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Chapter 1

ESSENTIALS OF LEAN
MANUFACTURING

1.1 Lean thinking

Lean thinking is a business methodology which aims to
provide a new way to think about how to organize human
activities to deliver more benefits to society and value
to individuals while eliminating waste. The term lean
thinking was coined by James P. Womack and Daniel T.
Jones*[1] to capture the essence of their in-depth study
of Toyota s̓ fabled Toyota Production System.*[2] Lean
thinking is a new way of thinking any activity and seeing
the waste inadvertently generated by the way the process
is organized by focusing on the concepts of:

1. Value,

2. Value streams,

3. Flow,

4. Pull,

5. Perfection.

The aim of lean thinking is to create a lean enterprise,
one that sustains growth by aligning customer satisfac-
tion with employee satisfaction, and that offers innovative
products or services profitably whilst minimizing unnec-
essary over-costs to customers, suppliers and the environ-
ment. The basic insight of lean thinking is that if you
train every person to identify wasted time and effort in
their own job and to better work together to improve pro-
cesses by eliminating such waste, the resulting enterprise
will deliver more value at less expense whilst developing
every employee s̓ confidence, competence and ability to
work with others.
The idea of lean thinking gained popularity in the busi-
ness world and has evolved in two different directions:

1. Lean thinking converts who keep seeking to under-
stand how to seek dynamic gains rather than static
efficiencies. For this group of thinkers, lean think-
ing continuously evolves as they seek to better un-
derstand the possibilities of the way opened up by

Toyota and have grasped the fact that the aim of con-
tinuous improvement is continuous improvement.
Lean thinking as such is a movement of practition-
ers and writers who experiment and learn in differ-
ent industries and conditions, to lean think any new
activity.

2. Leanmanufacturing adepts who have interpreted the
term“lean”as a form of operational excellence and
have turned to company programs aimed at taking
costs out of processes. Lean activities are used to
improve processes without ever challenging the un-
derlying thinking, with powerful low-hanging fruit
results but little hope of transforming the enterprise
as a whole. This“corporate lean”approach is funda-
mentally opposed to the ideals of lean thinking, but
has been taken up by a great number of large busi-
nesses seeking to cut their costs without challenging
their fundamental management assumptions.

1.1.1 Overview

Lean thinking was born out of studying the rise of Toyota
Motor Company from a bankrupt Japanese automaker in
the early 1950s to todayʼs dominant global player. At
every stage of its expansion, Toyota remained a puzzle
by being capturing new markets with products deemed
relatively unattractive and with systematically lower costs
whilst not following any of the usual management dictates
. In studying the company firsthand it appeared that it had
a unique group of elders (sensei) and coordinators (train-
ers from Japan) dedicated to help managers think differ-
ently. Contrarily to every other large company, Toyota s̓
training in its formative years was focused on developing
people s̓ reasoning abilities rather than pushing them to
execute specialist-derived systems.
These“sensei”, or masters in lean thinking would chal-
lenge line managers to look differently at their own jobs
by focusing on:

1. The workplace: Going and seeing firsthand work
conditions in practice, right now, and finding out the

1
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2 CHAPTER 1. ESSENTIALS OF LEAN MANUFACTURING

facts for oneself rather than relying on reports and
boardroom meeting. The workplace is also where
real people make real value and going to see is a
mark of respect and the opportunity to support em-
ployees to add value through their ideas and ini-
tiative more than merely make value through pre-
scribed work. The management revolution brought
by lean thinking can be summed up by describing
jobs in terms of Job = Work + Kaizen

2. Value through built-in quality: Understanding
that customer satisfaction is paramount and is built-
in at every step of the enterpriseʼs process, from
building in satisfying features (such as peace of
mind) to correctly building in quality at every pro-
duction step. Built-in quality means to stop at every
doubtful part and to train yourself and others not to
pass on defective work, not to do defective work and
not to accept defective work by stopping the pro-
cess and reacting immediately whenever things go
wrong.

3. Value streams through understanding take time:
By calculating the ratio of open production time to
averaged customer demand one can have a clear idea
of the capacity needed to offer a steady flow of prod-
ucts. This“takt”rhythm, be it a minute for cars,
two months for software projects or two years for
a new book leads to creating stable value streams
where stable teams work on a stable set of products
with stable equipment rather than optimize the use
of specific machines or processes. Takt time think-
ing leads to completely different capacity reasoning
than traditional costing and is the key to far more
frugal processes.

4. Flow through reducing batch sizes: Every tradi-
tional business, whether in production or services, is
addicted to batch. The idea as that once work is set
up one way, weʼd better get on and quickly make
as many pieces of work as we can to keep the unit
cost down. Lean thinking looks at this differently in
trying to optimize the flow of work in order to sat-
isfy real demand now, not imaginary demand next
month. By working strenuously on reducing change-
over time and difficulty, it is possible to approach
the lean thinking ideal of single piece flow. In do-
ing so, one reduces dramatically the general cost of
the business by eliminating the need for warehouses,
transports, systems, subcontractor use and so on.

5. Pull to visualize takt time through the flow:
pulling work from upstream at takt time through vi-
sual devices such as Kanban cards is the essential
piece that enables lean thinkers to visualize the gaps
between the ideal and the actual at the workplace at
any time. Pull is what creates a creative tension in
the workplace by both edging closer to single-piece-
work and by highlighting problems one at a time
as they occur so complex situations can be resolved

piecemeal. Pull is the basic technique to“lean”the
company and, by and large, without pull there is no
lean thinking.

6. Seeking perfection through kaizen: The old time
sensei used to teach that the aim of lean thinking
was not to apply lean tools to every process, but to
develop the kaizen spirit in every employee. Per-
fection is not sought through better, more clever
systems or go-it-alone heroes but through a com-
mitment to improve things together step-by-small-
step. Kaizen literally means change for the better
and Kaizen spirit is about seeking a hundred 1% im-
provements from every one every day every where
rather than one 100% leap forward. The practice
of kaizen is what anchors deep lean thinking in peo-
ple s̓ minds and which, ultimately, leads to complete
transformation. Practicing kaizen together builds
self-confidence and the collective confidence that we
can face our larger challenges and solve our prob-
lems together.

1.1.2 Lean thinking practices

Experience shows that adopting lean thinking requires
abandoning deeply engrained mainstream management
thought routines, and this is never easy. The three main
ways to adopt lean thinking are, unsurprisingly:

1.“Aha!”moments by seeing someone behave in a
striking way, or hitting upon a new idea by reading
a book, visiting a workplace, or being beaten over
the head by an old time sensei. Aha! moments are
powerful, but unfortunately rare, and need the right
conditions to occur.

2. Every day practice by the daily use of“lean”prac-
tices. These practices mainly originate from Toyota
and are essentially“think with your hand”exercises.
Their purpose is not to implement new processes (as
they are too often interpreted) but practical activi-
ties to lead one to see the situation differently and
have new ideas about it – to adopt a leaner way of
thinking.

3. Joining lean self-study groups by practicing kaizen
with others and identifying which role models one
would like to follow. The lean community is now
a generation strong and has many great examples to
offer to any lean learner, whether beginner or ex-
perienced. Workplace visits with experienced lean
thinkers remains one of the most effective ways to
grasp their meaning.

In the lean thinking tradition, the teacher should not ex-
plain but demonstrate – learning is the full responsibility
of the learner. However, to create the proper conditions
for learning the lean tradition has adopted a number of
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1.1. LEAN THINKING 3

practices from Toyotaʼs own learning curve. The aim
of these practices is not to improve processes per se but
to create an environment for teachable and learnable mo-
ments.

1. Kaizen activities: Whether cross-functional work-
shops, team quality circles, individual suggestions,
and many other exercises, kaizen activities are about
scheduled moments to improve the work within the
normal working day. The point of kaizen is that im-
provement is a normal part of the job, not something
to be done“when there is time left after having done
everything else.”Kaizen is scheduled, planned, and
controlled by a teacher whomakes sure Dr. Demingʼ
s Plan-Do-Check-Act is followed rigorously.

2. Kanban: Kanban is the foundational practice of
lean thinking (the Toyota Production System used
to be first known as the Kanban system). Any pro-
cess will have different output. For instance, nowa-
days, a writer will produce books, keynote speeches,
blog posts, tweets and answer e-mails. The question
is, at the present time right now, how can the person
using the process know whether they are doing what
is needed for customers right now or whether they
are working ahead on something not that important
and lagging behind on something critical. In project
management this creates segments ahead and seg-
ments late, and end of project panic. In production
this creates entire warehouses of inventories to com-
pensate for the inability to produce right now what
is needed. Kanban is a simple technique using cards
or post-it notes to visualize“leveled”(i.e. averaged
to avoid peaks and troughs) activity at the process.
The writer will start a new book when sheʼs de-
livered one. She will worry about the new confer-
ence when itʼs time to. She will write a new blog
post at a steady rhythm rather than publish five in a
rush and then one and so on. In production, Kanban
cards make sure employees are working on what is
needed right now and not overproducing parts which
will then linger in inventory whilst others will be
unavailable. Kanban is the main practice to reveal
all misfits between todayʼs activities and how the
market behaves. Kanban teaches one lean thinking
by constantly challenging assumptions about market
behavior and our own flexibility.

3. Autonomation: In any contemporary setting, every
one uses either machines or software to do any work.
Yet, this automated work still requires specific hu-
man judgments to be done right. As a result, many
machines can t̓ be left alone to work because they r̓e
likely to go wrong if someone doesnʼt watch them
all the time. Autonomation is the practice of pro-
gressively imparting human judgement to a system
so that it self-monitors and stops and calls a human
when it feels it went wrong, just as a desktop com-
puter will flag a virus alert if it feels under attack.

Autonomation is essential to separate people from
machines and not have humans doing machine work
and vice versa. Automation teaches lean thinking
by revealing new ways of designing lighter, smarter
machines with less capital expenditure.

4. Andon: Calling out when something feels out of kilt
and to visualize that call on central board so that
help can come quickly. Lean thinking is thinking
together and no employee should be left alone with
a problem. Andon is a critical system to be able to
train employees in the details of their jobs within
their own operations. Andon teaches lean thinking
in highlighting the immediate barriers to the lean
goal of zero defect at every step of the process at
all time. Through andon it is possible to think bet-
ter about training people and improving their work
conditions to take all difficulties away.

5. SMED: Originally known as Single Minute Ex-
change of Die (changing tools under 10 minutes),
SMED is a key lean thinking practice to focus di-
rectly on flexibility. Flexibility is central to flow and
always a problem, even for an engineersʼmind –
how flexible are we to move from one topic to the
next? Flexibility doesnʼt mean changing every-
thing all the time, but the ability to switch quickly
from one known activity to the next. SMED teaches
lean thinking in always seeking to improve flexibility
until one reaches true single-piece-flow in the right
sequence to respond to instant customer demand.

6. StandardizedWork: lean thinking is about seeking
the smoothest flow in any work, in order to see prob-
lems one by one and resolve them one by one, thus
improving both the flow of work and the autonomy
of the person. Standardized Work is the graphic de-
scription of this smooth flow of work at takt time
with zero or one piece of work-in-process and clear
location for everything and steps. Tricky quality
points are also identified clearly, to make sure the
person visualizes first, what is important for the cus-
tomer, how to distinguish OK from not OK at ev-
ery step and have to move confidently from one step
to the next. Standardized work teaches lean think-
ing by visualizing every obstacle to smooth work
each person encounters and highlighting topics for
kaizen.

7. Visualization: most lean thinking techniques are
about visualization in some form or other so that we
can see together, know together and thus learn to-
gether. Visual control is the essential trigger to cre-
ative problem solving as all can see the gap between
what was planned and what actually happened and
can seek both immediate countermeasures and root
causes. Visualization teaches lean thinking by get-
ting people to work together on their own problems
and develop their responsibility to reaching objec-
tives without overburden.
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4 CHAPTER 1. ESSENTIALS OF LEAN MANUFACTURING

1.1.3 Controversies

There are two controversies surrounding the word“lean,”
one concerning the image of lean with the general public
and the other within the lean movement itself.
Lean has repeatedly been accused of being a form of
turbo-charged taylorism, the harbinger of productivity
pressure, detrimental to employee s̓ health and autonomy
at work. Unfortunately, some company programs calling
themselves“lean”have indeed had a severely negative
effect on the business and work relations. This problem
arises when senior leaders do not seek to adopt lean think-
ing but instead delegate to outside consultants or internal
specialist team the job of “leaning”processes. Lean
thinking very clearly states that it seeks cost reductions –
finding the policy origins of unnecessary costs and elimi-
nating at the cause – and not cost cutting – forcing people
to work within reduced budgets and degraded conditions
in order to achieve line by line cost advantage. There is
no doubt about this, but to many managers the latter op-
tion is far more expedient than the former and itʼs easy
to call“lean”a cost cutting program. Nonetheless, this is
not that, and any approach that doesn t̓ have the explicit
aim to develop lean thinking in every employee should
not be considered to be“lean.”
A second ongoing controversy, within the lean commu-
nity itself, concerns how closely lean thinkers should fol-
low Toyota practices. This is a tricky subject because
on the one hand Toyota is the inventor of lean and is well
ahead in both knowledge and experience but, on the other
hand, why would methods invented by a Japanese auto
manufacturer apply anywhere else? In fact, this debate
rests on the assumption that Toyota is a monolithic com-
pany with a single unified practice. In actual terms, Toy-
ota has changed considerably from its 1970s roots and is
now a global company with hundreds of sites across all
continents – no two sites are alike and although there are
similar principles at work, local practices vary consider-
ably from site to site. No one comes out of any conver-
sation completely unchanged and, for instance, in talking
to GE one comes back GE-fied as in talking to Toyota,
one comes back Toyota-fied, so to speak. This debate
is thus vital for the lean movement as confronting Toy-
ota practices, such as they are here and there, to other
environments is the starting point of lean thinking. In
this respect,“howmuch like Toyota thinking should lean
thinking be?”is a question without an answer that merits
constant, case by case consideration.

1.1.4 It’s about people first

These controversies largely emerge around the radi-
cal organizational innovation proposed by lean think-
ing: putting people first rather than systems. In this,
lean thinking departs markedly from mainstream man-
agement:

1. Individual customers rather than market segments:
Without denying the need to think in terms of seg-
ments, lean thinking is about taking seriously every
single customer complaint and opinion of the prod-
uct or service, as a fact. The ability to service every
customer specifically is only limited by the flexibil-
ity of the companyʼs process and lean thinking is
about seeking a way to reach the ideal of serving
each individualʼs preferences.

2. Teaching employees how to learn rather than telling
them what to do: Lean thinking s̓ aim is to develop
each person s̓ autonomy in problem solving by sup-
porting them in their continuous improvement activ-
ities. This is a radical break from taylorism where a
group of specialists will devise the“one-best-way”
and line management will be tasked to enforce it. By
contrast, lean thinking is taught to managers so that
they help their own direct reports to think lean and
reduce overburden, unneeded variation and activity
waste by working more closely with their teams and
across functional boundaries.

Lean thinking at senior level creates leaner enterprises
because sales increase through customer satisfaction with
higher quality products or services, because cash improve
as flexibility reduces the need for inventories or backlogs,
because costs reduce through identifying costly policies
that create waste at value-adding level, and because cap-
ital expenditure is less needed as people themselves in-
vent smarter, leaner processes to flow work continuously
at takt time without waste.

1.1.5 Lean and green

The import of lean thinking goes way beyond improv-
ing business profitability. In their seminal book Natu-
ral Capitalism, authors Paul Hawken, Amory Lovins and
L. Hunter Lovins explicitly reference lean thinking as a
way to sustain growth without so much collateral dam-
age for the environment. Indeed, lean thinkingʼs ap-
proach to seek to eliminate waste in the form of muri
(overburden), mura (unlevelness) and muda (unnecessary
resource use) is a proven practical way to attack complex
problems piece by piece through concrete action. Indeed,
Toyota industrial sites are well known for their sustain-
ability efforts and well ahead of the“zero landfill”goal
– all waste recycled within the site. Practicing lean think-
ing offers a radically new way to look at traditional goods
and service production to learn to learn how to sustain
the same benefits at a much lower cost, financially and
environmentally.

[1] Womack, James P., Daniel, T. Jones (1996) Lean Think-
ing

[2] Womack, James P., Daniel T. Jones, Daniel Roos (1990)
The Machine That Changed The World
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1.2 Lean manufacturing

Model of the“lean production”system

Lean manufacturing or lean production, often sim-
ply "lean", is a systematic method for the elimination of
waste ("Muda") within a manufacturing system. Lean
also takes into account waste created through overbur-
den ("Muri") and waste created through unevenness in
work loads ("Mura"). Working from the perspective of
the client who consumes a product or service,“value”is
any action or process that a customer would be willing to
pay for.
Essentially, lean is centered onmaking obvious what adds
value by reducing everything else. Lean manufacturing
is a management philosophy derived mostly from the
Toyota Production System (TPS) (hence the term Toy-
otism is also prevalent) and identified as“lean”only in the
1990s.*[1]*[2] TPS is renowned for its focus on reduction
of the original Toyota seven wastes to improve overall cus-
tomer value, but there are varying perspectives on how
this is best achieved. The steady growth of Toyota, from
a small company to the world's largest automaker,*[3] has
focused attention on how it has achieved this success.

1.2.1 Overview

Lean principles are derived from the Japanese manufac-
turing industry. The term was first coined by John Kraf-
cik in his 1988 article,“Triumph of the Lean Production
System,”based on his master's thesis at the MIT Sloan
School of Management.*[4] Krafcik had been a quality
engineer in the Toyota-GMNUMMI joint venture in Cal-
ifornia before coming toMIT forMBA studies. Krafcik's
research was continued by the International Motor Vehi-
cle Program (IMVP) at MIT, which produced the inter-
national best-selling book co-authored by Jim Womack,
Daniel Jones, and Daniel Roos called The Machine That
Changed the World.*[1] A complete historical account of
the IMVP and how the term“lean”was coined is given

by Holweg (2007).*[2]
For many, lean is the set of “tools”that assist in the
identification and steady elimination of waste (muda).
As waste is eliminated quality improves while produc-
tion time and cost are reduced. A non exhaustive list
of such tools would include: SMED, value stream map-
ping, Five S, Kanban (pull systems), poka-yoke (error-
proofing), total productive maintenance, elimination of
time batching, mixed model processing, rank order clus-
tering, single point scheduling, redesigning working cells,
multi-process handling and control charts (for checking
mura).
There is a second approach to lean manufacturing, which
is promoted by Toyota, called The Toyota Way, in which
the focus is upon improving the“flow”or smoothness of
work, thereby steadily eliminatingmura (“unevenness”)
through the system and not upon 'waste reduction' per se.
Techniques to improve flow include production leveling,
“pull”production (by means of kanban) and theHeijunka
box. This is a fundamentally different approach from
most improvement methodologies, and requires consider-
ably more persistence than basic application of the tools,
which may partially account for its lack of popularity.*[5]
The difference between these two approaches is not the
goal itself, but rather the prime approach to achieving it.
The implementation of smooth flow exposes quality prob-
lems that already existed, and thus waste reduction natu-
rally happens as a consequence. The advantage claimed
for this approach is that it naturally takes a system-wide
perspective, whereas a waste focus sometimes wrongly
assumes this perspective.
Both lean and TPS can be seen as a loosely connected
set of potentially competing principles whose goal is cost
reduction by the elimination of waste.*[6] These prin-
ciples include: pull processing, perfect first-time qual-
ity, waste minimization, continuous improvement, flex-
ibility, building and maintaining a long term relationship
with suppliers, autonomation, load leveling and produc-
tion flow and visual control. The disconnected nature of
some of these principles perhaps springs from the fact
that the TPS has grown pragmatically since 1948 as it
responded to the problems it saw within its own produc-
tion facilities. Thus what one sees today is the result of
a 'need' driven learning to improve where each step has
built on previous ideas and not something based upon a
theoretical framework.
Toyota's view is that the main method of lean is not the
tools, but the reduction of three types of waste: muda (
“non-value-adding work”), muri (“overburden”), and
mura (“unevenness”), to expose problems systematically
and to use the tools where the ideal cannot be achieved.
From this perspective, the tools are workarounds adapted
to different situations, which explains any apparent inco-
herence of the principles above.
Also known as the flexible mass production, the TPS has
two pillar concepts: Just-in-time (JIT) or“flow”, and
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"autonomation" (smart automation).*[7] Adherents of the
Toyota approach would say that the smooth flowing deliv-
ery of value achieves all the other improvements as side-
effects. If production flows perfectly (meaning it is both
“pull”and with no interruptions) then there is no inven-
tory; if customer valued features are the only ones pro-
duced, then product design is simplified and effort is only
expended on features the customer values. The other of
the two TPS pillars is the very human aspect of autono-
mation, whereby automation is achieved with a human
touch.*[8] In this instance, the “human touch”means
to automate so that the machines/systems are designed to
aid humans in focusing on what the humans do best.
Lean implementation is therefore focused on getting the
right things to the right place at the right time in the
right quantity to achieve perfect work flow, while min-
imizing waste and being flexible and able to change.
These concepts of flexibility and change are principally
required to allow production leveling (Heijunka), using
tools like SMED, but have their analogues in other pro-
cesses such as research and development (R&D). The
flexibility and ability to change are within bounds and not
open-ended, and therefore often not expensive capability
requirements. More importantly, all of these concepts
have to be understood, appreciated, and embraced by the
actual employees who build the products and therefore
own the processes that deliver the value. The cultural and
managerial aspects of lean are possibly more important
than the actual tools or methodologies of production it-
self. There are many examples of lean tool implementa-
tion without sustained benefit, and these are often blamed
on weak understanding of lean throughout the whole or-
ganization.
Lean aims to make the work simple enough to under-
stand, do and manage. To achieve these three goals at
once there is a belief held by some that Toyota's men-
toring process,(loosely called Senpai and Kohai, which is
Japanese for senior and junior), is one of the best ways to
foster lean thinking up and down the organizational struc-
ture. This is the process undertaken by Toyota as it helps
its suppliers improve their own production. The closest
equivalent to Toyota's mentoring process is the concept
of "Lean Sensei,”which encourages companies, organiza-
tions, and teams to seek outside, third-party experts, who
can provide unbiased advice and coaching, (see Womack
et al., Lean Thinking, 1998).
In 1999, Spear and Bowen*[9] identified four rules which
characterize the“Toyota DNA":
Rule 1: All work shall be highly specified as to content,
sequence, timing, and outcome.
Rule 2: Every customer-supplier connection must be di-
rect, 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 accor-
dance with the scientific method, under the guidance of a
teacher, at the lowest possible level in the organization.
There have been recent attempts to link lean to service
management, perhaps one of the most recent and spec-
tacular of which was London Heathrow Airport's Termi-
nal 5. This particular case provides a graphic example of
how care should be taken in translating successful prac-
tices from one context (production) to another (services),
expecting the same results. In this case the public percep-
tion is more of a spectacular failure, than a spectacular
success, resulting in potentially an unfair tainting of the
lean manufacturing philosophies.*[10]

1.2.2 A brief history of waste reduction
thinking

The avoidance of waste has a long history. In fact many of
the concepts now seen as key to lean have been discov-
ered and rediscovered over the years by others in their
search to reduce waste. Lean manufacturing builds on
their experiences, including learning from their mistakes.

Pre-20th century

The printer Benjamin Franklin contributed greatly to waste re-
duction thinking

Most of the basic goals of lean manufacturing are com-
mon sense, and documented examples can be seen as
early as Benjamin Franklin. Poor Richard's Almanack
says of wasted time, “He that idly loses 5s. worth of
time, loses 5s., and might as prudently throw 5s. into the
river.”He added that avoiding unnecessary costs could be
more profitable than increasing sales:“A penny saved is
two pence clear. A pin a-day is a groat a-year. Save and
have.”
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Again Franklin's The Way to Wealth says the following
about carrying unnecessary inventory. “You call them
goods; but, if you do not take care, they will prove evils
to some of you. You expect they will be sold cheap, and,
perhaps, they may [be bought] for less than they cost; but,
if you have no occasion for them, they must be dear to
you. Remember what Poor Richard says, 'Buy what thou
hast no need of, and ere long thou shalt sell thy neces-
saries.' In another place he says, 'Many have been ru-
ined by buying good penny worths'.”Henry Ford cited
Franklin as a major influence on his own business prac-
tices, which included Just-in-time manufacturing.
The concept of waste being built into jobs and then taken
for granted was noticed bymotion efficiency expert Frank
Gilbreth, who saw that masons bent over to pick up bricks
from the ground. The bricklayer was therefore lowering
and raising his entire upper body to pick up a 2.3 kg (5
lb.) brick, and this inefficiency had been built into the
job through long practice. Introduction of a non-stooping
scaffold, which delivered the bricks at waist level, allowed
masons to work about three times as quickly, andwith less
effort.

20th century

Frederick Winslow Taylor, the father of scientific man-
agement, introduced what are now called standardization
and best practice deployment. In his Principles of Scien-
tific Management, (1911), Taylor said:“And whenever a
workman proposes an improvement, it should be the pol-
icy of the management to make a careful analysis of the
new method, and if necessary conduct a series of exper-
iments to determine accurately the relative merit of the
new suggestion and of the old standard. And whenever
the new method is found to be markedly superior to the
old, it should be adopted as the standard for the whole
establishment.”
Taylor also warned explicitly against cutting piece rates
(or, by implication, cutting wages or discharging workers)
when efficiency improvements reduce the need for raw
labor: "...after a workman has had the price per piece of
the work he is doing lowered two or three times as a result
of his having worked harder and increased his output, he
is likely entirely to lose sight of his employer's side of the
case and become imbued with a grim determination to
have no more cuts if soldiering [marking time, just doing
what he is told] can prevent it.”
Frank Bunker Gilbreth, Sr. established the fundamentals
for predetermined motion time system, used in systems
like Methods-time measurement or similar.
Shigeo Shingo, the best-known exponent of single
minute exchange of die and error-proofing or poka-yoke,
cites Principles of Scientific Management as his inspira-
tion.*[11]
American industrialists recognized the threat of cheap

Frederick Winslow Taylor

offshore labor to American workers during the 1910s,
and explicitly stated the goal of what is now called lean
manufacturing as a countermeasure. Henry Towne, past
President of the American Society of Mechanical Engi-
neers, wrote in the Foreword to Frederick Winslow Tay-
lor's Shop Management (1911),“We are justly proud of
the high wage rates which prevail throughout our country,
and jealous of any interference with them by the prod-
ucts of the cheaper labor of other countries. To maintain
this condition, to strengthen our control of home mar-
kets, and, above all, to broaden our opportunities in for-
eign markets where we must compete with the products
of other industrial nations, we should welcome and en-
courage every influence tending to increase the efficiency
of our productive processes.”

Ford gets the ball rolling

Henry Ford continued this focus on waste while devel-
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Henry Ford

oping his mass assembly manufacturing system. Charles
Buxton Going wrote in 1915:

Ford's success has startled the country, almost
the world, financially, industrially, mechani-
cally. It exhibits in higher degree than most
persons would have thought possible the seem-
ingly contradictory requirements of true effi-
ciency, which are: constant increase of qual-
ity, great increase of pay to the workers, re-
peated reduction in cost to the consumer. And
with these appears, as at once cause and ef-
fect, an absolutely incredible enlargement of
output reaching something like one hundred-
fold in less than ten years, and an enormous
profit to the manufacturer.*[12]

Ford, in My Life and Work (1922),*[13] provided a
single-paragraph description that encompasses the entire
concept of waste:

I believe that the average farmer puts to a re-
ally useful purpose only about 5% of the energy
he expends.... Not only is everything done by
hand, but seldom is a thought given to a log-
ical arrangement. A farmer doing his chores
will walk up and down a rickety ladder a dozen
times. He will carry water for years instead of
putting in a few lengths of pipe. His whole idea,
when there is extra work to do, is to hire extra
men. He thinks of puttingmoney into improve-
ments as an expense.... It is waste motion̶

waste effort̶that makes farm prices high and
profits low.

Poor arrangement of the workplace̶a major focus of the
modern kaizen̶and doing a job inefficiently out of habit
̶are major forms of waste even in modern workplaces.
Ford also pointed out how easy it was to overlookmaterial
waste. A former employee, Harry Bennett, wrote:

One day when Mr. Ford and I were together
he spotted some rust in the slag that ballasted
the right of way of the D. T. & I [railroad].
This slag had been dumped there from our own
furnaces. 'You know,' Mr. Ford said to me,
'there's iron in that slag. You make the crane
crews who put it out there sort it over, and take
it back to the plant.'*[14]

In other words, Ford saw the rust and realized that the
steel plant was not recovering all of the iron.
Ford's early success, however, was not sustainable. As
James P.Womack and Daniel Jones pointed out in“Lean
Thinking”, what Ford accomplished represented the
“special case”rather than a robust lean solution.*[15]
The major challenge that Ford faced was that his meth-
ods were built for a steady-state environment, rather than
for the dynamic conditions firms increasingly face to-
day.*[16] Although his rigid, top-down controls made it
possible to hold variation in work activities down to very
low levels, his approach did not respond well to uncertain,
dynamic business conditions; they responded particularly
badly to the need for new product innovation. This was
made clear by Ford's precipitous decline when the com-
pany was forced to finally introduce a follow-on to the
Model T (see Lean Dynamics).
Design for Manufacture (DFM) also is a Ford concept.
Ford said in My Life and Work (the same reference de-
scribes just in time manufacturing very explicitly):

...entirely useless parts [may be]̶a shoe, a
dress, a house, a piece ofmachinery, a railroad,
a steamship, an airplane. As we cut out useless
parts and simplify necessary ones, we also cut
down the cost of making. ... But also it is to be
remembered that all the parts are designed so
that they can be most easily made.

This standardization of parts was central to Ford's
concept of mass production, and the manufacturing
"tolerances", or upper and lower dimensional limits that
ensured interchangeability of parts became widely ap-
plied across manufacturing. Decades later, the renowned
Japanese quality guru, Genichi Taguchi, demonstrated
that this “goal post”method of measuring was inade-
quate. He showed that“loss”in capabilities did not be-
gin only after exceeding these tolerances, but increased as
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described by the Taguchi Loss Function at any condition
exceeding the nominal condition. This became an im-
portant part of W. Edwards Deming's quality movement
of the 1980s, later helping to develop improved under-
standing of key areas of focus such as cycle time varia-
tion in improving manufacturing quality and efficiencies
in aerospace and other industries.
While Ford is renowned for his production line it is of-
ten not recognized how much effort he put into remov-
ing the fitters' work to make the production line possi-
ble. Until Ford, a car's components always had to be
fitted or reshaped by a skilled engineer at the point of
use, so that they would connect properly. By enforcing
very strict specification and quality criteria on component
manufacture, he eliminated this work almost entirely, re-
ducing manufacturing effort by between 60-90%.*[17]
However, Ford's mass production system failed to incor-
porate the notion of “pull production”and thus often
suffered from over-production.

Toyota develops TPS

Sakichi Toyoda

Toyota's development of ideas that later became lean may
have started at the turn of the 20th century with Sakichi
Toyoda, in a textile factory with looms that stopped them-
selves when a thread broke. This became the seed of au-
tonomation and Jidoka. Toyota's journey with just-in-
time (JIT) may have started back in 1934 when it moved
from textiles to produce its first car. Kiichiro Toyoda,

founder of Toyota Motor Corporation, directed the en-
gine casting work and discovered many problems in their
manufacture. He decided he must stop the repairing of
poor quality by intense study of each stage of the process.
In 1936, when Toyota won its first truck contract with the
Japanese government, his processes hit new problems and
he developed the "Kaizen" improvement teams.
Levels of demand in the PostWar economy of Japan were
low and the focus of mass production on lowest cost per
item via economies of scale therefore had little applica-
tion. Having visited and seen supermarkets in the USA,
Taiichi Ohno recognised the scheduling of work should
not be driven by sales or production targets but by ac-
tual sales. Given the financial situation during this period,
over-production had to be avoided and thus the notion of
Pull (build to order rather than target driven Push) came
to underpin production scheduling.
It was with Taiichi Ohno at Toyota that these themes
came together. He built on the already existing inter-
nal schools of thought and spread their breadth and use
into what has now become the Toyota Production System
(TPS). It is principally from the TPS, but now including
many other sources, that lean production is developing.
Norman Bodek wrote the following in his foreword to a
reprint of Ford's Today and Tomorrow:

I was first introduced to the concepts of just-in-
time (JIT) and the Toyota production system
in 1980. Subsequently I had the opportunity
to witness its actual application at Toyota on
one of our numerous Japanese study missions.
There I met Mr. Taiichi Ohno, the system's
creator. When bombarded with questions from
our group on what inspired his thinking, he just
laughed and said he learned it all from Henry
Ford's book.”The scale, rigor and continuous
learning aspects of TPS have made it a core
concept of lean.

1.2.3 Types of waste

Although the elimination of waste may seem like a sim-
ple and clear subject it is noticeable that waste is often
very conservatively identified. This then hugely reduces
the potential of such an aim. The elimination of waste
is the goal of lean, and Toyota defined three broad types
of waste: muda, muri and mura; it should be noted that
for many lean implementations this list shrinks to the
first waste type only with reduced corresponding bene-
fits. To illustrate the state of this thinking Shigeo Shingo
observed that only the last turn of a bolt tightens it̶
the rest is just movement. This ever finer clarification of
waste is key to establishing distinctions between value-
adding activity, waste and non-value-adding work.*[18]
Non-value adding work is waste that must be done under
the present work conditions. One key is to measure, or
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estimate, the size of these wastes, to demonstrate the ef-
fect of the changes achieved and therefore the movement
toward the goal.
The “flow”(or smoothness) based approach aims to
achieve JIT, by removing the variation caused by work
scheduling and thereby provide a driver, rationale or tar-
get and priorities for implementation, using a variety of
techniques. The effort to achieve JIT exposes many qual-
ity problems that are hidden by buffer stocks; by forcing
smooth flow of only value-adding steps, these problems
become visible and must be dealt with explicitly.
Muri is all the unreasonable work that management im-
poses on workers and machines because of poor or-
ganization, such as carrying heavy weights, moving
things around, dangerous tasks, even working signifi-
cantly faster than usual. It is pushing a person or a ma-
chine beyond its natural limits. Thismay simply be asking
a greater level of performance from a process than it can
handle without taking shortcuts and informally modifying
decision criteria. Unreasonable work is almost always a
cause of multiple variations.
To link these three concepts is simple in TPS and thus
lean. Firstly, muri focuses on the preparation and plan-
ning of the process, or what work can be avoided proac-
tively by design. Next, mura then focuses on how the
work design is implemented and the elimination of fluc-
tuation at the scheduling or operations level, such as qual-
ity and volume. Muda is then discovered after the pro-
cess is in place and is dealt with reactively. It is seen
through variation in output. It is the role of management
to examine the muda, in the processes and eliminate the
deeper causes by considering the connections to the muri
and mura of the system. The muda and mura inconsis-
tencies must be fed back to the muri, or planning, stage
for the next project.
A typical example of the interplay of these wastes is the
corporate behaviour of “making the numbers”as the
end of a reporting period approaches. Demand is raised
to 'make plan,' increasing (mura), when the“numbers”
are low, which causes production to try to squeeze ex-
tra capacity from the process, which causes routines and
standards to be modified or stretched. This stretch and
improvisation leads to muri-style waste, which leads to
downtime, mistakes and back flows, and waiting, thus the
muda of waiting, correction and movement.
The original seven muda are:

• Transport (moving products that are not actually re-
quired to perform the processing)

• Inventory (all components, work in process, and fin-
ished product not being processed)

• Motion (people or equipment moving or walking
more than is required to perform the processing)

• Waiting (waiting for the next production step, inter-
ruptions of production during shift change)

• Overproduction (production ahead of demand)

• Over Processing (resulting from poor tool or product
design creating activity)

• Defects (the effort involved in inspecting for and fix-
ing defects)*[19]

Taking the first letter of each waste, the acronym“TIM-
WOOD”is formed. This is a common way to remember
the 7“muda”.
Later an eighth waste was defined by Womack et al.
(2003); it was described as manufacturing goods or ser-
vices that do not meet customer demand or specifications.
Many others have added the “waste of unused human
talent”to the original seven wastes. For example, six
sigma includes the waste of Skills, referred to as“under-
utilizing capabilities and delegating tasks with inadequate
training”. Other additional wastes added were for exam-
ple “space”. These wastes were not originally a part
of the seven deadly wastes defined by Taiichi Ohno in
TPS, but were found to be useful additions in practice. In
1999 Geoffrey Mika in his book,“Kaizen Event Imple-
mentation Manual”added three more forms of waste that
are now universally accepted; The waste associated with
working to the wrong metrics or no metrics, the waste
associated with not utilizing a complete worker by not al-
lowing them to contribute ideas and suggestions and be
part of Participative Management, and lastly the waste
attributable to improper use of computers; not having the
proper software, training on use and time spent surfing,
playing games or just wasting time. For a complete list-
ing of the “old”and “new”wastes see Bicheno and
Holweg (2009)*[20]
Some of these definitions may seem rather idealistic, but
this tough definition is seen as important and they drove
the success of TPS. The clear identification of non-value-
adding work, as distinct from wasted work, is critical to
identifying the assumptions behind the current work pro-
cess and to challenging them in due course.*[21] Break-
throughs in SMED and other process changing techniques
rely upon clear identification of where untapped oppor-
tunities may lie if the processing assumptions are chal-
lenged.

1.2.4 Lean implementation develops from
TPS

The discipline required to implement lean and the dis-
ciplines it seems to require are so often counter-cultural
that they have made successful implementation of lean a
major challenge. Some*[22] would say that it was a ma-
jor challenge in its manufacturing 'heartland' as well.
Lean is about more than just cutting costs in the fac-
tory.*[23] One crucial insight is that most costs are as-
signedwhen a product is designed, (see Genichi Taguchi).
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An example program

In summary, an example of a lean implementation pro-
gram could be:

Lean leadership

The role of the leaders within the organization is the fun-
damental element of sustaining the progress of lean think-
ing. Experienced kaizen members at Toyota, for exam-
ple, often bring up the concepts of Senpai, Kohai, and
Sensei, because they strongly feel that transferring of Toy-
ota culture down and across Toyota can only happen when
more experienced Toyota Sensei continuously coach and
guide the less experienced lean champions.
One of the dislocative effects of lean is in the area of
key performance indicators (KPI). The KPIs by which a
plant/facility are judged will often be driving behaviour,
because the KPIs themselves assume a particular ap-
proach to the work being done. This can be an issue
where, for example a truly lean, Fixed Repeating Sched-
ule (FRS) and JIT approach is adopted, because these
KPIs will no longer reflect performance, as the assump-
tions on which they are based become invalid. It is a key
leadership challenge to manage the impact of this KPI
chaos within the organization.
Similarly, commonly used accounting systems developed
to support mass production are no longer appropriate for
companies pursuing lean. Lean accounting provides truly
lean approaches to business management and financial re-
porting.
After formulating the guiding principles of its lean man-
ufacturing approach in the Toyota Production System
(TPS), Toyota formalized in 2001 the basis of its lean
management: the key managerial values and attitudes
needed to sustain continuous improvement in the long
run. These core management principles are articulated
around the twin pillars of Continuous Improvement (re-
lentless elimination of waste) and Respect for People (en-
gagement in long term relationships based on continuous
improvement and mutual trust).
This formalization stems from problem solving. As Toy-
ota expanded beyond its home base for the past 20 years,
it hit the same problems in getting TPS properly applied
that other western companies have had in copying TPS.
Like any other problem, it has been working on trying
a series of countermeasures to solve this particular con-
cern. These countermeasures have focused on culture:
how people behave, which is the most difficult challenge
of all. Without the proper behavioral principles and val-
ues, TPS can be totally misapplied and fail to deliver re-
sults. As with TPS, the values had originally been passed
down in a master-disciple manner, from boss to subordi-
nate, without any written statement on the way. Just as
with TPS, it was internally argued that formalizing the
values would stifle them and lead to further misunder-

standing. However, as Toyota veterans eventually wrote
down the basic principles of TPS, Toyota set to put the
Toyota Way into writing to educate new joiners.*[25]
Continuous Improvement breaks down into three basic
principles:

1. Challenge: Having a long term vision of the chal-
lenges one needs to face to realize one's ambition
(what we need to learn rather than what we want to
do and then having the spirit to face that challenge).
To do so, we have to challenge ourselves every day
to see if we are achieving our goals.

2. Kaizen: Good enough never is, no process can ever
be thought perfect, so operations must be improved
continuously, striving for innovation and evolution.

3. Genchi Genbutsu: Going to the source to see the
facts for oneself and make the right decisions, create
consensus, and make sure goals are attained at the
best possible speed.

Respect For People is less known outside of Toyota, and
essentially involves two defining principles:

1. Respect: Taking every stakeholders' problems seri-
ously, and making every effort to build mutual trust.
Taking responsibility for other people reaching their
objectives.

2. Teamwork: This is about developing individuals
through team problem-solving. The idea is to de-
velop and engage people through their contribution
to team performance. Shop floor teams, the whole
site as team, and team Toyota at the outset.

Differences from TPS

While lean is seen by many as a generalization of the
Toyota Production System into other industries and con-
texts there are some acknowledged differences that seem
to have developed in implementation.

1. Seeking profit is a relentless focus for Toyota exem-
plified by the profit maximization principle (Price
– Cost = Profit) and the need, therefore, to prac-
tice systematic cost reduction (through TPS or oth-
erwise) to realize benefit. Lean implementations can
tend to de-emphasise this key measure and thus be-
come fixated with the implementation of improve-
ment concepts of“flow”or“pull”. However, the
emergence of the“value curve analysis”promises
to directly tie lean improvements to bottom-line per-
formance measurements.20

2. Tool orientation is a tendency in many programs to
elevate mere tools (standardized work, value stream
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mapping, visual control, etc.) to an unhealthy sta-
tus beyond their pragmatic intent. The tools are
just different ways to work around certain types of
problems but they do not solve them for you or al-
ways highlight the underlying cause of many types
of problems. The tools employed at Toyota are of-
ten used to expose particular problems that are then
dealt with, as each tool's limitations or blindspots are
perhaps better understood. So, for example, Value
Stream Mapping focuses upon material and infor-
mation flow problems (a title built into the Toyota
title for this activity) but is not strong on Metrics,
Man orMethod. Internally they well know the limits
of the tool and understood that it was never intended
as the best way to see and analyze every waste or ev-
ery problem related to quality, downtime, personnel
development, cross training related issues, capacity
bottlenecks, or anything to do with profits, safety,
metrics or morale, etc. No one tool can do all of
that. For surfacing these issues other tools are much
more widely and effectively used.

3. Management technique rather than change
agents has been a principle in Toyota from the early
1950s when they started emphasizing the develop-
ment of the production manager's and supervisors'
skills set in guiding natural work teams and did not
rely upon staff-level change agents to drive improve-
ments. This can manifest itself as a“Push”imple-
mentation of lean rather than“Pull”by the team
itself. This area of skills development is not that of
the change agent specialist, but that of the natural
operations work team leader. Although less presti-
gious than the TPS specialists, development of work
team supervisors in Toyota is considered an equally,
if not more important, topic merely because there
are tens of thousands of these individuals. Specif-
ically, it is these manufacturing leaders that are the
main focus of training efforts in Toyota since they
lead the daily work areas, and they directly and dra-
matically affect quality, cost, productivity, safety,
and morale of the team environment. In many com-
panies implementing lean the reverse set of priori-
ties is true. Emphasis is put on developing the spe-
cialist, while the supervisor skill level is expected to
somehow develop over time on its own.

4. Lack of understanding is one of the key reasons
that a large share of lean manufacturing projects in
theWest fail to bring any benefit. In Factory Physics,
Hopp and Spearman describe this as romantic JIT,
where the belief in the methods is more important
than the actual understanding and results. In this as-
pect, lean manufacturing is more of a religion than a
science. Others have compared it to cargo cult sci-
ence.

1.2.5 Lean services

Main article: Lean services

Lean, as a concept or brand, has captured the imagina-
tion of many in different spheres of activity. Examples
of these from many sectors are listed below.
Lean principles have been successfully applied to call
center services to improve live agent call handling. By
combining Agent-assisted Automation and lean's waste
reduction practices, a company reduced handle time, re-
duced between agent variability, reduced accent barriers,
and attained near perfect process adherence.*[26]
Lean principles have also found application in software
application development andmaintenance and other areas
of information technology (IT).*[27] More generally, the
use of lean in information technology has become known
as Lean IT.
A study conducted on behalf of the Scottish Executive, by
Warwick University, in 2005/06 found that lean methods
were applicable to the public sector, but that most results
had been achieved using a much more restricted range of
techniques than lean provides.*[28]
A study completed in 2010 identified that lean was be-
ginning to embed in Higher Education in the UK (see
Lean Higher Education).*[29] In addition, Bolton Hospi-
tals NHS Trust published an article reporting lower mor-
tality rates after implementing Lean.*[30]
The challenge in moving lean to services is the lack of
widely available reference implementations to allow peo-
ple to see how directly applying lean manufacturing tools
and practices can work and the impact it does have. This
makes it more difficult to build the level of belief seen as
necessary for strong implementation. However, some re-
search does relate widely recognized examples of success
in retail and even airlines to the underlying principles of
lean.*[16] Despite this, it remains the case that the direct
manufacturing examples of 'techniques' or 'tools' need to
be better 'translated' into a service context to support the
more prominent approaches of implementation, which
has not yet received the level of work or publicity that
would give starting points for implementors. The upshot
of this is that each implementation often 'feels its way'
along as must the early industrial engineering practices of
Toyota. This places huge importance upon sponsorship to
encourage and protect these experimental developments.
Lean management is nowadays implemented also in non-
manufacturing processes and administrative processes. In
non-manufacturing processes is still huge potential for op-
timization and efficiency increase.*[31]
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1.2.6 Goals and strategy

The espoused goals of lean manufacturing systems differ
between various authors. While some maintain an inter-
nal focus, e.g. to increase profit for the organization,*[32]
others claim that improvements should be done for the
sake of the customer*[33]
Some commonly mentioned goals are:

• Improve quality: To stay competitive in today's mar-
ketplace, a company must understand its customers'
wants and needs and design processes to meet their
expectations and requirements.

• Eliminate waste: Waste is any activity that consumes
time, resources, or space but does not add any value
to the product or service. See Types of waste, above.

• Reduce time: Reducing the time it takes to finish an
activity from start to finish is one of the most effec-
tive ways to eliminate waste and lower costs.

• Reduce total costs: To minimize cost, a company
must produce only to customer demand. Overpro-
duction increases a companyʼs inventory costs be-
cause of storage needs.

The strategic elements of lean can be quite complex, and
comprise multiple elements. Four different notions of
lean have been identified:*[34]

1. Lean as a fixed state or goal (being lean)

2. Lean as a continuous change process (becoming
lean)

3. Lean as a set of tools or methods (doing lean/toolbox
lean)

4. Lean as a philosophy (lean thinking)

Example lean strategy in global supply chain and cri-
sis

Strategy

Lean production has been adopted into other industries
as a principle to make improvement in the rapid chang-
ing market. In global supply chain and outsource scale,
Information Technology is necessary and can deal with
most of hard lean practices to synchronise pull system in
supply chains and value system. The manufacturing in-
dustry can renew and change strategy of production just
in time.
The supply chains take changes in deploying second fac-
tory or warehouse near their major markets in order
to react consumersʼneed promptly instead of investing
manufacturing factories on the lost-cost countries. For

instance, Dell sells computers directly from their web-
site, cutting franchised dealers out of their supply chains.
Then, the firm use outsourced partners to produce its
components, deliver components to their assembly plants
on these main markets around the world, like America
and China.(change sales strategy and focus onmajor mar-
kets for producing just in time)
Zara made decision of speeding their fashion to the con-
sumers market by fast-producing cloths within five weeks
with their local partners in Spain and never involved in
mass production to pursue new styles and keep products
fresh. (follow brand spirit to produce locally, then quick
delivery to the world)
The other way to avoid market risk and control the supply
efficiently is to cut down in stock. P&G has done the goal
to co-operate with Walmart and other wholesales compa-
nies by building the response system of stocks directly to
the suppliers companies. (Using IT to take good control
in sale and supplier)*[35]
With the improvement of global scale supply chains, firms
apply lean practices(JIT, supplier partnership, and cus-
tomer involvement) built between global firms and sup-
pliers intensively to connect with consumers markets ef-
ficiently.

Crisis

After years of success of Toyota s̓ Lean Production, the
consolidation of supply chain networks has brought Toy-
ota to the position of being the world's biggest carmaker
in the rapid expansion. In 2010, the crisis of safety-
related problems in Toyota made other carmakers that
duplicated Toyotaʼs supply chain system wary that the
same recall issue might happen to them.
JamesWomack had warned Toyota that cooperating with
single outsourced suppliers might bring unexpected prob-
lems.*[36] Indeed, the crisis cost a great fortune and left
Toyota thinking whether the JIT practice has problems
about outsourced suppliers without enough experience
and senior engineers could not achieve themonitoring job
close to their suppliers out of Japan. That is proven as the
economy of scale becomes global, the soft-learn practices
become more important in their outsourced suppliers, if
they could keep good Sensei relationship with their part-
ners and constantly modify production process to perfec-
tion. Otherwise, Toyota begins to consider whether to
have more choices of suppliers of producing the same
component, it might bringmore safety on risk-control and
reduce the huge cost that might happen in the future.
The appliance of JIT in supply chain system is the key
issue of Lean implementation in global scale. How do the
supply partners avoid causing production flow? Global
firms should make more suppliers who can compete with
each other in order to get the best quality and lower the
risk of production flow at the same time.
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1.2.7 The Lean Management Model

The Total Lean Management Model aligns ALL the pil-
lars of Lean – TFM, TPM, TQM, TSM and THM in a
systematic way under one umbrella, making Lean under-
standing, learning and execution a smooth methodology.
CreatingWORLDCLASS ORGANIZATIONS – begins
with the basic requirement of having a good 5S in the
workplace, followed by identification, reduction and if
possible elimination of the 7 Mudaʼs across the value
chain: customers to suppliers.

1.2.8 Steps to achieve lean systems

The following steps should be implemented to create the
ideal lean manufacturing system:*[37]

• Design a simple manufacturing system

• Recognize that there is always room for improve-
ment

• Continuously improve the lean manufacturing sys-
tem design

Design a simple manufacturing system

A fundamental principle of lean manufacturing is
demand-based flow manufacturing. In this type of pro-
duction setting, inventory is only pulled through each pro-
duction center when it is needed to meet a customer's or-
der. The benefits of this goal include:*[37]

• Decreased cycle time

• Less inventory

• Increased productivity

• Increased capital equipment utilization

There is always room for improvement

The core of lean is founded on the concept of continuous
product and process improvement and the elimination of
non-value added activities.“The Value adding activities
are simply only those things the customer is willing to pay
for, everything else is waste, and should be eliminated,
simplified, reduced, or integrated”(Rizzardo, 2003). Im-
proving the flow ofmaterial through new ideal system lay-
outs at the customer's required rate would reduce waste
in material movement and inventory.*[37]

Continuously improve

A continuous improvement mindset is essential to reach
the company's goals. The term “continuous improve-
ment”means incremental improvement of products, pro-
cesses, or services over time, with the goal of reducing
waste to improve workplace functionality, customer ser-
vice, or product performance (Suzaki, 1987).
Stephen Shortell (Professor of Health Services Manage-
ment and Organizational Behaviour – Berkeley Univer-
sity, California) states:-
“For improvement to flourish it must be carefully cul-
tivated in a rich soil bed (a receptive organization),
given constant attention (sustained leadership), assured
the right amounts of light (training and support) and water
(measurement and data) and protected from damaging.”

Measure

Overall equipment effectiveness (OEE) is a set of perfor-
mance metrics that fit well in a lean environment. Also,
PMTS, methods-time measurement, cost analysis and
perhaps time study can be used to evaluate the wastes and
IT effectiveness in the operational processes. For exam-
ple, Jun-Ing Ker andYichuanWang analyze two prescrib-
ing technologies, namely no carbon required (NCR) and
digital scanning technologies to quantify the advantages
of the medication ordering, transcribing, and dispensing
process in a multi-hospital health system. With compar-
ison between these two technologies,the statistical analy-
sis results show a significant reduction on process times
by adopting digital scanning technology. The results in-
dicated a reduction of 54.5% in queue time, 32.4% in or-
der entry time, 76.9% in outgoing delay time, and 67.7%
in outgoing transit time with the use of digital scanning
technology.*[38]

Nine Steps for Creating World Class Organization

The nine steps make Lean Learning the easiest possible.
Each is Muda can be reduced by Lean Pillars and tools
though a step by step approach.

1.2.9 Implementation dilemma

One criticism of lean perennially heard among rank-and-
file workers is that lean practitioners may easily focus too
much on the tools and methodologies of lean, and fail to
focus on the philosophy and culture of lean. The implica-
tion of this for lean implementers is that adequate com-
mand of the subject is needed in order to avoid failed im-
plementations.*[39] Another pitfall is that management
decides what solution to use without understanding the
true problem and without consulting shop floor person-
nel. As a result lean implementations often look good to
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the manager but fail to improve the situation.*[39] In ad-
dition, many of the popular lean initiatives, coming from
the TPS, are solutions to specific problems that Toyota
was facing. Toyota, having an undesired current con-
dition, determined what the end state would look like.
Through much study, the gap was closed, which resulted
in many of the tools in place today. Often, when a tool
is implemented outside of TPS, a company believes that
the solution lay specifically within one of the popular lean
initiatives. The tools which were the solution to a specific
problem for a specific company may not be able to be ap-
plied in exactly the same manner as designed. Thus, the
solution does not fit the problem and a temporary solution
is created vs. the actual root cause.*[40]
The lean philosophy naturally makes your company fit,
reducing costs while optimising and improving perfor-
mance. Value stream mapping (VSM) and 5S are the
most common approaches companies take on their first
steps towards making their organisation leaner. Lean ac-
tions can be focused on the specific logistics processes,
or cover the entire supply chain. For example, you might
start from analysis of SKUs, using several days to identify
and draw each SKUs path, evaluating all the participants
from material suppliers to the consumer. Conducting a
gap analysis determines the company's 'must take' steps
to improve the value stream and achieve the objective.
Based on that evaluation, the improvement group con-
ducts the failure mode effects analysis (FMEA), in order
to identify and prevent risk factors. It is crucial for front-
line workers to be involved in VSM activities. Front-line
employees know the process and can directly increase the
efficiency. For one lean activity, the impact may be a
small and limited change, just like keeping fit, but many
small improvements along the supply chain can add up to
great improvements.*[41]
After adopting the lean approach, both managers and em-
ployees experience change. Therefore, decisive leaders
are needed when starting on a lean journey. There are
several requirements to control the lean journey. First
and most importantly, author strongly suggests the or-
ganisation has its own lean plan, developed by the lean
Leadership. In other words, the lean team just provides
suggestions for the leader who makes the decisions about
what to implement. Second, it is recommended to get
coaching when the organisation starts its lean journey.
As the saying goes, give a man fish and you feed him for
a day; teach a man to fish and you feed him for a life-
time. Begin developing lean coaches. The will impart
their knowledge and skills to shopfloor staff and the lean
implementation will be much more efficient. Third, the
metrics or measurements used for measuring lean and im-
provements are extremely important. It will enable col-
lection of the necessary data to inform decision-making
for a leader. You cannot successfully implement lean if
you are not good at measuring your process and outputs.
You need to see and measure what is happening now to
be able to control and improve it going forward. *[42]

Lean manufacturing does have differences with lean en-
terprise. In recent research, the author discovered that
we now have many lean manufacturing but rarely of them
are lean enterprises. The difference is between lean ac-
counting and standard cost accounting. For standard cost
accounting, SKUs are difficult to understand. SKUs in-
clude too much hypothesis and variance. There has too
much indeterminacy. Therefore, manufacturing should
move away from traditional accounting and accept lean
accounting. In using lean accounting, one of the benefits
from activity-based cost visibility, or measuring the di-
rect and indirect costs of each step of an activity rather
than traditional costing accounting for only labor and ma-
terials. In the meetingʻYour Organisation, in 10 Years.ʼ
The most common is the lean has been developed for a
long time. However, still needs to develop quite a long
way. In the San Diego region, rarely the company un-
der 50 employees to start to accept lean think and adopt
lean approach, but in a metal stamping company which
adopts lean tools they do reduce the lead time, speed in
delivery and working in progress. It is not enough just
adopting lean tools, they cannot make lean manufactur-
ing growing to lean enterprise, you need to totally accept
lean think and make lean concept are part of your or-
ganisation body, the culture, thus it can be made to lean
sustainability.*[43]

1.2.10 See also

• A3 Problem Solving

• Efficiency Movement

• 5S (methodology)

• Ishikawa diagram

• JobShopLean

• Kanban

• Key performance indicator

• Lean CFP driven

• Lean Six Sigma

• Lean software development

• Lean Thinking

• Poka-yoke

• Six Sigma

• Spaghetti plot

• Takt time

• Total productive maintenance

• Value stream mapping

• Industrial Engineering
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Chapter 2

TERMINOLOGY

2.1 Muda (Japanese term)

Muda (無駄) is a Japanese word meaning“futility; use-
lessness; idleness; superfluity; waste; wastage; wasteful-
ness”,*[1] and is a key concept in the Toyota Produc-
tion System (TPS) as one of the three types of devia-
tion from optimal allocation of resources (muda, mura,
muri).*[2] Waste reduction is an effective way to increase
profitability. Toyota adopted these three words beginning
with the prefix mu-,*[3] which in Japan are widely recog-
nized as a reference to a product improvement program
or campaign. A process adds value by producing goods
or providing a service that a customer will pay for. A
process consumes resources and waste occurs when more
resources are consumed than are necessary to produce
the goods or provide the service that the customer ac-
tually wants. The attitudes and tools of the TPS heighten
awareness and give whole new perspectives on identifying
waste and therefore the unexploited opportunities associ-
ated with reducing waste.
Muda has been givenmuch greater attention as waste than
the other two which means that whilst many Lean prac-
titioners have learned to see muda they fail to see in the
same prominence the variation of mura (unevenness) and
muri (overburden). Thus, while they are focused on get-
ting their process under control they do not give enough
time to process improvement by redesign.

2.1.1 Seven wastes

One of the key steps in Lean and TPS is the identifica-
tion of which steps add value and which don't. By clas-
sifying all the process activities into these two categories
it is then possible to start actions for improving the for-
mer and eliminating the latter. Some of these definitions
may seem rather 'idealist' but this tough definition is seen
as important to the effectiveness of this key step. Once
value-adding work (actual work) has been separated from
waste then waste can be subdivided into 'needs to be
done (auxiliary work) but non-value adding' waste and
pure waste. The clear identification of 'non-value adding
work', as distinct from waste or work, is critical to identi-
fying the assumptions and beliefs behind the current work
process and to challenging them in due course.

The expression“Learning to see”comes from an ever
developing ability to see waste where it was not perceived
before. Many have sought to develop this ability by 'trips
to Japan' to visit Toyota to see the difference between
their operation and one that has been under continuous
improvement for thirty years under the TPS. The follow-
ing “seven wastes”identify resources which are com-
monly wasted. They were identified by Toyota's Chief
Engineer, Taiichi Ohno as part of the Toyota Production
System:*[4]

Transportation

Each time a product is moved it stands the risk of being
damaged, lost, delayed, etc. as well as being a cost for no
added value. Transportation does not make any transfor-
mation to the product that the consumer is willing to pay
for.

Inventory

Inventory, be it in the form of raw materials, work-in-
progress (WIP), or finished goods, represents a capital
outlay that has not yet produced an income either by the
producer or for the consumer. Any of these three items
not being actively processed to add value is waste.

Motion

In contrast to transportation, which refers to damage to
products and transaction costs associated with moving
them, motion refers to the damage that the production
process inflicts on the entity that creates the product, ei-
ther over time (wear and tear for equipment and repetitive
strain injuries for workers) or during discrete events (ac-
cidents that damage equipment and/or injure workers).

Waiting

Whenever goods are not in transport or being processed,
they are waiting. In traditional processes, a large part of
an individual product's life is spent waiting to be worked
on.
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Over-processing

Over-processing occurs any time more work is done on a
piece other than what is required by the customer. This
also includes using components that are more precise,
complex, higher quality or expensive than absolutely re-
quired.

Over-production

Overproduction occurs when more product is produced
than is required at that time by your customers. One com-
mon practice that leads to this muda is the production of
large batches, as often consumer needs change over the
long times large batches require. Overproduction is con-
sidered the worst muda because it hides and/or generates
all the others. Overproduction leads to excess inventory,
which then requires the expenditure of resources on stor-
age space and preservation, activities that do not benefit
the customer.

Defects

Whenever defects occur, extra costs are incurred rework-
ing the part, rescheduling production, etc. This results in
labor costs, more time in the“Work-in-progress”. De-
fects in practice can sometimes double the cost of one
single product. This should not be passed on to the con-
sumer and should be taken as a loss.

2.1.2 Other candidate wastes

There can be more forms of waste in addition to
the seven. The 8 most common forms of waste can
be remembered using the mnemonic “DOWNTIME”
(Defective Production, Overproduction, Waiting, Non-
used Employee Talent (the 8th form), Transportation,
Inventory,Motion, and Excessive (Over) Processing)
Other sources have proposed additional wastes. These
may work for the proposers or they may overlap or be in-
consistent with the originals which came from a coherent
source.

Latent skill

Organizations employ their staff for specific skills that
they may have. These employees have other skills too,
it is wasteful to not take advantage of these skills as well.
“It is only by capitalizing on employees' creativity that
organizations can eliminate the other seven wastes and
continuously improve their performance.”*[5]

Ohno's Seven deadly wastes (muda) or non value adding work,
with the addition of the 8th waste for the under-utilisation of
people.

2.1.3 Implementation

Shigeo Shingo divides process related activity into Pro-
cess and Operation.*[6] He distinguishes “Process”,
the course of material that is transformed into product,
from“Operation”which are the actions performed on
the material by workers and machines. This distinction
is not generally recognized because most people would
view the“Operations”performed on the raw materials
of a product by workers and machines as the“Process”
by which those raw materials are transformed into the fi-
nal product. He makes this distinction because value is
added to the product by the process but not by most of
the operations. He states that whereas many see Process
and Operations in parallel he sees them at right angles
(orthogonal) (see Value Stream Mapping). This starkly
throws most of the operations into the waste category.
Many of the TPS/Lean techniques work in a similar way.
By planning to reduce manpower, or reduce change-over
times, or reduce campaign lengths, or reduce lot sizes
the question of waste comes immediately into focus upon
those elements that prevent the plan being implemented.
Often it is in the operations' area rather than the process
area that muda can be eliminated and remove the block-
age to the plan. Tools of many types and methodologies
can then be employed on these wastes to reduce or elim-
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inate them.
The plan is therefore to build a fast, flexible process where
the immediate impact is to reduce waste and therefore
costs. By ratcheting the process towards this aim with fo-
cused muda reduction to achieve each step, the improve-
ments are 'locked in' and become required for the process
to function. Without this intent to build a fast, flexible
process there is a significant danger that any improve-
ments achieved will not be sustained because they are just
desirable and can slip back towards old behaviours with-
out the process stopping.

2.1.4 See also

• Lean manufacturing

• Lean software development

• Agile software development

• Total Quality Management

2.1.5 References
[1] Kenkyusha's New Japanese-English Dictionary, 5th edi-

tion, 2003, Tokyo: Kenkyusha, p. 2530.

[2] Emiliani, Bob; Stec, David; Grasso, Lawrence; Stodder,
James (2007). Better thinking, better results: case study
and analysis of an enterprise-wide lean transformation
(2nd ed.). Kensington, Conn: Center for Lean Business
Management. ISBN 978-0-9722591-2-5.

[3] DeMente, Boye (2004). Japan's cultural code words: 233
key terms that explain the attitudes and behavior of the
Japanese. Tuttle Publishing. p. 197. ISBN 978-0-8048-
3574-9.

[4] Toyota Production System, Ohno, Taiichi, 1988, Produc-
tivity Press

[5] Liker (2004) - The Toyota Way (p.28)

[6] A study of the Toyota Production System, Shigeo Shingo,
Productivity Press, 1989, p xxxi

2.1.6 External links

• “The 7 Manufacturing Wastes”

2.2 Mura (Japanese term)

For other uses, see Mura (disambiguation).

Mura (斑) is a Japanese word meaning “unevenness;
irregularity; lack of uniformity; nonuniformity; inequal-
ity”,*[1] and is a key concept in the Toyota Produc-
tion System (TPS) as one of the three types of waste

(muda, mura, muri).*[2] Waste reduction is an effective
way to increase profitability. Toyota adopted these three
Japanese words as part of their product improvement pro-
gram, due to their familiarity in common usage.
Mura, in terms of business/process improvement, is
avoided through Just In Time systems which are based on
keeping little or no inventory. These systems supply the
production process with the right part, at the right time,
in the right amount, using first-in/first-out (FIFO) com-
ponent flow. Just in Time systems create a“pull system”
in which each sub-process withdraws its needs from the
preceding sub-processes, and ultimately from an outside
supplier. When a preceding process does not receive a
request or withdrawal it does not make more parts. This
type of system is designed to maximize productivity by
minimizing storage overhead.
For example:

1. The assembly line“makes a request to,”or“pulls
from”the Paint Shop, which pulls from BodyWeld.

2. The Body Weld shop pulls from Stamping.

3. At the same time, requests are going out to suppli-
ers for specific parts, for the vehicles that have been
ordered by customers.

4. Small buffers accommodate minor fluctuations, yet
allow continuous flow.

If parts or material defects are found in one process,
the Just-in-Time approach requires that the problem be
quickly identified and corrected.

2.2.1 Implementation

Production leveling, also called heijunka, and frequent
deliveries to customer are key to identifying and eliminat-
ingMura. The use of different types of Kanban to control
inventory at different stages in the process are key to en-
suring that“pull”is happening between sub-processes.
Leveling production, even when different products are
produced in the same system, will aid in scheduling work
in a standard way that encourages lower costs.
It is also possible to smooth the workflow by having one
operator work across several machines in a process rather
than have different operators; in a sense merging several
sub-processes under one operator. The fact that there
is one operator will force a smoothness across the op-
erations because the workpiece flows with the operator.
There is no reason why the several operators cannot all
work across these several machines following each other
and carrying their workpiece with them.*[3] This multi-
ple machine handling is called“multi-process handling”
in the Toyota Production System.
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2.2.2 Limitations, critiques and improve-
ments

Some processes have considerable lead time. Some pro-
cesses have unusually high costs for waiting or downtime.
When this is the case, it is often desirable to try to predict
the upcoming demand from a sub-process before pull oc-
curs or a card is generated. The smoother the process, the
more accurately this can be done from analysis of previ-
ous historical experience.
Some processes have asymmetric cost. In such situations,
it may be better to err away from the higher cost error. In
this case, there appears to be waste and higher average
error, but the waste or errors are smaller ones and in ag-
gregate leads to lower costs / more customer value.
For example, consider running a call center. It may
be more effective to have low cost call center operators
wait for high value clients rather than risk losing high
value clients by making them wait. Given the asymmet-
ric cost of these errors - particularly if the processes are
not smooth - it may be prudent to have what seems like
have a surplus of call center operators that appear to be
“wasting”call center operator time, rather than commit
the higher-cost error of losing the occasional high value
client.

2.2.3 References
[1] Kenkyusha's New Japanese-English Dictionary (2003), 5th

edition, Tokyo: Kenkyusha, p. 2536.

[2] Emiliani, Bob; Stec, David; Grasso, Lawrence; Stodder,
James (2007). Better thinking, better results: case study
and analysis of an enterprise-wide lean transformation
(2nd ed.). Kensington, Conn: Center for Lean Business
Management. ISBN 978-0-9722591-2-5.

[3] A study of the Toyota Production System, Shigeo Shingo,
Productivity Press, 1989 , p 157

2.3 Muri (Japanese term)

For other uses, see Muri (disambiguation).

Muri (無理) is a Japanese word meaning “unreason-
ableness; impossible; beyond one's power; too difficult;
by force; perforce; forcibly; compulsorily; excessiveness;
immoderation”,*[1] and is a key concept in the Toyota
Production System (TPS) as one of the three types of
waste (muda, mura, muri).*[2]

2.3.1 Avoidance of muri in Toyota manu-
facturing

Muri is one of three types of waste (muda, mura, muri)
identified in the Toyota Production System. Waste reduc-

tion is an effective way to increase profitability.
Muri can be avoided through standardized work. To
achieve this a standard condition or output must be de-
fined to assure effective judgment of quality. Then every
process and function must be reduced to its simplest ele-
ments for examination and later recombination. The pro-
cess must then be standardized to achieve the standard
condition. This is done by taking simple work elements
and combining them, one-by-one into standardized work
sequences. In manufacturing, this includes:

• Work flow, or logical directions to be taken,

• Repeatable process steps and machine processes, or
rational methods to get there, and

• Takt time, or reasonable lengths of time and en-
durance allowed for a process.

When everyone knows the standard condition, and the
standardized work sequences, the results observed in-
clude:

• Heightened employee morale (due to close exami-
nation of ergonomics and safety)

• Higher quality

• Improved productivity

• Reduced costs

2.3.2 Implementation

In fact the big contribution of Henry Ford and his man-
ufacturing techniques was the reduction of Muri and not
so much the production line itself. In order for the pro-
duction line to function each station on the line had to
achieve standard work because the next station was only
equipped to work on standard condition components.
The Ford production line approximates to an implemen-
tation of Takt time which gives enough time to perform
the standard work.

2.3.3 References

[1] Kenkyusha's New Japanese-English Dictionary (2003), 5th
edition, Tokyo: Kenkyusha, p. 2537.

[2] Emiliani, Bob; Stec, David; Grasso, Lawrence; Stodder,
James (2007). Better thinking, better results: case study
and analysis of an enterprise-wide lean transformation
(2nd ed.). Kensington, Conn: Center for Lean Business
Management. ISBN 978-0-9722591-2-5.
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Kaizen in Japanese characters/Kanji

2.4 Kaizen

Kaizen (改善), Japanese for "improvement". When used
in the business sense and applied to the workplace, kaizen
refers to activities that continuously improve all functions
and involve all employees from the CEO to the assembly
line workers. It also applies to processes, such as pur-
chasing and logistics, that cross organizational boundaries
into the supply chain.*[1] It has been applied in health-
care,*[2] psychotherapy,*[3] life-coaching, government,
banking, and other industries.
By improving standardized activities and processes,
kaizen aims to eliminate waste (see lean manufacturing).
Kaizen was first implemented in several Japanese busi-
nesses after the Second World War, influenced in part
by American business and quality management teachers
who visited the country. It has since spread throughout
the world*[4] and is now being implemented in environ-
ments outside of business and productivity.

2.4.1 Overview

The Sino-Japanese word“kaizen”simply means“change
for better”, with no inherent meaning of either“con-
tinuous”or“philosophy”in Japanese dictionaries or in
everyday use. The word refers to any improvement, one-
time or continuous, large or small, in the same sense as
the English word“improvement”.*[5] However, given
the common practice in Japan of labeling industrial or
business improvement techniques with the word“kaizen”
(for lack of a specific Japanese wordmeaning "continuous
improvement" or“philosophy of improvement”), espe-
cially in the case of oft-emulated practices spearheaded
by Toyota, the word Kaizen in English is typically ap-
plied to measures for implementing continuous improve-
ment, or even taken to mean a “Japanese philosophy”
thereof. The discussion below focuses on such interpre-
tations of the word, as frequently used in the context of
modern management discussions.
Kaizen is a daily process, the purpose of which goes be-
yond simple productivity improvement. It is also a pro-
cess that, when done correctly, humanizes the workplace,
eliminates overly hard work ("muri"), and teaches peo-
ple how to perform experiments on their work using the

scientific method and how to learn to spot and eliminate
waste in business processes. In all, the process suggests
a humanized approach to workers and to increasing pro-
ductivity: “The idea is to nurture the company's peo-
ple as much as it is to praise and encourage participation
in kaizen activities.”*[6] Successful implementation re-
quires“the participation of workers in the improvement.”
*[7] People at all levels of an organization participate in
kaizen, from the CEO down to janitorial staff, as well as
external stakeholders when applicable. Kaizen is most
commonly associated with manufacturing operations, as
at Toyota, but has also been used in non-manufacturing
environments.*[8] The format for kaizen can be individ-
ual, suggestion system, small group, or large group. At
Toyota, it is usually a local improvement within a work-
station or local area and involves a small group in im-
proving their own work environment and productivity.
This group is often guided through the kaizen process by
a line supervisor; sometimes this is the line supervisor's
key role. Kaizen on a broad, cross-departmental scale in
companies, generates total quality management, and frees
human efforts through improving productivity using ma-
chines and computing power.
While kaizen (at Toyota) usually delivers small improve-
ments, the culture of continual aligned small improve-
ments and standardization yields large results in terms
of overall improvement in productivity. This philoso-
phy differs from the "command and control" improve-
ment programs (e g Business Process Improvement) of
the mid-twentieth century. Kaizen methodology includes
making changes and monitoring results, then adjusting.
Large-scale pre-planning and extensive project schedul-
ing are replaced by smaller experiments, which can be
rapidly adapted as new improvements are suggested.
In modern usage, it is designed to address a particular
issue over the course of a week and is referred to as a
“kaizen blitz”or “kaizen event”.*[9]*[10] These are
limited in scope, and issues that arise from them are typ-
ically used in later blitzes. A person who makes a large
contribution in the successful implementation of kaizen
during kaizen events is awarded the title of“Zenkai”.

2.4.2 History

After World War II, to help restore Japan, American oc-
cupation forces brought in American experts to help with
the rebuilding of Japanese industry while the Civil Com-
munications Section (CCS) developed a management
training program that taught statistical control methods as
part of the overall material. Homer Sarasohn and Charles
Protzman developed and taught this course in 1949-1950.
Sarasohn recommended W. Edwards Deming for further
training in statistical methods.
The Economic and Scientific Section (ESS) group was
also tasked with improving Japanese management skills
and Edgar McVoy was instrumental in bringing Lowell

www.newcastlesys.com

https://en.wikipedia.org/wiki/Japanese_language
https://en.wikipedia.org/wiki/CEO
https://en.wikipedia.org/wiki/Assembly_line
https://en.wikipedia.org/wiki/Assembly_line
https://en.wikipedia.org/wiki/Logistics
https://en.wikipedia.org/wiki/Supply_chain
https://en.wikipedia.org/wiki/Psychotherapy
https://en.wikipedia.org/wiki/Life-coaching
https://en.wikipedia.org/wiki/Lean_manufacturing
https://en.wikipedia.org/wiki/Economy_of_Japan
https://en.wikipedia.org/wiki/Economy_of_Japan
https://en.wikipedia.org/wiki/Second_World_War
https://en.wikipedia.org/wiki/Sino-Japanese_vocabulary
https://en.wikipedia.org/wiki/Continuous_improvement
https://en.wikipedia.org/wiki/Continuous_improvement
https://en.wikipedia.org/wiki/Continuous_improvement
https://en.wikipedia.org/wiki/Continuous_improvement
https://en.wikipedia.org/wiki/Muri_(Japanese_term)
https://en.wikipedia.org/wiki/Scientific_method
https://en.wikipedia.org/wiki/Total_quality_management
https://en.wikipedia.org/wiki/Command_and_control_(management)
https://en.wikipedia.org/wiki/Business_Process_Improvement
https://en.wikipedia.org/wiki/World_War_II
https://en.wikipedia.org/wiki/Marshall_Plan#Aid_to_Asia
https://en.wikipedia.org/wiki/Civil_Communications_Section
https://en.wikipedia.org/wiki/Civil_Communications_Section
https://en.wikipedia.org/wiki/W._Edwards_Deming
http://www.newcastlesys.com/


2.4. KAIZEN 23

Mellen to Japan to properly install the Training Within
Industry (TWI) programs in 1951.
Prior to the arrival of Mellen in 1951, the ESS group had
a training film to introduce the three TWI“J”programs
(Job Instruction, Job Methods and Job Relations) - the
film was titled“Improvement in 4 Steps”(Kaizen eno
Yon Dankai). Thus“Kaizen”was introduced to Japan.
For the pioneering, introduction, and implementation of
Kaizen in Japan, the Emperor of Japan awarded the 2nd
Order Medal of the Sacred Treasure to Dr. Deming in
1960. Subsequently, the Japanese Union of Science and
Engineering (JUSE) instituted the annual Deming Prizes
for achievement in quality and dependability of products.
On October 18, 1989, JUSE awarded the Deming Prize
to Florida Power & Light Co. (FPL), based in the US, for
its exceptional accomplishments in process and quality-
control management. FPL became the first company out-
side Japan to win the Deming Prize.*[11]

2.4.3 Implementation

The Toyota Production System is known for kaizen,
where all line personnel are expected to stop their mov-
ing production line in case of any abnormality and, along
with their supervisor, suggest an improvement to resolve
the abnormality which may initiate a kaizen.

The PDCA cycles*[12]

The cycle of kaizen activity can be defined as:
This is also known as the Shewhart cycle, Deming cycle,
or PDCA.
Another technique used in conjunction with PDCA is the
5 Whys, which is a form of root cause analysis in which
the user asks a series of 5“why”questions about a failure
that has occurred, basing each subsequent question on the
answer to the previous.*[13]*[14] There are normally a
series of causes stemming from one root cause,*[15] and
they can be visualized using fishbone diagrams or tables.
The Five Whys can be used as a foundational tool in per-
sonal improvement, or as a means to create wealth.*[16]
Masaaki Imai made the term famous in his book Kaizen:
The Key to Japan's Competitive Success.*[1]
Apart from business applications of themethod, both An-
thony Robbins*[17]*[18] and Robert Maurer have popu-
larized the kaizen principles into personal development
principles. In the book One Small Step Can Change

Your life: The Kaizen Way, and CD set The Kaizen Way
to Success, Maurer looks at how individuals can take a
kaizen approach in both their personal and professional
lives.*[19]*[20]
In the Toyota Way Fieldbook, Liker and Meier discuss
the kaizen blitz and kaizen burst (or kaizen event) ap-
proaches to continuous improvement. A kaizen blitz, or
rapid improvement, is a focused activity on a particular
process or activity. The basic concept is to identify and
quickly remove waste. Another approach is that of the
kaizen burst, a specific kaizen activity on a particular pro-
cess in the value stream.*[21] Kaizen facilitators gener-
ally go through training and certification before attempt-
ing a Kaizen project.

2.4.4 See also

• 5S

• Business process reengineering

• Hansei

• Mottainai, a sense of regret concerning waste

• Muda

• Overall equipment effectiveness

• Root cause analysis

• Scrum, an agile methodology for managing software
projects

• Six Sigma

• Statistical process control

• Theory of Constraints

• Total productive maintenance

• TRIZ, the theory of inventive problem solving

• Kaikaku

• Kanban

• Visual Control

• Learning-by-doing

• Quality circle

• Management fad
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• Guide to Kaizen startup Best Practice Guide, Ben
Geck

• Definition of Kaizen, Masaaki Imai

• Management by Stress, Jane Slaughter

2.5 Kanban

This article is about the lean manufacturing process.
For the software development process, see Kanban
(development).

Kanban (かんばん) (literally signboard or billboard in
Japanese) is a scheduling system for lean and just-in-time
(JIT) production.*[2] Kanban is a system to control the
logistical chain from a production point of view, and is
an inventory control system. Kanban was developed by
Taiichi Ohno, an industrial engineer at Toyota, as a sys-
tem to improve and maintain a high level of production.
Kanban is one method to achieve JIT.*[3]
Kanban became an effective tool to support running a
production system as a whole, and an excellent way to
promote improvement. Problem areas are highlighted by
reducing the number of kanban in circulation.*[4] One of
the main benefits of kanban is to establish an upper limit
to the work in progress inventory, avoiding overloading
of the manufacturing system. Other systems with similar
effect are for example CONWIP.*[5] A systematic study
of various configurations of kanban systems, of which
CONWIP is an important special case, can be found in
Tayur (1993), among other papers.*[6]*[7]*[8]*[9]

2.5.1 Origins

In the late 1940s, Toyota started studying supermarkets
with the idea of applying shelf-stocking techniques to the
factory floor. In a supermarket, customers generally re-
trieve what they need at the required time̶no more, no
less. Furthermore, the supermarket stocks only what it
expects to sell in a given time, and customers take only
what they need, since future supply is assured. This ob-
servation led Toyota to view a process as being a customer
of one or more preceding processes, and to view the pre-
ceding processes as a kind of store. The“customer”pro-
cess goes to the store to get required components, which
in turn causes the store to restock. Originally, as in su-
permarkets, signboards guided“shopping”processes to
specific shopping locations within the store.
Kanban aligns inventory levels with actual consumption.
A signal tells a supplier to produce and deliver a new
shipment when material is consumed. These signals are
tracked through the replenishment cycle, bringing visibil-
ity to the supplier, consumer, and buyer.

Kanban uses the rate of demand to control the rate of
production, passing demand from the end customer up
through the chain of customer-store processes. In 1953,
Toyota applied this logic in their main plant machine
shop.*[10]

2.5.2 Operation

One key indicator of the success of production scheduling
based on demand, pushing, is the ability of the demand-
forecast to create such a push. Kanban, by contrast, is
part of an approach where the "pull" comes from demand.
Re-supply or production is determined according to the
actual demand of the customer. In contexts where supply
time is lengthy and demand is difficult to forecast, of-
ten, the best one can do is to respond quickly to observed
demand. This situation is exactly what a kanban system
accomplishes, in that it is used as a demand signal that im-
mediately travels through the supply chain. This ensures
that intermediate stock held in the supply chain are bet-
ter managed, and are usually smaller. Where the supply
response is not quick enough to meet actual demand fluc-
tuations, thereby causing potential lost sales, stock build-
ing may be deemed more appropriate, and is achieved by
placing more kanban in the system.
Taiichi Ohno stated that, to be effective, kanban must
follow strict rules of use.*[11] Toyota, for example, has
six simple rules, and close monitoring of these rules is a
never-ending task, thereby ensuring that the kanban does
what is required.

Toyota's Six Rules

Toyota have formulated six rules for the application of
kanban:*[12]

• Later process picks up the number of items indicated
by the kanban at the earlier process.

• Earlier process produces items in the quantity and
sequence indicated by the kanban.

• No items are made or transported without a kanban.

• Always attach a kanban to the goods.

• Defective products are not sent on to the subsequent
process. The result is 100% defect-free goods.

• Reducing the number of kanban increases the sen-
sitivity.

Kanban cards

Kanban cards are a key component of kanban and they
signal the need to move materials within a production fa-
cility or to move materials from an outside supplier into
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the production facility. The kanban card is, in effect, a
message that signals depletion of product, parts, or inven-
tory. When received, the kanban triggers replenishment
of that product, part, or inventory. Consumption, there-
fore, drives demand for more production, and the kanban
card signals demand for more product̶so kanban cards
help create a demand-driven system.
It is widely held by proponents of lean production and
manufacturing that demand-driven systems lead to faster
turnarounds in production and lower inventory levels,
helping companies implementing such systems be more
competitive.
In the last few years, systems sending kanban signals elec-
tronically have become more widespread. While this
trend is leading to a reduction in the use of kanban cards
in aggregate, it is still common in modern lean production
facilities to find use of kanban cards. In various software
systems, kanban is used for signalling demand to suppli-
ers through email notifications. When stock of a partic-
ular component is depleted by the quantity assigned on
kanban card, a“kanban trigger”is created (which may be
manual or automatic), a purchase order is released with
predefined quantity for the supplier defined on the card,
and the supplier is expected to dispatch material within a
specified lead-time.*[13]
Kanban cards, in keeping with the principles of kanban,
simply convey the need for more materials. A red card
lying in an empty parts cart conveys that more parts are
needed.

Three-bin system

An example of a simple kanban system implementation is
a“three-bin system”for the supplied parts, where there
is no in-house manufacturing. One bin is on the factory
floor (the initial demand point), one bin is in the factory
store (the inventory control point), and one bin is at the
supplier. The bins usually have a removable card contain-
ing the product details and other relevant information̶
the classic kanban card.
When the bin on the factory floor is empty (because the
parts in it were used up in a manufacturing process), the
empty bin and its kanban card are returned to the factory
store (the inventory control point). The factory store re-
places the empty bin on the factory floor with the full bin
from the factory store, which also contains a kanban card.
The factory store sends the empty bin with its kanban card
to the supplier. The supplier's full product bin, with its
kanban card, is delivered to the factory store; the supplier
keeps the empty bin. This is the final step in the process.
Thus, the process never runs out of product̶and could
be described as a closed loop, in that it provides the ex-
act amount required, with only one spare bin so there is
never oversupply. This 'spare' bin allows for uncertainties
in supply, use, and transport in the inventory system. A
good kanban system calculates just enough kanban cards

for each product. Most factories that use kanban use the
coloured board system (heijunka box).

2.5.3 Electronic kanban

Many manufacturers have implemented Electronic kan-
ban (sometimes referred to as E-kanban*[14]) sys-
tems.*[15] These help to eliminate common problems
such as manual entry errors and lost cards.*[16] E-kanban
systems can be integrated into enterprise resource plan-
ning (ERP) systems, enabling real-time demand signal-
ing across the supply chain and improved visibility. Data
pulled from e-kanban systems can be used to optimize
inventory levels by better tracking supplier lead and re-
plenishment times.*[17]
E-kanban is a signaling system that uses a mix of technol-
ogy to trigger the movement of materials within a man-
ufacturing or production facility. Electronic kanban dif-
fers from traditional kanban in that it uses technology to
replace traditional elements such as kanban cards with
barcodes and electronic messages.
A typical electronic kanban system marks inventory with
barcodes, which workers scan at various stages of the
manufacturing process to signal usage. The scans relay
messages to internal/external stores to ensure restocking
of products. Electronic kanban often uses the internet as
a method of routing messages to external suppliers*[18]
and as a means to allow a real time view of inventory, via
a portal, throughout the supply chain.
Organizations such as the FordMotor Company*[19] and
Bombardier Aerospace have used electronic kanban sys-
tems to improve processes. Systems are now widespread
from single solutions or bolt on modules to ERP systems.

2.5.4 Types of kanban systems

In a kanban system, adjacent upstream and downstream
workstations communicate with each other through their
cards, where each container has a kanban associated with
it. The two most important types of kanbans are:*[20]

• Production (P) Kanban: A P-kanban, when re-
ceived, authorizes the workstation to produce a fixed
amount of products. The P-kanban is carried on the
containers that are associated with it.

• Transportation (T) Kanban: A T-kanban authorizes
the transportation of the full container to the down-
stream workstation. The T-kanban is also carried
on the containers that are associated with the trans-
portation to move through the loop again.

2.5.5 See also

• Backflush accounting
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• CONWIP

• Material requirements planning

• Manufacturing resource planning

• Scheduling (production processes)

• Supply chain management

• Drum-buffer-rope

• List of software development philosophies

• Lean software development

• Visual control

• Continuous-flow manufacturing

• Kanban (development)

• Just in time (business)

• Lean manufacturing
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Chapter 3

HISTORICAL THOUGHT LEADERS

3.1 Taiichi Ohno

Taiichi Ohno (⼤野耐⼀ Ōno Taiichi, February 29,
1912 – May 28, 1990) was a Japanese industrial engi-
neer and businessman. He is considered to be the father
of the Toyota Production System, which became Lean
Manufacturing in the U.S. He devised the seven wastes
(or muda in Japanese) as part of this system. He wrote
several books about the system, including Toyota Produc-
tion System: Beyond Large-Scale Production.
Born in 1912 in Dalian, China, and a graduate of the
Nagoya Technical High School (Japan), he joined the
Toyoda family's Toyoda Spinning upon graduation in
1932 during the Great Depression thanks to the rela-
tions of his father to Kiichiro Toyoda, the son of Toy-
ota's founding father Sakichi Toyoda.*[1] He moved to
the Toyota motor company in 1943 where he worked as
a shop-floor supervisor in the engine manufacturing shop
of the plant, and gradually rose through the ranks to be-
come an executive. In what is considered to be a slight,
possibly because he spoke publicly about the production
system, he was denied the normal executive track and was
sent instead to consult with suppliers in his later career.
Ohno's principles influenced areas outside of manufactur-
ing, and have been extended into the service arena. For
example, the field of sales process engineering has shown
how the concept of Just In Time (JIT) can improve sales,
marketing, and customer service processes.*[2]*[3]
Ohno was also instrumental in developing the way organ-
isations identify waste, with his“Seven Wastes”model
which have become core in many academic approaches.
These wastes are:
1. Delay, waiting or time spent in a queue with no value
being added
2. Producing more than you need
3. Over processing or undertaking non-value added ac-
tivity
4. Transportation
5. Unnecessary movement or motion
6. Inventory
7. Production of Defects

3.1.1 See also

• Shigeo Shingo (新郷重雄 Shingō Shigeo)

• Just In Time (JIT)

• Lean manufacturing

3.1.2 Published works

• Ohno, Taiichi (1988), Toyota Production System:
Beyond Large-Scale Production, Productivity Press,
ISBN 0-915299-14-3

• Ohno, Taiichi (1988),Workplace Management, Pro-
ductivity Press, ISBN 0-915299-19-4

• Ohno, Taiichi (2007), Workplace Management.
Translated by Jon Miller, Gemba Press, ISBN 978-
0-9786387-5-7, ISBN 0-9786387-5-1
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James (2007). Better thinking, better results: case study
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Management. ISBN 978-0-9722591-2-5.

3.2 Shigeo Shingo

Shigeo Shingo (新郷重夫 Shingō Shigeo, 1909 - 1990),
born in Saga City, Japan, was a Japanese industrial engi-
neer who is considered as the world s̓ leading expert on
manufacturing practices and the Toyota Production Sys-
tem.
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3.2.1 Life and work

After having worked as a technician specialized in fusions
at the Taiwanese railways in Taipei, at the end of the
World War II, in 1945, he started to work at the Japan
Management Association (JMA) in Tokyo, becoming a
consultant focused on the improvement of factory man-
agement. Gathering tips from the improvement experi-
ences in the field he had in 1950 at Toyo Ind. (nowa-
days Mazda) and in 1957 at the sites in Hiroshima of
the Mitsubishi Heavy Industry, since 1969 Shingō got
involved in some actions in Toyota Motor Corporation
(Toyota) for the reduction of set-up time (change of dies)
of pressing machines which took him to the formula-
tion of a specific technique based on operational analysis,
which shortened set-up times from 1 to 2 hours (or even
half a day) per each exchange of dies to a rapid setting of
a few minutes. The method spread out under the English
denomination Single Minute Exchange of Die, abbreviated
as SMED.
Besides, Shingo seems to be known far more in the West
than in Japan, as a result of his meeting Norman Bodek,
an American entrepreneur and founder of Productivity
Inc. in the USA. In 1981 Bodek had travelled to Japan
to learn about the Toyota Production System, and came
across books by Shingō, who as an external consultant
had been teaching Industrial engineering courses at Toy-
ota since 1955. Since 1947, in fact, Shingō had been
involved all over Japan in the training of thousands of
people, who joined his courses on the fundamental tech-
niques of analysis and improvement of the operational
activities in factories (among which the P-Course*®, or
Production Course).*[1]
Shingō had written his Study of the Toyota Production
System in Japanese and had it translated, very poorly, into
English in 1980. Bodek took as many copies of this book
as he could to the USA and arranged to translate Shingo's
other books into English, eventually having his original
study re-translated. Bodek also brought Shingō to lecture
in the USA and developed one of the first Western lean
manufacturing consultancy practices with Shingō's sup-
port.
The relevance of his contribution has sometimes been
doubted upon, but it is substantially confirmed by the
opinions of his contemporaries,*[2] many saw him even
as a contributor to the fundamental concepts of TPS, such
as Just in time, and the“pull”production system, which
were created by Toyota and Mr.Taiichi Ohno and still re-
main a strong logical and practical basis for the lean pro-
duction and lean thinking management approaches. The
myth prevails that Shingo invented the Toyota Production
System but what can be stated is that he did document
the system. Thanks to his charisma we owe to Shingo
the merit of having contributed to the formalization of
some aspects of the management philosophy known as
the Toyota Production System (TPS), developed and ap-
plied in Japan since the 1950s and later implemented in

a huge number of companies in the world.
In 1988, the JonM. Huntsman School of Business at Utah
State University recognized Dr. Shingō for his lifetime
accomplishments and created the Shingo Prize for Oper-
ational Excellence that recognizes world-class, lean orga-
nizations and operational excellence.
The theorist of important innovations related to Indus-
trial engineering, such as Poka-yoke and the Zero Quality
Control, Shingō could influence fields other than manu-
facturing. For example, his concepts of SMED, mistake-
proofing, and“zero quality control”(eliminating the need
for inspection of results) have all been applied in the sales
process engineering*[3]
Shingo is the author of several books including: A Study
of the Toyota Production System; Revolution in Manufac-
turing: The SMED System; Zero Quality Control: Source
Inspection and the Poka-yoke System; The Sayings of Shi-
geo Shingo: Key Strategies for Plant Improvement; Non-
Stock Production: The Shingo System for Continuous Im-
provement and The Shingo Production Management Sys-
tem: Improving Process Functions.

3.2.2 Education

• Saga Technical High School

• Yamanashi Technical College
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Press, 1992 (Spanish), ISBN 84-87022-77-4

• Shigeo Shingo: Produccion Sin Stocks: El Sistema
Shingo Para la Mejora Continua, Productivity Press,
1991 (Spanish), ISBN 84-87022-74-X

• Shigeo Shingo: Das Erfolgsgeheimnis der Toyota-
Produktion, Verlag moderne industrie, 1992 (Ger-
man), ISBN 3-478-91062-5

• Shigeo Shingo: Kaizen and The Art of Creative
Thinking, Enna Product Corporation and PCS Inc,
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3.2.4 Footnotes
[1] Template:JA JMA˂ルƪ˩ʍڀ୐ƔJMAGroup no gen-

ten -The DNA of JMAGroup, edited by JMAGroup renkei
sokushin iinkai, Tokyo 2010 - pp 34-35

[2] e.g.: Akira Kōdate

[3] Paul H. Selden (1997). Sales Process Engineering: A Per-
sonal Workshop. Milwaukee, WI: ASQ Quality Press. pp.
94–97.

3.2.5 Further reading

• Head, Simon: The New Ruthless Economy. Work
and Power in the Digital Age, Oxford Oxford Uni-
versity Press 2005 - Head analyzes critically Shingo
and the Toyota production system, ISBN 0-19-
517983-8

• Smalley, Art: Shigeo Shingo's Influence
on TPS, in Superfactory, April 2006
(http://www.superfactory.com/articles/featured/
2006/0604-smalley-shingo-influence-tps.html)

3.2.6 See also

• Taiichi Ohno (⼤野耐⼀ Ōno Taiichi)

• Just In Time (JIT)

• Akira Kōdate

• Shingo Prize

• Taylorism

• Toyota Production System

3.2.7 External links

• Shingo Prize

• Concise Bio
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