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I. lhTh0DUGTl0h

l•l groblems in Sensor; Tesgigg:
Several of the standard statistical techniques now in

use are not satisfactorily adaptable to many of the current

problems arising in sensory testing, where qualitative

measures alone are available as reliable data. Hence, there

is a need for more elaborate ranking methods•

The best experimental testing of data which require

subjective measures has involved the comparison of two items

only• Experiments involving more than two items or treat-

ments have had varying success• Problems or difficulties

occur in the experiments that require more than one sitting

or in those experiments where it is difficult to select a

suitable scoring scale•

The analysis of variante has been used to a great

extent in other types of experimentation when more than two

treatments are comparede It is then possible to make com-

parisons of any two of a number of treatments, as well es

other comparisons, by the single degree of freedom method•

A similar test is needed for rank methods•
The following work is designed to increase the

flexibility of a ranking method of analysis by introducing

a rank analogue to the single degree of freedom technique
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of analysis of varianc•• The principle mathematical formu-

lation of the method is given in section 2•l•

l•2 ggg; Qrder ang Non-gggggetric Pggcedggesx

The problem of testing whether two samples (groups of

observations) come from the same population has been treated

in various ways in statistical methodology• Several statis-

ticians have proposed tests of this type, both for the case

where there are observed measurements with no assumptions

about the forms of the populations sampled and for the case

where ranks alone have been recorded•

An early test based on qualitative data was proposed

by R. A• Fisher [8]* and has become known as the *sign*

test• Fisher considers the problem, related to the two

sample situation described above, of testing the null hy-

pothesis that airs of observations in each of k pairs come

from a common population• He considers differences in auch

pairs and records the numbers of positive and negative dif-

fer•nc•s• The test procedure is simply related to the

well-known binomial distribution. The Best my easily be

adjusted to consider ranking within the pairs of samples

instead of the differences used•

Later, E. J. G, Pitman [16] introduced the *spread

test*, which involves no assumptions about the nature of

u1b11¤g1·¤phy.
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the populations sampled. The Pitman test may be modified

for ranked data and is then known as the ßrank spread test*.
Glosely related to that test are others by F. Wilcoxon [25]

and by H. B. Mann and Da R. Whitney [ll]. All three best

procedures may be shown to be exactly equivalent and each

has prepared some tables to facilitate the use of their
tests. These tables supplement each other to some degree.

W. J. Dixon [7], using one additional assumption to

the effect that the cumulative distribution function

(c.d.f.) common to the two populations in question be con-
tinuous, developed a C2·test with tables of critical values
for sample sizes not greater than 20.

A short time later, A. Wald and J. Wolfowits [ZA],

using a statistic based on the theory of runs, derived a

consistent test, subject to some slight restrietions on the

distribution functions. The Wald and Wolfowits test differs

from those discussed above in that it is also consistent

against differences in the distribution functions of the

populations other than in location. F. 8. Swed and
C. Eisehhart [19] have computed tables of significant values
of the Wald and Wolfowits statistic for sample sizes of

twenty or less.

Taking a different approach, M. E. Terry [20] has

derived most powerful rank order tests against specific
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parametric alternatives, His Cl(R)-test, in general, is
more sensitive than the Mann and Whitney U-test, In par-
ticular, he has shown that his method leads to the most
powerful rank order test in those situations where, had ob-
servations been available, a two-sample t test would have
been correctly used, Tables are included, giving the com-
plete array of values of G1(R) for all possible subsample
sizes which do not exceed ten, together with the correspond-
ing value of the Mann and Whitney U, A second table gives
critical values of cl(a) for samples up to size 10 and
significance levels equal to or lower in probability than
,10, Terry shows how k repetitions of his rank procedure
may be combined for an over·all test of significance based
on a statistic designated by C1(Rk),

In the present study we are interested in experiments
involving more than two populations or groups of observa-
tions, We shall, however, restrict our interest to that
experimental design known as the method of paired compari-
sons and to two—group comparison: within the framework of
such a design,

0ne of the early considerations of paired comparisone
was developed by L, L, Thurstone [22], His procedure,
developed for psychological scaling, postulated the existence

of a subjective continuum whereon items or treatments had
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certain location points. Assumptions involved in the
analysis included one of inherent normality and one that
postulated zero oorrelations between preferences for pairs
of items to be scaled. F. Mosteller [13, lk, 15] following
the developments of Thurstone, shows that Thurston•'s
assumption of sero correlations is too restrietive and that
the customry solution to paired comparisons is the Least
Sqnares Solution.

M. G. Kendall and B. Babington Smith [10] developed
a method of paired oomparisons that disregards any scalar
relatienships among the items. They form a coefficient of
consistency of ranking for a single set of ranke based on
the theory of *circular triads' and a eoefficient of
agreement for several sets of ranks.

R. A. Bradley and M. E. Terry [AJ have opened the
way to a consideration of ranking in incomplete block
designs. As a first step, they also considered the method
of paired comparisons as a special case. This involves a
test of a hypothesis of no differences among treatments, in
a ranking experiment, with only two treatments in a block
of their balanced incomplete block design. They have com-
puted tables for this test for three and four treatments up
to and including ten repetitions of all possible treatment
peirs.
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As an addendum to the work of Bradley and Terry, we

shall consider the second special test (ii) [L] which they

formulated• That test postulates the existence, for t

treatments, or true treatment ratings which fall into one

er another or two groups within which no differences

inratingsexist. The existence of differences betweenthesetwo
groups is under test• We review this test procedure

and provide tables for the easy conduct of the test, If s

be the number of treatments in the first group, and con-

sequently (t—s) the number in the second group, and, if n

be the number of times the complete set of paired compari—

sons is repeated, in this notation tables are included for

t-3, s-1, n up to and including 10 and for tet, sel and 2, T

n up to and including 5.

An approximate test closely related to the special

test (ii) is formulated and discussed•
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II, MATHEMATICAL DEVELOPMENT

2•l Genere; Fgrmuigtion ggd Notgtion fo; the Mgthog og

Zgiggg Compggisongz
A review of the mathematical model and test proce-

dure given by Bradley and Terry will be instructive• In so

far es possible we will here use notation consistent with

their notation end this work may be properly regarded as a

continuation of their research•

Let t denote the total number of treatments which

may themselves be referred to as Tl, ••,, Tb. We postulate

that these treatments have true ratings, ai, •••, at with

the reatrictions that ai;2 0, i ¤ l, „••, t and iälai ¤ l•

This letter restriction ie for convenience only• The

treatment parametere are further defined with regard to

J their role in pairwise comparisone• ai and aj are taken to

be auch that in a comparison of Ti with TJ, the probability

that Ti obteins top rating (or perheps preference) is

ai/(ai+aj) with the complementary probability that TJ

obtains top rating of aj/(ai+aj)•

Let rijk denote the rank of Ti in the kuh repetition

of the block in which Ti appears with Ti. Since the ranks

l and 2 are aesigned to each pair of treatmente, it follows

that rjik - 3-rijk• Ne retain n to denote the total number

E
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of repetitions of the experiment where a repetition by

definition consists of a complete set of comparisons of all
possible pairs of treatment8•

The method of maximum likelihood is used throughout

this work for the estimation of treatment ratings. A11

test procedures depend on the corresponding likelihood

ratio statistics. The general properties of such estima-

tion and test procedures are well known and a discussion

may be found, for example, in A. M. Mood [12]. We shall

denote the maximum likelihood estimates of ni, ..., nt by
pl, ..., pt respectively.

Bradley and Terry formulate a general class of teste

which my be developed under the framework of this mathe-

, matical model. They indicate that two special cases are of

particular interest and develop the theory and tables for

the first of these. Thus, they test the null hypothesis

HO: ni ¤ 1/t, i - 1, ..., t against the Ö
alternative

Hi: ni may have any value subject to the

restrictions in their definition. The test depends on the

statistice
(2.1) Bi = n E 1og(pi+pj) - 2[2n(t-l)-Zrillog pi

i<j i
where Zri is the total sum of rank: for Ti.
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We turn now to a consideration of the second special

test.

2.2 The Thgogy of the Two-Group gompgrison:

A minimum goal in the development of rank analysis

for qualitative measures is the provision of test proce-

dures which permit the flexibility of analysis of variante

techniques. This goal has by no means been reched at the

present time.
The tuo·group comparison in the Rank Analysis of

Ineomplete Block Designs is a step towards achieving the

purpose. In the analysis of variance pairwise comparisons

may be made using the single degree of freedom techniques.

We shall now formulate a rank test procedure which is

practically somewhat analogoue to that situation. As in

analysis of variance it is understood that the comparisons

made are chossn on the basis of a priori knowledge of

treatment beheviour.
We are conoerned with testing the null hypothesis

Ho: ni -
l/t, i ¤ l, ..., t against the

alternative
H2} Wi ' TT; 1 ' lp•••pni

¤=%-Egg, i ·· s+l, ..., t.
That is, we are considcring that situation wherein treatments

in an experiment belong to one or another of two groups
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which may or may not differ• Under the null hypotheeie it

ia postulated that the two groups themselves do not differ

in the attribute in question, Thus true treatment ratings

are assumed to be identical• The two groups may differ in

siseß one group may conaist of only a single treatment as is

the case in one situation which we consid•r• It is neces-

sary that all treatment: be included in one or the other of

the two possibly different groups of treatments•

In the analysis of variance it ia often desired to

compare group means for two groups of treatments• There it

is not required that means within groups differ only due to

sampling variation, but this assumption is often inherent

in the thinking of the experimenter• For auch situations

the hypotheses which we have here formulated constitute the

complete analogue of the analysis of variance test•

Information bearing on the correctness of the null

hypotheeie can only be obtained from those paired compari-

aons which involve ranking: of one treatment from each

group• The nature of the test definition eliminates infor-

mation from pairings of two treatments within a group, We

do, however, retain the rankings from within group compari-

son: to facilitate application of this method,

In the general test formulation, for within group

rankings of Ti and TJ, the probability that Ti obtains
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rank 1 is i and eimilarly for TJ; for between group rank-

ings, if Ti be in group l and Tj in group 2, the probability

of rank l for Ti is (t—s)q/\Kt·2s)n+i} and for Tj ie
(l-en)/ Rt—2e)n+l]• Upon assuming probability independence

between blocks or paira of treatments, we my write the

general likelihood function as

e t•e ° „ “
(2.2) L 2 H käijk

E,1/1 k-1,lJk

e n
2 _2 Zrijk is the total sum of ranks for all treatments

1-1 gfi h-1
in the first group of s treatments sumed over the k

repetitions•
Following the method of maximum likelihood, we then

obtain p, the maximum likelihood estimate of w, which may

be written:
(2•3) s nns(tt-s—3)—2 ä £_ Erijk‘° " z 6 2 , ; —— e ‘

ns(5st-2t - s+3t)-2( s—t
1.1 jßi kiiijk

Strietly the likelihood ratio statistic is computed

ae a ratio of maximum values of L (2,2) obtained under the
reetrictions of HO and Hg on the parameters• In practice
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any function which is monotonically related to the likeli—
hood ratio will suffice and may be simpler to compute• lt
has been suggested [A] that we use the statistic

(2.1+}

B2 2_ärijk1·=1,1}:. 1;-1 P

E R n 9 1-+[i¤;+1
jii kääidk *9* °2($••8)(Ü-8•l)•2,H(C•}.)(Ü···B)]l0£§[]

which bears the required relationship to the likelihood
ratio•

we shall now turn to a consideration of the
distribution of this statistic•
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III. THE DISTRIBUTIONAL PROBLEM

3.1 Th; Qompugation of Tablgst

For the easy application of the B2-test, it is desir·

able that tables be available in auch a form that the ex-

perimenter may complete his numerical analysis with the

calculations of treatment total sums of rank:. Tables for

the test procedure are oalculated on the assumption Ho.

Now this null hypothesis is identical with that for the

B1·test already developed. Tables for the distribution of

B2 may be computed with the aid of Table I prepared by

Bradley and Terry.
In computing tables for B2, the first step was to

list all sets of eums of ranks possible in two-group oom•

parisen experiments excluding all out one permutation of

the within group sums of ranks. Then values of p and B2

correeponding to each reoorded set of sums of ranks were

eomputed by substituting in (2.3) and (2.b) respectively.

The probabilities for individual listed sets of sums of

ranks were obtained from the probabilities of Table 1 [A]

from which s sample section is shown below for three

repetitions of the paired comparison design with three

B treatments.
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Table 1. The Distribution of the Likelihoog ggtio ger

General Alte;ngtivgs*

(Design: t•3, Lrl, b•3, r•2, k-2)

Cumulativexrl 2r2 Er} pl P2 P3 b°S° Bl Probability
· =::======:======:============================:::=======:====h=3

6 12 l 0 0 18 0 .01176 lg 11 1 O 0%
7 8 12 .6667 .3333 0 lk 0.8293 .0820
7 9 ll .70k5 .22kl .0713 8 l.8k02 .22267 10 10 .7lk3 .lk29 .lh29}
8 8 11 .hS&5 .k5h5 .0909 6 2.0771 •b336
8 9 10 .k955 .3102 .19h3 2 2.5112 .8906
9 9 9 .3333 .3333 3333 0 2.7093 L0000
&iIl~•8•The

prohabilities of individual entries in Table 1 were ob-

tained by reduction of the cumulative probabilities shown

in that table. Under the null hypothesis, each permutation

of the sets of sums of ranks may oocur with equal probabil-

ity. Thus, if we consider the entry 7 8 12 in the sample

table above, the extreme right hand column gives, by

reduction .03S2 as the probability for this entry. Each

of the six perutations of this set of sums of ranks then

has probability of occurrence .0352/6. Under the formula-

tion of the B2-test we are interested in the sets 8 : 7, 12:

12: 7, 8 and 7: 8, 12. We are not interested in the

# This table is a section taken from Table I of Bradley and
Terry [A].
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permutations of the rank sums in the second group, and thus

do not show 7 2 12, 8 as distinct from 72 8, 12. Under the

null hypothesis, the probability associated with each of

the recorded sets of rank sums is in this case
.0352/3 — .0117.

If we take for a second example the entry 8 8 ll, we

will now be concerned only with the sets 8 2 8 ll and

ll 2 8 8 and these carry respectively 2/3 and l/3 of the

probability of this entry in the sample table.

We have now indicated how table entries are obtained

together with the appropriate values of p and B2 and the

individual probabilities of each entry. In the tables com-

puted, since small values of B2 are significant under H0,

we have accumuleted probabilities with ascending vaues of

B2. These cumulative probabilities give significance levels

under Ha.
Although the B2·test is now complete, we have added

an additional column in the tables, which lists the sum of

squares and may be found under the heading 8.8. Here the

appropriate sums of squares for rank sums has been computed

following the well-known method for single degreec of

freedom# with the exception that the sums of squares have

not been reduced to a per item basis or for orthogonality.

B"?E$"?$§E3?'IE”?Z?$FF$E“ES'ET”¤?“Bä$EEES? [ie] for one
discussion of this procedure.
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This saves division by a constant throughout this oolumn

within each section of the tables. This column is added in

the tables for comparison of the ordering by the B2 statis-

tic end the order that could be obtained on the basis of

the sum of squares.

Tables for B2 have been eomputed for t·3. s-1,

n=1,...,lO and for t=a, s=l,2, n=l,...,5. These tables

appear in the appendix of this thesis.

3.2 The gpproximate Distribution:

The large sample approximation to this test, as noted

by Bradley and Terry [bl. may be made by recognizing that

(3.1) -2 legen? = 2ns(t-s)log€2 - 2B21og°lO

has approximately the chi square distribution with one

degree of freedom for large sample sizes. This follows from

the properties of the likelihood ratio tests.

An approximate distribution and test is only useful

when we can be confident that the approximation is auffi-

ciently good. iccordingly, a comparison of the means and

variances of -2 1og°h2,obtained where the exact distribution

has been tabled,with the mean and the varianoe of the

appropriate chi square distribution has been undertaken.

Such e comparison does not give irrefutable evidence on the

goodness of the approximtion, but a satisfactory comparison

is comforting. Numerical values of the mean and variance

7
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of -2 logékz have been computed for te}, sel, through n•l0

and te4, sel,2 through n-5 and appear in Table 2 below.

Table 2. Means and Variances of -2 logakg

t-3, sel t•4, sel t·4, s-2
Mean Varianee Mean Varianee Mean Variance

1 1.39 1.92 1.29 2.73 1.22 2.91
2 1.22 2.91 1.12 2.70 1.08 2.46
3 1.12 2.70 1.07 2.38 1.05 2.24
4 1.08 2.46 1.05 2.24 1.03 2.15
5 1.06 2.33 1.04 2.19 1.03 2.11

7 1.04 2.17
8 1.03 2.15
9 1.03 2.12

10 1.03 2.11
oo 1.00 2.00 1.00 2.00 1.00 2.00

From the table, it is seen that the means and vari-

ances are converging very rapidly to the values of the
approximate distribution. It may also be noted that when
t•4 end se2, the convergence is twice as fast as that for
t•3 and sel. Thus it would appear that the approximation
may be used with some eonfidence for t•4. se2 when n 2g8
and for t-3, sel and te4, sel for n gglß. If the approxi-
mation method were used for smaller values of n, the
statistic, -2 lcgakz, would have too large a value if taken

to be distributed as Xi, thus leading to the announcment
of too many significant results.
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3.3 A Relgted Test and Distribution

We may sometimes be interested in testing the con-

ditions set forth under H2, namely, that
Ho: ni • w, i ·ll, „••, s

Wi '
éiäg, i ·

s+l, •••, t against the

alternative Ha: ni, i • 1, •••, t.

The exact test is not free of nuisance parameters, but the

large sample test is possible. Let L3 be the likelihood

ratio statistic for this new test, It follows that

(3,2) -2 legen} = -2 logekl + 2 logehz

where

(3,3) -2 logckl • nt(t-l)log°2 - 2BllogQ10

and -2 legen} has, for large samples, approximately a chi

square distribution with (t-2) degrees of freedom, A method

of checking the goodness of this appreximation has not been

found•
The approximate test procedures in the analysis of

the paired comperisons experiment may be conveniently

summarised in the following table.
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Tabge }• Larga Samgle Angggsgs
(Note that 10gaZ = U•Ö93l5 and 2 logslü = &•60518)

Sbatistic Hypothasas

xi

-817 2-2

2-28 log 10 I 2
°

1
° H 3 w Xt-1

1 i

I
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IV, THE EXPERIMENTAL PRUGEDURE AND ANALYSIS ILLUSTRATED

#,1 Qgperimental Procedure:

For the easy application of new statisticel tech»

niques, it is useful to divide the procedure into simple

elementary steps,

The steps listed below outline the general procedure

for epplying the B2·test, For simplicity, three treatments

are used to describe the procedure, but the generalisation

to more than three treatments will be obvious, Two cases

are described, (A) where tables are available and (B) where

approximate solutions must be used,

Procedure: (steps 1 through 6 are similar to those

set forth by Terry, Bradley and Davis

[21]),

Step 1, (Preliminary) Select a panel, The panel should

be trained for judgements on material similar to that of

the proposed experiment,

Step 2, For each judge end for each repetition take six

small containers and number or code them, Place two samples

of each of the three treatments in separate, but exactly

similar containers and record the identity of the containers,

Pair the containers as follows:
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Pair 1 Il Ill

Treatment (Tl)(T2) (Tl)(T3) (T2)(T3)

Record each pair by the code numbers on a suitable score

card in a random order, Now place these pairs before the

judge in a random order together with the score card,

Step 3, A judge will test each pair, recording on the score

card the value one (1) to that member of the pair containing

more of the attribute and the value two (2) to that member

containing less of the attribute,

Step L, Repeat the steps 2 and 3 for the desired number of

repetitions,
Step S, The experimenter will collect and decode the score

cards, recording the ranks as followss

Score Card Pair 1 (T1)(T2) —- -- x

NO, _____ 2 (Tl)(T3) ·--· I

""' ""

Total -·
·— ~·

Step 6, Add the ranks on each score card for each treatment,

Then for each treatment add the treatment totale on all the

score cards, These three numbers (for three treatments)

constitute the test data for this experiment,

\
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Step 7, Rearrange the data of step 6 so that the treatment

sums of ranks will be listed in ascending order from left

to right within groups for the two treatment groups to be

tested,
A, The heghod Using Tables,

Step 8a, Enter the two—group tables, in the appendix of

this thesis, under the total number, n, of repetitions made

and for the appropriate values of t and of s, Find the

entry corresponding to the rearranged rank sums, These

rank sums appar in the left hand columns of the table and

the two groups are separated by a colon, The extreme right

hand column shows the significance level of the experimental

data, If that entry is less than the predetermined

rejection level of significance (usually ,05 or ,01), the

experimenter may conelude that significant group differenees

exist,
Since we do not differsntiate between repetitions of

the paired comparisons design performed by different judges,

cases will often occur where the number of repetitions in an

experiment exceed those for which tables are available, The

following approximate test may be used in this case,

B, Qhg Approximatg Method,

Step 8b, Obtain the estimate, p, by substituting the first

group total sums of ranka and the values of n, t, and s in

eqnation (2,3),
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Step 9b. When the estimate, p, is obtained, compute B2 by

substituting the values of p, n, t, s and both group total

sums of ranks in equation (2.h), where common logarithms

are used.
Step 10b. Compute xi ¤ 2ns(t—s)log82—2B2log8lO, (the sub-

script (1) denotes the degrees of freedom). The approximate

test is made by comparing this computed value of xi with

tables of chi square. Large values of xa are significant.

k.2 Illustrative Egggplesz
Let us consider an experiment* involving pork roasts,

which were compared on their flavor characteristics by

ranking in pairs. The roasts were obtained from three

groups of hoge which had been fattened on three different

rations: corn, corn plus a peanut supplement, and corn

plus a large pesnut supplement. The object was to determine

whether there was a significant difference between roasts

taken from the hogs that were corn fed es compared to those

taken from the hogs which were fed corn plus peanuts

(moderate and large supplements). Hence, we have the

design t¤3, s•l, where the corn~fed samples form the first

pz·e1im1na:~y
experimental results of L. L. Davis, C. M. Kincaid ande äéa§;°ähomas at the Virginia Agricultural Experiment
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group and the two corn·plus—peanut—fed sets of samples form

the second group.
The analysis for this test is shown below with

reference to the separate results of two of the several

Judges used in the experiment described above. Method (A)

with the tables was used for the results of each Judge

separately and Method (B) was applied for an over·a1l ap-

proximate test. Each Judge performed ten repetitions of

the paired comparison design (t=3, s¤l).

Procedure:

Steps 1-h. The experimenter followed steps l—& with each

of two Judges for 10 repetitions of the paired comparison

design.
Step 5. (Analysis) The experimenter collected and decoded

the score cards, and recorded the ranks as shown in Table b.

G denotes the corn ration, Cp, the corn plus peanut supple·

ment ration, and GP, the corn plus large peanut supplement

ration.
Step 6. The treatment sums of ranks for G, Gp, and CP are

respectively 28, 31, 31 and 33, 28, 29 for the two Judgee.

Hence the total treatment sums of ranks are öl: 59, 60

respectively. The treatment sums of ranks for each Judge

may be tested following method (A) and the approximate

method (B) will be used to test the total data.
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Step 7. The data is arranged in the proper order es we are

testing C against the group Cp and CP.

A. The Method Using Tables

Step 8a. For Judge 1 we enter the tables, appendix of this

thesis, under n=1O and for t=3, s·1. Here we find the

entry 28: 31 31 which has a significance level of .503l.. lt

may therefore be concluded that the results of Judge 1 did

not present a significant difference (at the .05 or .01

level) between the two groups.

By the same method, we find that the entrY 333 28 29,

for Judge 2, has the significance level of .2632. Thus, we

may conclude the same for Judge 2 as we did for Judge 1.

B. The Approximate Method

Step 8b. For the total data, n¤20, t=3, s=l and

s n_E E Erijk ¤ 61. Upon substituting these values in
1-1 3,41 1;-1
equation (2.3), we obtain the estimate p · .3115.

Step 9b. By substitution in equation (2.A), we have

B2 · 12.0195. .

Step 10b. Computing Xä, we obtain xä = .1000L. Consulting

the chi square tables, we find that this value of Xä ie not

significant at the .05 or .01 levels. Thus, on the basis

of the data, we cannot conclude that there is a difference

between the two groups tested.

I
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k.3 Illustrativg ggglysig of the gelateg Test:
We may be interested in checking our a priori as-

sumptien that the experimental items fall into the two
specified groups. This may be aecemplished by applying the
appreximate test procedure set forth in section 3.3. The

reader will recall that the null and alternative hypotheses
were specified mathematically by

eeepß

ni • éfäß, i - s+l, ..., t
and

Ha 2 wi, i ¤ 1, ..., t.
This test depends en the statistic -2 legen} ae shown in

the summary table 3.
We return to the experimental data of the preeeding

sections. Total treatment sums of ranks were 61, 59 and 60
for treatment C, Cp and CP respectively. Cp and CP were

taken te he equivalent in the second group.

Te cempute -2 legen; in (3.2), we require values ef

Bl and nl, which were obtained following the prescribed

methods for the approximate test [21]. For eur data

Bl • 18.033h and -2 loganl • .1310. From the preceding

section -2 legang had the value .1000 and it follows that
-2 legen} ~ .1310 - .1000 = .0310
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This quantity in the approximate test is taken as an obser—

vation in a chi square variate with t•2
- l degree of

freedom for this example. The result obtained is clearly

nonsignificant at any reasonable level of significance.

This is as we would expect here. The data has exhibited no
effect of treatment on either a Bl or a B2 test and any
suggested grouping of the sort here tested should be

permiesible.
This illustration was included to indicate the

computstional procedure.

h
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p V. THE VERIFICATION UF THRESHOLD VALUE

5.1 Introductogg Discussion:
M, E. Terry and R. A. Bradley in their article ”Th•

Adsptation of the Rank Analysis to Threshold Values" [5]

have presented a new technique concerning the verification
of threshold values. It is the purpose of this writer to
show the applications of the two-group comparisons here
developed es they were anticipated in that paper.

Three types of threshold are distinguiehed: (i)
the abgolutg {or ppiaulup] thgesholg, defined se the lower
limit of stimulus magnitude that arouses sensation; (ii)

the differenge thppphpld, defined as the smallest difference
between two stimuli that gives a difference of response;
(iii) thg teppinal phrepholg, defined es the upper limit ef
the stimulus beyond which no further increase in the
specific response can be obtained. we shall discuss these
types separately.

5.2 Qpecial Applications of the Two—Group Comparison:
(i) The Absolute Threshold:

It is assumed that there is a true absolute threshold
stimulus, Tg. We then compare sero stimulus, TG, and a

third stimulus, Tg, where Tg represents a possible stinulus

of amaller magnitude than Ta. (i.e. if Ta represents a
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dilution and Tg represents a dilution, Ö ¤ ka, 0 < k < 1.)

lf Ta is the true threshold value, it should be distinguish-

able from To and Tg although they themselves are not dis-

tinguishably different. To check this situation we

hypothesise that Ta is too low. Then we are interested in
comparing

Ho: Ht • so • Wb against the alternative
Ha: Ht : Nö = nö,

a situation covered in the two-greup comparison. Now, the

n•s denote the true stimulus ratings.
(ii) The Difference Threshold:

In this case, it is assumed that there is a 'just

ncticeabls differenc•,“ a(T°), associated with a stimulus

level To, and Ö(T0) is a small increment of stimulus. We

then have three stimulus levels, TO, To—Ö(T0), and T0+a(TO).
If a(To) is such that it gives a difference of response,
TO+a(T0) will not be equal to TO and TO-ö(To). The extent
ef this inequality may be determined by testing the above

hypotheses using the a, 0, and Ö as defined here and no, nö,

na associated with TO, TO-t(T0) and TÜ+a(TO) respectively.
(iii) The Terminal Threshold:

A The follcwing discussion follows that of the reference
[5] very closely.

J



33

lf Tf is the terminal threshold value and 8 is the
smallest positive increment of stimulus, such that Tf_ö and
Tf give differential responses, then we postulate that

nf = nfüg, and nf f for all h 2 l.
In this case several designs can be used prefitahly

es followst
1. Using three treatments, Tf_ö, Tf, and Tf+ö, we

have as our null hypothesis
Ho: nf_ö • Hi • nf+ö with our alternative
Ha‘ “r-6

*
“r ‘ “r+t•

This model leads to the same methods of testing and analysis
as previously outlined.

2. Using four treatmente T£_ö, Tf, Tf+ö, T£+2ö, the
null hypothesis becomes

"r-6 ‘ "r ‘ “r+t ‘ “f+2b
and the alternative hypothesis is now

“£-6 ‘ vr ' “£+t “ "£+2t•
3. Using the three tratments Tf_g, Tf, Tfig and a

fourth treatment T£_kö so ehosen that the increment of
stimulus kb yields a treatment stimulus which gives no dif-

ferential response when eompared with treatment Tf_ö, we
have the following situation. Our null hypothesis is

Ho : n£_kg ¤ n£_ö ¤ ny = nfig and the alternative

n
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Ha ‘ “t-kt * “t-t * "I ' "t+6·
Here the method of analysis is straight forward, using the
table in the appendix of this thesis for t=h, s•2•

The decision as to which group of four treatments is
to be used will depend to a large extent on the accuracy of
location of the terminal threshcld• When the value is sus-
pected of being high the more advantageous design would
appear to be f~h, f, f+ö, f+2ö; and when the terminl value
may be low, it would seem desirable to use the stimulus
I-kb, f-ö, f, £+5•
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Vl• SUMMARY ARD CONCLUSION

The purpose of this work was to investigate certain

two-group comparisons within a paired comparison experi-

mental design• Tests of the null hypothesis that true

treatment ratings are equal against the alternative hypothe-

sie that there are only two groups of treatments which may

have different ratings, the treatments within groups having

equal ratings, are developed, In fulfilling this purpose,

vtebles were derived for use in the analysis• The method of

maximum likelihood is used in developing the mathematical
procedure and the teste depend on the likelihood ratio
statistics•

l

The procedure for using the test ie outlined and

examples are given to illustrate this use•

The problem of threshold values is discuseed and an

indieation of the possible application of these rank
analysis methods to this problem is ehown•

The proceduree given are applicable in most problems
where qualitative measurements alone are reliable and are

particularly useful in problems involving subjective rank-

ing by a small panel of judges for the detection of dif-

ferences in food products, color processes and test items
of psychology,
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X, APPENDIK GF TABLES

TABLES FOR THE
THC-GROUP COBPARISONS IN THE Rahn AhALY3lS GF

INCOMPLETE BLOCK DBSIGRS

The following tables give the values of the 1ikeli—
hood ratio statistic, B2, and the probabilities that these
values of B2 will not be exeeeded, The likelihood estimates
of the true treatment ratings are given under the columns
pi, ,,,, pt; Sri is the sum of rauhe for treatment i, and
3,3, is the sum of squares of deviations for treatment rank
same, t denotes the number of treatments and s, the number

of treatments in the first group of the two—group eomparisone,
Sets of sums of ranks grouped together have identical

values of 3,3, and B2, and these values are shown oppoeite
the last entry in each group, In some cases subgroupe of
each auch group have identical estimates for the p•s, and
these estimates are shown opposite the last entry of the
subgreup, Square brackets have been used to indicate the
grouping end eubgrouping,

i
i
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(Design: t = 3, s ¤ 1)

.. „. C ul b”
**1

‘
**2 **3 P1 P2°P3 B•B• B2 Pg€ba:i11:y

2 z 3 1+ 10I4.
2 2 3 0 .5000 9 0 .5000

3 : 2 1+
3 : 3 3] .3333 .3333 0 .6021 1.0000

1+ z 6 8Q. : Z Z] 1 0 U]
8 E 5 5] 0 •5O0 36 Ü .+1250

5 : 5 8
g 2 2 7] .6000 .2000]
7 8 5 0] .11+29 .1+285 9 .9768 .6250

2 : 1+ 8]
$ 5 76 ¢ 6 6 •3333 •3333 0 1.201+1 1.0000

I1"3

6 z 9 12
12 2 lg ll;] 1 0
12 2 7 8] 0 .5000 81 0 .0312'—5 ‘ ä bi]

7 210 10 .711+3 .11+28E- : 610]:
7 911 : 8 8 .0909 .1+51+5 36 1.1719.0 .2187
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. „ 2 2 Cumulativa2*1 ‘ 2*2 2*3 P1 P2 P3 B'B' B2 Probability
n=3 (continued)

8 2 7 12
8 2 8 ll8 2 9 10 .5000 .2500

10 2 6 11
10 2 7 10
10 2 8 9 .2000 .4000 9 1.6586 .6875

9 2 6 12
9 2 7 ll
9 2 8 10
9 2 9 9 .3333 .3333 0 1.8062 1.0000

n¤4

8 2 12 16*
8 2 13 15]
8 2 14 14 1 0

16 2 8 12
16 2 9 ll16 2 10 10 0 .5000 144 0 .0078

9 2 ll 16
9 2 12 159 2 13 14 .7778 .111115 2 8 13]

15 2 9 1215 2 10 ll .0667 .4666 81 1.3090 .0703
10 2 10 16
10 2 ll 1510 2 12 1410 2 13 13 .6000 .2000
14 2 8 14
14 2 9 1314 2 10 1214 2 11 ll .1429 .4285 36 1.9538 .2891



I
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CumulativeZP1 ‘ ZP2 ZP3 P1 P2 P3 P'S° B2 Probability
n¤4 (continued)

ll 2 9 16
11 2 10 15
11 2 ll 1all 2 12 13 .aßa5 .2728
13 2 8 15
13 2 9 1a
13 2 10 13
13 2 ll 12 .2308 .3846 9 2.2985 .7266

12 2 8 16
12 2 9 15
12 2 10 1a
12 2 ll 1312 2 12 12 .3333 .3333 0 2.a082 1.0000

n¤5

10 2 15 20
10 2 16 19
10 2 17 18 1 0
20 2 10 15
20 2 ll la
20 2 12 13 0 .5000 225 0 .0020

11 2 1a 20
ll 2 15 19
ll 2 16 18
ll 2 17 17 .8182 .0909
19 2 10 16
19 2 ll 15
19 2 12 1a
19 2 13 13 .0526 .a737 14a 1.4118 .0215

12 2 13 20
12 2 1a 19
12 2 15 18
12 2 16 17 .6667 .166
18 2 10 17
18 2 ll 16
18 2 12 15 _ _
18 2 13 14 .1111 .aaaa öl 2.1732 .1094

I
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. « „ . Cumulative2*1 ‘ 2*2 2*6 P1 P2 P6 2·**· B2 2..1..1.6;:..,1
u=5 (continued)

13 z 12 20
13 : 13 19
13 z 14 18
13 z 15 1713 : 16 16 .5385 .2308
17 : 10 18
17 : ll 1717 : 12 16
17 z 13 1517 : 14 14 .1765 .4118 36 2.6529 .3437
14 z ll 20
14 : 12 19
14 : 13 18
14 : 14 1714 z 15 16 .4286 .2857
16 : 10 1916 z ll 18
16 z 12 1716 z 13 1616 : 14 15 .2500 .3750 9 2.9229 .7539
15 : 10 20
15 : ll 19
15 : 12 18
15 = 13 17
15 z 14 16
15 z 15 15 .3333 .3333 0 3.0103 1.0000

1 n¤6

12 : 18 24
12 : 19 23
12 : 20 2212 : 21 21 1 0
24 : 12 18
24 : 13 1724 : 14 1624 : 15 15 0 .5000 324 0 .0005
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Er g — · „ «_„_ Cumulative1 Prz Pr3 P1 P2 P3 ° ° B2 Pr¤bab1112y
n•6 (continued)

13 2 17 2413 2 18 23
13 2 19 22
13 2 20 21 .8462 .0769
23 2 12 19
23 2 13 18
23 2 14 1723 2 15 16 .0435 .4782 225 1.4949 .0063
14 2 16 24
14 2 17 2314 2 18 22
14 2 19 21
14 2 20 20 .7143 .1428
22 2 12 20
22 2 13 19
22 2 14 18
22 2 15 17
22 2 16 16 .0909 .4546 144 2.3481 .0386
15 2 15 24
15 2 16 2315 2 17 22
15 2 18 21
15 2 19 20 .6000 .2000
21 2 12 21
21 2 13 20
21 2 14 19
21 2 15 18
21 2 16 17 .1429 .4286 81 2.9306 .1460
16 2 14 24
16 2 15 23
16 2 16 22
16 2 17 2116 2 18 20
16 2 19 19 .5000 .2500
20 2 12 22
20 2 13 21
20 2 14 20
20 2 15 19
20 2 16 18
20 2 17 17 .2000 .4000 36 3.3172 .3877
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: 3 ”‘•"°‘• 9 C Illpl P2 P5 8=·n-6
(continued)

17 2 13 2417 2 14 2317 2 15 2217 2 16 2é
7 2 17 2

17 2 18 19 .4118 .2941
19 2 12 23
19 2 13 22
19 2 14 218 Ü;2

1 919 2 17 18 .2632 .3684 9 3.5396 .7744
18 2 12 24
18 2 13 23
18 2 14 22
18 2 15 21
ää ’ä$ iä
18 2 lo 18 .3333 .3333 0 3.6124 1.0000

n·-7

14 2 21 28
14 2 22 27
14 2 23 26
14 2 24 25 1 0
28 2 14 21 72g 2 lg202

2 1 1928 2 17 18 0 .5000 441 0 .0001
15 2 20 28
15 2 21 2715 2 22 26
15 2 23 25
15 2 24 2 .8667 .0666
27 2 14 2227 2 15 21äl H9 §°
L; 2 18 lg .0370 .4815 324 1.5646 .0018

„
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A9

_ „ _ „ „ 7 Cumulativs2'1 · BP2 ‘P3 P1 P2 P3 B·°·B2u¤7

(comtimuad)

16 2 19 28 «
16 2 20 27
16 2 21 26
16 2 22 25
16 2 23 24 .7500 .1250
26 2 1A 23
26 3 15 22;
26 2 16 21;
26 2 17 20
26 2 18 19] .0769 .4616 225 2•A936 .0129

17 2 18 28
17 2 19 27
17 2 20 26
17 2 21 25
17 2 22 2A
17 2 23 23 .6A71 .176A
25 2 1A 2A
25 2 15 23
25 2 16 22
25 2 17 21
25 2 18 20
25 2 19 19 .1200 .4400 1AA 3.1592 .0574

18 2 17 28
18 2 18 27
18 2 19 26
18 2 20 25
18 2 21 2A
18 2 22 23 .5556 .2222
ZA 2 1A 25
ZA 2 15 ZA
24 2 16 23
2A 2 17 22
2A 2 18 21
24 2 19 20 .1667 .4166 81 3.6376 .1796



50

1 „ „ „ 0 ul c'
**1 ‘ **2 **3 P1 P2°P3 °·B·B2n-7

(continued)

19 2 16 28
19 2 17 2719 2 18 26
19 2 19 2533 *33 33
19 2 22 22 .4737 .2632
23 2 14 26
23 2 15 25
23 2 16 24
23 2 17 23

233 *33 33
23 2 20 20 .2174 .3913 36 3.9628 .4239
20 2 15 28
20 2 16 27
20 2 17 26
20 2 18 2533 *33 33
20 2 21 22 .4000 .3000
22 2 14 2722 2 15 26
22 2 16 25
22 2 17 2433 *33 33222 2 20 21 .2727 .3636 9 4.1522 .7905
21 214 28)
21 2 15 2721 2 16 26
21 2 17 2521 2 18 24
2 2*3 *33 33
21 2 21 21 .3333 .3333 0 4.2144 1.0000
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2 Q „ Cumulativa2*1 ‘ 2*2 2*3 P1 p2°p3 “·°· B2 Probability
Il"8

16 2 24 32
16 2 25 31
16 2 26 30
16 2 27 29
16 2 28 28 1 0
32 2 16 24
32 2 17 23
32 2 18 22
32 2 19 21
32 2 20 20 0 .5000 576 0 .0000
17 2 23 32
17 2 24 31
17 2 25 30
17 2 26 29
17 2 27 28 .8824 .0588
31 2 16 25
31 2 17 24
31 2 18 23
31 2 19 22
31 2 20 21 .0323 .4838 441 1.6246 .0005
18 2 22 32
18 2 23 31
18 2 24 30
18 2 25 29
18 2 26 28
18 2 27 27 .7778 .1111
30 2 16 26
30 2 17 25
30 2 18 24
30 2 19 2330 2 20 22
30 2 21 21 .0667 .4666 324 2.6180 .0042

I



_ U 7 Cumulative2*1 • 2*2 2*3 P1 p2°P3 S•S· B2 pr¤ba¤111¤y
n¤8 (continued)

19 2 21 32
19 2 22 31
19 2 23 30
19 2 24 29
19 2 25 28
19 2 26 27 .6842 .1579
29 2 16 2729 2 17 26
29 2 18 25
29 2 19 24
29 2 20 23
29 2 21 22 .1034 .4483 225 3.3533 .0213
20 2 20 32 6
20 2 21 31
20 2 22 30
20 2 23 29
20 2 24 28
20 2 25 27
20 2 26 26 .600 .2000
28 2 16 28
28 2 17 27
28 2 18 26
28 2 19 25 5
28 2 20 24287 2 21 23
28 .2 22 22 .1429 .4286 144 3.9075 .0768

21 2 19 32
21 2 20 3121 2 21 30 721 2 22 29
21 2 23 28
21 2 24 27
21 2 25 26 .5238 .2381
27 2 16 29
27 2 17 28
27 2 18 27
27 2 19 26
27 2 20 25
27 2 21 24
27 2 22 23 .1852 .4074 81 4.3158 .2101

I
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,
_ 2 — Cumulative2*1 • 2*2 2*3 P1 P2 P3 °*S• 22 Probability

n¤8 (continued)

22 2 18 32
22 2 19 31
22 2 20 30
22 2 21 29
22 2 22 2822 2 23 gg22 2 2422 2 25 25 .4545 .2728
26 2 16 30
26 2 17 2926 2 18 28
26 2 19 2726 2 20 2622 2 zä 22
2 2 2 226 2 23 23 .2308 .3846 36 2 4.5970 .4545

· 23 2 17 3223 2 18 31
23 2 19 30
23 2 20 2923 2 21 28
23 2 22 27
23 2 23 26
23 2 24 25 .3913 .3044
25 2 16 31
25 2 17 30
25 2 18 29
25 2 19 2825 2 20 27gg 2 gl 26

2 2 2525 2 23 24 .2800 .3600 9 4.7621 .8036
24 2 16 32
24 2 17 3124 2 1830242 19 29
24 2 20 28
24 2 21 27
ät 2 22 262 23 25
24 2 24 24 -3333 .3333 0 4.8165 1.000
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„ ,
_ „ „ Cumulativa2*1 • 2*2 2*3 P1 P2 P3 °•°•

B211-9

18 2 27 36
18 2 28 35
18 2 29 34
18 2 30 335 18 2 31 32 1 0
36 2 18 27
36 2 19 26
36 2 20 25
36 2 21 24
36 2 22 23 0 .5000 729 0 .0000

19 2 26 36
19 2 27 35
19 2 28 34
19 2 29 33
19 2 30 32
19 2 31 31 .8947 .0526
35 2 18 28
35 = 19 27
35 2 20 26
35 2 21 25
35 2 22 24 7
35 2 23 23 .0286 .4857 576 1.6772 .0001

20 2 25 36
20 2 26 35
20 2 27 34
20 2 28 33
20 2 29 32
20 2 30 31 .8000 .1000
34 2 18 29
34 2 19 28
34 2 20 27
34 2 21 26
34 2 22 25
34 2 23 24 .0588 .4706 441 2.7269 .0013
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Cumulative2*1 ‘ 2*2 2*3 P1 p2°p3 2·°· 22 Probability
n¤9 (continued)

21 2 24 36
21 2 25 35
21 2 26 34
21 2 27 33
21 2 28 32
21 2 29 31
21 2 30 30 .7143 .1428
33 2 18 30
33 S 19 29
33 2 20 28
33 2 21 27
33 2 22 26
33 S 23 25 _
33 2 24 24 .0909 .4546 324 3.5222 .0075

22 2 23 36
22 2 24 35
22 2 25 34
22 2 26 33
22 2 27 32
22 2 28 31
22 2 29 30 .6364 .1818
32 2 18 31
32 2 19 30
32 2 20 29
32 2 21 28
32 2 22 27
32 2 23 26
32 2 24 25 .1250 .4375 225 4.1408 .0309

23 2 22 36
27 * 23 35
23 S 24 34
23 2 25 33
23 2 26 32
23 2 27 31
23 2 28 30
23 2 29 29 .5652 .2174 144 4.6188 .0962

n



56

Gumulativs2*1 ‘ 2*2 2*3 P1 P2‘P3 °·2· 22 2r¤8a¤1112y
u-9 (continued}

31 2 18 32
31 2 19 31
31 2 20 30
31 2 21 29
31 2 22 28
31 2 23 27
31 2 24 26
31 2 25 25 .1613 .4194 lnk 4.6188 .0962

24 2 21 36
24 2 22 35
24 = 23 34
24 2 24 33
24 2 25 32
24 2 26 31
24 2 27 30
24 2 28 29 .5000 .2500
30 2 18 33
30 2 19 32
30 2 20 31
30 2 21 30
30 2 22 29
30 2 23 28
30 2 24 27
30 2 25 26 .2000 .4000 81 4.9758 .2379

25 2 20 36
25 2 21 35
25 2 22 34
25 S 23 33
25 2 24 32
25 2 25 31
25 2 26 30
25 2 27 29 5
25 2 28 28 .4400 .2800 36 5.2239 .4807

1



57

2 ; ~ , _~_ Cumulativerl Er? zrß P1 P2 P3 S P B2 Probability
n-9 (continued)

29 2 18 34
29 2 19 33
29 2 20 32
29 2 21 31
29 2 22 30
29 2 23 29
29 2 24 28
29 2 25 27
29 2 26 26 .2414 .3793 36 5.2239 .4807
26 2 19 36
26 2 20 3526 2 21 34
26 2 22 3323 2 23 32
26 2 24 31
26 2 25 30
26 2 26 29
26 2 27 28 .3846 .307728 2 18 35
28 2 19 3428 2 20 33
28 2 21 32
28 2 22 31
28 2 23 30
28 2 24 29
28 2 25 28
28 2 26 27 .2857 .3572 9 5.3701 .8145
27 2 18 36
27 2 19 35
27 2 20 34
27 2 21 3327 2 22 32
27 2 23 31
27 2 24 30
27 2 25 2927 2 26 28 _227 2 27 27 .3333 .3333 0 5.4185 1.0000



4
58

« . — ~ , 8 „ CumulativeÄP1 ' PP2 ZP3 pl P2 P3 S°°° P2 Probability
n=l0

20 2 30 40
20 2 31 3920 2 32 38
20 2 33 37
20 2 34 36
20 2 35 35 1 0
40 2 20 30
40 2 21 2940 2 22 2840 2 23 27
40 2 24 2640 2 25 25 0 .5000 900 0 .0000
21 2 29 40
21 2 30 39· 21 2 31 38
2l 2 32 37
21 2 33 36
21 2 34 35 •9048 .0476
39 2 20 31
39 2 21 30
39 2 22 29
39 2 23 28
39 2 24 27
39 2 25 26 .0256 .4872 729 1.7244 .0000
22 2 28 40
22 2 29 39
22 2 30 38
22 2 31 3722 2 32 36
22 2 33 3522 2 34 34 .8182 .090938 2 20 32
38 2 21 3138 2 22 30
38 2 23 2938 2 24 28
38 2 25 2738 2 26 26 .0526 .4737 576 2.8237 .0004



59 ’
„ „ S umu ative2*1 ‘ 2*2 2*3 pl P2 P3 °'°‘ B2 Probability

n•10 (continued)

23 2 27 40
23 2 28 39
23 2 29 38
23 S 39 37
23 2 31 3623 2 32 35
23 = 33 34 .7391 .1304
37 2 20 33
37 2 21 32
37 2 22 31
37 2 23 39
37 2 24 29
37 2 25 28
37 2 26 27 .0811 .4594 441 3.6716 .0026

24 2 26 40
24 2 27 39
24 2 28 38
24 = 29 37
24 2 39 36
24 2 31 3524 2 32 34
24 2 33 33 .6667 .1666
36 2 20 34
36 2 21 33
36 2 22 32
36 2 23 31
36 2 24 30
36 2 25 29
36 2 26 28
36 2 27 27 .1111 .4444 324 4.3464 .0118

25 2 25 40
25 2 26 39
25 2 27 38
25 2 28 37
25 2 29 36
25 2 30 35
25 2 31 34
25 2 32 33 .6000 .2000 225 4.8844 .0414



y 60
l

, 1 s „ 2 Cumulative2*1 • 2*2 2*3 P1 P2 P3 °•°• B2 Probability
¤•10 (continued)

35 2 20 3535 2 21 3435 2 22 33
35 = 23 32
35 = 24 31
35 = 25 30
35 2 26 2935 2 27 28 .1429 .4286 225 4.8844 .0414
26 2 24 40
26 2 25 3926 2 26 38
26 2 27 37
21% 1 28 36
26 2 29 3526 2 30 3426 2 31 33
26 2 32 32 .5385 .2308
34 2 20 36
34 2 21 35
34 2 22 34
34 = 23 33
34 2 24 32
34 2 25 31
34 2 26 30
34 2 27 29
34 2 28 28 .1765 .4118 144 5.3059 .1153
27 = 23 40
27 2 24 39
27 2 25 38
27 2 26 37
27 2 27 36
27 2 28 3527 = 29 3427 2 30 33 4
27 2 31 32 .4815 .2592 81 5.6237 .2632

u



1

61

— -2 _ Cumulative**1 ‘ **2 **3 P1 P2 P3 °*S• *2 Probability
21-10 (continued)

33 2 20 3733 2 21 3633 2 22 3533 S 23 3433 2 24 3333 2 25 32
33 2 26 31
33 2 27 30
33 2 28 29 .2121 .3940 81 5.6237 .2632
28 2 22 4028 2 23 39 928 2 24 38
28 2 25 3728 2 26 36
28 2 27 3528 2 28 34
28 2 29 3328 2 30 3228 2 31 31 .4286 .285732 2 20 38
32 2 21 3732 2 22 36
32 2 23 35
32 2 24 3432 2 25 3332 2 26 32
32 2 27 3132 2 28 30„ 32 2 29 29 •2500 .3750 36 5•8457 .5034
29 2 21 4029 2 22 3929 2 23 38
29 2 24 3729 2 25 3629 2 26 3529 2 27 3429 2 28 3329 2 29 32 _29 S 30 31 •3793 .3104 9 5.9772 .8238



»

7 62

Er , xr Er „ S 2 E Cumulative
l ° 2 3 pl P2 P3 °°° 2 Probability

n=lO (continued)

31 2 20 39
31 2 21 38
31 2 22 37
31 2 23 36
31 2 24 35
31 2 25 34
31 2 26 33
31 2 27 32
31 2 28 31
31 : 29 30 .2903 .3548 9 5.9772 .8238
30 2 20 40
30 2 21 3930 2 22 38
30 2 23 37
30 2 24 36
30 2 25 35
30 2 26 34
30 2 27 3330 2 28 32
30 2 29 31
30 2 30 30 .3333 .3333 0 6.0206 1.0000



63
(Design: 6¤6, s=l)

Xx 2 Er Er ir p p ¤ • S S B Cumulativa
_ 61 2 3 6 1 2 P3 P6 ' ‘ 2 2r6ba61116y

3 2 6 5 6]äääää16
2 6 6 610 .3333 36 0 .2500

212.112]
6 2 6 5 5 .6000 .2000äääää]5 Ä 6 6 5 .1629 .2857 6 .8293 1.0000

u¤26 2 6 10 12]
6 2 8 11 116 2 9 9 12

· 6 2 9 10 ll6 2 10 10 10 1 0
12 2 6 8 10
12 2 6 9 9?„:ä‘72§122 712 2 8 8 8 0 .3333 166 0 .0212

7 2 7 10 12
7 2 7 ll ll
7 2 8 9 12
7 2
7 2 9 10 10 .6250 .125
ll 2 6 8 11ll 2 6 9 10
ll 2 7 7 ll%ä‘$ä13ll Ä 8 8 9. .0625 .3125 66 1.1760 .2187



6b

Er 2 Er Er Er p p -p •p 3.8. B Cumu1ativ•1 2 3 1 1 2 3 12n¤2

(continued)

8 2 6 10 12
8 2 6 ll ll
8 2 7 9 12
8 2 7 10 11
8 2 8 8 12
8 2 8 9 11
8 2 8 10 10
8 2 9 9 10 .2000 .2000

10 2 6 8 12
10 2 6 9 11
10 2 6 10 10
10 2 7 7 12
10 2 7 8 11
10 2 7 9 1010 2 8 8 10 A 2
10 2 8 9 9 .l&29 .2857 16 1.6586 .6875

9 2 6 9 1
9 2 6 10 ll
9 2 7 8 12
9 2 7 9 ll
9 2 7 10 10
9 2 8 8 11
9 2 8 9 10 A
9 2 9 9 9 .2500 .250 0 1.8062 1.0000

n•3

9 2 12 15 18
9 2 12 16 17
9 2 13 lb 18
9 2 13 15 17
9 2 13 16 169 2 lk lk lg9 2 12 15 1 -9 2 15 15 1 1 022*9222218 2 18 11 1518 2 10 12 lb18 2 10 li 1318 2 11 1 1218 2 11 12 1318 2 12 12 12 0 .3333 324 0 .0039

I



1V 65
« — „ . „ Cumulative2*1 ’ 2*2 2*3 2*4 P1 P4 2*** B2 Pr6ba¤111¤y

n=3 (continued)

10 : 11 15 18
10 : ll 16 17
10 z 12 14 18
10 : 12 15 1710 : 12 16 16
10 z 13 13 18
10 z 13 14 1710 z 13 15 16
10 z 14 14 16
10 : 14 15 1 .7273 .0909
17 = 9 12 16
17 : 9 13 1517 : 9 14 1417 : 10 11 16
17 z 10 12 15
17 z 10 13 14
17 : 11 ll 1517 z ll 12 14
17 : 11 13 13
17 : 12 12 13 .0400 .3200 196 1.3634 .0391
ll : 10 15 18
ll : 10 16 17
ll : ll 14 18
ll z ll 15 17
ll : ll 16 16
ll : 12 13 18
ll z 12 14 1711 : 12 15 16
ll : 13 13 17
ll z 13 14 16
ll z 13 15 15ll z 14 14 15 .5385 .1538 100 2.0704 .1797



66

. ~ « · „ „ „ CumulativaErl ’ Prz LP3 PP6 P1 P2 P3 P6 S’P° B2 Probability

n-3 (continued)

16 2 9 12 17
16 2 9 13 16
16 2 9 16 15
16 2 10 ll 1716 2 10 12 16
16 2 10 13 1516 2 10 16 16
16 2 ll ll 16
16 2 ll 12 15
16 2 11 13 16
16 2 12 12 1616 2 12 13 13 .0870 .3063 100 2.0706 .1797
12 2 9 15 18
12 2 9 16 17
12 2 10 16 18
12 2 10 15 17
12 2 10 16 16
12 2 ll 13 18
12 2 ll 16 17
12 2 ll 15 16
12 2 12 12 18
12 2 12 13 175 12 2 12 16 16
12 2 12 15 15
12 2 13 13 16
12 2 13 16 15
12 2 16 16 16 .6000 .2000
15 2 9 12 1815 2 9 13 1g15 2 9 16 1
15 2 9 15 15
15 2 10 ll 18
15 2 10 12 17
15 2 10 13 16
15 2 10 16 15
15 2 ll 11 17
15 2 ll 12 16
15 2 ll 13 15
15 2 ll 16 16
15 2 12 12 15
15 2 12 13 16 Y
15 2 13 13 13 -1629 .2857 36 2.6879 -5078

11



1

67

.
_ _ m „ Cumulativa2’1 ‘ ZP2 ZP3 EP4 P1 P2 P3 P4 3*P* B2 Probability

u=3 (ccntinuad)

13 2 9 14 18
13 2 9 15 17
13 2 9 16 lb
13 2 10 13 18
13 2 10 14 17
13 2 10 15 16
13 2 ll 12 18
13 2 ll 13 17
13 2 ll 14 16
13 2 ll 15 15
13 2 12 12 17
13 2 12 13 16
13 2 12 14 15
13 2 13 13 15
13 2 13 14 14 .2941 .2353
14 2 9 13 18
14 2 9 14 17
14 2 9 15 16
14 2 10 12 18
14 2 10 13 17
14 2 10 14 16
14 2 10 15 15

5
14 2 ll 11 18
14 2 ll 12 17
14 2 ll 13 16
14 2 ll 14 15
14 2 12 12 16
14 2 12 13 15
14 2 12 14 14
14 2 13 13 14 .2104 .2632 4 2.6851 1.0000

n=4

12 2 16 20 24
12 2 16 21 23
12 2 16 22 22
12 2 17 19 24
12 2 17 20 23
12 2 17 21 22
12 2 18 18 24
12 2 18 19 23 1 0 576 0 .0005

1



68

„ _ _ 2 Cumulativa**1 ‘ **2 **3 **4 P1 P2 P3 P4 3'*° *2 pr¤bab1112y
n~4 (continued)

12 2 18 20 22
12 2 18 21 21
12 2 19 19 22
12 2 19 20 2112 2 20 20 20 1 0
24 2 12 16 20
24 2 12 17 19
24 2 12 18 182 24 2 13 15 20
24 2 13 16 19
24 2 13 17 18
24 2 14 14 20
24 2 14 15 19
24 2 14 16 18
24 2 14 17 17
24 2 15 15 18
24 2 15 16 17
24 2 16 16 16 0 .3333 576 0 .0005
13 2 15 20 24
13 2 15 21 23
13 ~2 15 22 22
13 2 16 19 24
13 2 16 20 23
13 2 16 21 22
13 2 17 18 2413 2 17 19 23
13 2 17 20 22
13 2 17 21 21
13 2 18 18 23
13 2 18 19 22
13 2 18 20 21
13 2 19 19 21 2
13 2 19 20 20 .7857 .0714 400 1.4949 .0063

n



4

4 694
M 2 _ _ „ „ Cumulative2*1 ‘ 2*2 2*3 2*4 P1 P2 P3 P4 2*2* 22 Probability

n-4 (continued)

23 2 12 16 21
23 2 12 17 20
23 2 12 18 19
23 2 13 15 21
23 2 13 16 20
23 2 13 17 19
23 2 13 18 18
23 2 14 14 21
23 2 14 15 20
23 2 14 16 19
23 2 14 17 18
23 2 15 15 19
23 2 15 16 18
23 2 15 17 17
23 2 16 16 17 .0294 .3235 400 1.4949 .0063

14 2 14 20 24
14 2 14 21 23
14 2 14 22 22
14 2 15 19 24
14 2 15 20 23
14 2 15 21 22
14 2 16 18 24
14 2 16 19 23
14 2 16 20 22
14 2 16 21 21
14 2 17 17 24
14 2 17 18 23
14 2 17 19 22
14 2 17 20 21
14 2 18 18 22
14 2 18 19 21
14 2 18 20 20 M M
14 2 19 19 20 .6250 .1250 259 2-3481 -0366



I

70

. I _ _ „ Cumu1at1ve2*1 ‘ 2*2 2*3 2*4 P1 P2 P3 P4 °·S· B2 Probability
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::n•4 (continued)

22 2 12 16 22
22 2 12 17 21
22 2 12 18 20
22 2 12 19 19
22 2 13 15 22
22 2 13 16 21
22 2 13 17 20
22 2 13 18 19
22 2 14 14 22
22 2 14 15 21
22 2 14 16 20
22 2 14 17 19
22 2 14 18 18
22 2 15 15 20
22 2 15 16 19
22 2 15 17 18
22 2 16 16 18
22 2 16 17 17 .0625 .3125 256 2.3481 .0386

15 2 13 20 24
15 2 13 21 23
15 2 13 22 22
15 2 14 19 24
15 2 14 20 23
15 2 14 21 22
15 2 15 18 24
15 2 15 19 23
15 2 15 2O 22
15 2 15 21 21
15 2 16 17 24
15 2 16 18 23
15 2 16 19 22
15 2 16 20 21
15 2 17 17 23
15 2 17 18 22
15 2 17 19 21
15 2 17 20 ZG
15 2 18 18 21
15 2 18 19 20
15 2 19 19 19 .5000 .1667 144 2.9306 .1469

I



71

~ . ~ — ~ „ „ „ 2 Cumulative
**1 ' **2 **3 **4 P1 P2 P3 ph °'°'B2n—4

(continued)

21 2 12 16 23
21 2 12 17 22
21 2 12 18 21
21 2 12 19 20
21 2 13 15 23
21 2 13 16 22
21 2 13 17 21
21 2 13 18 20
21 2 13 19 19
21 2 14 14 23
21 2 14 15 22
21 2 14 16 21
21 2 14 17 20
21 2 14 18 19
21 2 15 15 2l
21 2 15 16 20
21 2 15 17 19
21 2 15 18 18
21 2 16 16 19
21 2 16 17 18
21 2 17 17 17 .1000 .3000 144 2.9306 .1460
16 2 12 20 24
16 2 12 21 23
16 2 12 22 22
16 2 13 19 24
16 2 13 20 23
16 2 13 21 22
16 2 14 18 24
16 2 14 19 23
16 :-14 20 22
16 2 14 21 21
16 2 15 17 24
16 2 15 18 23
16 2 15 19 22
16 2 15 20 21
16 2 16 16 24
16 2 16 17 23
16 2 16 18 22
16 2 16 19 21
16 2 16 20 20 .4000 .2000 64 3.3172 .3877 I

I



72

Er 2 Er Er Er = ¤ 2 2 ' ¤¤m¤l¤¤iv¤1 2 3 1 P1 P2 P3 P1 P P P2 Probability
n•4 (continued)

16 2 17 17 22
16 2 17 18 21
16 2 17 19 20
16 2 18 18 20
20 2 12 16 24
20 2 12 17 23
20 2 12 18 22
20 2 12 19 21
20 2 12 20 20
20 2 13 15 24
20 2 13 16 23
20 2 13 17 22
20 2 13 18 21
20 2 13 19 20
20 2 14 14 24
20 2 14 15 23
20 2 14 16 22
20 2 14 17 21
20 2 14 18 20
20 2 14 19 19
20 2 15 15 22
20 2 15 16 21
20 2 15 17 20
20 2 15 18 19
20 2 16 16 20
20 2 16 17 19
20 2 16 18 18
20 2 17 17 18 21429 22857 64 323172 23877 ·

17 2 12 19 24
17 2 12 20 23
17 2 12 21 22
17 2 13 18 24
17 2 13 19 23
17 2 13 20 22
17 2 13 21 21
17 2 14 17 24
17 2 14 18 23
17 2 14 19 22 9
17 2 14 20 21 23182 22273 4 325396 •77ÄÄ



73

Er : Er Er Er - · 8.8. 8 ¤¤¤¤l¤¤1V¤
1 2 3 1 P1 P2 P3 P1 2 Probability

n-4 (continued)

17 : 15 16 24
17 : 15 17 23
17 : 15 18 22
17 : 15 19 21
17 : 15 20 20
17 : 16 16 23
17 z 16 17 22
17 : 16 18 21
17 z 16 19 20
17 z 17 17 21
17 z 17 18 20
17 : 17 19 19
17 : 18 18 19 .3182 .2273
19 z 12 17 24
19 : 12 18 23
19 : 12 19 22
19 : 12 20 21
19 : 13 16 24
19 : 13 17 23
19 : 13 18 22
19 : 13 19 21
19 : 13 20 20
19 : 14 15 24
19 : 14 16 23
19 z 14 17 22
19 : 14 18 21
19 : 14 19 20
19 z 15 15 23
19 : 15 16 22
19 : 15 17 21
19 z 15 18 20
19 z 15 19 19
19 z 16 16 21
19 z 16 17 20
19 : 16 18 1919 z 17 17 19
19 : 17 18 18 .1923 .2692 4 3.5396 .7744

r



74

. « _ „ 2 e Cumulative2*1 ° 2*2 2*3 2*4 P1 P2 P3 P4 P'S• B2 Probability
n-4 (continued)

18 2 12 18 24
18 2 12 19 23
18 2 12 20 22
18 2 12 21 21
18 2 13 17 24
18 2 13 18 23
18 2 13 19 22
18 2 13 20 21
18 2 14 16 24
18 2 14 17 23
18 2 14 18 22
18 2 14 19 21
18 2 14 20 20
18 2 15 15 24
18 2 15 16 23
18 2 15 17 22
18 2 15 18 21
18 2 15 19 20
18 2 16 16 22
18 2 16 17 21
18 2 16 18 20
18 2 16 19 19
18 2 17 17 20
18 2 17 18 19 2
18 2 18 18 18 .2500 .2500 0 3.6124 1.0000

n¤5

15 2 20 25 30
15 2 20 26 29
15 2 20 27 28
15 2 21 24 30
15 2 21 25 29
15 2 21 26 28
15 2 21 27 27
15 2 22 23 30
15 2 22 24 29
15 2 22 252815

2 22 26 27 1 0 900 0 .0001

1
1



75

Ir 2 Er ir Er ¤ ¤ 3.3. B ¢¤¤¤l¤¤1v¤1 2 3 4 pl P2 P3 P42n=5
(continued)

15 2 23 23 29
15 2 23 24 28 1
15 2 23 25 27
15 2 23 26 26
15 2 24 24 27
15 2 24 25 26
15 2 25 25 25 1 0
30 2 15 20 25
30 2 15 21 24
30 2 15 22 23
30 2 16 19 25
30 2 16 20 24
30 2 16 21 23
30 2 16 22 22
30 2 17 18 25
30 2 17 19 24
30 2 17 20 23
30 2 17 21 22
30 2 18 18 24
30 2 18 19 23
30 2 16 202230

2 18 21 2l
30 2 19 19 22
30 2 19 20 21
30 2 20 20 20 0 .3333 900 0 .0001

16 2 19 25 30
16 2 19 26 29
16 2 19 27 28
16 2 20 24 30
16 2 20 25 29
16 2 20 26 28
16 2 20 27 27
16 2 21 23 30
16 2 21 24 29
16 2 21 25 26
16 2 21 26 27
16 2 22 22 30
16 2 22 23 29
16 2 22 24 28
16 2 22 25 27
16 2 22 26 26 .8235 .0588 676 1.5955 .0010

1



1

N**1
‘ **2 **2 *1 pl *2 P3 P1 S ° *2 Probability

n=5 (continued)

16 2 23 23 28
16 2 23 21 27
16 2 23 25 26
16 2 2h 2h 26
16 2 2b 25 25 .8235 .0588
29 : 15 20 26
29 2 15 21 25
29 2 15 22 2h
29 2 15 23 23
29 2 16 19 26
29 2 16 20 25
29 2 16 21 Zb
29 2 16 22 23

2 29 2 17 18 26
29 2 17 19 25
29 2 17 20 2h
29 2 17 21 23
29 2 17 22 22
29 2 18 18 25
29 2 18 19 2b
29 2 18 20 23
29 2 18 21 22
29 2 19 19 23
29 2 19 20 22
29 2 19 21 21
29 2 20 20 21 .0233 .3256 676 1.5955 .0010

17 2 18 25 30
17 2 18 26 29
17 2 18 27 28
17 2 19 21 30
17 2 19 25 29
17 2 19 26 28
17 2 19 27 27
17 2 20 23 30
17 2 20 2h 29
17 2 20 25 28
17 2 20 26 27
17 2 21 22 30
17 2 21 23 29
17 2 21 2b 28
17 2 21 25 27 .6812 .1053 bäh 2.5581 .0071



77

E
”“ • • • .

·
CllßlulativßP1 ’ *°2 *3 *’1. P1 P2 Ps P1. S S B2 2..2.22116

¤¤5 (continued)

17 2 21 26 26
17 2 22 22 29
17 2 22 23 28
17 2 22 26 27
17 2 22 25 26
17 2 23 23 27
17 2 23 26 26
17 2 23 25 25
17 2 26 26 25 .6862 .1053
28 2 15 20 27
28 2 15 21 26
28 2 15 22 25
28 2 15 23 26
28 2 16 19 27
28 2 16 20 26
28 2 16 21 25
28 2 16 22 26
28 2 16 23 23
28 2 17 18 27
28 2 17 19 26
28 2 17 20 25
28 2 17 21 26
28 2 17 22 23
28 2 18 18 26
28 2 18 19 25
28 2 18 20 26
28 2 18 21 23
28 2 18 22 22
28 2 19 19 26
28 2 19 20 23
28 2 19 21 22
28 2 20 20 22
28 2 20 21 21 .0688 .3171 686 2.5581 .0076

18 2 17 25 30
18 2 17 26 29
18 2 17 27 28
18 2 18 26 30
18 2 18 25 29
18 2 18 26 28
18 2 18 27 27 .5716 .1629 326 3.2598 .0351

6



78

„ 1 _ _ 0umu1auive2*1 ‘ 2*2 2*3 2*4 P1 P2 P3 P4 $*2*B2n¤5
(continued)

18 2 19 23 30
18 2 19 24 29
18 2 19 25 28
18 2 19 26 27
18 2 20 22 30
18 2 20 23 29
18 2 20 24 28
18 2 20 25 27
18 2 20 26 26
18 2 21 21 30
18 2 21 22 29
18 2 21 23 28
18 2 21 24 27
18 2 21 25 26
18 2 22 22 28
18 2 22 23 27
18 2 22 24 26
18 2 22 25 25
18 2 23 23 26;
18 2 23 24 2518 2 24 24 24) ~5714 .1429
27 2 15 20 28,
27 2 15 21 27
27 2 15 22 26
27 2 15 23 25
27 2 15 24 24
27 2 16 19 28
27 2 16 20 27
27 2 16 21 26
27 2 16 22 25
27 2 16 23 24
27 2 17 18 28
27 2 17 19 27
27 2 17 20 26
27 2 17 21 25
27 2 17 22 24
27 2 17 23 23
27 2 18 18 27
27 2 18 19 26
27 2 18 20 25
27 2 18 21 24
27 2 18 22 23 .0769 .3077 324 3.2598 .0351



79

, CumulativaErl z Xr2 2r3 zrh P1 P2 p3”p4 S°S' B2 Pr¤bab11i2y

(ccntinuad)

27 2 19 19 25
27 2 19 20 24
27 2 19 21 23
27 2 19 22 22
27 2 20 20 23
27 2 20 21 22
27 2 21 21 21 .0769 .3077 324 3.2598 .0351

19 2 16 25 30
19 2 16 26 29
19 2 16 27 28
19 2 17 24 30
19 2 17 25 29
19 2 17 26 28
19 2 17 27 27
19 2 18 23 30
19 2 18 24 29
19 2 18 25 28
19 2 18 26 27
19 2 19 22 30
19 2 19 23 29
19 2 19 24 28
19 2 19 25 27
19 2 19 26 26
19 2 20 21 30
19 2 20 22 29
19 2 20 23 28
19 2 20 24 27
19 2 20 25 26
19 2 21 21 29
19 2 21 22 28
19 2 21 23 27
19 2 21 24 26
19 2 21 25 25
19 2 22 22 27
19 2 22 23 26
19 2 22 24 25
19 2 23 23 25
19 2 23 24 24 .4783 .1739 196 3.7778 .1185



80

Er 2 Er Er Er p p =p =p S S B Cumul“tiV°
1 2 3 4 1 2 3 4

‘
' 2 Probab1112y

n=S (continued)

7 26 2 15 20 29
26 2 15 21 28
26 2 15 22 27
26 2 15 23 26
26 2 15 24 25
26 2 16 19 29
26 2 16 20 28
26 2 16 21 27
26 2 16 22 26
26 2 16 23 25
26 2 16 24„ 24
26 2 17 182 29
26 2 17 19 28
26 2 17 20 27
26 2 17 2l 26
26 2 17 22 25
26 2 17 23 24 2
26 2 18 18 28
26 2 18 19 27
26 2 18 20 26
26 2 18 21 25
26 2 18 22 24
26 2 18 23 23
26 2 19 19 26
26 2 19 20 25
26 2 19 21 24
26 2 19 22 23
26 2 20 20 24
26 2 20 21 23
26 2 20 22 22
26 2 21 21 22 .1081 .2973 196 3.7778 .1185
20 2 15 25 30
20 2 15 26 29
20 2 15 27 28
20 2 16 24 30
20 2 16 25 29
20 2 16 26 28 7
20 2 16 27 27 .4000 .2000 100 4.1465 .3017



81

„ „ Cumulative2*1 ‘ 2*2 2*3 2*4 P1 P2 P3 pb 2*2* 22 Probability
n¤5 (continued)

20 2 17 23 30
20 2 17 24 29
20 2 17 25 28
20 2 17 26 27
20 2 18 22 30
20 2 18 23 29
20 2 18 24 28
20 2 18 25 27
20 2 18 26 26
20 2 19 21 30
20 2 19 22 29
20 2 19 23 28
20 2 19 24 27
20 2 19 25 26
20 2 20 20 30
20 2 20 21 29
20 2 20 22 28
20 2 20 23 27
20 2 20 24 26
20 2 20 25 25
20 2 21 21 28
20 2 21 22 27
20 2 21 23 26
20 2 21 24 25
20 2 22 22 26
20 2 22 23 25
20 2 22 24 24
20 2 23 23 24 .4000 .2000
25 2 15 20 30
25 2 15 21 29
25 2 15 22 28
25 2 15 23 27
25 2 15 24 26
25 2 15 25 25
25 2 16 19 30
25 2 16 20 29
25 2 16 21 28
25 2 16 22 27
25 2 16 23 26
25 2 16 24 25 .1429 .2857 100 4.1465 .3017

I I



82

Cumulative2*1 · 2*2 2*3 2*4 P1 P2‘P3‘P4 S·S· B2 Probability
n•5 (continued)

25 2 17 18 30
25 2 17 19 29
25 2 17 20 28
25 2 17 21 27
25 2 17 22 26
25 2 17 23 25
25 2 17 24 24
25 2 18 18 29
25 2 18 19 28
25 2 18 20 27
25 2 18 21 26
25 2 18 22 25
25 2 18 23 24
25 2 19 19 27
25 2 19 20 26
25 2 19 21 25
25 2 19 22 24
25 2 19 23 23
25 2 20 20 25
25 2 20 21 24
25 2 20 22 23
25 2 21 21 23
25 2 21 22 22 .1429 .2857 100 4.1465 .3017

21 2 15 24 30
21 2 15 25 29
21 2 15 26 28
21 2 15 27 27
21 2 16 23 30
21 2 16 24 29
21 2 16 25 28
21 2 16 26 27

5

21 2 17 22 30
21 2 17 23 29
21 2 17 24 28
21 2 17 25 27
21 2 17 26 26
21 2 18 21 30
21 2 18 22 29
21 2 18 23 28
21 2 18 24 27
Q1 2 18 25 26 .3333 .2222 36 4.3843 .6072



83

„ „ CumulauiveEP1 ‘ ZP2 ZP; ZP4 pl P2 P3 pk S‘S‘B2n¤5
(continued)

21 2 19 20 30
21 2 19 21 29
21 2 19 22 28
21 2 19 23 27
21 2 19 24 26
21 2 19 25 25
21 2 20 20 29
21 2 20 2l 28
21 2 20 22 27
21 2 20 23 26
21 2 20 24 25
21 2 21 21 27
21 2 21 22 26
21 2 21 23 25
21 2 21 24 24
21 2 22 22 25
21 2 22 23 24
21 2 23 23 23 .3333 .2222
24 2 15 21 30
24 2 15 22 29
24 2 15 23 28
24 2 15 24 27
24 2 15 25 26
24 2 16 20 30
24 2 16 21 29
24 2 16 22 28
24 2 16 23 27
24 2 16 24 26
24 2 16 25 25
24 2 17 19 30
24 2 17 20 29
24 2 17 21 28
24 2 17 22 27
24 2 17 23 26
24 2 17 24 25
24 2 18 18 30
24 2 18 19 29
24 2 18 20 28
24 2 18 21 2724 2 18 22 26
24 2 18 23 25 .1818 .2727 36 4.3843 .6072

I



84

• „ „ Cumulativa***1 · **2 ***1 2*1 P1 P2 P1 P1 P·P· B2 Probability
n-5 (continued)

24 2 18 24 24
24 2 19 19 28
24 2 19 20 27
24 2 19 21 26
24 2 19 22 25
24 2 19 23 24
24 2 20 20 26
24 2 20 21 25
24 2 20 22 24
24 2 20 23 23
24 2 21 21 24
24 2 21 22 23
24 2 22 22 22 .1818 .2727 36 4.3843 .6072

22 2 15 23 30
22 2 15 24 29
22 2 15 25 28
22 2 15 26 27
22 2 16 22 30
22 2 16 23 29
22 2 16 24 28
22 2 16 25 27
22 2 16 26 26 7
22 2 17 21 30
22 2 17 22 29
22 2 17 23 28
22 2 17 24 27
22 2 17 25 26
22 2 18 20 30
22 2 18 21 29
22 2 18 22 28
22 2 18 23 27
22 2 18 24 26
22 2 18 25 25
22 2 19 19 30
22 2 19 20 29
22 2 19 21 28
22 2 19 22 27
22 2 19 23 26
22 2 19 24 25 .2759 .2414 4 4.5009 1.0000

1 I



85

. „ „ — CumulativeZr1 ' rrz rr3 Era pl P2 P3 Pa S'°' B2 pr¤b2b1112y

n-5 (continued)

22 2 20 20 28
22 2 20 21 27
22 2 20 22 26
22 2 20 23 25
22 2 20 2a 2a
22 2 21 21 26
22 2 21 222522

2 21 23 2a
22 2 22 22 2a
22 2 22 23 23 .2759 .2hlL
23 2 15 22 30
23 2 15 23 29
23 2 15 2h 28
23 2 15 25 27
23 2 15 26 26
23 2 16 21 30
23 2 16 22 29
23 2 16 23 28
23 2 16 2h 27
23 2 16 25 26
23 2 17 20 30
23 2 17 21 29
23 2 17 22 28
23 2 17 23 27
23 2 17 2k 26
23 2 17 25 25
23 2 18 19 30
23 2 18 20 29
23 2 18 21 28
23 2 18 22 27
23 2 18 23 26
23 2 18 2k 25
23 2 19 19 29
23 2 19 20 28
23 2 19 21 27
23 2 19 22 26
23 S 19 23 25
23 2 19 2h 2h
23 2 20 20 27
23 2 20 21 26
23 2 20 22 25
23 2 20 23 2k .2258 .2581 a a.5oo9 1.0000

I
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~ „ „ „ Cumulativa
kr]- 8 Erz Er} 21,]+ pl P2 P3 pl} $•S• B2 Probability

u=5 (continued)

23 z 21 21 25
23 z 21 22 2A23 z 21 23 23
23 8 22 22 23 •2258 •258l k h•5009 l•00U0

%



(Design: t•A, s¤2)
_ _ 0 ul 81BP1 B*‘2
· BB3 BPA P1 P2 P3"P1. B·B•B2n--1

3 A 2 5 6 .5000 0 16 0 .1250
3 5 2 A 6
3 5 2 5 5
A A 2 A 6
A A 2 5 5 .3750 .1250 A .9769 .6250
3 6 2 A 5A 5 2 A 5 .2500 .2500 0 1.20A1 1.0000

n-2

6 8 2 10 12
6 8 2 11 ll
7 7 2 LC 12
7 7 2 ll 11 .5000 0 6A 0 .0078
6 9 2 9 12
6 9 2 10 ll
7 8 2 9 12
7 8 210 ll .A375 .0625 36 1.3090 .0703
6 10 2 8 12 5 „
6 10 2 9 ll
6 10 2 10 10
7 9 2 8 12
7 9 2 9 ll
7 9 2 10 10
8 8 2 8 12
8 8 2 9 ll
8 8 210 10 .3750 .1250 16 1.9538 .2891
6 11 2 8 ll
6 ll 2 9 10
7 10 2 7 12
7 10 2 8 ll
7 10 2 9 10
8 9 2 7 12
8 9 2 8 ll8 9 2 9 10 .3125 .1875 A 2.2985 .7266

A

A



88

_ , Cumulative2*1 2*2 • 2*3 2*1 Pl”p2 P3“P1 °·S· B2 Probability
n¤2 (cantinuad)

6 12 2 8 10
6 12 2 9 9
7 11 2 7 ll
7 ll 2 8 10
7 ll 2 9 9
8 10 2 8 10
8 10 2 9 9
9 9 2 9 9 .2500 .2500 0 2.1082 1.0000

n•3

9 12 2 15 18
9 12 2 16 17

10 11 2 15 18
10 ll 2 16 17 .5000 0 111 0 .0005

9 13 2 14 18
9 13 2 15 17
9 13 2 16 16

10 12 2 14 18
10 12 2 15 17
10 12 2 16 16
ll ll 2 14 18
ll 11 2 15 17ll 11 2 16 16 .1583 .0117 100 1.4949 .0063

2 9 11 2 13 18
9 14 2 11 179 14 2 15 16

10 13 2 13 18
10 13 2 11 17 ‘
10 13 2 15 16
ll 12 2 13 18
ll 12 2 14 17
ll 12 2 15 16 .1167 .0833 61 2.3181 .0386

9 15 2 12 18
9 15 2 13 17
9 15 2 11 16
9 15 2 15 15

10 14 2 12 18
10 14 2 13 1710 14 2 11 16 .3750 .1250 36 2.9306 .1160

I



2
89

„ , CumulativeZP1 ZP2 ‘ ZP; ZP4 P1 P2 P3 P4 S°S° P2 pr6¤a¤111¤y
H'} (continued)

10 14 2 15 15
ll 13 2 12 18
ll 13 2 13 17
ll 13 2 14 16
ll 13 2 15 1512 12 2 12 18
12 12 2 13 1712 12 2 14 16
12 12 2 15 15 .3750 .1250 36 2.9306 .1460

9 16 2 12 179 16 2 13 16
9 16 2 14 1510 15 2 11 18

10 15 2 12 17
10 15 2 13 16
10 15 2 14 15
11 14 2 11 18
ll 14 2 12 17
ll 14 2 13 16
11 14 2 14 1512 13 2 ll 18
12 13 2 12 17
12 13 2 13 16
12 13 2 14 15 .3333 .1667 16 3.3172 .3877

9 17 2 12 16
9 17 2 13 159 17 2 14 1410 16 2 ll 1710 16 2 12 16

10 16 2 13 15
10 16 2 14 14
ll 15 2 10 18
ll 15 2 ll 17ll 15 2 12 16
ll 15 2 13 15ll 15 2 14 14
12 14 2 10 18
12 14 2 11 17
12 14 2 12 16
12 14 2 13 15 .2917 .2083 4 3.5396 .7744

1



90

„ ,, ÜLIXHIIIBCIVGPZP1 2'2 ’ ZP; ZP4 pl P2 P3 P4 P‘S' B2 vr6b¤b1112y
n•3 (continued)

12 14 2 14 14
13 13 2 10 18
13 13 2 ll 17
13 13 2 12 16
13 13 2 13 1513 13 2 14 14 .2917 .2083 4 3.5396 .7744

9 18 2 12 159 18 2 13 1410 17 2 ll 1610 17 2 12 1510 17 2 13 1411 16 2 11 16
11 16 2 12 15
11 16 2 13 14
12 15 2 12 1512 15 2 13 1413 14 2 13 14 .2500 .2500 0 3.6124 1.0000

n-4

12 16 2 20 24
2 12 16 2 21 2312 16 2 22 22

13 15 2 20 24
13 15 2 21 23
13 15 2 22 22
14 14 2 20 24
14 14 2 21 23
14 14 2 22 22 .5000 0 256 0 .0000
12 17 2 19 2412 17 2 20 23
12 17 2 21 22
13 16 2 19 2413 16 2 20 2313 16 2 21 22
14 15 2 19 24
14 15 2 20 23
14 15 2 21 22 .4688 .0312 196 1.6246 .0005



91

Cumulative:*1 :*2 ‘ :*3 :*2 Pl°P2 P3'P4 $·$·B2u=k

(continued)

12 18 2 18 2n
12 18 2 19 23
12 18 2 20 22
12 18 2 21 21
13 17 2 18 2n
13 17 2 19 23
13 17 2 20 22
13 17 2 21 21
ln 16 2 18 2n
ln 16 2 19 23
lk 16 2 20 22
1n 16 2 21 21
15 15 2 18 2n 1
15 15 2 19 23
lf 15 2 29 22 _
15 15 2 21 21 2k375 20625 lnk 226180 20042

12 19 2 17 2n
12 19 2 18 23
12 19 2 19 22
12 19 2 20 21
13 18 2 17 2k
13 18 2 18 23
13 18 2 19 22
13 18 2 20 21
1n 17 2 17 2n
ln 17 2 18 23
lk 17 2 19 22
ln 17 2 20 21
15 16 2 17 2n
15 16 2 18 23
15 16 2 19 22
15 16 2 20 21 222062 20938 100 323533 20213
12 20 2 16 2k
12 20 2 17 23
12 20 2 18 22
12 20 2 19 21
12 20 2 20 20 .3750 .1250 64 3.9075 .0768

1



92

Er Er 2 Er Er p ==p p -=p 3.8. B Cumulative
1 2 3 A 1 2 3 h 2 Pr¤bab111uy

n·4 (continued)

13 19 2 16 24
13 19 2 17 23
13 19 2 18 22
13 19 2 19 21
13 19 2 20 20
14 18 2 16 24
14 18 2 17 2314 18 2 18 22 5
14 18 2 19 21
14 18 2 20 202 15 17 2 16 24
15 17 2 17 23
15 17 2 18 222 15 17 2 19 21
15 17 2 20 20
16 16 2 16 24
16 16 2 17 2316. 16 2 18 22
16 16 2 19 21
16 16 2 20 20 .3750 .1250 64 3.9075 .0768

12 21 2 16 23
12 21 2 17 22
12 21 2 18 21
12 21 2 19 20
13 20 2 15 24
13 20 2 16 23
13 20 2 17 22
13 20 2 18 21
13 20 2 19 20
14 19 2 15 24
14 19 2 16 23
14 19 2 17 22
14 19 2 18 21
14 19 2 19 20
15 18 2 15 24
15 18 2 16 23
15 18 2 17 22
15 18 2 18 2l

‘
15 18 2 19 20 .3438 .1562 36 4.3158 .2101

\



93

„ . _ _ „ „ Cumulativa2*1 **2 ‘ **3 **2 P1 P2 P3 P2 B· °· B2 pr662b1112y
¤¤4 (coutiuueai

16 17 2 15 24
16 17 2 16 23
16 17 2 17 22
16 17 2 18 21
16 17 2 19 20 •3Ä38 21562 36 b•3l58 22101
12 22 2 16 22
12 22 2 17 21
12 22 2 18 20
12 22 2 19 19
13 21 2 15 23
&; 21 2 16 22

21 2 17 21
13 21 2 18 20
13 21 2 19 19
14 20 2 14 24
14 20 2 15 23
14 20 2 16 22
14 20 2 17 21
14 20 2 18 20
14 20 2 19 19
15 19 2 14 24
15 19 2 15 23
15 19 2 16 22
15 19 2 17 21
15 19 2 18 20
15 19 2 19 19
16 18 2 14 24
16 18 2 15 23
16 18 2 16 22
16 18 2 17 21
16 18 2 16 20
10 18 2 19 19
17 17 2 14 24
17 17 2 15 23
17 17 2 16 22
17 17 2 17 21
17 17 2 18 20
17 17 2 19 19 23125 21875 16 425970 24545

N



96

. „ 6 1 S S Cumulativa
**1 **2 ‘ **3 **6 P1 P2 P3 P6 S·S· B2 Probability

(continued}

12 23 2 16 21
12 23 2 17 20
12 23 2 18 19
13 22 2 15 22
13 22 : 16 21
13 22 2 17 20
13 22 : 18 19
16 21 : 16 23
16 21 2 15 22
16 21 2 16 21
16 21 2 17 20
16 21 2 18 19
15 20 2 13 26
15 20 2 16 23
15 20 2 15 22
15 20 2 16 21
15 20 2 17 20
15 20 2 18 19
16 19 2 13 26
16 19 2 16 23
16 19 2 15 22
16 19 2 16 21
16 19 2 17 30
16 19 2 18 19
17 18 2 13 26
17 18 2 16 23
17 18 2 15 22
17 18 2 16— 21
17 18 2 17 20
17 18 2 18 19 .2812 .2188 6 6.7621 .8036

12 26 2 16 20
12 26 2 17 19
12 26 : 18 18
13 23 2 15 21
13 23 2 16 20
13 23 2 17 19
13 23 2 18 18 .2500 .2500 0 6.8165 1.0000



95

V
__

V s , V Cumulative2*1 2*2 ‘ 2*3 2*4 P1 P2 P3 P4 2•°·B2n=4

(continued)

lb 22 2 14 22
14 22 2 15 21
lk 22 2 16 20
14 22 2 17 19
14 22 2 18 18
15 21 : 15 21
15 21 2 16 20
15 21 2 17 19
15 21 2 18 18
16 20 2 16 20
16 20 2 17 19
16 20 2 18 18
17 19 2 17 19
17 19 2 18 18
18 18 2 18 18 .2500 .2500 0 4.8165 1.0000

n¤5

15 20 2 25 30
15 20 2 26 29
15 20 2 27 28
16 19 2 25 30
16 19 2 26 29
16 19 2 27 28
17 18 2 25 30
17 18 2 26 29
17 18 2 27 28 .5000 0 400 0 0

15 21 2 24 30
15 21 2 25 29
15 21 2 20 28
15 2l 2 27 27
10 20 2 24 30
16 20 : 25 29
16 20 2 26 28
16 20 2 27 27
17 19 2 24 30
17 19 2 25 29
17 19 2 24 28
17 19 2 27 27 .4750 .0250 324 1.7244 0

1 —29—-N-——--—-.....................________________________________________
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S B Cumulative
Pl 2

‘ 3 4 P1 P2 P3 P4 ‘ ‘ 2 Pr6bab111uy

n¤5 (continued)

18 18 2 24 30
18 18 2 25 29
18 18 2 26 28
18 18 2 27 27 .4750 .0250 324 1.7244 0

15 22 2 23 30
15 22 2 242915

22 2 25 28
15 22 2 26 27
16 21 2 23 30
16 21 2 24 29
16 21 2 25 28
16 21 2 26 27
17 20 2 23 30
17 20 2 24 29
17 20 2 25 28
17 20 2 26 27
18 19 2 23 30
18 19 2 24 29
18 19 2 25 28
18 19 2 26 27 .4500 .0500 256 2.8237 .0004

15 23 2 22 30
15 23 2 23 29
15 23 2 24 28
15 23 2 25 27
15 23 2 26 26
16 22 2 22 30
16 22 2 23 29
16 22 2 24 28
16 22 2 25 27
16 22 2 26 26
17 21 2 22 30 ‘
17 21 2 23 29
17 21 2 24 28
17 21 2 25 27
17 21 2 26 26
18 20 2 22 30
18 20 2 23 29
18 20 2 24 28
18 20 2 25 2g
18 20 2 26 2 .4250 .0750 196 3.6716 .0026



97

Cumulativa
2*1 2*2 * 2*3 2*4 P1 P2 P3 ph 2*2* B2 Probability

¤•5 (continued)

19 19 2 22 30
19 19 2 23 29
19 19 2 24 28
19 19 2 25 27
19 19 2 26 26 .4250 .0750 196 3.6716 .0026

15 24 2 21 30
15 24 2 22 29
15 24 2 23 28
15 24 2 24 27
15 24 2 25 26
16 23 2 21 30
16 23 2 22 29
16 23 2 23 28
16 23 2 24 27
16 23 2 25 26
17 22 2 21 30
17 22 2 22 29
17 22 2 23 28
17 22 2 24 27
17 22 2 25 26
18 21 2 21 30
18 21 2 22 29
18 21 2 23 28
18 21 2 24 27
18 21 2 25 26
19 20 2 21 30
19 20 2 22 29
19 20 2 23 28
19 20 2 24 27
19 20 2 25 26 .4000 .1000 144 4.3464 .0118

15 25 2 20 30
15 25 2 21 29
15 25 2 22 28
15 25 2 23 27
15 25 2 24 26
15 25 2 25 25 .3750 .1250 10 4.8844 .0414

[ \



98

, _ cumu1at1v•B'1 BP2 · BB3 BP4 P1 P2 P3’P4 B•B•B2n•5
(continued)

16 24 2 20 30
16 24 2 21 29
16 24 2 22 28
16 24 2 23 27
16 24 2 24 26
16 24 2 25 25
17 23 2 20 30
17 23 2 21 29
17 23 2 22 28
17 23 2 23 27
17 23 2 24 26
17 23 2 25 25
18 22 2 20 30
18 22 2 21 29
18 22 2 22 28
18 22 2 23 27
18 22 2 24 26
18 22 2 25 25
19 21 2 20 30
19 21 2 21 29
19 21 2 22 28
19 21 2 23 27
19 21 2 24 26
19 21 2 25 25
20 20 2 20 30
20 20 2 21 29
20 20 2 22 28
20 20 2 23 27
20 20 2 24 26
20 20 2 25 25 .3750 .1250 100 4.8844 .0414

15 26 2 20 29
15 26 2 21 28
15 26 2 22 27
15 26 2 23 26
15 26 2 24 25
16 25 2 19 30
16 25 2 20 29
16 25 2 21 28
16 25 2 22 27
16 25 2 23 26

7 16 25 2 24 25 .3500 .1500 64 5.3059 .1153



99

Cumulative

¤”$ (continued)

17 24 2 19 30
17 21 2 20 29
17 24 2 21 28
17 ZA 2 22 27
17 21 2 23 26
17 2h 2 ZA 25
18 23 2 19 30
18 23 2 20 29
18 23 2 21 28
18 23 2 22 27
18 23 2 23 26
18 23 2 21 25

«
19 22 2 19 30
19 22 2 20 29
19 22 2 21 28
19 22 2 22 27
19 22 2 23 26
19 22 2 2h 25
20 21 2 19 30
20 21 2 20 29
20 21 2 21 28
20 21 2 22 27
20 21 2 23 26
20 21 2 2b 25 .3500 .1500 6h 5.3059 .1153

15 27 2 20 28
15 27 2 21 27
15 27 2 22 26
15 27 2 23 25
15 27 2 21 2h
16 26 2 19 29
16 26 2 20 28
16 26 2 21 27
16 26 2 22 26
16 26 2 23 25
16 26 2 21 Zu
17 25 2 18 30
17 25 2 19 29
17 26 2 20 28
17 25 2 21 27
17 25 2 22 26

I 17 25 2 ää
2g

i
17 25 2 2 .3250 .1750 36 5.6237 .2632



100

. „ „ CumulativsEr1 Er2 ‘ Era Era P1 P2 P3 Pa B‘B‘ B2 2:88281112y
n-5 (continued)

18 24 2 18 30
18 24 2 19 29
18 24 2 20 28
18 24 2 21 27
18 24 2 22 26
18 24 2 23 25
18 24 2 24 24
19 23 2 18 30
19 23 2 19 29
19 23 2 20 28
19 23 2 21 27
19 23 2 22 26
19 23 2 23 25
19 23 = 24 24
20 22 2 18 30
20 22 2 19 29
20 22 2 20 28
20 22 2 21 27
20 22 2 22 26
20 22 2 23 25
20 22 2 24 2421 21 2 18 30 2
21 21 2 19 29
21 21 2 20 28
21 21 2 21 27
21 21 2 22 26
21 21 2 23 25
21 21 2 24 24 .3250 .1750 36 5.6237 .2632

15 28 2 20 27
15 28 2 21 26
15 28 2 22 25
15 28 2 23 24
16 27 2 19 28
16 27 2 20 27
16 27 2 21 26
16 27 2 22 25
16 27 2 23 24 .3000 .2000 16 5.8457 .5034

1



101

~ . „ 2 Cumulauiva
Erl Zrz . Er} Zrh pl P2 6.5. B2 Prabability

11-*5 (CO1'lb111‘01éd)

17 26 2 18 29
17 26 2 19 28
17 26 2 20 27
17 26 2 21 26
17 26 2 22 25
17 26 2 23 24
18 25 2 17 30
18 25 2 18 29
18 25 2 19 28
18 25 2 20 27
18 25 2 21 26
18 25 2 22 25
18 25 2 23 24
19 24 2 17 30
19 24 2 18 29
19 24 2 19 28
19 24 2 20 27
19 24 2 21 26
19 24 2 22 25
19 24 2 23 24
20 23 2 17 30
20 23 2 18 29
20 23 2 19 28
20 23 2 20 27
20 23 2 21 26
20 23 2 22 25
20 23 2 23 24
21 22 2 17 30
21 22 2 18 29
21 22 2 19 28
21 22 2 20 27
21 22 2 21 26
21 22 2 22 25
21 22 2 23 24 .3000 .2000 16 5.8457 .5034

15 29 2 20 26
15 29 2 21 25
15 29 2 22 24
15 29 2 23 23 .2750 .2250 4 5.9772 .8238



102

, — = x „ „ CumulativsZP1 EP2 · ·’·*'s 2% pl P2 P; P1 B2 Probability

¤¤5 (cautimusd)

16 28 2 19 27
16 28 2 20 26
16 28 2 21 25
16 28 2 22 24
16 28 2 23 23
17 27 2 18 28
17 27 2 19 27
17 27 2 20 26
17 27 2 21 25
17 27 2 22 24
17 27 2 23 23
18 26 2 17 29
18 26 2 18 28
18 26 2 19 27
18 26 2 20 26
18 26 2 21 25
18 26 2 22 24
18 26 2 23 23
19 25 2 16 BO
1S 25 2 17 29
19 25 2 18 28
19 25 2 19 27
19 25 2 20 26
19 25 2 21 25
19 25 2 22 24
19 25 2 23 23
20 24 2 16 30
20 24 2 17 29 „
20 24 2 18 28
20 24 2 19 27
20 24 2 20 26
20 24 2 21 25
20 24 2 22 24
20 24 2 23 23
21 23 2 16 30
21 23 2 17 29
21 23 2 18 28
21 23 2 19 27
21 23 2 20 26
21 23 2 21 25
21 23 2 22 24
21 23 2 23 23 .2750 .2250 4 5.9772 .8238

'

1



103

Cumulative2*1 B*2 B‘B‘ B2 rr¤¤«b111¤y
n•5 (continued)

22 22 2 16 30
22 22 2 17 29
22 22 2 18 28
22 22 2 19 27
22 22 2 20 26
22 22 2 21 25
22 22 2 22 24
22 22 2 23 23 .2750 .2250 4 5.9772 .8238

15 30 2 20 25
15 30 2 21 24
15 30 2 22 23
16 29 2 19 26
16 29 2 20 25
16 29 2 21 24
16 29 2 22 23
17 28 2 18 27
17 28 2 19 26
17 28 2 20 25
17 28 2 21 24
17 28 2 22 23
18 27 2 18 27
18 27 2 19 26
18 27 2 20 25
18 27 2 21 24
18 27 2 22 23
19 26 2 19 26
19 26 2 20 25
19 26 2 21 24
19 26 2 22 23
20 25 2 20 25
20 25 2 21 24
20 25 2 22 23
21 24 2 21 24
21 24 2 22 23
22 23 2 22 23 .2500 .2500 0 6.0206 1.0000




