16. SAS Analysis of Split-Plot Experiments
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Field Split-Plot Experiment

Field

Block 1

Block 2

Block 3

Block 4

Copyright ©2019 Dan Nettleton (lowa State University) 16. Statistics 510 2/26



Read Data
ReAD TABR-DecimiTED
Text Fice Invto 3SAS
Daraser CALeeo Field.

proc import datafile=’C:\Data\FieldSplitPlotData.txt’
dbms=TAB replace out=Field;

run;
proc print data=Field (obs=14); Tﬁz,“l‘ F:HEST_ ’q
run; Rows oF Fle'ol

To OurPuT

Copyright ©2019 Dan Nettleton (lowa State University) 16. Statistics 510 3/26



The SAS System

Obs | block | geno | fert y
1 1 1 0]148.7
2 1 1| 50(150.4
3 1 1] 100|166.7
4 1 1]150(156.5
5 1 2] 0]162.5
6 1 2| 50]168.6
7 1 2]100]180.2
8 1 2]150|181.1
9 1 3 0[1445

10 1 3] 50(177.3
11 1 3]100]188.1
12 1 3(150(199.1
13 2 1 0]114.2
14 2 1| 50|131.5
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Fit Linear Mixed-Effects Model

SPECIFY X/g

proc mixed data=Field; /

class block geno fert;

|model y=geno fert geno*fert'/ ddfm=satterthwaite;

SeT DenomiNATOR

|_ Dearees oF Freedom
SPeciFY Z& MerHon To SATTERTHWAITE

E(Ym) = Mol + B + By = My
b\ ) b, ))3; b“l “,3 M(O’ 6?';5
Wik % N(0.0%)
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| random block blockxgeno; |




The SAS System

Variance Components| w E w [ - ‘/E AR N

- —

Arovr REMC

The Mixed Procedure

Model Information
Data Set WORK.FIELDEXP
Dependent Variable y
Covariance Structure
Estimation Method REML s
Residual Variance Method | Profile
Fixed Effects SE Method Model-Based
Degrees of Freedom Method | Satterthwaite

SooN.

Class Level Information
Class | Levels | Values

geno 31123
fert 41050 100 150
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2 i3 2
The SAS System Ob ) O_w ) U.e

The Mixed Procedure
M)o(l)ﬂ’\z,d\‘s,lgl,pz)ﬁ3,#1) Yll,---) '{3‘{

i B

Covariance Parameters| 3 / w

Columns in X 20 b b w" TS 34
) J

Columns in Z 16/_ b' )bz) ey “

Subjects 1
Max Obs per Subject 48

Number of Observations
Number of Observations Read 48

Number of Observations Used 48

Number of Observations Not Used 0

Tteration History
Iteration | Evaluations | -2 Res Log Like| Criterion
0 1 314.54790074)
1 1 275.05625945| 0.00000000)

Convergence criteria met.
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The SAS System

SAS AuromATICALLY

The Mixed Procedure I\ =
Covariance o— b D065 TH E.sé l 55
Parameter Estimates
Cov Parm | Estimate / 8_?' C/O Rr&ec'r L \1
block 122.85 / w W X3 A A
block*geno| 67.2981 INE HErHL’ D
Residual 39.7061 Te AR € E ACA NC@
Fit Statistics V) R N oT.
-2 Res Log Likelihood |275.1
AIC (Smaller is Better) |281.1
AICC (Smaller is Better) | 281.8
BIC (Smaller is Better) |279.2 ‘AX
- = 3.
H o M " M 2
Type 3 Tests of Fixed Effects
Num|Den — T _"
Effect | DF| DF|F Value|Pr>F = M-== M3 -—M~‘{
0ot M
geno 2| 6| 848]0.0179 /
fert 3 27 73.35( <.0001 — .
geno*fert| 6| 27|  6.54] 0.0002—0u e - A — - O V ¢
H o MI-J M- M J J
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Example Estimate Statements 4
— M+ Mo+ M+ My =Jq’,Z(M"o(|+P:’ "X;:‘)

estimate ’'geno 1/ ‘A\.‘ Y o=

intercept 4 geno 4 0 0 fert 1 1 1 1 = M{-O\' {nﬁ. -)-‘X,.
genoxfert 1 111 000000 0 0 / divisor=4 cl;

(M{'O{' 4'?' _T") B (M*D‘z*F *sz) = O(F"(z*’x—\-’?z-

estimate 'geno 1 - geno 2’

geno 4 -4 0
genoxfert 1 1 1 1 -1 -1 -1 -1 0 0 0 0 / divisor=4 cl;

(M+R +B+ Kn) ‘(Mf Ry + B l“,,) = o~ "‘6"—.6’4
estimate "geno 1 - geno 2 with no fertilizer’
geno 1 -1 0 genoxfert 1 0 0 0 -1 0 0 0O 0O 0O OO0 / cl;

run;
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The SAS System

The Mixed Procedure

Estimates

Standard
Label Estimate Error| DF |t Value|Pr > [t||Alpha| Lower| Upper
geno 1 139.83 7.072?@ 19.77| <.0001| 0.05| 121.78| 157.87
geno 1 - geno 2 -24.8812 6.2139| 6 ) -4.00| 0.0071| 0.05]|-40.0861|-9.6764
geno 1 - geno 2 with no fertilizer| -22.5000 7.3145 11.27 -3.08| 0.0104| 0.05|-38.5725|-6.4275

SATTERTHWAITE
MeTHon Wseo
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Refit Model with Fixed Block Effects
E(Yir)= Wt by v ok ¥ fs Vi, = Mie

proc mixed data=Field;
class block geno fert;
model y=block geno fert genoxfert / ddfm=satterthwaite;

random blockxgeno;

Wik i~ N (O)J::’)
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The SAS System

The Mixed Procedure

Model Information
Data Set WORK.FIELDEXP
Dependent Variable y
Covariance Structure Variance Components|
Estimation Method REML
Residual Variance Method | Profile
Fixed Effects SE Method Model-Based
Degrees of Freedom Method | Satterthwaite

Class Level Information
Class | Levels | Values
block 4)1234
geno 31123
fert 41050 100 150
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The SAS System

6
The Mixed Procedure
- /M b,, b. b, by 0('1'(110(3) F')/S"/ﬁ%l@"(
Covariance Parameters| 2 ) ? ! / J
Columns in X 24 X“’ __,) {3%
Columns in Z. 12
Subjects 1 \
Max Obs per Subject 48 w" y -t w;q
Number of Observations
Number of Observations Read 48
Number of Observations Used 48
Number of Observations Not Used 0
Tteration History
Iteration | Evaluations | -2 Res Log Like| Criterion
0 1 264.34894774|
1 1 250.15263205| 0.00000000)

Convergence criteria met.
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The SAS System

The Mixed Procedure
N 2
Covariance 6 w
Parameter Estimates
Cov Parm | Estimate
block* 67.2981 v
lock*geno .
Residual 39.7061

Fit Statistics
-2 Res Log Likelihood | 250.2
AIC (Smaller is Better) |254.2
AICC (Smaller is Better) | 254.6
BIC (Smaller is Better) |255.1

c Bs Wien Buoce EFFECTS

Type 3 Tests of Fixed Effects s AM — O\A_l
Num|Den (o) M I—OYL
Effect | DF| DF|F Value|Pr>F Wene RavD J
block 3 6| 577000335 &
n Des
geno 2 6 8.48] 0.0179 B P\ 1% P‘Nc’e
fert 3| 27| 73.35] <0001
geno*fert 6| 27 6.54| 0.0002
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Example Estimate Statements

—_— —_—

M'{'E.‘l’du“’é“‘-wl'

intercept 4 block 1 1 1 1 geno 4 0 0 fert 1 1 11
genoxfert 1 1 1 1 0 0 0 0 00 0 0 / divisor=4 cl;

estimate ’'geno 1’

timate ’ 1 - 27 Y - Y
estimate ’geno geno (7\|“ d\‘L . \(l- \‘2'
geno 4 -4 0

genoxfert 1 1 1 1 -1 -1 -1 -1 0 0 0 0 / divisor=4 cl;

estimate 'geno 1 - geno 2 with no fertilizer’

geno 1 -1 0 genoxfert 1 0 0 0 -1 0 0 0O 0O 0O OO0 / cl;

e A\~ A, + Xu - Xz\
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SATTERTHWATE No LoNueR
The SAS System NéE’)@D H?RC’:

The Mixed Procedure
EstlmateA
Standard bﬁ
Label Estimate Error| t Value | Pr > |t|| Alpha| Lower| Upper
geno 1 139.83 4.3939| \&J 31.82| <.0001| 0.05 (129.07 150.58
geno 1 - geno 2 -24.8812 6.2139| 6| -4.00| 0.0071 0.05|-40.0861(-9.6764|
geno 1 - geno 2 with no fertilizer| -22.5000 7.3145(11.2 -3.08| 0.0104| 0.05|-38.5725|-6.4275

SAME PAs WHew This CoNFIDENCE
Rrlow EFFECTS TNTERVAC MMCH,
Wewne RANOOM Naggowee Now THAT

Bloce EFFecTs
Aree MopEeCED
Desl N e Fircs.

]”DYL Ouwr B}\LM\’C@
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Diet and Drug Split-Plot Experiment
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Read Data

proc import datafile=’C:\Data\DietDrugSplitPlotData.txt’
dbms=TAB replace out=DietDrug;

run;

proc print data=DietDrug;

run;
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The SAS System

Obs |litter | diet | drug| y
1 1 1 2/188
2 1 1 1103
3 2 2 2(145
4 2 2 1185
5 3 1 1/16.8
6 3 1 20272
7 4 1 1/115
8 4 1 21205
9 5 2 11119
10 5 2 2113
11 6 2 2/16.4
12 6 2 1/17.6
13 7 2 2(15.4
14 7 2 1] 18
15 8 1 2(26.8
16 8 1 1]15.7
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Fit Linear Mixed-Effects Model

proc mixed data=DietDrug;
class litter diet drug;
model y=diet drug dietxdrug / ddfm=satterthwaite;

random litter (diet);
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The SAS System

The Mixed Procedure

Model Information
Data Set WORK.DIETDRUG
Dependent Variable y
Covariance Structure Variance Components|
Estimation Method REML
Residual Variance Method | Profile
Fixed Effects SE Method Model-Based
Degrees of Freedom Method | Satterthwaite

Class Level Information
Class | Levels | Values
litter 8112345678
diet 2|12
drug 2(12
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The SAS System

The Mixed Procedure

Di

Covariance Parameters|

Columns in X

Columns in Z.

o | o |

Subjects

Max Obs per Subject

Number of Observations

Number of Observations Read

16

Number of Observations Used

16

Number of Observations Not Used

Tteration History

Iteration | Evaluations

-2 Res Log Like

Criterion

0 1

68.07389478

1

1

57.36070457

0.00000000

Convergence criteria met.
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The SAS System

The Mixed Procedure

Covariance
Parameter
Estimates

Cov Parm

Estimate

litter(diet)

9.7871

Residual

0.9408

Fit Statistics

-2 Res Log Likelihood 57.4

AIC (Smaller is Better) | 61.4

AICC (Smaller is Better) | 62.7

BIC (Smaller is Better) | 61.5

Type 3 Tests of Fixed Effects
Num|Den
Effect DF| DF|F Value|Pr>F
diet 1 6 1.75] 0.2335
drug 1 6 62.20| 0.0002
diet*drug 1 6| 149.25| <.0001
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Estimating Marginal Means, Means, and Contrasts

lsmeans diet drug dietxdrug;

estimate ’'diet 1 - diet 2’ diet 2 -2
dietxdrug 1 1 -1 -1 / divisor=2;

estimate ‘drug 1 - drug 2’ drug 2 -2
diet*drug 1 -1 1 -1 / divisor=2;
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More Estimate Statements

estimate ’'diet 1 - diet 2 for drug 2’ diet 1 -1
diet*drug 0 1 0 -1;

estimate 'drug 1 - drug 2 for diet 2’ drug 1 -1
dietxdrug 0 0 1 -1;

run;
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The SAS System

The Mixed Procedure
Estimates
Standard

Label Estimate Error| DF |t Value | Pr > [t|
diet 1 - diet 2 3.0000 22647 6 1.32] 0.2335
drug 1 - drug 2 -3.8250 0.4850| 6| -7.89| 0.0002
diet 1 - diet 2 for drug 2 8.9250 2.3160(6.55 3.85| 0.0071
drug 1 - drug 2 for diet 2 2.1000 0.6859| 6 3.06| 0.0222

Least Squares Means

Standard
Effect diet | drug | Estimate Error| DF |t Value|Pr > [t|
diet 1 18.4500 1.6014| 6| 11.52| <.0001
diet 2 15.4500 1.6014 6 9.65| <.0001
drug 1 15.0375 1.1580/6.55 12.99( <.0001
drug 2 18.8625 1.1580{6.55 16.29| <.0001
diet*drug (1 1 13.5750 1.6377|6.55 8.29( 0.0001
diet*drug | 1 2 23.3250 1.6377|6.55| 14.24| <.0001
diet*drug |2 1 16.5000 1.6377|6.55| 10.08( <.0001
diet*drug | 2 2 14.4000 1.6377|6.55 8.79( <.0001
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