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INTRODUC TI ON

Can you imegine an experimental scientist who is
not interested in the significance of his results? Can you
imagine one who would not jump gt the chance to make use of
any generally accepted measure;gf:such significance? Witness

for example the long history of the theory of errors and.ita
application in many fields of science, This theory provided
measures of accuracy and precision and criteria for the re-

Jection of observations, These were applied to all kinds of

“ ?
data as measures of significance,

But all sclentists did not accept the theory and its
applications, For example, no less a light than the late Lord
Rellegh once said that the theory of error is something good
to read and then forget, More recently uillikanl has exprese
sed emphatically his belief that,in measuring the error of
the charge on an electron,h;s graphical method of getting at
an estimate of uncerﬁainty wﬂ% better than that derived from
the method of least squares, Other scientists of equal
prominence have either expressed similar views or iggof:g/‘
the theory of errors. They have failed to attach much,sige-

nificance to such tests for significance.

! lectron and
Milliken, R.A., "Most Probable 1930 Values of the Ele

Related 6onstaﬁts", The Physical Review, Vol,35, 2nd series,
#10, Ppe 1231-1237.



Then, shortly after the beginning of this century,
a new school of statisticians sprung up and what did they do0?
One of the first things was to criticize the early work on
error theory. In many instances they threw out, as it were,
the old and substituted new tests for significance, Thet is
to say, they considered the significance of the early tests of
significance end found them wanting as had some soientists,
but for a different reason, Now,how have the new tests been
accepted by natural sclentists and engineers? 1In many cases
these men have ignored the new tests end in others they have
spoken out against their use as for example, Norman Campbell
who says: "It is as certain as anything ocan be that the great
majority of us will fail to use the weapons they (modern
statistical methods) offer; it is equally certain that this
great majority will inglgd, aiﬁbet all of the great masters
of the experimental arf@ﬁ‘- I know meny successful physicists,
chemists, and engineérs.ﬁho would.iﬁ;J;Amen" to this statement,

How is it today in the field of statistics? Well,

we have significence, statistical significance, levels of
significance, measures of reliability, confidence limits,

confidengé goeffici;nts,qfiduoial 11m1t;{ and” probability

1imits, The statistician telks about probapility, a priori

-
-------ﬁu—au-----—-----n----

""The Statistical Theory of Errors", Proc, of the Physical
Society, Vole 47, DP.800~-809, 1935,
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end a posteriori, mathematical probability, statistical
probabllity and fiducial probability., add to these the older
conceats of accuracy and precision, end one gets a pioture of
the of tongues that tends to confound the practical man,
This Bebde2 is none the less confusing when one finds that the
theoreticel statisticians seemingly do not all agree among
themselves!

With this background in mind, I wish to make a few
comments on the practical significance of tests for significance.
The theoretical statistician as a rule offers his wares to the
practical man with the remark that these are but tools to bde
used with common sense and Jjudgment, What I have to say may
indicate that the common sense and Judgment required of the
practical men is, at least in certain instances, of an une
common varieti;‘rw A T

It is—pexrheps needless for me to say that I am an
enthusiastic believer in the usefulness of teats for signif-

é@‘/’f"/‘/z(/a,\ A ¢ v - ' /H'/I ’ 'z
icance as they are called, . There 1is, however, .Quite a A4if-

L
ference between "significence" in the sense that such tests
furnish a meesure or level of such significeance and the
practical significance of such test results, Those of us

in the practical field must try to bridge this gap., Ky com=
ments are directed to this end, My approach 1is from the

viewpoint of the practical mane

/0,1} (l "/’



JLLUSTRATIVE STATEMENTS ABOUT SIGNIFICANCE
Problem 1

To get started let us consider a practical provlem,
Let us take one that is now almost fgmbﬁs in the so-called
theory of small samples - one first discussed by "Student"™ in
1908, 4n experiment on the effect of the optical isomers of
hyoscyﬁaine.hydrobromide in producing sleep gave the results
shown in Table 1, The question is: Is there a significant
difference between the effects of the two drugs?

TAHLE I

Additional hours of Sleep gained by the Use of
Hyoscysdine Hydrobromine

Patient 1(Dextro) 2{Lacvo) Difference(2«1)=X
1l +0,7 +1,9 +1,2
2 wlo6 +0,8 +2,4
3 90.2 "1.1 *1.3
4 Ql.a "0.1 "103
5 0001 -001 000
6 +3e4 +44,4 +1,0
7 +347 +545 +1,.8
8 +0.8 "’1.6 ‘0.8
9 0,0 +4,6 +4,8
10 +2,0 +344 +l.4
Mean +705 +2,33 +1,58

In discussing this set of data Fisher® says in
effect: Calculate for the differences

Fisher R.A,, Statistical Methods for Research Workers, 4th 7
Editioﬁ Oliv;r and Boyd, London, DPPe 112113, 1952¢ JD.ve— Zicwael
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With t thus found enter & certain teble of (nel)”sand P and ir
the P thus found 1s less than ,01, then the difference is
significant. Applying this test to the ten differences, he
gets a value ¢t = 4,06, and since for this value of t and for
n-l = 9, the corresponding value of P is less than .01, he

concludes: "The difference between the results is olearly

significant®,

Now suppose the research man getting the originel
data had been inclined to be a little lazy - I say Jjust suppose
thet there were such a man and that he had gotten tired and
stopped after making only seven measurements, Suppose he had
applied the same test for signiflicance to his 7 measurements,
Lo and behold, he would have found P < .01, and from the
viewpoint of the test, could have concluded that the difference

was clearly significant,
Table 2 shows the results of similar computations

for samples of 4, 5, 6, 7 - 10,
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TABLE 2
Sample t* for
Size p o P=,01 2 tr Ka t P
/n +/n

4 1,550 5.841 02843 1,66 545 013

S5 1le240 4,604 3803 175 3.26 038

6 1,200 4,032 3130 l.26 3483 013
-7 l.286 34707 02781 1,03 4,62 <,01
-8 1,225 v 34499 + 2484 «87 4,93 <,01
-9 1,600 + > 3,355 04343 l.46 3468 <,o01
flO 1,580 , 3,250 3890 1,26 4,08 <,01

- What happens when a practical man = busy as he can

be with the details of his problem - is introduced to such

results, He may ask himself, why go to 10 measurements when
7 will do, &t least in such a case, Usually he is a little
cautious and may examine the discussion of such problems in
statistical texts, Having, however, been informed through
such an investigation that the tests for small samples are
just as rigorous under conditions where they apply as are
similer tests for lerge samples, will he have the common
sense to question further whether a test that is significant
on the basis of a sample of a thousand or even a million is
any more significant than one that is significant on the basis
of a sample of four? I am afraid that such common sense is @
little too uncommon; The trouble here is perhaps that the
term "significance" does not mean the same in the mind of the

practical man es it does as used in the test,



Problem 2

"Student" as we know, gave a table for the value of

the probability that the means of a sample of n, drawn at

random from & population following the normal law, will not

exceed in the algebraic sense the mean of that population by

more than z times the stendard deviation of the sample, Knowe

ing this, it follows that we can write down for any such sample
a range

XtAX
for which the probability P is any previcusly specified value

that the range thues written down will include the mean of the

population, Suppose I take one sample at random from each
of two normal populetions and get ranges

123,350 = ,040 for 1lst sample

end 123,0445 + ,0428 for 2nd sample

Under the assumptions, i1s the true average of the
first universe any more or less likely to lie within the range
123,350 + (040 than the true average of the second universe to
lie within its renge 123,0445 + ,04287? You answer no because
the probebility is the same in both cases, 18 your answer
changed if I tell you that in the rirst-fzzadfho sample size
was 4 and in the second case 10007 Againayou must answer no

in order to be correct, Of all the facts that I have come to



know about the theory of sampling, none has been more impres~
sive than thls one,

For examplg, this means that if I had before me a
series of N bowls containing normal universes but with unknown
parameters and if I could draw a random sample of size n from
each, I could then set up a range for each bowl corresponding
to any given probablility P, Just think I ocould set up a range
for each bowl with a sample of 4 from each with just as good
reason to expect that PN of the averages of the universes
within the bowls would lie within these ranges as ir the

sample size had been as large as one cared to meke it,

Fige 1 shows for example, 100 such ranges for samples

of 4 drawn from the same bowl in which the average of the uni-
verse (distrivution of numbers on the 998 chips) was zero,
Please note that the zero line is cut 52 times out of a
possible 100 - pretty close indeed to 50%s  Now, what would
happen if we had taken samples of 1000 instead of 47? PFig, 2
shows the results of 4 samples « I got tired and quit at

4000 dreawings. Lady luck gave me just a 50/350 breakl Ob=
viously in this case, I didn't do a better Jjob with a semple
of 1000 than with one of 4, Of course, I do not offer these
results to justify (they are too few in number to do that)

but to illustrate the theory.
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Now, let me ask: Is the result obteined from the
sample of 4 just as significant as that obtained from the
semple of 10007 If it is, why can't we use small samples,
80 long as we use correct small sample theory? Think how
important the answer to this question is from the viewpoint
of determining how large a sample to take,

The answer to the question about significance ob-
viously depends upon the meening to be attached to the term,
Let us therefore see how such results are sometimes used, In
a recent paper by Eddington4, he puts the question: Suppose
I have occasion to use Planck's constant and I find in ref=-

erence books two determinations

h x 1027 = 6,551 t ,013 = Xy 4 X
b x 1027 = 6,547 + 4008 = Xy + 8 X,

Assuming that these are to be taken at their face value which

one should be chosen? He argues that the latter is the more

useful to him because it limits h to a narrower range, and
hence will lead to sharper conclusions, This, today, from a

great astronomer is typical of how many have interpreted the

interval
X+ A X

S W e w e G G s e G G BN A G M @ D @M G S G A @ W w N e P e ® o &

%Eddington, A.S. "Notes on the Methods of Least Squares™,
Proceedings of the Physical Soclety, Vol.45, Part 2, No,247,
PP. 271-282, 1933,
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Ever since the origin of the theory of errors,

thet 1s to say, they look at the magnitude of the AX, without

raising any question as to the size n of the sample from whioch

AX was determined, as fixing the range in which the unknown
true value is to be assumed to lie, Now, of course, the small
sample may in a single trial as in the case of the previously
referred to drawings from & normal distribution give a smaller
AX than a large sample from the same universe, Certainly,

W Oy, RE0ALT Sevge T1 o

however, ,a AX from a small rendom sample is less significant

in the long run than one from a large random seample when -on-

sidered from the viewpoint of establishing the range to be

used in practice.

The situation thus revealed is that if the world
were filled with normal universes that could be sampled at
rendom and all we wanted to do was to set up ranges for these
such that the prcbability of the true averages lying within
the renges thus set up is any value P, this could be done
with small semples just es well as with large. But if we are
interested in the precision (width of ranges) with which we
do this, then we must give attention to sample size, There
is no lazy men's road to this goals (¢

Going back now to the argument that the second value
of h is the one to bé used because ,008 is less than ,013, we

see that this attach% equal significance to the iwo ranges,

W, A. SNEWHARY'S COLLECTSI
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Even under ideal conditions of random sampling where the obe
Jective distributions of the errors for both determinations
are the same, this would not be justified unless the sizes
of the samples were the same, ' Such is the nature of the evie
dence that the kemé of common sense often used in judging the
significance of certain tests for significance needs to be
modified,

Without more ado, let us try to approach in a funda-
mental way the problem of setting up ways of Jjudging the practi-

cal significance of tests for significance,

THE MEANING OF SIGNIFICANCE

Have you ever sat on the side lines at political

arguments over "personal liberty", "personal rights®, "due
process of law", "constitutional rights", "the common man or
Johnny ¢ Public", or religious arguments about "God", "im=
mortelity" or ethicel arguments about "the right", "the good",
"the better", "the best"? All of us have had such experlences,
but how meny times have we had such arguments settled once and
for all? -Contrast with statements about such entities the
following statements: The Bell Telephone Laboratories is lo-
cated at the corner of Bethune and West Streets; iron is
heavier then water; the density of water at 40°C is one gram

per cubic centimeter, What is the difference between these



"-13-

i ftavwa st o

two classes of statements? _One can be verified, the other

cannot, Llkewlise we can talk and argue about significance,
for example, iIn the abstract, or we can talk about it in a

verifiable way. By choosing the latter, we can keep our feet

The Tenn.o
on the ground as is fitting for a practical man, Aa—o‘sanpl.o

——

“‘ Lha Prute fofy rfu Gooerne [ pbe

“gewemmm.haxr&“inmm. Tell a practiocal

man that a test measures significance, He willaat least if
he is cautious and if he has the common sense he is supposed
to have in using statistical tools - ask:
l. Significant to whom?
2¢ Significent for what?
Tell a practical man that & test measures the confidence, e
4] M_.,g_ cc .
degree of rational belief) and, if he has the prescribed come
mon sense, he will ask:
1, Whose confidence,or whose rational beliefp/free (ar=¥
4 S and! Aunod W?
2.“THelier in what? .

3. 3‘L01\)@4.4~ S rine 7 Se 'tu'f:e«.-r: Slivnlionatis ?
Test for Significance £, 4 Z' ‘LQ y 5 / , /4 /

P - Is
Piid A s IR RN RSN "'/-" -

From this viewpoint what constitutes a test for
significance? Let us look at the Student=-Fisher test for
significant difference between the observed mean X and an
assumed true value X' of this mean, given a sample of n ob=

served values Xl, Xa, evo ey Xi XEEY) xno Vie are told to

7 A ’Lf a ,
MAA A+ e I R
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calculate the statistics ;g. and X end the ratio (X'=X) /4 =4,
n ]

Then using this value of t and n~l, enter a certain table and
read a number P, If this number is less than ,01 call the
difference clearly significant, Obviously the test thus

described consists of certain formal rules for operating on

the observed data « simple operations too that any one can
apply and all will get the seme result,

You may wish to call my attention to the fact that
in my description, I forgot to state that two provisos are
included in the test - (a) the sample must be random and (bdb)
the universe must be normal or at least approximately so.
Yes, you are right. | But if you ma.ke a mistake in applying
the test to a ssmple of n data and get a certain value P
when the ssmple is not random and the universe not normal you
will get the same value of P as though you didn't make the
mistake, The test itself without you is insensitive to such
mistakes, It 1s in this sense a pure'"‘rornal or mathematical
rule of operating on a set of numbers that you chooss to

operate on in this way.j?&ight here is where the practical

man with the right brand of common sense gets a severse shock,
The probability P or measure of esignificence as 1t is called
is just the seme for a set of n data when the one making the
test doesn't have the common sense to choose to use the test

under condition when it is supposed to work as when he does,
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The practical man of common sense can't swallow that, Yet
all brends of practical significance start with a considere

ation of the data from the viewpoint of how they were gotten

end who got them, %«mf £ ff» ST P

‘ s 4_,
i e’
The practieal man is often quite justly disturbdbed over

the fact that the P given by the StudenteFisher test was called

probablility by Student end is now being called fiducial probdba-
bility by some statisticiang It has also become a custom among
many to refer to P as a level of significance or confidence,
Thus we have

P 1s a probability

P is a fiducial probability

P is a level of ligniricance

F v & et § R .

P is a measure of tontidence

P < 401 is clearly significant,.
But from the viewpoint of the rule of getting P from the set
of data you choose, P is just & number = a number by any other
name is a number just the same, The tool that the mathematical
statistician gives the practical man in this case is a rule for
getting a number P from any set of n numbers (observed values)
chosen by the statisticien, What is the practicel significance

of P? That is what must be supplied by common sense,
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Practical Significance

Let us consider here the very simple case of testing
for significant difference between two samples X119 X3ps eese

xlnl and Xoyy X5o, seee ina such as the difference between the

effects of two drugs in producing sleep, or the difference in

the quality of a given kind of product produced by two machines,
or the difference in the effects of two kinds of fertilizers.
The Student~Fisher t test gives a test for the significant
difference in such averages.

Assuming that the universes from which the samples

were drawn have averages I]" and X; respectively and let

A X -ii-I.'g

Now from the two samples we get an observed difference AX in

sample means:

AX=1 - X,

Confining our attention first to the trus but unknown
difference A X' there are four questions which a practical man
may and usually does ask, They are:

1, Is there a difference?

2, Even if there is a difference 1s 1t econom-

jcally feasible to discover this difference?

3, Even if there is a difference, will it be

one that will be sensed in use?
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4y Even though there is a true difference that

1s large enough to be sensed, is it large
enough to be of any appreciable value?

For example, in the case of the two sleep producing
drugs there is the question as to whether or not there is eny
real difference between the average effects produced, That
difference might of course be in absolute value only a few
seconds or even Jjust e fraction of a second, 1In fact the
test as applied by Student and Fisher in the way indicated
above simply tests &s it were the hypotheaia that &4 X' = O,

Mw&%“ ap oy Tae Aromn Tt Ao et dhe Lot Ao ey 2
- %f there is a resal dirferencé but of only a

RV a

few seconds let us say, you can imagine what a Jjob it would
be to £find it and to establish its magnitude with any great
degree of assurance, From thls viewpoint the question as

to whether or not there is a difference even though very
small is of more or less academic interest, Certainly if
the actual differen;; i; the average effects is only a few
seconds or even a few minutes, it would not likely be sensed
by those using the drugsté But even if it were sensed in such
e case, the difference would not likely be worth very much
to the users of the drug at least when compared with the
cost of trying to discover the difference and to control it

under productions
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In conslidering the significance from the viewpoint
of whether or not the difference &4 X' cen be sensed, the drug
example is perhaps as simple a case as one can conceive, 1n
the majority of cases, the difference is in terms of a physi-
cel or chemical measurement whereas the sensory experience is
a more or less complicated function of such a measurement,
For exsmple, the minimum detectable sound intensity varies
with sound frequency and other factors,

Enough has been s&id to indicate that before we can
say anything about the practical significence of the test for
significance, we must see what we can infer from it as to the
existence of a difference, the feasibility of finding and con-
trolling the difference in future experience, and the magnitude
of the difference.

From a study of the results given in Table 1 the
practical men might conclude:

1, There is (or is not) a difference in the sleep

producing effects of the two drugs.

2, The difference is (or is not) findable and

controllable,

3, The difference is (or is not) one that will

be sensed by the users,
4, The difference is (or is not) one that will

be valued by the user,
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Any one of these is a judgment or probable 1nference

J, based upon evidence ¢, a part of which may be the results

given by one or more tests for significance. -In the infere

S E——— TOR s ey,
e

ences as stated, the difference considered as of importance

ey e

is not simply the differences in the true or expected averages,

To get at the practicel significance of tests for

significance, we must consider their interpretation.,

Interpretation of Test for Significamnce {4 Acy: ¥ ML
First let us consider the difference between the test

itself and its interpretation. For the sake of definiteness,

let us consider a very simple example, The previous example

is a little too complicated to begin with, I have before me

two bowls containing circular pasteboard chips like the one

I hold in my hand, On each chip there is a number, Now, I
draw'*vﬁﬂ( replacement a semple of four from Bowl a4 and now

e similar sample from Bowl B, The numbers thus obtained are:

TAELE 3
Bowl A Bowl B
+1.0 -2.1
- o8 - o5
+ .3 "2.8
- .2 .5!4
Meen X; =  +0.75 X, = -2.2

The practical question to be considered 1s: ls the true average

I} of the numbers on the chips in A different from the similar

average for B?
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Let us apply the StudenteFisher test to these two
sets of n=4 data, This consists in calculating from the data
in a prescribed wey a number t which in this case turns out to
be t = 2,650, Then entering a table of 't with the approximate
"number of degrees of freedom" we get another number P = .08,
This constitutes the formal part of the rule.

Now in applying the test we sey that if the two samples
are drewn at random, if the distribution of the numbers in each

bowl is normel and if P < ,01, the difference is significant,

Whet does such a statement mean? How,ﬁ}n other words, can it
be shown to be eithe:vtrgg qr‘false?w‘

ir;%fs;mé;;mple,“you look at every chip in each bdbowl,
write down the number found thereon, calculate the true avere
ages 2{ and X3 of the numbers in the two bowls and find that
Ti - Ié = 0, would this constitute a verification of what
we say when applying the test? Obviously it would verify
the statement that there is no difference but I prefer a
negative answer to the question as asked for the following
reaégziaiﬁgggyis where we try to attech meaning to the number
P as a probability. We interpret P as indicating that, 1if
the test is applied to samples taken under the conditions
prescrived, then in a series of N trials in which samples
were Z;us taken and the P calculated as indicated, in PN

of these ceses where the actuel differences between the avere

ages in the bowls is zero we would get a value of t as great
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as or greater than that observed., Obviously we couldn't

verify this meening by a single casel}

o it v

The practical men asks a very simple question, Is
111 - X3 = 0, and we as statisticiens tell him well, if that
is 80y We may expect to observe a value of t > 2,650 under the >
conditions here assumed about .08 N times in every N trials. b i
Stated in another way t;;;n;eans that if>£he practical man
takes the bull by the horns and concludes under every such
condition that the true difference is not zero when t = 2,850
he will make a mistake in 8% of the cases when the difference
is zeros On the other hand if he concludes that the difference
is zero he will run a chance of overlooking a real difference,
$%°§£a§§“r§f§?§ fﬁétﬁﬁg ¥;t§?¢"rwq trbo o, 4 ;:i,,?{.- f Hann M

‘ * Corrn sty +— e ~.,

Next, however, let us consider the practical sig- 12“‘(

nificence of the fact that as yet we do not kmow that the
conditions imposed on the one applying the test have been
fulfilled, Were the samples drawn at random and are the
universes in the bowls at least apyroximetely normal? We
as theoretical statisticians may dismiss such question es
being somewhat trite., What we say 1s the gospel truth if
the conditions are met, But when the practical man applies
the test to & set of observed deta and interprets it in a
way that is correct if the assumptions are Justified, he

will be making a mistake if the assumptions are not justified,
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This fact is usually considered too trite to be emphasized in
texts on statistical theory. We spend a lot of time showing
how to calculate a level of significance out to two or three
decimal places but we spend comparatively little (1f any) time
considering the chance that the user of the test will be core
rect in his judgment of the conditions.%@For example, if one
mekes & mistake of this kind on the average of p% of the
number N of times he uses a given test, the interpretation of
P certainly holds strictly in just (lep)N cases on the average,
Only 1r P ;s very small may the practic;i man Jjustly overlook
§g§;‘source\ofMérrbrg HEn ﬁy limited experience in the rield
of applied physics and chemistry and engineering, I have found
this source of error to be quite large unless used only after
enough observations have first been teken and analyzed in a
way to detect lack of randomness, In my own work under best
conditions this means at least something like 150 observations -
something like a 100 in the process of detecting and removing
assignable causes and at least 50 which give no evidence of
the presence of assignable causes.%Fhote that I didn't say
enything about the significence of lack of normality.

£, S, Pearsonf and others have removed much of the need for
worry over this source by showing that a small variation from
normality does not affecf materially the value of P in the

Student-Fisher test. We shall return to this later,



Now, let us summarize what we have found out abvout

the interpretation of a test for a significant difference in

universe averages, Two factors are important, the meaning of

the test and the knowledge provided by the test, it being noted

that the test itself is a formal rule of operating on the obde

served numbers.@The meaning in order to be verifiadble must be
3perationa1 and in the case of the application of a statistical
test, the operation is of the nature of & repetition of a simple
operation in which an event E 1s to be %gsened to heppen on N
the average PN times in N repetitions. Now knowledge about

the world in which we live is always of the nature of a probeble

4
inference, In so far es it is operationally verifiable, it ;
consists in a certain degree of belief 1?&, based upon specified \
evidence @, that an event E will happen if a certain specified A‘:
operation is carried out. For example, the results givem by ’
the test applied to the data in Table 3 constitute certain o
evidence Q. et vl 76’(&;»:.,3{” L [JLA Crmit s

The first impor_gant tﬁing to note is that we may use
this evidence as a basis of predicting more than one kind of
event. We have chosen tc consider its significance, however,
as avbasis of predicting whether or not the true difference
Xj_ - Té is zero&3 We may interpret the test as indicating that
in N repetitions of the experiment and test, we could expect

to observe a value of t as large as or larger,than that here
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observed only ,08 N times on the average provided two condi-

tions are met in sampling. Subject to these two conditions,

if we conclude that there is a difference whenever t = ,08

we shall meke a misteke in ,08N cases out of N trials when

there is no difference., It helps us to estimate 8 certain
XXMM&LLLMMLV%% ‘t‘*(‘““ SR ST
kind of error, 'Referring.to.the data in Table 3! whet-eheld

f
we—decide., 1s the difference X! =~ 2' equal to zero? ‘;‘q‘ -
d . B l .
/}'rgf@ wé$ bt G et gt (,Z - -~ ba rieon b R
I think most practical would swer no,” 1t AN

pushed to choose one or the other bowl upon the basis of the
data of Table 3, it being advantageous to choose the one with
the highest average, I believe they would choose the one which

gave the sample with the highest average, They would do this
irrespective of the results obtained by applying the test,

Would a statistician do differently? I think not, if he is a
good statistigian, even though the observed difference is not
élearlx significant! Certainly, at least, the observed value
1s the most likely in this case.i?ln what way, therefore, is
the test of practical signiftcanee? As far as 1 see it simply
gives one a little side information as to how badly one may

be fooled in acting ;;mif there were a real difference equal
to that observed i.e. +2,275 in at least B%Lor the ii:::-you

would get a value of t as large as or larger ,thean that ob-

served even though the true difference is zero.
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Interpretation of Test for Significance = Further Comment

The problem Jjust considered is very simple in character
compared with that, for example, of testing the difference in
the sleep producing effects of the two drugs, In particular,
it is possible to find the true difference in the case of the
bowl and also to check the distributions of numbers on the
chips, assuming that we can look at all of the chipa: It 1is
not feagible to do this in the case of the effects of the two
drugs., ‘igln this case, if the sample difference A X is observed n
under random conditions the only sense in which there is an e
objective difference is es a statistical limit Lz as the aamplqijf\

size n approaches infinity -

A
L, =4 X %

n -+ o R
This is of much importence from the viewpoint of practical
significance of differences, For exemple, in a previous seo- 4
tion, we have pointed out four ways in which A X' may be
practically significant. In this case, there isn't a true
difference which is observable, The only kind of observadble

difference is either, (a) between an‘obsorvpé difference and

an assumed true difference or (b) between an average of, let

us say, nj observations and an average of, let us say, np

observations made under presumably the same essential condie

tions as we say;?ffn either case, the observed average or

z 7 - L
é‘oc % W 7»147 M a—-’wﬂ /’6 5701/1,1,/ Ve dase Fon
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averages are suppo

séd to be obtained under random or the seme
essential conditions,

What is mean't here by random? Did the ten ratients

rd
constitute a random samplﬁggySuppose you say yes and I say no,

How may we exemine the data to see who is right or at least

how can we settle the argument? /74'
s

Let me illustrate with another set of data, this time,

measurements of insulation resistance on a new kind of material,

]

Table 4 gives the results of iaw measurements of insulstion

{

4700 | 4650 | 4640 4570 4560 | 4450 | 4500 8078 | 4500
4 4170 | 4335 | 3700 | 4570 | 3075 | 4450 | 4770 ! 492
41103 1 4256 2068 8150 | 5075 | 4930
4410 | 4170 “:4615 | €445 | 4160 | 4080 | 4450 4700
4180 | 4375 | 4216, 4325 8635 | 4700 5250
4700 | 4175 | 4275 | 4845 | 4125 5 | 3635 | 8000 | 49015
4790 | 4550 | 4275 4100 ) 4300 | 3635 | 5000 | 4428
4340 | 4450 4560 4340 3900 5075 | 4138
4895 | 2855 | 4615 | 4700 4575 | 4840 | 4340 | 4700 | 4430 | 4190
5750 | 2020 | 4735 | 4310 | 3875 | 4840 | 4340 | 4500 | 4215 |
4740 | 4375 | 4215 | 4210 | 4050 | 4310 | 3665 | 4840 | 43256 | 3690

4375 | 4700 4050 | 4185 | 3775 | 5075 | 466856 | 5050
4895 4355 | 4700 | 4576 4685 | 4570 4615
4255 | 4090 | 4700 } 4700 4685 | 4700 | 4850 | 4770 | 4615 | 3150
4170 4700 | 4430 | 4430 | 4440 | 4775 | 4570 | 4
38 4335 4850 | 4300 | 4850 | 4500 | 4925 ! 4768
4445 4005 | 4850 4125 | 4770 | 4778 | 4500 | 8000

resistance on succession of its many sample pieces of material,
Do these data constitute a random sample? The man who made

them tried to keep his conditions essentially the same, in



“ 27 =

the table,the order of taking the measurements is from the top
of the first column downward and beginning again with the top
of the second column and so on. Do these deta constitute a
random sample? If they do,we may apply a test such as the
Stu@ent-Fisher t test to test the significance of the difference

of the observed mean from any specified value subject to the

interpretation.glready considered, If, however, the sample

is not random, the test is not supposed to apply or if applied

there is some question as to how the results mgy be inter-
.u»‘{. (RS ad PREE. = : .(-‘ *’/ i o ) ; - ,

preted, Hence it 1s important to owkwhbther or not the dat

are random, o

Early in our work we devised a criterion to apply to
such data: DBreak up the total set of n data into subsamples
of 4 taken in the order in which the data were taken, Cealcu-
late the grand average and certain limits on either side of
this average, Flot the succession of points corresponding to
the averages of 4, If all‘éoints, when there is at least 25
averages of 4, fall within these limits, thén apply tests for
significance of differences in the observed mean from some
specified value with a clear conscience and an expectation

that the interpreteation of P under "random" conditions will

be found to be Justified,

e

Applying this criterion to the 204 observations,

we get the results shown in Fige 3. There are 8 points outside,
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I wouldn't feel Justified in applying the Student-Fisher tests

to these data, _
@(VLLA ! - v ;
What heppens if we apply this ,test to the 56 values

of the charge on an electron as observed by Millikan? Fige. 4

is the answer, All points‘are inside,
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Fig. 4
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Likewise what happens when the test

of averages of 4 drawn from bowl #).

1s applied to succession

used above, Fig, 5 is

the answer. All points are inside,

uuuuuuuuuu

Fige 5
In the case of the Milliken data there are only 1l4

instead of 25 averages of 4, I would feel pretty safe in

epplying the test for significance here but in general our
experience shows the desirability of going to 25,
| S S b oo U
/
May we consider the above criterion a test for

randomness? Well yes. We may call it that if we please,
‘From a practical viewpoint, however, it 1s simply en operation,

Personally I do not know what "random" means., My experience
has shown me, however, that a test for significance epplicable
to & "random™ sample works in general when applied to data
that have been previously shown to satisfy the abvove criterion.

Otherwise it does not. }_Zo‘—u 7"4—7 ivm _a_—é M

o %Moqm_, R



égterpretation of Test for Significence - Slightly Different
ase

Let us consider the problem: A large brewery recome

mends to farmers a speciel variety of verley, say V A

breeder recommends a certain new variety, say Vi, which in

his opinion is eble to give a larger value of a characteris-

tic X desirable for the brewery, The brewery carries out

experiments to test the adventage of the new variety. We

are interested from a practical viewpoint en knowing whether
or not

This problem has been recently proposed by Neyman and is
typical of many erising in industrial research when we want t«
compare the new with the old. ,

We could, of course, compare the twc by taking samples
of each but it is perhaps better to consider the comparison or)
the average of a sample of the new with the acceg?ggm/

for the old, Assume that such & comparison is made and that the

observed difference

T-%; -o%
is found to give & t corresponding to P fﬂ.OB. /WOuld one

change to the new on & basis of such evidence if the sample

was of the order of 4 let us say% n the previous ceee)
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when we assumed that all we knew ebout the two averages under
comparigon was revealed by the sample, it was argued that if
forced to a decision it was reasonable to choose the one with
the larger average, Would one do the seme thing hore? I
think the answer should be no! One can't afford to throw
over the old for the new about which we can judge only from

a small sample which tells us so little, % well remember,
-/ e M,ﬂ‘“ A‘d'
before I became interested in sbetattsn of an 1:1&1131;1'3[t take
4 '
ing ,‘chance of this character based on a semple of n = 13,
It turned out that the new was not even as good as the old

and in the end they lost over $50,000 in their hasty decision,.
Possibly it was the unlucky number! However, I have seen
other examples wh;lch turned out about as bad,

iy - 7
Three Kinds of Errors ‘7n

Consumer Risk ~ Error of First Kind

We may look upon the applicetion of the Studente
Fisher test in the manner indicated above as a test for a
certain kind of error: thus giving the probebility of re=-

S Bt AR
jecting an hypothesis when true, The hypofheeis Hy 1a that

Rl

the difference between the true average is not zaro' If the
true difference is zero, we shall make a mistake on the
average of PN times in every N applications of the test,
This is en exceedingly useful conception because 1t makes

it possible to calculate the limits within which it is likely
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that a certain statistic will fall in a series of samples

drewn et random from a given universe,

A simple example will serve as illustration, A

sample of n units is drawn at random from a very large lot of

product in which the proportion of units heving non-conforme

ing quality is an unknown value p'. In the semple X = pn

individuals are found to be non-conforming. The provlem is to

obtain limits p:'L and pé such that we may expect (l1-P)N lots

for which p = nx is found to be non-conforming in semples of
n to have true values of p' between pi and p:'a. Fig. 6 shows®
such limits for a sample of 10, end a value of P = ,05,

Sub Jeet to certain approximations, the prediction
that pi < pt < p'z will be correct in 95% of the cases met with
in a long run of experience and wrong in 5%. 1In 2,5% because

P* < P, and 2,5% because p Z Poe

" CONFIDENCE RBELT
WITH COEFFICIENT 8%
FOR SAMPLES OF ). f

SCALE orF p’
* @ =3

S » S. "The Use of Confidence or Fiduclal
Clopper, C.J. and Fearson, E.S.

Linite 3instrated in the Case of the Binomisl®, Brimetrike

Dec, 1934, Dpe 404~413.
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In general let us consider a universe
ﬁf = £({o* o! (X '
(61, 01, +e0 01) ax

Let us take a random sample of n values of X and let us cone
sider a statistiec

8, = ¥(Xyy X5 eeee Xp)
In certain cases the distribution of Gi in samples of n can ve
expressed soclely as a function of a paremeter 0; of which @4
1s the estimate found by the method of meximum lixelihood,
If 04 is such a statistic of continuous variation and P the
probability that € should be less than any specified value,

Fisher® nhas vointed out thet we have a relation of the form

& case in point is the distribution of the maximum likelihood
estimate @ of the standard deviation o' = @' of a normal
universe from a sample of size n. Give7é, we may set up a

range

Ky o' <9<k, o

such that for any value o' the probability of getting a
value of © within this interval is any previously specified

value P, Now, if every time in practice that we take a

- - e = o o
W s M e e e B B R W S W A & & = -
Wi M ey e G M & o

6F:‘Laher, R.A, "Inverse Probability", Proc. of Cemb, Phil, Soc,
Vol, XXVI, Octe 1930 DPPe 5885354
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semple of n under such conditions, we take the velue of ¢

found from this sample :
ple as being cy'/ wWe will obviously have P%
of our estimates lying within the above range, TFig., 7 gives

such ranges for a value P = ,98: 1% below k10t and 1% above

kBO".

Figo 7

In our own work, as far back as 1924 we ran into
the need of considering an error of this character, In
sampling product there is elways a chance of rejecting prode
uct even though at standard level., That is to say a producer
Tuns a certain risk of having product rejected even though
satisfactory. This producer risk 1s of the nature of an error
which has more recently been referred to as the first kind by

E, S, Pearson and J, Neyman, The same type of error arises
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in the application of the quality control chart in that we

Tun & certain risk of looking for trouble when it is not

present, v

X ~, ] \"‘, \
Errors of the Second Kind and Consumer Risk

If in testing an hypothesis such for example as:

The true difference in averages of two universes is zero, we
may reject the hypothesls even when true and we may accept the
hypothesis when not true, The probability of getting this
general type of error which Pearson and Neyman have termed an
error of the second kind, we had previously called a consumer
risk,

Neyman in two recent papers has discussed in a very
interesting manner the error of the second kind in testing
Students Hypothesis.7 We wish here to consider certain aspects
of this kind of a test,

Let us consider two normal universes with true means
Ki and ié respectively. Let A X' = Ié - Xi, and let us con-
sider the hypothesis e 3

H thet I3 < b o}

The Student-~Fisher test gives us a method of testing this hypoe-

thesis. In general we reject the hypothesis H when the observed

7 yman ' tical Problems in Agrioulturel
Ne J. Loc, cit., end Statis

Experix:xen%atiox‘l. Supplement to the Journal orlggg Royal
Statistical Society pp. 107-180, Vol. II #2, .
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value of

. LT
Pt oIh

where tp is usually taken as either «01 or .05, and we accept

it in other cases, We can get tp from the Fisher table by
taking twice the probability associated with a given value of
te TUnder such conditions, we have:

l, Errors of the first kind: Those that consist of
rejecting the hypothesis H when it is in faot true,
2o Errors of the second kind: Those that consist in
accepting the hypothesis H when it is in fact false,
To illustrate suppose we make tp such that the
probability Py of getting a value of ¢ 2 tp 1s .01, This
means that the probability of rejecting the hypothesis H, ir

in fact it is true or Xé < Ii is such that

P; < &01
Under these conditions Neyman has given tables which make it
possible to answer the questions:
1, What is the probability P, of accepting the hypo=
theéis H when the true value I'z is

|
XéaXi+Kd \

AX
and | A %
2, What is the stendardized size K = ——az-z-,or the

difference AX' between the true population mean
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and the hypothetical limit which will be undee
tected with the given frequency P2°

For example, Fig. 8 reproduces Neyman's curves showe
ing the dependence of the Probability Po 0f the second kind of

errors on the ratio K and the number of degrees of freedom n!
when ?1 = 001.

FROBABILITY OF ERROR OF 2ND XIND. PJ_‘.Ol—

Fige 8

Suppose we apply these curves to the case where
Py = .01, and the difference AX is determined as in the case
of the comparison of the effects of the two druga in a cone
trolled experiment by let us say a sample of n = 1000 pairs,
Figes O shows the case where K is tfaken to be 3, From Neyman's
calculations P, is 250 for this condition,
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Fige 9
That is to say, even when the true difference is greater than
zero by three times the standard error of the difference, Py
is 0,250,

Now, let us look again at the curves in Fig. 8. Note
how little difference there is between those corresponding to
n* = 30 and n* = ®, Does this mean that the practical signife-
icance attached to P2 for smell samples is just the same as that
for large samples? Well if we look at the ratio K we see that
this is in terms df the sténdard error of the difference which
at least in the case just considered is inversely proportional
to the square root of the sample size} Hence we can narrow
down the band within which we work at will by increasing the
sample size in such a case,

Errors of the Third Kind -
We have already mentioned the errors of the thirad

kind - the effect of lack of normality and lack of rendomness,
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As noted, the effect of lack of normality can be and has been

investigated mathematically and experimentally,

The effect of lack of Tandommess, however, is not so
easlly investigated, One difficulty is that the term is not
so easlly definable in an exact sense so far as observable
values are concerned,

Let us consider a very simple case of a bowl containe
ing N chips supposedly as near alike as we cen make them,
Suppose that the number X} 1s written on pi N of these chips,
the number Xz on pé N of these chips and so on until we have

a discrete universe
Pi: Xl: Péa xzt 0;; Pioxi; vee P&»xm ’
where

Pi’ + P;o * oeee * 2& = 1.

Then in discussing the theory of random samples of n where

n < N drawn frdm such a universe yritt; replacement, we mean by
random that we shall consider all possible samples of n numbers
that can be obtained by taking n different chips, There are,
of course, N© ways of teking n chips from N where each of the
n chips mey be any one of the N chips, This constitutes a

perfectly definite operation for defining mathematically

random,
YA



I do not see, however, how this can define drawing

e sample at random, In fact this is usually more like re-

quiring that the sample of n shall be drawn one at a time

with replacement by one thet is blindfolded where the operation

mixes the chips thoroughly after each replacement, Another way

of defining random drawing in this case is to specify that the

drawing shall be made with the aid of some kind of "random"

mexbine, However, when it comes to defining the operation

of meking n measurements of a length, or of a chaage on an

electron or eny other physical quality, there is a reel dife

ficultys One usually ends up by saying that the measurements

shall be made under the "same essential conditions", This,
however, doesn't go very far toward fixing an operationJ;~ Gsan 7“

il
/ K.
It is under such conditions that we impose a re- 0ﬂ7

4 [ S PPV
quirement on the numbers obtained under presumably the same 1“;HC44
essential conditions: that is, what we term Criterion 1

should give no points outside limits for something like 25

sets of 4,

COMMENT ON THE MEANING OF PROBABILITY

Before considering further the practical significance
of tests for significence let us consider briefly three cone

cepts of probability.
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l, Mathematical Probability

The mathematical probability of a proposition or an

event is something fixed and objective, Thus we say that the

mathematical probability of throwing an ece with a perfect die
is 1/6 - end the probability of throwing an ace (0,1,2,3...n)

times in n throws is given by the terms of the expansion

(5/6 + 1/6)2

The rules of operations of calculating probabilities in this

sense are formal, They are the same todey, tomorrow and the

next day, at least so far as any observed data are concerned,

Sometimes we talk about probability distributlions

es universes, For exsmple, we say: Let us assume a normel

"universe" such that the probability of & value X lying within
the renge X £ 1/2 4 X 1s given by

- (zaX1)?

1 2012

dyl = (-] ax (l)

ot Yo

Then we say that the probability that an average of & sample
of n drawn from this universe will have 2 value within the

renge X + 1/2 4 X is
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- - _B(X-X1)
/n 20t

by, = ® axX (2)

o' vax

The rule of going from (1) to (2) is a purely formal operation
independent of any data,

Now let us ask how the probablility as used in the
Student Fisher test of significance differs from mathematical
probability, Recently, of course, it has been referred to as
"fiducial" because it is a probability based upon a sample.,
So far as 1 can see, however, there is no difference, Both
represent mathematical distributions that are derived from

other distributions in & purely formel manner,

Statistical Probability

If probability theory is to be used in practice,
with a perfectly definite operational meaning in respect to
the observebles of nature, it is necessary, in so far as 1
cen see, that we glve to it the meaning of an observable
ratio p of the number nj of times a given event E ocours in
n trials to the total number n of trials, In order to give
definite meaning to a probability in this sense we must fix
(a) the event E, (b) the operation constituting a trial, (o)
the number n of trials, and (d) the ratio.

Ncw,of course,the experienceable fiducial probability
given by the t test as interpreted in previous sections differs

from the probability distribution (2) of averages in the event
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and in the operation comstituting & trial,

I 1like to think of this observeble fraction p as a
statisticel probabvility, In so far as we try to substitute
this kind of probability for the mathematical probability we
are trying to apply mathematics, Whether or not such appli-
cations will work can only be found out through experiment,
Whether or not there are objective p's in nature is to be
Judged on experience, Mathematicael probability deductions
are valid irrespective of such experience,

Degree of Belief Probability

Having defined a statistlical probability in a definite
operational way the next thing is to find out if it exists in
this verifiable sense, In this case we generally assume that
the objective degree of belief pé in an inference, proposition
or event E 1s not an intrinsic property like truth but inheres
in the inference through some relation to evidence

Whereas mathematical probability is independent of

data or evidence, degree of belief probability depends upon
evidence 4. This is naturally a very vital distinction.

From this viewpoint not only the original set of data bdbut

also the rég%its of en enalysis constitute evidence,.
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An Tllustration

To 1llustrate the difference between the three kinds
of provability, let us consider the simple case of drewing
numbered chips with replacement from a normal distribution in
a bowl, The mathematical statistician, or perhaps it would be

better to say, the mathematicien gives us two distrivutions:

ay, = fg (X, X+, o') aY (2)
and

dyz = £z (t) at ()
Now the statistician comes along end defines two kinds of
operations and makes two predictione,

Operation 1

Make sure that the distribution of numbers on the

chips is normal, Draw a sample of let us say n=4, calculate

a range fl t+ +44 0., draw enother seample and calculate a

1
similaer range, Repeat process let us say N=100 times, Now
calculate average of the numbers on the chips in the bowl,

Then he predicts that you should find about 50 ranges include-

ing this true average.

Operation 2
Make sure the universe in bowl is normal, caloculate

the true average X' and standards deviation o', Now calculate

a range X' + ,6745 o', Draw a sample of 4 with replacement,
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Calculate its average X, Draw another sample of 4 end calou~

late its average X,, Repeat process let us say N=100 times,
Now see how meny such averages fall within the established
range. Then he predicts that you should £ind pN & 50 within
thls range,

Fige 10 shows the results of applying these two
operational tests, As & check on the first test, we find 51
instead of 50, As a check on the second, we find - instead of
50« The points represent the averages.found within the limits
T + 6745 o,

Fig. 10
In both cases we predict the outcome of & series of
N operations before = semple is drawn., The operations in one
case, however, are distinctly different from those in the

other., Behind each is a mathematical equation involving

mathematical probabilities.
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Now, let us see where errors of the third kind come

in, Suppose that while you are not looking and before you

begin to drew a series of samples as in the cases cited above,

someone with stlcky or even just wet Tingers stirs the chips
in the bvowl, your prediction probably would not be sc success-
ful as the illustration, In most cases, we are not drawing

chips from a bowl except in the sense of a "bowl of unknown

causes," For example, if we apply both of these tests to the
204 measurements given in Table 2, both of them give observed
values of statistical ratios outside limits that hold in the
case of the bowl,

Our belief in the successful outcome of either of
the predictions depends upon evidence ¢ which we have about
(a) the distribution of the numbers on the chips in the bowl
and (b) the physical similarity of the chips and the cone
ditions of Arawing. Of course, the prediction in terms of
the ranges can be made justifiably upon the basis of less
evidence than the prediction that 50% of the averages of
semples of four will fall within the range X' % ,6745 o',

COMMENT ON FUNDAMENTAL NATURE OF A TEST FOR SIGNIFICANCE

Fundamentally there is always a mathematical distrie

bution of a statistic © of a semple of size n behind every test

for significance, i.e.
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dy = ¢(8, n) 48  whnere
@ = @2(X1’X2,oooxn) (4)

This is of the nature of a mathematical prothbility, From
this function we may determine the fraction or mathematical
probability p of ©'s lying within any interval 01 to 0,
Thus far we are dealing only with mathematios, Now for any
level of significance there is some such distribution and
the numerical value of the level ie simply a probability
corresponding to a certain interval Q) to @,.

Such a level does not depend upon any experience
with measurements, and hence has no practicel significance
until the statisticlan comes upon the scene, He sets up an
operation which gives him a QO for a given sample, If he can
show that in repeating this operation, the observed fraction
P approaches p' as a statistical 1limit he can legitimately
use the test for significance, The statistican cannot do
this mathematically - for example he cannot determine that
the chips in the bowl are essentially the same by msthematios,
To interpret the statistician's level of significence we must
therefore consider both the operation and his evidence @
that the observed fraction p will epproach p' &as a statistioal

limit,



“ 48 =

PRACTICAL SIGNIFICANCE OF TESTS FOR SIGNIFICANCE

1, The practical significance of a test for significance
must take into account the quantity and kind of evidence beninad
the test to indicate that errors of the third kind have been
eliminated,

2. A test for significance is fundementally an operetion
for testing am hypothesis, In considering the results of suoh
& test we must therefore take into account the nature of the
hypothesis tested, For example, in testing the significance
of an observed average, we simply test this in respect to a
chosen or hypothetleal value, By choosing the hypothetiocal

value, we can really mekse the so-called level of significance

what we please,
3. There are at least two important levels of signifi-

cence in testing the significance of any observed statistic

corresponding to errors of the first and second kinds, Both
of these levels are of importance in fixing the practical
significance of a result,

4, Beyond everything else en understanding of the tests
for significance should make every experimentalist cautious in
accepting the results of small numbers of observations. 1In
the first place, & comparatively large number of observetions

is always required except in simple bowl experiments to get
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adequate evidence that errors of the third kind have been
eliminated, Furthermore in commercial work the decision that
an observed difference is significant may involve the outlay
of a large sum of money in taking advantage of the differemce
assumed to exist, Hence even after one has assuxisd himself
that errors of the third kind have been eliminated he must
take enough measurements to increase his precision to the
desired level, In other words, practicel significance
usually depends upon more than one parameter of the distri-
bution of the measurement under consideration, For example,
we considered above only the test for the average, We usually
need to consider tests for at least the varliance, This will
Ha arretoar”
 increase,our tZsts for significance by at least two mamms

corresponding to errors of the first and second kinds in

the variance,

5 Personally I am of the opinion that the greatest

practical significance of tests for significance are as a
guide to laying out experiments to test a given hypothesis
with a given number of trials - as guides to making the best

use of experimental effort. This is a very important use,
But we must not lose sight of the fact that evem with the

best layout the practical significance 1o be attached to Tree

sults usually increases with em increase in the number of

repetitions,
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6¢ A study of such tests certainly shows the fallaoy
in the common practice of interpreting data when tabulated
in the form of the observed average plus or minus a quantity
such as a "probable error." A case in point is the 4discussion
of Eddington's previously referred to, Planck's h either
does or does not lie within a given range, The only thing
that can be observed is further measurements of h, What one
is interested in is: How many of these are likely to fall
within the given fixed range, The probability givem by the
t test for example is not the probvability of this kind of evemt,
In tabulating data in terms of an average and range it is de-

sireble that the number of measurements also be tabulated,

% A sHEWHARTS Cousce




	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 
	Page 19 
	Page 20 
	Page 21 
	Page 22 
	Page 23 
	Page 24 
	Page 25 
	Page 26 
	Page 27 
	Page 28 
	Page 29 
	Page 30 
	Page 31 
	Page 32 
	Page 33 
	Page 34 
	Page 35 
	Page 36 
	Page 37 
	Page 38 
	Page 39 
	Page 40 
	Page 41 
	Page 42 
	Page 43 
	Page 44 
	Page 45 
	Page 46 
	Page 47 
	Page 48 
	Page 49 
	Page 50 
	Page 51 
	Page 52 
	Page 53 
	Page 54 
	Page 55 
	Page 56 
	Page 57 

