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1. Introdugtion

Many of the earlier developments in the field of statistios
were formulxted under the assumptioa th:ut ihe random variables
under investigution were distributed ncrm&llx with ¢, de f,
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Many tests and analysis of variance techniques were derived
for evaluation of data frow normal populations, and, in fact,
transformations have veen found which when aprlied to some classes
of non-normal data rermit the use cf these tests and techniques.
The developmeat and adaptation of these techniques wxud tests
nakes prossible the drawing of iaferences from the obaeerved data
if the cbserver can bLe sure, or reasonably sure, thet ths random
observations come from populations which are distributed accord-
ing to cne of the inown distribution functione. The cbeerver will
be more likely to accept inferences drawn from dsta that very
cloeely arrroximates one ¢f the knowsn distributions, because he
will feel more certain th:t his corputed statistics closely
gprroximate the rarameters which characterize the distribution.
¥hen the observer can be reaecnably sure that the observed data
reveals the prarameter in question, he may make inferences with re-
gard to ~shether or not hie obeerved estimates cf the populatioa
parameters are significiutly different from the populaticn para-
meters which would exist under the particular hypétheeis in
Question. Such inferences may be called "Parametric Inferences®.
The making of such inferences is the noet common activity of sta-

tisticians,



The property of oredibility. which is possessed to a greater
or lesser extent Ly all statistical inferences, is defined as the
relation of protasie to apodosis, or the relztion of the set of
data, hypothesis, evidence, etc. to the set of eonclueion. (1)

One of the most important factors entering into the credibility
whioh will be attached to a particular inference is the amouat of
reliance that may be placed on the assumption that the observed
statistics are caloulated from data gathsred from a population
which is distributed according to that distribution funotion
which is assumed to characterise the distribution of the data and
which provides the parameters whioh the calculated and observed
statistics are believed to represent. When it is poiaiblo to
place high reliance on such an assusption because of prior know-
ledge of the general characteristics of tho population under
investigation, the oredibility that will be rlaced on inferences
drawn from rclitionohip. among the observed statistics and their
corresponding hypothicated parameters will be high. Thus, it

may be ssen that 1n parametric inference, high credibility will
be attached to inferences when the assumptions ae to the distri-
bution of the underlying porulation are justified. The degree to
which these assumptions are justified determines the intensity of
the oredibility that the iaference will enjoy.

What, then, can the cxb.rinentcr do if he cannot justify
the assumption that the uanderlying population under investigatioa
is such that it oan be characterized by any of the previously

determined distridution functions? ¥ust he choose & distribution
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rﬁzntion more or less at random and thersby sccept the consequent
diminution in the oredibility that may be attached to his results?
Or is it posaible to evolve new atatistics, statistics whioh do

gpt rely for their coredibility on any particular undesrlying distri-
~ bution funotion, statistics which are not estimates of parameters,
~1n short, non-Perometric Statistios?

Non-Parometric statistics have been ovolved for the use of
the cgperimcntcr who finds himself in such & position. Promineat
azong the techniques in the field of non—p&ranotrib inference is
the use of rank order statistice. Three particular rank order
tests are tc be investigztad in this thesis. They are the Wald-
Wolfowitz 'U'(a), the Wilcoxon !r¢(3), and the Mann~-Whitney 'U'(‘).

The wald~!b1fowi£s test utilizes a statistic *y* which is
defined by considering & sub-sequence V,,, , Vs,;, --=V8 +r of V
?hcrc V= v,, V,-—=, Y +n, & sequence defined, as follows: vi o
if 21 is a member of the set X,, X,, —= Xm and vi =1 if 21 is
a member of the set y,, y‘,A--- yn where the s3% of 2's is the
sequence composed of the numbers in the two sets, x,, x,, --- B,
and y,, y,» === ¥yn arringed ia asoending cidcr of magnitude. In
‘this sub-sequence of V (where r may also be 1) a "run” shall
exist if v, *v, 2 ====vV, and if vg;;ﬁgz::, where S =0 and if
v‘urhfn +r+1 when 8+X<m + a. sy* {s then defined as the
huabor of runs in "V® and is used to test the hypéthosiu that
'f(x)sg(x)‘. A difference between f(x) and g(x) decreases the num-
ber c¢f rune and hence decreases "ge. The dlntribnt&on of =p»

nndcr’the'null—hypothcuic has been evalumted by Wald and Wolfowitz
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in their rarer. The a-ymptﬁtic distribution of *U* has been

shown by them to converge uniformly in *t* to
L st k%,
S Z-e0 i

n

when m¥8, where i"d; & positive constant such that
‘ o M t{ M
Co((/)n_ P and o ()~ (1+m) ¢

and where #t" is any resal number. The consistenoy of this test
(1.s8., the probability of rejecting the null-hyrothesis when it
is falsﬁ) has been shown to aproach 1 as a limit when m
approaches infinity. This does not shed any light on the con-
‘ulstenoy of the test for emall m. |

The Wilcoxon test (which is applioable only to cases im
whioh the same number of observations are made from both popu-
lations) assigns ranks to the experimental results ia ascending
'ordot in the case of unpaired comparisons and to the diffsrences
:in experimental results im the oase of raired comparisons. The
test consists of taking the sum of the rtnki of the observations
from a'purtioular set x,, x,, =—— xn after they havse been combimed
Qith the set v,, ¥, == ¥ and the combinaticn is arranged ia
ascending order. "T" may be oalculated from thé formula

T: 8k : av
Ky

where Sk is the rank of Xk after the ocabination of the set of
x's with the set of y's, and ¥V is the mean rank of the x's after
oombination. The probability of ocourence of any given rank
total in the case of uapaired experiments with ranke ), 23, «--n

is found by taking 8ll the poeribls totals beginning with the

sun of the series 1, 2, --- n/3, and continuing by steps of one

4.



5.

up to the highest possible value (% aa*%)/a and computing
the auzbers of wnyl in whioch each tot&l may be obtained. If
€1 1s the number of ways that the i the total cnn be obtalnod
ang T ie the total number of waye gge& &11 thoé[ﬂ?’n (2)# é]
[(%’) FE/Z\]]- 3/8 totals oan ocour * Z 9. , the probability of

XY
ocourence of the ith total cqpala

Pe)s e E o &

T
Wilooxon &lso showe that the probebility of occurance of aay

'total or lesser total by chance uader the assumption that there
is no difference 1a uctna is given by the formula ,
p: a{wz n - }_'(D- ama/?:::*")}/%
whor.f]j rerresents the number of § - part partitions of %
r is the serial aumber of possible rank totals 1, 2, === ¢
qQ is the number of replicstes
n is an integer representing the serial number of the
term in the series.
This probability mdy be repressnted more compactly by uelng the

previcus notaticn, as follows: ;

P (t,4t ¢ === s tl)* Ay > -
’Z‘m

wilcoxon has tabulated some of these probabiliticu in his paper
cztcd in the bibliogzaphy.

The lunn~!h1tney U test, whioch for equal aumbers of obser~
"vations from each population being iaveetigated is essentially
the saze as the Wilcoxon test, is defined by)oonoidcring the

quaatities x , X, ——é‘xn. Y, Y0 === ¥B irrangad in order.
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U is defined as the nuzber of times & y precedse an x. The
relationshiy betwes:r the Mann~Whitney test aad the Wilcoxoa
test can be expressed, as follows |
: als +1)

U = = + A §
'whéro T is the value given by the ¥ilocxon test. The Mann~-
¥hitney teet is not, howsver, restricted to cases in whic@
 n as is the Wilocoxia. U iao been shown to be a ccasistent
statistic since the P-licit of the probability of rejecting
the null-hyrotheais when the null-hypothasia 1s false ie 1 as n

and s aprraesch infinity.



II. Puzpose

The purpose of thise thesis is the d.tornin&iion of the
efficiency of & particular small sample of observations and to
gain therefrom an insight in;o the approximate offici&ncy of
these rank order testis for small samples when the population
‘means of the two groups differ by fixed amounts. This probles
will be approached experimentally becauze all attempio tc use
mathexatios in the solution have thus far been held at an im-
pass because of the difficulties eacountered inm the integration
of portions of the expression which result whea the varicus oon-
siderations and relationships involved in the probles are ox-~
pressed in mathoutie&i terms.

Ian the analysis of the results of this experiment, the 10%
level will be considered as the level of significance in the
somputation of the efficienoy since the sample size selected
does not lend itself to the use of the 5% level of significance.
The reader may possibly wish to consider half of the efficlency
at the 10% level of signifioance as roughly indicative of what
the efficiensy at the 5% level would be. The use of the 10%
level of significance in non-parsmetric tests does not seem un~
realistic, because, in general, acon-parametric statistice tend
to be more conservative than parametric statistics. Ian case non-
parametric methods are applied to samples from a population which
is normally dietributed, the conservativistic tendencics of non-

parametrio inference valid:te the use of the higher eignificance

7.
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The results of this experiment should prove helpful ia
the setting up of nan-parametric Quality control systems for
such activities as aubjictiva testing betwsen a Gontrol group
and & group receiving some particular treatment, the effects of
which cannot be mezsured in any definite units.

Ian addition to information of & general nature soneerning
thaae tests, this thesis alsoc hopes to provide relatively oocan-
’Qtlte information about the particular test in which three
éblorvations are taken from esoch group. 8Some imsight iato the
efficiency of thece teats for this particular sample eize is
of interest because in industrial applications of noa-para-
matric quality control limits, it is frequently poseibls to fix

‘the sample size.



1. Nethod

The particular group of combinetions which wilil be investi-
gated in thie thesis are those 00mbiastxo§c which occur when
three samnles are drawn at random from each of tzoc approximately
normal populitions. These semples will be assexbled according
to their rank and the particular test value assigned té the re-
sulting oombinationt'will be recorded. It may be readily seen
that the number of posaible outcomes when this procedure is fol-
lowed is the number of combinations that can be made up of six
thinge taken three 2t & time Oor -~-

Ne* C3 ’3763‘:.”30
different ways. These vurious combinations are given in figure
(4) on page (/%) where the letters R and W refer tc cbaervations
drewn from & population R consisting of red balls and from &
porulation W conaisting of whits balls, respectively. Ia this
experiment, the samples will be drawn from & populatioam whioch 1is
approximately aormal. We will make five aets of drawinge in
which each set will consist of a thousand observations., Ia each
of these sets of diawingc. the difference between the means of
the populations from which the samples will be drawn will be
aseigned s given value (0, 0.5, 1.0, 1.5, 3.0 standard deviatioans
The freQueacy with which particular oosbinations occur uander
these differences in means will be observed and recorded. Spes-
iel interest will be acoorded té the perticular combinations

which are signifioent since they are & measure of the officienocy

8.
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‘of the tests.

The aprproximately noraal populations from which the samples
ars fo be drawn will consist of szall balls whioh will Ds number-
ed in such a way that the frequency with which a particular aum-
ber w#ill appear will be approximately normal. Each of these
populations will coneist of nine hundred and nimety-six balls.
The pbpulatiouo will be truacated at + 3.7 standard deviations
from the mean arditrarily.

The following method will be used to obtalin & trunocated
finite normal distribution from whioh the samples will be drawa.
‘There will be fifty-four class intervals, from 73.7 standard de~
viations to =2,7 standazrd deviations from the mean. Each class
interval will represant Q.1 standard deviations along the
abeissca. There will, of course, be no class interval to cor-
respond with the 1ntog§r O The point between the -~lest iuterval
«and the +1st interveal wili be conzidered e the mean. The nux-
ber of balle that will be escigned to a partioular class inter-
val will be proportional to the ratic of the ared under the
normal curve tbtove that particulsar interval on the abeisacs, to
the total ares under the norsal curve between the points * 3,7
standard deviations cn the Lboiisca. This criterian for deter-
rinatien of the nunber of balls per clase interval may bLe ex~

pre:sed mathexatiocally by, the expression:
(a) N4 LA X 7
. F] . - &3¢
wvhere Ni is the number of balls in the 1 th clas:z interval whenm

ic.



1 >0 and the number of balls in the (i +1)st cliss interval
when 1 $0 and where #(t)dt is the integrand of that fuaction
of t, @(t), which gives the normal ourv: of the type:
!
e r———— Y
TONY- i
and where N is the number of balls whioh in the ckse of this

-

theeie was 1000 before the rounding off of the values -hoﬁn in
Figure (/). Since the area under a distridbution function may
be considered as being -&noninun with probability, we nay ex~-
‘press the above formsula in terme of probabllities, as follows:
Ny’ 1"'0;“"?‘{'0 - -37¢1¢o051 527

where Pi 1s the rrobabllity of ocoursnce of an observation with-
in the limits of the 1 th claes intervai. For comatinuous dis-
tributions Pi is ssen to be equal to ~{::¢(t)dt. for positive
values of i.

The values for these integrals have bsen tabulated by
‘Kenney in hie "Mathematice of Btatictice'.(s) The caloulations
involved in the construction of the population are given in
tabular form by Figure ( /). Since the normul,diutributicn is¢
syretric, only the values for the positive half are given; the
values for the negative half are the same. For purposec of
cal‘culation. the formula (4). wag nod_itiod. as folloas:

I - L Bt
His ™7 41000
L., Pl

Figure ( 2 ) shows in histogram forr the population from

which the sanmples w11l be drawn. The closeness of this popu~-



Class ¢
¥arx(4) ,4r g(t)as

1 .03983
'3 .07938
'3 11791
'Y .15543
5 .19146

8 .32575
9 35804

8 .38814

9: 31594
20 34134
1 .36433
13 38493
13 . 40330
u © .41934
15 43319
18 44520
17 445543
18 Lesu0v
19 | «47138

30 47725
a1 48314
23 48610

¥ - . 48938
34 .49180

a5 93T
28 49534
37 . 49653
Fia 1

(-1

/. g(t)at
. 000C0
.03983
.07938
.11791
.15543
.191486
« 23875

«35804

.38814
31594
34134
36433
38493
. 40330
. 41924
43319
. 44530
. 45543
. 46407
47138
47735
48314
.48610
.48938
. 49180
.49379
. 49534

(' - .
_4 ’ g(t)at
.03983
.03943
.03865
.03751
.03604
.03428
.03338
.03010
.03760
.03540
.03399
.02060
.01837
01604
.01395
.01301
.01033
00864
.00731
.00597
00488
.00396
.00318
.0C253
00199
00156
00129

'H»NGGQGOQO

498
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lation tco @ norral distribution can be readily seen.

The required number of balls will be marked for sach class
intervsl on am#ll balls for two porulations. Samples weres drawa.
by mesns of & specially constructad pasddle, three from each
populztion. In the case of the null-distributioa (M,=M, ) these
sanples are arrsnged in descending order. This arrangement ia
deecernding order inverts the test number pattern for the Wilooxoa
and Nann-Whitney teste. In the cases in shich tere is to be &
differecce in means, the desired differences is added to each
of the observations taken from ons of the populations and thea
the balls are arranged in desoeading order and the particulsr com-
binations which result are observed. It will be observed that
for the purposes cof this test we might just as well subtirast the
desired difference from the observations of «-e of the population,
since the result would be an inorease in the mumber of corbimatioms
in whioh the observstions from the other population ranked lower
than those of the transformed population, with the result that a
different, but equally significant, too§ value would result, and
the observed eificiency would be the same. It will also be
observed that the partioulsr dl.trlbutién of the frequencies of
occurrense of the variocus combinations that result under the mull-
distrivution will bve rectangular. When the means are differeat,
the frequencies of combinatione teads toward thoss partioular
groups whish ¥ill indicate the lack of homogenelity in the under-
lying porulations. This woﬁld. of course, introduce some slight

exror since the values of cae porulation will be extended peyond



the point of truscation of the othesr population; however, this
~error will Dde inconsequential when compared with the error iantro-
duced in rounding off the values of the areas uander the probabil-
ty curve for each clase interval to three decizal places for aa
approximation to a normal pépnlaticn. This will be seen, if the
resder will take the sum of the squares of the area under the
normal curve for those olass intervale for which overlappiag has
oocurred and oompare it with the product of the absolute dif-
ference of the rounded-off value from its real value as given by
tables for all the claes iantervale, times the prodbability of the
ocourrence of the particﬁlar class intsrval. |

For the case of (M, -~ M,) #3.00, this is shown in tadular
form by figure (7). B8inoe the case where (M ,~ ¥ ) =2.00 is the
oae in which the overlapping srror will be #~= largest, it is
se¢en that this error is not of importance in this experimeant.

For the purposes of this thesis, the d-finitiqn of effi-
olency as & prorerty of & statistic is given by considering tia
particular statistics G and K, whioch are estinmators of the sane
pazanétcr. The statistic G will be said to be rore efficiasnt thaa
the statiestic K if the probabiliity of obtaining a.iiznificant
value of C whea the null-hypothesis is not true is jreatsr thua
the probabiliity of getting & significant value for the statistio
K. Relative efficlency is defined as the ratio of the efficiemey
of one stetistic to another when both estimate the same parameter.

A statistic most frequeutly used as the standard of efficiency 10.
tz ﬁ(x";)/fo |



Class
Mark (1)

Vel RN R RO -SRTR N oy

fo’ 3

n(lfi - forat - n

0.687711
3.34751
1.356375
1.83789
0.14418
0.99441
0.936841
©.30100
€.56800
1.01800
C.03389
1.236800
C.40330
C.06418
0.06875
0.01201
0.33539
0.31104
0.15141
0.017€1
0.05379
0.01584
0.0573¢4
0.13088
0.00199
0.06975

0.03361 -

x 10~8
X 1079

13.03037

Retio *

X 10-9

0.18933

‘Cltol
Mark (1)

a8
29
30
31
38
33
34
35
36
37

38 .

39
40
41
43
43
43
45
46
47

(p1)3

0.08281 X 10
0.04781 X 10

0.02704
0.01444
C.CO784
0.00441
0.CC196
0.00131
0.0C049
C.C0025
0.00016
0.0C004
0.C0C004
0.C0CO1
0.CCC01
0.00001
C.C00CC
0.0000C

- 0.CO00C

0.00000

-5
-5

0.18933 X 1075
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Iv. Resultk

The results obtained from this experiment are givea here
ia the formes of tables and grarhe. These results will be die~
oussed in the following section. Figure ( 4) coatuins & reca-
pitulation of the freguencies with whioh the various combinations
ocourred under particular differences ih means. It alsc shows
the teat vslues which the different oombinations aseume under
the Wald-%olfewitz, Mann-¥hitney, and Wilocoxon tests, respect-
ively. Figures (5), (&), and ( 7) show the frequemoy with
which the individual test vilues for the Wald-Wolfowitz, Mann-
Yhitney, and Wilcoxon tests have occurred under the varicus dife
ferencse in means. It will Le obeerved that the frequencies for
the various test values in the Wilcoxom test, Figure (7), are
‘the same a8 the freQuenocies for the carrcaponding test velus in
the Mann-%Thitney test, Figure (6 ). For the remainder of thie
thesis, the Wald-Wolfowits and Mann-~-Whitney tests only will be dis-
oussed, but the reader should reramber that whet is true of the
Mann-WNhitney test i3 &le0 true of the Wilcoxoa test wher equal
sanples ware taken from the differeat populations. When unequal
eanples are taken, the Wilscoxon test does not apply. In general, it
is more easy tolganduct & Mann-Wrhitmey test or small nunbers of
observations than it 1s to conduct a Wilcoxom test. Figure ( #)
shows in histograem form the frequencies with wnich the various
toat values for the Wald-Wolfowitz test ¢ocur under the presoribed
difference in means. Figure (9 ) 1e & ocomposite of the five

Rietograus shown in Figure {3 ). Figures (/¢) and (/) contain the
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corresponding histograms for the Mann-Whitney test. The infor-
mation and obeervations geined from these histogrames will be
discussed in detall im the succeediag section. Figure (/3)
shows the relationship bstweem eficienoy in percent and the
fé"krious differences in means. For purposes of later discusalon,
vthe regression equation and the correlation of this relationship

have been caloculated, as follows:

ye% effioiency | xa(u,-uz) Y-y X - X
13.7 ' 005 "3300?5 '0075 .
3803 1.0 - 7.475 =035
43.1 1.5 7.385 0.35
58.0 v 2.0 83.235 0.75
ba = § where .
o 10 {180 Tk

g 1-;[{% X ’/94"1
b is the matrix of coefficients of x's
& = 1.35 |
36.928
©(1.35) = 36,933
b:(36.935)/(1.35) = 38.54
y - 35.775 +39.54(x - 1.35)
159.64 x - 36.935
2 :29.54 x - 1.15

L]
]

An analysis of variance of this regression equatioa is shown ia
the succesding section. The regression of (M - ¥ ) on perceat

efficlency ia given by the calculatiom;

8 x v
b 1}§xf By Sxy 15.80

'’
) 8,3 ? - 7.50
: 8y ? -8310.19
y!x' Sy t 315.83
215.80

F*215.82 ° .9989073

“w i

"



Table of Results I

4444114 NA AT OOV DI VO DD

Difference in Kean Values for tests
COMBINATION C 0.50 1.00 1.5C 3.00 ¥-% N-¥ ¥
1
RPWYWYWE 53 131 2379 431 580 3 c 6
RYRYY 58 é8 150 168 183 4 i 7
PwWYRY 5C 21 110 84 51 4 3 8
RTTYYYR 48 57 82 38 10 3 3 9
¥FRYYR 45 a8 13 6 3 5 4 10
¥TYRYR 48 57 35 1l 1 33 5 1
T®"YWRR 50 40 18 6 8 3 6 13
FRRWY 51 21 88 114 85 4 3 8
Y"TRARYW 43 8% 40 38 9 4 4 10
YRYRY 44 80 69 38 18 2] 3 9
" ¥R R R 48 8 4 o 0 2 g 15
TRYRR 47 l1e 5 3 0 4 8 14
TRRYR 81 19 ? (o] 0 4 7 13
TRFRRY 59 38 30 5 1 3 6 13
RYRRY 56 34 8 11 1l 5 5 11
RRYRY 55 38 ) 5 13 5 4 10
PRRYY™ 43 63 75 40 38 3 3 9
RYWRPR 54 a3 4] 7 0 4 ?7 13
RR"WYER 51 40 17 23 11 4 5 11
RWRYR 47 16 0 ] 0 8 6 13
Fig. 4 Table cf results: Frequenoy with whioh the

various cosbinaticns were drawn whea the two

population means differed Dy the given amount.

¥ significant sets

1
x~ Significant sets under the hypotresis that Mp is greater than M

W
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Table of Resulte II
‘Wald~-%¥olfowits Test: .

- Test Difference in lkean

lumbel' O 0050 1.00 1050 3.00
3% 100 137 283 431 580
3 200 187 173 84 57
4 405 433 399 433 328
5 304 147 58 33 17
6 91 96 €9 34 18

100 1000 1¢00 1000 10CC
Fig. & Wald-Wolfowitz test on resulte shown im Fig.

Naan-Whitney Teat:

~ Test Differsance in Mean
K‘uﬂg’r Q 0.50 1000 1050 3.00
o} 53 131 379 431 580
i 58 68 150 165 193
] 101 i82 188 198 118
3 135 - 199 i8s Bg 66
4 143 141 57 3 34
5 155 131 58 45 13
6 156 84 46 17 g
7 1056 42 4 4 8]
8 47 16 5 2 (o]
g% 48 8 4 0 o)
Fige 6 . Mann~-Fhitney tes? om results shown in Fig.
Wilcoxon Test:
Teat Difference in Mean
ﬁuwger 0 0.50 1.00 1.50 3.00
8 82 131 a7¢ 431 580
? 58 68 1560 166 193
8 101 183 198 188 116
8 135 189 188 86 68
10 143 141 57 . 39 24
11 158 131 58 45 13
13 1586 84 48 17 9
13 1086 43 ? ? 0
14x 47 16 5 3 ¥)
15 48 8 4 4] o

~Fig. 7 VWilooxon test on results shown in Fig.

* significant groups
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V. Discussion of Fesulte

Perhape the most interesting result toc bde obtained fzom
thilJﬁxporimelt is oxtreme clossness to linearity of effect of an
increase in the difference ia xzeang oa the efficlienoy of the rank
| oxder statistics under surveillance. An analysis of varisace oa

this regression shows:

‘Source ag R, Mean Square
Linear effect 1090,77 1 1080.77
Error 0.02 P2 0.01
Total 1080.79 3

¥ = 109,077 (signifiocant)
This bigh degree of limearity for this particular set of obser-
vaticns should not be consldered as a charsctaristic of all setse.
These results ar= » function of too many variables to be assumed
t6 repraesent & universal tread in eofficiency ve. difference in
mean, This result was a fumotiorn of the anumber of balle seleot-
od from each population, the nuxber of observations, the acouraey
of the aprroxiration tc mormality im the coanstructed populatioa,
etc. However, since in many cases the experimeator is able to
select the number of observations tc be made from each porulatioa,
this high linearity of results should give bim confidence regurd=-
ing any iaterpclatina on the curve when an estimation of effici-
ency for various differences in zeans are desired. This curve
- will probably mot prove too useful for use in extropolation as it
48 to be expected that the efficlenoy curve will flatten off soonr
after the 2,00 point has beea reached.
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An observatior of the hietogrars which show the results
‘vof this experiment shows that the efficliency of these rank order
;lthtiltion when the means of the two populaticas differ by a
fixzed amount are:

2 18 4
0.50 13,7
1.00 . 38.3
1.50 43.1
3.00 | 58,0

The linearity of these results has already veen noted in detail.
a ieact squares equation on these results has been ocaloulated
and is:
Y : 39.54 X - 1.15
where Y is the efficienoy and X ie the difference in means of the
two yopulationn; |
It will be observed that for the partiocular sample size
chosen, the efficiencies of all the tests considered ars the aadme.
The selection of the wost desirable tests must thea be based om
the eriterian of esse im calculatiom. It arpears that the Wald-

Wolfowitz test will be best in this respect, However, under the hyp-
othesis that the mean of one population is greater than that of the other,

" the Mann-Whitney test gives results that are significant at the 5% level,
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