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USE OF LAWS OF CHANCE IN INDUSTRIAL DEVELOPMENT

SCOPE OF DISCUSSION

There are meny aspects of industrial development,

I sheall choose but one as a basis for my disoussion this
evening., It is, however, one in which marked progress has
been msde in reocsnt years through the appliocation of laws

of chance; one in which there is already an organized effort
being made on a natlionel and even an international front to
bring to fruition the potentiel advantages of the application
of the laws of chance; and one in which such progress has al-
ready made possible better standards of living for all of us,
I refer to the economic eontrol of quality under oconditions
of mass production.

An essentisl characteristic of Man, differentiating
him from other enimals, is his ability to predict and within
l:f.mits to control the workings of nature. Among the earliest
evidence of such eontrol are the tools of our ancestors -
tools which helped them to attain preconceived ends, tools
which helped them to kill wild animals for food, to build
their shelter from the elements, to obtain that with whioch
to oclothe themselves - in general, to satisfy their wants.
Man is a creature of wants and the history of industry is
largely a record of his struggle to produce physical things
of such quality as to satisfy these wents. Tonight I wish to
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consider bdbriefly some of the important steps in this oon-
quest to control physical phenomena in the produotion of
physicel things to satisfy humen wants, and to indicate
the réle played by laws of chance in this development.

An understanding survey of the progress made
in controlling our enviromment must teke into acoount
two factors: (a) the change in mentel picture and (b)
the change in the human needs, For example, we have
passed through stages in our development when Man per-
haps did not dream of control but like the ape wes con-
tent to use things g2 he found them and a stage where his
ettempt tc control was through maegic on the one hend or
saorifices to capriecious gods on the other. Then came
the stage of the deductive philosopher, scientist, or sege,
who depended upon deductive reason, and finelly the stage
of observation and hypothesis, or scientific method. For
our present purpose, we shall concern ourselves primarily
with this letter stage to which progress, as we shall ses,
is largely confined.

STEPS TOWARDS MASS PRODUCTION

The beginnings: Let us imag/rourselves at a play
showing some of the importent steps in humen progress toward
the attaimnt of economic control of quality of produoct.

The curtein rises. We view & landscape of soms 1,000,000
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or more years &ago. We see our ancestors living muoch as do
other animels for some 700,000 years and there is little
evidenoe of attempts at control, except for the production

of crude stone implementsl such as those shown in Fig. l.

Fige 1 - Barliest Implememts 1,000,000 t B.C.

The earliest records of man's existence are the
flint implements found at Bramford, England in 1909. Not
admitted es evidence, however, until meny years later, For
example, OSborhe did not edmit them until 1921. These date

o
back more than 1,000,000 years to the Pliwiene age.

l)From Man Rises to Parnassus by Henry Fairfield Osborne,

Princeton Unive. Press, 192 ¢
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It is now 8,000 B.C. As the curtein rises on
the third scene we see something quite spectacular from

the viewpoint of development - the fitting together of

Eiece—;gartsz. We see a workmen fashioning holes in the
stone implements® of Fig. 3, into which he later fits

handles.

Fige 3 -~ Parts to be Fitted with Handles
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l. From Barly Steps in Human Progress by Harold J. Peake,
J. B, IIppincatt Co., 1933.

2 Some maintain that handles were fitted to fist hatchets
several thousand years before, but there 1is no proof
that hendles were fitted to hatchets until the time

here indicated. Cf. Introduction to SooioloF, Davis,
Barnes end others, D.C.Hea Co., » Pe .

3¢ From Peake, op. cit,.
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The seoond scene opens, It is 300,000 B.C. The
basioc industries of man are now hunting, fishing and the
gathering of herba, roots and berries. We see here and
there ';hc first resl attempts at control in the form of
production of wooden, bone, and stone one-piece implements.
Typicel examples are shown in Fige. 2. Such tools include
the fist hatchet, knives, chisels, planers, sorapers, and
the like, During this scene covering a period up to 8,000
B«.C. there is nothing very spectacular as viewed from where

we are today.

Fig. 2 = Paleolithic Implements - 300,000 B.C. to
10,000 B.C.
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How interesting it 1s to see how meny "tries”™ he makes in get-

ting & handle that will Just fit snugly into the orude hole,
We cannot help contresting this very simple task

of our eerly ancestors with the more compliceted problems

of fitting perts together under the mass produotion of to=-

day. For example, the telephone desk stand is not so simple

as it looks, Fig, 4. To meke it requires 201 parts and to

C]%)t so simple as 1t looks

Fige 4 - Not So Simple as it Looks

connect it with snother requires upwards of 110,000 other
parts. The ennusal produstion of such parts often runs into
the millions. The manufasturing organization of the Western

Electric Compeny buys for use in the Telephone plants more
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than 25,000 different items of materiels and supplies and
these come from more than 15,000 suppliers located in many
different ocountries.

The next two figures (¥igs. 5 and 6) show the

rather complicated structure of the modern hand-set,

Figs 5 - Handset Assembled _ > L ."\
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Up to this time we.are struck by the faot that,
for the most part, each men mekes his own tools. This
situation 18 soon to change. About 3000 B.C. we see oclouds
of wer gathering and now ertisans gather into groups to
produce parts to be fitted together into bows and arrows.

We are witnessing whet is perhapa man's first effort to pro-
duce interchangeeble parts.

Lots of other interesting things teke place in
the remainder of this scene. One named Roger Bacon (1214-
1294) flits on and off the stage, and leaves us with the
thought that "We must first observe" in order to gst at
an understanding of neture that will in the end make a
measure of control possible. Then comes the Father of
modern physies, Galileo (1564-1642). But what is that
we see going on &t one corner of the stage? Whatt It 1s
that notorious geambler of France, Chevalier de Mere, playing
a game of éhance with some of his friends. After a while
he sesks out the famous mathematicien Pascal and tries to
get some sdvice on how to control his winnings through the
application of PRO_BABILITY]‘. Pascal*s efforts mark the
Of course games of chance are of older origin.
A. Dice
North Americen Indisns said to have played dloce
since 1636 = 300 years. Dice probebly originated in
the orient. Dice similar to those used to-dey have

been used since the earliest times being found among
the sncient relics in Egypt, the Mediterranean and
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the Far Eest. They were certainly used Prior to written
records. (From Encyclopedia Brittanica) HEelen Welker in
N,Y.Pimes 12/19/35 says that dice on whioh the numbers on

the opposite faces add up to seven have existed for at
least 2000 years.

B, Cards

Origin obscure. Widely taken view 18 that they come
from Aslie, When they first became known in Rurope is un-
certain but certainly were known between 1240-1400 A.D.
The Spaniards introduced them to the Americen Indiens.
(From Encyclopedia Brittanica)

C. Probabllity

Before 1600 - only 6 or 8 recorded problems. These
in the Orient.

Earliest Buropean reference in Comment on Deante's
Divine Comedy econcerning different throws with 3 dice.

Lacia Pacioll first writer to introduce a gambling
problem into a work on mathematics (1494).

Cardean published (1663) a sort of gembler's hand-
book.

First scientific work om probability began 1854.

Pascel and Fermat from studies in the History of Method
pub. by William and Wilkins Co. 1929,

beginning of the development of the mathematical theory

of probebility which was later to play such an important

r;le in the application of the laws of chance. Had englineers
then teken & tip from this early attempt at applying laws

of chance, perhaps my story would have been quite different
from what it is going to be, Why didn't they do 80?7 we

mey ask, The smnswer is that the need was not yet felt,

as we shell soon see. They had not as yet been faced with

the problems of mass productlon.
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Shortly before the curtain goes down on this scene
we see another attempt to produce interchangeable Piece-parts
on & quentity basis. This time, however, the parts are for
muskets and the requirements for fit are much more stringent
than was the ¢ase for bows and arrows. We may not be far
off if we think of this attempt at mass production of inter-
changesble parts as pretty much the starting point of mass
production a8 we know it to-daye.

Fige 7 = Important Steps in Control

Fige 7 sumerizes schemetically what we have justbeen seeing.
How long it toock men to get under way,.
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Two Steps in Attaining Control Within Limits

Next we shall sketeh two important steps in attaining control
of quality within limits as is required in the mass production

of interchengesble parts,

So fear as I have been able to determine, the im-
portent concept behind the mass production of 1787 wes thet
of meking plece-parts to exact size so that they could be
assembled at random without any rejections. This and suc-
ceeding attemptas to attain exactness ended, as might have
been expected, in the realization that it is impossidle to
meke plsce-parts to exact size. It was, of course, more or
less to be expected that this first attempt would be to
make things in accord with an exact science because the
spirit of exactness in science was a ocontrolling element
throughout the greater pert of the nineteenth ocentury.

By 1840 or thereabouts amother important step hed
been teken in the aim of production. No longer dld they try
to do the impossible by trying to make things exactly alike,
Instead they simply tried to make plece-parts with dimensions
or qualities that did not exceed soms value. This ocould be
done but it turned out to be an expensive process because the
meachinist tried to approsch &s close as possible but not to
exceed the go limits on the quality characteristics. Hence
to overcome this difficulty enother importent step was taken
about 1870, this time the introduotion of the "go no-go©
1imits on the quality characteristics of the piece-parta.

(5/418 %
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Roughly speaking, the controlling idea was that any quality
characteristic of a piece-part was satisfactory so long as
1t fell within these limits. . .

From the viewpolnt of the use of laws of chance
in industrial development, it i8s of interest to note (a)
how the first attempts to meke interchangeable parta (1787)
to exact dimensions met with failure because of chance or
unknown ceuses and (b) how the first step (1840) to overcome
the difficulties led on to the adoption of the "go no-go"
tolerance. Here we See the engineer trying to get around
the effeots of chance ceuses of wvariability but still thinking

for the most part in terms of an exact science composed of

exact laws. There 1s no evidence that engineers were even

Mer aa;

thinking ebout laws of chence.i7o4cs

Control Within Limits Based Upon Concept of Chance

Causes. During the nineteenth century, however, ocertain phe-
nomena were being observed in the physical sciences the study
of which wes destined to change scientific faith in the possi-
bilits’riva‘t.‘mattaining exactness. In 1827 the botanist Brown,
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for exemple, observed the insistent movement of small partioles,
later called the Brownian movement. There also grew up in the
period following, particularly during the latter part of the
nineteenth century, the realization that the mioroscopic pro-
perties of matter - those properties and qualities which we
can observe - are fundamentelly dependent upon properties

or qualities of microscopic and sub-microscopic atoms and
molecules, As the twentieth century opens, physicists were
beginning to accept the statistical nature of muny of the
observebles of nature, or, in other words, the atatistiocal

nature of the pointer readings of the physiocist and engineer,
They were beginning to think about laws of ochance.

During thls same period there was another set of
events which was of considerable importance as indicating
the birth of movements which were later to bear fruit in
the application of laws of chance to the problems of mass
production. The Royal Statistiocal Society was founded in
1834; the American Statistical Assoclation in 1839; just
about a century @go. These institutions were to bring to-
gether social scilentists and others interested in discover-
ing order or law in the fluctuations of social phenomena.

One cannot, however, understend the significance
of the problems of mass production until he gets a piocture
of the inter-relatedness of industriel groups within a
netion end even of industriel groups throughout the world.

Every compeny or oorporate group must depend in some way
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upon materigls or fabriceted parts supplied by others. The

problem of securing interchangeability is therefore not
simply one that can be solved within a corporate body but
it is one that must be attacked with cooperation upon a

nationsl end even an international scale, One of the first

steps in this direction was the establishment of the first
international standardizing agenoy for weights and meusures
in 1875 and the first national standardizing body in 1887,

but the Great War brought to a point the need for industrial
standardizing bodles as is evidencelin Fig. 9.

G ORGANIZATIONS
NUMBER OF INDUSTRIAL STANDARDIZINS o °

Fig. 9 = Growth of Standardizing Organizations

Thus as the twentieth century opena we find the

stage set for the developments which we are to describe,
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Sclentists were beginning to think in terms of laws of
chance and industry; had developed to a stage where the
need for controlling chence variations was beginning to
be appreciated on a national and international scale, It
is but naturel therefore that since 1900 we should find
attempts at applyling statistical end probability theory
to engineering problems springing up on a very broad front
and in many countries. ;"‘Out of such studies developed the
theory of economic control of quality of manufactured pro=-
L duect centersd about the Quality Control Chart and its use,
f( This chert was first introduced in 1924, Whereas in 1870
or thereabouts, engineers introduced the go no-go tolerances
or limits on the quality of pieces of product, the ocontrol
chert in its simplest fofm introduces an aimed-at value
somewhere between these tolerances and two so-ocalled con-
trol limits spaced one on either side of the aimed-at value
but (usually at least) within the tolerance ranges as
schematically shown in Fige 10. The function of the ocontrol
1imits is to mark the remnge of variation in quality which

e ~ upper tolerance limit
' upper control limit
aimed-at value

lower ocontrol limit

""" lower tolerance 1limit

Fige 10
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economically should be left to chance.

If variations fell
outside these limits, action is to be taken to discover and

remove, if possible, the causes of such variation even though
the observed gualities lie within the tolerance limits, With

the introduction of the quality control chart, engineers began

a concerted study of the chance fluctuations of quality with

& view to meking use of laws of chance to reduce such variability

to an economic minimum. This is in contrast with the objective
of the introduction of the go and of the go no-go gauges whioh

was simply to get around the difficulties caused by chance or

“Toegday
unknown csauses. 18:04.86

Beforé passing oun to & consideration of the eccnomioc
need of making wuse of laws of chance, let us locate soms of
the importent changes in the progress of 1deas on the time
scale of Fig, 7. First the beginning of the reign of exaot
science sterting let us say with the Gallleo 1564-1642 and

running up to pérhaps 1857 by which time the atomic theory

of matter had been put on a scientific basis. From 1!35'7l

1) 400BC "Greek .philosopher pictured a world made out of
minute particles or atoms which were in constant
motion™.

9@5BC Lucretius pictured gases somewhat as they ere
pietured to=-day.

These speculations were then no more than
guesses.

1857AD Kronig and Clausius proposed a Kinetioc Theory
of gases based on an experimental footing.
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Three stages in development may be distinguished,
l, Speculative opinion

2+ Sclentific basis for differentiating between
opinion.

3¢ General egreement as to main foundation,

For Kinetic Theory of Gases by Leonard B. Loeb, MoGraw-
Hill Book Coe N.¥. - 1927

to 1900 we witness the extension of the statistioal theory
of microscopic properties which has continued to develop
with leaps and bounds since 1900, Then on the probability
gslde we gstart wlth Pascel's work of 1654, and find that
around the turn of the century there is already a very
active development taking place in mathematical statistics.
Is it/not rather striking how short a time lag there has
been between the development of the theory of statistical
laws of chance and their application in industry in the
control of quality?

FIVE IMPORTANT REASONS FOR APPLYING LAWS OF CHANCE

From the time (1787) of the first attempt at mass
production of interchangeable perts with comparatively close
requiraménts on the degree of fit, the effect of unknown OT
chence causes of variation imtroduced difficulties. As al-
r;ady noted, such causes made it impossible for engineers to

attein the goal of exactness fixed, implicitly at least, in
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this 1787 ettempt. Likewise, chance or unknown ocauses of
veriation mede 1t necessary to proceed from the "go" step
of 1840 to the "go no-go" step of 1870, But there were
several reasons for trying to go beyond the "go no-go"
tolerance. We shall consider five such reasons, each of
which oonstitutes a reason for using laws of chance.

l. 7To minimize the cost or rejsotion - In practice,

the "go no=go™ tolerance limits are gensrally set so close

together that parts are sometimes produced that must be

rejected as not having qualities falling within the toler-

ance limits, Rejections are costly. Henoe they should be

minimized, It may be of interest to consider the signifi-

cance of this type of problem in a large industiry such as

the telephone industry in this country. As alreedy noted,
to connect your telephone with another may involve the use
of something like 110,000 different kinds of piece-parts.
Each of these kinds, under conditions of normal production,
are menufactured in lots, some of which run into the thou-
sands end even millions per month. Imagine if you will,
raw materisls gathered literally from the four corners of
the earth end poured into the funnel, Fig. 11, representing
schematicelly the production process., In general there are
several intermediary steps at which inspection is carried

on to weed out the trouble which would otherwilse be found



- 19 -

Fige 11 - An Economic Production Scheme

in the finel inspection of the finished product. The in-
spection at these various stages results in throwing out
numbel\'s of defectives represented schematically by the
pPlles shown to the right of the figure. Hence one of the
important problems is that of trying to £find the economio
minimum for the sizes of these piles, This prodlem exists
even if one makes 100% inspection at each of the steps.

0f course, if one ocould discover and eliminate
all chence causes of verisbility, it would be possible to
reduce the percentage rejection in each and every case to

zero. However, to detect the presence of findable ceuses

of verisbility and to remove these adds to the cost of
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production and always tends to counterbelence savings re-
sulting from the reduction in the numbers of rejections,
Hence in trying %o minimize the numbers of rejections there
arises the problem of determining when variations in the
quality of the piece parts should be left to ochance,

2. Tominimize cost of inspeoction - At intermediary

steps in production, Fige. 11, it would usually be pro-
hibitive from the viewpoint of cost to employ 100% in-
spection. If, however, sampling is to be resorted to,
one obviously must decide how to sample and how large a
semple to take.

It is obvious, however, that the answers to
these guestions depend upon the nature of the chance varia-
tions in the quality of produet. In fact, it seems quite
reasonable even without very much study to expect that the
emount of sempling to be done to attain a certain end will
be a minimum under those conditions where the fluctuations
follow a law of chance, Now this more or less naturel hunch
is juétified on the basis of both theory and practice and
hence we come to see how the problem of minimizing the cost
of inspection requires that an attempt be made to reduce
the unknown or chence variations to those whioh follow a
discoverable law. ?Iﬂf{ ,,3

3, To minimize tolerances = Imagine that you were de-

signing something in which you were using melleable iron
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cestings and that one of the most importent quality cherac-

teristics of such castings from the viewpoint of your job

was tensile strength. If you were to look in the Proceedings
of the Americen Society for Testing Materials for 1931 you
would find there the results of some 20,000 tests on materials
supplied by some seventeen different investigators as to the
tensile strength of castings of this character. The average
of these 20,000 tests is 54,040 pounds per square inch. You
would also see, however, that tests vary all the way from
45,000 to sbout 63,000 pounds per square inch. Henge if you
were interested in designing so as to escape failure, you
would epperently heve to take a tensile strength figure of
something less than 45,000 pounds per squere inch,

A study of the data, however from the seventeen

sources gives the results indicated in the upper part of Fig, 12

AVERAGE
)

e

. s . . . L .
46 48 50 52 54 56 58 60 82 ta

TENSILE STRENGTH (1000 POUNDS PER SQ.INJ

Fige 12
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Note that they differ quite a 1little in average and also in

renge of verletion. Obviously i1f one could use the materiel

from Source 5 with the assurance that it would not some time
change over or become similear to any one of the other sources,
he could meke an apprecisble saving through the reduction in
the emount of materiel required in order to meet a given
safety factore

Thi.s typifies the economic desiraebility in many
instances of reducing to an economic minimum the variability
in the quality of a materiel or piece-part. The importance
of such effort is indicated by a recent statement! of the
Director of Research of the Unlted States Steel Corporation,
Dr. John Johnston, to the effect that it was his belief theat
one of the greatest sources of saving to come out of reseerch
in the steel industry in the near future would be that of in-
creasing the homogeneity of the qualities of the material
turned out by eny glven process.

Here we meet the problem of reducing to an economio
minimum the veriability that must be left to chance that we
first met in trying to reduce the number of rejections to a
minimum,

4. To make prediction possible - It is pretty obvious
that if one is to meke use of materials, he must be able to
predict at least within limits the qualities of such materials,

1. Mechenical Engineering, February, 1835
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This is basic iIn all design., Likewise if one 18 to figure

out, let us say, the cost of producing a certain kind of
plece~part wlth tolerances on the quality characteristics

it 1is necessary for him to be able to predict the number

that are likely to be defective and the amount of inspection
that will be required, as these are important fectors in the
cost. These are but & few of the countless number of instances
where it is necessary to be able to predict, at least within

limits - in fect, the whole concept of control rests upon the

possibility of successful prediction within limits. If engineers

could not predict the quality characteristics of materials and
plece-parts better then economists can predict the trend of

stock market prices, you cen well imagine the diffioulties
that would arisel

Hence the problem that confronts the engineer is to
know hils chance cause system sufficiently well theat he ocan

predict. This meens that he must be able to dirrerentiate

: Vit {“ '
between ,th:e kind%of cheance cause system ‘that- Qpptrontly hou.c,
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5 To give meximum quality assurence at given cost -

All of us heve at some time or cther been forewarned that we
cannot eet our ceke and haeve it too. Much the sems situation

arises when we try to test certain guelities of meny of the
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most importent things produced by industry. The test for
quality 1is often destructive and must therefore be applied
on a sempling basis. This means that we must infer the
quality of the whole from tests of the quality on a sample.
For a fixed size, it is therefore important to get the
greatest possible quality assurance, Examples with which
each and every one of you are familiar are the chemicel and
other kinds of tests on food supplies, oils and gesoline;
the test for bacterial count inm the water of the lake where
you spend your vacation, or of the water supply whioch you
use for domestic purposes; the tests of the clothes you
wear, and so on indefinitely,

Now, this problem of giving assurance at minimum
sempling cost reduces pretty much to the seme kind of funda-
mental problem as did that of determining the bdbest way of
sampling to find end remove causes of variabllity in order to
minimize the cost of rejections. In passing, it is of interest
to note that in reducing rejections to & minimum we are really
trying to eliminate findable causes of veriability from the
chance system controlling the quality of product not yet mede
whereas in giving quelity assurence we are interested in 1n-
ferring with a fixed degree of &ssurance the quality of a lot
of products already made from the quality of e semple drewn
from this lot. 1In both cases, however, it is desirable to
approech es closely as possible to a condition where the

variability in quelity is one followlng a law of chance,



Thus we have mede a rapld survey of at least five
needs, 1) Minimize cost of rejection, 2) Minimize cost of in-
spection, 3) Minimize tolerances, 4) Meke, prediction pos-
sible, 5) Maximum assursnce, that are importent not only from
the viewpoint of economics: but also from the viewpoint of give
ing quelity assurence; needs that touch every one of us either
directly or indireotly end needs which cannot be satisfied

understanding the nature and usefulness of the laws of chance,

WHAT ARE LAWS OF CHANCE?

Before trying to go any further in our disocussion,
we had better try to find out what is the nature of the dif-
ference between the most respectable kind of chance cause
system that we cen ever hope to attain under prectical con-
ditions and the more common kind of chance cause system wherein

it 1s often prectically lmpossible to justify any attempt at
prediction even in the probability senss.

Law-Abiding or Constant Systems of Chance Causes =~

We usuelly assume that one of the characteristic differences
between an exact law and a law of chance is that one mekes

it possible to predict what may always be expecoted to happen
while the other mskes it possible to prediot what may be ex-
pected to happen in the long run. For example, if I hold
this penny above the table and let it go, 1t will always fall
to the teble. If, however, I £lip the penny in the customery
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way, I am not justified in saying that a head will always

turn up. I cen only say that in the long run a head will

turn up about 50% of the number of times that the penny is

thrown. In the first case the penny, as we say, always

falls in accord with the law of gravity. In the second

place, the frequency of ococurrence of heads 1s controlled
by a so=called lew of chance,

The way in which the frequency p of oococurrence
of the throw of a head behaves in the long run or, as we
say, approeches as & statisticel limit some wvalue approxi-
mately equel to 1/2, is a very important concept in prac-
tical applications. Fige 13 shows experimental results
for 1000 such throws. In this case the observed fluotua-
tion- to begin with sterted at unity and after some oscil-
lations crossed the .5 line at the tenth throw and there-
after oscilleted beck and forth across the .5 line several
times. We can be pretty sure thet eny penny thet in
physical characteristics eppears to be pretty much like
the one used in this experiment will beheve in very much
this seme way. The fluctuation in a given ocese may, of
course, stert from zero jnstead of unity but we are justi-
fied in believing that it will approach some value p' approxi-
mately equal to 5 as it did in the experiment shown in
Fige 13.
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Fig, 13 - Statistical Approach to a Limit

As noted, we sey, in such cases that the observed

fraction p approaches as a statistiocal limit Lg some value

p* as n is increeased indefinitely end we symbolize this by

Lg Pp=rp

(1)

Since this concept of statistical limit is very

important, let us consider another example, I have here @&
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bowl of chips. If you were to examine them carefully, I

think you would agree that they are very much alike physical-
1lye. Suppose}now that I were to write a finite number on each
chip (not ell numbers being the same) end then were to put

the chips back into the bowl. Suppose I draw one with my

eyes shut, record the number, replace the chip, stir the
contents of the bowl, drew another chip with my eyes shut,
record the number, and so on until I have drawn 26 such
numbers. If now I take the averages of the first one, the
first 2, the first 3, and so on, and plot the n averages

thus obtained, I shall find them approeching es a statistical
1imit some number X' probebly very nearly equel to the average

of the numbers in the bowl. Fige. 14 shows such an eapproach

i d
Fig, 14 - Statistiocal Approach of ean Observe
¢ Average to a Limit



for the oese where there were 998 chips with a normal dis-
tribution heving an average equal to zero and a standard

devietion equal to unity; thet is, there ias one ohip marked
=340, 1 marked =2.9, ¢e¢ 40 marked 0, and so on.

The arith-
metic mean of the numbers on the chips is zero. The root
mean square deviation of the numbers is 1,00. We ocan be

reasonably sure that every time we repeat this experiment
we will get much the seme result. Of course, the start

of the approech would sometimes be from above the limiting
value as in the example and sometimes from below. We
symbolize the statisticel approach of the observed average
X to some value X* a&s n is increased indefinitely by

Lg =X

n —> 0

(2)

Now, let us assume that instead of recording the reading each
time we simply note whether or not it lles within some pre-
assigned limits X3 ﬁo Xo. In n triels let nj be the number
of times the observed number falls within these limits and

let p = %].-. . Then in such & case p will approach a limit

as symbollized by (1). (,, 4
L«:af{;@ﬂﬁy fome €8 £t

s sougperd

*’W&But’ﬁ?” 568 & penny thrn up head in one instence

end tail in another? Why does a value of X fall within the
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range X; to X, in one instence and not within this rangs in
another? These gquestions are usually answered by saying
that there are likely many unknown causes of such phenomena,

They constitute, however, a well behaved system in the sense

that they provide a kind of regular behavior in the long run,

But all chance cause systems are not so well behaved. Some

@s it were heve little demons present which destroy all ap-
parent regularity even in the long run,

Little Demons of Chance - Assigneble Causes - To

illugtrate, suppose you were the one meking drawings with
replacement from this bowl after the manner already de-
scribed except that after each drawing and while your eyes
were shut I substituted snother set of similar ohips with
any set of (finite) numbers written thereon that I might
choose, The kind of stetistical regularity previously noted
would[v:ery 11166135}1}3 destroyed./w Under the circumstances,
you do not know that I em changing the chips om you except
as you may detect this from the results you observe. 1
would in effect be acting as an unknown or chence cause-as
a kind of demon to disturb the previously observed ordere
Until you found me out as it were end caused me to remove
my influence you would be pretty much out of luck trylng
to predict with much assurance from an observation of past

results whet you would expect to get in the future.
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Most chance cause systems met with in onets every
day life are full of these little demons or assignable ceuses
which must be found and removed (or understood) before one
can predlect with much success., Witness as femiliar examples
the chance fluctuations in the stock market and the weather.

Practical Significeance - Now, what bearing hes all

of this on the problems of mass production of piece-parts?
The answer is very simple indesed.

If the variability in product is one that exhibits
such regularity, we mey think of it as being controlled by
what are technically known as a constant system of chance

causes, or by what we might term a law-abiding set of chance

causes, If, however, certain chance causes enter in the
production process, such as & more or less radlcal change
in the nature of raw materiel, a change in process of machin-
ing, a change in personnel, or the like, they would tend to
destroy any kind of observeble regularity. Such oceses tend
to produce effects in many ways similer to those whioch I
might produce by chenging at will the chips 1in the bowl
while you ere sempling. These causes beoome, as it were,
the 1little demons, the presence of which can be detected
in the majority of cases by & study of the observed data,
on the one hand, and a study of the manufecturing oondi-
tions on the other. So long es there exist unknown or

chance causes of this character within the system of chance
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causes affecting a given result, such a result cannot be

sald to be controlled by a law of chance. Our practical

problem therefore in using lews of chance in industry is

pPretiy clearly cut out for us - the f£irst thing we have to

do is to get rid of the little demons, or

as we call them, gg;?w

assignable causes

HOW DETECT THE PRESENCE OF THE

DEMONS OF CHANCE

One method of detecting the presence of the demons
or assignable causes 1s through the analysis of the observed
data., For example, it was early suggested that constant
systems of chence causes - the law abiding kind - gave
partioulaer kinds of frequency distributions. If this were
true and one knew the functional forms thus favored by such
a chance system, then one could compare an observed distri-
bution with these standard curves, and, "1f the fit were
good", might conclude that the cause system behind the ob-
served results was operating in accord with a law of chance.

To illustrate, let us consider the 204 measurements of re=-

sistence on as meny pieces of & new kind of ingulation given
in Teble 1,
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5045 | 4635 | 4700 | 4650 |48 3940 | 4370 | 4560 | 4480 &
4350 | 5100 | 4600 | 4170 gg 3700 | 4870 | 3075 | 4460 | & corp. | dae0
4350 | 5450 | 4110 | 4255 | 5000 | 3 4850 | 5180
3975 | 4635 | 4410 | 4170 15 41 4080 | 4450 | ¢ 4928 1 €100
4290 | 4720 | 4180 | 4375 15 3635 | 4700 | 5250
4430 | 4810 | 4790 |. 4175 | 4275 4128 | 4425 4918
4485 | 4565 | 4790 o, 4275 | ] 4100 | 4300 | 3635 | 5000 28
4285 | 4410 | 4340 .| HEN0 s 4340 | 4430 | 3000 | 8000 | 5078 | 4138
3080 | 4065 | 4808 & 2! 4615 | 4700 | 4575 | 4840 | 4340 | 4700 | 4480 | 4100
G 3925 | 4565 |- 575MK 2020 | 4735 | 4310 | 8875 | 4840 | 4340 | €500 | 4218 4080
SN 3645 | 41007 | 47407 | 4375 | 4215 | 4210 | 4050 | 4310 | 3685 | 4840 | 4325 3ewo
i %3760 | 4725 | 5000 | 4375 | 4700 | 5000 | 4050 | 4185 | 8776 | BOTA  4nas | 5080
| 3300 | 4640 | 4895 %g 4700 | 4575 | 4685 | 4570 | B0 | 3000 4615 | ¢azs
i 3685 | 4640 | 4255 4700 | 4700 | 4685 | 4700 | 4850 | 4770 | 4613 | 8180
3463 | 4805 | 4170 4700 4430 4776 4300 ' 8250
5200 | 4790 | 3850 | 4335 | 4006 | 4850 | 4300 | 4850 | 4500 4768 | fo00
5100 | 4845 | 4445 | 5000 | 4095 | 4850 | 4690 | 4135 | 4770 | 4778 | €500 | sw000

Table 1
204 Observed Velues of Insulation Resistances

Fig. 15 shows the result of fitting one of the

curves often used in the past in the above sense to the ob-

served deta, The it of the observed points looks quite

@
o

®  OBSERVED DISTRIBUTION
SECOND APPROXIMATION
DISTRIBUTION

v
8 2

FREQUENCY
w
<

RESISTANCE 1N MEGOHMS

. - Observed Distribution Fitted to an
Fig. 15 Assumed Lew of Distribution
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good. There is, of course, & technical way of measuring the

goodness of fit in such oeses and this too indicates a pretty

For our present purpose three remarks about this

method are sufficient.

ls It was a method in vogue around the beginning
of the 20th century. It was for example, the
method first celled to my attention in engineer-
ing some 15 years ago and is one now often ap-

plied at least in some quarters, partiocularly
in Germany,

2. It 1s & method which in application requires
that we teke large numbers of data and group
them together into a frequency distribution
without regard to any other availeble informa-
tion about the separate observations such, for
example, &as the order in which they were taken.

3¢ It is a method that'at least in my own field
seldom works. In fact it is very easy to pro-
duce any given functional form of distribution
by compounding those coming from different
cause gystems and hence a positive result ocan-
not be very significant in itself,

In other words, this method puts all faith ss 1t
were 1in quantity of data ignoring the mind of the observer
and its ability to give pertinent information about the

data not contained in the numbers themselves,.

There are some serious oriticims of this method
even though it did detect the presence of assignable causes,
For example, it does not provide any method for detecting
just when an assignable cause enters the chance system and

so does not make it eesy to discover and remove such causes



even when present. Furthermore it does not pProvide a method

/. .
Ll T ﬁ; ,{f’; .

of approaching the goal of 2 lLewded sy;‘tem of causes in an
orderly manner. Insteed you take a lot of data, group them
all together, emd if in the end the test indicates the pre-
sence of asslgnable causes you have to do what you can to
find end remove them with scarcely any help from the analysis
of data and then stert all over sgein and see if you were
succeasful.
Now thls is particulerly serious when, as in our
work, one almost inveriebly finds meny assigneble causes
of variebility in the initisl stages of production. Fur-
thermore, one must have a technique which 1s usable in the
shop end in the purchese of materiels for it is here that
many of the most bothersome causes of varieblility enter.
Exemple - The answer to this situation is the
quality control chart technique of attaining economic
control introduced in 1924, A look at one ac;‘of this
kind of chart in action is now in order. In Table 1, the
data were teken in the order beginning at the top of the
first column, going down this omne and then beginning at
the top of the second column and so on. Grouping these
into samples of 4 in the order in which the data were
taken we get 51 sets of 4. Now we may calculete from

the averages and standerd deviations of these S1 semples

of 4 certein 1imits within which the 51 averages may be



expected to fell 1f there be no assignable causes present.
In practice we look for an assignable cause when a point
goes outside the limits, Fige. 16 shows elght averages out-
side the limits -~ elght suggestions of the presence of as-
signeble causes. Certain assignable causes were later found
and removed. It worked, whereas grouping all the data to-
gether (Fig. 15) gave no indication.:. . .

In contrast with the statements about the older
method the following remarks are pertinent:

l. It is & method whioch makes use of many recent
developments in mathematicel statistics (dis-
tribution theory in partiocular).

2. It is a method which does not treat the obsere
vations simply as numbers irrespective of the
pertinent informetion the observers may give
about these pumbers. IXIn fect, no matter how
many observetions are avallable 1t asks the
cbserver to break these up into rationsal sub-
groups which mey be as small as four observa-
tions each.,

3. An indiocation of the presence of an assign-
sble cause is given by one or more such sub-
groups and hence the experimentallst 1s aided
in his search for trouble bscause he knows
about where it is quite likely to have entered.

4, It is a method which is self-corrective as
causes are found and removed so that it allows
one to spproach in a regular way the goal of a
lawful system of chance causes.

5. It is & method whioch involves the use of engi-
neering judgment or the mind of the observer
at every step. For example, the choice of form
of control chert rests largely upon certain
judgments of the observer. Thus he must bal-
ence the cost of looking for trouble when not
present with the savings to be obtained by weed-
ing out the trouble. He must also use his
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judgment &as to the kind of cause that is pre-

Ssent as the nature of the chart depends upon
the kind of cause.

6s It is a method which experience hes shown to
work with much smaller numbers of observa-
tions than the eerlier method elthough its
use does not involve a commitment to eny
total semple size. . 97<sdn
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Fig, 16 = Control Chart for 204 Observations in
Table 4 Grouped into Seamples of 4 in
the Order the Data were Teken

Emphasis on Pertinent Informetion - I have stressed

the importance of relying not on quantity of data alone but
also upon the pertinent information given by the experimenta-
1ist, Let us illustrete this polint with the 204 observations.
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Suppose we put the 204 numbers on as meny chips and put them

in a bowl and mix them thoroughly. This would effectively

destroy what the experimentelist was able to tell us about

the order in which they were taken. Now let us draw one chip

et a time without replecement and then apply the same control

chart oriterion to this new set of 51 averages. The results

ere shown in Fig. 17,

tions of

Fig, 17 - Control Chart for 204 Observa

& Table 1 Grouped at Randem into S1
Samples of Four

A1l indication of lack of control is lost!
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In general, the experimentalist is able to suggest
& better grouping then that merely following the order in

which the deta were taken., This is all to the good aud simply

indicates more than ever the significance of meaking use of the
observer's judgment. 1In fact at the beginning of this seotion,
we spoke of two methods of detecting assignable causes, first,
that depending largely upon the observer's insight and secona,
that depending for the most part upon the analysis of data,
The control chart method effectively combines the two end in
this union there is strength - the strength required to de=-
tect in an economic way the presence of the little demons
(assigneble causes) that must be removed before we can eattain

e state of control based upon laws of chence.

Chert Must Not Give Fealse Indicetions Too Qften -

Now, there is emother angle from which we must consider the
use of this chart. It should not indicate the presence of
assignable causes more than an economic percentage of times
when such ceuses are not present. For example, in our work
thls percentage is approximately «3%. Let us therefore ap-

ply the control chart to 400 observations drawn from a

bowl where we know & law of chance does exist. Fig. 18
shows 100 averages of four for samples drawn from a bowl.

The test behaves as expectéds -~ o

/3 Cop gebe FELAAA A L
YR % NI e id
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____________________________________
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Fige 18 - 100 Averages of Four for Semples Drawn
From a Bowl

How Detect the Demons of Chence - In Conclusion years

of experience have now given pretty definite evidence that it
is possible to devise & technigque for dividing date into re-
tional sub~groups and for setting up certain aimed-at velues
and certain limits ebout these aimed-at values for any chosen
statistic such that: &) whenever a point falls outside such
limits it may be taken as an indication of need for a:_t_Lo_n,

gad b) so long as points fall within such limits this fact
may be taken as indicating that All®s Well. :}H. ; /

Friany 177077
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AS TIME GOES ON

STATISTIC ©

JUR R e e > o e e R R T > - - S W e -

Fig. 19

MAKING USE OF LAWS OF CHANCE

The proof of the pudding is in the eating so let
us see héw the quality control chart technique for approach-
ing & condition of control works toward solving the five
problems previously considered.

To Reduce ReJections to & Minimum - Tolerances

gre usually set after a study has been made of the vari-
ability observed in tool-mede samples and are 8o placed
that they just about include the observed spreed. Now,
under conditions of shop production there is usually a
certein fraction p im every lot falling outside these tol-
erance limits, In genersl, it may be expeoted that the

presence of assignable causes of variability will increase
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the renge of veriability and hence ralse the fraoction defective

ebove what it would be if these causes were removed,

Fig. 20 shows the results of the first wholesale

check on the theory. About thirty typicel items used in the

PER CENT
CONTROLLED,

AVERAGE

20

v

PER CENT DEFECTIVE

1923 - 1924 1925
YE AR

EVIDENCE OF IMPROVEMENT IN QUALITY WITH AB@i: a o °

ige 20 = Evidence of Reduction in Re jections
as State of Control is Approached

telephone plant and produced in lots running into the mil-
lions per year were made the basis of this study. As shown
in this figure, during 1923-24 these items showed 68 per
cent control ebout & relatively low average of l.4 per cent
defective. However, as the asslgnable causes, lndicated by
deviations in the observed monthly fraction defective fall-
ing outside of control 1limits, were found end eliminated,
the quality of product approached the state of control in-

dicated by an increase of from 68 per cent to 84 per cent
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control by the latter part of 1926. At the same time the

quallty improved: in 1923-24 the average per cent defective
was l.4 per cent, whereass by 1926 this had been reduced to
0«8 percent,

This illustrates how assignable ceuses can be
detected and removed in practice, how this results in a
lowering of the number of rejections and how the technique
set up is one that approaches a limiting economic per-
centage rejection for a givem kind of process corresponding
to the state where & law of chance controls the variability.

Can We Get Rid of the Demons for Good - It is one

thing to detect the presence of assignable causes and to
remove them, but won®t others take their place? Experienoce
shows thet in the majority of cases when one has once suc-
ceeded in getting rid of assignable causes in a given pro=~
cess others do not often take their place. Vitness, for

example, the story told in Fig. 2l1.
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Now, of course, it is desirable to detect the pre-
sence of assignable ceuses of variability as quickly as pos-
sible after they enter the process and before they have had

a chance to effect much of the output end thus increase the

number of rejections. As previously stated, the control chart

technique is especially designed to do this. Let us, there-
fore, see how it works to this end. Fig. 22 shows the ob-

served fraction defective in a certain kind of apparatus

TROUBLE\‘

Fige 22 - When Did Trouble Enter?

over a period of ten months. Beginning ebout April, the
rejection became excessive as indlcated. It is of interest,
therefore, to see how this trouble could have been detected
through the use of & control chart for fraction defective.

Such & chart is shown in Fig. 23 and gives indication of the

PER CENT
» I
B 3 ° o

o

=}

Fig, 23 - Even an Tnefficient Control Chart Detected
prouble Eight Weeks in Advance
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presence of an assignable cause elght weeks in advence. In-

vestigation revealed that it was very likely that the as-
slgnable cause at this time was the same as that found to

have caused the trouble beginning about the second week in
Thovsday

April, = ol.us.os

Now, it may be shown that the average is a more

sensitive detector of assignable causes than is the fraotion

defective. It so happened that the guality of a few instru-

ments of this same kind had been measured as wvariebles over

this same period. Applying the control chart technique to

these averages we get an indication of trouble sixteen weeks

in advance, Fige 24.

AVERAGE VOLUME IN db
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i t Caught
24 « Efficient Control Char
Fig.‘I’rc:uble Sixteen Weeks in Advanoce

These Tresults are but typical of those experienced

right along in the application of the control chart methode.
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To Reducs .&.mmint of Inspection to a Minimm -~ In-

Sspection may be as we have just seen to catch trouble in the
form of assignable causes and it may be for the purpose of
giving quality assurence., Here we shall consider only the
first of these two. How does the application of the control
chart technique tend to reduce the amount of inspection needed?
The answer is pretty simple. In general, there is only a
comparatively small number of assignable causes that enter
any production process. We have Just seen how these can be
detected and eliminated. Pretty soon we get to know these
causes and how to prevent them from entering the process,
When there is good evidence that this stage 1s reached, the

required emount of inspection becomes e minilmum.
L%‘L«'wa—u;» "vf POEEAS e S

To Minimigze the Tolerances - As already noted, the

effect of assignable causes is in general to 1introduce varie-
bility which can in most cases be effectively removed. Thus
in the case of the 204 measurements of resistance, the assign-
able causes of veriability were dlsocovered with the result
indiceted in the right-hend side of Fig. 25. Here we sse

sixteen averages of four observations each all of which lie

within the control limits, although these limits are much

closer together then in the case of the 204 observations. '’
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Fig, 25 = How the Removal of Assignable Causes
Enebles Us to Close up the Tolerances

.

It is of particuler interest, of course, to note
that this control chert method to be most effective should
be used at the various ‘stages of fabrication beginning with
the production of raw materiels. In this way it enables
engineers to weed out troubles wherever they oscur in a
production process and in this way graduelly to obtain in
an economic manner & state of control where the fluctuations
in quality follow a definite law of chance with minimum

dispersion.

To Make Prediction Possible - A few minutes ago

we were talking about the case where you were drawing with
replacement a sample from & bowl of chips with the idee of
trying to find out what was in the bowl under a oondition

where I was eallowed to change the chips in the bowl without
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your knowledge. Presumably we are agreed that so long as I
was playing the part of a little demon in this way, it would
be pretty diffieult for you to predict with much certainty
the contents of the bowl after a given drawing from an ob-
servation of what had been drewn. In much the same way the
little demons or assigneble causes in a produotion process
mst be found and removed before we attain the stete where
we cean predict with much assurance in the probability sense.
what-may-be-expested. Now we have been considering the ocon-
trol chert technique which has been developed to deteot the
presence of such causes of variebility so as to make pos-

sible their removal. Through this process it is feasible

to attain as a l1limit a condition where the chance cause

system behaves with certain regulearity which we term a law

of chance., ,

This situation is represented very nicely by the
case of throwing a penny or drawing a semple from the bowl
of chips, both of which we have already considered. 'e
have seen, for example, thet in each cese the sucoession of
throws presents & certain kind of statistical reguleritye.
For example, in the case of a sample drewn from the bowl,

the average approached as & statistical 1imit some value

presumably pretty close to the aversge of the numbers on

the chips... ./ .:
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Now, the mnext thing of interest to note is that
the number end kinds of prediotions that may be made ine

creases as we know more and more about the distribution of

the numbers in the bowl from which we are drawing. Likewise

in the case of production where assignable causes have been
eliminated we can make more and more kinds of prediction

the more we know about the nature of the distribution function

belonging to the cheance cause system. The diffioculty in this

practical case 1s that we never know exactly what this dis-
tribution is send under the best of conditions we can only
approach this knowledge in much the same manner as we &p=-

proach a statistical limite

Cese 1 « Functional Form of Distribution Known =

To illustrate what I have just said assume that the set of
numbers in the bowl follows the well-known normal distri-
pution although we do not know the velues of either the
average or the standsrd deviation belonging to this distri-
bution. The work of "Student", a stetistician in an in-
dustriel leboratory in Great Britaln, in 1908 made it pos~
aible for us to make a certain kind of prediction under
these conditions. For example, his work showed that if we
draw a succession of seamples from & normal universe and
set up certain ranges in terms of the averages and standard
deviations of these samples, we can predict how many of

the ranges may be expected to include the true average of
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the distribution. Thus, if we take semples of four we cen
set up & range which will include this everage in the long
run 50% of the time, Fig., 26 shows one experimesnt in which
one hundred samples of four were drawn from the normal uni-
verse, For each sample the average and standard deviation
were calculated and ranges set up equal to the averege plus

end minus .44 times the stendard deviation.

! l

“ |
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emples drewn, the Tange Iz

s
Tn 51 out of 100 true average of the

44 g included the
samples universes
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In this cese the true average is zero and we see that this

number is included within 51 of the renges. This prediction,

of course, is made for samples of four. It could have been
made for any other sample size. Thus Fig, 27 shows the re=-
sults of a simller experiment taking instead four semples of
1000 where the ranges are so constructed that we should ex-
pect them to cut the true value 50% of the time, 014 Lady
Luck smiled on us on this occaslon and gave us ranges two

of which cut the average, The significant thing to note

o_
4

R+.6745
Q
-l
>

i

2 3
SAMPLE NUMBER

I!'ig. 27

n 2 out of 4 samples of 1000 the renge
% + .6745 ¢ included the true average



o 52 =»

here is that the results shown in Fige 19 could not have

been predicted before the beginning of the twentieth century,
whereas 1t so happens that the prediction for the larger size
semple could have been made at least since the time of Gauss.

(1777-1855).

Case 2 = Functional Form and Parameters Kuown -

Now?if we know not only the functional form but also the

pesrameters in this functional form, we can make still further

predictions whieh will check just as well as those indicated,
Whet dqoes this mean from the viewpoint of using

lews of chanece in industry? Well, in connection with the

use of raw materials end plece-parts, it is desirable to

be eble to predlct with as high a degree of assurance as

is feasible the reange of variation that is to be expected

in the probebility sense in the completed unit. This is

necessary in order that we may meke the most efficient

use of the materials at our disposal. It is therefore

desirable not only that we atteln a condition where the

chence veriations in the qualities of plece-parts and rew

materials behave in accord with & lew of chance but salso

that we obtain as rapidly as possible information about

the nature of the d&istribution of quality approached in any

e g

VALY
given case. .: -7,

4 nf

70 institute a research that would discover be-

fore the start of production all of the assignable ceuses
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that might come in Securing raw meterials end in applying
the shop processes would be prohibitive from an economioc
‘viewpoint. The besauty of the method briefly desoribed
here this evening is that it enables engineers to begin
at the beginning and to proceed in a direct way to get
more eand more informetion during the process of produstions -
It enables the engineer, as it were, to keep on the right
track through the discovery and elimination of the little
demons of trouble. As a result the assignable oceauses may
be detected and eliminated early in the production stages
and other date may be accumulated where desirable to indi-
cate the nature of the distribution function associated

with a given cause system. This makes possible a continuous

approach towerd the goal of the greatest efficiency in the

',I,'f)j\'r -

design and use of englneering materials, '

To Give Maximum Quelity Assurance at Minimum Cost -

What more would you went to know about the quality of a thing
that you were going to use than that 1t was controlled in
accord with the law of chance which gave you a certain dis-
tribution funection? Now, everyone of us is interested in
the quality of the things we buy, in our food and clothing,

in the quality of our water supply and in the quality of all

kinds of things that we use. IR order to get & line on this
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quality we sometimes ask to sece a semple. In fact, certain

organizations ere set up to do this kind of sempling,

I think perheps enough has been seid to indiocate
some of the reasons at least why we must be very ocareful
in the interpretation of eny such sample. We have just
Seen, for example, some of the ways in which the little
demons or assignahle ceasuses may enter in such a way as to
make prediction in =& probability sense with any degree
of assurance very uncertain. At the same time we have
seen how it is feasible on the pert of industry to find
and remove causes of variability in the process and to
bulld up informetion which will give perhaps the greatest
possible assurance as to the quality of product to be
made by this process, In other words, we may grasp here

the significance of taking "a look at the record", as it

were, of vhet has been done up to & given time in the
process of attaining a state of control where the vari-
ability follows some law of chance. Just a few days be-
fore I left my office a beautiful example of omne such a
controi record came to my desk. This wes a cese where
eaerly trouble hed been experienced, Fig. 28 shows the
recent consecutive quallty record of approximately 250
semples of this product, both as to averege and disper-
Quite a record of controlt Practically as good

sion.
as drawing chips from a bowl where the chips are selected

with ceare and are free from dirt. Possibly better than
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Such a record, in other wofds, provides the great-
est possible assurence of quality of product and I think
it is significant from this viewpoint to see that it is the
kind of record that must be built up by industry itself in

the process of production. Trying to interpret a single

semple without this look at the record is somewhat like a
fisherman tryilng to judge how meny fish there are in a
given lake after he has fished there only once. He could
probably learn & lot more by comparing notes with some old
fellow who ﬁad fished there all his life.?’)lt is significant
that not only does this method provide the“greatest possible
guality assurence but at the same time provides a plen of
production which gives the other four adventages which we

have just considered.z . :

NEED FOR COOPERATION OF INDUSTRIAL

GROUPS

We have seen some of the e.dvantages that a single
industry can attain by reducing variebility, to a oondition
where it is controlled by a law of chence. As already noted,
however, no industry can éecure all of the possible edvantages

of such coﬁtrol unless it has the cooperation of other oompanies



furnishing materials of one kind or another because the

need for control in this sense extends throughout every

stage of the production process from reaw material to fin-
ished product.

This need for cooperation is much the

seme as thaet which brought into existence netional end ine
ternationsl standardizing organizations. It is therefore
more or less to be expected that such groups would be the
first to attempt to secure on behalf of industry the ad-
vantages to be obtained through cooperatione

As early &s 1929 the American Soclety for Testing
Materiasls and The Americen Soclety of Mechanicel Engineers
celled a conference to consider the problem of securing the
advanteges of the application of statisticel theory and
laws of chance in the problem of menufacturing. As & re-
sult of this early oconference, & Jjoint committee was es-
tablished under the sponsorship of these two socletlies to-
gether v-vith the American Mathematicel Society &nd the
American Stetisticel Association. In 1930 the Amerlcen
Society for Testing Materiels orgenized a separate com-
mittee to treat of the specific problems confronting members
of that group ;t.n the testing of raw materials and the writing
of specificetions for their quality. In 1932 a committee
similar to the American joint commitiee was established under
the auspices of the British Stenderds Institution of Great

Britain and & short time after & comnittee was established
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in Germany under the Deutsther Normenausschuss. In 1933

the Royal Stetistical Society organized its first section
upon 1its one-hundredth anniversery- a section devoted to
the speclel problems of the appliceation of statistical

theory to industry and agriculture, particularly that of

quality control. Already much has been done through the

cooperation of these groups on & national end internationel

scale., As a result, spplications are being mede in meny

industries in several countries.

~

SUMMARY

Man started his sojourn orn eerth some 1,000,000
years ago. For something like 700,000 years he apperently
did not even dream of control. It was nearly 990,900 years
before he began to fit plece-perts together. By 1787 or

only 149 years ago, he hed felt the need for mass prod.ction
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of interchangeable parts and acquired the idea that he

could make such parts *exactly™ alike., He was acting

under the influence of the then prevalent concept of

exact science. He failed to attain his objective and

introduced the concept of a "go™ tolerance. FEven yet

he d4id not begin to think of chance cause systems as
such - he simply introduced the "go" tolerance in an
effort to get around the effects of chance causes.

Again he met with difficulties which led him to adopt

about 1870 the "go no-go" tolerance. Still he did not

concern himself with the study of chance causes as suche.

1, By ebout this time or a little later, however, scientists

were beginning to change their concepts. They were begin-
ning to realize the necessity of thinking in terms of the

effects of chance causes. But even up to the turn of the

century there ls scarcely any record of an attempt to dis-
cover end arply laws of chance in the field of engineering,
at least to the control of quality. Soon thereafter, how-
sver, such studies began to spring up in various corners

of the earths! In 1924 we have the introduction of the
quality conti';l chart technique based upon a study of ohanoce
cause systems., This, as we have seen, has gone a long way
toward providing a technigue for 1) minimizing the cost of
rejections, 2) minimizing the cost of inspection, 3) mini-

mizing the tolerances that must be allowed thus meking more



- 60 =

efficient use of materials with which an engineer must work,

and 4) providing the maximum quality essurence at & given
cost.

Chance or unknown causes of variability enter into

everything we doe. This fact is of particular importance in

trying to effect economic control of the quality of manu-

factured product - control of the quality of the things each

and every one of us use, .

P LIt is significent, therefore, se—each that industry
7;:?%@"?,*‘--# ffg wﬁfg ?mw{; f} Lo l';) A:"‘(dam&(f -

statist;xm is well on the road to the
/

Tead o

development of a technigue of making full use of, laws e&

&

chance; that the full adventage of such effortis can come only
through cooperation of industrial groups and that such co=-
operation is being developed on & national and even an in-
ternationsl scale through engineering end scientifioc organ-
jzations. Progress in this direction should make for higher
stendards of quality - & fact of 1nterest to each &nd every

one of us.

€ A. sHEwHART'S COLLBSVED \“:04’

/4
S caccuth
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