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On the thecry of errors of observation:

"It is a good thing to read up,
and when you have done that,you may as
well forget it."

Life of Lord Rayleigh bv his son, New
York, 1924, Longmans Green and Company,
page 369.

" so=-called 100 percent sample
from the viewpoint of scientific method
is, as soon as taken, a sample of the past.
The usefulness of such a sample is only as
a basis for drswing an inference about the
future and in this case  the sample (even a
10U percent sample) is but a finite sample
of a potentially infinite one that might
result from the cause system existing at
the time the sample was taken.*
Letter, WAS to WED, iay 9, 1940
{ "Tn 211 scientific investizations
the object is to find, not the situation
that prevails st a particular moment, but
the underlving tendencies and relations
which, with chance modificationg determine
these situations approximately.)}) The chief
object in sampling the population of
veattle is to find out something about the
underlying relations that make that popula-~
tion what it is. The situation in the
city fluctuates continually, and what is
found today will not be exactlv true
tomorrow."
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Letter, Harold Jotelllng to Lester
Frankel, July :30, 1938.



SCIENTIFIC MET:CD

Hypothesis Statisticel hvpothesis
Experiment Statistically des igned
experiment

Test of hypothesis Test of statistical
hypothesis
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. Certainly all applied scientists
need to know something about statistical
contributions of each step in scientific
method. Even the layman should know some-
thing about the potential contribution of
stetistical method.

l. Formal mathematics (distri-
bution theory) is guiding
hand.

: 2., My experience does not

To me < justify use of some empirical
) rules of inference of the
i medern statistician.

{ 3. However, same methematics
\ can be used in other rules
to be established
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'Fundamental ilypothesis 1

A, Formal - Distribution theory for
what mathematician calls "random" but
his results are independent of anyv
connection with reality. They are
operations with symbols,

B. There exist physical operations for

"which valid predictions can be made

statistically. These operations are
called random.

Example: Dreawing chips from a bowl.

Ié‘;yl

X Fundamental Hypothesis 2

Maximum control = random

= minimun tolerance
= maximum quality assuranc



How Set Most Efficient Tolerance Limits

if Random

How large a sample to set limits
for which probability P of falling outside
lies between Plﬁ PfiP2 and P <« .01.
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Practical Significance

1. Management
2, Social

3. Need for disseminstion
to public
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HOW ATTAIN A RANDOM STATE

¥ 11
Operation of Control Sv - %'

1. Specify in a genersl way how an
observed sequence of n data 1s to be exam-
ined for clues &s to the existence of
assignable causes of variability.

2., Specify how the original data are
to be taken and how they are to be broken
up into subsamples upon the basis of human
judegments about whether the conditions
under which the data were taken were essen-
tizlly the same or not.

3. Specify the criterion of control
that is to be used, indicating what sta-
tistics are to be computed for each sub-
sample and how these are to te used in
computing action or control limits for
each statistic for which the control
criterion 1s to be constructed.

4, Specify the action that is to
be taken when an observed statistic
falls outside its control limits.

5. Specify the quantity of cata
that must be available and found to satisfy
the criterion of control before the engi-
neer 1is to act as though he had attained
a state of statistical control.
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Historically Ll and L2 set for non-control

A, B, and € put in by statistics. Cannot
be set a priori.
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Jeguence of small samples

4., Importance of order. (Bven in stratified
sampling)

Maximum control = random state

is empirical result.
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Such control does not exist even in
measurement of velocity of light
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Shows that it can be attained by means
of operation of control

/SS*K

¢ ' 0y
YL iy



terion Using Runs % Hoeiseon oo

N

L

.'}?&'

VY

there evidence of lack of control in
1-a%



T5¢

UPPER CONTROL. LIMIT_
* M . . L]
501 * .o . .
A a a [}
251 ' . *

- OWER ™ CONTROL CIMI™ -
FIG.2a CONTROL CHART FOR AVERAGES OF
FOUR-RANDOM SEQUENCE OF FiG.la

AVERAGE FOR SAMPLE OF FOUR
3
o

75
. UPPER_CONTROL_ LIMIT_
sor . Tt . * * ehaee
U s v T ° .. ° v
sl e . . v f4
~ “IDWER CONTR T i
% s 0 5 20 25 30 35 20 > 61l

SAMPLE NUMBER

F1G.2b CONTROL CHART FOR AVERAGES OF FOUR
SFQUENCE OF THICKNESS OF FIG. 1b

Some Comments

1. Statistical state of control

requires a long seguence of
small samples.

2. Need for at least 25 samples
of 4 within limits.
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TESTS OF SIGNIFICANT DIFFERENCES

Case 1 - Unigue Samples

go
Table 27 in Fisher's book /¥

g
%17

a. First assume that two samples of 10
had been drawn from normal bowls.

b. Assume that they were observed in
practice. Here we would doubt
existence of randomness.

c. In either case test does not tell
us which oéne to choose if considered
as unique and of same cost.

“Tg( Table 16 in Rider's book iShad

d. Usually want to know the difference
andf%imply the null hypothesis.
Hence errors of first and second
kind.

Case 2 - Samples not unique

Comments

1. Significant tests have increased
caution in education and elsewhere.

2. All engineers are more cautious
because they have had to live up
to tolerances. Hence what they
want 1s something more.

(cont'd)
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3. This want satisfied by operation of
centrol.

4, After engineer gets control then he
can use distribution theory in design
of overall tolerances as will be dis-
cussed elsewhere, Here we have only
treated a part of control theory.

CONCLUSION

Mass Production + statistical control
is_ new._ tool of reseurch dJithout it
maximum efficiency in use of raw and
fabricated materials cannot be attained.
sttainment means long succession of
small samples. ILEngineer cannot reason-
ably assume randomness - he must attain
it. It is of interest to everyone of

us because it should be used in the
control of everything we use. Operatlon
of control should be ap plicable in any
applied science. It fuoiusses attention
on causes.

Statistical statg of control(randomness)
cannot be attaindd in a day - it can
only be attained in a continuing and
self corrective mass productlon rocess.
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