or  TAISTICAY, CONVSULT YT
71 L ddid

LRHPLE _OF pow ScerriST 9
dwsrzmm 7 coo ,v;/r RTE

' % 5‘*&"‘4"“% Mtr,...(_ 2"t 5"-44441-«44

Te371 76 Wﬂrm:.s AG ST
E€Re S of ta Y 2t fowD

/% EXaH P& MW CHEAING

A@f&(/ S ABrce ;/J/V




QA
w Discussion of Papers of

B. L. Clarke and F. J. Power

by

Waltexr A. Shewhart

Bell Telephone Laboratories, Inec.

_._CALCUTTA

Meeting of New York Section of The

American Chemical Society at Hotel

Pennsylvania, New York City, Friday
evening, April 2, 1943, 8:15 P.M.



INTRODUCTORY REMARKS

In last Tuesday's mail T received the
following note from s friend of minewho has
been trying to use statistics in his own
industry:

"I shall forsake all others to attend
the A.C.S. New York meeting this Fridev next.
We are still in the running and still find
statistics an uphill job ir an olad company.

"The purpose of this note is simply
to pass along a definition of a statistician
from a recent issue of Chemical Industries:

"A statistician is a man who draws a
nathematically precise line from an unwar-
ranted assumption to a foregone conclusion_.

I am sure that this definition will
help you to appraise any comments that I as
an industrial statistician may make. The
.worst part of it, however, is that this
»@'riend did not go far enough. He should

"also have called attention to the fact that
a statistician can serve only as a consul-
tant to the scientist, and some one has
described a consultant as

"an ordinary guy'a long way fron
home '™ '

My comments tonight are those of a
statistical consultant.




Perhaps you will refrain, however,
from "throwing stones" because the chemist
on this score lives in a kind of glass
house, Many, if not all, of you use at
some time or other the classical theory of
errors. At least one of the world's great
scientists, Lord Raylelgh, has said that
the theory of errors is a good subject to
read up on and then forget. Yet in the
latest book that I have come across {1940)
written by & chemist, the classical error
theory as it stood at the turn of the cen-
tury is carefully expounded and, lo and
behold! in illustrating its usefulness,
an example is taken from the work of Lord
Rayleigh.

In this same book we are told, as we
are told in scores of others employing the
error theory as it was known at the turn
of the century, that if we take a series
f observations,

:l, Xz’ s 0 Xi, 0.’ Xn 9

and compute
X + v.eo

50% of future observations may be expected
to fall within these limits. Such state-
ments have been made so often by high
authorities that they are often taken more
or less as gospel truth or as things that
we know for sure from the theory of errors.

1o



At this point I am reminded of the
sound advice of C. F. Kettering:

"Tt ain't them things you don't know
what gets you into trouble, it's them
things you know for sure what ain't so, "

Now 1t happens that the statement that
50% of the future observations will fall
within

X £ p.e,

although thought to be known for sure, Jjust
ain't so.

Before you chemists would want to
throw stones at the statistician, I am sure

that you will want to find out what is so
in statistics.

There is a second reason for you as
chemists to be lenient with the statistician.
It was, in fact, a physical chemist, one of
the most brilliant graduated from Oxford,
"o really started on a grand scale the
‘7/plications of statistics in applied
science - William S. Gossett of the Guiness
Brewery, better known by his psuedonym
"Student". He not only started the statis-
tical ball rolling and made statistics pay
in the biggest brewery in the world but he
pointed out why certain conclusions based
on the older theory weren't so.
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IMPORTANT STEPS

Confidence
Student 1908 intervals
Control
chart 1924 Z's of ASA
1st

Errors 2ndldnd 1925

Valid predic-

tion within 1928
tolerance 1941
limits

Run chart 1940
Analysis

of variance

WHERE USED

Research
Production

Inspection
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Slides

I - Birthplace of modern statistics.
Guinness Brewery
Slide # 22023
IT -~ B. L. Clarke data
Slide # 23453
Sequence of 55 measurements of
(% Carbon - True Carbon) for &
number of different compounds.

1. Chenist would most likely
reject nine points e

Run 1 of 11 above true value O.

Pye11,n=55 =011

Assignable cause found and
removed.

2. Chemist gquestions 3 points @

n = 46 s = /sz/n-l

- 1.01-X _ 1.01-.1494 _
v s Z7ET 1.80
P = ,03%6

t=1.80 —_—

'



9.

43 points left.

Run of 1 = 8 above zero.

Pi-g,n=g3 = 207L

7 of these points other than benzoic

6 of these "Victron©.
14 points other than ben
Run of 1 = 8 above 0,

Pyg =14 = -0156

Benzole n = 29.

zoic.

Total

Obs. Theory

Benzoic )

B. L, Clarke

14 15

Father Power

'n‘l-—- 29 ‘ n2 = 34
X, = 68.7593 X, = 68.9868
s, = .2677 s, = .1639
X, -X }
4 =L~ 72 _ 68,7593 - 68.9868 _ , i3
s}%;» .0550
Pi_g4.13 < »001
F sl/82 2.65 Pp ¢ .01

(3]



ROUTINE ANALYSES

A. Testing hypothesis against errors of lst

and yznd kind.

Example

Ho - Material under test is pure
benzoic acid.

Alternative (Hl - Impurity Type A present
Hypotheses EH?J ~ Impurity Type B present

Slide #19000

© Density of points HO
© Density of points Hl
« Density of points Hz

Rule of Action

Must adopt some rule of action in
which you choose a region win the xlxz
plane and reject if in that region
but accept if not in that region.

Any such rule is subject to two
kinds of errors:

e - Reject when in fact Ho
is true.

&, - Accept when in fact HO
is not true.

Problem is one of finding region w thet
will maximize the probabilities of rejec-
tion of Hl and I-I2 for a glven Pel.

jo



ROUTINE ANALYSIS (Cont'd)

B. Check for accuracy and precision.

Assunmption

Take Power's 34 observations
as setting standard

X' = 68,9868
St = ,1639
Radius of 99% cirecle = 3,0349 C°

Distance between dotted lines = 2(2.58)0"

Shift in accuracy - along 45° axis.

Shift in precision - if outside dotted
lines
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Benao’\c (n=29)

X 2.040b9 S loyyq

Ta.2630 226766

30_
E;x - loi71 3

n .'2.72?.‘1
P v 38
t._ Sa | 3R >
50 LosY L1862
A8 2.052 &5F6
99 2.772 1846

tolerance \awadvlys

Frefes X
ty Zq_g XLt -i"‘-’&
.50 Xt 63572 +.2269
- QST
s X+t 205718 (+.Saax
-.3\19
.39 T o+ 2.51943 ¢ x,qasy
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.So 08172

s .08 574

Qg .006355
® 3¢ P +3¢ P -3¢
50 .|73'2_ 732 .326%
98 07722 1.0272 €722
.97 01906 1.009] 9709

:E_ 2.5C O+ 2.58¢ C-2.58¢
50 1459 6459 381
g5 LObbY] 1.0164 .8530b

19 JO10OHO 1.00b4 Q736
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