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The Germ Theory of Management

Myron Tribus, Director of Exergy, Inc., Hayward, California, and Director of the
American Quality and Productivity I nstitute

Myron Tribus constructs an illuminating analogy between 19th century medicine and
20th century management in order toillustrate why it takes so long for usto think dif-
ferently and adopt new theoriesthat are designed to improve our lives.

In the decade or so sinceit first appeared,
The Germ Theory of Management hasbeen
republished and downloaded countless
times. It has been read and reread for its
acuteinsight into the apparently perennial
problem of why we struggle to adopt new
theories that are aimed at improving our
lives. Itisthoroughly appreciated by tho-
se people who, having gained even a mo-
dicum of understanding and appreciation
of the Deming philosophy, inevitably be-
ginto ask the question "Why isthisphilo-
sophy of management not more widely
practised?’

Whilst the paper wasclearly aimedataU.S.
audience, many if its observations on the
difficulty of changing people's beliefs ap-
ply to virtually any community globally
where it may, so far, only have reached a
limited audience. The paper will be well
knownin somequartersin Europebut here
too it has not been as widely read as it
ought to have been.

Myron Tribus enables usto get an insight
into this complex problem by brilliantly
constructing an analogy with 19th century
medicine.

It begins by examining the state of medici-
ne in the middle of the 19th century when
in al likelihood doctors were killing more
patientsthanthey cured. Therewasnever
any shortage of explanation for the fre-

Summary

quently disastrous clinical outcomes of

medical procedures. None of these were

right but the good doctors were held in

such esteem by society and were deemed

to be beyond reproach. That wasuntil the
work of Pasteur and Fleming provided a
theory of infection and a means of disin-
fection respectively. Now the difficulty

beginsof trying to explainto the good doc-
tors- the pillars of society, that they had a
new set of beliefs to learn. Unless they

changed their practices to take account of
germs - that which they could not see and

hitherto could not understand, they would

continue to be a menace to anyone unfor-

tunate enough to require medical treatment.
In short, they had to "unlearn” most of
what they had been taught, begin to think
differently and rebuild their careersaround
anew theory. Conveying this disturbing
realisation to the medical profession - that
their careers had been based on the illusi-

on of knowledge and conversely, if you

are a doctor, learning for the first time of
this new paradigm, placed both sides in

positions of severe discomfort.

Tribus goes on to explain how many mo-
dern organisations become infected by a
virus-thevirus of variability - just as con-
tagious and ultimately as deadly as the
medical variety. It makessystemssick, they
become congested with waste and emacia-
ted; competitiveness withers away. Just

like the discovery of germs it takes new
knowledge and understanding to beaware
of its presence. However, thanks to the
pioneering work of Walter Shewhart, it can
be diagnosed and a rational approach to
itstreatment established. Despitethework
of men like W. Edwards Deming, J. M. Ju-
ran and Homer Sarasohn who, just like Li-
ster had understood thewider implications
of the fundamental work, the treatment of
variationin many modern organi sationstoo
often continues to be where the medical
profession was when threads were left in
operation woundsto let the pus drain out.
Who will tell today's managers that they
are doing more harm than good?

Examples are given of how variation can
infect all kinds of organisationsbethey in
the production or service fields and how
we are complicit in accepting unaccepta-
ble levels of waste - the manifestation of
variation. Furthermore, it is claimed that
modern accountancy practicesareallowing
waste to be hidden and thereby, in effect,
waste becomes institutionalised.

Tribus explores some of the solutions to
this massive problem such as unlearning,
re-education and new learning. Indeed if
we are to rid ourselves of the disease that
saps at our competitiveness we will need
to institute anew theory of leadership and
apply all the new competenciesin order to
managefor quality.
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Myron Tribus

Myron Tribus, PE, isaconsulting engineer,
specialising in Quality Management and
Cognitive Modifiahility, with special em-
phasis on education. He is one of the co-
founders of Exergy, acompany specialising
inthe design of advanced, high efficiency,
power production systems. He recently
retired from Exergy after 12 years as a di-
rector. Before starting Exergy, he retired
from MIT after 11 1/2 years as Director of
the Center for Advanced Engineering Stu-
dy. Before coming to MIT he served as a
Senior Vice President for Research and
Engineering for the Xerox Corporation,
where he was in charge of Research, De-
velopment and Engineering for the entire
line of XeroxCopiers, Duplicators and Te-
lecopiers. Before that he served for two
years as Assistant Secretary for Science
and Technology intheU. S. Department of
Commerce. For eight years he was Dean of
the Thayer School of Engineering at Dart-
mouth College, where he introduced the
Unified Engineering Curriculumandled the
faculty in developing a curriculum based
on engineering design and entrepre-
neurship. Dr. Tribusserved for 16 yearson
thefaculty of the College of Engineering at
UCLA andtwo yearson the Faculty of the
University of Michigan. He hasworked as
a design engineer for the Jet Engine De-
partment of the General Electric Company.
In 1958 he hosted the television show
"Threshold" for CBSin Los Angeles.

Dr. Tribus has published over 100 papers
on topicsranging from academic subjects,
such as heat transfer, fluid mechanics, pro-
bability theory, statistical inference and
thermodynamics, to applied topicssuch as
seawater demineralisation, aircraft heating,

aircraft ice prevention and the design of
engineering curricula. He has published
two books, "Thermostatics and Thermo-
dynamics" (which provided the first text-
book which bases the laws of thermody-
namics on information theory instead of
the classical arguments) and "Rational
Descriptions, Decisions and Designs"
(which introduces Bayesian Decision me-
thodsinto the engineering design process).
Dr. Tribuswasactivewith Irving Langmuir
in the pioneering days of cloud seeding
and has published analyses of the role of
statistics in weather modification.

Dr. Tribus has also published and lectured
extensively ontopicsof social interest such
asthe position of engineersin politics, the
declineof UScompetitivenessinworldtra-
de, the role of decision theory in political
decision making and the role of technolo-
gy in society. He has also written and lec-
tured on the redesign of educational sy-
stems.

Over thelast 20 years Dr. Tribus has beco-
me known through his writings on Dr.
Deming's philosophy of management. He
is one of the founders of the American
Quality and Productivity Institute, which
is devoted to teaching and promoting the
fundamentals of quality management. The
AQPI merged itseffortswith the Transfor-
mation of American Industry project of
Jackson Community College to form the
Community Quality Council to foster the
growth and development of community
quality centers acrossthe USA. Thisacti-
vity hasrecently been merged with the ac-
tivities of the Association for Quality and
Parti cipation, which continuesthe support
of community quality centers.

About a decade ago Dr. Tribusturned his
attention to the theories and practices of
Dr. Reuven Feuerstein, an Israeli Psycho-
logist who devel oped the Theory of Struc-
tural Cognitive Modifiability. This theory,
which hasbeen in development for the past
60 years, has been used in many countries
to increase the intelligence of people suf-
fering from various types of learning disa-
bilities. Dr. Tribus has become a certified
trainer of teacherswhotakeDr. Feuerstein's
methodsinto schoolsin different countries.

Dr. Tribusisamember of the National Aca-
demy of Engineering. He has served on
several boardsof directorsand been acon-
sultant to many companies and govern-
mental bodies. He hasreceived fiveawards
for technical papersand public serviceand
two honorary doctorates. He received the
BS in Chemistry from the University of

California, Berkeley in 1942 andthe PhD in
Engineering from UCLA in 1949,

Dr. Tribus is married and has two grown
daughters and four grandchildren.
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Introduction

Inarecent review of the Deming Theory of
Management, William B. Gartner and M.
James Naughton wrote (1) :

"Medicine had been 'successfully" prac-
ticed without the knowledge of germs. In
a pre-germ theory paradigm, some pati-
ents got better, some got worse and some
stayed the same; in each case, someratio-
nale could be used to explain the outco-

Doctors administer to the needs of their
patients according to what they learn in
school and intheir training. They alsolearn
by experience. They can only apply what
they know and believe. They have no
choice. They cannot apply what they do
not know or what they disbelieve. What
they do is always interpreted in terms of
what they understand is "the way things
work". As professionals they find it diffi-
culttostray too far fromthe common know-
ledge and understanding of their professi-
on. They are under pressureto follow "ac-
cepted practice”. In this regard, Doctors
are no better and no worse than therest of
us. Weareall prisoners of our upbringing,
our culture and the state of knowledge of
our teachers, mentors and fellow practitio-
ners.

Today we smile when we read that after
sewing up awound with silken thread, the
surgeons of 150 years ago recommended
to leave alength of the thread outside the
wound. Thiswas doneto draw off the pus
that was sure to follow the insertion of
unsterilized thread by unwashed hands
using an unsterilized needle.

Changing People's
Beliefs is not Easy

Try toimaginethat it is now the year 1869.

Pasteur has only recently demonstrated

that fermentation is caused by organisms

whicharecarriedintheair. Only afew mont-
hs ago Lister tried out the first antiseptic,

carbolic acid, and found that it worked to
prevent inflammation and pus after surge-
ry.

120 years ago the spread of medical infor-

mation was much slower than today. Ima-
gineyou are ayoung researcher inamedi-

cal school in the USA. The Civil War is

over and you are trying to develop your
own career after army service. You are a
serious young doctor who tries to learn

thelatest developmentsinthemedical pro-

fession. Suppose that you have just read
about Pasteur's and Lister'swork and that
you have been invited to speak before a
group of distinguished physicians, many
of them having come to fame for their he-
roic serviceas surgeonsduring the Ameri-
can Civil war. What you now understand
from your readings is that these famous
physiciansareactually killing their patients.
Y our responsibility isto explain to them, if
you can, that because they do not wash
their hands or sterilize their instruments,
they sew death into every wound. Y our
assignment is to persuade them to forget
most of what they have been taught, to
abandon much of the wisdom they have
accumulated over their distinguished ca-
reersand to rebuild their understanding of
the practice of medicine around the new
theory of germs. Do you think you could
do it? Do you think you could convince
them?Doyou believethey will they beglad
to hear you?

Suppose, instead of being the speaker, you

are amember of the audience. Y ou are one
of the good doctors who have earned re-
spect and prestigeinyour village. Y ou have
a nice house on the hill, a pretty wife, a
nice carriage, some fine horses and a few
servants. You are part of the elite of your
society. How will youfedl if someonestarts

spreading the word that your treatments

are a menace, that the theories you hold

are bunk and that your habit of moving

from one patient to another, laying unwas-
hed hands on each, guaranteesthe spread

of diseaseto all who are so unfortunate as

to become your patients? What do you

think will happen to your practice if this

kind of word gets bandied about? How
would you be likely to greet the messen-
ger?

The Origin of the Germ
Theory of Management

In 1865 Pasteur wasin the south of France
to investigate what was killing the silk-
worms in the silk industry of France. He
not only isolated the bacilli of two distinct
diseases, he also developed a method to
prevent contagion. Lord Lister applied this
knowledge in medicine in the same year.

Thus was born the germ theory of medici-
ne.

In the 1920's Walter Shewhart at the Bell
Laboratories was asked what to do to
increase the reliability of telephone ampli-
fiers. These amplifiers were necessary to
strengthen the signalsin long distancete-

lephony and were placed about a half mile
apart on long distance lineswhich the Bell
System intended to place underground.

Unlike the doctors, the Bell System wan-
ted to be sure the amplifiers were healthy
so they could bury them! If the amplifiers
died, they would have to be dug up.

The amplifiers were built using vacuum
tubes, which were then notoriously unre-
liable. Shewhart's assignment, therefore,
was to discover what could be done to
guarantee the life of the vacuum tubes, to
keep them from getting sick, so to speak.
In the process Shewhart discovered the
antiseptic for the virus of variability.

When avacuum tubeisassembled, if eve-
ry component that goes into the vacuum
tube isthe same asin every other vacuum
tube, if each tubeis put together precisely
the sameway, if each isfree of contamina-
tion, and if each is subjected to exactly the
same load conditions, then vacuum tubes
would all have exactly the same life. Their
maintenance could be scheduled. It would
be possibleto determinejust why and how
vacuum tubes failed and to increase their
life. However thereisaways some variabi-
lity in materials; in processes of manufac-
ture, inthetraining of operators, inthe con-
ditions of theworkplace and in athousand
other factors. No two vacuum tubes will
fail exactly the sameway. If engineers and
scientists cannot determine why vacuum
tubesfail andthey will not beabletoincrea-
setheir life.

Just like Pasteur'sgerms, variability iseve-
rywhere. It cannot be seen with the naked
eye. The virus of variability can only be
detected by using special instruments.

Germs are controlled by pasteurization.
Shewhart showed how to measure the vi-
rusof variability, how to reduceit and how
tokeepit under control. In short, Shewhart
invented the equivalent of pasteurization.

In the beginning people thought that
Shewhart's approach was only suited to
the manufacture of devices.

Just as Lister understood the broader si-
gnificance of Pasteur's work to the prac-
tice of medicine, sotoodid Dr. W. Edwards
Deming understand the significance of
Shewhart's work to general management.
Deming was not alone. There were other
pioneers, such as Homer Sarasohn and J.
M. Juran who also saw the broader impli-
cationsof Shewhart'swork to management.
These men realized that the key to better
management isthe study of the processes
whereby thingsget doneand through such
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study to learn how to reduceitsvariability
and to obtain predictable results from all
processes, even intellectual processes
such as designing, planning and budge-
ting.

Shewhart's investigations thus laid the
foundationsfor the "germ theory of mana-
gement".

How the Virus of
Variability Makes a
System Sick

The first thing that Doctors had to learn
was that germs, although invisible, could
be transmitted by various means from one
patient to another. They had to form new
images of the world. They had to learn
about sterilization and antiseptics. They
had to believe it was important to wash
their hands. They had to learn about germ
cultures and the causes of infection.

Let us consider as an example how the vi-
rus spreads in manufacturing.

When the Nashua Corporation first star-
ted to work on quality, they chose as their
first project the improvement of their line
of disk packs for computers. They began
by investigating the variability of the alu-
minum fromwhich the blank disksaremade.
Although all thealuminumthey bought was
withintolerance, they found that some sup-
pliers produced much more uniform alloys
than others. They changed suppliers. The
fraction of acceptable diskettesincreased.

The smoother surfacesmadeit possibleto
pinpoint problems with the conductive
coating so thevariability introduced inthe
paint preparation could now be detected
and reduced, The previously concealed
problems with the coating machine could
be investigated. The net result of decrea-
sing the variability of the several proces-
ses which had been infecting one another
was an increase in the quality of the dis-
kettes and their popularity in the market-

A

ok

Apadnt

place. At thetimethe obtained an increase
inyield from 65%to over 90%. When | told
this story to a man from 3M he said, "I
know. They drove usout of the business".

Nashua found that the virus of variability
in theincoming materialsinfected the disk
production process. This variability was
amplified by the coating process and ad-
dedtothevirusof variability already inthe
paint. With so many unhealthy diskettes,
it was impossible to detect which viruses
were present, in the sasmeway that in adir-
ty hospital itisimpossibleto say what cau-
ses patients to get sick. The variability of
the materialsnot only infected the produc-
tion process, it also infected the mainte-
nance process and caused unpredictable
tool wear, necessitating an increased in-
ventory of expensivetools. When the va-
riability of the aluminum was reduced, the
tool wear became predictable and the in-
ventory in the tool room was reduced.

The process of infection is easy to under-
stand. AsshowninFigurel, if thevariabi-
lity of theincoming material to SystemA is
not dampened by the system, the variabili-
ty passed onto system B will beincreased.
This variability will be increased and pas-
sed on to each following system so that in
the final output the variability may be too
great and much of the output will be unac-
ceptable. Schedules are missed, products
fail to meet specifications, too much money
is spent trying to correct errors. The sym-
ptom of thevirusof variability at thefacto-
ry floor isthe size of the waste bins.

The virus can infect service activities as
well. Consider for exampletheloading of a
ship. Thecargo arrivesat thedock intrucks
and is unloaded by hand. Then the cargo
is picked up by a stevedore and loaded
into bundlesto belifted by acrane. Bund-
les of cargo are picked up and deposited
on the deck where another stevedoreloads
separates the bundle into separate items
again. The separate items are loaded onto
afork lift truck and moved into the hold. A

L e e T
—p  SYStEM A (e———)p| SYStEM B ey SyStEM C (e

Figure 1 How the virus of variability is spread from one system to the next

colleague of mine once observed that this
was the way it was done for the Nina, the
Pinta and the Santa Marie. If you watch
thisactivity for awhileyou will seethat the
variability of cargo sizes, the variability of
movement of cargo and the variability of
the performance of people and machines
wastestime.

The same difficulty ariseswhenever peop-
le have to work in series, whether it isin
accounting, sales, maintenance and repair
or in customer service. In service, thesym-
ptom of the virus of variability is wasted
time. Thetrash binsareinvisible, but they
are there for those who have the instru-
ments with which to look.

Sometimes the variability is so inherent in
the system there is no way to improve ex-
cept to change the system itself. That is
why container ships have been so suc-
cessful. By pushing theinefficient packing
problem onto someone else, the shippers
have eliminated the variability in the loa-
ding process. The turn around time for
ships has been reduced to hours instead
of days.

The virus can infect a personnel office if
thevariability of the experience of the new-
ly hired workforce istoo great. Unless sy-
stem A, which providestheinitial training,
isproperly designed, it will amplify the dif-
ferences in the trainees and the resultsin
the workplace will be disastrous. The re-
sult will be human waste; i.e., excessive
turnover with all its attendant expense.

Anentirecity can becomeinfected aswell.
Suppose you live in a small town served
by afeeder airline. Supposethat theairline
scheduleisnot reliable; that is, you cannot
be sure when your airplane will take off.
Thisvariability of performance causesyou
to make your appointments at adistant city
with considerable slack in your schedule.
Sometimes, just to be safe, you travel the
day before and must pay for a hotel room
for one night. Y ou dare not count on the
morning flight to get you there and the
evening flight to get you back. Consider
the total effect on the other businessesin
the community and you have arecipe for
the decline of alocal economy.

Too many people accept scrap, rework,
delays and missed schedules as"normal”.
They do not know what it meansto bewell.
A few of them go to countries where the
trains run on time, the mail gets delivered
promptly, the phone system workswithout
delays, the taxis are clean and the streets
are free of debris. They visit clean facto-
ries and wonder how it all happens. They
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marvel at the sense of good health. They
do not imaginethey, too, could be healthy
if they managed differently. Most mana-
gers dismiss these differences by saying,
"It'sthe culture”.

When | encounter managers who persist
in thinking it is the culture, | like to show
them the following figures given to me by
Mr. Ken Sasaoka, President of Y okagawa-
Hewlett-Packard in Japan (YHP).

In 1975 an internal audit was made to ex-
amine the performance of the several divi-
sions of Hewlett Packard. In this survey,
as shown in Figure 2, Yokagwa-Hewlett
Packard ranked lastin bothfield failurerate
and profitability. This turn of events was
most distressing to Mr. Ken Sasaoka, Pre-
sident of YHP. He determined to do some-
thing about it. He and histop management
team studied the studied the new approach
to management and applied statistical me-
thods to some of their processes. He dis-
covered for himself how thevirus of varia-
bility worked. After he tried the methods
out ontheassembly line, hemovedto other
departmentsuntil finally his company was
running according to "CWQC", Company

Field Failure Rate 1975
|

YHP

Wide Quality Control. When the next sur-
vey was run in 1980, Y HP had won the co-
veted Deming Prize. Theresults of the sur-
vey are shown in Figure 3.

I like these two figures because they de-
monstrate that it is not amatter of culture-
-itisthe managerial culture. AsMr. Sasao-
kawill testify, the primary basisfor thenew
way to manage was the elimination of va-
riability, first in the factory floor and then
in all departments of the company.

How much could be saved if all processes
had zero variability? No oneknows. Consi-
der just thisoneexample: Intheearly 1950's,
to demonstrate just how quickly a house
could bebuilt, the Henry Beck company of
Dallas, Texas, assembled a two bedroom,
one floor house on a previously prepared
concrete slab. As pictured in Life magazi-
ne, from the time they started until the
housewas completely assembl ed, finished,
painted, with onewoman taking ahot bath
in the bathtub and another cooking dinner
on the kitchen stove, was less than three
hours. Think of that--three hours! The usu-
a timeisat least 30 days, often more.

Why doesit take more than three hoursto

Profitability 1975

YHP

Figure 2 Field failure rate of Yokagawa-Hewlett-Pachard of Japan (YHP) in
comparison with other divisions of Hewlett-Packard in 1975

Field Failure Rate 1980

L

YHP

Profitability 1980

1

YHP

Figure 3. The same comparison made in 1980 after YHP changed its
managerial approach. The work force is essentially the same as in Figure 2,
only the managerial approach has been changed.

build a house? It is because the activities
of all the people cannot be scheduled so
closely. If the painter startsto paint aboard
15 hours after the board has been nailed
instead of 60 seconds the time scale chan-
ges by 900. Three hours stretches into an
elapsed time of 2700 hours.

No one expects to be able to schedule all

the people who are required to build a
house so that each one does his or her job
withonly secondsto spare. But theoverall

time can be reduced by making each pro-
cess more precise. When this is done er-

rors, goofs, flaws, and their attendant

delaysall begin to disappear. Asthevirus
of variability is reduced, savings in time
and money are discovered, which our me-
thods of accounting now hide so cleverly

in the "overhead" that we have grown to
think that the waste is"normal”.

Managers can also introduce variability
into a system simply by the way they be-
have. One of my employees once put it to
methisway: "Did you ever take an old fa-
shioned alarm clock apart? Do you remem-
ber there was one great big wheel connec-
ted to the main spring and if you turned it
justalittlebit, oneof thelittlewheelswould
spinlikecrazy?Well, you are amanager--a
big wheel--and when you turn just alittle
bit, you make me spin like crazy".

Deming has captured this wisdom in one
of his points for managers: Maintain con-
stancy of purpose.

A good manager goes beyond constancy
of purpose and makes sure that the purpo-
se is understood, that it creates loyalty
among the employees, and it gives good
guidance in their every day work. With a
carefully crafted statement of purpose,
employees can be relied upon to support
the purpose of the enterprise without con-
stant attention.

People can see the waste in a factory be-
cause it isthere, in the trash barrel. In the
officethe wasteis measured by time spent
in correcting mistakes, in follow up that is
not required, in missed appointments, in
misinformation and in tinkering with sy-
stems that should be left alone. For most
people, the virus is invisible. Sometimes
itscostisinvisibletoo. It takes special ac-
counting instrumentsto find viruses. You
have to know how to look.

The doctors had a theory of how malaria
was spread. They called it "mal-aria’ to
emphasizethat it wasthebad air, the unhe-
althy vaporsin the night, that caused the
disease. Their theory of medicine caused
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Figure 4. Ratio of number of labor hours required per unit of product as measured for
Japanese and U.S. manufacturers. As the number of manufacturing steps increases,
the ratio becomes more unfavorable to the US. (Data from Boston Consulting Group).

themtolook inthewrong placesfor wrong
answersto the solutionsto their most pres-
sing problems.

Today our managers often do the same.
When they are up against tough interna-
tional competition they look to changesin
economic policy, in tax structure, in trade
policy--everywhere except in their own
understanding of what makes a company
competitive. We hear demandsfor a"level
playing field"--and it is true that in many
markets there are unfair trade practices,
whichareboundto get worse astimesgoes
on. However, as the data from the Boston
Consulting Group indicates, on alevel play-
ing field the old way to manage cannot
survivein competition with the new.

We are being forced to deal with a chan-
ged paradigm of management. The diffe-
rences are as great as the shift from thin-
king the Earth isflat to understanding it is
round. What isat issueisacomplete rede-
finition of the manager's job. It is a new
world and manager's need to learn how to
navigate properly in it. If they think the
worldisflat, they will becontinually worried
about falling over the edge. They will be
forever bound to staying very close to
home, afraid to venture into new territory.
Innovation will cease.

The Manager's Job has
been redefined

The germ theory of management requires

managers to pay much more attention to
the systems and processes for which they
are responsible than before. It is time to
adopt anew definition:

The Peoplework in a System. The Job of
the manager isto work on the system to
improveit with their help.

There are severa key wordsin this defini-
tion:

1."work in asystem" . If you accept this
definition, thenyou should al so accept that
workers do not control what goes on in
their work. Managing by telling peopleyou
hold them personally accountable for re-
sults flies in the face of what you really
know. When you do this, you areinconsi-
stent with yourself. "But", you are certain
to protest, "If | don't hold them responsi-
ble, they won't do anything”. First of all,
that's not true. But more importantly, you
should hold them accountableto help you
to improve performance of the system.

2."thejob of themanager” . What did you
think your job was?

3."work on the system” . Do you know
how to define the system upon which you
are supposed to work? Do you know how
to work on a system? Do you know what
you have to learn to do it? Do you know
whereto go to learn?

4." toimproveit" . Do the peoplewho work
in the system have an unambiguous defi-
nition of what it means to improve? Do
you?Doesyour definition of improvement

include removal of thevirusof variability?

5."with their help" . Are you prepared to
|et them help you? Have you trained them
to do so? Do they understand the virus of
variability? Do they have the tools and
techniques to measure it? Do they under-
stand what needs to be doneto reduceit?

Thisdefinition proposes anew division of
labor between managers and operators.
Because the virus of variability is everyw-
here, everyone in the enterprise must be
onthealert to detect variability and propo-
se how to reduceit. To do so requiresim-
proved training, honest communications
and a new spirit of cooperation between
management and labor.

It also brings out theimportance of another
of Deming's points. Eliminate fear. | have
yet to find more than handful of compa-
nies in which employees were unafraid to
tell the truth.

Under the old style of management getting
at the truth is almost impossible. Without
honest communications, itisimpossibleto
sterilize systems.

Just as germs are everywhere, so are the
causes of variability. To sterilize aprocess
will require someoneto study what causes
the variability and to remove the causes
oneby one. Managers arethe only people
authorized to tamper with the system. If
you, personally, do not do thisfor the sy-
stems under your management, it will not
get done. Y our entire operation will beco-
mesick. Asamanager, you cannot del ega-
te to someone else the responsibility for
the health of the processes for which you
are responsible. If you can delegate this
responsibility, why do we need you?

Don’t Start by Blaming
the People

There are many reasonswhy people do not
all perform alike. They do not al have the
same training or dexterity, for example.
Shown in the Table are the records for 8
workers, al doing the samework over al2
week period.

Good doctor, what do you make of these
data?? What would you prescribe?

If youwerethe supervisor of theseworkers,
what would you do? How would you go
about improving things?

| have presented this table to audiences
across the USA, in Mexico, in Canada, in
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Week 1 2 3 4 5 6

10 11 12 sum

Marry 0 O 0 0 0 0

0O 0 o O o0 o 0

Joe 0O 0 O o o0 o

0O 0 O0O O o0 o 0

Eva 1 0 o0 2 0 O

Fred 0O 0 O 1 0 O

Jim 0O 0 O o o0 o

Ed 0o o0 o o o0 2

Kate 0o 0 O o o0 o0

Carl 0O 0 O 1 0 O

Table: Observed flaws per week over a period of 12 weeks in a working group
of eight employees

Australia, inthe UK and | alwaysget about
the same reaction. People suggest a good
talk with Eva. They propose putting Eva
aongsideMary or asking Mary to help her.
They proposetofire Eva. They proposeto
give Evamoretraining.

One astute statistician at a meeting of the
Royal Statistical Society in London even
went so far as to observe that there was a
30 day periodicity in Eva's output and that
might have something to do with things.

After the audience suggests different cu-
res based on the common wisdom, | ex-
plain to them that the numbers in the ta-
bles were actually generated by the ran-
dom number generator in my computer. The
flaws were generated and assigned to me-
mory cells, to which | attached people's
names. In other words, the faults were ge-
nerated entirely by the system.

Inonly two or threeinstances, out of thou-
sands of people, did anyone suggest that
perhapsthe problemwasin the systemits-
elf-- that the system had been infected with
the virus of variability and it was not the
fault of the workers. In the last four years,
only three people have suggested that we
analyze the data in the table to see if we
could compute whether Eva's results
should be expected in the light of the va-
riability exhibited by the system.

The fact is the process itself is infected
withthevirusof variability. If you don't set
about sterilizing the process, that is, redu-
cing its variability, it will certainly infect
the workers. Not only will it infect the
workers, it will infect your judgment.

People change their views very slowly. |
shall never forget the one manager who

said afterwards, "Look, | know that the
numberswere generated by acomputer, but
nevertheless, | would still talk to Eva'!!

The output of these workers has been in-
fected by thevariability of the processover
which they had no control. Suppose that
the supervisor, with the objective of urging
the workersto better performance decided
to post the above table on the bulletin
board. Of course we do not expect the
workers to understand the germ theory of
management. They may think that the re-
sults are their fault and they will try to do
better. Do you not see how the virus of
variability of the system will infect their
interpersonal relations and perhaps even
the home lives of the workers? If the su-
pervisor does not understand the theory,
do you not see how the system of supervi-
sion will become infected? Suppose there
isan annual rating system for supervisors
and the datain the above table are availa-
bleto the upper management? Supposethe
upper management does not understand
the variability virus and therefore thinks

the supervisor should have done some-
thing drastic about Eva. Suppose the su-
pervisor, however, does know about varia-
bility and doesunderstand it isthe system
that needsto befixed. Given thisdisparity
in understanding, how do you think the
manager will rate the supervisor?

| am not describing afar fetched scenario.
| am describing what goes on daily in fac-
toriesand officesall around theworld. This
kind of experienceinspired Juran'sfamous
maxim:

Whenever thereisaproblem, 85% of the
time it will bein the system, 15% of the
timeit will betheworker.

Theinstinctive reaction of most managers
| meet isto blame the person. Sometimes|
find amanager who, when confronted with
aproblem will even say it is his own fault,
he should have done something else. Asa
consultant | often find it difficult to per-
suadehimthat infactitisthe systemwhich
isfault. Many managerswill persistinthin-
king that they need to change something
in their personalities when in fact it isthe
system which needs to be changed.

The Fallacy of
Management by the
Organization Chart

Too many managers have a generic orga-
nization chartintheir heads(Figure5). They
forget that the work flows acrossthe orga-
nizational chart, more or less perpendicu-
lar to the lines of authority. They are una-
warethat thedifferent stepsinthe process
infect one another. They think that the or-
ganization chart defines how things get
done. They issue crisp orders to subordi-
nates.

Too many managers think they can divide
the system into parts, along the lines of
their generic organization chart.

T ITT I

[l

[T]

Figure 5 Generic Organizational Chart
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Their managerial strategy is "divide and
conguer". They see the organization the
way somefriends of minein Holland seeit
(Figure 6).

Too many managers do not know how to
recognize and define a system of proces-
ses. They do not understand what i s meant
by a process. They do not know how to
recognize when processes which flow
across an organi zation chart are out of con-
trol.

Seeing this discrepancy between how too
many managers think about their jobs and
the reality of their situation has prompted
the development of the "perversity prin-
ciple", which goes down hard for mana-
gers who think in terms of organization
charts.

If you try to improvethe performance of a
system of people, machines and procedu-
resby setting numerical goalsfor theim-
provement of individual parts of the sy-
stem, the system will defeat you and you
will pay a price where you least expected
to (perversity principle).

Suppose you set atarget for the peoplein
one department, telling them they are to
process a certain number of orders per
month. Then you give another target to
your sales force, consistent with the first
target It certainly matters whether the or-
ders arrive bunched up or spread out. It
matters if they arrive in a predictable fa-
shion. In other words, even if the salesfor-
ce produces the target number of orders,
on average, the variability in performance
day by day will cause extra expense and

wastein other departments. Setting targets
for the individual performers does not
speed up the process. It slowsit down as
each performer tries to look good at the
expense of the others. Instead of just set-
ting targets the manager should study the
effects of variability and, in cooperation
with the department heads, develop prac-
ticesand proceduresto mitigatethe effects
on the overall performance of the compa-
ny.

This consideration emphasizes another of
Deming'spoints: Break down barrier sbet-
ween departments. Stop thinking of the
enterprise according to the organization
chart and begin to think about the proces-
ses whereby things get done.

If you set targets for the peopl e at the bot-
tom of the system, or for the peoplein bet-
ween, without regard for the systems as-
pect of the work, you are abdicating your
responsibility.

The Manager as Planner
-- Preventing Viral
Attacks

The previousdiscussion has been concer-
ned with the improvement of operations.
Managers, however, should do more than
work on current operations. How a mana-
ger spends his or her time depends upon
thelevel in the enterprise at which the ma-
nager is stationed. Professor Y oshikazu
Tsuda, of Rikkyo University has proposed
the following diagram (Figure 7) to repre-
sent areasonable distribution of manage-

T
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Figure 6. The hidden assumption in many manager's heads.
The people at the bottom have no heads. (Courtesy of MANS
Organization, The Netherlands)

ment time as afunction of level of respon-
sihility.

When planning future operations and de-
signing products or services managers
should pay special attention to the virus
of variability. This means putting a high
priority on worker training for all new un-
dertakings. It means studying processes
not just outcomes. It requiresthe devel op-
ment of quality indices, to measure the ef-
fects of variability on the quality of out-
put.

A well trained manager, who understands
thevirusof variability, will consider at |east
the following 6 categories of variables:

Variables controlled with precision
Variables controlled, but poorly.
Variables uncontrolled, but measurable.
Variable uncontrolled, but predictable.
Variables uncontrolled and unpredictable.

Variablesunknown and therefore unpredic-
table and unmeasured.

For each category of imprecisely known or
controlled variable, the manager should
prepare a countermeasure.

If avariable is controlled, but poorly, the
manager should design the system or the
product so that it is "robust” with respect
to variations. Various methods can be de-
vised to make a design or a process less
sensitive to a poorly controlled variable.
For example, if, dueto traffic conditions, it
isnot possibleto control thetimeat which
employees arrive at work, the practice can
be adopted of using the early hoursto cle-
an up the area or undertaking other work
which does not require afull crew.

At the very minimum, managers, when ex-
amining strategies for the future, need to
ask about the uncertaintiesin the dataand
what countermeasuresareto betaken. They
need to identify measures which provide
leading indicatorsfor those aspects of the
future which are most uncertain and to de-
velop tactical measuresto take advantage
of them.

In summary, then, when considering the
improvement of current operations, mana-
gers need to look for evidence that the vi-
rusof variability isinfecting operationsand
they need to find the right antiseptics.
When considering the future, managers
need to be certain they take into account
uncertainty--both in planning what to do
and in planning for products and services
which will be robust-- healthy enough to
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Operations
Improvement

Future

curity only for labor |eaders.

Thetask of re-educationissovast thatitis
difficult to see where to begin. Oneisre-
minded of therecipefor eating an elephant:
Onebite at atime.

Board of Directors

C.E.O.

Executives

Managers

Supervisors

Workers

Figure 7. Recommended disposition of people's time as a function of the
level of responsibility in the enterprise. Everyone works on improvement.
(Chart courtesy of Professor Y. Tsuda)

withstand viral attacks--and they need to
develop indicators which will enable them
to respond quickly when viral attacks oc-
cur.

What the doctors were taught was not
good enough. Some things they did were
downright dangerous and harmful. But in
time, they learned. So, intime, will today's
managers? But a lot of people had to die
along the way. Doctors, after all, can bury
their mistakes. Unfortunately, many enter-
prises will have to go bankrupt before we
develop anew generation of practitioners.
The causes will be buried in the dead files
of the bankruptcy courts.

All of the variability cannot be removed.
No one knows, however, just how much
can be done. Until Sarasohn, Deming and
Juran applied theseideasin Japan and the
results were seen on alarge scale, it was
not appreciated that in many instances
costs could be cut by asmuch as50%. The
results have been seen in both goods and
services.

The Task is Re-
Education

The readers of this paper, of course, are
different. They are the independent thin-
kerswho deign to run with the herd. They
are obviously the enlightened people. Su-
rely they would not behave as the doctors
a century ago behaved when they were
told they should see that their operating
rooms were sterile. They fought it tooth
and nail.

"What, stop to wash my hands? Don't be
silly. I have important things to do"

It was a lot of work for them to change.
They had to admit they had alot to learn.
They were human. They resented the need
to change and hoped in their heart of he-
artsthat it would al blow over.

In the first place, changing the practices
and proceduresin the operating room was
not something they could do alone. They
needed nurses and orderlies to help them.
They had to begin by first understanding
the germ theory of disease themselves. It
is one thing to learn a new theory when
you areayoung student in medical school;
it is another when you are busy suppor-
ting your family through your practice of
medicine. After they learned the theory
themselves they had to teach the nurses
and orderlies how to sterilize instruments
and medical facilities. They could not just
|eave these things to chance. They had to
institute practicesand proceduresandtrain
people to follow them. They had to influ-
ence the training and education of nurses
so that these nurses would do the right
things without having to be told. Such
changes could not come about over night.

Today | meet managers who do not want
to learn. They are busy with mergers and
acquisitionsand with plant closings. They
are busy beseeching the government to do
something to somebody else, all the while
asking toleavethem alone. With their false
images of how an enterprise ought to be
managed, they make demands on their
workers and thereby they provide job se-

A Check List of Things
Managers Need to Learn

Tobegin, itisuseful tolist thethings most
managers are unlikely to know but which
they should know to compete in the new
era. Thefollowing list isby no means com-
plete, but it does cover the most signifi-
cant missing elements in most manager's
education.

Every Manager should be competent in
elementary statistics.

Process Flow Charting

Fishbone Diagrams

Run Charts

Histograms

Pareto Diagrams

Scatter Diagrams

Control Charts

Elementary Design of Experiments
Every Manager should learn how to

Recognize, define, describe, diagnose and
improve the system for which he or sheis
responsible.

Diagnose the variability of a system and
decidewhichvariationsare special, andre-
quirespecial action and which arecommon
and will require a change in the system
design and operation. The managers must
be able to tell the difference between si-
gnals and noise.

L ead teams of peoplehaving different edu-
cational levels in problem identification,
data gathering, data analysis and the ge-
neration of proposals for solution, imple-
mentation and test.

Diagnose the behavior of humans and di-
stinguish difficulties which are due to the
variationsin human abilities (15%) and tho-
se which are caused by the system (86%)
(Juran'sRule).

The Issue is one of
leadership
There are not going to be enough educa-

tional facilities in the country to tend to
the needs of all the managers who need to
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be re-educated and are willing to learn.
Every manager who |earns how the mana-
ge the new way will have to teach his or
her subordinates. Mentoring isan essenti-
al part of managing. It is also an essential
part of leadership.

When Homer Sarasohn was on
MacArthur's staff in Tokyo, he taught the
Japanese to difference between managing
and leadership. What he told them in 1948
isastruetoday asit wasthen:

A leader'smain obligation istosecurethe
faith and respect of those under him. The
leader must himself bethefinest example
of what he would like to see in his follo-
wers.

(Sarasohn in Japan, 1948)

Conclusion

Thiscountry isnow engaged in astruggle
for its existence. Its industries have been
destroyed, one by one. Because the eco-
nomy isin difficulty, it does not generate
the revenues required to run the govern-
ment. It is cutting back on services--inclu-
ding defense-- because it can no longer
afford them. The only way to survive is
through learning how better to manage re-
sources. That's your job-- learning how to
manage the right way--to manage for qua-

lity.
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