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REVIEW DF THE LITERATURE

Many current activities regarding the computation of

variance components from unbalanced designs are summarized
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CHAPTER III

QUTLINE OF PROJECT

The current analwsis procedures for analysiz of an
unbalanced nested design are complicated. The assumption
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. =1y

]

A new method (= proposed to estimate the K

examination of warious methods of computing the sums of

quares are explored. There ars four wars fto compute the

to compute the cell means and cne

in

overall mean, two way

way to  compute the sample averages. The =tsbhility o+

hd
~+
-
14
ak
__|
=5
1
i
b

these was unknown <o all the estimates wer

'

stimates were cnly  examined with the new method of

m
01l
h()

]

computing the K

The unbalanced nested design model to be assessed is a two

factar model :

where

K = 1,2,...,C

L

and




(uy]

N ]
+
-+
"
3
0
mn
3
I

The T indicates that a3 branch is missing from the tree
b
or an entire batch is missing while i designates that a
c
Teaf is missing from the branch or a test sample =
missing from a batch.
Given that
- = Nipto, d &
i i
2
E = Niba, @
i B 5
C = Nipca, (
1 e 2
5 from factor B follows a Bernoulli random distribution

i J

with the probability of i being equal to zero and n
b i Jk

follows a Bernoulli random distribution with TT being

-




03

equal tao zera. The individual observation follow a random
s
normal distribution with mean zero and variance CT . The
i
of Yariance (ANDOUVSY  Table ©Table 1) is provided

to give a basis for further discussion.

Expected values were used to obtain a new method of

Appendix & for derivation?. It

in
111}
D
14

estimating the K

was noted that the following relationships existed:

Eie > = ¢t = T ¢
lJ

Erk 5 = ¢ - JT
i b

EIMSiAY] = (f + (1 - T sc Jh

2
~

ECMScB 001 = [ s el =TT 5c 0




—
[ax ]

|
(@1

E[MSCC/BAw0 ]

b ~ 1 - T 5¢

Udsing the above results now gives rational tor a3 new

method of estimating the K
i

the standard methods of computation for the Kk

m
1¢]
in

=id

L4
mn

i}

T
ey |
s
2a]
i
.
0
2
i

factor J(Smedecor  and  Cochran 12248: Fry
method is being proposed. The two methods are presented

in Tabl

D
5

Table 2. Detinition of kK

STANDARD METHOD MNEW METHOD

.

—
2]
|
—
LT
|
u
~_=
Il
(]
cr

)]

o

K = Z: o ulrc = lre Jd/03 = 1) K = c
i I i .o

]
)

The new method of estimating the K ‘s is much simplier and
i




11

it will be shown to provide estimates that are at least as
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Table 4. Input Components of Variation

q5 2 2 2
le 2 Cre Cfoﬁ Crﬁ
.
1 4 1 a 8,25
1 14 1 a .25
4 1 1 1 Z]
4 g 1 1 t
4 14 1 1 =
1& 1 1 = @
14 4 1 = 4
1& 14 1 D Za
The definition of terms in Tabkles 5, & and ¥ are as
followes: § indicates the standard method of computing the

sums of sguares and the standard method of computing  the

ke the SN indicates the standard method of computing

the =zumz of =sgquares and the rnew method of computing the

k 7=, and N indicates the variocus simplifving methods
i i

of computing the sums of squarss and the new method of

computing the Ik ‘=. The methods of computing the
i

simplifying methods are given in Table 3.




Txble 5. MSE Laomparisons for the
Ectimates of (J
=)
2 2
i g o) o a o s N
b c 1 2 B/A a t 1.1
8 "] 1 1 8 "] 8.084509 8.8458
8 ") 1 4 [} 2.25 8.8540 8.08548
[} [’} 1 16 [’} 1.2% 8.0588 8.8388
5] 8 4 1 1 8 8.8597 8.8397
("] "] 4 a 1 1.00 8.8421 0.0421
Q %] 4 146 1 5.00 8.8512 8.9512
[*] 2 16 1 5 -] 8.8418 8.8418
8 -] 16 4 o) 4.83 8.8423 8.8423
[*] 8 16 16 S 20.00 8.0541 8.8541
] 8.2 1 1 2] %] 8.8837 8.8954
8 8.2 1 4 ) 0295 8.0662 8.875S
8 9.2 1 16 2] 1:29 9.8798 8.08884
e 8.2 4 1 1 0 8.64643 8.873S
] 8.2 4 4 1 1.88 8.8333 8.894¢0
8 0.2 4q 16 1 5.09 8.8439 8.8754
8 8.2 16 1 S 8 8.0740 8.0692
%] [ 14 4 S 4,89 8.8624 8.8724
8 0.2 16 16 S 28.28 8.8787 8.8825
[*] 0.4 1 1 8 8 0.1524 8.1431
%] 9.4 1 4 [*] 8.25 8.117¢9 0.1982
2 8.4 1 16 *] 1.25 8.8958 2.1743
a 8.4 4 1 1 8 8.1418 8.2898
3] 8.4 4 4q 1 1.00 8.137 8.1431
9 8.4 4 14 1 5.60 2.1383 8.1572
e 9.4 146 1 ) %] 6.144¢9 8.1733
8 2.4 16 4 o 4.08 8.1582 8.1527
8 8.4 16 16 S 28.00 8.147¢6 8.20858
8.1 a 1 1 (] 8 8.8744 8.8744
0.1 2] 1 4 8 9.25 8.854% 8.8349%
8.1 2] 1 16 [} 1.25 8.8631 8.0631
8.1 %] 4 1 1 [*] 8.0547 8.08567
9.1 %] 4 4 1 1.80 0.8407 8.0487
8.1 ] 4 146 1 5.80 8.08531 8.8531
8.1 2] 16 1 5 [} 8.8598 8.85¢%8
8.1 8 16 4 ) 4.00 8.858¢9 8.8389
8.1 8 16 16 =) 20.00 0.857 9.8571
a.l 8.2 1 1 [} 8 8.1841 8.1136
8.1 8.2 1 4 8 0.25 8.8735 8.8773
0.1 0.2 1 16 e 1.25 8.0718 8.8834
2.1 0.2 4 1 1 8 8.8920 8.8986
8.1 0.2 4 4 1 1.a0 8.1092 8.1121
0.1 8.2 4 16 1 5.00 8.8701 8.8778
8.1 6.2 16 1 =} 8 8.1203 0.1144
8.1 8.2 16 4 S 4.00 8.80719 8.8825
9.1 8.2 16 16 S 20.00 8.08421 8.8773
0.1 8.4 1 1 -] ] 0.14614 8.1972
8.1 8.4 1 4 8 0.25 8.1410 8.1771
8.1 0.4 1 16 (-] 1.285 8.1407 8.1873
8.1 8.4 4 1 1 8 8.1049 8.1%98S
8.1 9.4 4 4 1 1.00 2.8953 e.1781
8.1 8.4 4 14 1 5.00 8.1125 8.1729
8.1 0.4 16 1 S e 8.1208 8.1458
8.1 8.4 16 4q 5 4.00 8.1741 9.1521
9.1 8.4 16 16 ] 26.09 0.1516 8.1787
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Table 5. t(Continued) MSE Compariscns for the

~
e

2 2
g g ) 0 o a s N
b c 1 2 B/A A 1 1,1

8.2 0 1 1 8 @ 8.8717 8.8717
8.2 @ 1 4 2 6.25 8.8402 8.8482
8.2 e ! 16 8 1.25 8.8718 8.8718
8.2 8 4 1 1 8 8.8452 0.8452
8.2 8 4 4 1 1.00 8.8529 8.8529
8.2 8 4 ié 1 5.00 8.858¢% 8.8589
8.2 e 16 1 S 8 8.8751 8.8751
8.2 0 16 4 S 4.00 8.04%0 8.84%90
8.2 0 14 16 S 20.080 8.8774 8.8774
8.2 8.2 1 1 e e 86.1021 8.1145
6.2 8.2 1 4 8 8.25 8.8899 8.1139
6.2 8.2 1 16 2 1.23 6.848¢ 8.1858
8.2 8.2 4 1 1 8 8.1858 8.1277
8.2 8.2 9 4 1 1.086 8.8593 8.8784
8.2 8.2 4 14 1 S.00 2.8825 8.08981
8.2 6.2 16 1 S 8 8.0999 8.8%19
8.2 8.2 16 4 S 4.08 8.8785 8.8885
6.2 8.2 16 16 S 20.00 8.8412 8.8774
8.2 8.4 1 1 0 8 8.1414 8.1882
8.2 8.4 1 4 (2 8.25 8.1877 8.1418
6.2 8.4 1 16 0 1.25 8.1489 0.1936
8.2 8.4 4 1 1 4 8.1435 8.1978
8.2 8.4 4 4 ! 1.00 0.1443 8.186%
8.2 8.4 4 16 1 5.00 0.1606 8.1877
8.2 0.4 16 1 S 2 8.1714 8.1973
8.2 8.4 16 4 S 4.00 8.1871 8.1878
8.2 8.4 16 16 S 208.080 8.1404 6.1544




Table &. MSE Comparizons

2
m m o) qb g
b c 1 2 B/A
8 8 1 1 8
8 ] 1 4 2]
8 8 1 16 a
8 -] 4 1 1
] ] 4 4 1
8 @ 4 16 1
) ] 16 1 5
8 [*] 14 4 S
(] 8 16 16 S
8 8.2 1 1 2]
8 8.2 1 4 [}
] @.2 1 16 2
[*] 8.2 4 1 1
? 0.2 a 4 1
[} 8.2 4 16 1
2} 8.2 16 1 5
[} 8.2 16 4 s
0 8.2 16 16 5
] 8.4 1 1 9
) 0.4 1 a )
) 8.4 1 16 )
8 8.4 4 1 1
8 8.4 4 q 1
e 8.9 4 16 1
[*] 8.4 16 1 5
) 8.4 16 4 5
8 e.4q 16 14 s
8.1 ] 1 1 s
8.1 %] 1 4 8
8.1 ] 1 16 Py
8.1 ] 4q 1 1
8.1 ] a 4 1
8.1 8 4 16 1
8.1 e 16 1 5
e.1 ] 16 4 5
.1 8 16 16 5
8.1 8.2 1 1 )
8.1 8.2 1 q )
8.1 0.2 1 1& "]
8.1 8.2 4 1 1
8.1 8.2 4 4 1
8.1 8.2 4 16 1
8.1 8.2 16 1 5
8.1 8.2 16 4 5
8.1 6.2 16 16 5
8.1 e.q 1 1 "]
8.1 6.4 1 4 )
e.1 8.4 1 16 2
8.1 9.4 4 1 1
8.1 0.4 4 4 1
8.1 0.4 4 16 1
8.1 8.4 16 1 5
8.1 8.4 16 4 5
8.1 8.4 16 16 s

2
a s SN N N
A 2 2 2,1 2,2
8 8.0118 ©.8118 . 8.8118 8.8118
8.25 0.8128 9.8128 8.8128 0.0128
1.25. 8.810° ©.9109 ©.8185 9.8189
8 8.3049 8.304% 8.3845  8.3849
1.0  ©.2232 9.2232 8.2232 9.2232
5.88 8.2812 ©0.2812 0.2812 @.2812
2] 3.5178 3.5178 3.5170 3.517e
4.60 4.4848 4.4840 4.40480 4.4048
20.0@ 3.9518 3.9518 3.9518 3.9519
8 0.08181 8.8173 8.0541) 8.847¢&
0.25 8.8135 8.8138 8.8451 2.8389
125 8.8179 8.90172 8.8428 8.8352
0 0.2321 8.2223 ,8.2636 8.2432
1.00 2.3786 8.3479 0.4498 B.4@49
S5.008 8.2970 9.2847 9.3288 9.3117
2] S5.2148 5.6448 5.3170 5.19080
4.00 4.524¢0 4.3798 5.2528 4.9728
20.00 5.8840 4.9720 4.8826 4q.,7200
8 8.0348 8.8332 8.1555 8.1358
8.25 8.8393 8.08356 8.198¢ 0.1639%
1.25 8.8376 8.8338 8.1548 8.135¢
8 8.3742 8.3499 8.4548 6.5537
1.00 8.4454 8.4122 8.8852 8.4868
S.80 9.4734 0.4347 8.5972 B.58%94
8 &.7408 4$.83308 é.5240 5.73680
4.00 4.5280 4.2050 5.838a 4.49%99
20.09 3.9438 3.4778 4.7988 4.21680
'] 8.08523 8.8523 8.8523 9.8523
8.25 0.0189 8.08109 8.8109 8.810%
1.23 B8.0108 8.8188 8.01688 2.8188
°] 8.2%983 8.2983 8.2983 8.2983
1.00 8.2304 8.2304 8.2384 8.2384
5.80 8.2338 8.2338 0.2338 8.2330
] 3.9338 3.9330 3.9338 3.9338
4.88 4.8498 4.08498 4.084%9 4.04%9
20.00 4.0440 4.08448 4.0440 4.8448
[} 9.885¢9 8.8834 8.1148 8.1037
8.25 8.8197 0.018% 8.8541 8.8471
1.25 9.0278  0/0isc @ grme  §aca:
%] 8.3152 8.2989 e.3979 8.3542
1.80 8.2917 8.2785 8.3883 8.2812
5.08 8.3782 8.35%¢% 8.3614 a.33%¢%
e 5.3608 5.1558 5.844¢9 4.7238
4.00 é.4108 &.1688 &.1638 5.71%e
20.08 4.15080 3.84%0 4.56480 4.2149
® 8.1131 1844  8.2644  9.2297
8.25 ©.0%583 8461 8.1442 @.1432
.8449 8.1898 8.1456

4.020 4.7448




i)

Table &. (Continued) MSE Comparizons taor the
Ezstimatesz of J
2 2

m m o (o) g g s SN N N

b c 1 2 B/A A 2 2 2,1 2,2
8.2 8 1 1 ) @ 8.85%1 8.8591 8.85%1 8.8591
8.2 8 1 4 ) .25 @.8218 ©8.8218 ©8.8218 ©6.0218
8.2 8 1 16 @ 1.2 ©.8129 0.8129 0.8129 ©0.8129
8.2 ) 4 1 1 8 8.2424 8.2424 ©6.2424  0.2424
8.2 ) 4 4 1 1.8 ©0.2912 8.2912 8.2912 8.2912
8.2 ) 4 16 1 S.00 8.4196 0.4196 8.4196 8.4196
8.2 ) 16 1 5 & 3.8580 3.8586 3.8586 3.8586
8.2 ) 16 4 5 4.0 S.5028 5.9828 5.9828 5.9828
8.2 9 16 16 s 20.68 5.3510 5.3518 S5.3518 5.3518@
3.2 0.2 1 1 ) @ ©0.8757 ©.878% ©8.1282 ©8.1147
8.2 0.2 1 4 8 .25 ©.8232 8.8217 8.85%4 8,8521
8.2 8.2 1 16 8 1.25 @.8238 08.0218 0.8566 8.8473
8.2 8.2 4 1 1 @ ©.5844 ©.4785 @.598%9 B8.5355
8.2 8.2 4 4 ! 1.8 ©.3308 ©.3158 8.397 8.3425
8.2 8.2 4 16 1 5.00 ©.3917 0.3697 8.5398 0.4762
8.2 8.2 16 1 5 @  6.5688  6.2588 6.4388  6.1986
8.2 8.2 16 4 5 4.88 4.9226 4.7160 6.3363 5.6479
9.2 8.2 16 16 s 28.08 _ 5.9928 5.7008 5.8156 5.4168
8.2 0.4 1 1 ] @ ©e.1411 ©8.1385 B8.3123 8.2638
8.2 6.4 1 ) %] 8.25 9.2485 0.8443 6.179S 8.15061
0.2 8.4 1 16 ) 1.25 ©.8471 ©8.0425 8.1771 08.1478
8.2 8.4 4 1 1 @ 8.5683 8.5696 0.8188 6.4724
8.2 8.4 4 4 1 1.66 08.4885 ©8.4389 8.6652 0.5630
6.2 8.4 4 16 1 5.88 8.594% 8.5443 8.7928  8.4578
8.2 8.4 16 1 5 @ 7.9568 7.1948 B.8548 &.9580
9.2 8.4 16 4 5 4.8 9.7138 B.3478 18.3988 8.9508
4.2 8.4 16 16 5 20.88 S5.7468 5.2426 7.9828  4.5848
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CHAFTER IV

RESULTS
The analysice was broken intoc three parte, these were the

various methode of estimating 012 Cf o) cf and 22

o

sing which estimating methods provide the
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ahbhove aszessment as to which procedures
had the smallest MSE, with an (X = @.85.
Two methods of estimating Cf were examined, the =standard
e

method of computing the zums  of =quares, & xnd the
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the simplif»ing method.
Four methods of estimating the component of variation

M
[Xx]

methods ape given in Tabl

u
g
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Table 8. Definition of Procedures

SuUMs OF SOUARRES k COEFFICIENTS

COMPONENT TERM  STANDARD 1 = m = STAMNDARD NEW METHOD
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M 2
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M 2 1
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Table 9. Resulte of Wilcoxon Signed Rank Tect

*

HYFOTHESIS RESULTS

= = 5N SN, ¢ §
SN = N SN < N
2 2l Z 2.1
SN = N SN M
5 = SN S < 5

SMNo= N SN <N

i 20 i S
SN =N no difference
S = N SN N
SNo= N ric dif%eﬁence

= 2.4
SN = N SN < N
o= N no di%%eﬁence

S N

%3
=
“

3 3l = 3.7
S = N no difference
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Appendix A,

Cerivation of Expected Values

The expected values for the cell and cbservation sample

de :

1N
by

izes were computed. The following assumptions were m

1. Sample <sizee are independent binomial random

2 m = probability of missing cell or observation
i
3 u= b = b
i
4 A= =
i
b ch=b >
b tl I i
ELL 1 - § & ¢1 - 2 T
i b =a it b b b
i i
B {hE—-h '
b b' | l
= Z —————————————————— ] = 7T ) TT
B =1 6 = Ialilh — k9! b b
i i i
Th =10 i B-b ]
tl"'l /b'—i ] . \
= Bel -T1 5 tr = I T
BB =1VE =1 ad b
i i
let y = b -1 andm=5hb - 1
m Y. bl M-y
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noting that

K K K iiK=i
c &+ du = 5 cd
i =4 i
<o that
m m ¥ M=o
3 (i -
y=f y b b

and

ELb 1 = ¢1 = IT b

Similary

ul
&

]
=
m

M

s

Elb 1 = EIb + b + i b |
1 z 3
=1t = JF yb# ¢ = Jl 5B & ,,, 4 03 =71 5§)
t! t' b
= 4l - JI 5ab
b

Efc ] = Elc + C + .. F € ]
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Elc J = Ele +...+cC +c .0 otc + .. tc - 4C

It should now be obserwed that the expected wvalues for the

f

tor & balanced nested design are:

(W]

B» =substituting the expected wa

unbalanced nested design for b and < iy the balanced

neszted design the wvaluess of the expected mean =sguares

1
-+
(u}
=

listed on page ¥ are obtained. The expected waldes

the new method of estimating the K coefficients listed on

re now derived.

page 18 =
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B = 0 = 6§, °
b
b 1
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1 E 1 b+1 (b + 1)!
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Appendl = B,

Main Program

DIMENSION X(9 .2 ,%
DIMENSION MNCS3
DIMEMSION XMSC]!
DIMEMSION XBARBY
CIMENMSION SIGEC 4
DIMERNSI rlf‘ SIGMET
T PCLS 2

DaTA PEL :1 bl

Cr—*.xri‘t"FElf ,1_

0

n [-J .L. n r '-0 el

;_,\_, NBFQ
<HEAN'”4‘.:I
*XBARC( 7, -"f',

ra

LA sliis

PC1(3) ,PE

sty
l_‘_l

vl

rReMDUM SEED B<IXX<188888 MUST EBE

1))

(W]

[Tx=421%

(e

A
)
ey
2l

MRT=1,
HN-—;.

oo
oa
M
oo
0o
HHH
I i
NN:“MJ i+ 1
LEB=UEBEL CMM3D
FE=FEL (MMN2D
PP=PF1“MH1‘
LAs=lUas (MM

..
l'.l.'l |'_._'|

[y
=

|| [

KN
[an )

MUR
A
o

MM3=1 ,
MMa=1

R A B R o R

” [N

— I
—

Sy

FOR EACH CASE SET

[ e g |

MNUMBER OF TIMES

i)

0O 1888 TJHLMMN=1,188

INITIALIZE ALL WARIAEBLES TO ZERO

) )

CALL INITALCSC,S5C,5B,.NC,NB,XK,

SElS NUMBER OF EaSES O BE RUN oF

¢1ﬂ5‘3}

J
[

hM'°4' \HCEf“4

XBDDD:4) ,B(?),SIGA( 1!

10325 WEBBLOZ) Uanl ()

.
iy
-
Ju
.
ra
[y

ool IMTEGER

GME TIME

XMSA , xMSB xMSC, 516,

)
0

(W]

1)




YB=SART(UEE
UC=SART {UCE)
DR 1A I=1 .11

E
C  CalkL RAMDOM MUMBER GEMERATOR FOR RaMDOM
C  RECTAMGULAR 8 TO I
Z
CAaLL RAMOUCTI TN, IY,WFL?
o CALL MCTRI TO COMPUTE MORMASL REMNMDOM NUMBER
B

CAaLL METRICYFEL X1 .2, IERD
bR 18 Jd=1 .37

CALL RAEMDUCTIX,IY ,YFL?
CALL NECERI(YEL X2,C,1ER)
o 18 KE=1,EK

CALL ReMDUCTIN,IY YFL?
CALL MNCTRISYFL,X3.,C,IER}
WOl T Ka=N1 2 S+ 2 E+ DT
COMTIMUE

po 58 I1=1,11

By 58 J=1 ,J.J

[N}

et
o
=

& CETERMIRME IF CELL OR CQEBSERVASTION IS TO BE IMCLUDED BY
C USIMG BERMOULLI PROBABILITIES
&

CaLL RAMNDUCTIN, IV ,¥WFLD
IFCYELLLT.BPE2GO TO 28

0o 28 K=1,HK

Call RAMOUCTIN,IY,wWFL?
IFCYEL LT .BEYXIT (J,KI=2H
COMT IMUE

GO Ta o8

COMNTIMUE

¥l ,J, K)=2M

COMTIMUE

)
]

o

N
=

{K
IFCxel I, K).EQ.ZM)G0 TO &8

COMFUTE CELL &MD SAMPLE SIZES
COMPUTE SUMS &MND SUME OF SQUARES

o))

NCCT (Ja=NCCT T3+
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SEul KD
35C« I, KIi®xel J,K)
S8 CONT

-E"ﬁ=-8{In+SC{I,J3
CONT IMLUE
SA=SH+SEOLD

COMT INUE

J
(v )

(5N}
(]

D |

COMPUTE DEGREES OF EREEDOM

e

DF&=4 .
DFB=a.
DFC=a.

CaLL DGFREECNC,MB.N&,DFA,DFB,DFC,A,B, 11,002

B
E COMEUTE THE Kil) COEFEIEIENTS
C
CaLL COEFFOxK,DF&,DFE,DFC,MC,NB, M&a, 1T, JJ0
5T1=4a.
Lo 118 I=1,11
ITEChBCL - EU GIRE TR 118
£
C COMPUTE MEAME SQUSEES
C

SATLA+SECI Y REBCIIANBOT D

. .EQ, 5
A 1‘1'—'H:P'11+ (I, J, H3%edl  J,K)
STI=ST1+«01 ,J, KD

COMT IMUE
COMTIMUE
CORTIMUE

-H
—_ g
B

- SZ“i\—VM“Bfl\\fDFD
¥MESB(L x= SECL)Y=-<MSNC 1Yy DFBE
IFiNS EQ, 8 Gﬂ TO 1@@a
iﬂ“ﬁ“l‘—f' SR Y =ST1 ST MR SDFA
SBDOD
Lo JHH I'l II
IFECNBeLY VER.ABYGEE T0 2
¥EDDDCZ2)=xEBDDD:2Y+35E¢
CONTIMUE
HBODD O Zy=SB0C0DC 20 7
PO 215 I1=1 11
{

()
Iy

rJ
=
AN

pp 218 J=
IFCMCOT ,J2 JEQ.EG0 TO 2148
XBDDD(3r=xBDOOD(3)+S5CCI ,J)/NCCI I

218 COWMTIMUE
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rJ b
R

[N ]
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Fa

21 5

[xx)

VI Y]
n

FHUTIJ,

*BLOOC 2
Do ::5 I=
1E« faul
GO 223 J:
IF Eel g
*E [ 0o 4 4
COMT INLE
COMTIMUE
XEDOD 3=
MPM=PMM+ 1

~ m

DO 235 LL
L1=L1+1
DO 238 1=

-

IF¢NBCTD

Mome Ll =X

SHBCI ) KB
MUE

COMNT IHL
CONT IMUE

DO 253 LL=

=L1+1
DO 258 I=
TECRCTIY (|
SCi=a,
0o 248 J=
TEeMCE I
:L1=:11+'
COMT IMNUE
=MEscLL
COMNT IMUE
EDFTINUE

2 I—
[ECRBET Y .
oo 278 J=
IFNCCT,

g

"_

LCSEC I T),
COMTIMUE
CONT IMUE
DO 318 1=
SCi=a,
IFiB(

talbk
DO 2%8 J=

IECNCET )
SC1=SC1+¢53
CONTINUE
0o =88 J1

1LERBYBE TE

=<B0DDC 42 +5CC 1

XBDDD¢ 4) /A

L, I

Eﬁ BagE T 2
MSACLLY + (SBY
DOBCLL )

1,49

1,11

E.2.)60 TO 25

1.,_
» JEQ.BYGO TO
00T J0NDeT,

=x¥MS&CL1)+(SC1

HMSAC I
1,11
EQ.B8>30 T0O
1.-_

 GER L8600 TO
23+ LS00 T
ol ,

1,01
E. E 260 TO 31
!,

'Ea.0>60 TO
Gl

£ JISNCCI,

=1,JJ

g0OC0DC 3y
I.II
E.R. 0 BA TH 2

=a
I>

=
J

2248

|‘-—T

=D

2494

d) )

~xXBDDODCLE ) Y *(SCL X

239

2748

) ANGCT
Jy=SBCIYANB(IY)

a

259

Dy

TODFAR+DFBE+L .

SMNCCT (J3 7

Bil)

SNBCIY=XBDRDD(LL)YY*(2B(])

"Blly

#{ DFA+DFE+DFC+1 .

‘B l)

A DF A

ELDDCLL Y

Ja=5SBCI)/NMBCT )




EY ey )

C
B
B
&
&

TECNECTL gl Bl BiGE T8 EGU
XBSB(3)=xMSB(3)+(5C1 ~-SC(T, YZNECL (Jl) )=
LeSCL 54 (J1aUNECT -0l )0
388 COMTIMUE
214 FDNTINHE

wME SBT3 # I DFA+DFB+DFC+1 .2/ (DFA+DFB+1
HN—ﬁ
DO 338 I1=1 .11
0o 338 J=1{,JJ
IFCNECL I (ER.B)IGE T
IECNECT J) (ER. 1 )G0 T0
SIGMaCI ,J)y=055C0] ,Jr-5
TeNECT .1 -1

228 NN= HN+1
XMSCI2)y=xMSC(22+SIGMACT , I

DrrrIPUIt

) LW

230 €
NMISCC20=xMSCE 23 NM
M=8

COMPUTE COMFOMEMTS OF VERISTION

SIGEC 1 y=(xMS
IF'-IHE 1

! !
_ﬂtm~im

IFVQIHE G0,
SIGRC] i=0 .
IFLSIGacl) LT,
SIGAT2 =0
IFUSTG&Y
DO 348 J=2,9
I=J+1
SIGHC I =0 MESAa  J)=XMEC(2)-xK(2,2)*3IGEB(2
IFCSIGACT Y LT.8.25I1GA0] =0

348 COMTIMNUE
DO 258 J=2,9
I=1+1

O Ny S S

Iﬂ
s

0O,

SIGACII=OEMEAC T —¥MSCI 2 -XK(2,2)*3IGE(4) ) /XK 2,

IFCSIGACTY . LT.B.05IGACI=a,
258 COMTIMUE
DO Z&B I=1,18

COMFUTE ~YVERAGE COMFPONEMT OF VaRIAMCE
COMPUTE THE WARIAMCE OF THE AVERAGE
COMFUTE THE ME~AMN SQUSRE ERROR

2 #CDFA+DFE+COFC+1 . ) 7 (DFA+DFB+1 .

(I, D =sCi] JINCC], 000/

2.2)%516B(2) )/ XK(2,

1<DFB
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FHA] FORMATCSX,

FARZ FORMAT SN, " STAMDARD T , 14X .'HPFEUJIN TE,

44

AMEANC T d=SMESNT T 1 +STGS0 T )

SIGMOT o=SI0MCTI v+ SIGRCI)=SIGACT )

SMEECTI=XMSEC I )+ CSIGAC T ) —Uaa 0 20 STGATT ) —Uiks)
388 COMTIMUE

J=d

Do 37A [=17,22

J=J+1

EMESMO T y=HMESMNC I 2+ SIGRC T

SIGMIT »=SIGMC IV +SIGRBCTY®=SIGER.T)

SMSECT i=sMEECI 2+ CSIGBY ) -UBB»*(SIGEB(J)-LURBE)
278 EDHTINHE

SIGMOT y=STGMCT b+
KMSEC L i=xMIECT )+ 10X
COMT IMUE

COMT IMUE

OO =278 I=1,24
SIGMO T y=0STEMOT ) —MEAMNCT 2 #XMEAMNC T 2 AMMM Y 2 MMM =10
X, AESM T 3 MMM

=HMSEC T 2 ST

0 E )
Uy |
[un)

—
LSoUR
o
o
=g "

PROMIDE PRIMT QUT OF IMFORMATION

WRITECT , 788483

FEEA FORMSTO 1 7007, 21, "XBAR CCOMPIOMNENT - 7, 175,
P"CALCULATIONS (17,7 DF .:1” HEHH DUUHFE .K.SE,

‘ANALYSIS”

4a. .
‘COEFFICIENM T 1 ”‘FIHTIHN
1

s 5 1\ 5 : I e \ 120,71, T
7% ”EHN ﬁE‘

MERIANCES , EPP”F
LWEITESTY , 784 ”MEHN'I'.:IHMflﬁ. cMSEC] D
‘ TETAMDARD T (23, TR &,

I—- |:_I_:| (g%

Tk D RD

- ]

WRITEC? ,¥A822XMEAMNCZY ,SIGMOZ2) \¥XMESE 2D

wn

13F12.4)
L=2
DO 419 I=1,2
DO 418 J=1,2
DO 418 K=1,4
L=L+1
WRITE(7,7883)K,J, 1 ,XMEANCL) ,SIGM{L)Y ,XMSEC(L)

418 CONTIMUE

P83 FORMAT(! x.faPPRDXIMATE +,12,14,14,2%,'APPROXIMATE” ,
1 ' ..»;_‘,“, :

WRITEC?

#614)
WRITED?, 7@ XMEANC19) ,SIGM(12) XMSE{17)




PAAY FORMATSX, " STANDARD " , 1 &X,
131 2.6
WRITE(?,®818)

2010 FORMAT(SX,”
13F1 2.8

=24

0O 428 I=1,2

J=T+1

WRITE(Z7,9a11)1
428 CONTIMNUE

2A11 FORMAT(SX, APP OxXIMATE -
15%, B . &axX 23FE1Z2.5)
WRITE(/ .7
WRITEC(Y

812 FORMATY \
WRITE: /, 761

XMEAMC

4
CSTAMNDARDS
w*<MEHH"4'
HPFFH IMATE
]l l l IEE i ll_l
E \PE H
Z;_ddff"

ufﬂ

WRITES
LIRITECS

_-.Jn__; =

I‘

WRITEY; B2y [X¥
WRITE(? 1?\II.JJ KK

7
PEAS FORMAT -, 5X
;g

JNBTE:” .14 °

PROBABILITY
*PROB&BILITY

4 FORMAT ()

FORMAT ¢

1B= =17 [95

2088 COMTIMUE
STOP
EMD

STANDARD” , 18X, *

*STANDARD” ,8X,” B’ ,

3:3.7IHM'LH'.EMSE(2@D

'APPROXIMATE ,SX,

EMEAMCTY (SIGMCTY ,XMSECT)

=, 14,2, "APPROXIMATE ",

“INMPUT UaRIANCE OF A = 7 ,F18.5
CIMPUT UARIANCE OF B = 7 ,F1@.5
“INPUT WARISMNCE OF C = 7 ,F1B.5:

PEFLILHTI”Jﬂ LERE

TMOTE: RANDOM MNUMBER GEMERATOR

OF B M
OF C MISS

LRy
[N ANy
—
el
)
Il

oFle.,
F

“TARGET SaMPLE SIZES: A = 7,12,3X

LISED =)

SEED

10

-

wnoen




Appendix C.,

Subrautine RANDLU

SUBROUTINE RANDUCIX,IY,YFL)

COMFUTES RAMDOM RECTANGULAR NUMEERS

Gy Gl

IFE%Iv )5 v Sy
IY=1Y+2147482547+
YEL=IY

—

n

Cr

I X=X
FRETURM

EMD




Appendix D,

Subroutine MCTRI

SUBROUTIME NCTRICP X

COMFUTES R&aMDOM MNORM&SL

(o i s o |

[E=-1

—

N
= L]
S R
— .
[ DAY
£
— ~
[ {A]

7 C=P
FiE=.519.9.8
=1.8-C
2=aL0OG10

=

40 D
e e N R e R
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L lED

MUMEBERS
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Appendix E.

Subroutine DSGFREE

SUBROUTIMNE DGFREECNC,ME,NA,OFA,DFB,DFC,A,B,TT,Jd0

COMPUTES DEGREES OF FREEDOM

i

DIMENSION NC(?,7) NB(?Y ,B(?)
DO 2 I=1,.1L
b I Jd=1,dJ
NECIY=NB{IY+NCOL )
IF(NC(I,J>.EQ.8)50 TO !
DFC=DFC+NCI,J)-1
DFE=DFB+1
BCII=B(I)+1.

! COMTINUE

ME=Me+MBC 1)

IF(NBCI)ER.8)E0 TO 2

DFA=DFaA+ 1

COMT INUE

A=DF#&

BI=DFE

CIJ=DFC+EI

DFE=DFE-DFA

DFA=DFA-1

RETURM

EMD

ra

w




Appendix F.

Subroutine COEFF

SUBROUTIMNE COEFFOXK,DF&,0FE,DFC,MC,ME NS, T, JJ2

B
&  EOMPLITES THE Ktl) COEEEICIENITS
B

DIMENSTIOM <FL~.:>,NCK?.??.NB(?)
oo 2 I1=1,1
pg 1 J=1 .1 ,_T
[FCMCOT J2 . EQ.B8.0RNECT Y JEQR.G.OR.NALEQ.BD
166 T8 1
XKRet (o=KL 1)+NECT ,J)=NECT  Jy %] [ /BCCT ,J)=1 |
INBC1Y)/DFB
XROL (20=MEC] (BY+NMCCT (JIXNECT ,J0 %201 . NBLUID) =1 ./NA)
1-DFA
1 COMTIMUE
IFCNEOIY JEQ.E,0R.NALER.BXG0 TO 2
MEOL,20=xKEOL ,3)+MBOIY*NEBCI ) # 01 L /MBI =1 . NAY /DF&
2 COMTIMUE
DF r\F-'r—n*[_‘FE+[:F—'|+1
KK E-DFH+DFF+1\

RETURN
END




n

Do

Appendil k. G,

Subroutine IMNITAL

SUBROUTINE IMITAL(SC,S35C,SB,NC,NE,XK,XMSa ,XMSB ,XMSC,
1515, 516MA ,XBARC ,XBARB ,B,XBDDD, 11 ,JJ)

C  IMITIALIZES THE YARIABLES

9 ,XBDDD( 4)
3L EMBA T ) XMSE(
Y JXBARE( %) ,XBARC(S, %)

BIMEMSIEN SECY 02) SSE(S 95
DIMENSION NCO?,7) MNBIP) XKL
CIMENSION =2IG6C4,40 ,516MACY,
DIMEMSIGON XMSLC2) B2

Do 2 I=1,11

O L)

[y
—
(Y]

e %
T~
—

—

=

=
-

2 COMTIMUE
oo I=1,
o 3 =1,
HECI ,Ji=@a,
COMTIMUE
pE g =1 =2
¥MICCI =8,
4 COMTIMUE
ba 5 I=1,;
DR 5 J=1 .,
SIGal ,Jo=
5 CONT INUE
pa s I=1,
s XMSBCI)Y)»=8.
po 7 I=1,%
7 XMSAalIl)=a.,
Lo 2 I1=1,4
3 XBDDDCI)=@.
FETURENM
END
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