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Introduction and Purpose of This Article

The competitive position of many Japanese prod-
uets, according o the testimony of their own manu-
farturers. has been achieved largely through under-
standing and use of the statistical control of guality
in the broad sense (wide infra). Siaiistical tech-
niques were not wholly responsible for what hap-
pened, as deeper perspective af later paragraphs will
bring. forth, but statistical technigues certainly
played an impertant role in the miracle, The first
step was to fire up desire on the part of management
te improve quality and to impart confidence that
improvemsent was possible; that wtilization of sta-
tistical technigues would help.

Dr.m]'.s':gming' iz a Fellow of ASQC, and was the Shewhart Medalist
In 18535,

Thig artiels i5 besed in part on an arcticle published n SANKHYA
(Caleutta}, series B, voi, 2B: IDEG.
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The purpose of this article is to offer sume obser-
vations on the causes of success in Japan, from the
viewpoint of the statistical contraol of guality, with
the thought that energetic application of statistical
techniques in other parts of the world, ineluding the
United States. might have healthy impact. Appre-
ciation of what happencd in Japan might alse be
taken serinualy on programs of scientific and profes-
sional societies that are interested in  statistical
methods applied to production.

Nine Features of the Statistical Control of
fuality in Japan

As T zee it there are nine main reasons for the
success and speed of application of the statistical
control of quality by Japanese manufacturers:

1. Genuine and resolute delermination on the part
of management to improve quality.,

2. Confidence 1n their ability to lead Japanese
industry forth from the bad reputation that Japanese
products had built up in the past, confidence in
Japanese scientifle ability, and confidence in Jap-
anese skills. Confidence also, T mlght add, in sta-
tistieal methods,
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Translated into actien, this definition of the statls-
tical control of guality means:

1. Use of statistical methods to construct meaning-
ful speeifications of raw materinls, piece-parts, as-
semblies, and performance of finished product, by
appropriate statistical design.

2. Assistance 1o suppliers. Any raw material or
piece-part is someone's finished product. Improve-
ment of guality of incoming materials from vendors
or from a previous operation is one of the most fm-
portant rE.'q_U.iruments in a program of guality,

3. Control of process. Detection of special causes
by statistical methods {i- and R-charts, run-charts,
dezign of experiment, and other technigues), Distine-
tion between spectal causes and common causes, with
examples, Separation of responsibility for finding
and removing:

s, Special causes of variability (local).
b, Common or general ecauses of wvariability
(upper management).

4, Use of acceptance sampling where appropriate.

5. Consumer research. Test of product in service.

f. Re-design of product,

7. Tests of new preduct, in the laboratory and in
sarvice,

8. Use of proper theory for finding optimum
levels of inventory, and for economy in distribution;

Service 4

| Design
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Sell 3 2 Make

Cycle of Applied Statistical Methods

The statistical method shown in the flgure was
taught a: a eontinuing process, in a never-snding
eyole:

Dezign & product
. Make it
. Try to=ell it
. Test ll in serviee
. Repeat Step 1. Re-design the product on the

hazis of Lests in servioe.
6. Repeat Step 2.

T, Repeat Step 3. etc.

b2 =

en b €0

Special (Assignable) Contrasted with Common (General)
Causes of Variation or of Wrong Level

One of the important uses of statistical techniques

15 to help an engineer or scientist to distinguish he-

tween two types of cause, and hence to Tix (with ad-

justable risk of being wrong) the responsibility for
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correction of undesired wariability or of undesired
level

Confusion beétween common  causes and  spectal
caunses is one of the most serious mistakes of admin-
istration in industry, and in public administiation as
well, Unaided by statisticdl technigues, man's natural
reaction to troauble of any kind, such ss an accident,
high rejection-rate, stoppage of production {of shnes,
for example, because of breakage of thread), is to
blame 4 specific operator or machine. Anything bad
thal happens, it might seem, is semebody's fault, and
it wouldn't have happencd if he hod done his job
right,

Actually, however, the cause of trouble may be
common to all machines, o.g., poor thread, thie faul
of management, whose policy may be to buy thread
Incally or from a subsidiary, Demoralization, frus-
tratinn, and economic loss are inevitable resulls of
attributing trouble 1o some dpecific operator, fore-
man, maching, or other lecal condition, when the
trouble ks actually a common cause, affecting all op-
erators and machines, and correctible ondy ot o higher
tevel of management,

Thi specific local operator 15 powerless to act on o
commion cause, He cannot change specificalions of
raw materials, He ecannotl alier the policy of purchase
of materials. He cannot change the lighting swstem,
He might as well try to change the speed of rotation
of the earth.

A mistake commen amengst workers in the statls-
tical conlral of quality, and amongst writers of text-
books on the subieet, is to assume that they have
solved ull the probiems ones they have weeded ouat
most of the specizl causes. The fact is, instead, that
they are al that point just ready to tackle the mest
impartant problems of variation, namely, the com-
Mo CRUses.

Special Causes of Variation

Variation of any qualitv-characteristic 1s to be ox-
pected. The question ls whether the variation arises
from a special cause, ar from common causes. A point
outside limits on o control chart indicates the exist-
enrce of a special cause, Speeial causes are what
Shewhart called assignable causes. The name is not
important: the concept s,

Statistieal lechniques, based as they are on the
theory of probokility, enable us to govern the risk of
being wrong in the interpretation of a test. Statisti-
cal technigues defend us, almost unerringly, against
the costly and demaralizing practive of blaming
variability and rejections on to the wrong person or
machine, At the same time, they detect almost wnere-
ingly the existence of a special cause when it {s
worth searching for,

What statistical tests dn, in effecl, is not jusi te
detect the existence of a special cause, or the absenco
of gpecinl ecauses: 1hev do more: they indicate the
tevel of responsibility for finding the cause and
for removing it. The contribution that statistical
methods make in placing responsibility ‘squarely
where it belongs (&t the local operator, at the fore-
man, or at the door of higher management) can
hardly be over-estimated,

This aspect of the statistical control of quality was
not appreciated, I believe, in the carlier history of
giatistical methods in American Industry, and is even
now neglected. The Japanese had the benefit of
advanced thinking on the matter.
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3, They were Japanese, with industrial experience,
dnd with an inbred pride of workmanship,

4. Japanese top management, statisticians, and
engineers, learned the statistical control of guality in
the broad sense of Shewhart, as defined further on.

5. Managemen! look immediate interest and
learned something about the techniques of the
statistical control of quality a2z well a3s aboul the
possible results, and still more about what their own
respronsibilities would be Proper arrangements for
contact with top management, at the outsel, was one
of the fortunate features of statistical education in
Japan.

6. Statistical eduestion  begame  # continuing
process. Statisfical methods cannot be installed once
for all and left to run, lke & few carpel of a new
dean. They reqguire constant adaptation, roevision,
exiension, new theory, and new knowledge of the
statistical properties of materials. Perhiaps the main
accomplishment in the elght-day courses hat began
in 1950 was to impart inspiration to learn more aboult
statistieal methods.

7. The Japanese learned the difference between a
statistical problem and one in engineering, chem-
istry, management, or marketing. They learned thal
slatistical knowlaedpe is nol o substitute for knowl-
pdge of enginecring or of other subject-matter. and
that knowledge of engincering does nol  solve
statistical problems,

8. Jopanese manufaclurcrs tock on the job them-
selves. They did not losk to their government nor
to purs for help. When they arranged for consultation,
they sent @ ticket and a chegue. They gave financial
and moral support to statistical educetion, mainly
through the Union of Japanese Scientists and Engi-
ROErE:

8. Sugpestions and technical information have a
fairly clear channel from lower to higher levels of
supervision and managemont., A Japanese erecuiive
i nevey too old or too successful to lsten 1o the
passibility of doing it a better way,

One ought also to mention the stimulus nf a prize
uffered annually in the name of an American statis-
tician® to the Japanese manufacturer who, in the
opinion of the Committee on Awards, has made the
preatest advance in quality of his product during the
past ralendar-year, Many companies eompete for the
prive, often laying plans years in advance. Although
prly one company, or at mest 1wo, can receive the
prize, the continual competition of many companies
wae had an imporiant leavening effect in guality,

Lectures to Top Management

Lectures to mansgement, heginning  in 1950,
brought up & few simple guestions to think about. I
s not on economist, nor a business-man; only & stat-
istigian, but some conclusions seemed inescapable.
Why was il necessary 1o improve guality of Japanese
products? Because Japanese productd must new be-
come competitive: the market in Asia was lost. The
miarket for poor quality in the western world is a
[nsing game,

It iz not necessary 1o raise all your own food,
it seemed to we Chicsgo doesn't, Switzerland
doesn’t, Tt may be smarter for Japan to import Tood
and pay for it with exporls, There 15 a8 markel for
gualitv. How do you build quality, and a reputation
for quality?

sEditors MNote: The American statistician iz W, BEdwards Deming.
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Mo pountry 14 50 able as Japan, [ pomted out, with
its vast pool of skilled and educated industrial man-
power, and with so mony highly proficient CNEINeeTs,
muthematleians, and statisticians, o improve quality.
Stalistical methods could helps in facl, realization of
any goal ta rase guality toa sufficlently high Lol
would be bmpossible without statisties] methods on @
broad scale, Seeing thelr sefious determination, 1
predicted ot an assembly of Fapanpse manufacturers
in Tokyo in July 1850 that In five years manufac-
wurers in other industrial nations would be on the
defenzive and that in ten vears the reputation for
top quality in Jspanese products would be firmly
eiablizhed the world over.

Siatistical technigues became a living, vital, and
essirtinl foree in all stages of Japanese induostey. The
whole world Enows how well Japanese manufac-
turers met the predicted time-table,

Management must assume the responsibility to
aptimize the use of statistical metheds in all stoges
of manufselure, snd to understand the statistical
pontrel of quality as a never-ending eyele of im-
proved melthods of munufaeiure, tesl, cohsumer ri-
senreh, and re-design of product. Lectures described
in straple  terms  managerment’s  responsibility o
understand the capability of the process, manage-
ment's responsibility for common sauges {wriele enfro),
and the ceonomic lozs from fallure to aceept theso
responsibilities,

Japanese manufacturers took these arguments se-
riously 1o the point af domg something about them
with enpoerted efforl. A littde fire here, and a little
there, would be too stow! Cogeerted effort meant 0o-
aperation amongst eompetitors, assistanee 1o vendnrs,
and—probably for the first Ume n Japan—immédi-
ate attention lo ithe demandsd of the consumer, antl
weed [or ronsumer research on o continuing basls,
with feed-back for re-design,

Results were speciarular, evin after anly ané year,
pspecially in productivity per man-hour, wath Titkke
new machinery, One steel company saved 28 percent
im eonsumption of coal per ton of steel, & huge phar-
marceutica] gompany put out theee tmes as misch
finished praduct per unit of input of row roziterial.
A big cable company retduced araatly the ameunt of
paper and re-work on insubied wire and cablel Many
companies reduced aceldonts Lo a permanent low
level, Improverient in ouality  and dependability
care In dus eourse, and in five vears, as prodictod,
many Japanese products had parped respect Lo the
point of fear in markets the woerld over.

Definition of the Statistical Control of Quality

The Japanese never knew the ziatistieal contrel
of quality in any way but in the broad sense intro-
diced by Shewhart,® The statistical contrn] of quallty
wae defined in plain English in 1950 and cwver after
in big letters like this:

THE STATISTICAL CONTROL OF QUALITY 15 THE
APPLICATION OF STATISTICAL PRINCIFLES AND
TECHNIQUES 1N ALL STAGES OF PRODUCTION, Dl-
RECTED TOWARD THE ECONOMIC MANUFACTURE OF
A PRODUCT THAT 15 MAKIMALLY USEFUL AND HAS
A MARKET

s A Bhewhart, The Econpmie Control of Sualiy of Manu-
fartured Produect (Wan Mostrand, 19311: Seatisticol Methog from
the Viempoint of Quality Costral (The Gradoste Betuiol. De-
partment of Agrisulture, Washmulnn 13356, “sature and Orlgin
of  Etandards. of Gualiy,” Hell System  Technival Journal,
wxxvil, 1956° pp. 1-92 No attempt i4 made here Lo give a ull
list of Dr. Shewhart’s papers,
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Common Causes of Variation and of Wrong
Spread, Wrong Level

If we zucceed in removing all special causes
worth  remowving, then henceforth {until another
special cause appears), variations in guality behave
as if they came from common causes. That is. they
have the szame random scatter as if the units of
product were being drawn by random numbers from
a common supply, The remaining causes of variability
are then common to all treatments, 1o all operatops,
toall machines, ete.

Bame common causes are in the following list, The
reader miay supply others, appropriale o his own
plant and conditions.

= Poor light

o Humdity not suited to the process

e Vibiratlon

¢ Poor instruction and poor supervision

» Lack of interest of management in a progran for
guality

& Poor focd in the cafeteria

e Inept management

= Raw materials not soited to the reguirements
¢ Procedures not sulted to the reguirements

» Machines not suited (o the veguirements

# Mixing product from streams of preduction, each
having frall wvariability, but o different level

Common causes gre usually mueh more difficult to
fdentify than specific causes. and mere diffieult to
correct, Tn the first place, carcfully designcd tests
may be regquired lo identify a comrmon cause. Then
propicms really commence. Would it ke cconomically
feasible to change the specifications for incoming
material: to change the deslgn of the product, to
install new mechinesv? Lo change the lighting? to
put in air-conditiomning? Only manpgement can take
getlon on these things. If the {rouble lies in manage-
ment Mself, whe iz ooing to make the coreection?

Although the deteetion and remeval of special
causes a@re important, iU i o8 faet that sime of the
finest examples of Improvement of guality have
come Trom effort directed st common causes of varia-
tion and at causes of wrong level, One example, in-
teresting becausse it i outside the uzual sphere of
industrial production, s the improvement of quality
gnd decrensze in the eost of statistieal data put owt
by the Censuz in Washington, For many vears, effort
hag heen directed at pommeon causes of ihe svotem
that lead to evror and 1o high east, as well gz plirmina-
tion of special causes: The result today is quality,
reliahility, and speed of current statistical series that
are the envy of other statistieal ofganizations in the
1I.5. and ahroad, and at costs that are about a third of
what private industry in this countey pavs oul for
similar surveys in consumor rescarch,

Other Statistical Techniques
Consumer rescarch was taught asan integral part
of the statistical control of guality. In fact small

survevs of houschold inventories and requirements
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of pharmaceuticals, sewing machines, bicycles, and
the like, ¢onstituted part of the course in sampling in
the summer of 1851, These have been designated by
the Japanese s the first studies in consurmer research
te be earried out By Japanese companies with the aid
of modern methods of sampling.

Shewhart cliarts were taught in Japan as statistical
lools for the ceonomic detection of the existence of
special causes of variation, nol as tools that actually
find the cause, However, emphasis was on action,
[ind the cause and remove {t, once o point goos
outside limits. Onee statistieal conirol is established,
then do something about common causes:

Acceptance sampling was taught as a scheme of
protection (provided one will really reject and screen
a lot when the sample eontaing more than the
allowable number of defects), The specification of a
unit of product s of course vital, However important
il be, a vendor does not know how to prediet the cost
of making a product unless he has in hand, in addi-
tion, the plan by which his Iots will he sampled by
Ihe purchaser and secepted or reiected, How big is a
lot? What is to be done with pieces found to be defee—
tive? Answers to thede questions are g necessary part
of any plan of secoptance, | vendor and purchaser
understand each other. The plan of acceptance sam-
pling is & necessary specification of a contract for lots:

Acceptance sampling was frequently at first cone-
fused in America with process-control, Some people
lacked upon [t as o detector of special causes. Other
prople supposed that acceptance sampling furnishes
estimates of the guality of lots: Still others supposcd
that it separiates good lots from bad.

Prablems in statistical estimation are very impor-
tant in industrial production, as in decisions on
whether one type of maching |z sufficiently hetter
than anclher to warcant the cost of replacement, or
1o warrant the higher cost of purehase of a hetter
machine, Consimer rescarch presenls hosts of prob-
lems tn estimation, Determination of the iron-conient
of o shipload of ere is & common problem in pstima-
Lion,

In a problem of estimation, one s onot secking to
deteet the exizténcee of a speecial vause, He is not
thying 1o diseover whether there ig a difference such
CESV PaGrax, — xg betwesn two processes, or be-
tweon two machines, standard and proposed. One
kogws in advance, without spending a nickel on a
tedt, that there s a difference: the only guesiion is
how Big iz the difference?

Statistical ealeulstions using data from fwo sam-
plez (coming from two treatments, Dwo operators,
iwo machines, two processes) provide a basls on
which 1o decide, with a prescribed risk of being
wrimg, {a) whether it would be economical to pro-
cevd as if the two samples rame from a common
soures, or (b)) whether i would Be more economical
Lo agsume the converse, and to proceed as if the dif-
lerenes has its origin in a specidl cause, not common
L the samples; which makes one of the {reatments,
nperators, machines, or processes different from the
nifer. Bszential considerations in Tixing the probabil-
ity of being wrong lie in the economic losses tn be
expected (o) from the failure of being too cautious—
failure to make & change that would turn out to be
profitable, or (b) from making a change thal turns
out to be costly and unwarranted.

The teaching of stutistical methods in Japan did
not confuse  #tatigdivgl estimation, nor Shewhar!
charis. with stalisticsl tests of hypotheses,
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