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Yij  =

Yi.  =

ri  zz

y.. =

“l‘m~  3.1

hn-698il991es~eo?a~l~~~~l~~~~~~~~~~ CRD

T
Gl G2 . . . Gi G,

YII YZI Yil Yt1

Yl2 y22 Yi2 yt2

Yl”, Y2n2 Yini h”,

Total YI. y2. ,t. Yi.  ... Yt.  Y..

Mean j, y2 y,  y,

+iiiY.3~na5mwt.iauwanosw” j ~s%F&rd  i

i = I,..., t  LbWZ  j = I,..., ni

2  y..
j=1 U

-Yi./ni

2 l?  y..
i=l  j=]  ‘I

&mi=mwm.i  H o  :  p, =  /L2 =  .  = pt

VI1319  ANOVA  th4~¶l’nrm~n~aO¶l Ho : /L, = . . . = /+

I

S.V. df
Treatments “H

= t -- 1

Error vE = ;,(n, - I

Total En-1
I=,

S S MS = SS/df fc

S S H MSH = s*H s:,  / s:

S S E = SST -- SSH MSE = s;
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7Y

1

Gl

24.0

13.3

12.2

14.0

22.2

16.1

27.9

Gz

7.4

13.2

8.5

10.1

9.3

8.5

4.3

16.4

24.0

53.0

32.7

42.8

II2  =  7 “ , = 5

2. = 61.3 3. = 168.5

8.76 33.78

G4

25.1

5.9

n4 =  2

,z31.0

15.50

hi  = 21

Y. = 390.9

4 n>  , (Y..Y
L

(390.9)2
fl, Fzlyij  = 10482.59, C.F. = q = __ =

21 1216.3243

; (y:)  (129.7)’ (61.3)2  (168.9)2  (31.0)2

i=,T=7 +- + -1 5 + ~ = 9125.91052

SSH = 9125.9105 - C.F. = 1849.5862

SST = 10482.59 - C.F. = 3152.2657

SSE = SST - SSH = 1302.6795
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R1’119~  3.6

MANOVA  h%l One-way Classification

S.V. dfS.V. df

TreatmentsTreatments t-1t-1

SS  and SPSS  and SP
-.-.

HIIHII H,2 Hip Hz2 HzDH,2 Hip Hz2 HzD HH DPDP

ErrorError x @,-I)x @,-I) E,, El1 . . . EE,, El1 . . . E
/=I/=I IDID Ezl  . . EzD  . EpDEzl  . . EzD  . EpD

TotalTotal TZ q-1Tz  q-1 TT T T ‘Ti2  .._  Tip TII TIz T
i=ti=t IP

” 2-L-d IP

‘Ti2  Tip Tmm

n”aseilai  3.2” amhv%  2 Gwmz  (41)  avrmxi7eraada:Z~  :a

y(l) = number of bacilli inhaled per tubercle formed

y(2)  = tubercle size (in mm.)
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Gl G2 Q 7

Totals: y!kI.
Mean :; I”

"i

y(l)

24.0
1 3 . 3
1 2 . 2

1 4 . 0

22.2
16.1

27.9-_
129.7

18.5286

7

y(2) p y(2)

3 . 5 7.4 3 . 5
3 . 5 1 3 . 2 3.0
4.0 8 . 5 3.0
4.0 10.1 3.0

3.6 9 . 3 2.0
4.3 8 . 5 2 . 5
5.2 4.3 1.5
2 8 . 1 6 1 . 3 18.5

..0143 8.7571 2.6428

I

y(1)

1 6 . 4
24.0

53.0

32.7

4 2 . 8

168.9

~3.7800

f
I;-
5

y(2)

3.2

2 . 5
1.5

2.6
2.0

11.8

!.36OC

y(l)

2 5 . 1

1y(2)

12.7

5.9 2 . 3

31.0 5.0 y(l) = 390.9 ’ y(*) = 63.4

5.5000 2.5000 y(l) = 18.6143 ,a zz 3.0190

2 2 1

y(‘)

4 9
E E (y!f))2  = 10482.59
i=l  j=l U

1. b't1?2  9125.9105=
i=l  I$

(Y(‘b2
pJ,(1)  = A

(390.9)2
Eni =21

= 1 2 1 6 . 3 2 4 3

; (Y!212  = 202.04221.
i=* ni

(Yc2b2  (~j3.4)~
C F.(2)  =  A = -

cni 2 1

%I = 10482.59 - 9125.9105
= 1302.6795

“II = 9125.9105 - C.F.(‘)
= 1849.5862

= 1 9 1 . 4 0 7 6

E22 = 208.82 - 202.0422

= 6 . 7 7 7 8

“22 = 2 0 2 . 0 4 2 2  C.F.c2)

= 10.6346

Tll = 10482.59 - C.F.(‘) T22 = 2 0 8 . 8 2  - C.F.c2)

= 3152.2657 = 17.4124

y(2)

i
n,
E (y!$’  = 208.82

j=l j=l
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C F (1)(2)  = y”’  y(*)  / ; n. = (390.9) (63. . i-1 ’ .4
)/21 = 1180.1457

HI2  = ; #)  y!2) / n. - C.F.(‘)(2) =
(129.7)  (28.1) (31.0) (5.0)

’ 7 -t . . . + - C-J?.(‘)(*)
i=l 1. 1. I 2

= 1158.7647 - 1180.1457 = -21.3810
n,

T ,* = ; E y!!) y;;’ - C.F.(‘)(*)  =
I=lj=l  'J

(24.0) (3.5) + (13.3) (3.5) + . + (25.1) (2.7) +

(5.9) (2.3) - C.F.(‘)(*)

= 1141.12 - 1180.1457 = -39.0257

E,, =  T,, - H,, = -39.0257 - (-21.3810) = -17.6447
\

S.V. df ssy”’ s&‘)  y’2’ ssyn,

TWdIIMlti 3 H,, = 1849.5862 H,, = -21.3810 H, = 10.6346
ElT0r 1 7 E,, = 1302.6795 E,, = -17.6447 % = 6.7778

TOtal 20 T,, = 3152.2657 T,, = -39.0257 T, = 17.4124

3.5 Likelihood Ratio Test ItQZ  U - Distribution

n”a&%%lGKR&@l  U =, H’ t’ 1E ,(Wilks’ Lambda Statistic

H;O  U statistic)
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H = uaz E=

.

.
.

.

El,  E12  ...  El,

‘312 $2 ...  E2p

. .

.

.

El, Ez,  ...  E,,

Transformations of U to Provide Exact Upper Tail Tests Using F - dist”‘s

Parameters : p, vH

YH  = 1,anyp

” H = 2,  any P

Statistic having F - d is t” Degrees of Freedom # F

I-U.  YE  + YH-p P. (YE + VH  - P)

U P

1 - G . YE  + vH-p-l 2p,  2(YE + PH - p 1)

*Iu‘  P

p  =  I,anyu”

p = 2, any YH
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m”add3.3  9lfd-dN~  3.2

dl?Is”¶J  number  of bacilli  inhaled  per tubercle formed  = y(l)

1302.6795 = 0.4132
=3i3rm
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Ho : =p1 . . . = ‘iAUl;%  Likelihood ratio test- !4

01"W75,Gl3.9  6SlMl

1302.6795 - 17.6447
IEl'= = 8517.9657

- 17.6447 6.7778 )

3152.2657 -39.0257
(E  + HI = = 53365.5060

-39.0257 17.4124

8517.9657
= 0.1596

-hi&i  p = 2, Y” =
Y

3, 66-C?:  vE = 17 &s%U I+~,~, 17j,,,1  = 0.370654

. 0.15% < .370654  kTiid$laiTi  Ho MIZH~d~l vectors of means dldIJ 4 fl$J<Fhqfi"w. .

su'1&fJ1  4 .

3.7 Union Intersection Test t6tl’Z  Heck Chat

%w” CL, (HE- ‘)  dM 1 argest characteristic root %OWJGI~f&  HE- * &J”?~%%~MVNJ

&

s = min (v”, p)

m = 1%  -PI  -1
2
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3.8 m”a&W~6-t~nla?l~as¶J  Ho : !, = Ir2  = . . . = Pt R”afJ%  Union Intersection Test

vYaed& 3.4*

11nm1919i 3.9

E =

i 1302.6795 - 17.6447 1 0.000796

,E-1  =
0.002071 0.002071 10.152933l- 17.6447 6.77781

&&HE-~  =
1849.5862 -21.3810

-21.3810 10.6346

r 1.427990 0.560633=
1 0.005006 1.582101

I
c

0.000796 0.002071

0.002071 0.152933

~U?l?X?l characterestic  root lIEI  HE-’ LTlL%JU

]HE-  1 _ ), 11 =

1.427990 -A 0.560633
=

0.005006 1.582101 -A

= (1.427990 -X)(1.582101 -A)- (0.005006)(0.560633)

= X2-3.010091X + 2.256418

tr (HE-‘) = 1.427990 + 1.582101 = 3.010091

/HE-‘1 = 2.256418

8inmni5  X2- 3.010091X + 2.256418 = 0

mwmwni5& 3.010091 f do”

2
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= 3.010091 f 9.060648 - 9.025672

2

;.A, = 1.598555 LLR'.  h2 = 1.411536

check X, A,  = IHE-’ = 2.256418, A, + X,  = tr (HE-‘) = 3.010091

&if%4 oc =
1.598555

1  + 1.598555

= 0.6152

bbW34l~lihEli  !O s = min (v”. p) = min (3, 2) = 2

bpl-’ 13-21  -1m = = =
o

2 2

YE-p- 1 17-2-1
n = = =7

2 2

3.9 Linear Contrasts Among Vectors of Treatment Means

fhMpbGl1~  ?I, j$...,y:  LbWPb  row vectors of sample means “1109  t mu

Yi.9  Y; ,Y...  ?Y:. LbVlU,vectors  of treatment totals
r o w

, k = l,...,  p

tloJU;;glU Ho : c,  c1 + c2 p2  + . ..+ ct  pt =

ST 437 I 79



Il4~GIiO~ot’?llll5VI~  1SlU~llUfl SS  11X  SP lWGfl4  dl~si,  “treatments” oFJfl

IhdbJ~  IlXXfllJlXl~l  orthogonalcontrast%  IlVitl:  linear contrast OlV$lVlWf8Ll%l~

aunntitv
Group

. -
Cl Gt G 3 G 4

Totals:

,!I’1 . y’,!’ = 129.7 y;,) = 61.3 y;,’ = 168.9 y$” = 31.0

y?’I. y(2)  = 28.1I . y:f’ = 18.5 yp, = 11.8 y(4f) = 5.0
1

“i n,  = 7 n2 = 7 nj  = 5 n4 = 2

contrast values

HI C
II

=+2  c12=-l’  c13=-l c 14 = -1

H2 C2I  =
0

C22  =
-1

c23  =
-I c,=6

H3 C 31 = 0 52 = 5 c33 = - 7 c34=o
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0 u Imp9-3fl  H, : H, = B 20.9
I I

-“* [-1.8 20.91 = &
(- 1.Q2 (- 1.8) (20.9)

(-  1.8) (20.9) (20.9)2 I

(- 1.8)2/42 (- 1.8)(20.9)/42
=

(-  1.8)(20.9)/42 (20.9)2/42

0.0771 -0.8957
=

- 0.8957 10.4002 1
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PlaJ1eanq  nisi ; CiYi&6J  Ht(c,  = 2, c*  = -1, c3  = -1, Cd = -1)
i=l

Y,.I:[‘:~::],Y2.=[~:::].Y3.=[1~~:~j~Y4.=[3~:~]

; c.
i=l lyi. =  CIYl.  f =2y2.  +  c3y3.  + c4y4.

=~[‘:~::l-I~~:il-i’~~:~l-i3::~l=~:,”,l
41 Ic c.y.  '
i=]  " = [ -1.8 20.91

~unl%~5aae~Y~l~umlal~~  3.12 If% L~6lLm  SS LLAt SP ilH?¶JI'?J 3 contrasts

%Jl¶J'Hl?%  ltZWLl-dl~dlahn'El  SS blat SP Xl9  tremnents 'IhMWdl  contrast M”s  3 orthogonal

91n  H,

9-m H,

9ln  H,

S.V.

Treatment:

HILH2

H3
Error

Total

df

3

1

1

1

1 7

T

SSY’”

2 0 3152 .2657 - 39.0257 17.4124

1849 .5862

0 .0771

23 .2576

1826.2515

1302 .6795

t

-21.3810

- 0.8957

0 . 1 5 7 8  +

1- 20.6438

- 17.6447

I

“1 = IEi  ‘U, J!x ‘“3 =iEi
IE + H,l IE + H,/ /E  + H,/

ssp

10 .6346

10.4002

0.0011 +

0.2334i

6.7778
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hi H ,  =

H2 =

H,  =

E=

IE + H,!  =

JE  + H,J  =

JE  + H,I  =

0.0771 - 0.8957-0.8957 10.4002 J

: 2 3 . 2 5 7 6  0 . 1 5 7 8 0.1578 0.001 I I

i 1826.2515 - 20.6438 0.2334 -20.6438 1

1302.6795 - 17.6447 I
, IEl = 8829.3011 - 311.3354

- 17.6447 6.7778 = 8517.9657

1302.7566 -28.5404
= 22035.0064

- 18.5404 17.1780

1325.9371 - 17.4869
= 8682.6033

- 17.4869 6.7789

3128.9310 -38.2885
= 20471.5518

- 38.2885 7.0012

WC!
LbRtclSU-t.4 " 8517.g6571 = = 0.386565

22035.0064

U 8517-g657
2

zz = 0 981038
’8682.6033

IJ 8517.g657
3

z = 0.416088
20471.5518

R1'illfl'31~19  uc2,  1,  ,7j,.o,  = .562341  (vH  = k)
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1302.6795 - 17.6447
E =

- 17.6447 6.7778

74.6828 - 1.0379
b-096 s+ =

- 1.0379 10.3987 ,

0.013527 0.035215
M+t s-1 =

0.035215 2.599820 1

0.013527 0.035215 - 1.8

iil’v\%
H ,

: T: = i2 -1.8 20.9 0.035215 11 12.599820 20.9

= G2 0.711645 54.27285

= 26.9167
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0.013527 0.035215 - 44.2

tilM%
H,

:
‘0.035215 2.599820 Ii -0 .3 1

== 0.3285

0.035215 - 875.8
iTA??J H, T: 1

0.013527
: =420 I -875.8 9.9

0.035215 2.5998201 L 9.9

= 23.8564

3.lQ  Simultaneous Confidence Intervals for Differences Between Treatments
Y

ekk  b~ulaJbJ?%n¶JU  diagonal llO9 matrix E, k = l,...,  p
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F1@hdlY  7 &lZ~=i%i’l  simultaneous Confidence intervals 196m1519d  3.13

Cr0llp

Quanti ty -
Gl 62 G 3 64 JG 1.1752=

$1)I 18.5286 8.7571 33.7800 15.500 36.0928 42.4162

$2' 4.0143 2.6428 2.3600 2.5000 2.6034 3.0595

n, 7 7 5 2

tYx?mnix~i C.I. miwimukmndi9m9 mean vom@i  2 rmzn{uw”  3 fh?LI

number of bacilli inhaled per tubercle formed (y(l)) b4lhk~tl4

(8.7571 - 33.7800) f 42.4162 -0.1882)
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3.2 ~UrlTan~aOJLn"U~fl  blackberries &Xl~&&J~fl~ k%hileilJ  “] 3 hillngn blackberries

%‘%Ad  Thornless Evergreen ii¶J8l6U~~l~U~~?’  0, 6, 15 itA:: 18 ?“u fil@ilJ  7 &-I&

y(‘)  = detachment force in grams

yC2)  = berry weight in grams

LLFI:: yC3)  = soluble solids in Brix units

qn berries 44 pI~pYhiiIuwiaz%  aln~~~a~~~Elsau~~~~~~~  V;iwil:ij~~i~uu~~i

afh!xtiu’nSTuGiJij

0 day 6 days

‘y(l) 122.148 91.981ml----rg”2’ 3.961 4.100

$43)’ 10.500 10.696

15 days

91.592

3 .707

12.888

33644.684 3.488 *

H = 3.488 13.147

1 - 1257.537 -50.721 259.185 J

414213.179 - 2386.930

E = - 2386.930 144.319

-8132.426 135.892

- 1257.537 ‘

- 50.721
1

- 8132.426

135.892

659.002 I

i

447857.863 - 2583.442 - 9389.963

T = - 2583.442 157.466 85.171

- 9389.963 85.171 918.187
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