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ON THE STATISTICIAN'S CONTRIBUTION TO QUALITY

W. Edwards Deming

1. Need for qualicy
American industry deminated theworld for decades, Exports of
manufactured preduct were at a high level for s decade efter che War.
The War had demolished the rest of the industrial world., The world
uaite& in line te buy whatever North America could produce. Everyone
in Americs expected the good times to continue. Instead, came decline.

What happened?

The U, 5. has suffered ever increasing deficit in trade for twenty
years. Export of agricultural products has in the past helped to defray
our deficit, but no longer. Customers that buy our wheat are complaining
about dirt and poor qualicy. Imports of agricultural products to the U.5.
are now equal to exports, and would show a deficit were figures on imporis

of 4llicit drupgs available for the balance sheet.

The basic cause of the decline is that the quality of many American
products is not téﬁpe:itlve. and never was. Mass production, generations
dg0, was a contribution from Americe toward betrer living the world over.
Quantity was important; qualiry was not. Teday, the problem in America
is quality. The purpose here £5 to start to learn what to do to improve
quality.

Devaluation of the dollar against the yen is a disappointment, as
anyone could predict. 1f I wish to sell this table, and nobody wishes to
buy ir, reduction in price will not sell ir.

Devaluation of the dollar is not the road to better business. Better

quality is. We are in & complerely different position than we were in

during the good times after the War,
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The 11ls of American industry come from wfﬁng styles of management.
Unfortunately, wrong styles of management move freely across the i{nterna-

tional borders.

Wrong styles of management, and bad practices have grown up and taken
root in the Hest;rn World, They must be blasted out and replaceéd by new
tenstruction, directed at guality and vroductivicy. Emohasls in America
has lately been on finance, the quarterly dividend, manipulation and man-
euvering of assets. Traditional ways of doing business must change. For
example, advances in quality reguire long-term relaticnships between cus-
tomer and supplier, and abandonment of traditiscnal ways of doing business

on competition by price tag, Quality muest be stable and capable, with

continual improvement.

II. Examples of bad practice

Toﬁ_mAnaggment abandoning their responsibility for gquality, occupiled
with finance, quarterly dividend, price of the company's stock, churning
money, short—term planning, suboptimization.

Lack of policy for quality. Quality, if 1t is to exisc, must be
directed from the Board Room. Quality requires operational definitions
at every stage, Including the requivements of quality for the customer,
Quallty requires organigzation for quality. (Page 467 of OUT OF THE CHISIS,
Center for Advanced Engineering Study, Massachusétts Institute of Technology,

1986). Organization for quality tequires profound knowledge of statiscical

thecry.
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Incentive pay.

Doing business on price-tag, on the supposition that
the performance of two items that meet the
specifications will be equal and that competition
solves all problems,

Detailed action on reports of people, guality, sales,

complaint of a customer, overdue account, etc.;

instead of action in the board room directed et

improvement,

The annual appraisal of performance, or the se-called

merit system. Of all the forces of destruction
that have beset Amcrican induscry, this one has
dealt the most powerful blow. It desérnys people,
cur most important asset. Ways are clear tngard

better administration.
Management by objective. Management by the numbers.
The supposicion that gqualicty follows inevitably from hard work
and best efforts.
The suppesition that guality is assured by improvement of oper-—
ations, solving problems, and stamping out fires,
111, Failure of management to accept
responsibility for gqualicy.
There is prevalent the unfortunate supposition that {mprovement
of quality is assured by improvement of operations. The truch is

that all operations in & company may be carried on without blemish

while the company fails, producing very well a product with no sale.

e,
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It is a mistake to suppose that gquality can be achieved solely by hard
work, by best efforts, by improvement of operations, solving problems,
stamping out fires.

Hard work will not ensure quality, It ix necessary to understand
the theory of management, then put ferth best efforts. A theory of

management now exists,

It is obvipus that experience is not the answer. The U.S. ranks
highest in experience, measured in man years. Experience by itself
teaches nothing unless guided and compared with theory of subject-matter
and statiscical theory,

Gadgets, automation, computers, information power, robotic machinery,
high technelegy, are not the answer, nor zero defects, Much new machinery
turns out to be the source of headaches and high cost. Money will not buy
quality, There Is no substitute for knowledge. New machinery should be
planmred in accordance with the theory of management. The possibility to
make ghanges to improve precesses oust be built in.

Sarisfied customers ate not the answer. 'A satisfied customer may

gwitch., PFrofit and merit come from loval customers. A loval customer

waits in line and brings a friend with him.

it is the obligation of the producer to foreséc rhe neody of his
customer, and to produce for him new design, new proguct, 6ew service.

We in America have been sold down the river on ecompetition. Gompe-
Lition in the tvight place is essencial, but competition Ln Amcrica has
been over-extended., Management of companies do not work topether on com-
mon problems, fearful of cthe Anti-Trust Division. Worship of comperitien
broke up the relephone system that we enjoved, perhaps our only exhibit of
world guality. We have now no telephone system. no one responsible for the

guality of service.
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IV. Changes required in the teaching of statistics

Respect for the statisticsl profession amongst scientists, engineers,
and professional people has followed a monotonic decreasing sequence for
40 years. At the same time, industry has ever-intreasing need for stacis-
tical helgp, Unfortunately, the gap between supply and demand for statis-
tical werk widens by the month,

What is wrong? The answer lies in the teaching of staristics. Here
Arc some suggestions for change in the teaching of statistics ro engineers
and to students of the patural sciences and the social sciences, and
in schools of business.

l. Distinction between enumerative studies and analytic studies (to
be explained further on). Errer and loss from use of theory for epumera-
tive studies for analytic prablems,

2, Discinction between common cavses of variation and speclal
(assignable} causes. For example, the distincrion between common cautes
and special (assignable} causes of variagtion--i.e,, between a stable
system and an unstable system--is viral for improvement of quality. The
tesponsibilicy for improvement of a etable sverem rests with the mARAgE—
ment, whereas idencification of a special cause and its removal! is

usually best attempred at the local level.
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3, Losses from tampering with a stable svstem. Demonstracion
by use of the Nelson funnel. Examples: (1) worker training worker;
(2) executives working together without guidance of statistical theory.
{3) sharing ideas without guidance of statistical theory. {Deming,
OUT CF THE CRISIS, Massachusetts Institute of Technology, Center for
Advanced Engineering Study, Cambridge, Mass. 02139, 1986, pp. 327 ff.)
4, Organization for statistical work (Ch. 16 in the muthor's

book, OUT OF THE CRISIS;.

V. Enume?ative and analytic studies.

A frame 15 necessary for an enumerative study. A frame {5 composed
of sampling unitﬁ. any one of which may be drawn Inte the sample for in-
vestigation, A simple example 1s'a list of accounts Teceilvable on a cer-
talin date.

The second step is to undéerstand the concept of the equal complete
coverage, defined as the result rthat would be obrained by investigacion
af every sampling unit in the frame, by use of prescribed mecheds, defin-
irions, and care, The aim of the sample drawn from the frame is to
estimate what would be obtained were che equal complete coverage to be
carried outr.

In contrast, an analytile study is @ne in which material made yester-
day may furnish informatien by which to impreve a process. A Lime-—
honored example is last vear's crop, studied with the aim te improve
next year's crop. In industry, one studies the perfermance of material
made in the past, or service delivered in the past, with the aim to

learn about the effect in the furture of a propesed change in the process.



P83

A proposed medical treatment will be tested on human beings or on
animale in an attempt to provide better treatment in the future.

The theory of probabilicy applies enly to the random variation
of a repeatable operation. This conditién is met for practical pur-
poses in an enumerative study if random numbers are used for selec-
tion of samples. A& confidence interval has operational meaning and
1s useful in ap enumerative srudy.

In contrast, the economic and physical conditions that governed
an experiment or test carried our last week, or the product of last
week ar last yesr's crop, will never be seen sgain. We must conclude
that fer an analytic study, any material rhat we test to aid us in
planning 45 a judgment sample, not a randea sample. There is, in an
analytic study, no equal complece coverage, hence no random sample,
errer yes, but ne standard error, no confidence interval.

Statistical theory for analytic problems has not vet been developed.

The only possible excepticn exists far performance or preduct that
comes from a stable system, one that is demonsrrable in gtatistical con-
trol. Prediction of the statistical characteristics of future product
may then be calculated by the theory of estimation applies te last week's
product as if it were a sample drawn by random numhers.

The variance of the mean of samples of size n drawn with equal prob-
abiliries from a frame of N unics for an enumerative study has the finite
multiplier (N-n}/(N-1}, which decreases to zers as the sise n of the
samples inecreases toward N, There ig, in contrast, in an analytic problem

no finite multiplier, no way to reduce to zero the error of prediccion.
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A test of the hypothesls that Trestments A and B are equal has
no place in the requlirements of industry and science. We know in
advance that A and B will be different. We can almost always be
pretty sure, by knowledge of the subject-matter, that B will be better
.than A. The only guestion 15 how big will the difference be? Will it
be big enough to warrant the cost and risk of a change? The theory of
probability furnishes no operational answer to this question. We pro—
ceed by degree of belief, which has no numerical measure: 1t is oot

<99, .95, .80, .80, nor any other number,

VI. Mere detail on enumerative and analytic studies

The following pages are notes that I use at Wew York University
in a course in statistical inference, to {llustrate some of the proper-—
ties of enumerative and analyrie studies. It may be of interest to
note that the preparation for a complete coverage and the preparation
for a sample therecf for an enumerative study follow identical steps
except for design of the sample. Likewilse, the preparatien of rables
of resulrs, and the conclusions to be drawn from the results, are
identical except that for a sample, the pessible uncercaincies in the
resuies will dinclude a wargin of sampling errer (confidence interval).

The equal complete coverage will be afflicted with mistakes, wrong
entries, missing information, errors of response, care and carelessness
of interviewers and of other people that work on a study, A sample
(which means a sample of the equal complete coverage) will be afflicted

likewise.



it

s sl

IP-6.3
¥11. Enumerative atudies
A problem exigrs. In the opinion of experts in the subject-matcer,
study of & proposed frame would produce informstion that s needed,
E, responsibilicy of the expert in the subject-zatter.
%, rtesponsibilicy of the statiscician.
Task Same or different in Regpoaslbllity

complete count or

pample less than 100

A problem exists. It is thoughs by the man- Same E
agement of a company and by experts in the

subject-matrer that stacistical dats that

refer to certaln material (people, house-

hoids, sccounté, business establishments,

ares or areas) would throw light om the

problem,

For exasple, how many peaple -
reside in an areal houv many people
reside in eoach of = number of aress?
How mauny children of school age are
rhere In sach area? What is our
share of the market? What 1s the
net worth of cur accounts receivable?
How many acceunts by slze of account
are over four weeks overdue? How
much LTL-rraffic in general freight
is there (pumber of shipments, or
total cwe-miles hauled) between

- Chicago and Fhiladelphia?

What tables do we wish to present? Same E, 5
Drawv up some simple dummy table-
forma, with title, heading, and
stub, Try to put in the important
clanses and characteristics that
will be of interest. These teble-
ferms are of course mbject to
revision.

These durmy tables and a careful statement of the problem
i1l definme the universe, The univeree ia the people, patients,
institutions, organizations, establistments, accountr, soile,
etc., that are at the root of the proolem. Actuslily, the results
of an enumeracive study are valid only for the frame that will
respond or otherwise yield the inforzation sought.

e ——— =
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Task

Sase or different in

Frame and choice of pacpling unit.

The frame i{s & means of access to
the univerae, or to epough af it
Lo warrant carrying out the gtudy.
The frame consiscs of macpling
unlts, any of which may be drawn
inte the study by & random number.

Definitions.

The questicooaire or method of test.

How to i1l cut the gquestlonnaire or
other férms.

Steps in planning to ensure reasonably
near optiemm use of abilities of (&)
people in the grganization that will
carry out the study, and (b) physical
facilities for collection, processing,
supervielon, etc.

Iogtructlons for investigatore. Treining.

Rules for conducting an interview,
including call-backs, Rules for
inzpection.

Hiring of iloterviewers or iospectors

IMecovery of imvestipatora that appear
to be out of line, and mre candidatesn

for re-training or for replacement

combLete Sount of Responsibilicy
sample less than 100X
E. 5§
In both sample and cam-
Plete counit, the gizes
of the sampling units
should be related to
gome unlt of time (day
or week) for an investi-
gater, end related algo
Lo ease of mupervision.
Same E
Same E, 8
Howewver, tests to com-
pare two competing
veralons of a gquestion
or of a whole question-
naire 418 best trested
by appropriste statis-
ticm) design.
Same E; 8
S e E;'B
Same EJ &
Same E, S
S E; §
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Task

Bame or different in
cooplets count or
srmple less than 100%

Responeibility

Instructions for supervislon.

Btatistical alds to mipervision.

Controles to discover and measure

Unite migemed.

Units included twice.

Wrong information elicited.

Variances between interviewers.

Varilances between pampling unite
wilthin interviewers.

Ceding.
Tests of the coding.

Tabulationa.

Evaluation of the chief uncertainties
in the regulta.

From random variation

From non-saopling errors
Non-responas
Blemighes of yaricus kinds,

discovered in the coptrols;
and by cutside comparlsoos.

Eame . except that for
& aample of areaz the
apervisor must verify

the eoverage of segments.

Same

Eame

Came
Same

Same | except that the
sarpling variation
met be computed for
a sample.

The random variation
ghould be mich less
in a eomplete coversge

than for & gmall sammle.

Same

Same

It im the statistician'e cbligaticon to polnt out
the limitations of the conclusions that can be drawn

fram the results.

e e T ae——
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E, B
E, 5
E
B
E; 8
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Task

Bame or different in Responeibil ity

coxplete count or
sacmle less than 1000

Cort

Time between date of rtudy and appesrance

of remilts.

-12.

Usually mich smmaller
for & mmall sample,
The statigtician can
belp in the plenning-
etages by laying out,
with help from experta
in the gubject-matter,
several alternative
plans of different mcope.
With help, he can show
for each plan & rough
cost and calculation
of posslble expected
rtandard errors for
characterisgtice  of
chief irmportance. This
will give the experts
in the subjecti-matter
& chance to plan for
maxcimme bepeflt from
the expenditure of
time and money.

Usually mch shorter
for a geall seople.
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VII11. Analytic studies

A problem exists. It is thought by the management, or by the
people on the job, or by experts in the subject-matter, that a change
in procedure would bring better quality and higher yield in tomorrow's
run, or in next year's crop.

In an enumerative study, sction will be taken on units of the
universe. In an analytic study, action will be taken on rhe process
that produced the material studied, with the hope to improve units
yet to be produced,

The aim of an analytic study is te aid prediction of the behaviour
of a process, to ald plans for improvement of tomorrow's run or of next
year's c;op.

Flanning requires prediction. One may have to plan with licele
depree of belief in the predietions that he would wish to have in hand
for planning, or he may be fortunate with strong degree 'of belief in
some of the predictions. Degred¢ of belief can not be measured in num-
bers. It is met .90 nor .80 ner .95 nor any ether number.

Better knowledge of a process means enhancement of the degree of
belief in the prediction of its performance, and a better basis for
planning. There is no sure way to predict the results of a change.
Empirical evidence is never complete.

Statistical theory as used in an enumerative study, such as the
theory of estimation, statistical tests of significance, the t-test,
F-test, chi-square, goodness of fit, do not provide measures of degree
of belief in a prediction. Tomorrow's run, or next year's crop, will
be governed by conditions different from those that goverped the data
from a study of the past, Test of hypothesis and tests of significance

belong to the philesophy of some other world, not this one.

-13-
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The only exception 1s data from the output of a stable process,
one in statistical control. The theory of eéiimatiun. as used in an
enumerative study, applies in all its glory to lots yet to come from
a stable process, provided the process stays stable. Lots, and
samples drawn by random nuobers from lots, behave as saoples drasm
from a frame. A sample that is bilg enough will predict with a high
degree of belief the statistical characteristics of lots to come
tomorrow from the same process. :

Unfortunately, a stable process must be created and demonstrated.
Moreover, a process that is stable today may not be stable tomorrow.
Stability must be charted, and any special cause detected by statis-
tical signal should be identified and removed.

Data from an experiment can not qualify as output of a stable
process. Last year's crop in & certain areas did not come from a
stable process., The enviropmental conditions of last year (raimfall,
weather, so0il) will never be seen again.

One may use graphical displays to look for repeated partterns of
tesponse co forces that by knowledge of the subject-matter may be
suspected or expected to Influence response. One may look for re-
peated parcerns of reaction and interaction that seem to persist in

replication after r&plicatinn. and from trials under different envir-

onmental condicions.

o
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