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T h e  T o yo t a  P r o d u c t i o n  Sy s t e m  h a s
long been  hailed as t he sou rce of Toyota’s
outstanding perform ance as a m anufacturer.

The system ’s dist inct ive pract ices –it s kanban cards
and quality circles, for instance – have been  widely
in t roduced elsewhere. Indeed, following their own
internal effort s to benchm ark  the world’s best  m an-
ufacturing com panies, GM, Ford, and Chrysler have
independent ly created m ajor in it iat ives to develop
Toyota-like product ion  syst em s. Com pan ies that
have t ried to adopt  the system  can  be found in  fields
as diverse as aerospace, consum er products, m etals
processing, and indust rial products.

What ’s cu rious is that  few m anufactu rers have
m an aged t o im it at e Toyot a su ccessfu lly – even
though the com pany has been  ext raordinarily open
about  it s pract ices. Hundreds of thousands of exec-
u t ives from  thousands of businesses have tou red
Toyot a’s plan t s in  Japan  an d t h e U n it ed St at es.
Frust rated by their inability to replicate Toyota’s
perform ance, m any visitors assum e that  the secret
of Toyota’s success m ust  lie in  it s cu ltu ral root s.
But  that ’s just  not  the case. Other Japanese com pa-
n ies, such  as N issan  and Honda, have fallen  short  
of Toyota’s standards, and Toyota has successfu lly
in t rodu ced it s produ ct ion  syst em  all arou n d t h e
world, including in  N orth  Am erica, where the com -
pany is th is year bu ilding over a m illion  cars, m in i-
vans, and ligh t  t rucks. 

So why has it  been  so difficu lt  to decode the Toy-
ota Product ion  System ? The answer, we believe, is
that  observers confuse the tools and pract ices they
see on  their plan t  visit s with  the system  it self. That
m akes it  im possible for them  to resolve an  apparen t
paradox of the system – nam ely, that  act ivit ies, con-
nect ions, and product ion  flows in  a Toyota factory
are rigidly scripted, yet  at  the sam e t im e Toyota’s
operat ions are enorm ously flexible and adaptable.
Act ivit ies and processes are constan t ly being chal-
lenged and pushed to a h igher level of perform ance,
enabling the com pany to cont inually innovate and
im prove. 

To understand Toyota’s success, you  have to un-
ravel the paradox – you  have to see that  the rigid
specificat ion  is the very th ing that  m akes the flexi-
bility and creat ivity possible. That ’s what  we cam e
to realize after an  extensive, four-year study of the
Toyota Product ion  System  in  which  we exam ined
the inner work ings of m ore than  40 plan ts in  the
United States, Europe, and Japan , som e operat ing
according to the system , som e not . We studied both
process and discrete m anufacturers whose products
ranged from  prefabricated housing, au to part s and
fi n al au t o assem bly, cell ph on es, an d com pu t er
prin ters to in ject ion-m olded plast ics and alum inum
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ext rusions. We studied not  on ly rou t ine product ion
w ork  bu t  also service fu n ct ion s lik e equ ipm en t
m ain t en an ce, w ork ers’ t rain in g an d su pervision ,
logist ics and m aterials handling, and process design
and redesign . 

We found that , for ou tsiders, the key is to under-
stand that  the Toyota Product ion  System  creates a
com m unity of scien t ist s. Whenever Toyota defines
a specificat ion , it  is establish ing set s of hypotheses
that  can  then  be tested. In  other words, it  is follow-
ing the scien t ific m ethod. To m ake any changes,
Toyot a u ses a rigorou s problem -solvin g process
that  requires a detailed assessm ent  of the curren t
state of affairs and a plan  for im provem ent  that  is,
in  effect , an  experim en t al  t est  of t h e proposed
changes. With  anyth ing less t han  such  scien t ific
rigor, ch an ge at  Toyot a w ou ld am ou n t  t o li t t le
m ore t han  random  t rial and error – a blindfolded
walk  through life.

T h e fact  t h at  t h e scien t ific  m et h od is  so in -
grained at  Toyota explains why the h igh  degree of
specificat ion  and st ructure at  the com pany does not
prom ote t he com m and and con t rol environm en t
one m ight  expect . Indeed, in  watch ing people doing
their jobs and in  helping to design  product ion  pro-
cesses, we learned that  the system  actually st im u-
lates workers and m anagers to engage in  the k ind of
experim entat ion  that  is widely recogn ized as the
corn erst on e of a learn in g organ izat ion . T h at  is
what  dist inguishes Toyota from  all the other com -
panies we studied. 

The Toyota Product ion  System  and the scien t ific
m et h od t h at  u n derpin s it  w ere n ot  im posed on  
Toyota – they were not  even  chosen  consciously.
The system  grew naturally ou t  of the workings of
the com pany over five decades. As a resu lt , it  has
n ever been  w rit t en  dow n , an d Toyot a’s w ork ers 
often  are not  able to art icu late it . That ’s why it ’s so
hard for outsiders to grasp. In  this art icle, we at tem pt
to lay ou t  how Toyota’s system  works. We t ry to
m ake explicit  what  is im plicit . We describe fou r
principles – three ru les of design , which  show how
Toyota set s up all it s operat ions as experim en t s,
and one ru le of im provem ent , which  describes how
Toyota teaches the scien t ific m ethod to workers at
every level of the organizat ion . It  is these ru les –and

not  the specific pract ices and tools that  people ob-
serve during their plant  visit s – that  in  our opinion
form  the essence of Toyota’s system . That  is why we
think of the ru les as the DN A of the Toyota Produc-
t ion System . Let ’s take a closer look at  those ru les
(for a sum m ary, see the sidebar “The Four Rules”).

Rule 1:How People Work
Toyota’s m anagers recognize that  the devil is in  the
details; that’s why they ensure that  all work is highly
specified as to conten t , sequence, t im ing, and out -
com e. When a car’s seat  is installed, for instance,
the bolts are always t ightened in  the sam e order, the
t im e it  t akes to tu rn  each  bolt  is specified, and so 
is the torque to which  the bolt  should be t igh tened.
Such  exactness is applied not  on ly to the repet it ive
m ot ions of product ion workers but  also to the act iv-
it ies of all people regardless of their funct ional spe-
cialt y or h ierarch ical role. The requ irem en t  t hat
every act ivity be specified is the first  unstated ru le
of the system . Put  th is baldly, the ru le seem s sim -
ple, som et h in g you ’d expect  everyon e t o u n der-
st and and be able to follow easily. Bu t  in  reality,
m ost  m an agers ou t side Toyot a an d it s part n ers
don’t  t ake th is approach  to work  design  and execu-
t ion –even  when they th ink  they do.
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The tacit knowledge that underlies the Toyota
Production System can be captured in four basic 
rules.These rules guide the design,operation,and
improvement of every activity,connection,and
pathway for every product and service.The rules are 
as follows:
Rule 1: All work shall be highly specified as to
content,sequence, timing,and outcome.
Rule 2: Every customer-supplier connection must be
direct,and there must be an unambiguous yes-or-no
way to send requests and receive responses.
Rule 3: The pathway for every product and service
must be simple and direct.
Rule 4: Any improvement must be made in
accordance with the scientific method,under the
guidance of a teacher,at the lowest possible level in
the organization.
All the rules require that activities,connections,and
flow paths have built-in tests to signal problems
automatically. It is the continual response to problems
that makes this seemingly rigid system so flexible and
adaptable to changing circumstances.

The Four Rules



Let ’s look  at  how operators at  a typical U.S. au to
plan t  in st all t h e fron t  passen ger seat  in t o a car.
They are supposed to take four bolt s from  a card-
board box, carry them  and a torque wrench  to the
car, t igh ten  the four bolt s, and en ter a code in to a
com puter to indicate that  the work  has been  done
without  problem s. Then  they wait  for the next  car
to arrive. N ew operators are usually t rained by ex-
perien ced w ork ers, w h o t each  by dem on st rat in g
what  to do. A seasoned colleague m ight  be available
to help a new operator with  any difficu lt ies, such  as
failing to t ighten  a bolt  enough or forget t ing to enter
the com puter code. 

T h is sou n ds st raigh t forw ard, so w h at ’s w ron g
with  it ? The problem  is that  those specificat ions ac-
tually allow –and even  assum e –considerable varia-
t ion  in  the way em ployees do their work . Without
anyone realizing it , t here is plen ty of scope for a
new operator to pu t  the seat  in to the vehicle differ-
en t ly than  an  experienced em ployee would. Som e
operators m ight  pu t  the fron t  bolt s in  after the rear
bolt s; som e m ight  do it  the other way around. Som e
operators m ight  pu t  each  bolt  in  and then  t igh ten
them  all; others m ight  t igh ten  as they go along. All
th is variat ion  t ranslates in to poorer quality, lower
product ivity, and h igher cost s. More im portan t , it
h inders learn ing and im provem ent  in  the organiza-
t ion  because the variat ions h ide the link  between
how the work  is done and the resu lt s. 

At  Toyota’s plan t s, because operators (new and
old, jun ior and supervisory) follow a well-defined
sequence of steps for a part icu lar job, it  is instan t ly
clear when  t hey deviat e from  the specificat ions.
C on sider h ow  w ork ers at  Toyot a’s G eorget ow n ,
Kentucky, plan t  install the righ t -fron t  seat  in to a
Cam ry. The work  is designed as a sequence of seven
tasks, all of wh ich  are expected to be com plet ed 
in  55 secon ds as t h e car m oves at  a fi xed speed
through a worker’s zone. If the product ion  worker
finds h im self doing task  6 (installing the rear seat -
bolt s) before task  4 (installing the fron t  seat -bolt s),
then  the job is actually being done differen t ly than
it  was designed to be done, indicat ing that  som e-
th ing m ust  be wrong. Sim ilarly, if after 40 seconds
the worker is st ill on  t ask  4, wh ich  shou ld have
been  com pleted after 31 seconds, then  som eth ing,
too, is am iss. To m ake problem  detect ion  even  sim -
pler, the length  of the floor for each  work  area is
m arked in  ten ths. So if the worker is passing the
sixth  of the ten  floor m arks (that  is, if he is 33 sec-
onds in to the cycle) and is st ill on  task  4, then  he
and h is t eam  leader know that  he has fallen  behind.
Since the deviat ion is im m ediately apparent , worker
an d su pervisor can  m ove t o correct  t h e problem
right  away and then  determ ine how to change the

specificat ions or ret rain  the worker to prevent  a re-
currence. (See the sidebar “How Toyota’s Workers
Learn  t h e Ru les”  for a sh ort  descript ion  of t h e
process by which  workers learn  how to design  work
in  th is way.)

Even  com plex and infrequent  act ivit ies, such  as
t rain ing an  inexperienced workforce at  a new plan t ,
launching a new m odel, changing over a product ion
line, or sh ift ing equipm ent  from  one part  of a plan t
to another, are designed according to th is ru le. At
on e of Toyot a’s su ppliers in  Japan , for exam ple,
equipm ent  from  one area of the plant  was m oved to
create a new product ion line in  response to changes
in  dem and for certain  products. Moving the m achin-
ery was broken in to 14 separate act ivit ies. Each ac-
t ivity was then further subdivided and designed as 
a series of tasks. A specific person was assigned to do
each task  in  a specified sequence. As each of the m a-
chines was m oved, the way the tasks were actually
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If the rules of the Toyota Production System aren’t
explicit,how are they transmitted? Toyota’s managers
don’t tell workers and supervisors specifically how to
do their work.Rather, they use a teaching and learning
approach that allows their workers to discover the
rules as a consequence of solving problems.For
example, the supervisor teaching a person the
principles of the first rule will come to the work site
and,while the person is doing his or her job,ask a
series of questions:

" How do you do this work?
" How do you know you are doing

this work correctly?
" How do you know that the outcome

is free of defects?
" What do you do if you have

a problem?

This continuing process gives the person increasingly
deeper insights into his or her own specific work.From
many experiences of this sort, the person gradually
learns to generalize how to design all activities
according to the principles embodied in rule 1.

All the rules are taught in a similar Socratic fashion
of iterative questioning and problem solving.
Although this method is particularly effective for
teaching, it leads to knowledge that is implicit.
Consequently, the Toyota Production System has so
far been transferred successfully only when managers
have been able and willing to engage in a similar
process of questioning to facilitate learning by doing.

How Toyota’s Workers
Learn the Rules



don e w as com pared w it h  w h at  w as expect ed ac-
cording t o t he original design , and discrepancies
were im m ediately signaled.

In  calling for people to do their work  as a h igh ly
specified sequence of steps, ru le 1 forces them  to
t est  h ypot h eses t h rou gh  act ion . Perform in g t h e 
act ivity test s the two hypotheses im plicit  in  it s de-
sign : first , that  the person  doing the act ivity is capa-
ble of perform ing it  correct ly and, second, that  per-
form ing the act ivity actually creates the expected
outcom e. Rem em ber the seat  installer? If he can’t
insert  the seat  in  the specified way with in  the spec-
ified am ount  of t im e, then  he is clearly refu t ing at
least  one of these two hypotheses, thereby indicat -
ing that  the act ivity needs to be redesigned or the
worker needs to be t rained. 

Rule 2:How People Connect 
Where the first  ru le explains how people perform
t h eir in dividu al w ork  act ivit ies, t h e secon d ru le 
explains how they connect  with  one another. We

express th is ru le as follows: every connect ion  m ust
be standardized and direct , unam biguously specify-
ing the people involved, the form  and quant ity of
the goods and services to be provided, the way re-
quests are m ade by each custom er, and the expected
t im e in  which  the requests will be m et . The ru le
creates a supplier-custom er relat ionsh ip between
each  person  and the individual who is responsible
for providing that  person  with  each  specific good or
service. As a resu lt , there are no gray zones in  decid-
ing who provides what  to whom  and when. When a
worker m akes a request  for part s, there is no confu-
sion  abou t  t h e su pplier, t h e n u m ber of u n it s re-
qu ired, or t h e t im in g of t h e delivery. Sim ilarly,
when  a person  needs assistance, there is no confu-
sion  over who will provide it , how the help will be
t riggered, and what  services will be delivered.

The real quest ion that  concerns us here is whether
people in teract  differen t ly at  Toyota than  they do at
other com panies. Let ’s return  to our seat  installer.
When he needs a new container of plast ic bolt  cov-
ers, he gives a request  to a m aterials handler, who is
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When organizations are managed according to the four rules,
individuals are repeatedly conducting experiments, testing in
operation the hypotheses built into the designs of individual

work activities,customer-supplier connections,pathways,and
improvement efforts.The hypotheses, the way they are tested,
and the response if they are refuted are summarized below.

The Experiments of the Toyota Production System

Rule

1

2

3

4

Hypotheses

The person or machine can do the
activity as specified.

If the activity is done as specified, the
good or service will be defect free.

Customers’ requests will be for goods
and services in a specific mix and
volume.

The supplier can respond to
customers’ requests.

Every supplier that is connected
to the flow path is required.

Any supplier not connected to
the flow path is not needed.

A specific change in an activity,
connection,or flow path will improve
cost,quality, lead time,batch size,or
safety by a specific amount.

Signs of a problem

The activity is not done as
specified.

The outcome is defective.

Responses don’t keep pace
with requests.

The supplier is idle,waiting
for requests.

A person or machine is
not actually needed.

A nonspecified supplier
provides an intermediate
good or service.

The actual result is different
from the expected result.

Responses

Determine the true skill level of the person
or the true capability of the machine
and train or modify as appropriate.

Modify the design activity.

Determine the true mix and volume of
demand and the true capability of the 
supplier; retrain,modify activities,or reassign
customer-supplier pairs as appropriate.

Determine why the supplier was unnecessary,
and redesign the flow path.

Learn why the nonspecified supplier was
actually required,and redesign the flow path.

Learn how the activity was actually performed
or the connection or flow path was actually
operated.Determine the true effects of the
change.Redesign the change.



den  and are neither shared nor resolved com pany-
wide. The situat ion  is m ade worse if workers begin
to solve problem s them selves and then  arbit rarily
decide when the problem  is big enough to warran t  a
call  for  h elp. Problem s m ou n t  u p an d on ly get
solved m uch  later, by which  t im e valuable in for-
m at ion  about  the real causes of the problem  m ay
have been  lost .

Rule 3:How the Production Line 
Is Constructed 
All product ion  lines at  Toyota have to be set  up so
that  every product  and service flows along a sim ple,
specified path . That  path  should not  change unless
the product ion  line is expressly redesigned. In  prin-
ciple, then , there are no forks or loops to convolu te
the flow in  any of Toyota’s supply chains. That ’s the
th ird ru le. 

To get  a concrete idea of what  that  m eans, let ’s 
return  to our seat  installer. If he needs m ore plast ic
bolt  covers, he orders them  from  the specific m ater-
ial handler responsible for providing h im  with  bolt
covers. That  designated supplier m akes requests to
h is own designated supplier at  the off-line store in
the factory who, in  tu rn , m akes requests direct ly to
h is designated supplier at  the bolt  cover factory’s
sh ippin g dock . In  t h is w ay, t h e produ ct ion  lin e
links each  person  who cont ribu tes to the produc-
t ion  and delivery of the product , from  the Toyota
factory, th rough the m olding com pany, to even  the
plast ic pellet  m anufacturer. 

The poin t  is that  when  product ion  lines are de-
signed in  accordance with  ru le 3, goods and services
do not  flow to the next  available person  or m achine
but  to a specific person  or m achine. If for som e rea-
son  that  person  or m achine is not  available, Toyota
will see it  as a problem  that  m ight  require the line
to be redesigned. 

The st ipu lat ion  that  every product  follow a sim -
ple, prespecified path  doesn’t  m ean  that  each  path
is dedicated to on ly one part icu lar product , how-
ever. Quite the cont rary: each  product ion  line at  a
Toyota plan t  typically accom m odates m any m ore
types of products than  it s counterpart s do at  other
com panies. 

The th ird ru le doesn’t  apply on ly to products – it
applies to services, like help requests, as well. If our
seat  in st aller, for exam ple, n eeds h elp, t h at  t oo
com es from  a single, specified supplier. And if that
supplier can’t  provide the necessary assistance, she,
in  tu rn , has a designated helper. In  som e of Toyota’s
plan ts, th is pathway for assistance is th ree, four, or
five links long, connect ing the shop floor worker
to the plan t  m anager. 

t h e design at ed bolt -cover su pplier. C om m on ly,
such  a request  is m ade with  a kanban , a lam inated
card that  specifies the part ’s iden t ificat ion  num ber,
the quant ity of part s in  the container, and the loca-
t ions of the part  supplier and of the worker (the cus-
tom er) who will install it . At  Toyota, kanban  cards
and other devices like andon cords set  up direct
links between  the suppliers and the custom ers. The
connect ions are as sm ooth as the passing of the baton
in  the best  Olym pic relay team s because they are
just  as carefu lly thought  ou t  and executed. For ex-
am ple, the num ber of part s in  a container and the
num ber of containers in  circu lat ion  for any given
part  are determ ined by the physical realit ies of the
product ion  system – the distances, the changeover
t im es, and so on . Likewise, the num ber of workers
per team  is determ ined by the types of problem s ex-
pect ed to occu r, t he level of assist ance the t eam
m em bers need, and the sk ills and capabilit ies of the
team ’s leader.

Other com panies devote substan t ial resources to
coordinat ing people, but  their connect ions generally
aren’t  so direct  and unam biguous. In  m ost  plants, re-
quests for m aterials or assistance often  take a con-
voluted route from  the line worker to the supplier
via an  in term ediary. Any supervisor can answer any
call for help because a specific person has not  been
assigned. The disadvantage of that  approach, as Toy-
ota recognizes, is that  when som ething is everyone’s
problem  it  becom es no one’s problem .

The requirem ent  that  people respond to supply re-
quests with in  a specific t im e fram e further reduces
the possibility of variance. That  is especially t rue in
service requests. A worker encountering a problem
is expected to ask  for assistance at  once. The desig-
nated assistant  is then expected to respond im m edi-
ately and resolve the problem  within  the worker’s
cycle t im e. If the worker is installing a front  seat
every 55 seconds, say, then a request  for help m ust
be answered and dealt  with  in  less than the 55 sec-
onds. If the problem  cannot  be resolved in  less than
55 secon ds, t h at  failu re im m ediat ely ch allen ges
the hypotheses in  th is custom er-supplier connec-
t ion  for assist an ce. Perh aps t h e requ est  sign al is 
am biguous. Perhaps the designated assistant  has too
m any other requests for help and is busy or is not  
a capable problem  solver. Constant ly test ing the hy-
potheses in  th is way keeps the system  flexible, m ak-
ing it  possible to adjust  the system  cont inually and
const ruct ively.

The st rik ing th ing about  the requirem ent  to ask
for help at  once is that  it  is often  counterin tu it ive 
to m anagers who are accustom ed to encouraging
workers to t ry to resolve problem s on  their own be-
fore calling for help. But  then  problem s rem ain  h id-
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The third rule runs contrary to convent ional wis-
dom  about  product ion lines and pooling resources –
even contrary to how m ost  people think the Toyota
Product ion  Syst em  works. According to received
wisdom , as a product  or service is passed down the
line, it  should go to the next  m achine or person avail-
able to process it  further. Sim ilarly, m ost  people as-
sum e that  help should com e from  the first  available
person  rather than  from  a specific person . At  one
auto parts supplier we studied, for exam ple, m ost  of
the parts could be stam ped on m ore than one press
m achine and welded at  m ore than one welding sta-
t ion . Before the com pany adopted the Toyota sys-
tem , its pract ice was to pass each part  on to the first
available press m ach ine and to the first  available
welder. When the plant  switched over, under Toy-
ota’s guidance, each type of part  followed only one
product ion path through the plant . 

By requiring that  every pathway be specified, the
ru le en su res t h at  an  experim en t  w ill occu r each
t im e the path  is used. Here the hypotheses em bed-
ded in  a pathway designed according to ru le 3 are
that  every supplier connected to the pathway is nec-
essary, and any supplier not  connected is not  neces-
sary. If w ork ers at  t h e au t o part s su pplier fou n d
them selves want ing to divert  product ion to another

m achine or welding stat ion , or if they began turning
for h elp t o som eon e ot h er t h an  t h eir design at ed
helpers, they’d conclude that  their actual dem and or
capacity didn’t  m atch their expectat ions. And there
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w ou ld also be n o am bigu it y abou t  w h ich  press
or welder was involved. Again , the workers would
revisit  t h e design  of t h eir produ ct ion  lin e. T h u s
rule 3, like ru les 1 and 2, enables Toyota to conduct
experim ents and rem ain  flexible and responsive. 

Rule 4:How to Improve
Ident ifying problem s is just  the first  step. For peo-
ple t o consist en t ly m ake effect ive changes, t hey
m ust  know how to change and who is responsible
for m aking the changes. Toyota explicit ly teaches
people how to im prove, not  expect ing them  to learn
st rict ly from  personal experience. That ’s where the
ru le for im provem ent  com es in . Specifically, ru le 4
st ipu lat es t h at  an y im provem en t  t o produ ct ion
act ivit ies, to connect ions between  workers or m a-
chines, or to pathways m ust  be m ade in  accordance
with  the scien t ific m ethod, under the gu idance of 
a teacher, and at  the lowest  possible organizat ional
level. Let ’s look  first  at  how Toyota’s people learn
the scien t ific m ethod. 

How People Learn to Improve. In 1986, Aisin Seiki,
a Toyota Group com pany that  m ade com plex prod-
ucts such  as power t rains for the au to indust ry, cre-
ated a line to m anufacture m at t resses to absorb ex-

cess capacity in  one of it s plan ts.
Since 1986, it s range has grown
from  200 t o 850 t ypes of m at -
t resses, it s volu m e h as grow n
from  160 m at t resses per day to
550 , an d i t s  produ ct ivi t y  h as
dou bled. H ere’s an  exam ple of
how they did it . 

O n  on e of ou r visit s  t o t h is
plan t , we studied a team  of m at -
t r e s s  a s sem bly  w ork e r s  w h o
w ere bein g t au gh t  t o im prove
their problem -solving sk ills by
redes ign in g t h e i r  ow n  w ork .
In it ially, t he workers had been
responsible for doing only their
ow n  st an dardized w ork ; t h ey
h ad  n o t  been  respon s ib le  fo r
s o l v i n g p r o b l e m s .  T h e n  t h e
workers were assigned a leader
who t rained them  to fram e prob-
lem s bet t er  an d t o  for m u lat e
an d t est  h ypot h eses – in  ot h er
words, he t augh t  t hem  how to
u se  t h e  sc ien t i fi c  m et h od  t o

design  their t eam ’s work  in  accordance with  t he
first  th ree ru les. The resu lt s were im pressive. One
of the team ’s accom plishm ents, for instance, was to
redesign  the way edging tape was at tached to the

On-Demand Production at the Aisin Mattress Factory

1986 1988 1992 1996 1997

Styles 200 325 670 750 850

Units per day 160 230 360 530 550

Units per person 8 11 13 20 26

Productivity index 100 138 175 197 208

Finished-goods inventory (days) 30 2.5 1.8 1.5 1.5

Number of assembly lines 2 2 3 3 2

Aisin Seiki produces 850 varieties of mattresses,distinguished by size,firmness,
covering fabric,quilting pattern,and edge trim.Customers can order any one of
these in a retail store and have it delivered to their homes in three days,yet Aisin
maintains an inventory at the plant equal to just 1.5 days of demand.To be able to
do so,Aisin has made thousands of changes in individual work activities, in the
connections linking customers and suppliers of intermediate goods and services,
and to the overall production lines.This table captures how dramatic the results of
those changes have been.



m at t resses, t hereby reducing the defect  rat e by
90% . (See the exhibit  “On-Dem and Product ion  at
the Aisin  Mat t ress Factory.” )

To m ake changes, people are expected to pre-
sen t  t h e explicit  logic of t h e h ypot h eses. Let ’s
look  at  what  that  can  involve. Hajim e Ohba, gen-
eral m anager of the Toyota Supplier Support  Cen-
ter, was visit ing a factory in  which  one of TSSC’s
consultan ts was leading a t rain ing and im prove-
m ent  act ivity (for a descript ion  of the role of the
Toyot a Produ ct ion  Syst em  prom ot ion  cen t ers,
see the sidebar “Toyota’s Com m itm ent  to Learn-
in g” ). T h e con su lt an t  w as h elpin g fact ory em -
ployees and their supervisor reduce the m anufac-
tu ring lead t im e of a part icu lar line, and Ohba
was there to evaluate the group’s progress.

G rou p m em bers began  t h eir presen t at ion  by
describing the steps by which  their product  was 
created –delineat ing all the problem s they ident i-
fied when they had first  studied the process for
changing over a m achine from  m aking one part  
t o m ak ing another, and explain ing the specific
changes they had m ade in  response to each of those
problem s. They concluded by saying, “When we
started, the changeover required 15 m inutes. We
w ere h opin g t o redu ce t h at  by t w o-t h irds – t o
ach ieve a fi ve-m in u t e ch an geover – so t h at  w e
could reduce batch  sizes by two-th irds. Because 
o f t h e  m odi fica t ion s  w e  m ade , w e  ach ieved  
a changeover t im e of seven and a half m inutes – a
reduct ion of one-half.”  

After their presen tat ion , Ohba asked why the
group m em bers had not  ach ieved the five-m inute
goal they had originally established. They were a
bit  t aken  aback . After all, they had reduced the
ch an geover t im e by 50% , yet  O h ba’s qu est ion
su ggest ed h e h ad seen  opport u n it ies for even
greater im provem ent  that  they had m issed. They
offered explanat ions having to do with  m achine
com plexity, t echnical difficu lty, and equipm ent
upgrade cost s. Ohba responded to these replies
with  yet  m ore quest ions, each  one m eant  to push
the consultan t  and the factory people to art icu-
late and challenge their m ost  basic assum pt ions
about  what  could and could not  be changed – as-
sum pt ions that  both  gu ided and const rained the
way they had solved their problem s. Were they
s u r e  fo u r  b o l t s  w e r e  n e c e s s a r y ? M i gh t  t h e
ch an geover be accom plish ed w it h  t w o? Were
they certain  that  all the steps they included in  the
changeover were needed? Migh t  som e be com -
bined or elim inated? In  ask ing why they had not
achieved the five-m inute goal, Ohba was not  sug-
gest ing that  the team  had failed. Rather, he was
t rying to get  them  to realize that  they had not  
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All the organizations we studied that are managed
according to the Toyota Production System share an
overarching belief that people are the most significant
corporate asset and that investments in their knowledge
and skills are necessary to build competitiveness.That’s
why at these organizations all managers are expected to
be able to do the jobs of everyone they supervise and also
to teach their workers how to solve problems according to
the scientific method.The leadership model applies as
much to the first-level “team leader” supervisors as it does
to those at the top of the organization. In that way,
everybody at Toyota shares in the development of human
resources. In effect, there is a cascading pathway for
teaching,which starts with the plant manager, that
delivers training to each employee.

To reinforce the learning and improvement process,
each plant and major business unit in the Toyota Group
employs a number of Toyota Production System
consultants whose primary responsibility is to help senior
managers move their organizations toward the ideal.
These “learner-leader-teachers” do so by identifying ever
more subtle and difficult problems and by teaching
people how to solve problems scientifically.

Many of these individuals have received intensive
training at Toyota’s Operations Management Consulting
Division.OMCD was established in Japan as an outgrowth
of efforts by Taiichi Ohno–one of the original architects of
the Toyota Production System–to develop and diffuse the
system throughout Toyota and its suppliers.Many of
Toyota’s top officers–including Toyota Motor’s new
president,Fujio Cho–have honed their skills within OMCD.
During their OMCD tenure,which can extend for a period
of years,Toyota’s employees are relieved of all line
responsibilities and instead are charged with leading
improvement and training activities in the plants of Toyota
and its suppliers.By supporting all of Toyota’s plant and
logistical operations in this way,OMCD serves as a training
center,building its consultants’ expertise by giving them
opportunities to solve many difficult problems and teach
others to do the same.

In 1992,Toyota founded the Toyota Supplier Support
Center (TSSC) in the United States to provide North
American companies with training in the Toyota
Production System.Modeled on OMCD,TSSC has given
workshops to more than 140 companies and direct
assistance to 80.Although most of these companies are
auto suppliers, few are exclusively Toyota suppliers;
participants come from other industries and from
universities,government organizations,and industry
associations. Indeed,much of the research for this paper
was derived from the experience of one of the authors,
who was a member of a TSSC team for five months,
promoting the Toyota Production System at a plant that
supplies Toyota and two other auto assembly plants.

Toyota’s Commitment to Learning



fu lly explored all their im provem ent  opportun it ies
because they had not  quest ioned their assum pt ions
deeply enough. 

T h ere w as a secon d reason  for O h ba’s persis-
tence. He was t rying to show the group m em bers
that  their im provem ent  act ivity had not  been  car-
ried ou t  as a bona fide experim ent . They had estab-
lished a goal of five m inutes based on  the prem ise
that  faster changeovers and sm aller batches are bet -
ter than  slower changeovers and larger batches. But
h ere t h ey w ere con fu sin g goals w it h  predict ion s
based on  hypotheses. The goal was not  a predict ion
of what  they believed they would ach ieve through
t h e specifi c im provem en t  st eps t h ey plan n ed t o
t ak e. As a resu lt , t h ey h ad n ot  design ed t h e im -
provem ent  effort  as an  experim ent  with  an  explicit ,
clearly ar t icu lat ed, verifiable h ypot h esis of t h e
form , “ If we m ake the following specific changes,
we expect  to ach ieve th is specific ou tcom e.”  Al-
though they had reduced the changeover t im e con-
siderably, they had not  t ested the hypotheses im -
plicit  in  their effort . For Ohba, it  was crit ical that
the workers and their supervisor realize that  how
t h ey m ade ch an ges  w as  as  im por t an t  as  w h at
changes they m ade.

Who Does the Improvement. Front line workers
m ak e t h e im provem en t s t o t h eir ow n  jobs, an d
their supervisors provide direct ion  and assistance
as teachers. If som eth ing is wrong with  the way a
worker connects with  a part icu lar supplier with in
t h e im m ediat e assem bly area, t h e t w o of t h em
m ake im provem ents, with  the assistance of their
com m on supervisor. The Aisin  team  we described
earlier, for exam ple, consisted of the assem bly line
workers and the supervisor, who was also their in -
st ructor. When changes are m ade on  a larger scale,
Toyota ensures that  im provem ent  team s are created
consist ing of the people who are direct ly affected
and the person  responsible for supervising the path-
ways involved.

Thus the process rem ains the sam e even  at  the
h igh est  levels . At  Aisin ’s  m at t ress fact ory, w e
found that  the plan t  m anager took  responsibility
for leading the change from  three product ion  lines
back  to two (the num ber had risen  to th ree to cope
with  an  increase in  product  types). He was involved
not  just  because it  was a big change bu t  also be-
cause he had operat ional responsibility for oversee-
ing the way work  flowed from  the feeder lines to
the final assem bly lines. In  t h is way, Toyota en -
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Toyota does not consider any of the tools or practices–
such as kanbans or andon cords,which so many outsiders
have observed and copied–as fundamental to the Toyota
Production System.Toyota uses them merely as temporary
responses to specific problems that will serve until a
better approach is found or conditions change.They’re
referred to as “countermeasures,” rather than “solutions,”
because that would imply a permanent resolution to a
problem.Over the years, the company has developed 
a robust set of tools and practices that it uses as
countermeasures,but many have changed or even been
eliminated as improvements are made.

So whether a company does or does not use any
particular tool or practice is no indication that it is truly
applying Toyota’s rules of design and improvement. In
particular,contrary to the impression that the concept of
zero inventory is at the heart of the Toyota system,we’ve
observed many cases in which Toyota actually built up its
inventory of materials as a countermeasure.The ideal
system would in fact have no need for inventory.But, in
practice,certain circumstances may require it:
" Unpredictable downtime or yields. Sometimes a
person or a machine is unable to respond on demand
when a request is made because of an unexpected

mechanical breakdown.For this reason,safety stock 
is held to protect the customer against random
occurrences.The person responsible for ensuring the
reliability of a machine or process owns that inventory
and strives to reduce the frequency and length of
downtimes so that the amount of the safety stock can 
be reduced.
" Time-consuming setups. Difficulties in switching a
machine from processing one kind of product to another
can prevent a supplier from responding immediately.
Therefore,suppliers will produce the product in batch
sizes greater than one and hold the excess as inventory so
it can respond immediately to the customer.Of course,
suppliers will continually try to reduce the changeover
time to keep batch sizes and stores of inventory as small
as possible.Here, the owners of both the problem and the
countermeasure are the machine operator and the team
leader,who are responsible for reducing changeover times
and batch sizes.
" Volatility in the mix and volume of customer demand.
In some cases,variations in customers’ needs are so large
and unpredictable that it is impossible for a plant to
adjust its production to them quickly enough. In those
instances,buffer stock is kept at or near the shipping point

Countermeasures in the Toyota Production System



sures that  problem  solving and learn ing take place
at  all levels of the com pany. Of course, as we have
already seen , Toyota will bring in  external expert s
as necessary to ensure the quality of the learn ing
process. 

In  the long term , the organizat ional st ructures of
com panies that  follow the Toyota Product ion  Sys-
tem  will sh ift  to adapt  to the nature and frequency
of the problem s they encounter. Since the organiza-
t ional changes are usually being m ade at  a very low
level, however, they can  be hard for ou tsiders to de-
tect . That ’s because it  is the nature of the problem s
that  determ ines who should solve them  and how the
organizat ion  is designed. One consequence is that
differen t  organ izat ion al st ru ct u res coexist  qu it e
happily even  in  the sam e plan t .

C on sider Toyot a’s en gin e-m ach in in g plan t  in
Kam igo, Japan . The plan t  has two m ach ine divi-
sions, each  of which  has th ree independent  produc-
t ion  shops. When we visited in  sum m er 1998, the
product ion  people in  the first  m achine division  an-
swered t o shop heads, and t he process engineers 
answered direct ly to the head of the division . How-
ever, in  the second m achine division , the engineers
were dist ribu ted am ong the th ree shops and, like

the product ion  workers, answered to the various
shop heads. N either organizat ional st ructure is in -
h eren t ly su perior. Rat h er, t h e people w e in t er-
view ed explain ed, problem s in  t h e fi rst  division
h appen ed t o creat e a sit u at ion  t h at  requ ired t h e 
engineers to learn  from  one another and to pool en-
gineering resources. By cont rast , the problem s that
arose in  the second division  requ ired the produc-
t ion and engineering people to cooperate at  the level
of t he individual shops. Thus t he organ izat ional
differences reflect  the fact  that  the two divisions
encountered differen t  problem s.

Toyota’s Notion of the Ideal
By inculcat ing the scien t ific m ethod at  all levels of
t h e w ork force, Toyot a en su res t h at  people w ill
clearly state the expectat ions they will be test ing
w h en  t h ey  im plem en t  t h e  ch an ges  t h ey  h ave
planned. But  beyond th is, we found that  people in
com pan ies following the Toyota Product ion  Sys-
tem  share a com m on goal. They have a com m on
sense of what  the ideal product ion  system  would
be, and that  shared vision  m ot ivates them  to m ake
im provem en t s beyon d w h at  w ou ld be n ecessary
m erely to m eet  the current  needs of their custom ers.
This not ion  of the ideal is very pervasive, and we
believe it  is essen t ial to understanding the Toyota
Product ion  System .

When they speak  of the ideal, workers at  Toyota
do not  m ean  som eth ing ph ilosoph ically abst ract .
They have a concrete definit ion  in  m ind, one that  is
rem ark ably con sist en t  t h rou gh ou t  t h e com pan y.
Very specifically, for Toyota’s workers, the ou tput
of an  ideal person , group of people, or m achine: 

" is defect  free (that  it , it  has the features and perfor-
m ance the custom er expects); 

" can  be delivered one request  at  a t im e (a batch  size
of one);

" can be supplied on dem and in the version requested;
" can  be delivered im m ediately; 
" can  be produced without  wast ing any m aterials,

labor, energy, or other resources (such  as cost s as-
sociated with  inventory); and 

" can  be produced in  a work  environm ent  that  is
safe physically, em ot ionally, and professionally
for every em ployee.

We consistent ly found people at  plants that  used
the Toyota Product ion System  m aking changes that
pushed operat ions toward th is ideal. At  one com -
pany that  produced elect rom echanical products, for
exam ple, we found that  workers had com e up with  
a num ber of ingenious error-detect ing gauges that
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as a countermeasure.The buffer stock also serves as a
signal to production and sales managers that the person
who works most directly with the customer must help 
that customer eliminate the underlying causes of any
preventable swings in demand.

In many cases, the same type of product is held in
different types of inventory.Toyota does not pool its
various kinds of inventory,even though doing so would
reduce its inventory needs in the short term.That might
sound paradoxical for a management system so popularly
known to abhor waste.But the paradox can be resolved
when we recognize that Toyota’s managers and workers
are trying to match each countermeasure to each
problem.

There’s no link between the reason for keeping safety
stock–process unreliability–and the reason for keeping
buffer stock–fluctuations in customer demand.To pool
the two would make it hard to distinguish between the
separate activities and customer-supplier connections
involved.The inventory would have many owners,and 
the reasons for its use would become ambiguous.
Pooling the inventory thus muddles both the ownership
and cause of the problems,making it difficult to introduce
improvements.



generated a sim ple, unam biguous yes-or-no signal
to indicate whether their output  was free of defects –
as specified in  the ideal. At  yet  another plant , which
m anufactures in ject ion-m olded parts, we found that
workers had reduced the t im e it  took to change a
large m olding die from  an already speedy five m in-
utes to three m inutes. This allowed the com pany to
reduce the batch  sizes of each part  it  produced by
40% , bringing it  closer to the ideal batch  size of one.
As Toyota m oves toward the ideal, it  m ay tem porar-
ily hold one of it s dim ensions to be m ore im portant
than another. Som et im es th is can result  in  pract ices
that  go against  the popular view of Toyota’s opera-
t ions. We have seen cases where Toyota keeps higher
levels of inventory or produces in  batch  sizes larger
than observers generally expect  of a just -in-t im e op-
erat ion, as we describe in  the sidebar “Counterm ea-
sures in  the Toyota Product ion System .”

Toyota’s ideal state shares m any features of the
popular not ion  of m ass custom izat ion – the ability
to create virtually infinite variat ions of a product  
as efficien t ly as possible and at  the lowest  possible
cost . In  t h e fin al  an alysis, Toyot a’s ideal  plan t
w ou ld in deed be on e w h ere a Toyot a cu st om er
cou ld drive up to a sh ipping dock , ask  for a cus-
t om ized produ ct  or  service , an d get  i t  a t  on ce 
at  the lowest  possible price and with  no defects. To
the exten t  that  a Toyota plan t –or a Toyota worker’s
act ivity – falls short  of th is ideal, that  shortcom ing
is a source of creat ive tension  for further im prove-
m ent  effort s. 

The Organizational Impact of the Rules
If the ru les m ake com panies using the Toyota Pro-
duct ion  System  a com m unity of scien t ist s perform -

ing cont inual experim ents, then  why aren’t  these
organizat ions in  a state of chaos? Why can  one per-
son  m ake a change without  adversely affect ing the
work  of other people on  the product ion  line? How
can Toyota constan t ly in t roduce changes to it s op-
erat ions while keeping them  running at  fu ll t ilt ? In
other words, how does Toyota im prove and rem ain
stable at  the sam e t im e?

Once again , the answer is in  the ru les. By m aking
people capable of and responsible for doing and im -
proving their own work , by standardizing connec-
t ions between  individual custom ers and suppliers,
and by push ing the resolu t ion  of connect ion  and
flow problem s to the lowest  possible level, the ru les
create an  organizat ion  with  a nested m odular st ruc-
ture, rather like t radit ional Russian  dolls that  com e
one inside the other. The great  benefit  of nested,
m odu lar organ izat ion s is t h at  people can  im ple-
m ent  design  changes in  one part  without  unduly af-
fect ing other part s. That ’s why m anagers at  Toyota
can  delegate so m uch responsibility without  creat -
ing chaos. Other com panies that  follow the ru les
will also find it  possible to change without  experi-
encing undue disrupt ion . 

O f cou rse, t h e st ru ct u res of ot h er com pan ies
have featu res in  com m on with  those that  follow
the Toyota Product ion  System , bu t  in  our research
we found no com pany that  had them  all that  did not
follow the system . It  m ay turn  ou t  in  the end that
you  can  build the st ructure on ly by invest ing the
t im e Toyota has. But  we believe that  if a com pany
dedicates it self to m astering the ru les, it  has a bet -
ter chance of replicat ing Toyota’s DN A – and with
that , it s perform ance.
Reprin t 99509 To place an  order, call 1-800-988-0886.

106 h a r va r d  bu s in ess  r ev iew Septem ber–October 1999

d e c o d i n g  t h e  d n a  o f  t h e  t o yo t a  p r o d u c t i o n  s y s t e m


