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(1)(1 2225) + (-0.5)(1.8275) + (-0.5)(1.9475) _ 0. 665

1}——0 329 [1 +(=0.5)2 + (~0.5) ] 0104

gl 4 il ¢

= 6.394

_ (0)(1.2225) + (1)(1.8275) + (—1)(1.9475) _0.12
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_ 4[(1)(1.225) + (-0.5)(1.8275) + (-0.5)(1.9475)[* _ 4(0.665)°

=1.179
12 +(=0.5)2 + (-0.5)2

_ 4[(0)(1.225) + (1)(1.8275) + (-1)(1.9475)* _ 4(0.12)°
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EBllae z A0 V=Y 0 Jle o 13 el saYy JXag .. cubic (S )
ths ) Bale VY Jaaa e Adiiad) 32005l 308l coefficients

Leladd) (5 giuna 0 10 20
Jas yidll 1.2225 1.8275 1.9475
Linear -1 0 1
Quadratic 1 -2 1
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Lo 3llayy ey sall ¢ sana’ (e gl sl @ f SAS galin Jhany )
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rodiy ke alaanaly bl Jilas o) el oS =Y
DU Ula b i o280 538 5 PROC ANOVA &b plasiud =i

S 22 Yy aslie Slaal gaene e plsd 2 Vi ai
et

gl paan b alaaiidl adiai a5 PROC GLM 4k plasind -0
e ULl cal€ 1 L Ala b LA Re it o A Fie o) g UL
il cals 1 WA ghae el g osens Ge g lsl g N1 Ol
Type III SS (& missing cells 3248t LA 232 g a2e ae 45 Yia &
sy Clladl Glay sall pogene 52 138y JType IV SS ao 55l
558 WA dgay s 3 Type I1 SS «Type [SS e abidy asu
Ulall ody Ay . Type IV SS s e alisg Type III SS _pais (18
orthogonal property JHELY! duals \d Type III SS il jlas) s
.balancing property o} 5Y! duals Ll Type IV SS < jlaal L

3ay o Raoad) a5 5ld aae ol g A3 e UL Al b T
least-squares ey o ¢ same S las gia 508 0 5k adld 32 g8he LD
Glau gidl Gy (population marginal means cews 39) means
oo ke Gluse g osese S Gl gie arithmetic means dnlusl
i€ ) LS subclass 44i) caat § class A) lawgid Aad gl dedl
il asend Uas el Aol laeV! G AY) e e Sl
Slas giall 032 joaiil LSMEAN Ll aadfu 5 . Daa 5 13 covariates
PROC GLM gs

S orthogonal comparisons 4luall U lEal) Claa B4 il xe —
model z3sall 2y 3l 53y CONTRAST _iaal alasinly olld Jee
.PROC GLM a4 )b 4
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kel F —]

oMl e lua b 2 ) s PROC VARCOMP ,aaius —o
o3 Clua 4djla naad , oL Alladl w38 Ay .variancc components
TYPE! JUdl Jaw deo lgia Cluall (3 s 522 2 g 4] Cua Sl Sl
zo8 Gohll 22y ML (maximum likelihood) s MIVQUEO
oS 138 (3lad

Y-1e Jua
olasidy Y=ve e da
PROC VARCOMP s PROC GLM ; PROC ANOVA

DATA POULTRY;
INPUT VITAMIN GROWTH @@;
CARDS;
0143012201.2401
101.6102101.83 10 1.88
202.18201.92201.8920 1.8
----- PROC ANOVA e}
PROC ANOVA;
CLASS VITAMIN;
MODEL GROWTH = VITAMIN;
MEANS VITAMIN/LSD;
L o) :Te 101 €) .Y (Ee— ;
PROC GLM;
CLASS VITAMIN;
MODEL GROWTH = VITAMIN/SS3;
MEANS VITAMIN/LSD;
CONTRAST “TRT 1 VS AV TRT | & 2’ VITAMIN 1-0.5 -C.5;
CONTRAST ‘TRT 2 VS 3’ VITAMIN O [ -1;
*.---- PROC VARCOMP -------- ;
PROC VARCOMP METHOD = TYPEI;
CLASS VITAMIN;
MODEL GROWTH = VITAMIN;
RUN;
Liay
O Y LY 13w b il i MEANS sl pladiul aie
.CLASS Ll gs 5585 5%

CAN




e ) byl

§ DUNCAN (Sis 4l LSD syma G J8 4 (£) _lmal plodiul (Sa
FRYY &g F _,L;..-'.| 'A:U.uu. alla “J CJUa.m_,ld‘ O 2\3-,::\1] Tukey ";EJS
MEANS _laa! sey il @l jlaay)

Loy nely oouloll b8 itt PROC VARCOMP 45 b plaaid e
.MIVQUEO 4 ML 4 TYPEI W _paill b

el Al (2l g RUN Y1 40 it

P galadll il
The AN Procedure

Class Level Information
Class Levels Values

VITAMIN 3 01020
Number of observations 12

Dependent Variable: GROWTH

Sum of
Source DF Squares Mean Square  FValue Pr>T
Model 2 1.20806667  0.60403333 21.15 0.0004
Error 9 0.25702500  0.02855833

Corrected Total 11 [.46509167

R-Square  Coeff Var Root MSE  GROWTH Mean

0.824567 10.14460 0.168992 1.665833
Dependent Variable: GROWTH
Source DF Anova 8§ Mean Square FValue Tr>F
VITAMIN 2 1.20806667  0.60403333  21.15 0.0004

t Tests (LSD) for GROWTH
NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise
Crror rate.

Alpha 0.05
Error Degrees of Freedom 9

Error Mean Square 0.028558
Critical Value of t 2.26210

Least Significant Difference 0.2703
Means with the same letter are not significantly different.
t Grouping Mean N VITAMIN

A 19475 4 20
A 1.8275 4 10
B 12225 4 0
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The GLLM Procedure

Class Level Information
Class Levels  Values
VITAMIN 3 01020
Number of observations 12

Dependent Variable: GROWTH

Sum of
Source DF Squares Mean Square F Value Pr>F
Model 2 1.20806667  0.60403333  21.15  0.0004
Error 9 0.25702500  0.02855833
Corrected Total 11 1.46509167

R-Square  Coeff Var  Root MSE GROWTH Mean
0.824567 10.14460  0.168992 1.665833

Dependent Variable: GROWTH

Source DE Type III SS Mean Square  F Value Pr>F
VITAMIN 2 1.20806667 0.60403333 21.15 0.0004
t Tests (I.SD) for GROWTH

NOTE: This lest controls the Type | comparisonwise error rate, not the experimentiwise

error rate.

Alpha 0.05
Error Degrees of Freedom 9

Error Mean Square 0.028558
Critical Value of t 226216

Least Significant Difference 0.2703
Means with the same letter are not significantly different.

t Grouping Mean N VITAMIN

A 19475 4 20
A 1.8275 4 10
B 1.2225 4 0

Contrast DF Contrast S8 MueanSquare F Value Pr>F

TRT 1 VS AVTRT | &2 1 1.17926667  1.17926667  41.29 0.000]
TRT2VS3 1 0.02880000  0.02880000 1.01 03415
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Variance Components Estimation Procedure

Class Level Information
Class Levels Values
VITAMIN 3 01020
Number of observations 12

Dependent Variable: GROWTH
Type 1 Analysis of Variance

Sum of
Source DF  Squares  Mean Square Expected Mean Square
VITAMIN 2 1.208067  0.604033 Var(Error) + 4 Var(VITAMIN)
Ervor 9 0.257025 0.028558 Var(Error)
Type | Estimates
Variance Component Estimate
Var(VITAMIN) 0.14387
Var{Error) 0.02856

Intra-class Correlation & sadt bl i Jalaa 4-1-1 0
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il gial) o il 0-10 e Jad PROC GLM biial alasind

DATA LATIN;,
INPUT SEASON BARN FAN $ MILK @ @;
CARDS;
11D187012C 215013 B 320014 A 3750
21C428022B 450023 A 414024 D 2950
31B366032A488033D 501034 C 4360
41A484042D 44104 3 C 53204 4 B 4490
PROC GLM;
CLLASS SEASON BARN FAN;
MODEL MILK = SEASON BARN FAN/SS3;
MEANS SEASON BARN FAN/DUNCAN;
RUN;

: Judaill c_nl_u

The GLM Procedure

Class Levels Values
SEASON 4 1234
BARN 4 1234
FAN 4 ABCD

Number of observations 16

Dependent Variable: MILK

Sum of
Source DF Squares  Mean Square F Value Pr>F
Model 9 12211056.25 1356784.03 29! 0.1031
Error 6 279498750 465831.25

C-Total [5  15006043.75
R-Square Coeff Var Root MSE  MILK Mean
0.813743  17.11376  682.5183 3988.125
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Source DF TypellISS Mean Square F Value Pr>TF
SEASON 3 9580118.750 3193372917 6.86  0.0230

BARN 3 1202118750 400706250 086 0.5109
FAN 3 1428818.750 476272917 1.02 044064

NOTE: This test controls the Type 1 comparisonwise error rate, not the experimentwise
error rate.

Alpha 0.05

Error Degrees of Freedom 6

LError Mean Square 405831.3

Number of Means 2 3 4

Critical Range 1181 1224 1245

Means with the same letter are not significantly different.
Duncan Grouping Mean N SEASON

A 47650 4 4
A 44775 4 3
A 39675 4 2
B 27425 4 |

Duncan's Multiple Range Test for MILK
NOTE: This test controls the Type I comparisonwise crimr rate, not the experimentwise
error rate.
Alpha 0.05
Error Degrees of I'reedom 6
Error Mean Square 465831.3

Number of Means 2 3 4
Critical Range 1181 1224 1245

Means with the same letter are not significantly different.

Duncan Grouping Mean N BARN

A 44175 4 3
A 39850 4 2
A 38875 4 4
A 36625 4 !

Duncan’s Multiple Runge Test for MILK

NOTE: This tcst controls the Type [ comparisonwise error rate, not the experimentwise
error rale.

Alpha 0.05

Error Degrees of Freedom 6

Error Mean Square 465831.3




Gl arand

Number of Means 2 3 4
Critical Range 1181 1224 1245

Means with the same letter are not significantly different.

Duncan Grouping Mean N FAN

A 44025 4 A
A 40275 4 C
A 39625 4 B
A 35600 4 D
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SAS malis Aasiudy V=Yo Jia da

DATA COVLATIN;

INPUT STUDENT PERIOD TEST $ GRAD @ @;
CARDS;

11A6621B4631A4841B 20
51IA5661B2871A6281B16
91A16101B34111A36121B 52
12B5222A4232B4042 A 22
52B2462A5472B4082A22
92B26102A28112B26122A52

PROC GLM;

CLASS STUDENT PERIOD TEST;

MODEL GRAD = STUDENT PERIOD TEST/SS3;
RUN;

The GLM Procedure
Class Level Information

Class Levels Values
student 12 1234567891011 12
period 2 12
test 2 ab

Number of observations 24

Dependent Variable: grad

Sum of
Source DF  Squares Mean Square F Value
Model 13 4512.000000 347.076923 4.13
Error 10 840.000000  84.000000

Corrected Total 23 5352.000000
R-Square  Coeff Var Root MSE  grad Mean
0.843049  24.11882  9.165151  38.00000

Source DF  Typelll SS Mean Square F Value
student [1 4032.000000 366.545455 4.36
period 1 96.000000  96.000000 1.14
test | 384.000000 384.000000 4.57

0019

Pr>F
0.0153

Pr>F
0.0138

0.3102
0.0582
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4-10 Jla
SAS gabin alasiily A-ve Jls da

DATA COVLATIN;
INPUT SQUARE STUDENT PERIOD TEST $ GRAD @ @;
CARDS;
111A66221B46331A48541B20451A56361B28
271A062681B16691A164101B345111A361121B52
122B56222A42332B40542A22452B24362A54
272B40682A22692B264102A285112B261122A52
PROC GLM;
CALSS SQUARE STUDENT PERIOD TEST;
MODEL GRAD = SQUARE STUDENT(SQUARE)
PERIOD(SQUARE) TEST/SS3;
RUN;
s el moli
The GLM Procedure

Class Level Information
Class Levels Values

SQUARE 6 123456

STUDENT 12 1234567891011 12
PERIOD 2 12

TEST 2 AB

Number of observations 24

Dependent Variable: GRAD

Sum of
Source DF Squares  Mean Square F Value Pr>F
Model 18 5132.000000 285.111T11  6.48 0.0240
Error 5 220.000000 44.000000

Corrected Total 23 5352.000000
R-Square  Coeff Var  Root MSE  GRAD Mean
0.958894  17.45592 6.633250  38.00000

Source DF Type Il SS Mean Square F Value Pr>F
SQUARE 5 3708.000000 741.600000 16.85 0.0038
STUDENT(SQUARE) ¢ 324.000000 54000000 123 0.4203
PERIOD(SQUARE) 6 716.000000 119.333333 271 0.1466
TEST 1 384.000000 384.000000 8.73 0.0317
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1i-to Jla
SAS zaliy Haainly Vo =v0 Jlie da

DATA SPLITP;
INPUT REP VARITY TRT PLANT @ @;
CARDS;
1116611212113131146122261232712177
124151315113281332013410141521424
1431914413151451522015391541216159
1628163281641417156172121732617415
1814918214183301849211632121021313
214122214722211223522442318123216
2333023414244924316241402421525151
2521325310254122616626282633226421
2713827216273162748281412822028328
2841531170312133131131473216632218
32311324153316333214333293341034159
3421134373447351523521635312354 11
3614936283632936416371453721637324
3747381543822538336384 12
PROC GLM;
CLASS REP VARITY TRT;
MODEL PLANT = REP VARITY REP*VARITY TRT

VARITY*TRT/SS3;
TEST H = REP E = REP*VARITY / HTYPE =3 ETYPE = 3;
TEST H = VARITY E =REP*VARITY / HTYPE =3 ETYPE = 3;
MEANS VARITY / DUNCAN E =REP*VARITY ETYPE = 3;
MEANS TRT/DUNCAN ETYPE=3;
LSMEANS VARITY / E = REP¥VARITY STDERR;
LSMEANS TRT/STDERR;
RUN;
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4o o sl 4y oyl Ky E=REP*VARITY sl 4o
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74 G Sl J e sie J peand] LSMEANS loal aadsd

b Al y Gaiaall) JLEAYE 138 ey S5 A Jal gall (U8 (e psgal 12

bl ety e fall o3gd ol Uasdl Jle Jgeandl U3, (Jlal 138

oo bl Uasd Clia 3 axdtiy Gogw o3 Wl ¢ 5 S5 oo STDERR

GliaW bl Uadll Clual E=REP*VARITY il ladiul 35k
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Jaladl) 2l
The GLM Procedure

Class Level Information
Class Levels Values

REP 3 123

VARITY 8 12345678

TRT 4 1234
Numpber of cbservations 96

Dependent Variable: PLANT
Sum of
Source DF Squares Mean Square F Value Pr>F
Model 47 35573.40625  756.88098 31.24 <0001
Error 48  1162.83333 2422569
Corrected Total 95  36736.23958

R-Square Coeff Var Roas MSE PLANT Mean
0968346 19.45279 4921960  25.30208
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Source DF Type lII S§ Mean Square F Value Pr>F
REP 2 38.58333 19.29167 080 0.4568
VARITY 7 763.15625 109.02232 450 0.0006
REP*VARITY 14 1377.25000 98.37500 406 0.0001
TRT 33077428125  10258.09375 423.44 <.0001
VARITY*TRT 21 2620.13542 124.76835 3.13 <0001

Tests of Hypotheses Using the Type 1II MS for REP*VARITY as an Error Term

Source DF Type III 8S Mean Squarc  F Value Pr>F
REP 2 38.5833333  19.2916667 0.20 0.8241
VARITY 7 763.1562500 109.0223214 1.11 0.4100

Puncan's Multiple Range Test for PLANT

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise
error rate.

Alpha 0.05
Error Degrees of Freedom 14
Error Mean Square 98.375

Number of Means 2 3 4 5 6 7 8
Critical Range 8.685  9.100 9357 9530 9.653 9742 9810

Means with the same letter are not significantly ditferent.

Duncan Grouping Mean N VARITY

A 28.833 12 3
A 28.167 12 6
A 27750 12 8
A 26.833 12 2
A 24.667 12 1
A 23.250 12 7
A 21917 12 5
A 21.000 12 4

Duncan's Multiple Range Test for PLANT

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise
error rate,

Alpha 0.05
Error Degrees of Freedom 48
Error Mean Square 24.22569
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Number of Means 2

3

Critical Range  2.857  3.005

4
3,102

Means with the same letter are not significantly different.

Duncan Grouping

[@N@NIr-2

Mean

55.833
20.042
13.917
11.417

N TRT
24 1
24 3
24 2
24 4

Least Squares Means

Standard Errors and Probabilities Calculated Using the Type I1I MS for REP*VARITY

as an Error Term

VARITY PLANT LSMEAN

2466666067
26.8333333
28.8333333
21.0000000
21.9166667
28.1666667
23.2500000
27.7500000

G ~1 N n B WBRS -

TRT PLANT LSMEAN

55.8333333
13.9166667

1

2

3 20.0416667
4 11.4166667

Standard

Error

2.8632004
2.8632004
2.8632004
2.8632004
2.8632004
2.8632004
2.8632004
2.8632004

Standard
Error

1.0046910
1.0046910

1.0046910
1.0046910

Pr> |t

<.0001
<.0001
<.0001
<0001
<.000!
<.0001
<.0001
<.0001

Pr> g

<.0001
<.000!

<.0001
<.0001
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SAS gabi y pl3aiudy VY=V (s Ja

DATA SHELP;
INPUT BREED $ SEASON $ ANIMAL TIME @@,
*-- M = MERINO --- C=CROSS --- O =0S8SIMI ----;
# - A =AUTUMN --- W = WINTER --- § = SPRING ---
SR = SUMMER ---;
CARDS;
MAI44MA23IMA34EMA41I9MASSI
MWI3IOMW223MW339MW436M W 538
MSIIOMS235MS318MS425MS8527
MSRI1I9MSR2I5MSR322MSR428MSR59
CAI23CA217CA316CA4I0CASI1G6
CWI24CW22ICW317CW416CW513
CSL1I12CS23CS314CS413CS519
CSRI20CSR220CSR325CSR42CSR52
OAI360A2210A3210A4200A548
OWIlI6OW2440W3140W4340W523
081908219083230854250S8517
OSRI300SR2230SR3260SR4380SR52I
PROC GLM;
CLASS BREED SEASON ANIMAL;
MODEL TIME = BREED ANIMAL{(BREED) SEASON
BREED*SEASON/SS3;

TEST H = BREED E = ANIMAL(BREED) HTYPE =3 ETYPE = 3;
MEANS BREED / DUNCAN E = ANIMAL(BREED) ETYPE = 3;

MEANS SEASON / DUNCAN ETYPE=3;

LSMEANS BREED / E = ANIMAL(BREED) STDERR;
LSMEANS SEASON/ STDERR;

RUN;

The GLM Procedure
Class Level Information
Class Levels Values
BREED 3 CMO
SEASON 4 ASSRW
ANIMAL 5 12345
Number of observations 60

Jelatl) il
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Dependent Vuariable: TIME

Sum of
Source DF Squares Mean Square  F Value Pr>F
Model 23 4220.983333 [83.521014 1.93  0.0376
Error 36 3426.000000 95.166667

Corrected Total 59  7646.983333

R-Square  Coeff Var Root MSE  TIME Mean
0.551980  41.83849  9.755340 23.31667

Source DEF TypeIlI SS Mean Square F Value Pr>F

BREED 2 1833.233333 916.616667  9.63 0.0004
ANIMAL(BREED) 12 600.000000 50.000000 053 0.8839
SEASON 3 1016.983333 338.994444 356 0.0235

BREED*SEASON 6 770.760607 128.461111 1.35 0.2612

Tests of Hypotheses Usine the Ty

1L MS for ANIMAL(BREED) as an Error Term
Source DF Type Il 5§ Mean Square  F Value Pr>TF
BREED 2 1833.233333 916.616667 18.33  0.0002

NOTE: This test controls the Type I comparisonwise error rate, not the cxperimentwise
error rate.

Alpha 0.05
Error Degrees of Freedom 12
Error Mean Square 50
Number of Means 2 3
Critical Range 4.872 5.100

Means with the same letler are not significantly different.
Duncan Grouping Mcan N BREED
A 28.800 20 M
A 25400 20 O
B 15750 20 C

Duncan's Multiple Range Test for TIME

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise
error rate.

Alpha 0.05
Iirror Degrees of Freedom 36
Error Mean Square 95.16667
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Number of Means 2 3 4
Critical Range 7224 7595 7.836

Means with the same letter are not significantly different.

Dunean Grouping Mean N SEASON

A 28.067 15 A

A 26467 15 W
B A 20.800 15 SR
B 17933 15 S

Least Squares Means

Standard Errors and Probabilities Calculated Using the Type I1LI MS for
ANIMAL(BREED) as an Error Term

Standard

BREED TIME LSMEAN Error Pr> |t
C 15.7500000 1.5811388 <.0001
M 28.8000000 1.5811388 <.0001
O 25.4000000 1.5811388 <0001

Standard

SEASON TIME LSMEAN Error Pr> |t
A 28.0666667 2.5188181 <.000!
S 17.9333333 25188181 <.0001
SR 20.8000000 2.5188181 <.000!
W 26.4666067 2.5188181  <.0001

Qi) QleUall (ubud Ao Jaladl) ada jLad) Y-14=3 3
symmetry Jibad lodl Sy paall-cplall Sl s gt jlas) L5k
o plaaiudl valid lla ddiidl clelhadll apead 58 s G huadl &b

S % claabidl ety clibdl Judas dlla
= el b shiaa (5 glud JLUAT 1Y

b gl dasaas var-cov matrix el — (pld A gheas (S5 )
VYV Jle b YO b (5 st IS Jaby 5 Sl clasliall
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LS &0 Y Ay Ay (A Slisiad @i (558 CGigu sl =Y

feh

1783  42.00 -49.50 -60.45

| 4200 465 -5000 9.75
171 —496 -5000 895 -2125
-60.45 975 -2125 513
[ 213 14.15 -3.85 4090 ]

A, = 14.15 187 -16.55 44.70
-385 —16.55 337 -46.05
(4090 4470 -46.05 1682 |
[ 1547 -61.8 -48.40 -38.15]
A= -61.8 160.2 266 3.85
~-48.40 26.60 388  11.30
|-38.15 3.85 1130 453 |

Laguiie in &l 3 Anaadl gl af Cla e g sana b Sie 1783 dnile
el duall als s e

2
=[44% +31% +-..+512 —%1/4

el aalie 3 iy Al Claalie Gipd duala g sene o 42.00 Gl

b dgall Glay Je Logeda s gall

=[(44)(39) + (31)(23) +--- + (S1)(38) —

(1 93)5(1 7"5)]/4
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118.100 -—1.883 -33.917 -19.233]
—-1.883 75.1333 -13.483 19.433
-33.917 -13.483 54000 -18.667
~19.233  19.433 —18.667 88.2667

A pooleed =

o Y - ,
| aliad A 135 4 118,100 < L7837 213~ 1547

Apooted ‘Az Ay A Clgiadl determinant dasa dad Slus — Y
tom g VY=Y e Jul dlly Je | saanll
D=3 Cun p (YN el juidl Ol sise 20
q=4 dua q (Jsmaill) gl jpid b fse 220
n=5 cuan ol uaia J€ Jals Slaa gl o
N=np=15 Cus N b jusadl Qlgine S 8 Slas gl s
Glaadl Je Jeaad Sa gl ) sl ddgtiaddl 2aaal e il

saghl
|A||  =2.368612.38

|A;]  =104166.57

|As|  =17,040,426.05

|A pooled| = 25,873,858.91

&L&; El JMI EuL.'JEL_!LwA—'i

i i
M, = (N-p) m[Apooledl—[iz(ni —1)1n|Ai|J
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(@ +p -] in; —1 N—pJ

CEAYYe Jlie (b gl g L padll o le Sl 50 In e

M, =(15- 3)(17.069) - 4(14.678- 11.554 - 16.651) =33.296

2
i )+3(4)“1[(£+l+i)_;]
6(4+1)(3~-1) | 4 4 4" 15-3
:2(16)+11[§ 1

—— | =(1.394)(0.896) = 3.
(30)(2) | 4 12} ( X ISl

Cua \d Aall Slo oy 4] s — @
xi = (1-EpPM,
d el Gla
PR CED

VYm1e Jlha (8 G sailly
22 = (1-3.463)(33.296) = 3.463
A adl Sls 35

_4(4+D3-1) _

df 20

Sl paliligy adall (a b Galy Y oade y Lsiae e S g e dad
S Jals bl — el
<itd ghuadll symmetry Jila jloal Ll
0o Ryl il S i 351 Wl A a8 e (5 )
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oe iole Aave 33_,5.\4&11«1._:_).1;&!1 f.;ull Osse YY—Yo dt\.n@w_’:_’\jb

_118.1- 75.1333- 54- 88.2667
4

=83.875
Ge ke Jhill 7 s el

(- 1883-33.917-19.233- 13.483- 19.433- 18.667)
6

=-11.292

e E’JL.“ Aavc UJS:' u.-xml-’_ﬂ

8§3.875 —11.292 -11.292 -11.292
—11.292 83.875 -11.292 -11.292

Agve =
~11.292 —-11.292 83.875 -11.292
-11.292 ~-11.292 -11.292 83.875
Agpe e clea =Y
|A yve| = 43,094,771.06 sl s VY-V e Jhe
Cua Ey 9 My ded Gl -V
Apgol
M2 =-—(N—-P) lnLBTidl
A avel
B, - q(@ +1)%(2q-3)
2

G6(N-P)q-1)q% +q-4)
VY-10 Jla (4 (s gl

25,873,858.91

M, = —(15-3)1
My ==(5=3) G ot 77106

) =—121n (0.600)=6.122

_ 44+ D% (8 -3) _ 500
6(15-3)d—1)(16+4—4) 3456

2 = 0145
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Aoadh Sl g

2 —
df, =4 T4

YY=Ve e & o eailly
x5 = (1-0.145)(6.122) = 5.234
doall ala g

b ot Y ey Agina e ol el Sla ) die 51 e dady
Al cleladl Jdas an oSa agle s (Ablde @01 Clisiadl o caad
ARt leUndl 488 die Lea pd (Bl 48 kY ity 3 dl Gl giea il
e Al e el —olal Gligieas o sl g 1Y Als
Boall oy e o o805 Adie lellil Gl iad e 3l
Uaias iSH &y simall L) dass of s b3y [1/(1- )] = 0 el 8 Lasll

1% 8 as sy (Maianall Laa) Gl G A sy axadl (8 b )
. Geisser and Greenhouse (1958) s Kirk (1995)

Analysis of Covariance il Jdai YY-Ve

Apoadl sl o pilh aad s pade dla OIS el Biludl Slapeaill US4
.model z3sal 85 sS3d) Jab gl 2 28 jaad 4@ clal) s S5 a4
LS s el Jalalls plaall 8 sl sa el 13 8 V-Ve QU
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Y X Y X Y X

29.9 226 40.5 25.6 38.5 24.5 1
38.0 25.8 19.1 16.5 334 22,5 ¥
29.0 24.5 22.3 18.5 38.0 25.5 Y
24.8 21.9 20,0 16.4 32.3 18.4 ¢
19.2 18.9 25.1 20.4 24.4 16.9
21.7 20.8 422 27.4 28.0 19.1
28.4 22.8 15.1 14.4 42.5 23.2
17.0 15.9 33.6 21.2 27.1 19.2

208.0 1732 2179 1604 2642 1693 g el
260 21.65  27.23 20.05 33.03 21.16 dwgad
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8 24
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DATA ANLCOVI;

INPUTTRT$ X Y @@;

CARDS;
A245385A225334A25538A184323A169244
Al19.128A232425A19227.1B25640.5B16.519.1
B18.5223B16.420B204251B274422B 144 15.1
B21.233.6C226299C25838C24529C219248
C189192C20821.7C228284C 15917

PROC GLM,;

CLASS TRT;

MODEL X = TRT/SS3;

PROC GLM,;

CLASS TRT;

MODEL Y = TRT/SS3;

PROC GLM,;

CLASS TRT;

MODEL Y = X TRT/SOLUTION;

RUN;
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The GLM Procedure
Class Level Information
Class Levels Values
TRT 3 ABC
Number of observations 24
Dependent Variable: X
Sum of
Source DF Squares Mean Square  F Value Pr>F
Model 2 [0.7608333  5.3804167 040 0.6779
Error 21 285.2987500  13.5856548
Corrected Total 23 296.0595833
R-Square Coeff Var  Root MSE X Mean
0.036347 17.59016  3.685872 20.95417
Source DF TypelIISS Mean Square F Value Pr>F
TRT 2 10.76083333  5.38041667 040  0.6779
Dependent Variable: Y
Sum of
Source DF Squares Mean Square F Value Pr>F
Model 2 225.005833 112.502917 1.77 0.1951
Error 21 1336.173750 63.627321
Corrected Total 23 1561.179583
R-Square  Coeff Var Root MSE Y Mean
0.144126  27.74093  7.976674  28.75417
Source DF TypelllISS MeanSquare F Value Pr>F
TRT 2 225.0058333 [12.5029167 177 0.1951
Dependent Variable: Y
Sum of
Source DF Squares Mean Square F Value Pr>F
Model 3 1407.060161  469.020054 60.86 <.0001
Error 20 154.119423 7.705971

Corrected Total 23 1561.179583

R-Square Coeff Var  Root MSE Y Mean
0901280 9.654125 2.775963 28.75417




e oualddl qlall

Source DF TypeISS Mean Square F Value Pr>F
X 1 1149.932120 1149.932120 149.23  <.0001
TRT 2 257.128041 128.564021 16.68  <.0001

Source DF TypelIISS  Mean Square F Value Pr>F
X 1 1182.054327  1182.054327 133.39 <.0001
TRT 2 257.128041 128564021 16.68  <.000!

Standard
Parameter Estimate Error t Value  Pr> |t
Intercept  -18.06833933B  3.69100615  -4.90 <0001
X 2.03548911 0.16434775  12.39 <.0001

TRT A §.01730094 B 1.39029203  5.77 <.0001

TRT B 449428258 B  1.41267082  3.18 0.0047

TRT C 0.00000000B . . .

NOTE: The X'X matrix has been found to be singular, and a generalized inverse was
used to solve the normal equations. Terms whose estimates are followed by the letter
‘B’ are not uniquely estimable.
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352 359 373 375
330 380 355 369
348 365 355 367
350 379 366 357
289 356 310 353
3428 3660 1669 1839 1759 1821 § sa2ad

a9 A palided)
340 354 332 355
293 331 362 338

268 318 311 314
300 308 340 310
315 335 316 309

3177 3272 1516 1646 1661 1626 £ sexal
6605 6932 3185 3485 3420 3447

(X) andl Jiss i

A4Sl oy et ¢ sene

2
—SEEE%L—=113208

= (375)2 +(369)% + .- +(335)2
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10 20
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10 20

_(1821)2 + (1839)% +(1626)° + (1646)*

5
2
- (692302) -722-7527.2=7599.6-7599.4=0.2
=11320.8- 72.2- 7527.2- 0.2=3721.2 Uaall lay e § saxa

(Y) 03 Jas il

IS gyl g pans

2 (6605)°
2

= (373)2 +(355)% + -+ (315) =15805.75
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=2761.25
10 20
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10 20 -
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10
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5
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(3264.6)*

=9743.2 - =6879.17

op OWRY eVl ) el ) e el gl aay Bid) Gl e posene
Omain

(2818.1)2

=12504.45 - =10410.90

Gn o LAY AVl B aal ol e el gl sy el Cile e ¢ gens
.:5\ iy

2
=12893.25 - (8134)
11248.4

=7011.30

Jalul laay slaeV) I asd i e el g i el Glay s g sens
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(3259.1)°

=0894.45 - =7040.22
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DATA ANLCOV2Z;

INPUT BREED $ SEX$ X Y @@;

CARDS;

HM 375373 HM 369 355 HM 367 355 HM 357 366
HM?353310HF359 352 HF 380330 HF 365 348
HF 379 350HF 356289 S M 355332 S M 338 362
SM314311 SM 310340 SM 309316 S F 354 340
SF331293SF318268SF308300S F335315
PROC GILM;

CLASS SEX BREED;

MODEL X = SEX BREED SEX*BREED/SS3;

PROC GLM;

CLASS SEX BREED;

MODEL Y = SEX BREED SEX*BREED/SS3;

PROC GLM,;

CLASS SEX BREED;

MODEL Y = X SEX BREED SEX*BREED/SOLUTION;
RUN,;

TV




Dependent Variable: X

Source DF
Model 3
LErcor 16

Corrected Total 19

R-Square

0.671295
Source DF
SEX 1
BRELED 1
SEX*BREED 1

Dependent Variable: Y

Source DF

Model 3

Zreor 16

Courected Total 19

R-Square

0.383566

Source DF
SEX 1
BREED 1
SEX*BREED L

Dependent Variable: Y

Source DF
Model 4
Error 15

Corrected Total 19

Salal] o i
The GLM Procedure
Class Level Information
Class Levels Valucs
SEX 2 FM
BREED & HS
Number of observations 20
Sum of
Squares  Mean Square  F Value Pr>F
7599.60000  2533.20000 10.89  0.0004
3721.20000 232.57500
11320.80000
Coeff Var  Root MSE X Mean
4.400003 1525041  346.6000
Type 111 SS  Mean Square  F Value Pr>F
72.200000 72.200000  0.3] 0.5851
7527.200000 7527.200000 3236  <.0001
0.200000 0200000  0.00 0.9770
Sum of
Squares Mean Square | Value Pr>F
6062.55000  2020.85000 3.32 0.0467
9743.20000 608.95000
15805.75000
Coeff Var  Root MSE Y Mean
7472191  24.67691  330.2500
Type LI SS  Mean Square  F Value Pr>F
2761.250000 2761.250000  4.53  0.0491
3150.050000 3150.050000  5.17  0.0371
151.250000  151.250000 025 0.6250
Sum of
Squares Mean Square  F Value Pr>F
8926.57589  2231.64397 487 00102
6879.17411 458.61161
15805.75000




R-Square  Coeff Yar  Root MSE Y Mean

0.564768  6.484548 2141522  330.2500
Source DF Type 1SS Mean Square  FVulue Pr>F
he l 5212.805102 5212.805102 1137 0.0042
SEX I 3422.288065  3422.288065 7.46 0.0154
BREED 1 130.437179  130.437179 0.28 0.6016
SEX*BREED 1 161.045549  161.045549 035 05623
Saurce DF Type lI[ SS Mean Squarc F Value Pr>F
X 1 28064.025895 28064.025895 624  0.0240
SEX L 3531.721930  3531.721930 770 0.0142
BREED 1 132.176603 132176603 029 0.5992
SEX*BREED 1 161.045549 161.045549 0.35  0.5623

Standard

Parameter Estimate Error t Valuc Pr> |t
Intercept 46.90280555 B  114.5656308 0.41 0.0880
X 0.87729705 0.3510597 2.50 0.0246
SEX F -32.50919058 B 13.6167738 -2.39 0.0306
SEX M (.00000000 B . . :
BREED H -14.61460819 B 19.2586901 -0.76 0.4397
BREED S (.00000000 B . . .
SEX*BREEDFH  11.35091906 B 19.1548689 0.59 0.5623
SEX*BREEDT S 0.00000000 B
SEX*BREEDMH  0.00000000 B
SEX*BREEDM S  0.00000000 B

NOTE: The X'X matrix has been found to be singular, and a generalized inverse was
uscd to solve the normal equations. Terms whose estimates are followed by the letter

‘B' are not uniquely estimable.
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