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Data Set (1):

Balanced Data

2-way crossed classification, 3 rows, 4 columns, and

2 observations per cell

Total (n) Mean
10 16 12 9
14 22 18 19
ol 38 30 28 120 (8) 15
23 17 2l 18
25 21 32 2l
48 38 56 42 18 (8) 23
13 8 16 7
17 12 12 19
30 20 28 26 104 (8) 13
Total | 102 % 114 % 408
(n) | (6) (6) (6) (6) (2k)
Mean | 17 16 19 16 17

Sums of Squares

R(p) = 6936
R(u,) = 7384
R(p,B) = 6972
R(w,0,B,Y) = 7556
Z'Z = 7806

Analysis of Variance

Term d. f. ..
Mean 1 6936
Rows 2 L4 8
Columns 3 36
Interaction 6 136
Error 12 250
Total 2l 7806




Data Set (2): Unbalanced Data, O or 1 observation

2-way crossed classification without interaction,

b rows and 3 columns [IM, pp. 262, 272]

Column No. of
Row A B C Total Observations Mean
X 18 12 2L 54 (3) 18
Y - 9 9 (1) 9
Z 3 15 18 (2) 9
W 6 3 18 27 (3) 9
Total 27 15 66 108
No. of observations (3) (2) (%) (9)
Mean 9 7% 16% 12
Analyses of Variance
a. Rows before columns b. Columns before rows
Sums of Squares Term d. f. S.8S. Term d. f. S. 8.
R(u) = 12% R(u) 1 12% R(p) 1 12%
R(p,) = 1458 R(a|n) 3 162 R(B|u) 2 148%
R(p,B) = lhhhg R(B|u,a) 2 258 R(a|u, B) 3 2113
R(u,o,B) = 1716 SSE 3 12 SSE 3 12
y'y = 1728 SST 9 1728 SST 9 1728
Parameter vector: B' = [p ap 0y oy o By Bs 63]
Solution vector: bo' =[0 26 9 14 17 -10 -14 O]



Data Set (3):

Unbalanced Data, all cells filled

2-way crossed classification, 2 rows and 3 columns

[BU-668-M, pages 4-7]

Totals

7 6 2

9

16 (2)8* 6(1)6 2(1)2 24 (4)6

8 L 12

8

8(1)8 12(2)6 12(1)12 32(4)8
Totals: |24(3)8 18(3)6 14 (2)7 56(8)7

* In each triplet of numbers, the first is a total,

the second (in parentheses) is the number of ob-

servations, and the third is the mean.

Sums of Squares

R(u)
R(LI.,C!)

R(U«’B)

R(u,% B)

= 392
= 400
= 398

7

= ,-Lllﬁ

R(u: Q, B,Y ) = 448

yy

Weighted squares of means:

- 458

Analyses of Variance

Parameter vector: b’

Solution vector: bO

~

1

a., Rows before columns b. Columns before rows
Term d. f. S.S. Term d.f. S. S.
R(p) 1 392 R(u) 1 392
R(a|n) 1 8 R(B|n) 2 6
R(8]w,0) e 1L | RlwB) 1 13
N N
R(v|u,0,B) 2 36 77 R(Y|w,a,B) 2 3637
SSE 2 10 SSE 2 10
SST 8 458 SST 8 458
SSA. = 20
w
SSB_ = 5%
=l oy By By By Yiy Yop Yi3 Yoy Yoo Ypsd
=0 0 0 O 0 O© 8 6 2 8 6 12 ]



Data Set (4):

Unbalanced Data, empty cells — a simple case

2-way crossed classification, 2 rows and 3 columns

Totals
2 L 5
L 6
6
12(3)k 10(2)5 5(1)5 27(6)4 3
12 11 -
8 7
20(2)10 18(2)9 - 38(4)9%
Totals: | 32(5)6.4 28(4)7 5(1)5 65(10)6 %
Analyses of Variance
a. Rows before columns b. Columns before rows
Sums of Squares Term d.f. S. 8. Term d.f. S. 8.
R(p) = koo R(u) 1 k4e2.s R(p) 1 ko225
R(u, ) = k823 R(a|u) 1 60 R(B|u) 2 3.3
R(p,B) = 425.8 R(B|u,a) 2 .318 | R(a|u,B) 1 57.018
R(u,a,8) = 1482.818 R(Y|u,q,B) 1 2.182 | R(Y|w,o,B) 1 2.182
R(u,q,B,Y) = 485 SSE 5 26 SSE 5 26
v'y = 511 SST 10 511 SST 10 511
Parameter vector: P' = [p o a, B, B, 63 Y11 Y12 Yl3 Yop Y22]
Solution vector: ®> =[0 0 0 O 0 O & 5 5 10 9]



Data Set (5): Unbalanced Data, empty cells — a bigger case

2-way crossed classification, 3 rows and 4 columns
(1M, pp. 287, 294]

Totals
8 - 12 7 -
13 11
9 -
30(3)10 - 12(1)12 18(2)9 60(6)10
6 12 - -
12 14
18(2)9 26(2)13 - - Ll (4)11
- 9 14 10
7 16 1k
11
13
- 16(2)8 30(2)15 4L8(4)12 9% (8)112
Totals: | 48(5)9.6 L2(4)10% Lh2(3)14 66 (6)11 198(18)11

Analyses of Variance

a. Rows before columns b. Columns before rows
Sums of Squares Term d.f. S. 8. Term d.f. S. 8.
R(p) = 2178 R(p) 1 2178 R(p) 1 2178
R(u,a) = 21881  R(a|u) 2 102 | R(p|w) 3 3726
’ 2 70 70
R(u,p)  -2215.8 R(Blwa) 3 3623 | R(ow,p) z 2
2 50 0
R(,o,B) = 2225  ROY|wap) 2 3 25 | R(Y|u,0p) 2 34—%
R(u,q,B,Y) = 2260 SSE 10 56 SSE 10 56
y'y = 2316 SST 18 2316 SST 18 2316
Paremeter vector: b' = [ 9&x3 Blay Y11 Y13 Y1 Yo1 Yoo Y3o Va3 Y3h]
Solution vector: 1° = [0 O 0 10 12 9 9 13 8 15 12]
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Data Set (6):

Covariance,

1l-way classification

3 groups, 1 covariate, unbalanced data
[IM, pp. 353-359]
Group 1 Group 2 Group 3
Variable Covariate Variable Covariate Variable Covariate
Y Z Y z Yy Z
Th 3 76 2 85 L
68 L 80 y 93 6
7 2
Totals: 219 9 156 6 178 10
Means: 73 78 3 89 5
Sums of Squares and Products
vy 77 yz
R(u) = SSM 43, 687 892 1975
R(u,a) = SSR 43,997 95 2015
Total = SST Wl 079 101 2018
d.f.
R(u) 1 43,687 895 1915
R(a|w) 2 310 5%- Lo
SSE L 82 6 3
SST 7 Ly 079 101 2018
(1) Ignoring covariate: Parameter vector is a L [u a  a, a3]
Solution vector is &*' = [0 73 78 89]
(2) Pooled within-group regression: Yij = M oy + bzij + F [(&3), 1M, p. 353]
Estimated slope (pooled): b =% [(42), 1M, p. 353]
Solution vector for groups: a0 = [0 713 763 851 [(44), 1M, p. 353]



Analyses of Variance

a. Fitting groups before covariate. [Table 8.6a, LM, p. 354]
Source of Variation d. f. Sum of Squares
Mean 1 R(u) = 43,687
a-classes (after mean) 2 R(aln) = 310
Covariate (pooled within-class regression) 1 R(b|p,a) = 1.5
Residual error 3 SSE = 80.5
Total 7 SST = Ul 079
b. Fitting covariate before groups. [Table 8.6b, 1M, p. 355]
Source of Varilation d. f. Sum of Squares
Mean 1 R(u) = 43,687
Covariate (after mean) 1 R(b|p) = 157.8
a-classes (after mean and covariate) 2 R(a|p,b) = 153.7
Residual error 3 SSE = 80. 5
Total 7 SST = 4h 079
- 8 ssion: L. = .+ Db.z. .
(3) Intra-class regression: Vig =M + o, blzlJ + €
Estimated slopes: %l = b3 B2 =2 33 =4 [IM, p. 358]
Solution vector for groups:
0 0
o |73 - (-45)(3) 86%
3‘ = 78 _ 2(3) = 72 [See (52)) IM} p' 357]
89 - L(5) 69
L J L7
Analysis of Variance (LM, p. 359]
Source of Variation d. f. Sum of Squares
Mean 1 R(p) = 43,687
a-classes (after mean) 2 R(a|n) = 310
Covariate (within-class) 3 R(b|p,a) = 80.5
Pooled 1 R(b|u,a) = 1.5
Difference 2 Difference = 79
Residual error 1 SSE = 1.5
Total 7 SST = UL 079




Data Set (7): Covariance, 2-way crossed classification

3 rows, L4 columns, unbalanced data with empty cells
[LM, Exercise 8.12; Solutions Manual, p. 148-150]

y z 1y 2 Ly z 1y z
8 2 | P12 o7 173
13 oo - E P11
9 3 i : !
----------- T
6 P12 6 E
12 ST T ) i i
——————————— IV U R N
L9 b 6 110
- L 16 8 I W 6
! 5 L 11 s
! ! 137
1 1 | -

(1) 1Ignoring covariate: Data and analyses are those of Data Set (5).

i s ] rOwW: ey = + Q. Y.L .Z., .t .
(2) Different slope for each row: Vigg =Mty + 6J YlJ + blzle eiJk
Estimated slopes: %l = ok %2 = =2 %3 =L4/5
. ! - =
Parameter vector: u {“ij} {u + o, + Bj + Yij}
Solution vector:
No covariate: p*' = {yij }=[10 12 9 9 13 8 15 12]
. o' _ ¢= -
Covariate: pooo= {yij. bizij-}
{z;5.} =03 7 & & 5 b 7 5]
u” =[3% -% o 17 23 4% 9878



Note: Errors in Solutions Manual:
,W\W\J\IW\J\JW\J\MN\N

Page 149, last entry on bottom line: %% should be %% = % .

9
Page 150: R(bla) = [2f -2 %1|-8]= us—é% (two places)
12
SSE = 103
Page 151: R(blu) = 53.97
k{a|u,b) = 73.88
SSE = 10.15

Check on SSE:

bO’z'(,Z = 33__{(30) - %(12) + 0(18) + 17(18) + 23(26) + ).(.g(l6) + 9.2. (30) + 7% (48)

+22[8(2) +13(1) +9(3) + 12(7) + 7(3) + 11(5)]
- 2[6(5) + 12(3) + 12(6) + 14 (4)]
+&[9(6) + 7(2) + 14(6) + 16(8) + 10(k) + 14(6) + 11(5) + 13(7)]

- 1725% - L5 + 573% - 388 + Lo
=2305% )

SSE = SST - 2305% - 2316 - 2305%—(7) - 10536’ as expected.

Analyses of Variance [Solutions Manual, pp. 151-152]

a. Fitting factors before covariates.

Source of Variation d.f. Sum of Squares
Factors and mean 8 2260
Mean 1 2178
Factors after mean 7 82
Residual 10 56 17
Covariates after factors 3 h5§6
Error 7 lO;i
20
Total 18 2316




b. Fitting covariates before factors.

LM:

BU-343:

BU-668-M:

BU-6T72-M:

Source of Variation d. f. Sum of Squares
Mean 1 2178
Covariates after mean 3 53.97
Factors after mean and covariates 7 73.88
Error T 10.15
Total 18 2316
References
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GENSTAT V MARK 3.09
(C)197€¢ LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATION) GENSTAT ANOVA - Tats Zet 1

1 YREFERENCE® SET_1 \
2 YCAPTION®
-3 L
-4 DATA SET 1
-5 BALANCEC 3*4 FACTORIAL TREATMENT DESIGN :
-6 WITH 2 OBSERVATIONS PER CELL IN CRD DESIGN
7 *e
8 CUNITS?
9 YFACTORS?
10 :
11  *GENERATE®
12 *READ/PY
13 *PRINT/P'  A¢ByY $ 10.0
14 *TREATMENTS® A*B
15 *ANOVA® Y
16 YRUN® )

¢ \ GENSTAT program prepared by the user.

@O A BN
[\CIE )

90

<> 0 > &~

DATA SET 1
BALANCED 3+4 FACTORIAL TREATMENT DESIGN
WITH 2 OBSERVATIONS PER CELL IN CRD DESIGN

’Y 0 ;MMIJHAX 17.0000 7.0000 32.0000 24 VALUES 0 MISSING

Variable Mean Mean Minimum Maximum No. of No. of "missing" observations.
observations

AW UWWWWENDODNNNONDNODNN R D
PP UWUHNODNOFHREP2PLPHENDNODFEEDPPOHENDNDREEEO
n
[

12



taxxxs ANALYSIS OF VARIANCE s=22xs
VARIATE: Y
SOURCE OF VARIATION DF SS SS% MS VR = Tarisnse Ratic

*UNITS* STRATUM

A 2 448.00 51449 224.00 10.752 }/Mean scuares divided Ty meen sgusre for IITTTUAI: =g
B8 3 36.00 4.14 12.00 0.576 - a — P
=7 2 = . Trege mey r mes onot, =
AeB 6 136400 15.63 22.€7 1.088 22.£7/20.83 = 1.088 g R o ¢
RESIDUAL 12 250.00 28+74 2C6.83 approprizte as F-statistic deperdirg on ths
X
TOTAL 23 870.00 100.00 37.83 underlying model which is specified *y <he us:r,
GRAND TOTAL 23 870.00 100.00
GRAND MEAN 17.00 1 Sur of sgusres corrected Tor the meznm: 3T = 3T - &€
TOTAL NUMEBER OF OBSERVATIONS S3M = ‘\,:?2 cen be caleulsted; e.g..
SsM o= W2 = 2L(178) = £93¢
*xxxx TABLES OF MEANS *»#»» SST = SST_ + S = 870 + £93F = ~3F .
VARIATE: Y
This differs from TCTZAL in sznzlyses of rnested desizus
GRANC MEAN 17.00
A 1 2 3
15.00 23400 13.00
B 1 2 3 4
17.00 16.00 19.00 16.00
B 1 2 3 4
A
1 12.00 19.00 15.00 14.00
2 24.00 19.00 28.00 21.00
3 15.00 10.00 14.00 13400

No. of observations
*xx*+ STANDARD ERRORS OF DIFFERENCES OF MEANS ##xxa» in the means of each

level of each factor.

TABLE A B

A
B Standard error of a difference between means
"""""""""""""" B e \ of any two levels of factor. As examples,

SED 2.282 2.635 4.564
2.28 = |/ 212§;§l and  2.635 = /2£2§;§l

***%x* STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION #*#%#x

STRATUM DF SE cvx

*UNITS» 12 4.564 268 SE
CV%
13

Standard error =4 ?fi = 4 20.8 = L.56k4

Coefficient of variation = (lOOSE/}‘r)% = (456.4/17)% = 26.89 .
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GENSTAT Vv MARK 3.0¢ . )
(€C)1976 LAWES AGRICULTURAL TRUST (RCTHAMSTEIC EXPERIMENTAL STATION) GERETAT AN0VA - Data Set 2
60 C*REFERENCE®* SET_2
61 °CAPTION?®
-62 e
-63 CATA SET 2
-64 UNEALANCED DATAe NC INTZRACTICNg N(IeJ) = 0 CR 1
-65 LINEAR MODELS BY S R SEARLE PAGE 2€2
66 LA
&7 YUNITS? g 12
68 YREAD/P? Y
69 *NAME* LEVELSA = XoYoeZoW
70 : LEVELSE = A+BeC
71 YFACTOR?® A $ LEVELSA
72 H E $ LEVELSE
73 *GENERATE® AsB
74 YPRINT/P® A9E oY $£1040
75 °*TREATMENTS? A+ B
76 YANOVA? Y
77 *RUN?
DATA SET 2
UNBALANCED CATAy NO INTERACTIOANe N(IgJd) = 0 OR 1
LINEAR MODELS BY S R SEARLE FAGE 262
Y 0 MNMINMAX 12.00¢C0 2.0000 24.0000 12 VALUES 3 MISSING
A B Y ¢/ The program is designed for balanced data. It treats unbalzrzed data as balanced data that hes missing
i é ;g ozservations. The user has to indicate those missing observations in the data cards (using blank,
X c 24 awpersand, minus, M, or asterisk), sufficient in number tc make the data balanced. The program then
: g : “— uses an iterative technique to estimate those "missing" vzlues, puts the estimated missing values (EMV's)
Y c 9 in*o the data and analyzes the now-balanced data, correcting the degrees of freedom for the number of
g é i "wissing" values. This is a 2-stage procedure: first, it derives estimated missing values (EMV's) and
z c 15 second, it analyzes the now-balanced data with the EMV's included. Properties of this procedure are
3 g g discussed, for example, by Cochran and Cox [1957, Sec. 3.7].
W C 18

It
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s

EMV's
*xxxx ANALYSIS OF VARIANCE w#xxx
VARIATE: Y Humcer of "missing” values
SOURCE OF VARIATION CF(MV) SS SSX MS VR
*UNITS* STRATUM
A 32 4574498 108.90 152.499 38.121 the frovs
B 2 414,996 96406 2074498 51.870 degrees of
RESIDUAL 3= 3 3 12.001 2.78& 4.000
TOTAL & 884.495 204.74 110.562
GRANC TOTAL € 8844495 20474 This is not 100% bezause Zy? - 2 of fust *ne zctusl dste ‘rot including TMV's)
STIMATED GRAND MEAN g.51 This is the only fum has beexn used as the derominator. For exarpis
TOTAL NUMBER OF OBSERVATIONS 12 of squares thef zzr 88:.195 _ 88235 |~ uz “ids. e miriei-irs procedire used
NUMBER OF MISSING VALUES 2 with the correzi 1728 - 1206 432 e T T T e -
MAXIMUM NUMBER OF ITERATIONS 10 Others always <x: <o ct=eirn estirmsted wissirng velies
correct ones. PR ts o mirimize tre 23T f
UNTT ESTIMATEL et ;. is to mirdmize the Z3Z or
NUMEER VALUE Tterzted estimated missirng values. Apart from rounding errcr (they should ToTn trne Zate ernd the TMU's:
4 -0.9CS be -1. -5 and 0), ther the szme as the usual estimated missing vealues ) . )
5 -4,9¢ derived from minimizing 33T {1 p. 362). For iterative techrigue see - eV oY+ {m - 2 - 20
8 0.02 Payre and Wilkinson, ipplied Statistics, 26, 1977. -~ ~oo
Wivimizivrey gj_v:s
, . . A 1 ~ A . . ) v C e .
**xxx* TABLES OF MEANS ***** €———— These are estimated expected values; e.g., E(yij) Py Z( + 5 \, which for w.r i, oy X'XST 4+ Z°'Zh = X'v o+ 2'y
) . ) i ~ L~ ~ - ~x o~
VARIATE: Y calanced data are simply sarple means. S n = 7:°
Tmerefore z'm = 272°
GRAND MEAN 8.51 €———— This is the estimated grand mean as given 11 lines earlier. ~ ~o -
erd so X'Xo" = X',
A X Y 2 W - -~
18.00 1.03 €.01 9400 In tzis example, means shown here for X, W, and C are Zerce 5 is a solution of the rormal
the sere f? ir. tkhe data, because there ar? o empty esiztions for E(y) = Xz.
cells ir those classes — and hence no EMV's. Other ~ ~~
B A B c mears snown here include those EMV's. . For example,
651 2+52 1€.50 for Vi (-.95 - 4.9 + 9)/3 = 1.03.

***xx* STANDARD ERRORS COF

TABLE A B
REP 2 4
SED 1.€633 le414

(NOT ADJUSTED FOR MISSING VALUES)

**xxx STRATUM STANDARD ERRGORS AND COEFFICIENTS
STRATUM DF SE
*UNITS* 3 2.000

These results also assume the "missing" values are not missing; e.g. that there are

=y 2(4)/3 = 1.83.

errors are underestimated for rows (columns) with missing values.

3 observations for each row; and hence also, 1.633 Hence, the standard

A warning is given in the
output indicating this.
OF VARIATICN *w %%

cvx Note: The solution vector for b based on (i) the "balanced" data including EMV's

2.5 (rounded to their correct values, -1, -5. 0) and (ii) the "usual" constraints,
is

15

p* !

=[8%:% -7 -2 %;-2 -2 8l

This is also a solution vector for the urbzlzw 23

jata.



GENSTAT Vv MARK

3.09

(C)1976 LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATION)

42 YCAPTION?
43 "
44

45

46

47

48 e
49 YUNITS?®

50 YREAD/P?

51 *FACTOR?

53 *GENERATE?*
5S4 YPRINT/P?

DATA SET 2

UNBALANCED DATA, TWO WAY CROSSED CLASSIFICATION

WITH INTERACTION NCIsJd) > O

EXAMPLE FROM EU-608-M BY S R SEARLE

12

$ 2
$ 3
A9Be2
A'B’Y 31000

$
Y
A
B

55 *TREATMENTS' AxB

56 YANOVA? Y
57 *RUN?
Y 0 MNMINMAX 7.C000 2.0000

A B Y
1 1 7
1 1 9
1 2 )
1 2 *
1 3 2
1 3 *
2 1 8
2 1 *
2 2 4
2 2 8
2 3 12
2 3 *

*xxxx ANALYSIS OF

VARIATE: Y

VARIANCE *#*xxx

12.0000

12

VALUES

G=oeTLT
UlaC ol

ANQVL - Data Set

Pl

4 MISSING

This ANOVA includes the EMV's in the data.

SOURCE OF VARIATION DF (MV) SS
*UNITS* STRATUM
A 1 33.328
B 2 7.999
AeB 2 664659
RESIDUAL SSE 20 4) 10.000
TOTAL 7 117.987
GRAND TOTAL 7 117.987
ESTIMATED GRAND MEAN 7.00
TOTAL NUMBER OF OBSERVATIONS 12
NUMBER OF MISSING VALUES 4

MAXIMUM NUMBER OF

ITERATIONS 3

SSX

50.50
12.12
101.00
15.15
1768677

178477

/6

MS

33.328
4.000
334330
5.000
16855

VR

5.666
0.800
6e6EE

Data including EMV's in perentheses.
7 6 2
2 6 @
Means 8 6 2 5%
8 L 2
® 8 a2
Means 8 6 12 &
Means 8 6 - T

16
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UNIT ESTIMATED
NUMBER VALUE
4 6.00 The EMV's are the cell rmeans — vecause each cell has
g g:gg some data and because the model contains interactions:
12 12.06 yijk=u+ai+ej +Yi.;’ ‘ei:k'
*xxxkx TABLES OF MEANS **x#xx
VARIATE: Y
SGRANC MEAN 7.00 Secause EMV's are thre - .. 's, this teble of means is simply a table of means of 221l =eens.
A 1 2 3.
5433 8.67 Example: 5.33 =23(8+£ +2 = % 3"1-'./3 .
a -
B 1 2 3 The same kind of calculation is made here, I i.'/a. and in this csse. siwply by numericel coincidence,
8400 6400 7.00 i=1 M
these means are identical to the column means y, 5
B 1 2 3
A
1 8.00 600 200 These are the ccll means; estimating missing values by cell means lezaves the cell means unchangel,
2 8.00 6400 12.00

**xxx*x STANDARD ERRORS OF DIFFERENCES OF MEANS #xwxxx

TABLE A B
REP [ 4
SED 1.291 1.581

(NOT ADJUSTED FOR MISSING VALUES)

This is also a solution

**x*x* STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION ***x=

STRATUM DF SE

*UNITS» 2 20236

60 YREFERENCE® SET_4
*xxexex END OF CAPTION AT LINE 56

CvX

31.9

USED 428 LEFT 7572

17

constraints; e.g., Z‘.ai

X W=7 -8 B

The solution vector based on (i) the "balanced" data including EMV's and (ii) the "usual"

= 0, is

1 -1 0:!% B -% -B -8 B

1

vector for the unbalanced data.

7



ANOVA

- Tata Set -

GENSTAT Vv MARK 3,09 )
(C)>1376 LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATION) GENESTAT
61 CAPTION?
62 e
63 DATA SET &
64 UNBALANCED DATAs TWO WAY CROSSED CLASSIFICATION
65 WITH INTERACTION SOME N(IysJ) = 6
66 EXAMPLE ADAPTED FROM BU=-417-M BY S R SEARLE
67 e
68 YUNITS? $ 18
69 YREAD/P? Y
70 *FACTOR? A 32
71 : B § 2
72 *GENERATE® Ag¢Es3
73 *PRINT/P? AgBoeY $10.0
74 *TREATMENTS® A*B
75 *ANOVA® Y
76 YRUN®
Y 0 MNMINMAX 65000 2.0000 12.0000 18 VALUES 8 MISSING
A B Y
1 1 2
1 1 4
1 1 6
1 2 4
1 2 6
1 2 *
1 3 5
1 3 *
1 3 *
2 1 12
2 1 8
2 1 *
2 2 11
2 2 7
2 2 *
2 3 *
2 3 *
2 3 *

13
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*xx**x ANALYSIS OF VARIANCE ##x*»

VARIATE: Y
SOURCE OF VARIATION

*UNITS* STRATUM
A
B
A.B
RESIDUAL
TOTAL

GRANJ TOTAL
ESTIMATED GRAND MEAN

TOTAL NUMBER OF OBSERVATION
NUMBER OF MISSING VALUES

S

MAXIMUM NUMBER OF ITERATICNS

UNIT ESTIMATED
NUMBER VALUE
6 Se00

8 502

S S.02

12 10.00

15 S«00

le 10.05

17 10.05

18 10.05

**xx* TABLES OF MEANS *#*xax

VARIATE: Y

GRAND MEAN T.18
A 1
4.67
B 1
7.00
B 1
A
1 4,00
2 10.00

5.00
9.00

DF (MV) ssS SSX MS VR
1 112.000 127.68 113.000 214731
2 1.133 1.28 0.567 0.108
1¢ 1) 2.001 2433 3.001 0577
SC 7)Y 264000 29.38 5.200
9 143.134 161.73 15.904
9 1434134 16172

7.18
18
8
6
[Estimating 2 missirg values for row 1, column 2
where there is only one osvservation.
Estimating an empty cell; i.e., estimeting a cell mean for a cell that hss no observations Tor which. ==

|

interaction model is being used, it is not usual to estimate the cell meer.

estimable. (The progrem, nevertheless, having "estimated" such a mean, uses

In fact, such cell mearns zr

it enough times as observst

to make the data balanced.) See Rubin, Applied Statistics 21, 136, 1976, especially pages 1L0-1il,

Te53

S5.02
10.05

19

= L
£ ot

3 Avga
ilrs,

\1



sxxx* STANDARD ERRORS OF DIFFERENCES OF MEANS #*xx*w

TABLE A B A

B
REP 9 6 3
SED 1.075 1.317 1.862

(NOT ADJUSTED FOR MISSING VALUES)

**xxx%x STRATUM STANDARC ERRORS AND COEFFICIENTS OF VARIATION **xx=x

STRATUM DF SE

*UNITS» 5 20280

79 *REFERENCE® SET_S

*xxxkxx END OF CAPTION AT LINE 75 USED 442

LEFT 7558

20

20



GENSTAT V MARK 3,09
(C)1976 LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATION)

60 *CAPTION?®

81 LN ]

82 DATA SET 5

83 UNBALANCED DATAy TWO WAY CROSSED CLASSIFICATION

84 WITH INTERACTION SOME N(Ied) =0

85 LINEAR MODELS 2BY SRSEARLE PAGE 287

86 LN ]

87 YUNITS? $ 48

88 YREAD/P? Y

89 'FACTORY? A S 3

S0 : B $ ¢

91 *GENERATE® Ae¢Byeo

92 YPRINT/P? AgBoY $ 10.0

93 *TREATMENTS® A=xB

94 *ANOVA? Y

95 YRUN?

Y 0 MNMINMAX 11.0000 640000 16.0000 48

A B Y 441
1 1 8 2 3
1 1 13 2 3
1 1 9 2 3
1 1 * 2 3
1 2 * 2 4
1 2 * 2 4
1 2 * 2 4
1 2 * 2 4
1 3 12 2 1
1 3 * 3 1
1 3 * 3 1
1 3 * 3 1
1 4 7 3 2
1 4 11 3 2
1 4 * 3 2
1 4 * 2 2
2 1 6 3 3
2 1 12 3 3
2 1 * 3 3
2 1 * 3 3
2 2 12 3 4
2 2 14 3 4
2 2 * 3 4
2 2 * 3 4

l

VALUES

30 MISSING

(=

NP ok N ND o N %k A A A %

2



*xxxx ANALYSIS OF VARIANCE *x#»»
VARIATE: Y
SOURCE OF VARIATION

*UNITS*» STRATUM
A
E
A.B
RESIDUAL
TOTAL

o«
[97]
]

GRAND TOTAL

ESTIMATED GRAND MEAN

TOTAL NUMBER CF O5SERVATIONS
NUMBER OF MISSING VALUES
MAXIMUM NUMBER OF ITERATIONS

UNIT ESTIMATED
NUMEER VALUE
4 10.00
] 8e62
6 8462
7 8.62
8 8e62
10 11.94
11 11.94
12 11.94
15 900
16 9.00
19 9.00
20 9.00
23 13.00
24 13.00
25 15.39
26 15.39
27 15.39
28 15.3S
29 12.42
30 12.42
31 12.42
32 12.42
33 9.46
34 9.46
35 9.46
36 Feb6
39 8.00
40 8.00
43 15.00
44 15.00

DF(MV)

2¢ &)

10¢ 26)

17

17
11.15

30

SS

52.488
158.320
65.101
564002
331.911

331911

SSX

38.02
114,72
47.17
40458
240452

240652

MS

26244
524773
32.551

5+600
19.524

22

VR

4.€86
G423
50812



xxxxx TABLES OF MEANS #xsxxx

VARIATE: Y

GRAND MEAN 11.1¢
A 1 2 3
S.89 12445 11.12
2 1 2 3 4
S.49 9.87 . 14.12 11.14
B 1 2 3 4
A
1 10.00 8.62 11.96 9.00
2 S«G0 13.00 15439 12.42
3 Se46 8400 15.00 12.00

*xx** STANDARD ERRORS OF DIFFERENCES OF MEANS *x##»

TABLE A B A

B
REP le 12 4
SED 0.837 0.5€6 1.672

(NOT ADJUSTED FOR MISSING VALUES)

*xxx* STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION #**x%»
STRATUM DF SE CVx

*UNITS* 10 24366 21.2

100 *REFERENCE® SET_6
*x*xxxxx END OF CAPTION AT LINE 94 USED 487 LEFT 7513

23






GENSTAT Vv MARK 3.03

(C)1976 LAWES AGRICULTURAL TRUST (RCTHAMSTED EXPERIMENTAL STATION)
103 *REFERENCE® SET_¢

104 *CAPTICN®

-105

-106 DATA SET €
-107 UNEALANCED DATAs 1 WAY CLASSIFICATION
-108 WITh 1 CCVARIATE

-109 LINEAR MCCELS BY S Fk SEARLE PAGE 252
110

111  *UNITSY $ ¢

112 *FACTGR?® A S 2

113 *READ/P? AgY oX

114 *PRINT/P? AKeheY ¢ 1Ca0

115 *TREATMENTS® A

116 *COVARIATES® X

117 YANOVA® Y

118 YRUN?

DATA SET ¢

Y
X

* 0N E * 2O P X

0
0

UNBALANCED DATAs 1 WAY CLASSIFICATION
wITH 1 COVARIATE
LINEAR MCODELS BY S R SEARLE PAGE 253

MNMINMAX 79.00G0 66.00C0 93.0000
MNMINMAX 3.5714 2.0000 €.0000

80

8¢t
93
*

[PECETE N VN VI

S
S

24

VALUES
VALUES

2 MISSING
2 MISSING

* «——'"issing values" are entered for both the dependent and the regressor variable.

29



*xxxx ANALYSIS CF VARIANCE *xxxx

VARIATE: X < |

SOURCE OF VARIATICN DF (MV)
*UNITS+ STRATUM
A 2
RESIDUAL a4 2)
TOTAL 4
GRAND TOTAL £
ESTIMATED GRAND MEAN 3.€7
TCGTAL NUMBER OF QOBSERVATIONS e
NUMSER OF MISSING VALUES 2
MAXIMUM NUMBER OF ITERATIONS 2
UNIT ESTIMATEC
NUMEER VAL UE
€ 3.00
9 500

*#kxkxx ANALYSIS OF VARIANCE *x*wnx

VARIATE: Y &

SOURCE OF VARIATICN DF (MV)
*UNITS* STRATUM
A 2
RESIDUAL 4C 2)
TOTAL €
GRAND TOTAL 3
ESTIMATED GRAND MEAN &C.0
TOTAL NUMBER OF OBSERVATIONS 9
NUMBER OF MISSING VALUES 2
MAXIMUM NUMBER OF ITERATIONS 2
UNIT ESTIMATED
NUMBER VALUE
€ 7840
9 89 .0

r———Inde_ende:t variable, Y:

€S

402.00
82400
484400

484.00

estimetel miszsing velues zre incoroporsiel,
SSX MS VR

€8425 4,000 2.667

£1.22 1.500

11%.51 2.333

119.51

similar calculations, unrelated to X.

SSX%

102455
20692
123.47

123.47

MS VR

20100 5.805
20.50
80.67

25



*xxxx ANALYSIS CF VARIANCE #x2xwv»»
(ADJUSTED FOR COVARIATES)

VARIATE: Y
SOURCE OF VARIATION

*UNITS* STRATUM

A A P
COVARIATES 2zlla 1
RESICUAL 3 I 2)

TOTAL €

GRANZ TOTAL 3

ESTIMATED GRAND MEAN €040

TOTAL NUMBER CF GBSERVATICNS 9

NUMBER OF MISSING VALUES 2

MAXIMUM NUMBER CF ITERATICNS 2

UNIT ESTIMATED
NUMEER VALUE
13 7842

S 8&.3

*xxx*x COVARIANCE REGRESSIONS xx*x=x

COVARIATE COEFFICIENT

*UNITS*» STRATUM
X 0.5
1

171.42
1.50
ELeE0
252442

*xwxnsx TABLES OF MEANS *axxx
(ADJUSTED FOR COVARIATES)

VARIATE: Y

W
w
e

43,73

0.38
20.S4
€4.65

€465

rS

85.71

1.50
26.83
42.24

VR Cov EF
3.194 0.€00
0.0%6

see [31) p. 33

of this pecoled within-grcuiz estirmeti

N

values {group mezns

correct. So also is tznz sux of sguasres due to the covariate. snd

for error.

GRAND MEAN 80.0 €
A 1 2 3
7343 783 8843

A

*##xxx STANDARD ERRORS OF DIFFERENCES GF MEANS **xx»

TABLE A
REP 2
SED Sebt

(NOT ADJUSTED FOR MISSING VALUES)

**%xx* STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION **x#w

STRATUM DF

*UNTTC» 2 <

SE

1%

Cvx

26

The estimated grand mean is not adjusted for covariates. These
are means adjusted for covariates expressed as deviations from
their means and are

73 - 3(3 - %)W 7%

78 - (3 - %) (=78

89 - 3(5 -1—31) 88




GENSTAT Vv MARX

z <
(C)1976 LAWES AGRICULTUSAL TRUST (RCTHAMSTED EXPESIMENTAL STATION)

(NN

PREFERENCEY SET_7
*CAPTICN?®

te
JaTa SET 7
UNEALANCED CATAe TWC WAY CRCSSED CLASSIFICATION
WITH 1 CCVARIATE
LINZ R MODEZLS ZY & R SEARLE PAGE 278
*e
*UNITSY g 4z
YRELD/SY Yax
*FACTOR® Aos oz
*GENERATE® A9t
*ORINT/P? LeZeX Y £150
*TIEATMINTSY 222
*CCVARIATEZSY
*ANCVAY Y
TRUNT
CATA SET 7
UNBALANCZD CTATAe TWO WAY CROSSED CLASSIFICATICN
WITH 1 CTVASILTE
LINZAR MOZZILS 3Y S R SEARLZI PAGE 375
Y 0 MNMINMAX 11.009¢C €.0000 16.0000 4¢€
X 0 MNMINMAX 4,7778 2.06000 R.000°0C sg

—

[y

- -

-
ok B % R NN * # bk RN * * ok % % 0D

LI - N A 2 G SR VTR I NI R RO R O\

PN O N DN TO N = 2 o = a3 b b 3 e >
DRI PSP PP UM WNNNDN D = =
(.MLML-JOJUILNL-J(ML»I(NM(NCM')JL’A()Jl\)l\)r\)!\)’\)NMN

DL P L OULNWMNMBWNNODNONDE I PP PP WU N

VALUES
VALUES

RN YR e AN AL JUANE T TN T N N T N S A 4

GINsZiT

’ v

SN0

V. - Tats et 7

30 MISSING
30 MISSING

[urgyen

* N B % % ~JD % % % % % % % A * ¥ * *

[ S NS
[~

7



#xxxx ANALYSIS CF VARIANCE »#wxwsx

VARIATE: X

SOURCZ OF VARIATION nE(NY) ss SS¥ Ms VR
*UNITS* STRATUM
A z 12.6¢¢8 25428 64734 2.928
e z 95.607 187.354 23.202 144435
AeS 2¢ &) 2.632 4,9¢€ 1.31¢ 0.572
RESIZULL 10¢ 2¢) 23,001 43431 24300
TOTAL b 128.707 2€1.1¢ 84159
GRANS TGTAL 17 13€.797 261416
ESTIVATICZ GRAND MEAN £.02
TOTAL KUMESR CF CSSERVATICNS ¢g
NUMBEZR OF MISSI%5 VALUES 39
MAXIMUM NUMEEX COF ITERATICNS 10
UNIT ESTIMATED
NUMRER VELUE
4 2403
i Z.586
3 T.54
7 Z.54
] .54
10 £e56
11 €496
12 £.9¢
1t 4450
16 44,00
15 4400
20 4400
23 .00
24 5400
25 7497
26 7457
27 7497
28 7497
29 S.74
30 Se74
31 S.74
32 5.74
22 3,87
34 3.47
35 Ta47
e 3447
39 4,00
40 4400
43 7.00
44 7.00

28



*#dres ANALYSIS OF VARIANCE #x¥xx

VARIATE: Y

SOURCI QOF VARIATICN CF(MV) <s SS¥% MS VR
*UNIT5> STRATUM
A 2 S2.488 38.03 264284 4,686
g 2 138,220 114472 52,773 3,423
.2 2¢ 4) £%.101 47417 32.551 Z.812
RECICUAL 10C 2¢) 2€.002 40 45E 54600
ICTAL 17 331.911 240,52 19.524
5RAND TOTAL 17 3Z1.911 249.52
SSTIMATED GRAND MIAN 11.15
FTOTAL NUMBER CF CSSERVATICAS 48
QUMEZR OF MISSING VALUES 30
4AXIMUM NUMRER COF ITERATICNS 7
UNIT ESTIMATED
NUMEER VALUE
4 10400
5 8e€2
5 8e62
7 8.62
8 8e62
10 1156
11 11.94
12 11.94
18 9400
1¢ 9,00
19 S.00C
20 2,00
23 13,990
24 13,00
28 15,39
26 5435
27 15439
28 15.309
29 12442
20 12.42
31 12,42
22 12.42
332 Q.46
34 9.4E
35 9,46
6 9,46
39 8.00
40 800
43 15.00
44 15.00

29



t#axxx ANALYSIS OF VARIANCE #*xns
(ADJUSTED FOR COVARIATES)

VARIATE: Y

SOURCE OF VARIATICN ZF(MV) S8 SSX MS VR COV EF
*UNITS* STRATUM
A 2 16.8¢€1 12.22 84431 1.560 0774
B 2 10.441 757 34480 0.644 0.409
AeZ 2¢C &) 59.1€1 42487 29.580 56472 0.94¢€
COVARIATES R{%|u,q,3,v" 1 74349 5¢33 Te345 14360
RESIDUAL SSE a( 26) 484653 25426 S5¢406 1.036
TOTAL 17 142,464 103.23. 84380
GRAND TOTAL 17 142.464 103.23
ESTIMATED GRAND MEAN 11.15
TOTAL NUMBER CF OBSERVATIONS 48 Covariance model here is
NUMBER OF MISSING VALUES 30
MAXIMUM NUMBER OF ITERATICNS 7 yijk =u + ai-+sj +vij-+bxi:k-+ei:k.
Nuggé; ESTISﬁI;g It is a pooled within cell regression.
4 11.14
S S.4%
3 G445
7 Se45
8 2.45
10 10.84
11 10.84
12 10.84
15 G657
1€ 9457
19 Ge57
20 9457
23 12.01
24 13.01
25 13,72
26 13,72
27 13.72
28 13.72
29 12.02
30 12.02
31 12.02
32 12.02
33 10,33
34 10.33
35 1033
36 10433
39 8458
40 8.58
43 13.88
44 13.88

30



wxaxxsr COVARIANCE REGRESSIONS *wwrxw

COVARIATE COEFFICIENT

#UNITS+ STRATUM
X

wxxxx TABLES OF MEANS *2xxx
(ADJUSTED FOR COVARIATES)

VARIATE: Y

GRAND MEAN 11.1¢

A 1 2
10.25 12.08

B 1 2
10622 1024

B 1 2

A

1 11.14 Se4t

2 957 13.01

3 10.32 8.57

0.57

11.13

12.82

10.8%
12.72
13.88

SE

0.485

11.11

9e57
12402
11.73

#xxxx STANDARD ERRORS CF CIFFERENCES OF MEANS a*xx*x

TABLE A B
REP 1€ 12
SED 0,935 1.484

(NOT ADJUSTED FOR MISSING VALUES)

ex*xx STRATUM STANDARD ERRORS ANC COEFFICIENTS OF VARIATION #***x

STRATUM DF

*UNITS* 9

27 REFERENCE® SET_2
*xxxxx* END OF SET_7

SE

2325

AT LINE

17

cvx

20.8

USED 626

LEFT 7374

3l



GENSTAT ANOVA:
Date Set 2

Bartlett's covariance technique for missing dste.

GENSTAT V MARK 3.09
(C)1376 LAWES AGRICULTUFAL TRUST (ROTHAMSTED EXPERIMENTAL STATION)

This method uses coveriance on dummy variables for missin
It vegins with a model for both existing and "missing” ast

33 *REFERENCE® SET_2 values 'bij for the ij'th missing datum.
34 *CAPTION?
_35 . r W r -
-36 DATA SET 2 Y11 1l1...11.
-37 UNBALANCED DATAy NO INTERACTIONs N(IgJ) = C OR 1 v 11, ; 1
-38 LINEAR MCDELS BY S R SEARLE PAGE 262 12 i roo
39 (X} y13 1 Il 1 1 L
40 YUNITS?® $ 12 -6 1.1 1. .
41 YREAD/P? Y ~21 : 1
42 YNAME? LEVELSA = XoYoZl o “byp 1 1. s
43 : LEVELSBE = A4BsC = =11 1 ~ e =X + =
44 SFACTOR' A § LEVELSA 7] Va3 ; : “3PTITECC
45 : B $ LEVELSE Y31 1 Pl o,
46 *GENERATE®* A,4B b 11 B
47 *PRINT/P® A9BeY $1040 32 1
-48 ®SET UP A COVARIATE CORRESPONDING TO EACH MISSING VALUE y33 1 . .1 52
° 49 WITH A 1 CORRESPCNDING TO THE MISSING VALUE ZERO ELSEWHERE®® ¥ 1 1 a
50 *VARIATE® M1 = 2(0)9148(0) 41 ; “LTE
51 : M2 = 4(0)9147(€0) Yo 1.. 1.
52 : M3 = 7(0)4144(0) 1 1
53 TREATMENTS® A + B L u3) | : "
54 YCOVARIATES® M1¢M24M3
55 *ANOVA®* Y
56 *RUN?
DATA SET 2
UNBALANCED DATAs NO INTERACTIONy N(IsdJd) = 0 OR 1
LINEAR MODELS BY S R SEARLE PAGE 262
Y 0 MNMINMAX 9.0000 0.0000 24,0000 12 VALUES 0 MISSING
The data vector is the sum of two wvectors, the existing and the
A B Y l missing:
X A 18 Analysis of the unbalanced data data existing missing
X B 12 ; [ T T T A T [ )
X C 24 is now reformulated as a balanced Y11 Y1 0 . .
Y A 0 data covariance analysis, based on ¥y v 0
M B 0 balanced dat that includes O' @ 1
Y c 9 alanced data y, at includes O's yl3 yl3 0 .
2 A 3 for the missing data. There is one -b 0 -b 1.
2 B 0 21 21
7 C 15 element in b for each missing datum -b22 0 -b22 . b21
: S 36, and Z is null except for a single y = y23 = y23 +] 0 =v¥o- |- - - b22 =¥ - 513 .
W C 18 unity in each position corresponding y3l y3l [¢] P b32
T to a missing datum. -b32 0 -b32 .1
0 ..
Y33 Y33
This is Yo 1i.e., the data vector Y1 g Y
with zero entered for every "missing Yo Yyo 0 .
value" to make the data balanced. 32' yh3_j Y3 J 0 C ]
Note, the GENSTAT manual Part 1, Ch. 6, Sec. 7, p. 2 Hence, y =y, - Zb = Xo + e and so, because b is unknown, we write
fails to indicate the need to set the missing values to zero for this analysis.

Yo = Xa +2Zb + e .



«#xsxxvx ANALYSIS OF VARIANCE **xxxx

VARIATE: M1

SOURCE OF VARIATION

*UNITS+ STRATUM
A
B
RESIDUAL
TOTAL

GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF

CESERVATICNS

DF

- 0NN (N

0.083
12

SS

0.25000
0.16667
050C00
0«91€67

0.91667

SS¥%

27.27
18.18
54455
100.00

100.00

MS

0.08333
0.08333
0.08333
0.08333

33

VR

1.000
1.000

In this example Z has 3 columns, of order 1Z.
as a covariable — with

11 observations of zero and 1 of 1 .

For example, for Ml the "data'" are:

1 _1_
All mean squares are ab -~ 13 " °

Proof':

ol [(e=1)® 12 1%} a1l 1
MEA = a-l[ 5 Tv a.b] = Ta-1)ab ~ av

_ 1 [(b-1)® 12 12 _ 1
MSB =577 [ a e ab] " ab
— 1 [l_ﬁ_a;l_b_-_l] _ab-a-b+l
(a-1) (b-1) ab = ab ab T (-1 (b-1)ab

Fach is treated

.y
ab ’

33



*xsxx ANALYSIS OF VARIANCE *#was
VARIATE: M2
SOURCE OF VARIATICON
*UNITS* STRATUM
A
B
RESIDUAL
TOTAL
GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF OBSERVATIONS

*xxxx ANALYSIS OF VARIANCE ##%x=
VARIATE: M3
SOURCE OF VARIATION

*UNITSx STRATUM
A

B
RESIDUAL
TOTAL

GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF OBSERVATIONS

DF

- 0NN

0.083
12

0.083

SS

0.25000
016667
050000
0.91667

0.91667

SS

0.25000
0.16667
0.50000
0.91€667

0.91667

SSs¥%

27.27
18.18
54 .55
106.00

160.00

SSX

27.27
18.18
54455
100.00

100.00

MS

0.08333
0.08333
0.08333
0.08333

MS

0.08333
008333
0.08333
0.08333

34

VR

1.000
1.000

VR

1.000
1.000

Ditto

Ditto

3



*xxx+x ANALYSIS OF VARIANCE ##*xx

VARIATE: Y

SOURCE OF VARIATION

*UNITS+* STRATUM
A
B
RESIDUAL
TOTAL

GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF

OBSERVATIONS

DF

Ll AN V)

S.00

Ss

378.000
355.500

224500
756.000

756.000

3§

SSX MS VR
50.00 126.000 33.600
47.02 177.750 47.400

2498 3750
100.0¢C 68.727
100.00

Although no account of the covariates is taker here

ere, this is not
the same as GENSTAT ANOVA without the covariates.

Tris anelysis is

balanced, with "observetions" of 0 for what were previously missing

values. So it is an arnzlysis of veriance of the date R

18 12 24 5k (3) 18
0 0 9 9 (3) 3
3 0 15 18 (3) €

6 3 18 27 (3) 9

27 15 66 108

() CORNNCY (12)

6 ® 16 9
SST = = 1728
SSM = 12(97) = 972
ssA =301 + R + 62 + P) = 1350
SST, = 1728 - 972 = 756
SSA, = 1350 - 972 = 378
SSB = (272 + 152 + 662)/4 = 1327.5
§SB, = 1327.5 - 972 = 355.5

35



Jb

*xaxs ANALYSIS OF VARIANCE #xxax
(ADJUSTED FOR COVARIATES)

VARIATES Y

SOURCE OF VARIATION CF SS SS¥% MS VR CcoV EF Although R(alu,ﬁ\' erd R-’S'u,o‘- are giver
correctly, R{zju) and R/3]|u) cannot be derived.
*UNITS* STRATUM Ly, Rafu) e s
A R(alp.,B) 3 271.499 2591 90,500 22.625 0.574 SSE is also correct. The sum of squares for
B R(B|u,a) 2 258.000 3413 129.0006 32.250 0.603 " o e e or th tel.
COVARIATES 3 10.500 1.39 3.500 0.875 covariates has no meaning. Xor does the tote
RESIDUAL SSE 3 12.000 1.59 4,000 0.937
TOTAL 11 £51.999 73.02 50.182
GRAND TOTAL 11 551.995 73.02
These coefficients multiplied by -1 ere the
GRAND MEAN 9.00 Tt (3 2 s ,
TOTAL NUMBER OF OBSERVATICNS 12 =S, =0y ~Cor -33 = (-1, -5, 0); they are
identical to the ZMV's derived both by minimizing
**xxx COVARIANCE REGRESSICNS *%#xx the SSE (LM, p. 3£2) and by the GENSTAT iterative
,L technique withir rounding error (see GENST2T ANOVA
COVARIATE COEFFICIENT SE CORRELATION MATRIX -
M1 M2 N3 output). Rut, ir corirest to that, Bartlett's
covariance procedure dces rnot put the EMV's inta
*UNITS* STRATUM . . . —
M1 B, = '521 = 1.0 3,27 1.000 the missing cells; it carries ocut the analysis of co-
M2 92 = b22 = 5.0 342 0.478 1.000 ( variance.
M3 B3 = B35 =-0.0 3.00 0.000 0.293 1.000
*axkxkx TABLES OF MEANS *#+%xx
(ADJUSTED FOR COVARIATES) In the covariance analysis, the data vector adjusted for covariates would, in terms of vage 32,
VARIATE: Y be y. - Zg. But GENSTAT always uses covariates expressed as deviations from their means, so that
O —_— b
the adjusted data vector is
GRAND MEAN 9.00 1.~
Ya = Yo - (2 - g2k
A X Y Z W
8.50 1.50 €.50 950
! : where N is the number of observations (observed + missing). By the nature of Z (see p. 32! in this
missing-value context, it has a single unity in each column and zeros elsewhere, so that if m is
B A B C c . :
7.00 3.00 17.00 the number of missing observations, iZ = .,NXI&NXm 1N.1.'.' . Therefore

_ _ ~l_ l/\ - _I\ —/\
Yo = Yo - Zb * jlylb =y +Z2(-b) + (izbi).i.N
x4%ss STANDARD ERRORS OF DIFFERENCES OF MEANS #%%%-

TABLE A R The adjusted means output are means for levels of each factor of the adjusted data vector,
;E"’““ """""""""""""""" i.e., of Yar But Yo * z( b) iny, is the vector of data with EMV's included. Therefore the

P 3 4
SED 2.156 1.822 adjusted means output, with (%Fb ) subtracted from each, gives the means for levels of each

factor of the data with EMV's included.

*«x%x* STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION %+ Example: Nl.(gl +32 +£3) = Il§(1 +5 +0) =% . ;

STRATUM DF SE cvx

Then column means for the data with EMV's are 7 - & =6%, 3 -% =2, 17 - % =
*UNITS* 3 2.000 2262

as in the table (apart from rounding error) on p. 15.



GENSTAT ANOVA: Bartlett's covariance technique for missing date.
Data Set 3

GENSTAT Vv MARK 3.09
(C)1976 LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATION)
53 YCAPTION®
54 e
55 DATA SET 2
56 UNBALANCEG DATAs TWO WAY CROSSED CLASSIFICATION
S7 WITH INTERACTION N(IsJ) > O
58 EXAMPLE FROM BU-£08-M EY S R SEARLE
59 ()
60 *UNITS® $ 12
61 YREAD/P* Y
62 YFACTOR® As 2
63 : B¢z
64 *GENERATE® A9E42
65 YCAPTION?®
-66 *e
-67 SET UP COVARIATES FOR EACH MISSING VALUE
68 ™
69 YVARIATE® M1 = 3(0)9148(2)
70 M2 = 5(0)4146(0)
71 H M3 = 7(0)el1e4(0)
72 : M4 = 11€0)41
73 PRINT/P®  AgBsY $10.0
74 YTREATMENTS® A*B
75 YCOVARIATES® M14M24M34M4
76 *ANOVAC* Y
77 *RUN®
Y 0 MNMINMAX 4.6E67 0.0000 12.0000 12 VALUES 0 MISSING

SET UP COVARIATES FGR EACH MISSING VALUE

-
ON®PFPOOONOMO <

DO NN s b
WHWNON WO D

37
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skxxx ANALYSIS OF VARIANCE *xxx«

VARIATE: V1

SOURCE 0OF VARIATICN oF ss SS¥% MS VR
*UNITS* STRATUM
A 1 0.08333 3.909 0.083323 1.000
B 2 0.1€667 18.18 0.08333 1.000
A.B 2 0.16667 18.18 0.08333 1.00¢C
RESIDUAL 3 0.S50000C 564455 0.08332
TOTAL 11 D.916€7 100.00 0.083323
GRANJ TOTAL 11 Je916E€7 1C0.00
G6RAND MEAN 0.082 Analysis of variance of covariates.
TOTAL NUMRER GOF QO2SERVATICNS 12

The first omne is 9,0 1,0 0,0
0,0 0,0 0,0

The row sum of squares is

L n /Y AN L L
a1 Lbn\bn> + (a-1)¢ - ab!{\ab:/" ===

*xxxx ANALYSIS OF VARIANCE #xxwx

VARIATE: M2

SOURCE OF VARIATION OF SS SS% MS VR

*UNITS+* STRATUM

. A 1 0.08333 9.09 008333 1.000
B 2 0.16667 18.18 0.08333 1.000
Ae3 2 0.16667 18.18 0.08333 1.000
RESIDUAL 6 0.50000 54455 0.08333

TOTAL 11 0.91667 100.00 0.08333

GRAND TOTAL 11 3491667 100.0¢0

GRAND MEAN 0.083

TOTAL NUMBER OF OBSERVATIONS 12
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#xrxxr ANALYSIS OF VARIANCE s#xnn
VARIATE: M4
SOURCE OF VARIATICH
*UNITS* STRATUM
A
B
Ae2
RESIDUAL
TOTAL
GRAND TOTAL

GRAND MEAN
TOTAL NUMEER OF OESERVATICLNS

#xxex ANALYSIS OF VARIANCE #xxxx
VARIATZ: M3
SOURCE OF VARIATION

*UNITS* STRATUM
A
B
A.B
RESIDUAL
TOTAL

GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF OBSERVATIONS

CF
1
2
2
€
11
11
0.083
12
DF
1
2
2
6
11
11
0.083
12

SS

0.08333
0«1€667
Ce16667
050060
0e31€€7

DeB1€67

SS

0.08333
0.16667
0.16667
0.50000
0.31€€7

0.91667

SSX

9.09
18.18
18.18
54455

100,00

100.00

SSX

9.09
18.18
18.18
54655

100.00

100.00

Me

0.08332
0.08333
0.08333
0.08333
0.08332

MS

0.08333
0.08333
0.08333
0.08333
0.08332

39

VR

1.000
1.000
1.000

VR

1.000
1.000
1.000

39



*xxxx ANALYSIS OF VARIANCE *#*xwx
VARIATE: Y
SOURCE OF VARIATION

*UNITS* STRATUN
A
B
A.E
RESIDUAL
TOTAL

GRAND TOTAL

GRAND MEAN
TOTAL NUMRER OF OESERVATIGNS

w#xxxx ANALYSIS OF VARIANCE w»xxx»
(ADJUSTED FOR COVARIATES)

VARIATE: Y
SOURCE OF VARIATION

*UNITS* STRATUM
A SSA,
B ss

A.B R(Vll-‘-;a)B)
COVARIATES

RESIDUAL SSE
TOTAL

GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF OBSERVATICNS

*##xxx COVARIANCE REGRESSIONS #x*xx

CF

NN

-
- m

DF

1
2
2
4
2
11

11

M

407
12

COVARIATE COEFFICIENT

*UNITS* STRATUM
M1
M2
M3
Ma

~60
=20
-80
-12.0

SS

5.33
12.67
444,67

134,00
15667

156467

SS

204000
50333
36364
124,000
10.000
1954697

195.697

SSX

2.71
6ottt
22.71
€8e14
100.00

100.00

SSX

1017
2.71
1849
63405
5.08
99451

99.51

SE CORRELATION MATRIX

3.16
Jel6
3e16
3e16

MS

533
33
22433
2233
17.88

Ms

20.000
2667
18182
31.000
5000
17.791

VR

0.239
0.284
1.000

VR

4.000
0533
34636
64200

M1 M2
1.000
0000 1.000
0.000 0.000
0.000 0.000

40

COoV EF

0.600
0.600
0.600

46467

M3

1.000
0.000

Because this example has all cells filled,
although with unequal numbers of observations,
the sums of squares produced here are, for rows
and columns, those of the weighted squares of
means analysis, SSA, and SSB, (LM, p. 370).
R(y|n,q,B) and SSE are also produced.

M4

EMV's are the cell means 6, 2, 8 and
12. (See p. 17.)
1.000



‘ axxsxs TABLES OF MEANS »a+sx»
C(ADJUSTED FOR COVARIATES)

( VARIATE: Y

GRAND MEAN 4.7
A 1
3.0
B 1
Sa7
g 1
A B
‘ 1 Se7
2 Se?

TABLE A
REP [3
SED 1.67

STRATUM OF
( *UNITS» 2
L
¢ 80 *REFERENCE®* SET_6
*xkxxxx END OF CAPTION

[ )]

<N

3.

‘2

2.7

37

4\

AS on page 36, these sre means based on

= yo- B rzud)
= Zo-§§+li2{-5-z-e-1<\1
3 = XC - .%3 - 2%1‘.
“.T
Hence, adding 2% to each output value yields the sstimated cell
3 and marginal mesns; e.g., 9.7, which is 9%, btecomes 9%+ 2% =12
~0e3 as on page 17.
97

- - = = = = -~ -

B A

3

4 2
204 289

#x%xxx STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION »xwxx

SE Cvx
2424 47.9
AT LINE 76 USED 608 LEFT 7392

This analysis cannot be done on Data Sets 4, 5 and 7 because

they have whole cells missing. (So does Data Set 2, but that has
a no-interaction model. )

4l



GENSTAT V MARK 3.0°

(C)1976 LAMWES AGRICULTURAL TRUST

81
82
-83
-84
-85
-86

*REFERENCE® SET_¢

YCAPTION®
*0
DATA SET 6
UNBALANCED DATAs 1 WAY CLASSIFICATION
WITH 1 COVARIATE
LINEAR MODELS BY S R SEARLE PAGE 353
[N
YUNITS® $ 9
*FACTOR® AS 3
YREAD/P? AsY X

*PRINT/P* XeAsY $ 10.0
**SET UP COVARIATES FOR MISSING LDATA*?®
*VARIATE?® M(1) 5€(0)9193(€0)

H M) 8(0)s1
*TREATMENTS?® A
*COVARIATES® XeM(142)
*ANOVA® Y
*RUN?

"o

DATA SET €

UNBALANCED DATAs 1 WAY CLASSIFICATION
WITH 1 COVARIATE

LINEAR MODELS BY S R SEARLE PAGE 353

]

Y 0 MNMINMAX 61e4444 0.0000
X 0 MNMINMAX 2.7778 0.0000

0 «—— 0's inserted
93 for missing
0 «<——values.

o POENMND L O X
NWWMPODNOMN - =D
(o]

(=]

(ROTHAMSTED EXPERIMENTAL STATION)

930000 9
640000 9

42

GENSTAT ANOVA; Bartlett's covariance technigque for missirg data.

Data Set &

VALUES 0 MISSING
VALUES 0 MISSING

Missing data in y and x are given values O, yielding Yo and
in the same way as Yo was derived in Data Set 2. This extends
Bartlett's covariance technique to covariates x, as well as the

variable y .

Xo

G2



#xxex ANALYSIS OF VARIANCE #*#*wwx

VARIATE: X

SOURCE OF VARIATION

*UNITS* STRATUM
A
RESIDUAL
TOTAL

GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF

OBSERVATIONS

DF

[o s A0 V)

SS

2.889
284667
31.556

31.556

Ss%X Ms VR
Je15 1.444 04302
S0.85 4,778
100.00 3.944
160.00

with O's in place of missing

This is the analysis of Xy
observations.
3 2 n
L b 6
2 0 0
Means | 3 | 2 | % 2%

43
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xkkxe ANALYSIS OF VARIANCE wawnxx
VARIATE: M(1)
SOURCE OF VARIATION
*UNITS* STRATUM
:ESIDUAL
TOTAL
GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF OBSERVATIONS

*xwxk ANALYSIS OF VARIANCE #a%xx
VARIATE: M(2)

SOURCE OF VARIATION

*U?ITS* STRATUM

RESIDUAL
TOTAL

GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF OBSERVATIONS

DF

o o N

DF

o o N

SS

0.2222
0.€€67
0.2889

0.8889

SS

0.2222
0.6667
0.8889

0.8889

SSX

25.00
75.00
100.C0

100.03

SSX

25.00
75.00
100.00

100.00

MS VR
0e1111 1.000
0e1111
0el1111
0 o o]
0 0
1 o
Means | 0 | % 0 —é
12 2
R(n) = S(g) =3
1\2 \2
Rejw) = {3) - I3) -3
SST =1
1
CPM =z
9
MS VR
0e.1111 1.000
0.1111
0.1111

et

s



#xxxx ANALYSIS OF VARIANCE ##xxx
VARIATE: Y
SOURCE OF VARIATION
*UNITS* STRATUM
:ESIDUAL
TOTAL
GRAND TOTAL

GRAND MEAN
TOTAL NUMBER OF OBSERVATIONS

CF

o o N

SS
682
9419
10100
10100
61
S

&S

SSX MS YR
675 341 0.217 The SS and mean are rounded. The default number of
133:33 :Zzg decimal places printed for the means is such that the
residual (stratur' veriance mey be printed to 2 sig-
100.00

nificant figures. Tser may change this using 2
DESCRIBE statement.

the data summery on the first pagze.

The mean is given as £1l.lhihik in

This is the analysis of y,., witk QO's iz place of missing

values:
T 76 85
68 80 93
7 0 0
Means Jo, | 73 | 52 | 5% | f15 T
R(u) = 33,978
R(@) = {73 + 52 + (59%)7) = 34,6603
= 2
R(a|n) = 6819
SST = L, 079
SST =44 079 - 33, 978-79- = 10, 100%
SSE = 9,1418%
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#xxxx ANALYSIS OF VARTIANCE *»xwx
(ADJUSTED FOR COVARIATES)

VARIATE: Y

46

COV EF This procedure yields tre corrzct values

¥, R(aju,b), SSE and B f

0.47¢ N
ditto: mean 61§ rounded iz €1,
584501
MC2)
% = 0.5 is correct.
1.000

These are means adjusted for covariate, Xy and for missing

~

values, Ml and M, .

2

The grand mean is unadjusted; its value is 61% rounded to 61.

SCURCE OF VARIATION CF Ss sS¥ MS VR
*UNITS* STRATUM
A R(au,0) 2 153.66 1.52 76.83 2.863
COVARIATES k] 9338.17 92.46 3112.72 1164002
RESIDUAL 3sE 2 8050 0.80 26483
TOTAL 8 9572433 94,77 1196.54
GRAND TOTAL 8 9572433 94,77
GRAND MEAN €1
TOTAL NUMBER OF OBSERVATICNS 9
*x*x*s COVARIANCE REGRESSICONS w»awxw
COVARIATE COEFFICIENT SE CORRELATION MATRIX
X M(1)
*UNITS* STRATUM .
X 3 0.5 2.11 1.000
M(1) gl ~76.5 8497 0.707 1.000
M(2) %2 -86 1243 0857 0.606
**xxx TABLES OF MEANS #*»+x
(ADJUSTED FOR COVARIATES)
VARIATE: Y
GRAND MEAN €1
A 1 2 3
£g 60 70

TABLE A
REP 3
SED €el

**xxx STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION #x*xx
STRATUM DF SE Cvx

*UNITS» 3 5.2 8.4
46

102 *CLOSE?

7

The A adjusted means are not useful as they involve adjustment

by Xy the covariate with O's for missing values; the calculation is

2
Vo - DX, -% )-zd (@, -m

{ 0i- 0i. 0--" 1 K Mt T M }i= ... 3
1 ! 5
73 3 -2 0-3 0-3| |
= 1 _ ol i1 clo-%] =592
52 5 2 2§ + 76.5 3 9 +8 |0 3 525
1 1 1 1_1 2
A (54 -y By [

In output these are rounded to whole numbers. The mean of these

adjusted means is ¥, as expected, 61 %

3 -



GENSTAT v

MARK 3.0¢

(C)1976 LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATION)

1
2
-3
-4
-5
-6

*REFERENCE®* SET_2

*CAPTION®
ve
DATA SET 2
UNBALANCED DATAe NO INTERACTIONs N(IgdJ) = 0 OR 1
LINEAR MODELS BY S R SEARLE PAGE 262
e
PUNITS? $ 12
*READ/P* Y
*NAME® LEVELSA = XeYoeZoW
M LEVELSE = A9BoC
*FACTOR?® A ¢ LEVELSA

: 8 s LEVELSB
*GENERATE® AoB
*PRINT/P®  A4BsY $10.0
*PAGE?

*CAPTION®

(X}

UNBALANCED ANALYSIS USING REGRESSION

*TERMS/PRINT=SC?* AeBoY

"ye Y
YPAGE®
"ADD/PRINT=Zy ANDEV=1? A } , s
v ADD/PRINT=ACIVUX, ANDEV=T® B < 1'st order of fitting
*DROP/PRINT=Z* AoB
*ADD/PRINT=Z ¢ ANCEV=1" B } . s
*ADD/PRINT=Z4ANDEV=T?® A € 2'nd order of fitting
YRUN? :

DATA SET 2

UNBALANCED DATAs NO INTERACTIONs N(IsJ) = 0 OR 1
LINEAR MODELS BY S R SEARLE PAGE 262

Y 0 MNMINMAX 12.0000 3.0000 24,0000
A B Y
X A 18
X B 12
X c 24
Y A *
Y B *
Y c 9
Z A 3
Z B *
2 c 15
W A 6
W B 3
W c 18

K7

12

VALUES

GENSTAT Regression - Data Set 2

3 MISSING

Units with missing values (designated *)

are omitted from regression calculations.
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UNBALANCED ANALYSIS USING REGRESSION

43 .

o
w

LT3
21.............I..'.l...l.'...ﬁ‘....0.'....l..."..'.I.I.l..l.l...................l.“....l.......l....!...l'.. -18 l .
i1z 1
*kxkx SUMS OF SQUARES AND PRODUCTS MATRIX *#xxs -
DOF = 8 This matrix (excluding its last row) is the corrected SSP matrix of dats 2.1
whick are columns of g, the matrix of ¥, and of X with columns corre- Zxample: M = 2 11
Y 1 4.32C0E 2 spornding to u, o, and 53 omitted. 15 . 1. .
A1l 2 1.8000E 1 2.0000E O P 1
A2 <« 3 -3.0000E 0 -3.3333E -1 8.8889E =-1 - : :
A3 4 -6.0000E 0O =EoEEHTE -1 =-242222E =1 1.5556E O 3 1
b 1 <+ S -9.0000E 0 1.3878E-17 -2.3332E -1 3.3333E -1 2.0000E © 18
B 2 6 =940000E 0 3¢3333EFE =1 =262222E =1 =444444FE -1 -6.6667E -1 1.5556E O L ]
MEAN 7 [T<2000E T T.3333FE =1 1.IITIF -1 2.2222FE -1 3.3333E -1 2.2222E -1 9.0000E ©
(\ 1 2 3 4 5 6 T 7
Means for cclumns of M. g
sxxxs GORRELATION MATRIX ##wxx# These metrices zre reguested as optional
output by the 'TERMS' statement which creates
F= 7T «——nuw — i i r T o= ?
o Why does this differ from D 8 avove? the corrected SESP matrix with the colum: means
ard N appended. Subsequent regression calcu-
Y 1 1.0000 . R
Al & 2 06124 1.0000 lations use subsets of this
A2 3 =-0.1531 =-0.2500 1.0000
A3 4 =-0.2315 -0.3780 -0.1890 1.0000 " . "o . .
B 1 5 -0.3062 0.0000 -0.2500 0.1890 1.0000 These “correlations’ are meaningless; e.g.,
B 2 & 6 =0.3472 01850 -01890 -0.2857 =-0.3780 1.0000 0000
MEAN ~& 7 | 0.1925% 0.0786 0.0393 0.0594 0.0786 0.0594[ 1.0000 .05 = ———
No indication 1 5 3 4 5 6 7 v 9(1.555)

as to what has
happened to
A4 and B3.

This line has been deleted in version 4. 01.

k3



25....'..0..‘.0..Q.'...O‘.C..O'.....l...l..l‘...'.....'.......................l..'.‘..'..l'..... ll. . l,
11. 1

s#xxesx REGRESSION ANALYSIS w#arux 11.

lote trat this is This is (X'X ") for X'X that 1.1.

##% INVERSE MATRIX #ax CONSTANT, not Y. is the corrected SSP matrix of [1 Xl] =]1. .11

CONSTANT 1 S.g333f -1\t is for u, noty. 1.

Al 2 ~3.3333F -1  6.6E66TE -1 1. 1.

A2 3 -5.8333F -1  2.,3333E -1  1.5833E 0 1 1

A3 4 -4,1667E -1  2.3323F =1  6441667E -1  9.1667FE -1 :

B 1 § =3.3333F -1 <-1.8504E=17  3.3333F =1  6.9389E-17  646667E =1 ... ..

B 2 6 -441667E -1 3.2382E-17 441667E =1  2.5000Ff =1  3.3333E -1 9.1667E -1 L J

1 z 3 4 5 6

«x+ VARIANCE-COVARIANCE MATRIX

Y-VARIATE: Y

ONSTANT

C
A
A
A
B
8

LV TV

23333E
-1.3333E
-2.3333E
~1.6667E
-1.3332E
=1e6EETE

[ NS B N TR\ I

*x* REGRESSION COEFFICIENTS

/ the parameter vector. The corresponding solution vector is ' = [17 9 -8 -3 0 -10 -14 Ol
ESTIMATE S.E w

Y-VARIATE: Y
ONSTANT

C
A
A
A
B
B

N = N

*x* ANALYSIS

REGRESSN
RESIDUAL
TOTAL

CHANGE

oo oo

[

*k Kk

L 8
2.66€7E O
1.3333E O
1.3333E 0
-7.4015E-17
1.2953E~16

2

This is 32(}{')()_1, the estimated variance-covariance matrix for

omitting 01+ and 83, for 02 being the error mean square, MZ; in *-z

pirteRair

2 =12/3 = k.
643333E O
1.6667E 0  3.6667E 0
1.3333E 0 2.7756E-16  2.6667E 0
1.6667E 0 10.0000E -1  1.3333E 0 3.6667E 0
3 4 5 6

This should be SOLUTION. In non full rank models it is not an estimate of

49

17.0000 1.5275 1113 ~—— | This is Jhiagonal terms of 32(5‘5)_1 It is of no use because as the standard error
9-8322 ;-2320 g-?l of the terms labeled "Estimate" it is the standard error of a solution value that is
-8 . 6 -3.18
-3.0000 1.9145 -1.57 not invariant; e.g., for the first element, p is not estimable and so “o is not
-10.0000 1.6230 -6e12 invariant.
-14.0000 1.9149 ~7.31
OF VARIANCE ### This t-test value is of no use, for the same reason. In contrast, for example,
a, - @, is estimable, its b.l.u.e. is d//?7§ = -a2=9- (-8 = 17, and
DF ss Ms 1 PO L R
the standard error of this is, from o@(X'X)-1,
5 420.00 SSRy 84000 — ﬁ -
3 12.00 SSE 44000
8 432.00 SST, 54,000 «/2.666 +2(1.333) + 6.333 =4112 = 3.41.
-2 -258.00 129.000 \ Note that this differs from 1.63 + 2.51 = k. 1k,

X VARIANCE ACCOUNTED FOR S92.6

o

3

However since ag =B

A, and B, are in fact b.l.u.e.'s of a, - ¢ and
i J i L

= 0, the main effect solutions

Bj - B&’ respectively. When the last levels of the
I‘q factors are controls, the SE and T-tests given are

appropriate for testing differences from the controls.



s++ OBSERVED AND FITTEC VALUES »»» B
OBSERVED FITTED RESICUAL | — These are values of the b.l.u.e.
— o o o

1 18.0C 16.00 200 u+ai+Bj.=u +ai+B..

2 12.00 12.00 8.00 ¢ J

3 2“000 26.60 ’2000

4 S.00 S.00 0.0C

5 3400 4,00 -1.00

6 15.00 14.00 1.00

7 6.00 7.00 -1.00

8 3.C0 3.00 C.00

9 18.00 17.00 1.00
*#% SET OF FITTED TERMS »x» | Note: The sum of squares of these velues is the SSE: 22 + 22 + - 12" = 12,
CONSTANT
A
B
=x*x ANALYSIS OF DEVIANCE w»#xx» For customary regression models the "deviance" is the SSE ard the analysis of deviance iz formed from
Y-VARIATE: Y the differences of the deviances from increasingly complex rmodels, and so yields the usuzl zralysis of variance.
TERMS RESIDUAL CHANGE MEAN MN DEV. . . . e se

DF  DEVIANCE DF  DEVIANCE CHANGE ~ RATIO <7 Rablo of M8's using the smallest WE 1= the deviance column
INITIAL MODEL as denominator. ay or mey not be zprropriate for F- .
CONSTANT 8 SST,, 432000 * * I
n Mean squares, e.g., MSA = 162/3 = 5k,

MODIFICATIONS TO MODEL k{//,/—————~———~\\\\‘\\
+A 5 270.000 3 162.000 54,000 13.50 R(a|n)
+B 3ISSE 12000 2 2584000 129.000 3225 R(Bhla)
«** DENOMINATOR OF RATIO IS (RESe DEVe/RESe OF) FROM LINE ABOVEs = 4,000 = MSE ’

*x* ANALYSIS OF DEVIANCE *x»

Y-VARIATE: Y

TERMS RESIDUAL CHANGE MEAN  MN DEV.
DF  DEVIANCE DF  DEVIANCE CHANGE  RATIO

INITIAL MODEL

CONSTANT 8 432,000 .
MODIFICATIONS TO MODEL k////""'—————"““\\\\{#(Bl“)
+B 6 283.500 2 148.500 74.250 18.56 R(c| 1, B)
+A 3 12.000 3 271.500 90.500 22462
** DENOMINATOR OF RATIO IS (RES. DEVe/RES. DF) FROM LINE ABOVEs = 4.000

32 9CLOSE®

*xxxxxx END OF SET_2 AT LINE 21 USED 616 LEFT 7384
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GENSTAT Vv MARK 3.03
(C)1376 LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATIOW

1
2
-3
-4
-5
-6

*REFERENCE® SET_3

*CAPTION?®
e
DATA SET 2
UNRALANCED DATAs TWGC WAY CROSSED CLASSIFICATION
JITH INTZRAZTION N(Ied) > O
EXAMPLE FROM 2U-608-M BY S R SEARLE
X
CUNITS $ 8
*READ/PY Y
*FACTOR? A 32 = 4(142)
: B $ 3 = 1919293412923
*PRINT/P? A9BeY ¢ 10.0
*TERMS/PRINT=SC?* AxBe+Y
'Y Y
*CAPTION?®

**FIT CONSTANT ADD AyBeAeB PARTITIONING SS**
*FIT/PRINT = Zs ANDEV=I?

*ADD/ANDEV=PToPRINT=XACIVU®* A+E+A.B } <
*DROP/PRINT=Z* A+B -
*CAPTION?®

**=IT CONSTANT ACD BsA9AeB PARTITIONING SS**
*FIT/PRINT = Zy ANDEV=I®
*ADD/ANDEV=PT4PRINT=Z? B+A+A,.B
*RUN?

DATA SET 3
UNBALANCED DATAy TWO WAY CRCSSED CLASSIFICATION
WITH INTERACTION NCIeJ) > 0
EXAMPLE FROM 3U-608-M 3Y S R SEARLE

Y 0 MNMINMAX 7.0000 2.0000 12.0000
A B Y
1 1 7
1 1 S
1 2 6
1 3 2
2 1 8
2 2 4
2 2 8
2 3 12

8

51

VALUES

n

NETAT F ion - Data Set 2
GENSTAT Regression - Data Set 2

A+ 24+ LB

A, and 3, and A X

0 MISSING

R

S\



10 0000000000 c0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000OCOCIGCIEOIOGOIOIOIOIOIOIOIIEOESL

*x*xxx SUMS GF SQUARES AND PRODUCTS MATRIX *x*xxx

DF = 7
Y 1 6.60008 1
A1l 2 -4.0000E 0 2.0000E O
8 1 3 3400005 0 5400002 -1 1487502 O
B 2 4 -3,00008 0 -5.0000F -1 -1.1250E 0 1.8750E 0
A 1.3 1 5 2e0600E 0 1.0000E 0 1.2500E 0 -745000E -1 1.5000E 0O
A 1e3 2 § =1.00005 0 5.0000E -1 -3.7500f -1 642500E -1 -2.5000E -1 8.7500E -1
MEAN 7 7.00005 0 5400005 -1 3.7530F -1 3.7500E -1 2.5000FE -1 1.2500% -1 8.0000E G
1 2 3 4 5 3 7
axx4x CORRELATION MATRIX #%wxw
DF = 6
Y 1 1.0000
Al 2 -0.3482  1.0000
B 1 3 042697 0.2582  1.0000
B 2 4 -0.2697 =-0.2582 =-0.6000 1.0000
A 1.8 1 5  0.2010 0.5774 0.7454 -0.4472 1.0000
A 1.3 2 & =041316 043780 =-0e2928 044879 =-0.2182 1.0000
MEAN 7 043045 041250 0.0968 00368 040722 040472  1.0000

1 2 3 4 5 6 7

52



FIT CCNSTANT ACD AeBeAeB PARTITIONING SS

19-.00000..0.-.0..._...olncoc.uo.ooloooub000...'-.0.0.0o.n.oooooo'.oo!.oooucoooooo-anoo-oo'coc.oo.cococooooooo.oo.--000.

*#xxx* REGRESSION ANALYSIS #wx*x

*xx JTNVERSE MATRIX *=xx

CONSTANT 1 1.0000E
A1l 2 =-1.0000E
81 3 =1.0000E
B 2 4 =-1.0000¢
A l.3 1 5 1.0000E
A 1.3 2 6 1.0000Z
**x VARIANCE-COVARIANCE MATRIX **=x
Y-VARIATE: Y
CONSTANT 1 500002
Al 2 -5.0000E
B 1 3 =5.0000E
B 2 4 -5.0000E
A 1.3 1 5 5.0000%
A 1.3 2 6 5.0000E
***x JEGRESSION COEFFICIENTS #**x«
Y-VARIATE: Y

ESTIMATE
CONSTANT 12.0000
Al -10.0000
B 1 -4.0000
B 2 -6.0000
A 1.B 1 10.0000
A 1.8 2 10.0000

(= == B = B o B o )

2.0000E
1.0000E
1.00060%
-2.0000E
-2.0000E

10.0000E
5.0000E
5.0000E
-10.0000E
-10.0000E

22361
3.1623
3.1623
27385
4.1833
4.1833

oo oo

oocoo0o

2.0000
1.0330
-2.0000
-1.0000

10.0000
5.0000
-10.0000
-5.0000

537
-3.16
~1e.26
-2.13

2439

2439

E 0
E O
E 0
E O

3
E 0
E 0
E O
E O

3

§3

1.5000E ©
-1.0000E 0  3.500CF
-1.50005 0  2.00006%
4
7.5000E O
~-5.0000Z 0 1.7500E
-7.5000E O 10.0000E
4
0" = (12 -10

0

(4

345002

1.750CE

0

€

1

(3

10 10 (0]
Y's

S3 .



#ex ANALYSIS OF VARIANCE w#»«

DF SS
RESRISSN 5 56.000 =SSR, 1
RESIDUAL 2 10.000 Z=SE
TOTAL 7 €6.000 SST,
CHANGE -S -56.000 1

X VARIANCE ACCOUNTED FOR 4740

*#»* O3SERVED AND FITTED VALJES »#x»

0BSERVED FITTED
1 7.00 8400
2 2.0C 8.00
3 6.00 6.00
4 2.00 2400
5 5400 8400
6 4,00 660
7 8400 6.00
8 12.00 12.00

#*x SIT OF FITTED TERMS #+=x

CONSTANT
A
B
A.B

*x* ANALYSIS OF DEVIANCE =*x=x
Y-VARIATE: Y
TERYS RESIDUAL

DF DEVIANCE
INITIAL MODEL

CONSTANT 7 664000
MODI-ICATIONS TO MODEL
+A 6 58.000
+3 4 46.364
+AeB 2 10.000

** DENOMINATOR OF RATIO IS (RESe DEVe/RESe D
FIT CONSTANT ADD BeAsAe.B PARTITIONING SS

*x* ANALYSIS OF DEVIANCE *#»
Y-VARIATE: Y
TERMS RESIDUAL

DF DEVIANCE
INITIAL MODEL

CONSTANT 7 664000
MODIZICATIONS TO MODEL

+B 5 60.000
+A 4 464364
+A.B 2 16.000

** DZINOMINATOR OF RATIO IS (RES. DEVe/RES. D

MS

1.200
5.000
9.429

1.200

RESIDUAL

-1.00
1.00
‘0000
006
0400
-2.00
2.00
-0.00

CHANGE MEAN  MN DEV. R(ofn)
DF  DEVIANCE CHAANSE  RATID R(B|w, )

R(Y|u,a,B)

SSE

1 8.000
11.636 5.818 l.16
2 36364 13.182 3e64

F) FROM LINE ABOVEs = 54000

R(B| )
R<a, M, B)
R(Y|n,0,8)

CHANGE MEAN MN DEV.
DF DEVIANCE C4ANGE RATID

* *

SSE

6.000Y
{ 13.636 13.636 2.73 @

2 36364 184182 3.64
F) FROM LINE ABOVE, = 5.000

sa&-



GENSTAT v MARK 3.09
(C)1976 LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATION)

59
60
-61
-62
-63
-64
-65
66
67

*REFERENCE® SET_4

SCAPTION?®
’e
DATA SET &
UNBALANCED DATAe TWO WAY CROSSED CLASSIFICATION
WITH INTERACTION SOME N(IeJ) = 0
EXAMPLE ADAPTED FROM BU-417-4 BY S R SEARLE
e
SUNITSY $ 10
*READ/PY Y
*FACTOR?® A $2 = 6(1)44(2)
H B $ 3 = 1919192929301919242
*PRINT/P?* A9BeY $ 10.0
*TERMS/PRINT=SC?* A*xB+Y
'y Y
Y*CAPTION®

®¢FIT CONSTANT ACD A9BeAeB PARTITIONING SS*°*
*FIT/PRINT = Zy ANDEV=I?*
*ADD/ANDEV=PT4PRINT=XACIVU®* A+B+A.B
*DROP/PRINT=Z* Ax*B
*CAPTION®
**FIT CONSTANT ADD BeA9yA.B PARTITIONING SS**
*FIT/PRINT = Zy ANDEV=I*
*ADD/ANDEV=PT4PRINT=2* B+A+A.B
*RUNY?

DATA SET 4
UNBALANCED DATAs TWO WAY CROSSED CLASSIFICATION
WITH INTERACTION SOME N(IsJ) =0
EXAMPLE ADAPTED FROM BU-417-M BY S R SEARLE

Y 0 MNMINMAX 645000 2.0000 12.0000 10 VALUES

[y
NP OSSN <

NN D
NN WA - O
-

55

GENSTAT Regression - Data S

0 MISSING

SSs



T2 0000 000000000000 0000000000000000C000000000COCI0ICOCCOC0OCEOIOCOC0COOCOEEOCO0OCIO0OCO0OCICO0CO0C0OC0C0CIOCCCOONIO IOCEICOEROIEeEccsssonesecocssosccossccaccccnocs

*x*xx+ SUMS OF SQUARES AND PRODUCTS MATRIX #s#x+x«

DF = 3 \
Y 1 8.8500E 1
Al 2 -1.,20008 1. 2.4000E O
B 1 3 -5.000GE =1 13878E-17 25000E O
B 2 4 2.0000E ©C =-4.0000E -1 -2.0000Z 0 2.4C00Z O
A 1.3 1 5 =745000E ¢ 1.2000E 0 1.5000E 0 -1.2000E 0 2.1000E ©
A 1.8 2 6 =-340000c O 8e0000E -1-10.0000E -1 142000E O -6.0000E -1 1.6000E O
MEAN T 65000E 0O 60000E -1 Se0000E -1 4.0000E -1 3.0000E -1 2.0000E -1 1.0000E 1

1 2 3 4 . < 6 7

*xxxx CORRELATION MATRIX =x#xx

bBF = 8
Y 1 1.0000
Al 2 =-0.8234 1.0000
B 1 3 -0.0336 0.0000 1.0000
B 2 4 061372 -0.1667 =-0.8165 1.0000
A l1.B 1 5 =-0.5501 0.5345 0.6547 =-0.5345 1.0000
A 1.B 2 6 =0.2521 0.4082 -0.5000 0e6124 -0.3273 1.0000
MEAN 7 0.2185 0.1225 0.1000 0.0816 0.0655 0.0500 1.0000

1 2 3 4 3 6 7
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FIT CONSTANT ADD A¢BsA<B PARTITIONING SS

57

T T o000 000000006006000000000060600006000600000000e00006006000000000000000000000000000000000O0CPOC0CIOINOIOIOCOIEOIOIOIOOIEOSIOIOIOCROIOOROIOOTEOIOOROIOIOIEOIEOIESOSES

*xx _INEAR DEPENDENCE DETECTED WHILE FITTING TERM A.B
1 PARAMETER(S) OF THIS TERM ARE ALIASED.

*##xxx REGRESSION ANALYSIS #x*x»

*kk

*#» INVERSE MATRIX

CONSTANT 1 2.0000E
Al 2 ~10.0000E
B 1 3 =-2.0000Z
B 2 4 -1.5000E
A 1.3 1 5 10.0000E
A 1.8 2 6 0.0000E
**%x VARIANCE-COVARIANCE MATRIX #**=
Y-VARIATE: Y
CONSTANT 1 1.0400E
Al 2 =5.2000E
B 1 3 =1.0400E
B 2 4 =7.8000%
A 1.8 1 5 542000E
A 1.8 2 6 0.0000E
*x*x REGRESSION COEFFICIENTS ##*x%
Y-VARIATE: Y
ESTIMATE
CONSTANT 9.0000E O
Al -4.0000E O
B 1 16.0000E -1
B 2 -1.2768E-15
A 1.8 1 -2.0000E O
A 1.8 2 6.0000E O
*** ANALYSIS OF VARIANCE *x=»
DF SS
REGRESSN 4 62450 SSRy,
RESIDUAL 5 26.00 SSE
TOTAL 9 88.50 S8T,,
CHANGE -4 -62450

% VARIANCE ACCOUNTED FOR 47,1

10.0000E
0 10.0000E
0 5.0000E
-10.0000E

0.0000E

5.2000E
5¢2000E
2.6000E
-5.2000E
0.0000E

O OO KO

SeE.

3.2245E
2+2803E
3+6055E
2.7928E
3.0876E
0.0000E

oo ocoo o

MS
15.625
5.200
9.833

15.625

-1
-1
-1
-1

ocooco0coo

2.5000E
1.5000E
-1.50030E
0.0000E

13000E
7.8000E
=7.8000E
0.0000E

2473
=175
0.28
-0.00
=055

o009

O OO

517

1.5000Z 0
-5.0000F -1  1.8333E 0
0.0000E O 0.0000E 0 0.0000E O
4 5 5
7.8000E O
-246000E 0 945333E 0
0.0000E 0 0400005 0 0.0000F O
4 5 6
w'=[9 4 0o 1 0 0 -2 0 o0 0 O]



«*x+ OBSERVED AND FITTED VALUES #=*=»

OBSERVED FITTED RESIDUAL
1 2.00 4.00 -2.00
2 4400 4.00 0.00
3 600 4400 2400
4 4.00 500 -1.00
S 600 5.00 1.00
6 5.00 5.00 -0.00
7 12.00 10.00 2000
8 8.00 10.00 -2.00
9 11.00 9.00 2.00
10 7.00 S5.00 -2.00

=#x* SET OF FITTED TERMS *»«
CONSTANT
A

B
AeB

*** ANALYSIS OF DEVIANCE #*=*x

Y-VARIATE: Y

R{alw)

TERMS RESIDUAL CHANGE MEAN  MN DEV. R(8[u, )

DF  DEVIANCE DF  DEVIANCE CHANGE  RATIO g
INITIAL MODEL R(y|w,,8)
CONSTANT 3 884500  *  SST, »
MODIFICATIONS TO MODEL SSE
+A 8 28.500 1 60.000 604000 16.8¢ <—— 15.84 = 60/3.562
*+ DENOMINATOR OF RATIO IS (RESe DEVe/RESe DF)[FROM LINE ABOVEs = 3.562
+8 6 28.182 /2 0.318 04159 0.04 <«—— 0.0& =.159/3.562
+A.B 5 26,0004 1 2.182 2.182 0e61
FIT CONSTANT ADD ByAyAeB PARTITIONING SS
82............".....".....................Q...........'.'....‘.....‘.................'.."..'........"Q.........-.O.
*+* LINEAR DEPENDENCE DETECTED WHILE FITTING TERM A4B

1 PARAMETER(S) OF THIS TERM ARE ALIASED.

*x% ANALYSIS OF DEVIANCE #%%
Y-VARIATE: Y
TERMS RESIDUAL CHANGE MEAN  MN DEV.

D=  DEVIANCE DF  DEVIANCE CHANGE  RATID
INITIAL MODEL
CONSTANT 9 88.500 =+ *

R(B| )

MODIFICATIONS TO MODEL
+3 7 85.200 2 3.300 1.650 0.35 R(o] 1, 8)
+A 6 28.182 1 57.018 57.018 12.14 R(Y|u,0,B)
** DENOMINATOR OF RATIO IS (RESe DEVe/RESe DF) FROM LINE ABQVE,. = 4.697
+A.B 5 26.000 1 2.182 2.182 0.46

86 *CLOSE®*
*xxxxxx END OF SET_4 AT LINE 72 USED 624 LEFT 7376
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GENSTAT Vv MARK 3.09
(C)1376 LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATION)

87
88
-89
-90
-91
=92

YREFERENCE® SET_5

"CAPTION®
X
DATA SET 5
UNBALANCED DATAy TWO WAY CROSSED CLASSIFICATION
WITH INTERACTION SOME N(IeJ) = 0O
LINEAR MODELS BY SRSEARLE PAGE 287
X
YUNITS? $ 18
*READ/P? Y
*FACTOR? A S 3 = 6(1)94(2)48(3)
: B 8 4 = 3(1)9392(4919292939444)
*PRINT/P? A9BoY ¢ 1040
*TERMS/PRINT=SC?* AxB+Y
*yYe Y
*CAPTION®

**FIT CONSTANT ADD AyBsA.B PARTITIONING SS*°
*FIT/PRINT = Zy ANDEV=I?
*ADD/ANDEV=PTsPRINT=XACIVU® A+B+A.B
*DROP/PRINT=Z* A=B
*CAPTION®
**7IT CONSTANT ADD ByAgyAe3 PARTITIONING SS**
*FIT/PRINT = Zy ANDEV=I®
*ADD/ANDEV=PT4PRINT=2Z* B+A+A,.B
*RUN®

DATA SET 5
UNBALANCED DATAy TWO WAY CROSSED CLASSIFICATION
WITH INTERACTION SOME N(IesJ) = 0
LINEAR MODZLS BY SRSEARLE PAGE 287

Y 0 MNMINMAX 11.0000 6.0000 16.0000

A NGO GEN R RN I - s I
PP P PULWMRMNONN I D B WD
-

N

18

VALUES

59

GENSTAT Regression - Tata Set 5

0 MISSING

59



100-.00.0.0‘...00....-0.-‘nc...-o.o'--'0-o00000..-0lloo..ooo..o.oon-0....0--0000000--0-o.louoouuo.-.o.oc.oo.noo.ooo..-oo

*xxxx SUMS OF SQUARES AND PRODUCTS MATRIX #=x#ws

PP >P>P>> O0OD> > <
wWwwwww

m
DN N NN N

Ze o o 0 0 0

Z>>>> >
PR =
Z® 0 o o o

wwwww

*kkk ok

TP rP>rPP>00WT>» P> <
wowowwww

m
>N NN e NN

Ze 0o 0o 0o 0 o

Tr>r>
>PrOMON
Z e o o

@ o w

DF = 17

1
2
3
4
5
[3
1 7
2 8
3 9
1 10
2 11
3 12
13
2 8
3 9
1 10
2 11
3 12
13

CORRELATION MATRIX *#*xxx»

DF = 16

VO ~NOO WM -

NN N -

10

12
13

13800%
-6+0000E
=5.5511¢
-7.0000E
-2.0000¢

S5.0000E
-3.0000%

0.0000E
10.0000E
-4.,0000E

4.0000E
0.0000¢E
1.1000E

'
[

~OoOO0OOFHFOODOOOOON

—

0.0000E O
0.0000E O
0.0000E O
0.0000E O
0.0000E O
0.0000E O

1.0000
-0.2554
-0.0000
-0+3136
~0.0965

0.4845
-0.1615

0.0000

0.0876
-0.2554

0.2554

0.0000

0.2207

1
1.0000
-0.1250
0.0000
0.0196

1n

4,0000E O
-1.3333E 0 3.1111F 0
133338 0 €.888%9E -1
=1.3333E J 111112 0
~2.8710E-16 -6.6667c -1
2.0000E O -6.6657E -1
0.0000E O 0.0000E O
6.6667TE -1 -2.2222% -1
~6+6567E -1 1.5556E 0
~6e¢6667E -1 1.5556E 0
0.0000E O Co0000Z O
3.3333E -1 2.2222E -1
2 3
9.4444EF -1
-1.1111E -1 1.7778E 0
~1.1111E -1 -2.2222% -1
0.0000E 0 0.0000E O
505556E -2 1.11118 -1
3 10
1.0000

-0.3780 1.0000
03508 0.2652 1.0000
-03780 063571 ~-0e3315
-0.0000 -0.2390 -0.2774
06325 =0.2390 0.7211
0.0000 0.0000 0.0000
063430 =-0.1296 =0.1504
-0.2500 0.6614 0.5701
~02500 0e6614 -042193
0.0000 0.0000 0.0000
0.0393 0.0297 0.0345
2 3 4

1.0000

0.0000 0.0000
0.0196 0.0000 1.0000
11 12 13

346111E
=1l.1111FE
~8.3333E
21667E
0.0000E
-2.7778E
1.4444F
-5e5556E
0.0000E
2.7778E

1.7778E
0.0000E
1.1111E

1.0000
-0.23390
-0.2390

0.0000
-0.1296
-0.1890

0.6614

0.0000

0.0297

5

60

0
0 3.1111F
-1 -6.6667E
0 -6.6667E
0 0.0000E
-1 -2.2222E
0 -4.4444F
-1 1.555¢E
0 0.0000E
-1 2.2222E
4
0
0 0.0000E
-1 0.0000E
11
1.0000
-0.2000
0.0000
0.5423
-0.1581
-0.1581
0.0000
0.0248
6

0
-1 2.5000E O
-1 -5.0000F -1
0 0.00002 ©
-1 8.3333Z -1
-1 =3.3333E -1
0 =3.3333E -1
0 0.0000= ©
=1 1.6667E -1
5 €

0
0 1.80002 1
12 13

1.0000

6.0000 0.0000
-0.1085 0.0000
-0.1581 0.0000
-0.1581 0.0000
0.0000 0.0000
0e0248 0.0000
7 8

245000%
0.0C000E
=le6657%
-303333%Z
=2.3333%
0.0000%
le6667E

1.0000
-0.0857
-0.0857

00000

060135

E

e
0
-1
-1
-1
0
-1

7



FIT CONSTANT ADD A¢BsAsEB PARTITIONING SS

105.0-o-o.'..0..-......0.-0..-....tn....'-..o-oo.looo-o..n.-ol.-co...oloouoo-oo.ouoo.'.noooo.noolc-.ococ.oa-c-oooc-o-ouo

*«« [ INEAR DEPENDENCE
4 PARAMETER(S) OF THIS TERM ARE ALIASED.

*xxkas REGRESSION ANALYSIS w*xwxx

*x+ INVERSE MATRIX »xx
CONSTANT 1 2+5000E -1
Al 2 =2¢5000E -1
A2 3 =442327E-16
B 1 4 -2.5000E -1
B 2 5 =-2.5000E -1
B 3 6 =25000E -1
A 1.3 1 7 25000Z -1
A 1.8 2 8 0.0000E O
A 1.3 3 9 2+5000E -1
A 2.3 1 10 0.0000 O
A 2.8 2 11 0.0000E O
A 2.B 3 12 0.00002 O
1
A 1.3 1 7 245833E 0
A 1.3 2 8 0.0000E O
A 1le3 3 9 7+5000E -1
A 2.B 1 10 0.0000E O
A 2.8 2 11 0.0000E O
A 2.8 3 12 0.0000E O
7
**x%x VARIANCE-COVARIANCE MATRIX #**%
Y=-VARIATE: Y
CONSTANT 1 1.4000E O
A1l 2 =1.4000E O
A2 3 =243703E-15
B 1 4% =1.4000E O
B 2 S =-1.4000E O
B 3 6 =-1.4000E O
Al.3 1 7 1.4000E ©
A 1.8 2 8 0.0000E O
A 1.8 3 9 1.4000E O
A 2.8 1 10 0.0000E O
A 2.3 2 11 0.0000E O
A 2.B 3 12 0.0000E O
1
Al.B 1 7 le4467E 1
A 1.8 2 8 0.0000E O
A 1.B 3 9 4,2000E O
A 2.3 1 10 0.0000E O
A 2.B 2 11 0.0000E O
A 2.B 3 12 0.0000E O
7

DETECTED WAILE FITTING TERM A.B

7.5000C
8e¢11E5E
2.5000E
2.5000E%
2¢5000E
=7¢5000E
0.0000E
-7.5000E
0.0000E
0.0000E
0.0000EF

0.0000E
0.0000E
0.0000E
0.0000E
0.0000E

442000E
445464E
1.4000E
1.4000E
1.40060E
-4+2000E
0.0000%
-4.2000E
0.0000E
0.0000F
0.0000E

0.0000E
0.0000E
0.0000E
0.0000E
0.0000E

-1
-16
-1
-1
-1
-1
0
-1
0
0
0

ocooo0ooo

]
—

oo oo0oo0oo0o0coO0o Mo

n

o000 o

100030E -1
-10.0000E -1
-5.0030E -1
4.7878BE-16
10.0030E -1
0.0000E ©
-8.1185E-16
0+00930E O
0.0000E O
0.0000E O
3

242500E O
0.0000E O
0.0000E O
0.0000E O
9

5«6000E O
-5.6000E O
~2.8000E O
2.6812E-15
56000E O
0.,0000E O
-4.5464E-15
0.0000E O
0.0000E O
0.0000E O
3

1.2600E 1
0.0000E O
0.0000E O
0.0000E O
9

1.7500E
7.5000E
2.5000E
-17500E
0.0000E
-2.5000¢
0.00002
0.0000E
0.0000E

0.0000E
0.0000¢€
0.0000E

9.8000E
4.2000E
1.4000¢
-9.8000E
0.0000E
-1.4000E
0.0000E
0.0000E
0.0000E

0.0000E
0.0000E
0.0000E

6l

0
-1
-1

0

0
-1

0
0
0

4

oo

10

& OO0 O0O0OO0O OO0

(=N = e )

10

745000E
2+S000E
=7+5000CE
0.3000E
-2+5000E
0.0000E
0.0000%
0.0000E

0.000CE
00000

4.2000E
1.4000E
~4+2000E
0.0000E
-1.4000E
0.0000E
040000E
0.0000E

0.0000E
0.0000E

-1
-1
-1
0
-1
0
0
0

5

11

OOoOO0ODO0OO0COO0O O

wm

11

7.5000¢&
=25000F
0.0000E
-7.5000E
0.0000CE
0.0C00%
0.0000%

0.0000%

4.,2000F
=1.4000E
0.0000E
-4.2000E
0.0000%
0.0000E
0.0000E

0.0000E

Indicates not all interactions estimeble.

-1
-1

[ B o B )

mn

o

—
n

OO0 oo0ooo
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#x+* REGRESSION COEFFICIENTS »#*x«

Y-VARIATE: Y
ESTIMATE

ONSTANT 1.2000E
-3.0000E
5.0000E
-8.0000E
-4.0000E
3.0000E
9.0000E
0.0000E
-1.5488E-1
0.0000E
0.0000E

c
A
A
B
B
B
A
A
A
A
A
A 0.6000E

NN =W =D
wWowwww

N =N -
COOPFPFODOOOOOO M

.
.
.
[
.
.

*xx ANALYSIS OF VARIANCE ##+
DF ss
RESRESSN 7 82.60 SS
RESIDUAL 10 56400 SSE
TOTAL 17 138.00 SST,
CHANGE -7 -82.00
X VARIANCE ACCOUNTED FOR 31.0

*xx OBSERVED AND FITTED VALUES *xx

O8SERVED FITTED
1 8.00 10.00
2 13.00 10.00
3 S.00 10.00
4 12.00 12.00
5 7.00 3.00
6 11.00 9.00
7 6.00 9.00
8 12.00 9.00
9 12.00 13.00
10 14.00 13.00
11 9.00 8.00
12 7.00 8.00
13 14.00 15.00
14 16.00 15.00
15 10.00 12.00
16 14.00 12.00
17 11.00 12.00
18 13.00 12.00

**% SET OF FITTED TERMS #*x»

CONSTANT
A

B
A.B

SeEe

1.1832E
2.0434E
2¢3664E
3+1305E
2.0494E
2.0494E
3.8035E
0.0000E
34549¢6E
0.000CE
0.0000E
0.0000E

MS

11.714
5600
8.118

11.714

RESIDUAL

-2.00
3.00
-1.00
0.00
-2.00
2400
-3.00
3.00
-1.00
1.00
1.00
-1.00
-1.00
1.00
-2.00
2.00
-1.00
1.00

OO0 O0ODODO0OOO

10.14
-1l.45
211
=256
-1.35
l.46
2037

-0.00
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**+* ANALYSIS OF DEVIANCE =%
Y-VARIATE: Y
TERMS RESIDUAL CHANGE
DF DEVIANCE DF DEVIANCE
INITIAL MODEL
CONSTANT 17 138.000 * *

MODIFICATIONS TO MODEL

MEAN  MN DEV R(alw)
CH4ANGE  RATID R(8|u,a)

R(Y[u,q,8)

+A 15 127.500 2 10.500 5.250 0.94
+B 12 90.714 3 I6.786 12.262 2.19
+A.B 10 56000 2 34714 174357 3.10
** DENOMINATOR OF RATIO IS (RES. DEV./RESe. DF) FROM LINE ABOVE, = 5600

FIT CONSTANT ADD BsAgA.B PARTITIONING SS

110 eccoccccocosscoccoscosocsccecenscssososesesoocssscssssososscsesscscencsosecsionssosessncsesosososssssssessesssssssossscsssssssssse

#*xx | INEAR DEPENDENCE DETECTED WHILE FITTING TERM A.B
4 PARAMETER(S) OF THIS TERM ARE ALIASED.
*xx ANALYSIS OF DEVIANCE *xs#
Y-VARIATE: Y
TERMS RESIDUAL CHANGE
DF DEVIANCE DF DEVIANCE
INITIAL MODEL
CONSTANT 17 138.000 * *

MODIFICATIONS TO MODEL

: R(B| )
MEAN  MN DEV.
CAANGE  RATIO R(a]p, B)
R(Y|u,q,8)

+B 14 100.200 3 37.800 12.600 2025
+A 12 90.714 2 Je486 44743 0.85
+A.B 10 56.000 2 34.714 17.357 3.10
** DENOMINATOR OF RATIO IS (RESe. DEVe/RES. DF) FROM LINE ABOVEe = 5600

114 °*CLOSE"
#*x%xxxxx END OF SET_S AT LINE 100 USED 812

LEFT 7188

63
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GENSTAT Vv MARK 3.0°
(C)1976 LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATION)

1 YREFERENCE® SET_é
2 YCAPTION®

-3 ve

-4 DATA SET €

-5 UNBALANCED DATA, 1 WAY CLASSIFICATION
-6 wITH 1 COVARIATE

=7 LINEAR MODELS 3Y S R SEARLE PAGE 352
8 ™

S SUNITS® $ 7

10 °*FACTOR?® A s 3

11 °READ/P?*
12 *PRINT/PY

AeY X
XeAesY $ 10.0

GENSTAT Regressior - Data Set €

13 °*PAGE"
14 *TERMS/PRINT = SC* A + X + Y
15 eYe Y
16 *PAGE"*
17 °*CAPTION?®
18 **FACTOR THEN COVARIATE TAELE Be.6A'? <
19 SFIT/PRINT = 24 ANDEV=I" W
20 YADD/ANDEV=PT4PRINT=XACIVU® Ay X
21 YDROP/PRINT=Z? Ae X
22 'PAGE*
23 *CAPTION?
24 *PCOVARIATE THEN FACTOR TABLE E.€E*? &
25 *FIT/PRINT = Zs ANDEV=I®
26 YADD/ANDEV=PT4PRINT=2ZY Xso A
27 *PAGE* $ 4 sequences of models fitted
28 YTERMS/DVSET=F? A*X + Y
29 'Y Y
30 °SCAPTION?*
31 ** SEPARATE SLOPES AND INTERCEPTS FOR EACH FACTOR LEVEL®'* &—
32 C*FIT/PRINT = Zo ANDEV=I®
33 YADD/PRINT=XACIVUGANDEV=PT® A + A.X
34 YDROP/PRINT=Z* A+ AdX
35 °*PAGE"
36 YCAPTIONY
37 ** TEST FOR DIFFERENT SLOPES** & J
38 *FIT/PRINT = Z¢ ANDEV=I®
39 YADD/PRINT=XACIVUsANDEV=PT®* A + X + A.X
40 *RUN?
DATA SET €
UNBALANCED DATAe 1 WAY CLASSIFICATION
WITH 1 COVARIATE
LINEAR MODELS BY S R SEARLE PAGE 353
Y 0 MNMINMAX 79.0000 68.0000 93.0000 7 VALUES 0 MISSING
X 0 MNMINMAX 345714 200060 60000 7 VALUES 0 MISSING
X A Y
3 1 74
4 1 68
2 1 77
2 2 76
4 2 80 64
4 3 85
6 3 93



B S

#x+x+ SUMS OF SQUARES AND PRODUCTS MATRIX #x#x»

DF = &
X 1 1.1714E 1
Y 2 4.32000E 1 3.9200E 2
A1l 3 -1.7143E 0 -1.8000E 1 1.7143E O
A 2 4 -141429E 0 =2.0000E O =-8.5714E -1 1.4286E 0
MEAN £  2e5714E 0 7.9000E 1 4.2857E =1 2.8571E =1 7.000CE ¢
1 2 3 4 €
*xxx*x CORRELATION MATRIX *x#xx
DF = 5
X 1 1.0000
Y 2 0e€346 1.0000
A1l 3 =0.3825 -0.£944 1.00C0
A2 4 =-0e2794 =-0.0845 =0.5477 1.0000
ME AN 5 0.3944 1.5081 6e1237 0.0304 1.0000

1 2 3 4 5

é5



FACTOR THEN COVARIATE

*xx*x REGRESSION ANALYSIS *xxxx

*xe¢ JINVERSE MATRIX =*#«
CONSTANT

A1l

A 2

X

*** VARIANCE~COVARIANCE MATRIX

Y-VARIATE: Y

CONSTANT
Al

A 2

X

*** REGRESSION COEFFICIENTS **%*

Y-VARIATE: Y

CONSTANT
Al

A2

X

**x ANALYSIS OF VARIANCE

DF

REGRESSN 3
RESIDUAL 3
TOTAL 6
CHANGE -3

X VARIANCE ACCOUNTED FOR 58.9

*x% OBSERVED AND FITTED VALUES

0BSE

N OGN

\

By, .t =w ¢

8in ion Model: +a, ..
Single Regression Model: 1 oy i “
TABLE BeEA
20...'.‘.........'......'.........'.‘.'..........'......'.’...'...‘...‘..‘....................'.‘...‘....‘........'....
1 4.6667E 0
2 -2.1667E 0  1.5000E 0
T -2.1667E 0 1.1667E 0  1.6667E O
4 -8.3333L =1  3.333ZF -1  3.3333F -1  1.6667F -1
1 2 3 4
* % %k
1 1.2522E 2
2 -5.8139E 1  4.0250FE 1
3 =5.8139E 1  341306E 1 444722 1
4 =2.2361E 1  8.9444E 0  B8.9444FE 0  4.4722E O
1 2 3 4
ESTIMATE SeEe T
86449998 11.19027 7.73 v = [ o] o) a§ "y
-15.00000 6434429 -2.36 ~
-10.00000 6.€8746 -1.50 _ e
0450000 2411476 0e24 =& -15 -10 0 #]
- ice., a°' = [86 -15 -10 0], equivalent to (hl) in IM, p. 35k,
ss MS and b =%, of (42) in IM, p. 353.
311.50 103.83 b is estimable, so the SE and t-test are appropriate,
80450 26483
392.00 65433
-311.50 103.83
* kN N
4 A
RVED FITTED RESIDUAL This is y = Xa° + xb
T4e0 72.0 o0 ~ ) o o 1 1
6840 73.5 -5.5 e.g, Yy =W ta tbx, =865 -15+3(3) =73
77.0 7245 445
76‘0 77.5 ‘105
80.0 7845 1.5
85-0 88.5 ‘3-5
93,0 8945 3.5 é6
S wex Sum of squares = 80.5 = SSE

*«% SET OF FITTED TERM




o

CONSTANT
A
X

*x+ ANALYSIS OF DEVIANCE x>

Y-VARIATE: Y

TERMS RESIDUAL CHANGE MEAN  MN DEV.
©c  DEVIANCE DF  DEVIANCE CHANGE  RATIO

INITIAL MODEL

CONSTANT € 392.00  + *

MODIFICATIONS TO MODEL

+A 4 82.00 2 210400 155.00 7456
»* DENOMINATOR OF RATIC IS (RESe CEV./RES. DF) FRCM LINE ABQVE, = 20450
+X 3 80.56 1 1.50 150 0,07

R\\SSE Rcu}
R(b]u,a)

COVARIATE THEN FACTOR TABLE 8.65

wx+ ANALYSIS OF DEVIANCE *#»
Y-VARIATE: Y

TERMS RESIDUAL CHANGE MEAN  MN DEV.

DF  DEVIANCE DF  DEVIANCE CHANGE  RATIO

INITIAL MODEL

CONSTANT 6 392400  * *

MODIFICATIONS TO MODEL

+X 5 234416 1 157.84} 157.84 5.88
+A 3 80.50 2 153466 76483 2486
*% DENOMINATOR OF RATIO IS (RES. DEv./REsJ\Qij FROM LINE ABOXEs = 26483

SSE R(b|p)
R(a|u,p)

¢7

Teble 8.€s, IM p. 25-.

Table 8.6b, IM p. 355.
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SEPARATE SLOPES AND INTERCEPTS FOR EACH FACTOR LEVEL

Regression for each group:

By,

63

N =y +a, +3T.X,.
i 113

33 00 0000000000060 0006000000000000000006000000000000000000000000000000000000000000000000CO0CO00CC0OCLEO0GOIOCOINOCOONOIEONIOIOIOOIEOIEOIOIOIOIEOIOIESETS

#xxx* REGRESSION ANALYSIS ###wx

*x%x INVERSE MATRIX #*#x*

#=x*x VARIANCE-COVARIANCE MATRIX
Y-VARIATE: Y

CONSTANT
Al

X X X > >
>>r>» 0N
[F 0 VI

*** REGRESSION COEFFICIENTS w=*»
Y-VARIATE: Y
CONSTANT

Al
A2

>x X X >
> 0
NN =

N NN

N B NN e

1.3000E 1
-1.3000E 1 1.7833E 1
-1.3G00E 1 «300G6E 1 1.8000E 1
0.06CCE O G.0000E O 0.0000E O
209421E-15 =-150GCE 0 =-4.2183E-15
3.4417E-15 =-4.7740E-15 -1.S000E O
-2.5000E O 2.5000E O 2.5000E O
1 2 3
5.C000E -1
7
* *
1.S500E 1
-1.9S5C6E 1 2.67S50E 1
-1.9500E 1 1.95C0E 1 2.7000E 1
6.0000E O 0.0000E O 0.000CE O
4.4131E-15 =2.25006E 0 -6.3283E-15
51625E=15 =7.1609E-15 =2.2500E O
-3.7500E O 3.7500E O 3.7500E O
1 2 3
«£000E -1
7
ESTIMATE SeEe. T
69.0000 44159 Seb63
17.5000 5017260 3438
3.0000 5.19€2 0.58
0.0000 0.0000 *
-4.5000 0.86€0 -520
2.6000 0.86€0 2431
440000 0.8660 4.62

6%

0.0000E ©
G.0000E @
0.0000E O
0.0000E O
4
0.0000E O
0.0000E O
0.0000E ©
0.0000E O
4
&% = [69 1%
b' = [bl b2

5.0000F -1
4,840SE-16
-5.5511E-16

=
>

7.5000E -1
6+6€13E-16
-8+32€67E-16

=

7.5000E -1
-9.5920E-16

€

2 L4]. See LM p. 358.



sax ANALYSIS OF VARIANCE #*»+

oF ss MS
REGRESSN 5 390.500 SSR 78.100
RESIDUAL 1 1.500 SSE 1.500
TOTAL 6 392.000 SSTy 6543332
CHANGE - -390.500 78.106
% VARIANCE ACCCUNTED FOR G747
++x OBSERVED AND FITTED VALUES *#* v y o=
OBSERVED FITTELC RESIDUAL ~
1 74,00 73.00 1.00 €-8r V13 T
2 £8.00 €8.E0 -G.50
3 77.00 77450 -0.50
4 76460 76.00 000
5 80.00 80400 0.00
3 8500 85.00 0.00
7 5300 33.00 0.00
##% SET OF FITTED TERMS #*+
CONSTANT
A
x.A
#%+ ANALYSIS OF DEVIANCE »*»*
Y-VARIATE: Y
TERMS RESIDUAL CHANGE MEAN  MN DEVe
DF  DEVIANCE DOF  DEVIANCE CHANGE  RATIO
INITIAL MODEL
CONSTANT 6 392.000  =* .
MODIFICATIONS TO MODEL
+A 4 82.000 2 310.000} 155,000 103.33
+X oA 1 1.500 3 80.500 25.833  17.89
*+ DENOMINATOR OF RATIC IS (RESe DEVe/RESe DR) FROM LINE ABOVEs = 14500
SSE R(alu)
R(b|u,0)

69
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TEST FOR DIFFERENT SLOPES

70

sgooooootooooooo.ooo.ooo-oct.ﬁooo'o...oo.oatoo-oo.ooo.n'oootooo..oooo.o.o...t-oto-..o'ooanc..o.ooooooonc.oooo-no.ooooo‘

*x*xx REGRESSION ANALYSIS #***x+

.

*** INVERSE MATRIX =#w»«

CONSTANT 1 1.2000E 1
A1l 2 =142000E 1 1.7833E
A2 T -1.3000E 1 1.3000E
A3 4 0.00C0E O 0.0000E
X £ =-2.8000E O 2.500CE
XeA 1 3 2.5000E ¢ =-4.000GE
XeA 2 7 24S000E 0 =2.5000CE
XeA 3 8 0.0000E O 0.0000E
1
XeA 2 7 1.0000E O
XeA 3 . g8 G.CGCOE © 0.C000E
7
*** VARIANCE-COVARIANCE MATRIX *=*=x
Y-VARIATE: Y
CONSTANT 1 1.98C00Et 1
Al 2 =1.9500E 1 26750E
A2 3 =1.9800E 1 1.9500E
A3 4 0.0000E O 0.0000E
X S =3.7500E O 3+7500E
X.A 1 6 3.7560E 0 =-6.0000F
XeA 2 7 3.7500E 0 -3.7500E
XeA 3 8 0.0000E O 0.0000E
1
XeA 2 7 1.5000E ©
XeA 3 8 0.00C0E O 0.0000E
7
**x%* REGRESSION COEFFICIENTS #**x
Y-VARIATE: Y
ESTIMATE SeEe
CONSTANT €9.0000 4.4159
Al 17.5000 541720
A2 3.0000 5e19¢€1
A3 0.000C6 0.0000
X 4.0000 0.86€60
XeA 1 -8.5000 1.2247
XeA 2 -2.0000 12247
XeA 3 0.0000 0.0000

OO0 O

1.8000E
0.0000E
2.5000E
-2+5000E
-4.0000E
0.0000E

2.7000E
6.0000E
3¢7500E
-3.7500E
-6.0000E
0.0000E

15.63
3438
0.58

4462
~6.94
~1.63

OO0 0 O+

(N

OO0 O

70

0.0000E O

0.0000E O £.0000E -1

0.0000E 0 =-5.0000E -1 1.0000E

0«0000E © =-S.00G6CE -1 Z.00C0E -1

0.0000z O 0.0000E © 000600 2
4 s £

0.0000E O

0.0000E O T+5000E -1

0.0000E G =7.S5000E -1 «S000E 0

0.0000E 0 =-7.5000E -1 7.50002 -1

0.0000E O 0.0000E O 0.6000E O
4 g €

( The slopes are a common slope of 4 and the 3 different slopes
given as deviations from the common slope, with
v = [b° b] by b‘;]
being now solutions and not estimates because of over-
{ parameterization of the regression; i.e., for the previous
model with separate slopes

5. =1b° +1v°
1 1

L - 85.

| e,



#+* ANALYSIS OF VARIANCE #»»»

OF

REGRESSN 5
RESIDUAL 1
TOTAL 3
CHANGE =5

Ss
Z90.50¢C
1.500
392.000

~250.500

X VARIANCE ACCOUNTED FOR S7.7

#*+ OBSERVED AND FITTED VALUES #**=

0BSERVED
1 74400
2 68.00
3 77406
4 7€.00
5 80.00
6 85.00
7 93.00
#** SET OF FITTED TERMS =*=x
CONSTANT
A
X
XeA
*+x ANALYSIS OF DEVIANCE ==+«
Y-VARIATE: Y
TERMS R
DF
INITIAL MODEL
CONSTANT 3
MODIFICATIONS TO MODEL
+A 4
+X 3
+XeA 1
*+ DENOMINATOR OF RATIO IS (RESe
43 °*CLOSE"*
#xxxxxx END OF SET_6

L
7841350
1.500
E2.222
7€4100
FITTED RESIDUAL
73.00 1.00
68450 -0.50
T77.50 =050
76.00 0«00
80.00 0.00
85.00 C.00
53.00 -0.00
ESIDUAL CHANGE
DEVIANCE DF DEVIANCE
392.000 * *
82.000 2 310.000
80.500 1 1.500
1.500 2 79.000
DEVe/RES.RNDF) FRCM LINE ABO
AT LINE 2 USED 809

9]
m
re

L

MEAN MN DEV.
CHANGE RATIO

155000 103.33

1.500 1.00 Table 8.8, LM p. 359.
33.500 2633

s = 1.500
T 7191

R{alu)

R(b|u,a)

R(blu,0,b) = R(b[u,@) - R(b|u,q)

71/
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GENSTAT V MARK 3.09
(C)1976 LAWES AGRICULTURAL TRUST (ROTHAMSTED EXPERIMENTAL STATION)

165
166
-167
-168
-169
~170
=171
172
173
174
178
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197

YREFERENCEY SET_7

*CAPTION?®
e
DATA SET 7
UNBALANCED DATA, TWC WAY CROSSED CLASSIFICATION
WITH 1 COVARIATE
LINEAR MODELS BY S R SEARLE PAGE 375
e
*UNITS? $ 4¢&
*READ/S? YoX
*FACTOR? A g Z
H B 3 4

*GENERATE® A4Be4
*PRINT/P? AgBoeXeY 10,0

*TERMS/DVSET=F* A*B + A*X +Y
'y Y

*FIT/PRINT = Zo ANDEV=I?
*ADD/ANDEV=PT? X + AxB
*DROP/PRINT=2Z" X + AxB

*FIT/PRINT = Z4 ANDEV=I®

**SEPARATE SLCPES FCR EACH ROW®?
*ADD/ANDEV=PT?® AeX + A.B
*DROP/PRINT=Z" AeX + AWB
*FIT/PRINT = 24 ANDEV=I?
*ADD/PRINT=Z4ANDEV=PT® AB + A.X
*DROP/PRINT=Z? AdX + ALB

**TEST SEPARATE SLOPES®*?
SFIT/PRINT = Zy ANDEV=I®
*ADD/PRINT=Z9ANDEV=PT* A.B
*DROP/PRINT=2" AeB
*FIT/PRINT = Zy ANDEV=I?
*ADD/PRINT=Z¢ANDEV=PT® X + AX + A.B
SRUNY?

72
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Y
X

W NN NWWWNWWNWWWNNENWRRDAD NN RO DD DR R e b b e b e s s D

0
0

DATA SET 7
UNBEALANCED CATAy TWC wAY CROSSED CLASSIFICATION
WITH 1 COVARIATE

LINEAR MCCELS EBY S R SEARLE PAGE 7%

MNMINMAX 11.06500 £.0000 1€.0000 48 VALUES 30 MISSING
MNMINMAX 4.777¢ 2.0000 8.0000 48 VALUES 30 MISSING

[

ok
[
n
[

The regression prograr opers

as in czses 3 tc 7.

-

—

-

[
PO N IV, B T T T AR I S I R SN O S S I S i O S S S Y I VI B

[

14 73
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1€ 2 a0 00 0000000 6000000006006000000060006000660606060000000060006c00o000000000000FO0OCI0CCEIOC0OCOC0CCO0C000000C000000P0C0000000000000000000O00COCOGCLISE

#ewxs REGRESSION ANALYSIS #swsx vodel: Tly.. )= . +a, +3, 4V, +iz
Yijk i N il i’k
«x+ REGRESSION COEFFICIEATS #+#
Y-VARIATE: Y = = .55z
ESTIMATE S.E. T
CCNSTANT £ ES130 2.50EE2 2 06
X 0.48480 1417
a1l T2.15217 2.164CE32 -1.01
A2 G.6347g 2.275¢C4 1.87
A3 0.000600 £.C0GCE -
s 1 —€.58656 3.20552 -1.99
5 2 -2.15217 2.140832 -1.67
2 3 2415217 2.14082 1.01
£ 4 $.00000 0.0000C *
A 1.8 1 £.15217 2.80707 2418
A 1.8 2 £.00000 0400060 *
A leB 2 -C.24783 3.56256 -0.24
A 1.5 4 0.00000 0.000C0 *
A 2.8 1 94000666 0.00000C *
A 2.8 2 6.00006 0466000 *
A 2.8 3 0.00660 0.06000 *
A 2.5 & 0.00000 6.00000 *
A 3.8 1 §.06660 0.60060 *
A 3.8 2 0+60G00 0.06666 *
A 3.E 3 040G0G0 6+C00G0 *
A 3.8 & £.00000 0400000 *
*x% ANALYSIS OF VARIANCE ##+
DF S MS
REGRESSN 8 89.35 R(b,q,8,Y[u)11.168
RESIDUAL 5 48,65 2S% 54406
TOTAL 17 138400 ST, Be118
CHANGE -8 -85435 11.168
% VARIANCE ACCOUNTED FCR 33.4
*%x ANALYSIS OF DEVIANCE *#*
Y-VARIATE: Y
TERMS RESIDUAL CHANGE MEAN  MN DEV.
DF CEVIANCE DF  DEVIANCE CHANGE  RATIO
INITIAL MODEL
CONSTANT 17 138.000  * *
R(b|u)
MODIFICATIONS TO MOCEL ir//”’“'—____‘*“\\
+X 16 85.111 1 52.889 52.889 9.94 R(afp,b)
** DENOMINATOR OF RATIO IS (RESe. DEVe/RESe OF) FROM LINE ABONEs = 54319 R(8|u,a,b)
+A 14 84.478 2 0.633 0.317 0.06
+B 11 79.082 54396 1.799 034 R(Y|u,a,B,0) 74’-

z
+A.B 9 48.652 2 304430 15.21°% 2.86
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#xxt*x REGRESSION ANALYSIS x#x*x» Model: El(y..)=a, + B, +VY.. + T.%. .
i‘k i 3 il ITidk
s#+ REGRESSION COEFFICIENTS ##s 2
“1
Y-VARIATE: Y s
ESTIMATE SeEe T 2
CONSTANT 7.60000 1.01292 4.19 o3
XA 1 2.25000 0.E602CE 3.74
XeA 2 -2.00000 0.60208 -3.32
XeA 3 0.86000 031091 2457
A 1eB 1 ~4.35000 2.65189 -1.64
A 1.8 2 6.00060 0.00000 .
A 1.8 3 -11.35000 4.74332 -2439
A 1.8 & -7.60000 3.1323¢ ~2.43
A 2.8 1 $.40000 3.1322¢ 3.00
A 2.8 2 15.40600 3.61582 4426
A 2.8 3 5.00000 0.0006C *
A 2.8 & 0.00000 0.00060 *
A 3.8 1 0.00000 0.00000 *
A 3.6 2 -2.80000 1.14237 -2.45
A 3.8 3 1.20060 1.14237 1.58
A 3B & 0.00000 0.00000 *
xx% ANALYSIS OF VARIANCE *%#
OF Ss MS
REGRESSN 10 127.85 12.785
RESIDUAL 7 10415 1.450
TOTAL 17 138.00 8.118
CHANGE -10 -127.85 12.785
%X VARIANCE ACCOUNTED FOR 821
**x ANALYSIS CF DEVIANCE #%xx Factors after covariates.
Y-VARIATE: Y
TERMS RESIDUAL CHANGE MEAN  MN DEV.
DF  DEVIANCE DF  DEVIANCE CHANGE  RATIO
INITIAL MODEL
CONSTANT 17 138.000  * *
MODIFICATIONS TO MODEL R(b|y)
+X oA 14 84.034 3 53.966 6J717.9a9 12.41 ~
+AeB SSE 7 10.150 7 73.884 10.555 7.28 R(1,0,8,Y[u,b)
** DENOMINATOR OF RATIO IS (RESe DEVe/RESe DF) FROM LINE ABOVEy = 1.450 773;—



*xx ANALYSIS OF DEVIANCE #*x= Fzctors tefore covaristes.

Y-VARIATE: Y

TERMS RESIDUAL CHANGE MEAN  MN DEV.
CF  DEVIANCE DOF  DEVIANCE CHANGE  RATIO
INITIAL MODEL
CONSTANT 17 138,000 =+ *
MODIFICATIONS TC MODEL R(a,8,Y[u)
+A.B 1c 56,000 7 82.000 GJ 11,714 8.08 R(o|c, 2,8,
+Xo A ssz 7 10.15¢ 3 454850 15.283  10.54 TS5
*+x DENOMINATOR OF RATIO IS (RESe DEVe/RES. OF) FROM LINE AEQVE, = 1.450
**% ANALYSIS OF DEVIANCE xx* Zesting separate slopes.
Y-VARIATE: Y
TERMS RESIDUAL CHANGE MEAN  MN DEV.
OF  DEVIANCE DF  DEVIANCE CHANGE  RATIO
INITIAL MODEL
CONSTANT 17 1384008  * *
MODIFICATIONS TO MODEL Rq,8,Y|u}
+A.B 10 S€.000 7 82.000 eJ 11,714 8.08 R (o], 00 2,v)
+X 9 48.652 1 7.248 7.348 507 TAOTH, O 2, Y
+Xo A ssE 7 1c.15¢ 2 28.502 19.251  13.28 R(b|u,a,8,Y,0)
** DENOMINATOR OF RATIO IS (RESe. CEV./RESe DF) FROM LINE AEOVEs = 1.450 ~

*#«x ANALYSIS OF DEVIANCE *=*»

Y-VARIATE: Y

TERMS RESIDUAL CHANGE MEAN  MN DEV.
OF  DEVIANCE DF  DEVIANCE CHANGE  RATIO

INITIAL MODEL

CONSTANT 17 138.000 * *
MODIFICATIONS TO MODEL R(b[w)

+X 16 S.111 1 £2.889 eJ 52.889  36.48 R(b|u,b)
+AeB SSE 7 10.150 7 73.884 104555 7.28 2By TIH 05 2
*+ DENOMINATOR OF RATIO IS (RES. DEV./RESe DF) FROM LINE ABOVE, = 1.450

206 *CLOSE?

xx2xxxx END OF SET_7 AT LINE 179 USED 1420 LEFT 6580
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