUGH JAPANESE INVESTMENT IN NORTH AMERICA

fnaplans.; move oi'fshore.began as a trickle in the 1960s. Its first
ajor mitiative was Nissan's engine and assembly plant in Mex-
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ico in 1966. Not much else happened for a long time—unless you
count extremely low-volume assembly plants (“kit plants,” in car
talk), generally run by licensees rather than the Japanese com-
pany itself, in protected developing-country markets. For exam-
ple, in 1966 when the Brazilian government prohibited further
imports of complete vehicles, Toyota licensed a local Brazilian
company to assemble kits of parts for its Land Cruiser utility
vehicle.

Honda made Japan's first serious foreign investment with its
Marysville, Ohio, complex, which began assembly in 1982. Once
one company was firmly committed offshore—and as it became
apparent that shifting currencies and persistent trade barriers
(for example, the Voluntary Restraint Agreement on Japanese
finished cars entering the United States) made foreign investment
inevitable—all the Japanese companies rushed to follow Honda's
lead to North America.

The large number of Japanese auto companies (eleven) and
the intensity of their rivalry has led to an extraordinary invest-
ment boom, as shown in Figure 8.2 in the last chapter.

The assembly plants came first, followed by engine plants,
and now by a wide variety of parts plants. What's more, the
investment flow is still broadening. Honda, Nissan, and Toyota
have announced plans to design and engineer complete vehicles
in North America by the late 1990s. With that step, they'll com-
plete the process of constructing a top-to-bottom manufacturing
system. The other Japanese companies are sure to follow.

The speed and scale of this process are truly extraordinary.
Indeed, nothing like it has ever occurred in industrial history. In
effect, between 1982 and 1992 the Japanese will have built in the
U.S. Midwest an auto industry larger than that of Britain or Italy
or Spain and almost the size of the French industry. By the late
1990s, the Japanese companies will account for at least a third of
North American automobile production capacity—perhaps much
more—and have the ability to design and manufacture entire
vehicles in a wholly foreign culture 7,000 miles from their origins.

What's more, politics permitting, these investments will con-
tinue until the American companies revitalize their operations
and stand their ground in the marketplace or are eliminated.

By contrast, Ford established an initial assembly plant in
Europe in 1911, added full manufacturing at two sites—Dagen-
ham, England, and Cologne, Germany—in 1931, and completed
the process with a full product-development team in 1961. It took
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flft)f years lor Ford to accomplish what the Japanese may achiev
in fifteen years. General Motors was no quicker. It bought the tine
Opel company in Germany in 1925 but only moved to high—scalz
production after World War II and did not implement a full:
product-development system until the mid-1960s. Chrysler didn

attempt foreign assembly and manufacture at all until the late.
1960s and soon vanished from the scene. The company’s crisis in
the late 1970s forced it to sell off its European operations.'s Even
S0, Europci was abuzz in the late 1960s with talk of the ”Ji\n‘”xerican"E
Challengfi in which the American multinationals were seen a
threatening to take over the entire European motor industry.’”

likely to carry grave risks of the sort we mentioned when we
looked at Ford’s attempt to transfer mass production to Europe in
191 1—namely, managers, not fully understanding and committed
“to the company's production system, may not be able to introduce
‘or sustain lean production in a new milieu. High-performing
“company Y's approach has been to send a large number of expe-
ienced managers from Japan to run its U.S. plant, and it is
etting superlative results, exactly comparable, in fact, to the
ompany's performance in Japan.

 The difference, we must emphasize, is not that Company Y's
managers are Japanese—or any other nationality, for that mat-
“ter—but that they collectively possess many years of experience
and know-how in making lean production work consistently in
- assembly plants, As a senior executive from Company Y empha-
_sized in an interview, ''We believe that our production system,
 with its many nuances, can be learned by anyone . . . but it takes
" ten vears of practice under expert guidance.”

If one accepts this manager’s estimate of the time and person-
nel it takes to transfer lean production—and we do—it follows
that the best Japanese companies may be constrained in how
quickly they can build up foreign production operations. With
only so many experienced managers with the language skills
needed to operate in foreign environments, it may never be possi-
ble for these companies to go as fast as they would like in opening
new plants.

Equally significant, foreign governments may slow the efforts
of the Japanese companies by placing restraints on the number of
expatriate managers they allow to work in their countries. The
U.S. government, for example, has taken an increasingly stringent
line on Japanese nationals managing the transplants, apparently
from the conviction that the purpose of transplants is to create
jobs for Americans. So it is nalve to assume that lean production
can be transplanted instantly by the Japanese—just as it is naive
to think that all Japanese companies will be equally lean and
competitive as they move abroad. Indeed, because of weaknesses
in product design and marketing, it is even possible that some of
the transplants recently opened by the weaker Japanese hrms
may fail.

IAPANESE DOES NOT EQUAL LEAR

i\n the excitement over the transplants, many people scem to
forget a poipt we stressed in Chapter 4: that all transplants in
North America do not perform at the same level. The best per-
forming plant, Company Y, took 18.8 hours to perform our sfan-
dard assembly tasks on our standard car and needed about 5
square feet of factory space per vear per car. A competing trans-
plant located nearby, Company Z, needed 23 .4 hours per car and
usg:d. more than 13 square feet of factory space, by far the least
efficient use of space in our entire world sample.’ "
N B('fth of these plants are Japanese, but one is much leaner
p;?o; I;eagi}:;r What explains this very substantial difference in
' One reason: Company Z is not so proficient at lean production
in Japan.. Its plants there also trail the performance of Compan
Y's. Again, we must stress that “lean” does not equal “Japangse?C
While average Japanese performance is very impressive, a fe'w
Japanese companies seem to have been inspired more by] Hen
ford. than Taiichi Ohno, while a few companies in the ‘v\festry
Irt)anigaily, th(, Ford _Motor Company is the best example—ha;
%gg?)ts y modified their factories and come close to leanness in the
A second reason for the difference in performance between
the best and worst transplants is that Company Z delegated most
of the operational aspects of its plant, including design and
layout, to Americans lured away from Detroit. This ap;;roach is
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FIGURE 9.1

DIFFUSION THROUGH LEARNING BY THE AMERICAN FIRMS

.. Company

But what of the Americans? Where do they stand along the - bomp:
- Closings {10):

transitional path to lean production? Without question, the us.
industry as a whole is getting betier at factory operations. Every
company has improved considerably. However, GM and Chrysler
have improved their operations largely by simply closing the
worst plants, like GM Framingham, rather than by improving
every plant. The Chrysler St. Louis 1 assembly plant illustrates
this process. .

St. Louis 1 has been assembling 210,000 Dodge Daytona and
Chrysler LeBaron models with a work force of 3,400. The best
Japanese transplants can assemble the same number of cars with
about 2,100 workers. Chrysler and its union {aced a simple choice:
Convert from mass to lean production while displacing 1,300
workers, or close down altogether. Neither the company nor the
union found a way to make the transition to lean production, and

Openings (1):
- GM {Saturn}

Plant

Detroit, Michigan

Norwood, Ohio

Leeds, Missouti

Kenosha, Wisconsin
Pontiac, Michigan
Framingham, Massachusetts
Lakewood, Georgia

Detroit, Michigan

St. Louis, Missouri

Pontiac, Michigan

Spring Hill, Tennessee

NET CAPACITY REDUCTION, 1987-1990

Yoar Closed

1987
1987
1988
1988
1988
1989
1949
1980
1930
1990

1880

Morth American Assembly Plants Opened or Closed by the American-Owned
" Automobile Companies, 19871990

Capacity

212,000
250,600
256,000
300,000
100,000
200,600
200,006
230,000
210,600

54,000

250,000
1,756,000

the plant will close at the beginning of the 1991 model year.

This outcome has recurred repeatedly at GM and Chrysler
over the past three years, as shown in Figure 9.1. The two compa-
nies have together shut down nine North American plants, while
fully converting none to lean production.” As this process contin-
ues, GM and Chrysler are enveloped in an ever-deepening sense
of gloom in which a slow retreat never quite seems to trigger
the crisis that might shake free the logjam of outdated manage-
ment thinking and union-company relationships and lead to
revitalization.

Ford, as we've seen, has made good use of its 1981 crisis and
the pilgrimage to Hiroshima and found ways to equal the produc-
tivity of the transplants. We are concerned, however, that its
plant-level performance is best when it can focus its factories on
a single model with only a few options. In plants with a complex
model mix, Ford’s performance is much less impressive. So the
company has traveled only part of the way down the path to
leanness even in the factory. Nevertheless, Ford has made a bold
start and has bought time to perfect its own version of lean
production.

As we saw in Chapter 6, the Americans have begun to ration-
alize their supplier system. The number of suppliers to each
company has been reduced dramatically and the attitude toward

to be done. ‘ ) . _
We also found clear signs of the intent to move toward lean

ness in the area of product de\feiopment. Uniortunatziy, rllo ;;c;g;
uct launched to date has benefitted from a tr.uly 1earcli evle opd ot
process, and one must wait until a prod.uct is fully deve ogeut nd
introduced in the market before draw'mg 'conciu.sm;a;gg \,(\); it
'~ development. Program improvements instituted in
clearly apparent only if the new m :
that is, in three to three and a half years rathefi . the typica!
five—and with a greatly reduced level of englnge}ringho Ac;n e How-
ever, we have seen no clear evidence so far that the nerican
companies can close the gap ‘gthffthet beriiyJ ;f;ﬂfg:ycg;pd famm-
s of development time and etlort, only i
i;ﬁl; ;Jhrink triditional eonrt. 1evelts a?]ih?}ii g?smes even as the
ompanies continue to s -
besrlgfviaSSZisLagf the Japanese auto makers conzidered forty-
two months a satisfactory development pacel; Today, the best
companies are talking about twenty-four months as '?‘ ;e sonable
target. So leanness continues to progress ar}d thed traili tfh .
mass-producers will need to move quickly indeed to ca p-

| quality fundamentally transformed. Nevertheless, much remains

odel appears in 1993 or 1994-—
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‘CONFUSION ABOUT DIFFUSION 1]

THE BOTTOM LINE FOR NORTH AMERICA: A DECADE GF INTENSE TENSION

From one perspective, the transition to lean production is pro:
ceeding with remarkable speed and smoothness—the transplants
have shown that lean production can thrive in North America,
and some of the American companies show signs of mastering the
new systermn as well. What's more, despite widespread predictions
of an overcapacity crisis, the advance of the transplants has thus
far been almost perfectly synchronized with the retreat of the
American-owned firms. Between 1987 and 1990 imports from
Japan of finished units, cars plus light trucks, declined by about 1
million units, and 2 million units of American-owned capacity
were retired. At the same time, 2.5 million units of Japanese
transplant capacity were added. Thus declining imports plus
retired capacity exceeded new transplant capacity by 500,000
units and actual capacity utilization in 1990 was only slightly
below the level of 1987, the drop-off being due to lower sales in
1990 compared with 1987.1

On another level, however, many problems still must be
overcome if North America is to avoid the European fate of the
1920s, in which reforms in production were deferred for a gener-
ation. Many of these difficulties are internal to the production

system itself, while others are political; some are both. They.
include:

* The cyclical pattern of the U.S. motor vehicle market, which
is incompatible with lean production.

* North American notions of careers, which are also incom-
patible with lean production.

¢ The fact that the rapid decline of U.S. and Canadian-owned
companies that many regard as national institutions is
likely to prove too much for politicians and the general
public to accept.

Let’s take a closer look at each of these problems.

LEAH PRODUCTION IN THE SEA OF CYCLIGALITY

' Westerners are resigned to the idea of the bt}siness CyC}(;. th};t:
gravity, it's simply there, although no one quite knows why. No

one likes it, and cures have frequently 'been proposed,. L}}fe ndmzt
recent being Keynesian macroeconomic management. o date
rked. .

nonel\/?zzssiioduction is, in fact, a system ideaiiy \smted Ttostizﬁ
survival of large enterprises in a highly C}_rchcal euonom}i ‘ fzhe
workers and suppliers are considered va_rtable ‘costsh\f.\[ hcn he
market goes down, the assembler companies jettison t es_lx; : L%n:gd
and organizational ballast and expect to find their w((i}‘rti;;ss Lim_
suppliers pretty much where they left them once c;:gl i s
prove. Figure 9.2 and Figure 9.3 show the pa}terr_l 0 | ema
production in the United States over the past forty years.

FIGURE 8.2
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FIGURE 9.3
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Figure 9.4 shows the consequences for employment in the
U.S. auto industry. (Note that employment of salaried profession-
als has been much more stable than that of hourly production
workers constituting the bulk of the work force.)

The problem with the American pattern is that it is extremely
corrosive to the vital personal relationships at the core of any
production process. Mass-production workers are under no illu-
sions that their employer is going to stand at their side through
thick and thin. Indeed, the most important function of mass-
production unions is to bargain for seniority rights and for layoff
compensation for those chucked over the side of the company
ship. Similarly, suppliers to the mass-production assembler com-
panies are under no illusions about a shared destiny. When times
are bad, it's each company for itself. And the suppliers, in turn,
jettison their own workers and subcontractors. As noted, the

consequence is a distinet lack of commitment on the part of
workers and suppliers.

Lean production, by contrast, is inherently a system of recip-

FIGURE 9.4
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rocal obligation. Workers share a fate with their employer, sup-
pliers share a fate with the assembler. When the system works

: properly, it generates a willingness to participate actively and to

initiate the continuous improvements that are at the very heart of
leanness. _ _ e _

But can this system work in a cyclical economy? As hg_ures
9.2 and 9.3 show, the issue never arose in Japan be_cause .neither
the domestic auto market nor domestic production is cyc‘hcai. (A-s
the low-cost, high-quality global producer of automobiles until
very recently, the Japanese domestic industry has alw.ays been
able to plow through slumps in export markets. by_cuttmg mar-
gins.) Indeed, the largest contraction in production in Japafl over
the past forty years is smaller than the smallest contraction 1n
North America.

What happens as lean producers, whether Japanese or Amer-
ican, encounter heavy seas in North America ('and, 1o a lesser
degree, in Europe)? A General Motors executive gave us one
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answer, when he looked at a version of figures 9.2 and 9.3 during
an interview: “When the Japanese [meaning lean] producers en-
counter these gigantic market waves, they will quickly become as
mediocre as we are. They will have to start hiring and firing
workers along with suppliers and will end up as mass-producers
in short order.”

We aren't so sure, but we do feel this is a vital issue to which
hardly anyone in the West has given much thought: Management
of the macroeconomy may have a dramatic long-term effect on

the fundamental quality of the domestic production system.-

Those public officials who have periodically felt it necessary to
break the back of inflationary expectations by deflating the econ-

omy may need to think anew about the probable consequences for:

the production system. If nascent lean producers act to save
themselves in a steep slump by jettisoning their most valuable
asset—their people—the real cost of poor Western macroeconomic
management may prove cven greater in the future than it has
proved in the past.

More positively, widespread adoption of lean production may
dampen both inflation and the business cycle. If mass production
is ideally suited to the survival of big companies through deep
cycles in demand, it may also be cycle-enhancing. That is, its
penchant for massive inventories, both of in-process parts and
finished units, would seem to exacerbate the cycle: As inflation
builds, stocks are built up against expectations of yet higher
prices. This move pushes prices up farther. Then, when the econ-
omy suddenly falters, the built-up stocks are worked off, deepen-
ing the slump upstream in the production system.

Some observers have even wondered if the lack of a cyclical
market in durable goods in Japan is a direct result of lean
production: An inventoryless, highly flexible system may signifi-
cantly damp cyclicality.

The Japanese have another cycle damper in their arsenal in
the form of flexible compensation. Most employees at all levels in
Japanese companies receive a large part of their compensation—
up to a third—in the form of bonuses directly tied to the profit-
ability of the company. So when the market drops, at least in_
theory, the company can dramatically slash prices due to lower
operating costs and restore production to its former level.

In fact, this system has been tested only at companies such as
Mazda that have experienced a crisis independent of general
market conditions. The simple reason is that there have been no
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deep cycles in the Japanese economy generally, so the};e has been
no real test of employee tolerance for large wage cuts.”

WESTERN “CAREERS"” VERSUS JAPANESE “COMMUNITY"

This point leads directly to a second question confronting the

future of lean production in the West. Why won't workers in

~ companies temporarily cutting wages simp!y leave for befi-er
| opportunities in other compainies or mdustrles?.'ljhe answer 1';1
: Japan is simple: By convention, practically all hiring in compa-

nies is from the bottom only and, as x}otf":'d, compe.nsat‘ioln wuh;g
the company is based largely on seniority. Jumping Fhﬁp woube
be quite pointless, because the employee would almost a .w_ayosf
worse off starting at the bottom elsewhere rather than waiting for
the situation to improve with the current employer. | il
This situation obviously doesn’t prevail in the.West. Ina d i-
tion, as we pointed out in Chapter _5, Western nqtlons of careers
are quite different from the needs of lean prqducnon. .
Most workers in the West place a very .hlgh vaigc? on d‘vmg a
portable skill—something they can take Wlth them 1i. th;pgs d01.1 t
work out in a particular company. This concept 15 tled) C%l-ilte
tightly to Western educational systems that stress ‘cliliscgetc,) ({}U)l’éln
petences and certify students to prove thajt the skills have dc )
attained. This concern about skills is very similar to 1he.1?11n -se
of the skilled craftsman, who was—and 1s—rgbsessed wul? .xna}lx}}—
taining his portable skilis,l although professional workers in the
S the parallel.
WﬁSt};’g@ﬁgﬁfzs wé) saw, for the lean-production system 10‘51:;1:—
ceed, it needs dedicated generalists willing to learn ma}nv skiig
and apply them in a team setting. The prob%em, as ie a ;0 noﬂie
in Chapter 3, is that brilliant team play qualifies workers for m e
and better play on the same team but makes it pr(?grfifb}\;c) y
harder to leave. So a danger exists that empi_oyees v;r Cc; ee
trapped in lean organizations will hold back ihe;r.kn.oix; (12] ge{ (;)g
even actively sabotage the system. Western companies, 11; e}{j a ’
to become lean, will need to think far more .carefu yh 2t 013
personnel systems and career paths than we believe any have to

date.
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THE POLITICS OF A PAINFUL TRANSITION

In our discussion so far, we've simply reported the obvious: Lean
production is diffusing rapidly in North America but mostly
under the leadership of Japanese companies. Yet, throughout
human history, foreign investment and ownership seem always to
operate on a razor’s edge, continually testing the tolerance of host.
countries. Recent shifts in American attitudes confirm this point,. .

Initially the U.S. government was elated that the Japanese

would be plowing money into U.S. automotive plants. At the same ;
time, state governments fell over themselves with inducements to

invest in one state rather than another. And, as the investments
grew, the public came to accept the new plants as part of the
landscape.

Recently, however, a new tone has emerged as the full logic of
Japanese investment has begun to dawn on public officials, the
U.S.-owned auto companies, the UAW, and U.8.-owned supplier
comparnies,

First, the Japanese companies do not believe they can turn
around existing mass-production facilities. Therefore all the
transplants are “greenfields” in car talk, or entirely new plants,
with the exception of NUMMI, which was a semi-greenfield, in
the sense that it had been permanently closed by General Motors
two years before it reopened under Toyota management.

Second, the Japanese aren't building the transplants simply
to circumvent trade barriers or a temporarily strong yen. They've
discovered that they can make cars in North America as well as
they can in Japan and, even more important, that they can make
cars in North America better than two of the three American-
owned companies. It therefore follows that the transplants will
keep on growing until the American companies improve their
performance and regain the initiative, or are eliminated.

Third, it appears that the UAW won't be able to organize
those transplants, whose owners have no links to the U.S. compa-
nies. The union was badly defeated in an election at Nissan in
1989 and, so far, has been unable to gather the petitions it needs
for an election at Honda or Toyota. The Mazda, Diamond-Star
(Mitsubishi-Chrysler), and CAMI {GM-Suzuki) plants have been
organized, as has NUMMI, because, in each case, the plant has a
connection to a unionized U.S. firm. However, most observers
expect the plants of the Japanese Big Three {Toyota, Nissan, and
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Honda) to grow the fastest. In consequenc;:, the U}}W h?:a?z%‘f;nﬁ
its institutional future if nonunion
wonder about its institutiona n '
continue to displace the unionized plants .Of the US Big ”l"hrcgTe y
1£ it fails to organize plants, the UAW s.o.nly optiorf xgzi}fenﬁv
seek a limit on their expansion through political means, ;c n };L
the union has urged that vehicles assembled at the transp dbni _)&; ¢
{ cars each Japapese assemble
subtracted from the number o eac mbler i@
impc the continuing Voluntary Restra
allowed to import under \ tary Restrain!
J i fect of such a policy wou e :
Agrcement. The logical ef] o c o
at- > limits on each Japanese company. ih
ermanent market-share limits ol panese C y. Th
1\)’vfcn.:ld seem to guarantee the survival of the unionized U.S .~owned
mpanies. - . o
- %ourth as the Japanese companies rapld’ly increase l};ell’
domestic content (that is, the fraction of a car's val_ue mhar;u tai
tured in the United States), U.S. suppliers are ieammgartnizcé e
< :
| eas > transplants, for reasons we e .
not easy to supply the )
Chapter 6, and that it is hard to make much money do;x}g so..sm
putting all these facts together, we find it hardiéf surpri ang
that members of the U.S. Congress, company exeui)tlwe‘s,ccess
i 3 cginning to wonder if the unarguable su
union leaders are beginning ’ e Suocess
: i for celebration or alarm.
of the transplants is a cause . . North
American motor industry stands every prgspc;:ct otfh bexlr;% 5;“';?11{3
i i -C formance during the . The
ized to regain world-class per . e d e 19908 10
i it i chicles is likely to shrink or
massive trade deficit in motor v . Jhrink or even
i is le chine may be largely g
disappear. However, this lean ma i reign
owngdp and nonunion if the American mass-producers don't im
rove their performance quickly. ' _ \
' We beiiIe)ve that the period through 1992 will pfove the m;);;
tense. If GM and Chrysler fail to go through a creaulve; cm:i:, one
. j¢ " old ideas and narrow intere
that breaks the logjam of ol . / fs and
‘tion, and if the economy
opens the path to lean production, :
sﬁimp badly during this period, we have great concerns ab}out ig;
outcome. We've shown just how plans can go awry when
discussed the European experience with mass production.

THE TRANSITION TO LEAN PRODUGTION IN EUROPE

But what of lean production in the current str.ongho‘ld 'oft ;réz:iss
production? As we have seen, the European auto 1}':1du51;y 1; tod: E;yc
after a fifty-year transition from cralt production, the le g



254 THE MACHINE THAT CHANGED THE WORLD!

proponent of old-fashioned mass production—hi gh volume, long:
product runs, infinitely fragmented work, “good enough” product:
quality, enormous inventories, massive factories. And, as we saw:

in the experience of the young French factory manager, there has
been little pressure thus far to achieve leanness. But that pressure.
will emerge as the 1990s unfold.

First, the market may not be as vigorous as it was in th

1980s. Everyone can make money in a seller’s market. And the®

opening of Eastern Europe may produce a sustainable boom fo
the 1990s. Then again, growing congestion, environmental prob
lems, and approaching saturation in Western Europe may hold

demand below recent levels. Only a small slacking off in demand’

will make a large difference in the profitability of the high-volume.
European firms, who depend on very high levels of capacity’
utilization compared with the Americans.

Second, the Americans will be applying what they've learned’

in a decade of desperate struggle in North America. Ford is-
already the most efficient producer in Europe, with the exception -
of a few of its English operations, such as Dagenham, that never -

really embraced mass production. .

Third, and most important, the Japanese are arriving. In the:
1980s, they were diverted to North America, a continent with no
local-content rules to delay the start-up of assembly plants and a -
market where they had already captured a 22-percent share
before the erection of trade barriers.

In Europe, by contrast, market limits in France (3 percent), -
Italy (about 1 percent), the United Kingdom (11 percent), and °
Spain (a 40-percent tarilf on imported cars) had held the Japanese -
to an I1-percent share overall, and the rules of entry for manufac- :
turing—invented quite amazingly by the “free-enterprise’’
Thatcher government in Britain—included a requirement that
domestic content must reach 60 percent within two years of start- -
up and reach 80 percent a few years later.?' These restrictions, in
turn, have meant that Japanese companies can't just build assem-
bly plants. They must construct an engine plant and develop local
suppliers for a host of components simultaneously, greatly raising
their start-up costs. Nevertheless, the Japanese are now rapidly -
making their presence felt, as previously shown in Figure 8.2. '

Many in Europe have congratulated themselves on their ag-
gressive stance toward Japanese investment. They view the US.
approach—that is, practically free market access for any company
willing to build an assembly plant adding 25 percent or even less
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of each car’s total value—as ext
i te

S. transplants, that is, don ! : the quota on Japa-
.{r{ese ﬁnishid-unit imports. And this holds true even ié. t)h% }E«ifjap-

es i - screw together Japanese parts.) 1

bler does nothing but screw toge ( o
groach yields only “screwdriver plants, they argue, with very
little manufacturing va
maintain, will remain in Japan.

“but rather of understanding the interna
“Itis a system based fundamenta
' ing as possible at the point o

:' ts down the path to assem . , ke :
:' S1;:::>agliﬂc of the system tends powerfully 1o bring the complete com

' i ivities, inc men
- plement of production activities, ‘ .
: Iﬁzng as w}:)l!. And sooner rather than later, as is happening

North America.

more difficult transition in the 19995. As they beh 1 the process o
adaptation, the European companies have sought op ! 2
production’ as the Japanese have continued to perfect leanness,

ey are much farther - : in
5111915(}%1-031% the pace by a factor of three or four in many countries
in terms of fundamental productivity.

Europe policy—for example, permanernt compan
limitations no matter whe

remely naive. (Cars made at the
ount against the quota on Japa-

lue added. The heart of the industry, they

f being hardheaded or 112.11\!::
{ logic of lean production.
11y on doing as much manufactur-
ffinal assembly. Once a lean producer
bly in a major regional market, the

In our view, it 1s not a matter o

luding product development,

icies i ch
of t ean policies is to create a mu
The actual effect of the European p e coss of

behind than the Americans were in

1l mount for a Fortress
v market-share

re the product is producegl. In fa:?t, su(;};
licy was recently advocated by Peugeot pggsgeissites a;:fq&;he
Calvet. To do so would freeze the current ine cfxarther o e
European producers and ensure that they slip even
lean producers elsewhere, a dlsastrqus outcone. i which the
However, we expect a compromise 1o be 1‘1§a§ ed in which (e
rae o Tapanese adtance s oo tion to lean production
els, and in which the perio ction
iriixs‘etched out well into thf: next century. é?ogieizggii;htgﬂ
European Economic Community (EEC) will pro ad i; establich o
overall quota for Japanese imports to Europe g?their -
some content requirements for assembly plami lf e et
assembled vehicles are not to be subtracte .Hl;) the dmport
uota. Nevertheless, Japanese investments will be Pd tited in
a n country, and the quota will be relaxed ove }
aszytiiulg?ﬁz;ean mass-production industry must eventually learn

to compete with lean producers.

Based on past experience, pressures wi

a po



It took more than fifty years for mass production
to spread across the world. Can lean production
§pread faster? Clearly we think it is in everyone’s
interest to introduce lean j
as soon as possible, ideally within this dec:(gg.ducuon rerywhere
In. quth America, the full implementation of lean production
can ejhmmate the massive trade deficit in motor vehicles, We are
certain that .when there is no longer any difference betu‘!een the
North American and Japanese motor industries in productivit
product quality, and responsiveness to changing market dema 21/
trade will more or less naturally come into balance. o
In E',urope, the home today of classic mass production, lean
pro.duct%on can quickly triple the productivity of the rr;otor—
vehicle industry while providing more tulhilling jobs for facto
workers, engineers, and middle managers. It can balance E A
motor-vehicle trade as well. epes
In many of the developing countries, lean production is a
means for rapidly developing world-class manufacturing skills
without massive capital investments. These countries would need
only to find markets for their new industrial capabilities, a poi
we will return to in a moment. & pomt
Trui‘y, the case for moving quickly is overwhelming. In this
concluding chapter, we offer some practical ideas on I-IOW the
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transition to lean production can be completed by the end of this
century.

THREE OBSTACLES IN THE PATH

Ohstacle 1; The Western Mass-Producers

The greatest obstacle in the path of a lean world is easy to

: identify: the resistance of the massive mass-production corpora-
tions that are left over from the previous era of world industry.

These companies——General Motors, Renault, Volkswagen, Fiat—
are so large and prominent in the industrial landscape of North
America and Western Europe that po government can allow them
to fail suddenly. Yet many have proved remarkably incapable ol
reforming their ways in the 1980s.

What's more, most of the conventional means governments
use to aid their home-owned companies are counterproductive
over the long term. We've already noted the perverse effect of the
quotas negotiated by the U.S. and European governments at the
beginning of this decade. While the quotas were useful in sending
a signal to the Japanese that foreign manufacturing would be
necessary in the long term (at a time when currencies were
sending just the opposite message in the short term), they gener-
ated massive profits for the Japanese companies 1o use in financ-
ing their direct-investment campaigns in North America and
Europe.

We think that it is neither practical nor desirable for these
massive Western enterprises to be swept aside by Japanese lean
producers, but they need more creative solutions than the kinds
that have been conventionally proposed. These solutions must
take several forms:

e First, every mass-producer needs a lean competitor located
right across the road. We have found again and again that middle
management and rank-and-file workers in a mass-production
company begin to change only when they see a concrete, nearby
example of lean production that can sirip away all the cultural
and economic explanations of why the other manufacturer is
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succeeding. U.S., Canadian, and English mass-production plants

now all have a lean producer right across the road, but the

continental European countries have lagged badly. Their relative |

performance on our productivity survey shows the result

Even the Americans, Canadians, and English have only had

i};imfgei (;f lean factory practice to examine up close. It is only
at lean research-and-development i ‘
‘ . ‘ operations are bein
zitf%mged _ne,a.lf;by. Thus the North Americans and English havi
ade significant progress in adopti i
: ant pting lean design, but we
Eigzat.to see rapic.! improvement shortly. This trend is already
e rring in suppher systems where many North American sup-
;tar;t;rs 1are learning better methods from their work with t}]fe
{ran t:-?;}zmasr;;sp Th?har;z ti{}eg using this knowledge to improve their
s with the U.S. assemblers. So im i
we'd normally expect to ¢ ] it
. ome from the top down-—a
| (pe ) —assemblers
working to make their suppliers better—are, instead, coming fr
the bottom up. , sem
indu; tf;cio;;;i, mass—proguczrs in the West need a better system of
ance, one that demands they do bet i
_ s etter while supply-
ing the large sums that will b ' X picint
‘ e needed to turn these | >
nies around. Currently, most of i a2 of fimance
v, the debate in th
focuses on low-c¢ e nanee
-cost funds for Wester i
s on e . companies and ways 1o
panese group system. Such
doubt well intenti i ‘ e e 0
oned but miss the point: Givi
: Glving mass-produc
more money to spend on inefficie ’ i
' nt product develo inef
’ ! : pment, ineffi-
t }int nfacéqrybc;peratlons, and more sophisticated equipment than
e 31/1 aeel. is bound only to make things worse in the long run. And
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whole approach to production is doomed. So they seem to be
dying the death of a thousand cuts as the world’s lean producers,
now including Ford, steadily gain ground.

The trick for investors and bankers when the crisis comes is
to offer help—but only in return for the company's realistic plans
for achieving world-class performance by converting to lean pro-
duction. Govermments may also need to help out by establishing
paid training programs for employees that companies can no
longer use. These excess workers are the heart of the conversion
problem. That's because workers at mass-production plants learn
no skills. So when a mass-production company collapses, most
workers can qualify only for the most entry-tevel jobs in other
sectors. Training these displaced workers for meaningful work
will be essential.

Indeed, a major problem in converting from mass to lean
production is that in a highly competitive marketplace, where
share growth is impractical, a substantial fraction of the work
force is no longer needed. If the European volume producers were
to convert to lean production today without gaining market share,
they would need less than half their current work force. Doubtless,
the market for cars and trucks would grow as competition pushed
prices down, but it is unrealistic 1o think that shedding of labor
can be avoided.

One of the most important tenets of the Toyota Production
System is never to vary the work pace. Therefore, as efficiencies
are iniroduced in the factory or design shop, or as the rate of
production falls, it is vital to remove unneeded workers from the
system so that the same intensity of work is maintained. Other-
wise the challenge of continual improvement will be lost. The
same is true of mass-production companies converting to lean
production. Excess workers must be removed completely and
quickly from the production system if improvement cflorts are
not to falter.

Companies such as GM have tried to do so by creating job
banks of excess workers to be retrained for other jobs in the
company. The problem is that, realistically, there will never be
any other jobs within the mass-production companies and the
ability of the companies to Gnance the job banks will decay over
time as well. So some sort of public support for job banks may be
pecessary, and workers will have to be trained for positions
outside the traditional manufacturing industries. This idea is
sternly resisted by government officials and union leaders in
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many Western countries, the former because of the up-front cost
lo governments, the latter because the union loses strength as
workers leave their companies. However, the alternative approach

of propping up mass-producers through trade and investment -
arriers, so they can afford to continue their inefficient use of

human effort, is far more costly in the long term.

Obstacte Z: Outdated Thinking About the World Economy

Once upon a time, not ver

the world economy advanced by moving the production of stan-
dardized, low-priced products—such as small automobiles and
trucks—to new mass-production factories in newly industrializing -
countries. In the 1970s, the rise of Japan was often explained in
this way,

Five years ago, when we started our project, many observers
expected that Japan would soon find it could no longer compete
in the export of small vans and trucks because of the strengthen-
ing of the yen and its effect on Japanese wages. Korea, Taiwan,
Thailand, and Malaysia, the next tier of countries with low wages
and an educated, industrious work force, would collectively be-
come the pext Japan. These coun tries, it was argued, would
rapidly build up their econoimies the way Japan had-through the
export of small cars and trucks to the United States and Europe,
supplanting Japanese products in the process.

We never subscribed to this view, because we knew that fean
production is more than a match for low-wage mass pr
First, lean production dramatically raises the threshold
able quality to a level that mass production, particular

wage countries, cannot easily match. Second, lean p
offers ever-expanding product variety and rapid res
changing consumer tastes, something low-wage mass
finds hard to counter except through ever lower price
ally dropping prices is unlikely to work, however, bec
advantage of lean production is that it dramaticall
amount of high-wage effort needed to produce a
given description, and it keeps reducing it throug
incremental improvement, as we saw in Chapter 4.
production can fully utilize automation in ways mas

oduction.
of accept-
ly in low-
roduction
ponses to
production
s. Continu-
ause a third
y lowers the
product of a
h continuous
Finally, lean
s production

y long ago, most people thought that -
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North American market, it would need to follow the Japanese
transplants in building an assembly plant in North America. its
100,000-unit Bromont, Quebec, plant opened in 1989 to assemble
the mid-size Sonata, a new model it hoped would restore its
fortunes in the North American market. The idea of a company
major manufacturing facil-
ity in a highly developed, high-wage country would have been
unthinkable only five years earlier, at a time when most observers
predicted an inexorable drift of low-tech manufacturing, includ-
ing cheap autos, out of the developed world. After all, Korea’s
entire advantage was expected to be low wages. But because
Korean wages are rapidly converging with those in North Amer-
ica, and political considerations require manufacture within the
North American region, Korea is now assembling cars in Canada.

What do we conclude from the experience of Hyundai and the
other Korean producers? That the world economy, in a short
period, has changed in remarkable ways. First, the triumph of
Jean production has created a new threshold for product quality
that no producer can hope 1o offset merely through low prices
based on low wages. As a result, producers in the next tier of
developing countries must become lean producers as well. As we
will see shortly, it is quite feasible for them to move toward their
goal in the 1990s.

Second, even those developing counitries mastering lean pro-
duction will need to think anew about the market for their
products. Partly, they should ook at home, because the productiv-
ity gains of lean production should bring motor vehicles into
reach of a much larger fraction of domestic consumers. in Brazil,
for example, we found that fifty hours were needed to assemble
our standard small car compared with thirteen at the best Japanese
lean producer. Not surprisingly, the Brazilian car market has
been stuck at about 1 million units for many vears. About one-
third of the difference in performance is due to greater automa-
tion in the highest-productivity Japanese plant, but complete
introduction of lean production without advanced technology
should cut the level of effort in Brazil in half, opening a vast new
domestic market.
The developing countries should also look for regional mar-
kets. Indeed, the most striking feature of the world economy in
the past few years is the sudden reorientation of the trading
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patterns in manufactured goods from cross-regional, across the
great oceans, o intraregional, within the great regions—~North
America, Europe, East Asia,

The motor industry is perhaps the leader in this trend. Ex
ports from Japan to Europe are stable, while Japanese and Euro-

pean exports to North America are falling dramatically and Eur- .

opean exports to Japan are growing dramatically
small base. (We don't, of course, count as exports ¢
tured in the United States and Europe by Japanes
What we expect by the end of the decade is a much
of total exports between regions, a greater balance i
ing trade flows, and a focus for the remaining cross-
on niche-type, specialty products. This approach

precisely the one proposed for the post-national le
we described in Chapter 8.

Meanwhile, within the great r
among countries should increase d
North America. The United States a
their auto industries in 1965, whe
went into effect. For the participat
U.S. Big Three, this meant that car
one country and shi
tariffs—as long as th

from a very
ars manufac-
€ companies.)
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n the remain-
regional trade
, of course, is
an enterprises

egions, the flow of products
ramatically. Let’s begin with
nd Canada began to integrate
n the Canada-U.S. Auto Pact
ing assembler companies, the
s and trucks could be made in
pped to the other for sale without paying
¢ assemblers met modest Canadian require-
ments to keep Canadian production roughly proportional to Ca-
nadian sales. (This point quickly became moot, as Canada began
to run a substantial trade surplus with the United States.) In
1989, the Canada-U.S. Free Irade Agreement set in motion the
final process of integration of the automotive market by

ing by the mid-1990s all remaining tariffs on the floy
between the two countries.

eliminat-
v of parts

An interesting issue in the North American region is Mexico,
For a period of thirty y

ears, from the beginning of the 1960s,

Mexico tried to develop a domestic motor industry that could
supply the Mexican market with al] its needs. To achieve this goal,
the Mexican government in 1962 prohibited the imports of fin-
ished vehicles and imposed high local-content requirements on
the five foreign companies—Ford, GM, Chrysler, Nissan, and
Volkswagen-—building cars in Mexico.2
The policy was both a spectacular
lailure. By 1980, Mexico had a 500,000
try producing vehicles with perhaps

success and a spectacular
-unit motor-vehicle indus-
50-percent local content.
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lean production—is to manufacture
engine, transmission, and so fo

and serve the entire North Amer
Mexico.

a large fraction of the parts—
rth-—for the car at Hermosillo
ican regional market, including

The Mexican government dramatically altered its strategy at

the end of 1989 10 make this approach more feasible, not just for
Hermosillo but for the entire Mexican motor-vehicle industry. It
dramatically reduced its local-content requirements on individ-
ual products and relaxed its rules against the import of finished
cars and trucks while retaining its requirement that companies
making and selling cars in Mexico balance their trade by export-
ing as much as they import.3

With this step, a new confi

guration of production for the
entire North American re

gion could emerge. GM, Ford, Chrysler,
Nissan, and VW might assemble in Mexico—for sale to the entire
North American market-—cheap, entry-level cars and trucks that
use parts produced by production complexes in northern Mexico,
near the assembly plants. At the same time, larger cars and trucks
for Mexican consumers might be supplied by plants in the US.
and Canadian Midwest. While Mexico would run a substantia]
trade surplus with the United States and Canada, this integration
of Mexico into the North American region should actually be a
net gain for the U.S. and Canadian auto industries. That’s because
exports to Mexico from U.S -Canadian plants would be additional
business (no finished-vehicle shipments have been permitted for
the past thirty years). What's more, the Mexican market might
grow very rapidly from its current base of 500,000 units 1o 2
million or more by the year 2000. The small cars and trucks
manufactured in Mexico for sale in the United States and Canada
would logically replace imports from Japan, Korea, and Brazil.
Currently, these imported small vehicles provide no jobs in the
United States and Canada.
For this logic to be fulfilled, one chan
necessary. The U.S. government’s fuel-ec
need to be modified so that small Cars pro
companies, with high levels of Mexican manufacturing value, are
treated as “domestic products.” Otherwise, the U.S. companies
will not be able to participate fully in Mexico, leaving its potential
to be realized by Japanese or European companies that are not
similarly constrained. And some way must be found around the
25-percent Arnerican tariff on pickup trucks. The Mexican govern-
ment proposal in March 1990 1o open negotiations on a North

ge in U.S. policy will be
onomy regulations will
duced in Mexico by U.S,

~ ing this problem.
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North America and Europe in its development. Only a few years

ago, the individual economies of Japan, Korea, and Taiwan were
struggling to boost their exports of finished manufactured goods
for the North American and European markets. They seemed

almost oblivious of each other and were highly resistant to accept-

ing manufactured goods imported from their neighbors. This
situation is now changing rapidly, due partly to trade barriers
and currency shifts that close off markets in the other regions,
partly in response to the movement toward regionalization in
Europe and North America, In 1989, for the first time since World
War 11, trade within the East Asian region exceeded extraregional
trade with North America and Europe.

The logic of motor-vehicle industry development in Bast Asia
is similar, save in one respect, to that of North America and
Europe. We expect more basic vehicles to be made in top-to-
bottom manufacturing complexes in the developing countries of
the region for sale in all countries of the region. We also expect
the manufacture of more complex and expensive vehicles to be
focused in Japan for export to other markets in the region. Indeed,
this trend is already beginning. Hyundai, Kia, and Daewoo all
plan to begin selling entry-level vehicles in Japan in 1991, The
Korean domestic market, thus far closed to finished Japanese
vehicles, will be opened a crack at the same time. While the
domestic Japanese industry, unlike those in Western Europe and
North America, is unlikely to prove better off under this arrange-
ment, it can easily be no worse off if its exports of more luxurious
vehicles grow enough to offset decreased domestic production of
basic vehicles,

The anomaly in East Asia, of course, is China. Until spring
1989, it seemed to be moving toward a more open stance regard-
ing its economy and the world and might logically have entered
into a regional East Asia market on at least a limited basis,
Perhaps it can yet do so in the 1990s, but for the moment the
Chinese industry is stil] focused inward, pursuing a combination
of extremely rigid mass production in its two volume-production
complexes in Changchun (No. 1 Auto Works) and Hubai (No. 2
Auto Works) and inefficient low-quality craft production in about
a hundred additional vehiclewmanufacturing facilities spread
throughout China.*

This disastrous combination gives China the distinction of
having the world's largest motor-vehicle industry in terms of
employment (more than 1.6 million workers) and one of the
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the same pattern of hi

despair as currencies shifted and product shortco
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bers of their keiretsu, but none at all for foreign companies. As
Westerners watch the seemingly inexorable advance of the Japa-
nese companies, this second-class citizenship begins o seem un-
acceptable. As one manager at GM remarked, ‘I can hope to get
to the top at GM, but I can never hope to rise above the middle
level of one of the Japanese foreign subsidiaries, no matter how
superior my performance.” Growing investment friction is the

Executives at the Japanese companies are acutely aware of
this problem and have given it much thought. One solution, now
being pursued by several of the auto companies, is 10 appoint
native managers to head their manufacturing operations in North
America and Europe. Similarly, a aumber of Japanese companies
are designating native supplier companies as their source for
certain categories of components. Governments in both regions
are supporting this approach through restrictions on visas tor
Japanese employees at the new facilities and, in Europe, through
strong pressures to attain high levels of domestic content as soon
as possible. (The latter policy raises the cost and launch time of
the initial facilities substantially unless most parts are obtained
from existing domestic suppliers.)

The consequence, we fear, will be a repetition of Ford's expe-
rience in Britain after 1915. The wholesale substitution of domes-
tic managers and suppliers, to deal with investment friction,
quickly degraded the performance of Ford's production system
toward the existing English level. While Ford did spur English
producers to adopt new ways, the full benefits of mass production
were never achieved.

This is not an idle fear, based on events long ago. In our
assembly-plant survey of the transplants in North America and
Europe, we found strong evidence that those plants that perform
best are those with a very strong Japanese management presence
in the early years of operations, and those that have moved slowly
and methodically to build up their domestic supply base. The

plants, which have turned over maost man-
agement to North Americans and Europeans recruited at senior
levels from Western car makers, and who have hurriedly assem-
bled a supply team, is better than the Western average but in
many cases not as good as the Western company—wFord_that has
taken lean production to heart.

1t should be clear that the “J apaneseness’ ol the management
and the suppliers is not the issue. Rather, it is how well transplant

performance of other
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managers and suppliers understand lean production and how
deeply they are committed to making it work. Unfortunately, at
the moment, a large fraction of the world's managers with knowl-
edge and commitment to leanness are Japanese.

We would suggest that a better approach for the Japanese
companies will be to build a truly global personnel system in
which new workers from North America, Europe, and every other -
region where a company has design, engineering, and production B

facilities, are hired in at an early age and given the skills, includ

ing language skills and exposure to management in different -
regions, needed to become full citizens of these companies. This

will mean an equal opportunity to head the company someday.

Similarly, the Japanese lean assemblers will need to form
supplier groups in each region where they operate by exchanging
shares in supplier firms and offering full citizenship. They will
also need to regionalize their equity base and borrowings so that
shifting currencies will not hinder the most appropriate deploy-
ment of production in each region. Finally, a truly important
advance in terms of its visibility will be for the keiretsu to include
foreign companies in their membership. For example, those kei-
retsu, such as that of the Dai-Ichj Kangyo Bank, with weaker auto
companies among their members (Isuzu and Suzuki in this in-
stance) might invite a strong Western car company to join. On the
other hand, the one Japanese car company unaffiliated with a
keirersu, Honda, might wish to form an international keiretsu
consisting of Western manufacturing companies and a bank,

For any of these innovations to work, a clear two-way under-
standing will be essential. Western companies and employees will
need to embrace the concept of reciprocal obligation, making a
long-term commitment to the company or the group. Japanese
companies, in turn, will need to abandon their narrow national
perspective and quickly learn to treat foreigners who accept the
obligations involved as full citizens.

We are well aware how difficult these innovations will be to
implement. American and European companies have struggled,
in many cases for decades, to provide full citizenship for foreign-
ers in their organizations. Yet there are still no foreigners in the
senior management of General Motors or on its board, and it
made headlines recently when Volkswagen appointed Daniel
Goudevert, a Frenchman, as the first foreigner on its management
board.

In addition, the Japanese will need to address issues of ethnic

13
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When H.em-y Ford and Alfred Sloan created mass
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EPILOGUE m

In Burope, the idea of mass production was a problem not
just for the auto industry, but in every industry. On one level, the
intellectuals, particularly on the left, embraced the idea of mass
production as the obvious means (o elevate the living conditions
of the masses. Soon the images of mass production and modernity
were a central theme of Furopean art. However, back at the
factory, in every type of manulacture, the poor fit between the
requirements of mass production and the craft orientation of both
workers and managers insured that adoption of the mew tech-
niques was very slow. The lack of an integrated European market
was a further impediment. It was only after World War 11 that
mass production was fully embraced across the industrial land-
scape of Hurope, in many cases through use of “guest workers”
from other countries and cultures who were willing to tolerate
the monotony of classic mass production in the factory.

Just as Ford and Sloan were swimming in the sea of new
ideas, the postwar chaos in Japan created a fertile environment
for new thinking. Many of the techniques Eiji Toyoda and Taiichi
Ohno built into their lean production system were being tried at
the same time in other industries. For example, the quality-
enhancing ideas of the American consultant W. Edwards Deming
were adopted at about the same time by many Japanese compa-
nies across a range of industries. A number of other ideas were
forced on these inventors by larger social forces in society, in
particular the need to treat workers as fixed costs once it became
apparent that hire-and-fire labor policies would be strenuously
resisted by employees.

However, like Ford and Sloan, their achievement lay in put-
ting all the pieces together to create the complete system of lean
production, extending from product planning through all the
steps of manufacture and supply system coordination on to
the customer. Thus, the auto industry once more changed the
world and has become the global symbel of the new era of lean
production.

What's more, as we have seen, lean production combines the
best features of both craft production and mass production—the
ability to reduce costs per unit and dramatically improve quality
while at the same time providing an ever wider range of products
and ever more challenging work. The final limits of the system are
not vet known and its diffusion, both within the auto industry
and to other industries, is still at an early state—about where
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;:;gs proguct_ion was in the early 1920s. Yet in the end, we beligve
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laws imposed by the American occupation. One of the many ironies of
Japanese-American relations is that both a new approach to labor rela-
tions and a new system of industrial {inance were imposed on Japan by
American occupation officials sympathetic 10 President Franklin Roos-
evelt’s “New Deal,”” who had been unable to gain the political suppart
for similar measures in the United States. Two of Roosevelt's most

vehement and effective opponents in the area of labor law reform were

Atfred Sloan and Henry Yord.

. Toyota and the other auto companies did employ considerable numbers
of temporary workers for many years as they struggled to keep up with
growing demand and resisted granting life-time employee status 1o
workers they were not sure they could retain. However, this practice
came to an end in the 1970s as the Japanese lirms gained confidence that
their growth was not an accident and could be sustained.

3. The Introduction to Michael Cusumano's, Japanese Automobile Industry
provides a succinct account of MITI's twenty-year effort to reorganize
the industry and its failure to do so.

9. Interested readers are urged to consult Ohno's work directly for the
details of his innovations: Taiichi Ohno, The Tovoia Production System,
Tokvo: Diamond, 1978 (in Japanese). An excellent account in English,
prepared with Ohno's help, is Yasuhiro Monden, The Toyota Production
System, Atlanta: Institute of Industrial Engineers, 1983,

10. As we will see in Chapter 6, a key additional problem of this system lay
in devising a workable bookkeeping system so that the real production
cost of in-house parts operations was known. To outside suppliers, it
often appeared that arbitrary allocation of corporate overheads made
make/buy decisions sham proceedings rigged in favor of the in-house
supplier.

11. Ohno and Monden provide detailed explanations of this system in their
volumes on the Toyota Production System.

12. We define a model as a vehicle with entirely different exterior sheet
metal from other products in a producer’s range.

~1
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1

14. Toyola Motor Sales was created during the crisis of 1949 at the insistence

1. This was a major change since Satoshi Kamata's slashing critique of

2. Throughout the program and throughout this volume we have used

oY

U

. For a full explanation of our methods the reader should consult John

. We are pledged not to reveal the identity of specific plants and, by logical

3. For details on their efforts see Shotaro Kamiya, My Life wirth foyota,
Tokyo: Toyola Motor Sales Company, 1976,

of Tovota's bankers. They believed that a separate sales company would
be less likely to produce over-optimistic sales lorecasts leading to exces-
sive production than the previous system, in which marketing was
simply ancther division of the Toyota Motor Company. Certainly, the
trauma of a vast inventory of unsold products in 1949 spurred Tovota's
thinking on how to build the inventoryless system that eventually
emerged. Toyota Motor Sales was remerged with the Toyota Motor
Company in the late 1980s 10 form the current Toyota Motor Corporation.

CHAPTER 4

working conditions at Toyota in the early 1970s (Japan in the Passing
Lare: An Inusider's Account of Life in a Japanese Auto Factory, New York:
Pantheon, 1982 (originally published in Japan in 1973). In the early
1960s more than 40 percent of Tovota’s work force was temporary
workers without permanent job guarantees. By 1975 all temporary
workers had been converted to permanent workers, a situation that
continued until 1989, as Toyota sirained to keep up with the bursg of
auto demand in Japan and once more hired workers without permanent
guarantees. We will return e the problems that demand fluctuations
create for lean production in Chapter 9.

information on product quality provided by J. D. Power and Associates,
an American firm specializing in consumer evaluations of motar vehicles.
However, we do not use the “Power numbers” now routinely cited in
automobile advertising in North America. These pumbers are for defects
in the entire vehicle. Because we have been interested in the activities of
only one part of the manuflacturing systern, the assembly plant, we have
obtained data [rom Power on defects that can be directly attributed to
the activities of the assembly plant. Specifically, these arc water leaks,
loose electrical connections, paint blemishes, sheet metal damage, mis-
aligned exterior and interior parts, and squeaks and ratiles.
Because the Power data are only available for vehicles sold in the
United States, the number of European, Japanese, and New Entrant
plants for which we can report quality data is smaller than the number
for which we have productivity data and other indicators of manufactur-
ing performance.
. This is the method used by many of the publicly available comparisons
of productivity in auto industry. See, for example, Harbour Associates,
A Decade Later: Competitive Assessment of the North American Automotive
Indusery, 19791989, 1989.

Kralcik, "A Methodology for Assembly Plant Performance Determina-
tion,” IMVP Working Paper, October 1988.

extension, of companies. However, the dramatic improvement in Ford’s
plant-level performance in the 1980s is now so well known that it seems
unrealistic not to acknowledge it.
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6. The advantage of having supplicrs across ihe road who can deliver high-

quality parts directly to the line every hour or u:lﬂol:Ls Lorgzdudl}:lc{:f fL;}:_L
eri : sre most parts are deltvered muc 5¢
American transplants, where most parts are @eivel=r - less
quenthy considerable effort still goes inio inspecting mgomlmg_p%trte{ﬁndd
then Ifz):nsfcrring them to the point on the line where they are instaileq.

) er industries
7. This finding is being borne out by a number of studies in other industr

as well. See, for example, Joseph Tidd, “Next Steps in A;ggmbiﬁy AUSEL
mation,” IMVP Working Paper, May 1689, for a ccﬁmg;drltson_u i'('-]tlug
' 1 M LY £ ca | g3 o .S 11 G-
i i [ in the automotive and ¢elec TONIC _
experience with automation | e and electronics roue
i i “Pos strial Manufacturing, Hf
tries, and R. Jaikumar, Post Indus ring, rard Bust
ness Review, November/December 1986, pp. 69—”6, for a study of flex
automation in machine shops and the watch industry.

8. For details of this survey see john Krafcik, “The Effect of Design Manu-

facturability on Productivity and Quality: An Update of the IMVF Assem-
bly Plant Survey,” IMVP Working Paper, January 1990.

9. For details on model-mix complexity and under-the-skin complexity as

i : Jivity and gquality, see John Krafcik
“tors of assembly plant productivity an ality, see John Bralete
};;Czidijt)l?;&’;aul MacDulfie, “Explaining High Performance. Maq;l}t%;m;;-
ing: The International Automolive Assembly Plant Study,” IMVE Wor
ing Paper, May 1989.

10. We do not mean Lo suggest that Ford has no plans to eventualiy renego-

iiate its rigid job-control contracts. The coi:iu“act ;t L}ét_ Wztyz}l{:,(lrffilzllifj?r;

s recently renegotiated In the girect :
assembly plant was recently reneg ed in the direction of A 16¢
conceptyas? a prerequisite to Ford's decision to allocate the new Tord
Escort to the plant.

11. See Mike Parker and Jane Slaughter, "'Managing by Stress: The Dark

i 2 19-23, and
Sl . Concept,’’ in ILR Report, Fall L1988, pp. 2
gﬁie?fatl}:g rgi;;j:cghtcc}?,tzphoosiug Sides: Unions and the Teari Concepl,
Bosion: South End Press, 1988.

CHAPTER &

1. The Clark team’s findings are reported in the following:

i 3 MW, E akahiro Fujimoto, “Product
B. Clark, W. Bruce Chew, and T:lkdhlro. jimoto, et
Devc:?:);nmem in the World Auto Industry, Brookings Papers on Eco
ic Activily, No. 3, 1987. o .
nom'}ixl?;}tlli‘;:)}Fuiimoto, “Organizations [or Ei[eclivg Product Df’.\'ﬂ;ip
ment: The Case of the Global Automobile Industry,” Ph.D. thesis, Har-
i siness School, 1989. . ( ]
Vardlglirbkug.ss(ﬂ;rk and Takahiro Fujimoto, Thc .I!iurupcan Fﬁl(_)dc;i?(r)i:
Product Development: Challenge and Opportunity,” IMVF Working Pa
c ay 1988, B . o )
per ?glil)‘il B. Clark and Takahiro Fujimoto, Overlapping Problem S-Ob Z
ing in Product Development,” in K. Ferdows, Managing Internationd
turing, Amsterdam: North Holland, 1989. » ‘
1‘4anbéf;€§;ftgﬂﬂé{ark and Takahiro Fujimoto, Product Qe\feiopmtn.tﬁarfi
Compctitiv'encss,” paper presented at_the OFECD Semtipar on Science,
Technology and Economic Growth, Paris, June 1989.

2 Takahire Fujimoto, “Organization for Effective Product Development,

tables 7.4 and 7.8.

3. Their findings are summarized in:

Antonv Sheriff, “Product Development in the Auto Industry: Corpo-
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rate Strategies and Project Pe e, ' i
S rianrategies and P ;3;% erformance,” master's thesis, Sloan School
A cgﬁgﬁfﬁoﬁeﬂfnsﬂfatgm N;af Japanese Automobile Manufacturers:
npar tween Honda Motor Company and Mas: '
A E?;?}Sa?ﬂa me%ster s thesis, Sloan School of Man-agcmenf]ﬁ?;\ﬁ(ggg cor
. n . IS . N . r » -
Cla ujimoto, “Product Development in the World Auto Industry,”
5. This example is based on i
I _ : material presented in Cl Fujimot
; Cgviria%p;lg Problem-Solving in Product Devel;gmeilgk"and fugimote,
. rk and Fujimoto, "Overlapping ] ing in P
o Tablejz, vertapping Problem-Solving in Product Develop-
7. ji "
gle;rfl'(sar;d Fgﬁmoto, Product Development in the World Auto Industry,”
b7 E}.wndg It}og, although (;lark and Fujimoio do not report data on
mogjel Chacr_)lw:g[iz;q durm}% }\)\:l}]({:h a plant is not running at all during a
noce ge is much briefer in lean-productic
8. Earl}fr results pilrls T.l:lL methodology used [E)iFC repo;}tlgli?:ts-
Manu?;sg);efgbggf The Competitive Product Position of Automobile
o : lormance and Strategy,” IMVP Working Paper, May
mmil;‘ﬁgngrgggriffsind Takagirc:i Fujimoto, “"Consistent Patterns in Au-
duc rategy, Product D o i
. iﬁ&‘fogrrfljansclc, IMVP Working Paper, Ma??‘;S%mLm, and Menufacturing
. red P. Sloan, My Years wi 2F . i
; Do_ubleday, Yoy, p) 73‘ s with General Motors, Garden City, New York:
. ;gzucéﬁi?vmgign;me oﬁa thgzle s}r{mllcd out in William Abernathy, The
rod ; ma: Roadblock to Imnovati ] / ’
" %ldtlmore: J?hns Hopkins University Pregs V] 9?%?  the Auto Indust,
. The material in this section is based on Andrew
e ma is section rew Graves,
" %‘:,ndsﬁm Automotive R&D,” IMVP Working Paper, gﬁﬁi 98$0mparamL
. a(‘e“’r gureslupdatc car%ier dala reported in Andrew Graves. “Compa
n;;;ggc?]ngf;‘:’?ﬂ?:tgr‘nﬂz}ive\s&%” and Daniel Jones, ”Measxtjring Tgcll;m
e . " En o o . a ”n )
. ;ng Faper. May 198gs, e World Motor Vehicle Industry,” IMVP Work-
. Azz;};gggrglau?n on the European and American efforts in this area see
e W{);l?f;; P:;omei?eusl:;\ggNew Departure in Automotive R&D,"”
/ er, May , and Hans Klein, © J
National Program in Intelli i i teme > TMVP Work.
! a1t Vi - . "
) ;ng B . igent Vehicle/Highway Systems,” IMVP Work-
. tﬁ;h;};z;?]iggséf;nti:n.ast‘i}ng, an;-cmg Ethe vast outpouring of literature on
_ nhouse eftect, is James Lovelock, The s of Gaia: i
of Our Living Earth, New York: Norton(iCIQSSI?{ Apes of Gaia: A Biography

CEAPTER 6

gisph!;il}l’r%]i]\{g?;ifzgt Cm}q;t);u?g Systermns of Automotive Components
pply: / ation of the Japanese ‘Clustered € ' :

, ’tl"l;: Alps’ Structure, " IMVP Working Paper, May 1987 ontrolt Model and

. CO;{: a;reeri}ajiithwo issues conlounded in the claim that “lower supplier

e Japanese competitive advant One is t

hours of effort needed 1o i B e A er of

. accomplish a set of activities. As we will see

there is good reason to think that Japanese suppliers require ;n‘:l!({lli ;;sté

END NOTES 28

effort, just as Japanese assemblers need much less effort 1o design cars
and to assemble the parts. The second issue is the cost per hour of effort.
At one time in Japan there was a large gap between wages in the
assembler firms and the lower levels of the supplier system. However, as
Toshihiro Nishiguchi has recently shown {'Strategic Dualism,” Ph.D.
thesis, Oxford University, 1989, pp. 155-156), this gap shrank by the
1960s to only about 20 percent, which happens to be about the gap
hetween assembler and supplier wages on average in the United States
today. For an assembler that is very highty vertically integrated—Gen-
eral Motors is the obvious example this gap does still produce a cost
gap with competitors—such as Chrysler-—obtaining a large fraction of
their parts from outside suppliers.

3. Richard Lamming, “The fnternational Automotive Components Indus-
try: Customer-Supplier Relationships, Past, Present, and Future,” IMVFP
Working Paper, May 1987, provides a good historical overview of the
changing relations between assemblers and suppliers in North America
and Europe.

4. Richard Lamming remembers the situation at Jaguar a decade ago when
he was told to justify his job by “saving his salary,” that is, by finding
immediate cost savings on purchased parts sufficient to cover his cost 10
the company. In addition, it was commonly understood that the next
promation would go to the purchasing agent producing the largest
savings, perbaps two or three times his salary. Until recently this ap-
proach was typical in the purchasing departments of Western compa-
nies. It served to institutionalize a system squeezing prices down in the
short term at the expense both of costs and assembler-supplier relation-
ships in the long term.

5. Much of the materiai in this section is based on the work of IMVP
research affitiate Toshihiro Nishiguchi:

“Compeling Systems of Automotive Component Supply,” IMVFP
Working Paper, May 1987.

“Reforming Automotive Purchasing: Lessons for Europe,” IMVP
Working Paper, May 1988.

“Sirategic Dualism,” Ph.D. dissertation, Oxford University, 1989.

6. Richard Lamming, “The Causes and Effects of Structural Change in the
European Automotive Components fndustry,” IMVP Working Paper, May
1989, pp. 22-23.

7 Toshihiro Nishiguchi, "Strategic Dualism,” p. 210.

8. For a full description of this system see Nishiguchi, “Strategic Dualism,”
p. 191,

9. The authers are grateful to Richard Hervey of Sigma Associates for
bringing this point to their attention.

10. Nishiguchi, “Strategic pualism,” p. 202.

11. For numerous examples of assemblers sharing ups and downs with

suppliers, see Nishiguchi, “Strategic Dualism,” pp. 281—311.

12. See Nishiguchi, “Strategic Dualism,” pp. 281-311, for specific examples.

13. Access to that part of the plant making the part in question. It is
important to remember that most suppliers in Japan do work for more
than one assembler and, often, for firms outside the aute industry as
well. Activities for other assemblers are off limits, since the supplier
must maintain a close and confidential relationship with those firms as
well.
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14. KUnosuke. Odaka, Keinosuke Ono, Fumihiko Adachi, “The Automobile
Industry in Japan: A Study of Ancillary Firm Development,” Oxford:
s ](\)]?if}clard U}rjl_lversxty Press, and Tokyo: Kinokuniya, 1988, pp. 316317 ‘
. IS 1 - LX) - 36 . 1x by " : ’ )
amplfﬁ,t 1, "Strategic Dualism,” pp. 203-206, provides numerous ex-
16. It is importast 1o note that actual i i i
: ‘ al practice differs considerably between
assemblers. Toyola de_mgnates two or more suppliers for mozt smaller
?arts—fur the front disk brake calipers for the base model Corolla, for
f,xafrlgjle. Nissan and Honda, by contrast, maintain several suppliers for
c;lg:ven category of parts—for example front brake calipers in general,
owever, Nts.szm and Honda do not dual- or triple-source a specific
Pz_i{tmihe Callp%’lz for the front brakes of a specific model. Instead, they
4551ng one specific part to each supplier and then compare their overail
;‘)’erlm mance. If a supplier lets down on a specific part, i is relatively
LdS{ 1% transier some oi'hihe business 1o another supplier of that type of
part. >o in practice, the Nissan and Honda systems are i
cqui\.faleﬂts of the Toyota systern. ystems are functional
g r?:sh;g.uchl, _'.Compe[l,ing Systems ol Automotive Components Supply.”
. Takahire Fujimoto, "Organizations for Elfective Product Development,”
o §ab}llc 7.1};@15’0 see, Figure 6.3 in this chapter. ,
. p-ls; Sl‘guc i, "Competing Systems of Automotive Components Supply,”
20. f}};zs fjndings arc reported in Richard Lamming, “Structural Options for
the European Automotive Components Supplier Industry,” IMVP Work-
lgg Paper, May 1988; "'The Causes and Effects of Structural Changes in
; e Europce,a‘n Aulomouve_Componems Industry,” IMVP Working Paper
989; andl Th¢ International Automotive Components Industry: Thé
. Nﬁg‘t Best Practice for Suppliers,” IMVP Working Paper, May 1989,

. T‘ls survey was conducted by Susan Helper of the Boston University
Schoc_)l of Management. She has reporied her findings in “Supplier
Relg.tlmnls gt a Crossroads: Results of Survey Research in the U.S. Auto-
mobile Industry,” Boston University School of ement Worki
Paper §9.56. 153 ersity School of Management Working

22. Richard Lamming, “Causes and Effects of Structural Change in the
Eumpgan Automotive Components Industry,” pp. 22-23.

23, Toshihiro Nishiguchi, “Strategic Dualism,” p. 197.

24. Susan Hf':lpﬁi‘, “Supplier Relations at a Crossroads,” p. 7.

25. Hszlpf:r, Supplier Relations,” p. 12.

26, N!Sh]gl.lﬁhl, "Strategic Dualism,” pp. 116, 203, 204.

27. Helper, “Supplicr Relations,” Figure 7.

28. Nishiguchi, “Strategic Dualism,” p. 218,

29. Helper, ‘:Supplicr Relations,"” Figure 7.

g? ;Ic_:iﬁer, Supplier Relations,” p. 7.

- Nishiguchi, “Strategic Dualism”, pp. 313-347, and Nishi i "

" ?cﬁﬂly 31’%?’1' IMVP Working Paper, May 1989 ' shiguchi. "I JIT

- John Krafcik, “Learning from NUMMI,” IMVP Worki :
oh ;" Lea: ] . rking Paper, Septem-
ber %9865'31nd Nishiguchi, “Strategic Dualism,” p. 213.g per Septem

33 Krafcik, Learning from NUMML," p. 32.
34, 'éhls\sectmn is basgzd on Richard Lamming, “Causes and Effects of
tructural Changes in the Furopean Automotive Components Industry,”

35. Takahi i o Arirat . o
Tab?g]?i?.Fuﬂmmo' Organizations for Effective Product Development,”
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16. Lamming, “Causes and Effects,” p. 39.
37. Lamming, “Causes and Effects,” p. 43.

CHAPTER 1

1. Awtomotive News Market Daia Book, various years. )

2. John J. Fervon, “NADA’s Look Ahead: Project 2000, IMVTP Working
Paper, May 1988,

3. Automotive News Market Data Book, various years.

4. Caleutated by the authors from Automotive News Market Databook, 1982
edition, p. 38. .

5. John J. Ferron and Jonathan Brown, “The Future of Car Retailing,” IMVP
Working Paper, May 1989, and Jonathan Brown, “What Will Hapg:n Lo
the Corner Garage? Brighton Polytechnic, Tnaugural Lecture, 26 Junc
1983,

6. SRI Inlernational, The Future for Car Dealerships in Europe: Evolution or
Revolution?, Croydon, UK.: SRI International, July 1986,

7. Ferron and Brown, '‘The Future of Car Retailing,” p. 11.

8. Data supplied by Professor Garel Rhys of Cardiff Business School. )

9. This section draws on the work of Professor Koichi Shimokawa of Hosei
University in Tokyo and on a case study of the Toyota distribution system
prepared by Jan Helling of Saab. _

10. The Automobile Industry: Japan and Tayote, published by Toyota Motor
Corporation, Tokyo. ' o

{1. Koichi Shimokawa, “The Study on Automotive Sales, Service and Distri-
bution Systems and Its Further Revolution,” IMVP Working Paper, May
1987.

12. Koichi Shimokawa, “The Study of Automotive Sales,” p. 30; Automotive
News Market Date Book, and Japan Automobile Manufacturers Associa-

tion, Motor Vehicle Statistics of Japan, Tokyo: JAMA, 1989,

13, Ferron and Brown, “The Future of Car Retailing,” pp. 4-3.

4. John J. Ferron and Jonathan Brown, “The Future of Car Retailing,” IMVP
Working Paper, 1989, p. 11, and private communication with Keichi
Shimokawa. _ _

15. Other necessary changes have been the recent elimination qf special
excise taxes on cars with large engines (which penalized larger imported
cars of the type with the most inherent sales appeal in japz}n) 'and the
willingness of several Japanese assemblers, under subs%aptlal. interna-
tional pressure, to retail imports through their own distribution cha.n-
nels. For example, Honda has recently begun selling Rover products in
Japan through its Verno channel.

CHAPTER 8

1. Allan Nevins and Frank Ernest Hill, Ford: Decline and Rebirth, New York:
Scribrer’s, 1963. _

2 We are indebted to Maryaon N. Keller of Furman Selz Mager Dietz zm'cl
Birney for an explanation of the Japanese system of capital formation in
the 1980s and for the specific figures cited. i

3 For an excellent summary of the Ford Motor Company's foreign opera-
tions between 1905 and the early 1960s, sec Mira Wilkens and Frank
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18. GM opencd its new Saturn complex at Spring Hill, Tennessee, in mid-
1990. This is the company’s single and very ambitious effort to imple-
ment the full set of lean techniques for product development, supplier
coordination, and factory operations at a “greenfield’” site where old
ways of thinking can be cast aside. Saturn opened too late in ithe IMVP
to be evaluated for this volume,

19. A complete enumeration of assembly plants in North America would
add the opening of Hyundai's 100,000-unit assembly plant at Bromont,
Quebec, in 1989 and Volkswagen's closing ol its 250,000-unit Westmore-
land, Pennsylvania, assembly plant, also in 1989, (This plant was subse-
quently sold to Sony for conversion to production ol television picture
tubes.) These adjustments would reduce net North American assembly
capacity by another 150,000 units.

20. Entire industrial sectors in Japan have suffered prolonged slumps due 10
changes in the world economy. Steel and shipbuilding are the two
prominent examples of the 1980s. When such slumps oceur, Japanese
government and industry exhibit a remarkable ability for restructuring
and rationalization through the mechanism of the “recession cartel,’ in
which excess capacily is retired in an orderly manner and the financial
pain is shared equally among industry participaits. Typically, rather

than permanent pay culs, capacity is retired and excess workers are
iransferred io growing companies within the keiretsi. However, this
situation has never arisen in the auto industry.

21. The British governmeni unolficially explained that this was necessary 10
guarantee that the cars would not count against Japanese import quolas

‘hen shipped to France and Italy. However, the government also recog-
nized thas Rover's and Ford’s British production might decline as the
Japanese transplants in Britain came on stream and was concerned
about the fate of the British parts industry.

CRAPTER 11

1. The reader shoukd not jump to the conclusion that the Korean industry
is “finished” in international competition. Although the initial quality
of the Hyundai products was poor, their cars have improved sicadily in
the Power ratings to aboul average by 1989, This indicates that the
Korean companies have both the ability and desire to learn {rom their
errors and to make rapid improvements. In addition, the Korean frms
have rapidly improved the sophistication of their facteries. One firm has
introduced many lean production techniques and needed only 25.7 hours
of assembly effort in 1989 to perform our stapdard activities on the
standard car, a level very near the Japanese average when the consider-
ably lower level of Korean automation is factored in. Thus the real
question marks for the Koreans are whether they can gain technological
independence of the Japanese and Americans and whether they can find
a stable role in the emerging East Asian region. Regarding the {former
see Young-Suk Hyun, “A Technology Strategy for the Korean Motor
Industry,” IMVP Working Paper, May 1989.

3 Tor a review of the Mexican situation see James P. Womack, "The
Mexican Motor Industry: Strategies for the 1990s,” IMVP Working Paper,

May 1989,
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3. See the "Mexican Auto Decree” promulgated by the government Decem-
ber 19, 1989, in Diario Official.

4. For areview of the Chinese situation, see Qiang Xue, “The Chinese Motor

Industry: Challenges for the 1990s,” IMVP Working Paper, May 1989,

5. For a review of the Brazilian situation, see Jose Ferro, "Strategic Alter-
natives for the Brazilian Motor Vehicle Industry in the 1990s,” IMVP
Working Paper, May 1989,

6. IMVP Rescarch Affiliate Jose Ferro visited the Honda motorcycle plant
at Manaus, far up the Amazon near the Peruvian border, and was amazed
at the degree to which Honda had been able to implement lean produc-
tion using rural migrants with absolutely no previous industrial experi-
ence. This is surely the most difficult environment in which lean produc-
tion has thus far been tested and argues strongly that the basic ideas are
truly universal.

7. This idea has been formally accepted by Brazil and Argentina, but to
date the chaos in both economies has delayed serious progress toward
implementation. For a review of the Argentine situation see Javiar
Cardozo, “The Argentine Automotive Industry: Some Unavoidable Issues
for a Re-entry Strategy,” IMVP Working Paper, May 1989.

8. This car finally reached the American market in mid-1990.

APPENDIX

INTERNATIONAL MOTOR VEHICLE PROGRAM
SPONSORING ORGANIZATIONS

EPILOGUE

I. For a review of the impact of mass production on European thinking, see
Thomas Hughes, American Genesis: A Century of Invention and Technolog-
ical Enthusiasm, New York: Penguin Books, 1989, particularly chapter 6,
"Taylorismus + Fordismus = Amerikanismus,”’ and chapter 7, “The
Second Discovery of America.”
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Australia—Department of Industry, I'echr}ology and Commerce
Automotive Industry Authority of Australia o
Canada—Department of Regional Industrial Expansion
Chrysler Motors Corporation . e
Commission of the Furopean Comrmunitics o
Commitlee of Common Markei Automobile Constructors
Daimler-Benz AG )
Du Pont de Nemours & Co. Automotive Products
Fiat Auto SpA
Ford Motor Company
General Motors Corporation o
Japan Automobile Manulacturers Association
Japan Automotive Parts Industry Ass.omatl.on .
Mexican Association of the Automaobile Indulsu?y
Mexican Autoparts National Industry Association
Montedison Automotive Corporate Group
Motor and Equipment Manufacturers Association
Motorola, Inc. ’
Ontario—Ministry of Industry, Trade and Technology
Peugeot, SA o
Ouebec—Ministry of Industry and Commerce
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S\\:rcdlsh Na}lpnal Board for Technical Development
T'anvan——Mmlstry of Economic Affairs

TRW Automotive
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Un}tc Kingdom—Economic and Social Research Council

n.flcd §taie.‘ Department of Commerce .
Egliug zi{ltu géparlment of Transportation/NHTSA
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Volkswagen AG B Assessment

Volvo Car Corporation
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Harry Katz, Cornell University
Hans Klein, MIT )
Thomas Kochan, MIT
John Krafcik, MIT
}I_{)p;;lalddi{rcss, MIT Senior Advisor
ichard Lamming, Bright iness Scho ited Ki
Richord pmm Mgr;_‘ ghton Business School—United Kingdom
Johin Paul MacDulfie, MIT
gennis Marler, MIT
ars-Gunnar Malisson, Stockholm Sc ' i ade
Npah Meltz, University of Toronto——sézilr?gcllsf Beonomics—Sweden
Gian Federico Micheletti, Politecnico di Torino—TItaly
Roger Milier, University of Quebec—Canada )
Toshihiro Nishiguchi, MIT
Kentaro Nobeoka, MIT
John O'Donnell, MIT
Taku Oshima, Osaka City University—Japan
David Ragone, MIT Senior Advisor
David Robertson, MIT
Daniel Roos, MIT
{S?lhurlis Sabel, MIT
hoichiro Sei, Kanto Gakuin University—rFa
Luba Shamrakova, MIT  tniversity—Japan
Antony Sheriff, MIT
Ha,}"uq Shimada, Keio University—Japan
Koichi S?}imokawa, Hoses Univérsiw——Japan
Joseph T:dd, University of Sussex—United Kingdom
Konomi Tomisawa, Long-Term Credit Bank—Japan
Kung Wang, National Central University —TFaiwan
James Womack, MIT .
Victor Wong, MIT
Qiang Xue, MIT
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UMBERTO AGNELLI—Chairman, Fiat Auto SpA
SuoicHt AMEMIYA—Director General, Nissan Mexicana, S.A. de C.V., Mexico
Joun Banican—Director General, Automotive, Marine and Rail Branch
(FAMR), Department of Regional Industrial Expansion, Government ol
Canada
THEORORE BARDOR—President of Board of Directors, TEBO, S.A. de C.V. and
TERO Group, Mexico
T. R. BEamisa—Chairman, The Woodbridge Group, Canada
FERNAND BrRAUN—Director General for Internal Market and Industrial Al-
fairs, Commission of the Buropean Communities
GiancarLo BERETTA—Director, Automotive Corporate Group, Montedison
STEPHEN Bowen—Assistant Secretary, Department of Trade and Industry,
UK.
MICHAEL CALLAGHAN —Manager, Business Strategy, Ford of Europe, UK.
CarLOS CaLLEsA Pinepo—Chairman of the Board, Mac Electronica, SA. de
C.V., Mexico
MAURICIO DE MAaR1A ¥ CaMPos—Subsecretaria de Fomento Industrial, Secre-
tario de Comercio y Fomento Industrial, Government of Mexico
FrANCOIS CaSTAING—Vice President, Vehicle Engincering, Chrysler Corpora-
tion
Jav Crial—Executive Vice President, C. Iroh & Co. {America) Inc.
Cuen ZuTao—Chairman, China National Automotive Industry Corporation,
Peoples Republic of China

*Titles of individuals are shown as they were at the time of participaiion in
IMVP.
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Juke-sug CHoo—Director, Industrial Policy Division, Ministry of Trade and
Industry, Republic of Korea

Micragl CocuLin—Under Secretary, Department of Trade and Industry, UK.

RoperT DaLe—~Managing Director, Autometive, Lucas Industries ple, UK.

MicHarL DRIGGS—Special Assistant to the President for Policy Development,
The White House, Washington, D.C.

Manuver De La Portita—Director, Comercial Transmisiones y Equipos
Mecanicos, S.A. de C.V, Mexico

Joun Esv—Executive Director, Corporate Planning Office, Ford Motor Corm-
pany

DoNALD EPHLIN-—Vice President, International Union, UAW

GusTave Espinosa CarBaral—Director General, Fabrica de Autotranspories
Mexicana, S.A. de C.V.,, Mexico

Cesar FLorgs—Exceutive President, Asociacion Mexicana de Industria Auto-
motriz, Mexico

Josz AnTonio FrENo—Group Director, Finishes Division, Du Pont, S A, de
C.V., Mexico

PETER FrERx—Member of the Board of Management, Volkswagen AG

JuLio ALFREDO GENEL GaRClA—Director General of Industry, Secretaria de
Comercio y Fomento Industrial, Government of Mexico

ViTTorio GHiDELLA—President and Chiel Executive Officer, Fial Auto SpA

ALEXANDER Glacco—Vice President and Chief Executive Officer, Montedison
SpA

Joun Giueurist—Director Ejecutivo de Finanzas, Chrysler de Mexico, S.A.

KATHERINE GILLMaN—Deputy Project Director, Office of Technology Assess-
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GorpoN Gow—Deputy Minister, Ministry of industry, Trade and Technology,
Government of Ontario, Canada

JoHN Grant—Executive Director, Corporate Strategy Staff, Ford Motor Com-
pany
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Henrik Gustavsson—Vice President, Technical Relations, Saab-Scania AR,
Sweden

MicuageL HamMes—Vice President, International Operations, Chrysler Cor-
poration

MicHagr HawLey—Business Planning Associate, Ford of Europe, UK.

Hirosur Havano-—President of Honda of Canada Manufaciuring, Inc.

Kan Higasur—President, New United Motor Manulacturing, Inc.

Louts HuGHES—Vice President and Chief Financial Officer, General Motors
Eurcphe AG

MARTIN JosepHi—Presidente del Consejo Ejecutivo, Volkswagen de Mexice,
SA.de C.V, Mexico

Kenicnr Kato—Director, Member of the Board, Toyota Motor Corporation

YosuixazU Kawana-—Member of the Board of Directors, Group Director,
Europe Sales, Nissan Motor Co., Lid.

Maryann KeLLer—Vice President, Furman Selz Mager Dietz & Birney

JEAN-PIERRE KEMPER—Director General, Automagneto, $.A. de C.V,, Mexico

ALEXANDER VON KEUDELL—Vice President, TRW, Inc., Federal Republic of
Germany

Joun KirscHEn—External Relations Department Director, Fiat Group Dele-
gation with the European Community
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Sapao MATSUMURA—Senior Managing Director, Gcﬂcrlal Manager, Interna-
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Erick REICKERT—President and Managing Director, Chrysler Mexico, S.A.
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PEpro Ruiz Menpoza—Executive Vice President, Condumex Automotive,
Grupo Condumex, Mexico
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GusTav Rypman—Director, Policy and Industrial Development, Saab-Valmel
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trial, Government of Mexico
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