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Introduction

The present form of the Annotated SAS Output (ASO) has evolved from the
original project aimed at illustrating common statistical methods using SAS
(BU-664-M, BU-705-M). The primary goal of these annotated outputs has been to
provide students with direction in using a statistical package to analyze data
at the level of Statistics 602. This expanded version of the ASO should be of
use to students as well as others outside the classroom. |

Over the past five years there have been many people who have contributed
to the ASO. Most of these people have been either students, lab instructors
or undergraduate assistants involved with the conduct of Statistics 602. This
list includes Anna Angelos, Suzanne Aref, Valerie Arneson, Calvin Berry, Foster
Cady, Margaret Cecce, Patricia Firey, Laura Gnazzo, Jon Maatta, Charles McCulloch,

Patricia Nolan, Norma Phalen, and Walter Piegorsch.

Description

A total of 15 data sets are employed to exemplify the application of SAS
in the analysis of data. The data sets are derived from actual designed or
observational experiments.

The name of the data set, which appears in the Table of Contents, and a
description of the type of analysis that it serves to illustrate are provided

below. The first 10 data sets are from Analyzing Experimental Data by Regression

(Allen and Cady, 1982), while references are given for the sources of the remain-
ing five.

1) Arsenic Data illustrate straight-line regression.

2) Firefly Data illustrate multiple linear regression with two

predictor variables.



3)

)

5)

6)

7)

8)

9)

10)

11)

Soymilk Data illustrate polynomial regression and lack-of-fit

from a completely randomized design.

Electricity Load Data illustrate a model sequence when several

straight lines may need to be fitted.

Potato Leafhopper Data illustrate an analysis of treatment means

via a complete set of orthogonal contrasts. The experiment
design is a one-way classification in a completely randomized

design with equal replication.

Lymphocyte Data illustrate an analysis of a 2x 2 factorial ex-

periment laid out in a completely randomized design with equal

replication.

Fat Digestibility Data illustrate an analysis of a 2 x2 factorial

experiment laid out in a randomized complete block design.

Protein Nutrition Data illustrate an analysis of a one-way com-

pletely randomized design with unequal replication. A set of
nonorthogonal contrasts are presented as well as a complete

orthogonal set.

Swamp pH Data illustrate the analysis of cell means in a 2X3

factorial with unequal replication. The first analysis follows
that presented in Allen and Cady (1982). The second is an anal-
ysis of unweighted means which is discussed in Snedecor and

Cochran (1980). The Least Square Means of SAS are illustrated.

Soybean Physiological Data illustrate a covariate analysis.

Several ways are shown to estimate treatment means adjusted and
unadjusted for the covariate. The '"classical" ANCOVA table is

given as is a test for homogeneity of slopes.

Potato Scab Data illustrate an analysis of a 2 X3 factorial

experiment where one treatment factor is qualitative with two

levels and the other treatment factor is quantitative with three
unequally spaced levels. Two equivalent analyses are presented:
the first is a model sequence approach (see Allen and Cady, Unit

19) comparing quadratic regression curves; the second is an
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13)

1h)

15)

analysis of cell means wherein appropriate single degree-of-
freedom orthogonal polynomial contrasts and interaction con-
trasts are estimated. These data are taken from a larger set

presented in Cochran and Cox (1957, p. 97).

Alcohol-Drug Data illustrate the analysis of a split-unit experi-

ment. The cell means model is fitted as described in Allen and
Cady (1982, p. 280). The approach presented allows the simple
effects to be estimated more easily than in a default model
specification. The whole unit analysis proceeds by analyzing
the sums and the split-unit analysis is accomplished after remov-
ing the whole-unit variability. Such an approach can result in
substantial savings of computing dollars and a strengthening of
the understanding of such experiments. The usual approach is

presented for completeness.

Urea Synthesis Data illustrate the analysis of a repeated measures

experiment with two treatment groups and two repeated measurements
upon each experimental unit. The pertinent hypothesis tests may
be reduced to three independent two-sample t-tests based upon the
within-subject sums or differences. Such an approach tends to
render the analysis quite transparent. The usual ANOVA table is
also presented for completeness. These data are taken from Brogan

and Kutner (1980).

Hemoglobin Data illustrate the analysis of a two-period crossover

experiment. The calculations for this design are exactly the
same as those of the preceding Urea Synthesis Data. The distinc-
tion between the two designs lies in the method of treatment

allocation. These data are taken from Grizzle (1965).

Milk Yield Data illustrate the analysis of a three-period three-

treatment crossover design which is balanced for first order carry-
over effects. The layout is in repeated latin squares. Treatment
means adjusted and unadjusted for carry-over effects are given as
are their standard errors. These data are taken from Cochran and

Cox (1957, p. 135).
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ARSENIC DATA — Units 4, 5 and 6; Annotated Computer Cutput, p. 346 (BMDP)

TITLE ARSEINIC DATY! & prints a heading on each page ;
DATA ARSTNICS

INFUT DIST aRSERTO!

Niy= DTST-1€.1%

XC=

13

CARDSS

2 3.1
4 3eZ€E
8 1.82
10 1.02
12 1.8%
1% 2.0%
21 124
23 0475
30 0etE
3¢ 0420

These statements create a data set called ARSENIC, which has variables DIST, ARSENIC, DEV, and XO.
ARSENIC is the observed arsenic level,

DIST is the distance from the arsenic source,

DEV is the difference between DIST and the mean distance, 16.1,

X0 is a column of ones.

Q@ PRUC PRINT:

o
X
[
~

CECO

@ °croC

PRCC
H
I

(@) DATA DECOME} ME
DATA NICAOMFF S
t

PES1z

PROC

TITLE

VAR Y0 DEV ¥ DTST3; PROC PRINT prints the X matrices for parts and C) below.

REG SIMPLE UISCE R
MODEL ARSENTC= %G [EV/NCIHUT P SEGF £51 SSsz CLM3 .
OUTFJT 2UT= NFW1 FPEDTCTZIN= YHATL RESICUAL= RESITL PROC REG is a regression procedure. .
L25¥= LOWTR U%EM= BPFER? Various models and options are i11u§trated in paa.rts through @
MODEL ARSENTC= ¥( FIST/MOIMT P SpfE S31 €S23 The OUTPUT statements save the predicted and residual values

(383
MODEL ARSEINIC= PIST/C SEQE 71 SS2% in data sets called NEWl and NEW2.
MODEL ARSENIC= DIST/MCINT F SEGP $S1 S532%
MODFL ARSFNIC= YO/NCGINTS
CUTFUT OUT= NFWZ2 PRECICTED= YEARS

UNIVARIAT: LATA= NEW1 PLOT FREG NURMAL?! PROC UNIVARTIATE gives descriptive statistics for the residuals obtained in . DATA =NEW1 specifies
¥ AR RESICI1 which data set the variable to be used is contained in. If the data set is not specified SAS uses the
last data set created.

PLOT CATA=z MTRILS
PLOT RESID1+YHAT1/VESF= 0 ¢ VREF=0 draws a horizontal line at RESID=O. Plot (H)is a residual plot for models {B),(C) and (D).
PLOT ARSCNIC¢LIST= 9.9 YHATALIGT= 90 Plot prints observed, predicted, and confidence band values
UPFER»LICT= oy LOWFF «ZIST= YL P/0VEPLAYS on the same set of axes using the symbols #, P, U, and L.
E ?f r:-: ‘:FI .“ Te2d DATA DECOMP is a new data set which contains the mean of the ARSENIC values,
VheTo v aps Leewmes YBAR (from part @); the residuals left when the mean is subtracted from the
- - RS

predicted values, RES1l; the ARSENIC values, and the residuals from . The
MERGE statement combines data sets NEWl and NEW2, and the SET statement
allows the creation of the new variable RES1.

PRINT DATL= ~FCOMF}4— PROC PRINT prints the data decomposition,
VBR ARSENIC YEak RESYT RESIPLR
OATA NECLMETRTTLLY SR ARSENIC CwTAS
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The X matrix The X matrix
for The model far The model
ARSENIC = X6 DEV ARSENIC = XO DIST
in part @9 in part iD
e N —_—
ORS Ye "LV X0 DIST
1 1 -1441 1 2
2 1 =121 1 a
2 1 ~8.1 1 g
& 1 ~6e1l 1 10
g 1 ~441 1 12 '
2 1 ~1.1 1 15
7 1 4493 1 1
¢ 1 EeC 1 22
a 1 12,9 1 3C
1cC 1 19,¢ 1 36

The options SIMPLE and USSCP (Uncorrected Sums of Squares and Cross Products) in the PROC REG statement produce this output:

ARSENIC CATA

DESCRISTIVE STATISTICS

SUM ME &M UMCCRRECTED VARIAN STD CEVIATI
ARSENTIC 1€4280000C0 1462230000 3%.72538000 1.02477333 1.01221C89
X3 10.00000060 1.0000C00GC 10.00000C0 000000002 0.0C0CGCCOO
DEV 0+000000C0 0.000GC0C0C112€6.9000000125421111111 11.1697770¢
DIST 1€1C00000C0 1€41C0G6C035037154000000C12521111112 114186977708

SUMS OF SCUARES AND CROS3PRODUCTS

ssce ARSENTE yr nEV nIST INTERCEP
A9SENIC 33,7268 1€.28 -88,068 174406 16,20 The circled numbers should be exactly zero.
X0 12427 1~ (gel31637-16) 161 10
DEV ~86 4065 112649 112¢.9 (C.121€3-14

DIST 174404 161 £4C 3719 1e1
ANTZRCEP) 16 ,0¢ 10 (azie3z-1s 1€1 10
SAS supplies an intercept which can produce the same sums of squares and cross products as X0

which was created as part of the data set.
_2-



MEAN AND SLOPE MODEL
@ MODEL ARSENIC = XO DEV/NOINT P SEQB SS1 SS2 CIM;

SEFQUENTIAL PARAMETER ESTIMATES < The option SEQB produces the sequential b's.

X0 1.628€— Coefficient for the mean model (see p.35). . . .
oy Th tion N truct
DEV 1,628 -,07£151%— Coefficients for the mean andh.slope model sizcszéoﬁasollaggnlgzslcﬁgecsi ?ﬁst%mggeiuppifgein X(l)nit:ricf:pt
I (see pp. 39 and L5). the model and the NOINT option is used, the model SS
ABLE: =Lt includes the SS for the mean.

ANOA: SUM OF MEAN
SOURCE DF SGUARES SGUARE F VALUE FROE>F
MODEL 2 33.366614 16.£93207 57.061 Ca0001
ERROR 8 2,340%86 2.292548=5s%
U TOTAL 10 354726200 — U TOTAL stends for UNCORRECTED TOTAL. ROOT MSE is the standard deviation.

ROOT MSE 0.540077=s /R ~SQUARE 0.3345

DEP MEAN l1.628000=y t0LJY R-SQ@ 0s22€3 when NOINT is used, the reported R® is incorrect.

QE'\“ 33,22342 See ASO, p.5 for the correct R2. .
(Coefficient of variation)

(NOTE: NO INTERCEPTY TERM IS USEC. R=SGUARI IS REDEFINED.

PARTIAL
PARAMETER STANDARD T FOK HO:
VARIARLE DF ESTIMATE EPROR  PARAMETER=0 PRCB > IT} TYFE I SS
X0 1 1.622000= ¥ 2171040 S5.518 0600601 26.503840= R(0)
DEV 1 -0'075151;35 Ge016112 -44850 0.0012 €.882574= R(DEV|0)
lope :

N

The options SS1 and SS2 in the MODEL statement produce the TYPE I SS (the Ssequential SS) and the TYPE IT SS (the partial SS).
VARIARLE DF TYPE IT SS
X0 1 26+503£40= R(O|DEV)
DEV 1 ¢.882574= R(DEV|0)

PREDIC™ STD ERR LOWFR9SY UFFERISY
FRE

0BS ACTUAL VALU®T DICT MEAN MEAaN RESIDUAL
1 3e¢19C 2e730 04284271 24074 J3e38€ 04460075
2 3e 260 Z2eDT4 04259352 1497€ 24172 0e€R6377
3 1,820 26261 0ezlt14% 1e76% ze157 =e441CCC
1= I3 e - [~

g ifgig i'igfi g'ii:’,\ii: 1'222 f.:;r:,(i 01;2?; The P option in the MODEL statement prints each observed

{ Xole [ 2l Kl . [agh el L] Z e ~e U~ s .
6 24050 14714 0.1716%¢ 14317 Zel11 04336034 value, predicted value, and residual.

7 1.340 1e¢24% (e18EZEL JoE10E47T 16579 0,0%4928
8 0.,7900C0 1402% 04202957 04518222 1,589 =~,2387¢€0C
9 04660000 0454170¢ 042#18C7 =410R140 lel92 04118254
10 04300000 0072801 0a2€3402 =e765212 (e513p015 04227199

SUM 0F RESIDUALS
SUM OF SGUARED RESIDUALS /ﬂ 2.2 2

Should be “exactly
zero. The CIM option prints
the upper and lower
confidence limits for
a 95% confidence interval -3-
on u at each observed X.

Note that using DEV instead of DIST as the X variable
produ(((;)es sequential b's that are the same as the partials.
See .



INTERCEPT AND SLOPE MODEL
(C) MODEL ARSENIC =XO DIST/NOINT P SEQB SS1 SS2;

SEGUENTIAL PARAMETCK ESTIMATES(_{)Th

X0 1.625 €3 Coefficents of the mean and slope model.
DIST 2.68€23 =4072151 € Coefficients of the intercept and slope model (see p.42).
DEP VARIABLE: ARSERIC
SuU¥ 0F MEAN
SOURCE DF SGUARES SCUARE F VALUF FRGED>E
MODIL 2 23,26F4 14 164633207 57.061 Ce0OC1 } is t . _
ERROR 8 2.340286 0.202548 = s2 The ANOVA is the same as in (B) MODEL ARSENIC =XO DEV.
U TOTAL 10 354726800
RNOT MSE 5=0.,540277 2~-STUARE 0e3345%
NEP MEAN Y=1.€22000 ALJ R=-SQ 043262
CeVe 33,22342
NOTE: NO INTERCEPT TERM IS USE™. R=-SGUAKE IS RIDEFINED. 4— Same problem with RZ as in O See ASO, p.5.
PARTIAL
PARAMETER STANDARD T FOR HO: (SEQUENTIAL)
VARIABLE DF ESTIMATE ERRCR FPARAMETER=0 PROE > | T} TYFE I SS
intercept
X0 1 2.88€226 C.310720 54289 0.0001 254503840 = R(O)
DIST 1 -0.078151%, 0seClE112 -4 4850 0.0013 € .882574, = R(DIST|0)
slope printed by
3
(PARTIAL) SS1 option
VARIABLE DF TYPE IT SS
X0 1 254241773 = R(O|DIST)
DIST 1 6.8825 74, = R(DIST|O)
printed by SS2 option
FREDICT
n8s ACTUAL VBLUT RESIDUAL
1 26190 ce730 0e4€007%
2 34260 2¢574 0.€8€377
3 1.820 Z2e2€61 =o4410cC
4 16020 Ze10% =1e0KRE
5 1+.85¢C 16942 =4(CC&G1E Printed by P option The parameter estimates are different from those in O,
6 24050 16716 04332024 same values as in ‘ but the TYPE I SS are the same.
7 14240 le24°% 0409497¢
g 0'728088 0 OSSO PROC REG does not compute F tests for the TYPE T or TYPE IT SS.
10 0'500300 0'6;,1\ E; g.:;szén The t tests of the parameter estimates are equivalent to F
*~ e07ct «227123 tests of the TYPE II SS. To perform the independent F tests

SUM OF RESIDUALS
SUM 2F SQUAPED RESIZUALS

4— should be exactly zero
2.34038¢ «— Error SS, see ANOVA above

e sequential coefficients are the diagonal elements of the SEQB output.

of the TYPE I SS, form the ratio

(TYPE I Ss)/af - pof
(Residual SS)/(Residual df) = " Resid df

Lo



SEQUENTIAL PARAMETLR

INTERCEP 1.628 The NOINT option is not used, so SAS supplies an
DIS; DLBBE23 =.07:151 } same sequentials as @ intercept. The model SS does not include the SS
) T for the mean (ny?).
DEP VARIABLE: ARSENIC
Sum CF MEAN
SOURCE DF SGUARES SGUARE F VALUE PRCEDF
MODEL 1 EoSR2ETH £eQE25T74 23.52¢6 0.0004
ERROR 8 24340%¢¢ 0.292548= 5%, same as () and (©)
9 9e2227€0
orrected total SS
ROOT MSE S =0e340F77 R-SQUARE 0.7462 < Correct R2. Compare with calculated R2 below.
DEP MTAN ¥ =148280C0 ADJ R-SQ 0.7145 <€— The adjusted R? is "adjusted" for the number of variables in the model.
CeVe 23.22%42
PARTTIAL
PAKAMETER STANDARD T FOR HO: (SEQUENTIAL)
VARIABLE DF ESTIMATE ERROR FPARAMETZIR=C PROB > | T} TYFE I SS
INTERCEP 1 24886226 Ce310720 3e2€9 0.0001 24503840
DIST 1 -04078151 Ne0lE112 -4 4850 0.0013 E.882E74
Csame as (C)
(PARTIAL)
VARIARLE DF TYPL TI SS
INTERCEP 1 254241773
. c o s Corrected Model SS
e =
DIST 1 64682574 When NOINT is used, the reported R? is incorrect. RZ Gorrected Total 93
(:same as (:) where both model and total SS have been corrected for the mean. NOINT
PREDTCT causes the SS for the mea;zto be included in both numerator and denominator.
) To calculate the correct R, subtract the SS for the mean (ny®) from the
0BS ACTUAL VALUS RESIDUAL MODEL SS and TOTAL SS.
1 34190 2,730 C446007E Ex.: Model ©)  ny?=26.503840
2 362€0 26574 D EB63TT -
3 16820 24261 =o44102C g2 - 33:36641k - ny® DY . 0.7462
S 13 Dnl i swess D ema © 3726800 - ny”
. . el g g
6 24050 1.716 0.33€024 (compare to above R?)
7 1e340 1624° 0409402¢ R = Corrected Model SS _ . _ RESIDUAL SS
8 0.7500C0 1e08% =4Z29RTACL Corrected Total SS ~ Corrected Total SS
9 0e6E0000 De541706 0,1182%4
. . o _
10 €+300000 0072801 04227195 (Resid SS) * (ﬁ)
SUM 0F RESIDUALS £ .,40704F=1F Rid,j =1- where n is the number of observations and

SUM NF SQUARED RESIDUALS

INTERCEPT AND SLOPE MODEL
{D) MODEL ARSENIC = DIST/P SEQB SS1 S82;

ISTIMATES

2.2403¢€€

Corrected Total SS p is the number of variables fitted,

including the intercept or XO.




LINE THROUGH ORIGIN

SEQUENTIAL PARAMETER LCOTIMATES
DIST .04£7575 = slope of line through origin (see p. 53)

DEP VARIARLE: ARSENIC
includes SS for the mean

SUM OF MEAN

SOURCE DF SQURZES SCUARE F ViLUE PROEDF
MODEL 1 Belabgal Eelb4e0l 2.658 Cel275
ZRROR e 27.582159 3.064684 = s2, compare to previous models
U TOTAL 19 35,726500

RNOT MSE 14750¢ 24 ~SQUARE Ds.2280

DEFP MEAN 14628000 ACJ R=SG £.2280

CeVoe 107.5222

NOTE): NO INTERCEPT TERM IS USEN. R=SGUARE IS REDEFINEL.

PARAMETER STANDARD T FOR HO: ( SEQUENTIAL)
VARIARLE DF ESTIMATE ERRNAR PARAMETZR=0 PROE > |T| TYFE 1 SS
DIST 1 0eC46798 0.02870¢ 1.620 041275 £el644641
(PARTIAL)
VARIARLE DF TYPE II SS
DIST 1 8el44641
PREDICT
08S ACTUAL VALUT RESICUAL
1 34150 040935°% 3.09¢
2 3260 0e41€7190 34072
3 1820 04374380 le446
4 14020 04467975 04552025
5 12850 04561570 1.28¢8
6 26050 06701962 1.348
7 16340 Ce9827458 (e337252
8 0.73000C 14076 =o2t6343
9 0,6€£0000 14406 =4,742C2¢
10 Ce.3CCOCO 1e€RE 1,288
SUM OF RESIDUALS £.745808
SUM NF SGUARED RESIDUALS 27.5821¢

-6-

E) ARSENIC = DIST/NOINT;

NOINT is used, so SAS does not supply the
intercept, and XO is not specified in the
model. Result: fitting a straight line
through the origin.

QHZ 0o

DIST

Such a model does not make much sense with‘the
ARSENIC data set, although regression through
the origin is useful in other circumstances.



VLRIABLE

N

ME AN
STD DEV
SKZWJNESS
uss

cv
TIMEAN=O
¥ INIRMAL

RESICULLS

=RESIDI1
MOMERTS
10 SUM WGETS
Te0T7kE=1E SUM
«S09344 VIRIANCE
-049£0192 KURTOSIS
234035 €SS
Te20%E+1e  STD MEAN
4e33GE=1E FFQE>|T|
0.54815¢ PROELSW

STEM
0

0

-0
~0
-1

-1
-0
-0

UNIVARTATE

10

7078F =15

Ce2
le
"
ce

C.1

LOWEST
« 08472
e44102
«23ETE

~0.0984178
040949282

LEAF
7

431

1

60043
1ee71
24029
£125¢

1
0.61%

FYTRE

1123 should approximatﬂ
a normal curve

mmmmt e b mme nd mmm-

(A1l numbers are in tenths,
i.e., -11=1.1)

0e75+
!
-0e25+

|
~1.25+

VALUE COUNT CELL

~1.08472
~06441C2
~0:29876
~e09241¢
«05453€2

NORMAL PROBAEILITY PLCT

RESIDUAL ANALYSIS

GUANTILES(DEF=4)

100% MAX Ce8E6277 Scy
s> 33 04367045 9ty
SC0¥ MEZID Ca106€16 gc*
29% 41 ~Ce234325 in%

0% “IN =1.08472 5%
. 1%
RANGT 17711
§3=-G1 070137
MCDE ~108472
MES
~IGHFST

0.1182%4
C.22715¢
Ce336C24
6.46007¢
0586377

AN

[y

BOXFLOT

0685377
04€8£377
Ce€EXTAHT
=10203%
~1405472
~1,05477

!} 25% of residuals

Ao s -

PR pp——y

!

v} 25% of residuals

*

2
PERCENTS
CELL  cuw
1040 €040
10.3 7040
1040 £0.0
10.0 =040
1040 10C.C

+
+ o” * *
> * - +
+ +
*
Bl T R R N bt o i kel d L R R A
-2 =1 +0 +1
FREGUENCY TAELFE
PERCERTS

cum VALUE COUNT
1 1040 1C.C Cal11l8274 1
1 100 2C.0 0e227155 1
1 10.0 23C.C 04226024 1
1 100 4CaC Ce4€e0CT73 1
1 10e0 ©CaC Cect€e277 1

4— should be

~

a straight line if residuals are normally distributed.
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RESIDUAL ANALYSIS

PLOT OF RESIC1+YEAT1 LEGEND: A = 1 0QFSy R = 2 CKSy E7Ca

! 4
| (#) Residual plot for the models in (B), (C) and D

0.6+ RESID is on the vertical axis,
: YHAT is on the horizontal axis (see p. 317).
| A
!
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(U) and lower (L) 95% confidence limits
for a mean predicted value.
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MEAN MODEL
() ARSENIC = XO/NOINT

DEP VARIARLE: ARSENIC _
SS for the mean, equal to ny® =10 # (1.628)2
s F MEBN
SOoURCE DF SgUiRES SCece F VALUE PRCEDF
MOTCL 1 2E45C3- 40 c€4503840 2T 48E2 Ce0C07
ERROR 9 Q.2207€0 1.02477§\
U ToTAaL 10 3C.726-00 Note that s® for this model is larger than for mode
reduces the estimate of ¢
RNOT MSFE 1.C12211 “=SGUARE Ce741°
NEF MEAN 1.£28C00 ALY R=SQ C.7418
CeVe 6241812
NOTg): NO INTERCEPT TERY TS USENe R=SCUARE IS REZCEFINED.
PARAMETER STANMDERD T FOR HC:
VARIARLE DF SSTIMATE FRROR PARAMETER=C PROB > | T] TYFE I SS
X0 1 l.€£220CC «220121 5+086 0.,0007 0
(@ CATA DECOMPOSITION FCR ARIENIC CATA
0es ARSENIC YR AR RES1 RESITI1
1 2419 1.€28 1.:019 04601
2 3. ZE le.628 0e145¢ OeErEl
3 le€&2 l.628 CecZ20 ~0e4410
4 l1eGC2 l.628 0.4767 ~1.0347
< 1.nE le628 0.32C4 =0 e03F4
3 Ze0S 126 C.CHRED 0e32€C
7 1438 le628 -0e362¢ 0eCCuC
& Ce79 l1.€2R ~063352 ~0e29%¢
Bl DeEE le62¢ ~1.08€2 Dells?
10 0e30 le628 -1.5552 062272,
uﬂ,dJ — — ——
yi = Yy + (yi = Y) + (yi - yi)

Each observation can be decamposed into the overall mean,
the difference between the predicted values and the mean,
and the difference between the observed and predicted
values. See Unit 6, p. 50.

-10-

1s ®, © and (D). Fitting the slope

.

This model was run so that the predicted values,
each equal to y=1.628, could be saved in the
data set ONE, to be used in the data decomposi-
tion, part (J).
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FIREFLY DATA — Units 10, 12, and 13; ACO, p. 351 (SAS)

Creates the data set FIREFLY

ne Tt FTIME is the response variable,
brozlue LIGHT and TEMP are two explanatory variables.
e G2l

RN

€6 aE

ve o {LE

TR

T

T IalC

[T

100 ToLe

1CC 25,¢

11C 2.7

13 Z5.¢

1eC 7

27T )
YiR ¥( LIGHT TENP FTI¥L; Prints the X : Y matrix for (0)

FRCC FLOT;
FLCT’FTII\‘F, *LICHT FTIVE¥TEMP LIGHT¥TENP; &— 3 separate plots, FTIME against each
explanatory variable and LIGHT vs. TEMP.

0
Py
[
]
-
Yot

l b
C) 'COFL FTIME=XC LIGHT TEMP/LCINT P 0S1 S92 SECPR ; .
o CUTPUT CUT=YCY ! PREDTCTED=YH/T1 RECILCUAL=RESIL; iﬁgglfigiegozg E?m
D) “CLEL FTINE= TEWF LTCHT/P S€1 €92 SECR FARTIAL; . TRMD. and then &
PCOFL FTIME=XC TEVE/UCINT P SS1 SS2 SE(R; reduced ;odel
CUTPUT OUT=NFY; PREDTCTEL=YHYATZ PPSIDURL=RESTLZ;

DATRAZMEY T, s
PESIF1FVE AT APER=C; } Residual plot for ) and (D)

I

PROC TLOT mATR=tEr | } Residual plot for E)

SLOT OPDOITO¥TEN BT IR,

~11-

FIREFLY DATA

0BS Xn LIGHT
1 1 26
2 1 35
3 1 49
4 1 41
5 1 45
6 1 55
7 1 56
8 1 55
9 1 79
10 1 75
11 1 79
12 1 87
13 1 100
14 1 109
15 1 119
16 1 130
17 1 140

TEMP

21.1
2349
17.8
2243
2243
23.3
2545
2045
21.7
2667
2540
24.4
2243
25.5
267
2545
2647

FTIME

45
4n
58
50
31
52
38
54
4n
28
38
36
36
46
40
31

4N

®) X {Y matrix for the general model:
FTIME = XO LIGHT TEMP/NOINT in part (C).
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FULL MODEL
) ©) FTIME = XO LIGHT TEMP/NOINT
STGUENTIAL PARALMETER ESTIMATES <— The sequential coefficients are the diagonal elements of the SEQB output (see p. 99).
) -
X’ 4143529 =y ¢— See p. k.
LIGHT 48.8%€2 =+173083 & intercept and slope coefficients for FTIME = XO LIGHT (see p. 95).
} TZMP 9144745 6e9E=04 =2,12753 €— intercept and two slopes which define a tilted plane (see p. 99).

_ . Note that the slope in the LIGHT direction changes
DcP VARIABLE: FTIME o500 ihen TEMP is added to the model.

SUM OF MEBN
SOURCE DF SQUARES SQUARE F VALUE PRORDF
MODEL 3 29527.857 Q8424619 201.710 3.3501
ERROR 14 6834143 484795524 =52
T U TOTAL 17 392114000€— Includes SS for the mean
RNOOT MSE 6.985408 =s R=SQUARE 0.3774
; DEP MEAN 41.,352941 =y ADJ R-SQ 2.9742
CoVe 1689217
NO INTERCEPT TERM IS USEDe R=SGUARFE IS RZDEFINED.
PARAMETER STANDARD T FOR HO:
VARIABLE DOF ESTIMATE ERROR PARAMETER=0 PROB > |T| TYFE I SS
(Intercep‘t
TN 1 91,474451 184825113 44859 0e0303 29£71,118=R(0)
LIGHT 1 0.0006919891 0068329 74010 0.9921 194 ,421=R(1]0)
TEmMp 1 -2.127529, 0.5175°9 -2.319 040361 262,318=R(T|L,0)
“Npaptial coefficients Slope of plane in LIGHT direction, see p. 100.

Slope of plane in TEMP direction, see p. 100.
i VARIABLE DF TYPE IT SS

X" 1 1152,148= R(O,T,Lg
LIGHT 1 ".005003143= R(L|T,0
TEMP 1 262.318= R(T|L,0)
when LIGHT is fitted last, it does not account for much of the remaining SS.
PREDICT
0BS ACTUAL VALUE RESIDUAL

1 45,000 464672 =1.672

2 40000 404651 =4650720

; 3 584007 534632 4,368
4 50.00" 444697 54393

5 31.000 44,062 -13.062

6 52,002 414941 13.059

7 384001 37261 0.738795

8 54.00" 47898 6e102

) 9 40,007 454356 =54356
17 28.009 34,721 -6.721

11 38,000 380341 =-.340885

) 12 36.00" 39.623 ~3e4623
13 364000 444170 -8.170

14 464000 374292 8.708

) 15 40,000 34,746 5.254
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PREDICT

0BS ACTUAL
16 21.00" 37.312
17 40.00" 34.7€6

SUM OF RESIDUALS
SUM OF SGUARED RESIDUALS

D) FTIME = TEMP LIGHT

FULL MODEL

VALUE RESIDUAL

~6e312
50234

4,72511E=-1% =0
683.14209

SEGUENTIAL FARAMETER FSTIMATES

INTERCEP =y
TEMP pt and slope coefficients for FTIME = TEMP (no NOINT)
LIGHT 9144745 2753 |6 same as (0)

Note that the sequential coefficients from ABDO are on

DEP VARIABRLE: FTIME the diagonal of the SEQB output. See p. 100.
SUM OF MEAN
F
SOURCK DF SGUARES SGUARE F VALUE PROB> same ANOVA as [0), except
MODEL 2 456,739 2284370 4,680 d.0182 gga:rzhiofgzgezngofozﬁg
ERROR 14 6834143 484795924 =52, same as (C ean
C TOTAL 16 1135.882 mean.
ROOT MSE 64985408 R=SQUARE 0.4007
DEP MEAN 41,352541 ADJ R=-SQ 9.3151
CeVe 16.89217
PARAMETER STANDARD T FOR HO:
VARIABLE DF ESTIMATE ERRNR PARAMETER=0 PROB > |T| TYPE T SS
INTERCEP 1 91.,474451 18.825103 4,859 0.0003 29r71,11& =R(0
TEMP 1 -2+127529 0e9175°9 -24319 0.0361 456.734 =R(T|0)
LIGHT 1 ".0006919891 Ge068329 74010 03921 0.9056C3143,=R(L|T,0)
Again, LIGHT fitted
after TEMP accounts
VARIARLE DF TYPE TII SS for little of the
remaining SS.
INTERCE?P 1 1152.148 = R(O|T,L)
TEMP 1 2624318 = R(T|L,0)
LIGHT 1  ".005003143 = R(L|T,0)

PREDICT

"BS ACTUAL VALUE
1 454000 46e6n2
2 40.00N 434651
3 584007 53632
4 50,90" 444697
5 31.00" 444,062
6 52400" 41941
7 384007 374261
8 54,000 474898
9 40.00N 454356
10 2840017 344721
11 38.0090 384341
12 36007 39623
13 364007 444100
14 46000° 37252
15 42,007 344746
16 314000 37312
17 40.000 344766

SUM OF RESIDUALS
SUM OF SQUARED RESIDUALS

Seme as

—
S

RESIDUAL

~1.602
-+650720
44368
5323
~13.062
10.059
0.738795
6.102
=5.356
-6.721
-¢340885
~34623
-8.100
8.708
5254
-6e312
5234

3.94351E-13
68361429




T PARTIAL RFGRESSTON RESIDUAL PLOTS
(FTI¥f) — FTIME (INTERCEPT, TEMP)

2n

11

-1%

e e — e —— e } e — e o ——— p —— . —— — ¢
»

-2n

P e L TR R R LY R LR Lt halalah ¢

-1090 =50 b &l 100
LIGHT

LIGHT — . (INTERCEPT, TRMP)

There is little linear trend in this plot, so fitting LIGHT after
an intercept and TEMP will account for a small portion of the re-
maining sum of squares, as in (C) and (D).

~1h-

30

20

13

-390

The option PARTIAL in the model statement from @
produces these plots. These are similar to
the plots on p. 141

PARTIAL REGRESSION RESIDUAL PLOTS

(FTIME)— FTIME (INTERCEPT, LIGHT)
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REDUCED "MODEL

() FTIME=XO TEMP/NOINT

SEQUENTIAL PARAMETER ESTIMATES

: 41.3529=Y
vp 9143816 -2.12144 4— same estimates as second line, @

"o

X
T

DEP VARIABLE: FTIME

SUM OF MEAN
SOURCE DF SGUARES SGUARE F VALUE PROB>*F
MODEL 2 29527.852 147634926 - 3244174 0e3301
L) 5 = .
ER':?# AL 13 SOE?:I') ;gﬁ 450543196 = Note that s has not increased very much from the s2
' e in and (D) where both TEMP and LIGHT were fitted.

RNOT MSE 6748570 R=SQUARE 0.3774

DEP MEAN 414352941 ADJ R-SG 03759

CeVe 16431944

NOTE: NO INTERCEPT TERM IS USED. R=SQUARE IS REDEFINED.

8S for reduced model (FTIME = XO/NOINT)

PARAMETER STANDARD T FOR HOZ
VARIABLE DF ESTIMATE ERRNR PARAMETER=0 PROB > | T| TYFE I SS - §S for the mean (ns}z) L 156.736
X3 1 31,381582 15882436 5754 0e0701 290714118
TEP 1 =24121444 06669972 -34167 0.0064 4564734
\~Compare with standard errors of the estimates, part @@
VAPIABLE DOF TYPE IT SS TOLERANCE
F test for the need of the general model with TEMP and LIGHT
X 1 1507.671 18054465876 over the reduced model with TEMP (pp. 138-140):
TEvYP 1 4564734 1,000003 .
- _ [(Model SS,general model) - (Model SS,reduced model)]/difference in df between models
N (Residual SS,general model)/(Residual df,general model)
PREDICT
a _l
8S  ACTUAL VALUE RESIDUAL ) (h56ig§2.1§§§}136)/1 2 0.0001 Reduced model is adequate
1 45,007 460613 -1.619
2 404350° 400679 =e679071 This test is equivalent to the t-test of the LIGHT parameter
3 584007 534620 44380 estimate in or .
4 50001 444710 56290
5 31.001 444073 -13.073
[ 5249007 416952 10.048
7 3849019 374285 047152460
8 544007 474892 6el0B
9 40,007 45,346 =-5.346
11 28007 344739 -6e7329
11 38.00C IJ54345 =4345482
12 364001 29,618 ~3e618
13 36000 444,973 -84072
14 464057 37285 8715
15 40,009 344739 5.2€1
16 31,007 374285 =-6e285
17 406007 344735 5.261
SUM OF RESIDUALS 3e65930E~13 -15-
SU™ OF SQUARED RESIDUALS 68341479



PLOT OF RESID1«YHAT1 LEGEND: A = 1 OBSy B = 2 0BSs ETC.
PLOT OF RESIC2<TEMNP LEGEND: A = 1 OBSe B = 2 0BSe ETCe

!
1%.3 4 |
: A 10,0 » A
1 |
7.5 o : 2
: A TeS5
| |
- A | A
LT ; B A 1
| Sel « A B
i ! 4
2.5 |
| |
| 2.5 + .
| A |
443 secme-mmeceecesscmsssce-cccsseeese-emsscessessessemoossosssscscsssccecs |
| A A | a
! 0e) +=moccvcacmne .- . cocncscaccccnsccenccanan '
i A | A 2
- |
265 : R i A
| A E =25 ¢
I $ !
EER 1 | A
| A D |
\ A U “5¢0 +
] A A | A
=75 + L | 4
1 A S | A
| “T7e5 +
| | A
~1%2 * =
: «10,0 «
] , |
“12.5 ¢ |
] A !
| =12,5
1 ] A
1545 - :
; =150 «
| |
“17.5 : (© Resiaual plot for reduced model
: (® Residual plot for full model , -17.5 « FTIME = X0 TRMP, part (E)
FTDM = XO TRMP LIGHT, parts (C) and | “
“20eJ ! ' P G @ | Residuals can be plotted =ssinst y or
e tomcemtmceemtecccetememetomnces semmctenccE}eanmntomacesaoanatonnssas | against any of the explainatory variable:.
*

32 3a 36 38 a0 a2 a8 Y3 a8 50 52 54 <2049

cee) crnalonccicccnitcnnntccantesenton

21

teccctuccctoccctcnccscncntnnccsen

PREDICTED VALUE . 15 16 17 18 19 20 22 23 24 2% 26 27 28
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SOYMIIK DATA — Unit 11

TITLE''; j
DATA SOYMILK;
INPUT TIME Y;
TIME=TIME/60.0;
TIME2=TIME*TIME;
TIME3=TIME2#*TIME;

LOF=TIME;

CARDS;

0 2.74

0 2.25 The data set SOYMIIK has variables TIME, TIME2 = (TIME)Z,
0 2.3 TIME3 = (TIME)®, LOF = TIME, and the response variable Y .
12 3.14 The times are coded as TIME/60.0 to ensure numerical

12 2.68 accuracy. Since there are four levels of the explanatory
12 2.83 variable, the maximum degree polynomial that can be fitted
30 3.44 is a cubic.

30 3.53

30 3.63

60 3.68

60 3.75

60 3.51

PROC REG;

MODEL Y=TIME TIME2 TIME3/SS1 SS2 SEQB; — Fits the cubic polynomial model

PROC SORT; BY TIME;
In order to fit the cubic polynomial to the mean response,
the mean response at each level of TIME must be found.

PROC MEANS MEAN NOPRINT; The data must be sorted BY TIME before taking MEANS BY TIME.
BY TIME; VAR Y TIME; The data set NEW contains four observations (each TIME level).
OUTPUT OUT=NEW MEAN=YBAR X3 The variable names are YRAR (the mean response) and X (the

mean response at TIME levels).

PROC PRINT;

VAR X YBAR;} Prints the four observations in NEW .

DATA NEW1; Data set NEWl will have four observations: the response variable
SET NEW: is YBAR and the explanatory variables X, X2=X2, and X3=X° .
X2=X*X; X3=X2%X;
PROC REG DATA=NEW1;
MODEL YBAR=X X2 X3/SS1 SS2 SEQB; ¢ Fitting the cubic polynomial model to the mean response at each X level.

PROC gtzsg;\%;?owux; Fits quadratic model. PROC GIM (General Linear Models) used to fit the full model. Unlike PROC REG, only
,

MODEL Y=TIME TIME2 LOF: one MODEL statement may follow each PROC GIM. If no SS type is specified GIM gives Type I (sequentials)
' and Type IV (partials). LOF=lack of fit due to fitting a lower polynomial to the data. The CLASS state-
ment constructs an indicator variable for each level of the LOF = TIME variable (see p. 166).
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SESUENTIAL PARAMETER ESTIMATES

POLYNOMIAL MODEL ESTIMATION
3 Y = TIME TIME2 TIME3

INTZIRCEP 3.12€67 The coefficients on the diagonal of the SEQB
TIME 262141 1.1888%4 output are the sequential coefficients for
TIvVEZ 2641749 3407182 =1482743 the cubic polynomial model.
TIveEz 2e44233 «CT77S 158417 =~2.258Z3 ¢~ The partial coefficients for the cubic polynomial model.
DES VARIABLE: Y
SUM OF MEAN

SOURCE DF SQUARES SGUERE F VALUE FROEDF
MOTEL 3 2.885800 0eS€1933 5 25.11€ G.CCC1
ER‘:?S;L 1? g’i;giz‘; 0.036832=s sZ is an estimate of "pure error" here since the maximum degree polynomial
= ' * has been fitted. The error has 8 df, 2 from each level of TIME.

RN0T MSE 0.191920 R=SGUARE Ce3074

2CP MEAN 3.1266€7 ADJ R=-SG 0.87Z€¢

TeVe 613817

PARAMETER STANDARD T FGR HO:
VARIARLE DF ESTIMATE ERRNR PARAMETZR=C PROE > | T TYFE 1 SS
INTERCEP 1 26443333 0110805 224051 g.CCC1 117.212
TI'~"E_‘~ 1 14977500 1.485207 16331 0.2}?7 z.4Ce212 See p. 113
TIvEZ 1 1.584167 443265467 0e36E 067227 Ce4S€251
TIVEZ 1 -2358333 249€9196 -0e794 0e4S0C C.0222237
_ ' The pure error can be used to test for the "lack of fit" of the

VARIARLE O©OF TYPE IT SS quadratic and straight line models.

Lack of fit of the quadratic model:

INTEZRCEP 1 17.909633
TIvE 1 0.065291 A .
TIvED 1 0.0049381C1 SS full (cubic) model - 8S reduced (quadratic) model/af
TIves 1 0.023237 Pure Error SS/Pure Error 4f (= full model MSE)
_(2.88580-2,862563) /1 _ .023237 _ 6308
.29L667/8 T .036833
SOYMILK BOILING TIME DATA
D The gquadratic model is adequate.
= cRsS X YBAR
DAZA in NEW
1 0.0 2444233
2 Ce2 2e85332
3 0e3 26452333

mean Y for
each level
of X. See
p. 113.
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POLYNOMIAL MODEL ESTIMATION USING MEANS
© v=x %2 X3

SEQUENTIAL 2ARAMETER ESTIMATES

INTERCEP 3.12667 Same parameter estimates as (A), so fitting the curve
X 2062141 1.18884 _ through the mean response is the same as using all the
X2 2441049 3407162 ~1,82743 . observations, except that with no replication, there
X3 2444333 149775 1458417 =2435€33 are no af or SS for pure error.
DEP VARIABLE: YBAR
SUM OF MEAN

SOURCE DF SGUARES SGUAPRE F VALUE FRCED>F
MODEZL 3 06961933 Ce320€44 C.000 Cs0COC
ERROR c 0 .
C TOTAL 3 0961933

RDOOT MSC . R =SCUARE 1.000¢C

DEP MEAN 34126667 ADJ R=SQ 0.0000

C.V. 0

PARAMETER STANDARD T FOR HO:

VARIABLE DOF ESTIMATE ERRNR PARAMETER=C PROE > | T! TYFE T =S
INTERCEP 1 26443333 c . l.00C0 3¢.1C417¢
X 1 14977500 0 . le0CCC 0e802071
X2 1 1.5841€7 0 . l.00C0 CelE2117
X2 1 -2e35R333 0 . 1400CC CeCGC774EECE1
VARIARLE DF TYPE II SS
INTERCEP 1 0
X 1 0
X2 1 0
X2 1 0
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NDEPENDENT. VARTABLE:®
SOURCE

MODEL

FRROR

CORRECTZD TOTAL

R-SQUARE

Oe 51

SOURCE

TIME
TIvE?2
LOF

SOURCE
TIVE

TIME2
LCF

Y

QUADRATIC MODEL EVALUATION
D) Y=TIME TIME2 LOF

GENERAL LINF*R MOCELS PROCECURE

CLASS LTVEL IN
CLASS LZVELS
LOF 4

FORMATICH
VALUES

0 1 Ge2 065

NUMEER OF ORSERVEATIONS IN JATA SET = 12

GENERAL LINEAR MOCELS °ROCEDURE

OF

11

CeVe

641382

"F

-

SUM COF SGU*RES MEAN SGUARY
Ze88S8CCOS 0436162322
Ce294EELET 0.,02€8233%2
341804€EEET

ST CEV Y MEEN
0e19192C12 3G12€ECEET

(Sequentials)

TYPF I SS F VALUE FR > F
2440€21204 EC .22 CeC001
Ce45€2%131 12429 Cel07%
Ce02322€63 Ce€3 Ce4SCC

(Partials)

TYPE IV SS F VALUE FR > F
Gs0CGCCCCOGC . .
te00OCZCCCC . .
0.02223€65 0+€3 Ces4c0C

-20-

F vaLue

ZE

Z€alz
s > F

A nrns
Vel LU C

— Compare F=0.63 with the annotated F statistic for Model QD,
Y = TIME TIME2 TIME3 . In general, the lack of fit (LOF) partial
sum of squares is the remaining sum of squares after the fitted
model sum of squares. With t treatments (t levels of a quanti-
tative variable for example), DF=t-p for LOF after fitting a
p parameter model including one DF for the mean. In this output,
DF =4 -3=1 but in general DF could be greater than 1.



OJPTIONS LS=8C NODATE:
TITLE ELECTRICITY LOAD DATA;

ELECTRICITY LOAD DATA — Unit 13; ACO, p. 363 (RMDP)

DATS FLECLNAD] _—d used since DAY is a character variable

INPUT DATE DAY & TEMP Y

¥2=C3 X4=C3% ¥S=C§ Ye=0§ ¥Y1z1: X2=TE#P;
IF CTAY=*SU* OR DATE=% THFN LINK SUNDAYj;4<———The link command causes the appropriately labeled series of statements to be

IF CAY=*SAY THFN LINK SATURDAY:
RETURN?S

SUMSAY? X5=1% YE=TEMF{ X1=0% XZ2=Cs
SATURDAY: ¥2=15 X4=TEMF: Y1=0%! ¥z=0
CARCS?

PROC PRINT:

executed. TFor example, if DAY = 'SA' then the five statements between
SATURDAY: and RETURN are executed.

RITURMS
;

DAY='GY% RETURN?

'SA' is changed to 'Q'
for labeling purposes in @ See @ and for the X variables created
by the above statements.

VAR X1 X2 X2 X4 X& Xé&3 Prints the X matrix for the full model: 3 intercepts and 3 slopes.

PROC PRINTS

VAR X1 X3 X5 TEMP: Prints the X matrix for the reduced model: 3 intercepts and 1 slope.

PROC GLM3

MOLEL Y=X1 X2 X3 X4 YS XE&/NOINT P;j
OUTPUT OUT=NEW1l PREDICTED=YHAT1 RESTCUAL=RFSIDI1:

PRCC PLOT DATA=NEWIS
PLOT RESIDP1*YHAT1/VR=F=03}

PROC GLM;
MGDEL Y=X1 X2 ¥5 TEMP/NOINTS

QUTFUT CUT=NFfW2 PRIDICTEN=YHAT2 RESICUAL=RFSTD2}

0
F
2
(@]

PLCT DATA=NFW23

@

} Residual plot for the full model.

} Fits the reduced model.

PLOT REZSID2*YHAT2/VRTF=(; The residual plot for the reduced model.

PLGT Y+TEMP=CAY3 Y vs. TEMP, and the character used to plot each observation (Y) is the data stored in DAY which corresponds
to that observation (i.e., the first letter of the day in which the observation was taken).
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@ The X matrix for the full model in @, p. 145 @ The X matrix for the reduced model in @
Separate giﬁgzzte
Intercepts .
L_‘ ELECTRICITY LGED DATA FLECTRTCITY LJAD DATA
m‘-s‘mxs XE nES X1 X3 XS TEMP
1 1 77 C o} e 0 1 1 0 0 77
2 1 75 0 0 c c > 1 N 0 7%
3 2 0 1 T4 o 0 z 0 1 0 14
4 e 0 0 ¢ 1 78 4 o o 1 TE
5 o e 0 0 1 77 5 0 0 1 77
& 1 72 0 2 C 0 (3 1 0 0 72
7 1 79 c 0 O 0 7 1 0 C 79
8 H 81 ¢ 2 c 0 & 1 e 0 81
9 1 £S5 e 0 5 c 3 1 0 0 RS
10 0 e ] €3 0 C 10 0 1 0 e3
11 C ] ¢ b 1 82 11 0 0 1 82
12 1 7t o 5 S ¢ 12 1 0 0 75
13 1 77 ¢ o ¢ 0 13 1 0 0 77
14 1 7% s} 0 G C 14 1 0 0 s
1 1 77 G o 3 0 15 1 0 0 77
16 1 77 s 3 c 0 16 1 0 0 77
17 u 0 1 £2 e 0 17 0 1 0 82
18 o 0 C J 1 T4 18 0 0 1 74
12 1 72 0 3 ¢ 0 19 1 0 0 72
20 1 71 C 0 C 0 20 1 0 C 71
21 1 73 c a G 0 51 1 0 ¢ 73
2 1 78 0 0. ° 0 22 1 0 0 78
) 1 78 0 0 0 d 23 1 0 0 78
2 G C 1 74 0 C 24 0 1 ] T4
5 o 0 e 0 1 77 25 0 4] 1 77
26 1 79 0 2 c 0 26 1 0 0 79
27 1 13 C S G ] 27 1 0 0 73
28 1 75 o ¢ C C 58 1 0 G 7%
29 1 69 0 c 0 0 x] 1 0 o 69
20 1 71 ] J 0 G 30 1 0 0 71
21 G 0 1 €38 o 0 31 0 1 0 68
X1 =1 if weekday, O otherwise QCczmmon Slope
X3 =1 if Saturday, O otherwise Separate
X5 =1 if Sunday or holiday, O otherwise Tntercepts

X2 = temp if weekday, O otherwise
X4 = temp if Saturday, O otherwise
X6 = temp if Sunday or holiday, O otherwise
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DERPINDENT VARTAELE: Y

SCURCE 0F
MGoNEL €
TRROR 2s
UNTORRECTED THTAL 31

L:\.ke PROC REG, PROC GIM computes )
ed

when NOINT is us

1%(20 ect R®?
Co VQ
3e101C

SOURCE nF
X1 1
X2 1
X3 1
X4 1
Xt 1
X € 1
SNYRCE NF
X1 1
X2 1
X3 1
X4 1
X3 1
X & 1
PARTTAL
DARAMFTCP TSTIMATE

¥ 1weekday intercept=110.83421527
X2 weekday slope = 13430930233
¥ 2 Satur. intercept=-62.14285714
X4 Satur. slope = 13.,571428E7
(% Sunday intercept=525.65060241
X £ Sunday slope = 4412048193

SUM 0OF SGUAKES
24740917.05721010
2€E€47430278590

Z47¢6TS€5.00000000

STD DEV
22.64837072

(sequentials)
TYPF I S3

26243332.190476173
S0779.42430620
4723920.00006000
2888000000000
3€928414800600000
56368192771

(partials)
TYFE 1V SS

£13459455571
50779.42480620
103672400562
2838000000000
1603.84116067
S€3.68192771

T FOR HO:
PARAMETER=D

CeTE
6450
=Ce31
.21
le23
Ce73

| 2

XY

@D FULL MODEL, 3 INTERCEPTS AND 3 SLOPES
T Y =XL X2 X3 xh X5 X6/NOINT

MEAN SQUAFS

5790152849525 C2

F VA

106591611160

Y MEAN

10E2467741G62E

LUE

24621401
47«64

4431
217

79
« 09

JhE4 448

0

«S3

F VALUE

0

*58

47464

0
27

.10
03

1.50

c

FR

C
0
o
o
C

Ce

S22

> T

«4551
.0001
W7577
L0001
22314
4739

PR > F

0.0001
0e.0GC1
0e.000C1
0.0001
0.0001
Cet723°

PR > F

0e4E5E1
040C01
07577
0.00C1
0e2314
Ce4720

6.0001

STD ERRCR OF
ESTIMYTE

146 .C81301°9¢
«=2829251
199 ,21023€¢47
2.60728487
429 .54002225
S.66620T74E
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PROC GIM has no option which gives estimates
of the sequential b's.



& REDUCED MODEL, 3 INTERCEPTS AND A COMMON SLOPE
(® Y=X1 X3 X5 TEMP/NOINT

GENERAL LINFEAR MOJELS PROCEDURE

DZPINDENT VARIABLE: Y

STURME nF SUM OF SGUARES MEAN SQUAPF
MARIL 4 34738249,28002397 BEB4562432C00530
FRROR 27 25315.71597603 1085476742652
UNTIRRECTED TOTAL 21 347€7565,000C0060
CeVa $TD DEV Y MEZN
341302 32495098491 1052467741635
Sequentials
SNURCHE oF TYPF 1 SS F VALUE PR > F
X1 1 R(1) = 26243932419047613 24170486 0.0CC1
X 2% intercepts 1 R(%Il%: 4723920400000000 4350,77 0.00C1
(s 1 R(5|3, = 3692541.80000000 3401414 0.0C01
1 vp€— slope 1 R(T|5,3,1) = 77555.28954779 7143 C.0001
Partials
SOURCE TYPE IV SS F VALUE PR > F
Y1 1 R(1]3,5,T) =1324.52471220 1.78 0e1931
X 3 1 R(3|1 5,T) =0.00C06809 0.00 C.ccca
X< 1 R(5|1,3,T) = 1325.61070453 1.22 0e2787
Top 1 R(T|1,3,5) =77555.28254775 71443 040001
T FOR HO: PR > T
PARAMETER CSTIMATE PARAME TER=0
X1 weekday intercept=1£2.73674326 123 Cel921
X2 Satur. intercept= 0.02902497 CeCO 0.599¢8
XS Sunday intercept=-=120,4286593C ~1e10 Cec789
TIve common slope= 12.75552448 de45 C.C001

R Y
Prediction equation given

on p. 146

F VALUL
7956 55
PR > F

0.0001

To evaluate the adequacy of the reduced model, form the F statistic

difference in d4f
[ (Model SS, full model) - (Model SS, reduced model)]/between the 2 models

(Residual SS, full model) / (Residual df, full model)

- [34, 740,917 - 34,738,249]/2 . | o5 _ g2
1065.916 25

Based on the relatively small F value, the reduced model is judged
to be sufficient and there is no need to fit separate slopes.

STD ERROR OF
ESTIMATE

1140426018614
115.,9450€59¢C
118.04118545

1450924939

-2l -
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l RESTDUAL ANALYSIS l

PLOT OF RESID1e<YHAT1 LEGEND: A = 1 0BSy R = 2 GRSe ETCe
| {D Residual plot for the full model
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PLOT OF RESID2-YHAT2 LEGEND: A = 1 CESe ® = 2 0tS,y ETCe
| A (E) Residual plot for the reduced model
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FLOT OF Y*TEMP SYMBOL IS VALUE OF DAY
Y I (@ piot of Y vs. TEMP. F
- I The lines are the estimated regression
1220 + lines from the reduced 3-intercept, 1-
: slope model in part @ .
|
| T
1290 +
) ot Weekdays:
I " yw=1118 +12.76(xw-75.67)
| F
| T V
1150 +
|
| "
| T
! M VT (%, v,) = (75.67,1118
1100 + W 1118)
[
| F T
} T T F
I T W W Saturdays:
1050 + T yQ=972+12.76(XQ-76.2)
|
!
|
!
1000 +
!
: %) =76.2,972)
|
250 +
|
! Sundays:
ll ys=859.h +:L2.76(xS -77.6)
eC0 + S
|
| ®
|
' -
a%0 I (xg,¥) = (77.6,859.4)
! <
| 3
|
£00 +
!
!
e T r e L R E PR R R I R R A Rt A Rl el Lk

€8s 63 70 71 72 13 14 1% 16 17 18 79 &0 81 82 8T &4 65

TEMP -26-
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LEAFHOPPER DATA — Unit 16

TITLE LEAFHOPPER DATA;
DATA LHOPPER;
INPUT TRTS § DAYS;

CARDS; DAYS is the response variable

CONTROL
CONTROL 1.
SUCROSE 3.
SUCROSE 4.
GLUCOSE 3.
GLUCOSE 2.
FRUCTOSE 2.1

¢ indicates that TRTS is a non-numerical variable

NDW EW-=N
OO OoOONW

FRUCTOSE 2.3

PROC

PROC

PROC

The CLASS statement constructs the treatment indicator wvariables. CLASS is not available in PROC REG. Treatment indicators

GLM; ould have to be set up in the input statement as in the Electricity Load Data or the Soybean Physiological Data.
CLASS TRTS;
MODEL DAYS;TRTS/NOINT SOLUTION P XPX SSI; This model, following a CLASS statement, is the equivalent of a general means model. A
OUTPUT OUT=NEW PREDICTED=YHAT RESIDUAL=RESID; SOLUTIOR option is needed after a CLASS statement so
ESTIMATE 'CONTROL VS SUGARS' that the parameter estimates will be printed.
TRTS 3 -1 -1 -1 /DIVISOR=3 E; XPX prints the X'X matrix (see pp. 179-180).
ESTIMATE '6-CARBONS VS SUCROSE' ES?EMEE
TRTS 0 -.5 -.5 1/E; contrasts, a d s . .
ESTIMATE 'FRUCTOSE VS GI’.UCOSE' p. 181 SAS orders levels of a classed variable alphabetically, or numerically, so

the coefficients must be ordered: Control, Fructose, Glucose, Sucrose.
TRTS 0 -1 1 O/E; = » = X sy S

MEANS TRTS;¥— Calculates TRT means.

PLOT;
PLOT RESID’YHAT/VREF:%<

Residual plot for the general means model in (:)
GLM;
CLASS TRTS;
MODEL DAYS=TRTS/P XPX SSI;
ESTIMATE 'CONTROL VS SUGARS'
TRTS 3 -1 -1 -1 /DIVISOR=3 ;
ESTIMATE '6-CARBONS VS SUCROSE'
TRTS 0 -.5 -.5 1;
ESTIMATE 'FRUCTOSE VS GLUCOSE'

TRTS 0 -1 1 0;

LEAFHOPPER DATA

GINERAL LINEAR MODELS PROCEDURE

The CLASS
statement

CLASS LTVEL INFGRMATICN
produces this ’ .
output. CLASS LEVELS VALUES

TRTS 4 CONTROL FRUCTOSE GLUCOSE SUCROSE

Note alphabetical ordering
NUMBER OF OPSERVATIONS IN DATA SET = 8

-27-



With a CLASS statement, SAS creates indicator (dummy) variables and actually forms an X'X matrix as if indicator

variables had been set up in the input statements.
LEAFHOPPER DATA

GENERAL LINZAR MODELS °ROCEDURE
MATRIX ELEMFNT REZPRESEINTATION

DEPENDENT VARTIABLE: DAYS

LEAFHOPPER DATA
GENERAL LINFAR MOCELS PROCEDURFE

THT XX MATRIX

DEPENDENT VARIABLE: DAYS
EFFECT REPRESENTATICN
DUMMY D01 DUMMYD G2 DUMMY 033 DUMMY 004
TRTS CONTRNL DUMMY 101 DUMMY 701 > 0 n 2
FRUCTCSE DUMMY 202 DUMMY N02 a 2 ] n
GLUCOSE puMMY Nnz DUMMY N93 ~ 0 2 -
SUCROCSE © DUMMY Qs DUMMY P04 a n n 2
ESTIMABLE FUNCTIONS FOR CONTROL VS SUGARS The E option for each
ESTIMATE statement
prints the contrast
EFFECT COEFFICTENTS vector (the ¢ vector
of cB).
TRTS CONTRGCL 1
FRUCTNSE 06333333 Note the function of the
GLUCOSE ‘0333333 DIVISOR =3 option.
SUCRNSE -0e333333
£STIMABLE FUNCTIONS FOR 6 -CARBONS VS SUCRCSE
EFFECT COEFFICTENTS
MEANS
TRTS CONTRCL 2
FRUCTCSE -0.5 TPTS N DaYs
GLUCCSE =95
SUCROSE 1 CONTROL ? 2.00000017C
FRUCTOSE 2 2.2000007¢C
GLUCCSE ? 2.900C0020
SUCROSE ? 3.80000¢CA0
means. Compare to parameter estl-
metes on next page.
EFFECT COEFFICTIENTS
TRTS CONTROL o
FRUCTCSE -1
GLUCOSE 1
SUCRNSE n
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GENERAL LINEAR MODELS PROCEDURE

GENERAL MEANS MODEL

&) Y = TRTS/NOINT

Control vs. Sugar contrast (see p. 181):

Estimete = -.9667 = 2.0 - .3333(2.2) - .3333(2.9) - .3333(3.8)

Standard Error= .2236 = SQRIT éft(1-+1/9-+1/9-+1/9)]

DEPENDENT VARIABLE: DAYS
SOURCE OF SUM OF SQUARES MEAN SQUARE F VALUE
MONEL 4 63438000002 15.845070°" 211427
ERRAOR 4 0.3770059) 0.3750000° PR > F
UN"ORRECTED TOTAL 8 63.68100002 0.0001
R- Cove STD DEV DAYS MEAN
/94@952 17,0500 0.27366128 2.72507007
SOURCE DF TYPF 1SS F VALUE  FR > F
TR™S 4 63438700000 211,27 "e"071 € Hype =iy =i =i =0
Sequentials from T FOR HO: PR > |T| STD ERROR OF
£ -
PARAMETER ABDO, . 180 ESTIMATF PARAMETER=10 ESTIMATE
TRTS CONTROL 2.0000000% =3, 10,33 0.9005 019364917
FRUCTOSE 2.20000007 =y 11.36 0.0003 0.19364917
Note order ¢ ycose 90000007 =y, 14,98 n.0001 0.19364917
SUCRNSE 3480000005 =Y, 19.62 00001 0.19364917
CONTROL VS SUG*RS ~0.96666667 -4.32 0.0126 0.22360689
6-CARBONS VS SUCROSE 1.25000007 5.27 0.0%62 9.237179827 Contrasts
FRUCTNSE VS GLUCOSE 0.70000000 2.56 0.7622 0.27386128
OB SERVATION OBSERVED PREDICTED RESTDUAL
VALUE VALUE
1 2.30000000 2.00033000 1430970000
2 1.70000000 24000210530 -0.307700C0
3 3.60000000 3,80073000 -7.20729000
4 4400000000 3400030000 3420779000
5 3400000000 2.50020000 0.10970000
6 2.80700000 2490023300 -Z.10n70000
7 2.10000000 2420070000 -0.10000000
8 2430000000 2420013000 2410700000
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GENERAL MEANS MODEL
© Y = TRTS

LEAFHOPPER DATA

GENERAL LINEZAR MOLCELS PROCEDURE

DECENDENT VARTABLE: DAYS
SNURCE ~F SUM OF SGUARES MEAN SGQUARE F VALUE
MODEL z 3.97500C0) 1432509000 17467
ERROR 4 043000000 9407577070 PR > F
CCRRECTED TOTAL 7 4.2753000) D.00°0¢ H iy =up =g =g =H
R-SQUARZ CeVe STD DEV DAYS MEAN
9.929825 17,0526 0.27286128 2.7250700¢0
SOURCE nF TYPT 1 SS F VALUE PR > F
TRTS 3 3.9759006) 17.67 8,7090
T FOR HGB: PR > IT| STD ERROR OF
PARAMETER ESTIM*TE PARAMETER=" ESTIMATE
CONTROL VS SUG*RS ~0.96666667 -4432 0.0124 0.22360680
6=-CARPONS VS SUCROSE 1.2500079) 5.27 040062 0.23717082
FRUCTNSE VS GLUCOSE 0.70000009 2.56 0.0629 0.27386128
0B SERVATION OB SERVED PREDICTED RESIDUAL
VELUE VALUE
2430700000 2400020000 1.30000000

O~ N L N

1,70700009
3.607°05000
4.90000000
3.C0700C00
2.80M70%¢00"
2010203609

2.00033090
2,800703000
3.8002000¢
2.9003000C
2.90079090
2.20023000

~N307N00CO

-0,20000000
f.20000000
410770000

-",100N00C0

-Ne10C0N00CO

LEAFHOPPER DATA
GENERAL LINEAR MGDELS PROCFDURF

CL&SS LEVEL INFORMATION

2.30°00000 2.200100C0 £.10000000
CLASS -
SUM OF RESTDUALS ~ 10000000 LEVELS VALUES
SUM OF SGQU'RED RESIDUALS A.300000C0 TRTS
8 CONTROL FRUCTOSE GLUCOSE SUCROSF

7700500000
-N.200000C0
2 6EEREET

SUM OF SQU*RED RESIDUALS ZRRCR SS
FIRST ORDER AUTOCORRELATION

DURBIN-WATSON D
U IN-WAT A MUMBFR CF OPSERVATIONS IN DATA SET = g
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LYMPHOCYTE DATA - Unit 17
no anti-IG
stimulation | stimulation
no treatment treatment
LYMPHCOYTE LDATR; ATP (0,0) (o,1)
LYWPUCYT,
FTE TC Y, ATP treatment treatment
! added (1,0) (1,1)
n
-l
<C
CZ. S Presence of ATP or IG stimulation is denoted by
£T.E a 1, otherwise a zero appears.
e E
ohlc
L. C
50,0
GLY; 4 Class on both ATP and IG

CLASSES ATP IC,

NOLEL Y= £TP TG ATP*IC/P; This model fits the main effects of ATP and IG,

CUTFUT CUT= NEV FESITUAL= RESIC PREDICTED= YHAT;{ @nd their interaction, ATP #IG.
CLM;
CLACESFS ATP IC, Use the general means model to estimate contrasts.
YCDEL Y= ATTYIG/NCINT SCLUTICH 881, Contrasts among treatment means in part @ would be

CETIMATE 'STIMULUS!
LTP¥IG 1 -1 1 -1/DIVISCR=Z;
ESTIMATE 'ATP FRESERCE!

"non-estimable"” because the main effects are fitted first.

The CLASSES statement orders the treatments numerically:
(0,0); (0,1); (1,0); (1,1). The contrast coefficients

ATP¥IG 11 -1 -1/DTVISCR=2; %1)5
ESTINATE 'TLTERACTICH must be in this order.
STP*IG 1 -1 -1 1/DIVISCR=2;

PLCT; X Refers to variables in CLASSES Statement.
PLCT RESIDYYHAT/VREF=0; Residual plot for (&) and B)
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DEPENDENT VARIABLE:

SCURCE
MODEL
£R20R

CORRECTED TOTAL

R=-SQUARE

9.985013

SOURCE
ATP

16
ATP*IG
SOURCE
ATP

16
ATP*IG

OB SERVATION

O~NDIUNE N

Y

OF

(&)

CeVe

643355
DF

1

1

1

DF

[y

OBSERVED
VALUE

34,00000000
30.000060000
62450000000
6750000000
25450000000
24450000000
46.00000000

SUM OF SGUAKRES

1976000060030

29.000000072

1925.,00500009

32.,00000000
65.00000000
65400020000
25.,00000000
25.,00003000
48.,00000000

FACTORTAL ANATYSIS
(&) Y=ATP IG ATP#IG

MEAN SQUARE

635433332333

7425000000

STD DEV Y MEAN
269258240 42450000000
TYPF I SS F VALUE PR > F

2884000030003 39.72 0.0032

1568400000009 216428 C.n001
50.00000003 6490 0e0584
TYPE IV SS F VALUE PR > F
288400006003 39,72 0.0032
1568.,00000063 216428 0.9001
50,00000009 6490 C.0584

PREDICTED RESIDUAL

VALUE
32,00000000 2400000000

-2.00000000
-Z2450000000
2.50000000
0.,500000C0
-0.,500200C0
-2.00090000

5%002C0000 48,00003000 2.C00C0C00000
SUM COF RESIDUALS 0p.700000C0
SUM OF SQUARED RESIDUALS 29.700000CO
SUM OF SQUARED RESIDUALS - ERROR SS 0.,20000000
F FRSF—ORBER—AUTOCORREL ATION 52500000
DUREIN;HAISDN’fV—"_—_~———_——77 25224137C3
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F VALUE
8763
PR > F

0.0004

Note that TYPE I and TYPE IV SS's
are the same due to orthogonality.
The SSI option could have been used.



DEPENDENT VARIAELE?
SOURCE

MODEL

ERROR

UNCORRECTED TOTAL

RRQUARE
2.958233
SOURCE
ATP*IG
PARAMETER
ATP+IG 00
¢ 1
10
11
STIMULUS
ATP PRESENCE
INTERACTION

Y

GENERAL MEANS MODEL
Y = ATP # IG/NOINT

GENERAL LINEAR MODELS PROCEDURE

DF SUM OF SQUARES

4 1635600000069

4 29,09006009

& 1638540000000

CeVe STD DEV

643355 20692582490

OF TYPE I SS

4 16356400060000

T FOR HO:

ESTIMATE PARAMETER=0
32,00000000 =Yoo 16481
65400000000 =Yo, 34414
25,00000000 =Y, 13,13
48400000000 =Y;, 25.21
-28400000000 -14.71
12.ooeuoooe}p»197 6430
~5,00000000 2463

MEAN SQUARE F VALUE
4689.900070¢CH0 56400

7425000000 =52 PR > F

0.0001
Y MEAN
42,50000000
F VALUE PR > F
564400 0,9001
PR > |T| STD ERROR OF
ESTIMATE
040001 1.50394328
0.0001 1.90394328
040062 1.90394328
040001 1.90394328

1.90394328
1.90394328
1.90394328

Compare significance
levels to those of
the TYPE I SS in

part @

-33_

Ssame as for (@)

In "A) the contrasts are computed as part of the model.
In [B) the contrasts are specified. More than three
contrasts could have been run under the model. The
contrasts do not need to be orthogonal for computation
purposes.



FAT DIGESTTBILITY DATA — Unit 17; ACO, p. 365 (SAS)

TITLE FAT DIGESTI3ILITY DATAS

DATA FAT_DIGS -
INPUT PLRINC AT ¢ LECITHIN Y3

X0=1s X1=G3 2=04% X4=0% X==03§ X¥€E=03

I PERIOD=1 THEN X1=13

IF PERIGD=2 THEN X213 }-Creat:’mg the indicator variables shown in @
X3=1=X1~x21

IF FAT=*T* AND LECITHIN=G THEN X&=1% '

I FAT=*C* AND LECITHIN=C THEN X3=11%

IF FAT=*T* AND LZICITHIN=1 THEN X6=13%

X7=1aX4=XS=XE} J

CARDSS

PROC PRINT?
&) VAR XC-X7 Y; Prints the X|Y matrix for (see p. 201).

P30C GLM;
(B) MODEL Y=XG X1=X7/NOINT;
OUTPUT OUT=NEW RESIDUAL=RESID PREDICTED=YHAT:
ESTIMATE *Ww VS WO LECITHIN® Model: Equal means|Period Indicators| Treatment Indicators
K8 a5 M5 o5 XE =ef XT =453 and contrasts as discussed in Unit 17
ESTIMATE *FAT DIFF WO LECITHIN®
X4 1 X5 =13%
ESTIMATE *FAT JDIFF W LECITHIN®
X6 1 X7 =13

PROC PLOTS
"LD PLOT RESID+*YHATZVREF=035 Residual plot for @

Equal_l Period Indicators Treatment Indicators
means Y N . :
08s X0 X1 X2 X3 (x4 X5 xe  X?P v ® X|Y matrix for model in
1 1 1 0 0 1 0 c 0 E4 o€
2 1 C 1 0 1 J 0 0 5244
3 1 o 0 1 1 J C 0 53.F
4 1 1 0 0 0 1 0 0 €€L0
5 1 0 1 C c 1 c 0 6061
5 1 o] G 1 4] 1 0 0 €44
7 1 1 ¢ 0 ¢ 0 1 0 S0
8 1 o 1 0 ¢ 0 1 0 ER 49
3 1 0 G 1 [y 0 1 0 7765
10 1 1 C 0 0 0 0 1 9640
11 1 o 1 0 0 0 0 1 9044
12 1 o] 0 1 4 0 0 1 5842

]
w
T



GENERAL LINEZAR MODELS 2RQCEDURE

DEPENDENT VARTARLE: Y

@ Y = Equal means|Periods|Treatments

MODEL SEQUENCE

No matter which variable is fitted last, it will have O d4f
and no sum of squares since it will be a linear combination

This redundancy causes the

In general, the partial coefficients are not of interest
are appropriate (see next page).

SJURCE DF SUM OF SGUARES MEAN SQUARE F VALUE
MOGEL 3 EERET+481656E7 1114445E027778 940436
E]ROR S 7110833333 11433138889 PR > F
UNCORRECTED TOQOTAL 12 6653845900060 3 0.,0001
R-KQUARE CeVe STD DEV Y MEAN
0. 938 447089 Jel4258462 7210832332
SOURCE DF TYPE I SS F VALUE PR > F
_ = 198.81 =R(1,2,3|0)
X0 1 ny®=¢4137,94083333 [ 5411.85 040001 Redundant ——A
X1 1 1327476041667 11.62 00143
X2 1 Feriodderlostascoo 5.15 040637
X3 0 0006050300 - .
X4 1 eat_1046.522‘0000 88430 0.0001
X5 1 pent (1C12.5000C000k¢” 85443 0e00C1 L—= 2530.73
XE 1 g | 471.70EEESETIR_ 39480 0.00C7 ~= R(%4,5,6|0,1,2,3)
X7 c 6.C0C00000 . .
X3 is redundant aftering fitting XO X1 X2, therefore it does
not account for any variability in_the model.

SOURCE DF IV SS F VALUE FR > F
X0 0 0000000060 . .
X1 ¢} 0.,00C00008 . .
X2 0 0.000000C3 . . of variables previously fitted.
X3 c 0.00C0C303 . . following message to appear.
X 4 0 0.00C00000 . . (See also note on following page.)
X5 0 0.,000C0C000 . .
X6 [ 0.C0CCCCO3 . -
X7 C 0.000C0309 . .

T FJ3X HC: PF > |TI STD ERROR OF
PARAMFTER ESTIMAT™ PARAMEZTER=0 ESTIMATE
X0 (¥, -¥) +period 3mean=535,2323333% 3 19,12 gecCC1 2443427493
X1 periodlmean - period 3mean= 4.42500C00 ®° 1e52 0.1190 2043427493
X2 period2mean - period 3mean=-5.525000030 R =227 CelE37 2043427423
X3 - - GQOODDOUGC 3 . . . but contrasts
X4 N Yy = 37493333337 3 ~12.50 6.00G01 281085857
5 Yo -V = -21e36EE66ET © ~11.16 toCOCI 281085857
XE Vo -V, = -i7.73333333 2 ~6e31 2e00C7 281085857
X7 C.0300CC0C = . - .
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‘ GENERAL LINEAR MODEZLS PROCEDURE

DEPENDE~NT VARIABLE: Y

NOTE?

THE X*X MATRIX HAS BEEN DEEMED SINGULAR AND £ GENERALIZED
INVERSE HAS Bo&N EMPLOYED TC SNLVE THE NORMAL EGUATIONS.
TAZ A20VE ESTIMATES REPREISENT NANLY ONE 0F MANY POSSIELE
SOLUTIONS TO THT NORMAL EGUATINNS. ESTIMATES FOLLOWED EY
TAE LETTER P ARF EIASED AND DO NOT ESTIMATE THE SARAMETER
BUT ARZ BLUE FOR SOME LINEAR COMBINATION OF PARAMETERS

(OR ARE ZER0)e THI ZXPECTED VALUZ OF ThI 3IASEL ESTIMATOR®
MAY BE OFTAINED FROM THT GINEREL FORM 0F _STIMAELE
FUNCTIONS. FCR THZ FIASED ESTIMATORSe ThHZ STD ER® IS THAT
OF THE BIASED ESTIMATOX AND THE T VALJE TESTS

HO: E(BIASZD ESTIMATCR) = Q0o ESTIMATES NOT FOLLOWED BY THZ
LETTER B ARE BLUE FCR THE PARAMETER,

T FOR HO: FR > |IT)

PARAMETZIR ESTIMATE PARAMETER=0

Contrasts:
W VS WO LECITHIN ~25478333333 =~12.97 0.0001

FAT DIFF WO LECITHIN ~6e56666667 =234

0e.C281

FAT DIFF W LECITHIN ~17e73333333 -6e31 0.0007

E
"
v
-
2

-1

-2

-3

-8

-5

PLCT OF RCSIDeYHAT LZGEND: A = 1 OBSy B = 2 OPFSe ETCs

© Residual plot from (B

ceccccceccccscccenn Amecena

T T T e e e e e e e b e e b e ————— -

>
LY

54 (1] 56 72 Ts R4 90 96 102

YHAT

STD ERRGR OF
ESTIMATE

1.58757716

281085857
281085857
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PROTEIN NUTRITION DATA — Unit 18

TITLE EUTRITICN CATA;
SATA PRCTETY;

TUPUT PROTEIR € Y;
CiiDSy
©O70
Fo1zE
H1C0
B2
217
1€¢
08
12
142
14e

7 10 horsebean observations

226
101
1
2€0
203
108
169
213
257
2uy

Tl2 linseed observations

103 .
271 Tlh- soybean observations
216
20T
106
197
158
oue
cllt/
FRCC GLM;

@ CLASS PRCTETIHN,
MODEL Y=PRCTEIN/NGIMT SCLUTICH P S371;

CUTPUT CUT=MEY PRELDICTED=Y"&T RESIDUAL=RESIT;
ESTINMATE 'HCRSEPEAL VS CQILMEAL' See p. 217

FRCTEIN 1 -.5 -.5; Natural Contrasts
o T . THO T i"“ Qe b A'l
ESTIN ATE 1};&1&;5} }.,1001{1.*5 I See p. 219
- N . =15

FSTTVATE 'ORTHC H-F VS CiLwpap Ortho Contrasts

PRCTETL 17 -€ -7/DIVISTR=1Z;

RO RC R R RN G N RN N Reo N, N onll sl enll aal snil snll anll enil anil anll anll auiihtedis ol sl of

Using the CLASS statement to fit the general means model,
followed by natural and orthogonal contrasts, as discussed
in Unit 18,

® PROC PLOT;
PLCT RESIN#*YYAT/VREF=0; Residual plot for (B)
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) @

) DEPENDENT VARIABLE:

GENERAL MEANS MODEL
(&) Y = PROTEIN/NOINT

My =h =us =0 not py =p =us =u

“~~In this case, the natural and ORTHO

18.39651430¢,_—contrasts give similar results.

SOURCFE DF SUM OF SQUARES MEAN SQGUARE F VALUE
)
MODEL 3 1683997.43571429 561332.47857142 229 4%6
) ERROR 23 80E5G5,5642R8571 2444 ,22222078 PR > F
UNCORRECTED TOTAL 36 1764657.03030000 0.0071
)
R -SQUARE CeVe STD DEV Y MEAN
}
0.954292 2341656 49,43214664 213.,41666667
SOURCE DF TYPT I SS F VALUE PR > F{— Tests:
PRNTEIN 3 1683597.4357142°2 229.66 Te"0M
T FOR Hn: PR > |T) STD ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
« PRNTEIN H 160.2000N0n000 = ii 1025 092001 15,,63423090
L 218.7560000% =y, 15633 0.0001 14 .,27185231
S 24648571428€ = y, 18468 0.0001 13.,21316773
Contrasts:
HORSEBEAN VS OILMEAL ~72460357147 -394 0.,0C04 18441171677
LINSEED VS SOYREAN -28410714286 =1445 01578 19.44925628
. ORTHO H-B VS OILMEAL ~73.68461538 -4,01 20,0003
OBSERVATION OBSERVED PREDICTED RESIDUAL
VALUE VALUE
1 179.00000000 16C.20035u00" 18.800N000C0
2 136.,00060000 163.20003600 -24.,20000000
3 167.0070000C 167,20053000 -Ne200000C0
4 227.00000¢CcCe 16C,20020000 66480C00000
5 217.00000G00 160,20023300 56 +800000CD
6 168.,00000000 166.,20030000 7.80070000
7 108.00500000 160200703300 =524207700C0
8 124,0000000C 167,2001246060 -364,20°C0C7D
9 143,00300000 160,200335090 -17.,207000C0
10 142.000006000 160,20033000 -20.,200000C0O
11 309.001r00000 218.75023020 90,257°000C0
12 229.00000000 218,750%3090 11,250000C0
13 181.000060000 218,750320060 «37.75000000
14 141.00000000 218.75033000 7775000000
15 267,00000606C 2184750623020 414257N005C0
16 203,00300000 218,.,75023000 -15.,757n06CC0
17 148,00000000 218,75013000 =-70,757200C0
18 165.00000000 218,75003000 -49,75000000
19 213.00600000 218475073000 -“8,75r"2000
20 257.00000005 216475073060 38425000000
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OBSERVED
VALUE

244 ,0000000C0
271.00200000
243400000000
237.00%00000
248.,00700000
327.030G69000
329.00000000
257.00000000
132,00000000
271.0000000¢C
316.00000000
267.00000000
133,000600C0
177.00000000
158.00300000
248.00000000

SUM OF RESIDUALS

SUM OF SQUARED RESIDUALS
SUM OF SQUARED RESIDUALS

PREDICTED
VALUE

218 .,7500000"
216.75023000
246.85714286
24€.85714286
246 .65714286
246 .85714286
24€ .8571428¢
246485714286
246 .85714286
24€ 485714286
246.85714286
246 .65714286
246 465714286
24€.85714286
246 .85714286
246485714286

- ERROR SS

FIRST ORDER AUTOCORRELATION
DURBIN-WATSON D

RESIDUAL

25.25r00000
52 .250000C0
-3 85714286
~1685714286

1414285714
8014285714
82.14285714

3414285714
=53.£5714286
24414285714
69414285714
2M.14285714
~47.857142¢6
~69.857142¢06
~-88.85714286¢

114285714

D.20000000

8065956428571

-0.00000000
034539716
1.30480762



SWAMP pH DATA
@ General Means Model Analysis Using Model - Sequence

Objectives: (1) to fit the general means model with one model
PROC GLM3 CLASSES LOC TYPE: - sequence so that the two "classical" ANOVA tables
MODEL Y= LAC TYef LICeTYFE/E °51 <L can be constructed;
QUTPUT 2UT=AFw?: PFIDTICTED=YHATY EFSIOLAL="E3ID1L .
PROC PLUT: (2) to examine residuals.

PLOT RESIDLI*YHATLS

DEPEMDENT VARIABLLI .Y

SOURCE. [ LF LS OF SGURARES. . MEAN SCUARE F VALUE FR > F R=SQUARE c
MODFL = oL a4RE3r9SF _kaGERNTEYD 2,50 .. _La0926. .. ___De300LES2 66
ERROR 2 2 563233352 DeiS42E€72 . STCL DEV Y M
CORRECTED TOUTAL T4 .. BeGE1714289 De44085862 R(Mean) = (35)(6+6628%5)2
=1553.8
SOURCE CF TYzE T SS F VALUE rR > F T CF -~ [oyee 11 ss]  F veLue PR
Loc T S 77437216 3.9¢c f.0553 1.33577182 6487 0.0
TVPElLOC e 2 1.8176. L1 «04275377.. 2468 neCBE3 1404276377 2468 040
LOC#*TYPE (Interaction) 2 Na6C773902 1e5€ 0e2266 0.50773900‘1 1.56 0.2
~ 10C|TYPE TYPE|10C
ANOVA (1)
Source af sS
R(Mean) 1 1553.8 If interaction is judged important = @
R(10C) 1 0.7749
R(TYPE|1.OC) 2 1.043 If interaction is not judged to be important
R(LOCx TYPE | LOC, TYPE| LOC) 2 0.6077 = both I0C and TYPE are needed (pg. 230) = [0 or (D
Residual 29 5.636
Residual Analysis:
ANOVA (2) Not shown but the magnitude of the residuals is acceptable and
the pattern is satisfactory (one or two values should be checked).
Source af SS
R(Mean) 1 1553.8
R(TYPE) 2 1.8176 - 1. 3358 0.4818
R(LOC| TYPE) 1 1.335
R(INTERACTION) 2 0.6077
Residual 29 5.636
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PRCC GLMi CLASSES LOC TYFES
MO3ul Y=LOC«TYPE/MOINT £ CLMI

ESTIMATE 9TLAT BG20S (L 1TA.STe
LoCeTYPE 11 =

@ General Means Estimation

Interaction is judged to be important

Objective: (1) to estimate the cell means from the
general means model;

=0 T C L/CTVISOR=1L1G

I3
LSTINA™T STEAT FLETN €I TRLSTOY
LLCC-TYRE D 1 -

ESTIVETE *TIAT 7

(2) to estimate column contrasts within
each row (or row contrasts within
each column).

Interpretation: (1)
(2)
(3)

el
LLCS=TYPE 8.0 0 14 <9 <£/0IVISIRZ14S
ESTIMATE $TEAT FG22G FGUTRAST4®
LOC+TYFE ¢ 0 © C 1 =13 o
_DEPENDENT VARIARLE:.Y. .
SQURCE CGF. . SUM OF SGUARES . . ... MEAN SCUBRE _ F VALUE PR > F R-SQUARE
MADEL 3 1556.20365667 255436727778 1336449 . 0a.0C01 .. 04996391
ERROR z3 . BeBX63333% 5419425632 STC CEV
UNCORRCICTED ToTaL e BB 10615808050 . o 044065862
SOURCE OF TYPE I S§ F VALUF FR > F Y TYPE IV SS F VALUE
LOC+TYFE e 1356420365867 1724,49 $.0001 € 1556420366667 1234449
T FOR WOt g > IT) STD ERROR OF
PARAMETER TorIMATE PARAMETFR=? , e ESTI¥ATE N N
TEXT PE223 C2%TSALTL . _ T.52 Te0176
TEAT Puz2P CONTPAST2 DeZbeb6607 1433 0.2043 026635315
TTXT PG2Z3 CONTRALTA De0&57162C G 26 £.7988 0.33325779
TIXT PG223 CoNTRAST4 ~0.153006L0 ~3.6% 0.5336 0.23205087

Within the near location, community type North has a higher (0.5) pH
than the average of the other two community types (p=.02).

There is some evidence that the pH for the Mesic Community is higher
than Shrub Community (p=.20).

Within the away location, the pH for community types does not vary.

-4o-
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OBSERVATION OPSERVED. . PREDICTED RESIDUAL. LOWER 95¥% CL UPPER 95% CL
VALUE VALUE FOR MEAN FOR MEAN
1 £e63TLCE0D 5e223,0u00 -0.22536306 545662185¢ 7.14378142
z Ta2 0000030 Ca22370307% NL,3TE0CCOG £ 502 185K 114378142
2 7e20C.0unl Ee£253050 ) n,27590236 £e50621856 7.14378142
.......... 4. LTelLB05UNE ce®2330001L Cel750CC00 €e506218658 . 7014378142
5 £487000C0C EeEZ530C0 ) -0.02500000 6450621858 7.14378142
6 S.4PCSGUNY ©eu253055 “f 42776030 €.50€21856 7014378142
7 TeD05GTAGCD 56525302 N,17590C00 «ENE2165E 7.14378142
) 5e 4000030 5452530000 -0.42530000 650621658 714378142
2 5 80CCULT0 £ 465666ET 0.33232233 £.05856559 683476374
1 TeBo02uN2 EoLE6H6ERT 0457137333 640356655 6483476374
11 5e20UDIIEC £ebLE56E6T ~0.2€666€667 6.0585655¢ 6483476374
12 £020CC2007 GeLESHOEELT =D e2CERRELT . 609856959 6083476374
13 6e4fGLULED £ UECHBEET ~0.0E5EEEDT €£.0585695¢ 6.83476374
14 6425050000 EelBO66ERT ~0.25666€67 605856959 6483476374
15 5.42000003 64122000200 N.282¢0C00 5,716£7€985 6452323015
16 5220000050 Cuelcid0i0]. L= 092000000 . LEeT1ETHSBS ... 6+52323015
17 £.20007000 64123300607 9.080G0G00 5471676985 6452323015
A2 6440000000 2612230369 028000000 5aT1676585 . 652323015
15 bed’20uLON0 641203050 $.280730000 5.71€76985 652323015
21 567000000 £490030530 ~0,102°0000 £426243716 7453756284
21 7.00626340¢ £490530000 £.10320C00 6426243716 7453756284
22 £2200800%50 L2elSR30C00 m 005700000 0083021858 .. Te06878142
23 5e67000000 €e75033000 -1.1%700¢00 6443121858 7.06878142
4 1020000000 L €e75720000 . ...045000000 6443121858 . 706878142
25 720000000 675336606 N.45C00C00 €443121858 7.06878142
26 7.2007009C 675020903 N,45000000 £.43121856 7.06878142
27 5.20030000 £4.75330000 -0 55000000 6443121856 7.06878142
28 7020000006 £4759206G00 0.45000000 6043121858 7406878142
29 7.20000000 6475000000 0.45000000 6043121858 7.06878142
30 7.20000C00 6.90000000 0.30000000 653190292 7.26809708
e .£+80000000 6+900208C00 .=0.10000000 653190292 726809708
7.02006000 £.90730300 p.1000cC00 £.53190292 7.26809708
L EeBRRCOLERC £e30232300 .=Ne17030C00. £53190292 726803708
7.06000070 £.90313000 0.10000000 €.53190292 7.26809708
£.60000000 _£4900906GD0 __=0e3070C000 6453190292 . .7.26809708_

Predicted values are the cell means estimated from the general means model

TYPE
Loc North Mesic Shrub
Near 6.825 6.467 6.12
Away 6.90 6.75 6.90

The last two columns give 95% confidence intervals on the population cell means
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@ General Means Estimation (with No Interaction)

PROC ReG. LATAZSWAMPS . Situation: the interaction is judged not to be important
MOQEL Y=X1=X&/NOINT P CLM} and both factors are needed in the model.
RESIRICY Y2o=-XZ2eX3+YH="3 . S, R

T3TF - Ta e=03
f:“TL‘,IEI ;i_ ':,:i:)s'\,;“‘._ YT e.ceyYE=T3 Objective: (1) to estimate the cell means for the re-
Non ! ?:“T" ';{*:;’;C’_Z.' SRR stricted general means model (the two
s Jesl deniomrem b RESTRICT statements of no interaction
1 S DE z - XCTLTE ¥ /2= 325EQ z 27462 * X4 - 567 * X
(1 TC:T];;::;ZZ;:).‘:'% ICTLTF #/2=0329E3T*YI+ 0274227 «156701%X5 forces any contrast among the three
(o2 TEET W2LR35A34eX ]+, 440N5axY 2 =0ubea]2aX2=auGIELT4uNG columns to be the same for each row or
S EE004L s XBmsESAELF XED D} the difference between row means will be
NR1: TEST X1+X2+X3=X4=X5-X6=03 the same for all columns).
1 TEs M 24X2+ o352 %X 3~ Xb=e8424X5=,2522X6=03 .
CRI: TEST 0206+X1+04420X2+.3524X3-.206+ 4422X5=. ' (2) to estimate contrasts (natural or ortho)

among (i) the column cell means averaged
over rows and (ii) row cell means averaged
over columns.

DEP YARIABLE:. X

SUM OF MEAN . .
SOURCE  DF...  SGUARES.. ... S9LARE F VALUE  PROEMF B fron the restricses genmrel mosre
MODEL 4 15554596 362 ,R95 19323.,77¢0 J.C001 model
FO9RNR 31 £e244C72 0.201422
U TOTAL 35 15614640 .
BOOT MSE  .e44R802 E-=SGUARS.. . . 349560 o Community
DEP MZIAN be662857 ATJ FP=5% 1.95%¢ 10C North Mesic Shrub
CoVe ... 735853 e e B — R . v
NCTE: O INTERCEFT TERM TS LSTDe R=-SGJARE 13 REDEFINED. near 6.757 6.391 6.319
ErRAMETER STANDARD T FOR HI: away 7.172 6. 806 6.734
VARIABLE DF . . L5TIMATEC L ERFOR RATAMETER=Y  BRCE > T
X1 1 e 126397 00145527 460427 Je0071 Note that the difference between rows is the
X2 1 v a231627 n,1%122°2 42 ,2F6 2,0071 same for each column (any contrast among
Yz 1 pa31306°7 Pal61%62 334161 _odatnayr columns is. the same for each row).
xh 1 7.1720G2 (e191737 370405 2.0021
X5 ! ; 'C:E 4 3l Gal3f417 4 3 175 .00 : 1 Confidence intervals on the restricted popu-
X ¢ 1 feT24P92 152773 43,.7€4 d.0001 . .
RTSTRICT -1 1e451440 . . 1.50%3 lation ?ell means are calculated with the
RISTRICT -1 Ce54453E . . 146006 CLM option.
TEST: AC PUMERATOK S 1402702 rE: 1 __F VALUF: __ _ 5.0982_
TUNAMINAT Ok (,281622 [F: 31 PROR >F : £0.03211
TZST. €2 GUMIRATORD | GeuX22162 TF: 1 F o VALULD: 0.126¢
CENCHMINATORS 04201422 r©F: 31 FROR D>F ¢ Ge€519
TT3T: uCl SUMERATOK S 1e01088  ©°F: 1 £ VALUE: 5.0171
SUNIMINATOR: Cl.201422 TF: 31 PROE >F PeN324
_I73T: iC2 . LUMEIRATOFR S 20222162 TF: 1. F VALUZ: . 0.15%%
TINOMINATOR: 0.771422 OF: 31 FROB >F C.FG2C
TEST: (R1 LU LRATCR: 1422577 IF: 1 F OVALLE: EeE 317
- CFMOMINATOR: 0.201422 nF: 31 FROE >F @ C.015¢
TEST: OR1 B RUMCRATOR S 133577 CF: 1 F VALUE: 6e€317
CENOMINATOR: 0.201422 DF: 31 PROR >F @ 0.3150
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PRGC_GLM: CLASSES LEC TYPER

—_6e66285

PR

0.0
. D0

0.08791C92
0.08091092

-0.37200268

~0s17200268
-N.e0643(031
~1.20647001
0.,2%356S59
CedGIRFTIC
Ne22X5E°39
-N.eC643001
0,2935¢<965
0+2S256S99
0e4E5H2T5T
NeLREINTHT
£.26590787
Cel6E3NTST
€.26590757

MCDEL Y=LOC TYPE/P SS1 SS2%
MEANS LOC TYPES j@ General Means Estimation (no interaction) with Reduced Model
D) TLSFERES LoC TYPES
ESTIMATF *LCC NAT MAIM CFFECTS
LoC 1 =1¢
) ESTIMATE ¢TYPE NAT MATN EFF-CTL?
TTYPE 1 ~.f -e5%
COTINMATE *TYPE NAT MAIM EFFICT2!
TVEE 1 -1
_ ESTIMATE *TYPE ORTHO MAIN EFFECTL®.
. TYGE 1 =oS52577 =44647623:
y DEPENDINT VARIABRLT: Y |
SOURCE [F SUM 0OF SGUARES ME AN SGUAKE F_VALUE PE > F __R=SQUARE __ __
) wopEL 3 181764195 Ce605880¢65 3.01 040451 06225466
-y ERROR =830 604407234 CeR01421€9. STD DEV
CORRECTEN TOTAL 24 A,56171429 o __0.494BBG028 . . .
SouRCE e e se Csee e e e Yee 11 ss C UaLuE
’ Loc 1 C9.77487218 .65 0.0589 1 1433577182 6463
1YPE 2 106276371 2,59 £.0S13 2 o 1,042769711... _. ... 2459
}
v R R ..T FOR HEG: PR > |TL. .STD.ERROR OF
PARAMETER ESTIMATE FARAMETER=) ESTIVETE
7 Loc MAT MAIN TFFECT -0.41506335 -2.58 ~ t.0150 04156115307
I1YPE NAT MAIN FFFECT D.80174346 2426 Coe0211 - 2417731409 . [ R
, TYPE NAT MAIN EFFEeCT 0.07233756 040 0.6919 0.18027522
TYPE ORTHO MAIN EFFE ..De39793817 2024 040224 9417765975
0PSERVATION 0ESERVED EREDICTED RESICUAL
. _ VAL UF VALUE —
1 6460000000 £.75599533 “0.15699533 18 540030020 631238900
2 7.23630350 £.75539G23 0.44300067 .19 L 6440000000 631998908
3 7423030000 €+75539533 0.44300067 20 €e85000000 7.172002€8
4 7.00009C 0 £.75599632 N.2432CC67 21 Tel7230068
—__a EePLLOCICG 54755995332 0,042000€67 = €.805420T1
6 £ed4f00T0%L £.T5539533 -0.25€55922 e 6.n06563001
7 TOAIGOUERD €475539333 0,24326067 24 Ted"33L000 €.865430C1
8 L 40000000 £,755959533 ~C,25€£955332 23 Y AN - Se805+2001
5 £42500000¢C CedYlaceés D,4CRST234 26 727520000 f.'*.E.‘,C':"‘:".‘Cl
1: T.0T006000 £e39140664 n,6CA57324 27 620500000 2e806437°C1
A1 6,D7LOGUN0  _ £.3914C666 . m0alG140€€6 28 Tezta0ene Let05434C1
12 £.27L30600 Ee3S142¢65 ~C.15142¢ €€ 29 Te20052600¢C 5480543201
13 el 1520090 Gad9l60cER 0.0NRSTI34 37 CTag2L20000 247342943
14 6420030800 £439142666 -N,13140¢66 31 64830200800 €eT3433043
15 L4400 1300 €ed12089C EPLEIRL P __.32 7.00500070 LaT2409043 . .
16 5420006360 6431938908 1411908506 33 6483696000 5e73413243
A1 6e20000000  _ 5e31238908 _ _ -0.11208908. 34 74003900060 673403243
35 LebCLILOOC 6473439243

L
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Note: Results from ESTIMATE statements are as in @

MEANS
Loc N Y
1 1 6452631578 = ¢¢ _
g 16 64825056000 -825(8) +6.467(6) +6.12(5)1/19 (weighted average of observations)
TYFE N - Y
10 6484000000 = ¢
2 14 662857143 .825(8) +6.9(2)1/10
3 11 6054545455

TTLEAST SQUARES MEANS

-5 . g
... LSMEAN,
1 60468517169

- £.50617504 T W 6rT5T6.391 +6.3191/3 (unweighted average of estimated cell means)

TYPE , Y
LSMEAN

1T T 6.9€450100 = [6.757+7.1721/2
2 6.55892833
3 6.52659076

Note: 6.904 -6.489 = -0.415
6.965 - [6.599 +6.5271/2 = 0.4017
6.599 - 6.527 = 0.072
6.965 - [(.552577)(6.599) + (. 447423)(6.527)] = 0.398

o



(=)

)

@

DATA SWAMP;
INPUT LOC TYPE TMT Y3
CARDS;

PROC ANOVA; CLASS TMT;
MODEL Y = TMT; j@
MEANS TMT / DEPONLY:

PROC SORT; BY TYPE LOC;

PROC MEANS MEAN NOPRINT; BY TYPE LOC; @D
OUTPUT OQUT=NEW MEAN=MY; VAR Y;

PROC ANGVA; CLASS TYPE LOC; @9
MODEL MY = LOC TYPE LOC*TYPE;
MEANS LOC TYPE LOC*TYPE / DEPONLY;

The
The

The

SWAMP DATA - Unweighted Analysis of Cell Means
see Snedecor & Cochran, 7 ed., p. 418

six treatment combinations are indicated in the CLASS variable TMT.
residual MS is an estimate of ¢2.

six cell means are computed and placed
in the data set NEW.

main effect SS and interaction SS are determined at this step.
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(E) One-way ANOVA on the six treatment combinations.

ANALYSIS OF VARIANCE PROCEDURE

CLASS

T™MT

CLASS LEVEL INFORMATIUN

LEV

ELS VALUES

6 1234580

NUMBER OF OBSERVATIGNS IN DATA SET = 35

DEPENDENT VARIABLE: Y

SOURCE DF
MODEL 5
ERROR 29
CORRECTED TOTAL 34
R-SQUARE CeVe
0.300852 6.6167
SOURCE DF
TMT 5

Calculate:

SUM OF SQUARES MEAN SQUARE F VALUE
2.42538095 0.48507619 2.50
5.63633333 0.19435632 PR > F

- 2
8.06171429 =S 0.0536
STD DEV Y MEAN
0.44085862 6.66235714
ANOVA SS  F VALUE PR > F
2.42538095 2.50 0.0536
MEANS are the cell means
T™T N Y
1 8 6.82500000 Note:
2 6 6.46666667
3 5 612000000
4 2 6.90000000
5 8 6+75000000
6 6 6.90000000
1 1 ¢1.1.1.1.1.1
nh —(—72 3 <8+€+5+2+g+g> = 0.21389. Thus, n'h = u'675

46

s2 is all that is to be used from this
ANOVA table along with the associated
error df =29 .

Note:

max(nij )

min(niji =
the analysis of unweighted
cell means is of dubious worth.

)M Koo}

Since > 2

2



(G) Tmere is no output from ®

ANALYSIS OF VARIANCE PROCEDURE
DEPENDENT VARIABLE: MY
SOURCE DF SUM OF SQUARES MEAN SWUAKE i
i
! ANALYSIS OF VARIA
MODE L 5 0.47950231 0409590046 | TANCE PROCEDURE
CLASS LEVEL INFORMATION = -
ERROR 0 0.00000000 0.00000000 1o Type 1="North Loc 1 =Near
CLASS LEVEL A 2 =Mesic 2= Awa
CORRECTED TOTAL 5 0.47950231 S VALUES y
3 = Shrub
TYPE 3 1 2 3
R-SQUARE C.V. STD DEV MY MEAN Loc 2 L2
1.000000 0.0000 0.00000000 6.66027778
NUMBER OF OBSERVATIONS IN DATA SET = 6 = the number of cell means.
SOURCE DF ANOVA SS F VALUE PR > F
LocC 1 0.21596713 . .
TYPE 2 0.13235093 . . These are the desired SS which need to be multiplied by nh=’+.675,
TYPE*LOC 2 0.13118426 - . the harmonic mean number of observations per cell.

ANOVA of Unweighted Cell Means

Source ar ss MS F
1.0C 1 1.00965 1.00965 5.19 where: 10C SS = 4.675(0.21596713) = 1.00965
TYPE 2 0.6187h  0.30937  1.59 TYPE §8 = %.675(0.13235093) = 0.6187k
TYPE®I,0C 2 0.21229 0.3oi6g 1.58 TYPE#LOC S8 = 4.675(0.13118426) = 0.61329
ERROR 29  5.63633  0.1943 Error SS from part (B)
.05 _ 05 _
Fi 39 = 4.18 Fy a9 = 3.33
.01 .25 _
F1,29 = 7.60 F2’29 = 1.45
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@ continued

ANALYSIS OF VARIANCE PRUCEDURE

MEANS
Loc N MY E
1 3 6.47055556
2 3 685000000
TYPE N MY These are unweighted means, e.g. 6.471 = %‘(6.825 + 6.467 + 6.120) .
1 2 6.86250000 Thus, they correspond to the LSMEANS from the model which includes ILOC,
2 2 6.60833333 TYPE and LOCKTYPE.
3 2 6.51000000 J Note: The N are not appropriate on this page.
TYPE  LOC N MY )
1 1 1 6.82500000
1 2 1 6.90000000 . .
2 1 1 6.46666667 r These are the six cell means -- compare with part @
2 2 1 6.75000000
3 1 1 6.12000000
3 2 1 6.90000000

. o [ _ [oagks _
The standard error of any location mean is 4 3(nh) = [305.675) = 0.1177

The standard error of any type mean is ' /% = 0.14k2

See p. 419 of Snedecor and Cochran (7 ed.) for a discussion of calculating the correct standard errors
of comparisons among row means, column means and individual cell means.
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REGIGN=306K

/+FORMAT AGFORMS=0Z4 9N ST=Wke
// EXEC SAS

OPTIONS LS=E3

DATA SCYBEAMS
SOYBEAN CATA:

LIGHT € HMEIGHT YTELDS
DEV = HEIGRT;

TITLE
INPYT

x»
n
wonon

CARDS
C 43
52
42
33
40
43
€3
£l
56
23
48
1
13
€5
£1
53
=20
33
38
43
0
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w
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(LIGHT=*C"):
(LIGHT=*L ")}

1=X1=XZ3

1262
12 ¢4
1145
11.2
11.8
12.1
131
1247
1244
11 .4
12.3
1242
12.6
13.2
123
16.6
158
1645
15.0
1€e4
15.¢€
158
Se8
1€.0
15.8
1.0
1€e2
1667
1%.8
12.9

[ -
VO®EODO W ODWO X
* e 9 o

s o ® o o 0

2L DN NN DU D

MCDATZ “TROTESH

} X1 = (LIGHT =

G

G

)

SOYBEAN DATA — Unit 19; ACO, p. 373 (MINITAR)

'C') is equivalent to: IF LIGHT='C' THEN Xl=1;

PRCC

PRCC

PROC

ELSE X1 =0;
X1, X2, X3 are treatment indicators, HEIGHT is the covariate, YIELD is the response variable

STANLDARD MELM=C; VAR DEV; 4— Sets mean of DEV=0. It is equivalent to HEIGHT - HEIGHT.

PRTET;

VAT X1 X2 X3 DCV; Prints the X matrix for (C).

REG;

MCDEL YTELD=X1 X2 X2 PEV/UCIET S&1 522, s .

CUTPUT OUT=WEY PRERICTED=YHAT FF SL=KESTT ; Model fitting the covariate deviations last.

CVZ TRT: TEST ¥1-.5%X2-,E¥X2:0;

L7VsTS:  TEST ¥2-X3:0; ‘Use TEST statements with PROC REG to test contrasts.

Instead of specifying the coefficients as with ESTIMATE,
use the equation that represents the contrasts under the
null hypothesis.

PLCT CATA=zHEY;
PLCT RESTDYYH'T=LTGHT/VREF=0; Residual plot for (C).
i'LCT YTFLD¥HWEICHT=LTGHT; Plot of the response variable vs. the covariate.

CL";
PCLEL YTIELD=UETGHT X1 X2 X23;  Model fitting the covariate first.

CL¥;
CLASE LIGHT;
MODEL YIELD=LIGHT HEIGHT LIGHT*HEIGHT; Model fitting separate slopes after a common slope.

GLM; CLASS LIGHT;

MODEL YIELD = LIGHT HEIGHT;

LSMEANS LIGHT / STDERR3 4— Adjusted treatment means

MEANS LIGHT / DEPONLY; &— Unadjusted treatment means

ESTIMATE YCUNTROL VS TMT® HEIGHT O LIGHT 2 -1 -1 7/ DIVISuUR=2;
ESTIMATE *LIGHT VS SHADE®' HEIGHT O LIGHT 0 1 =13

ESTIMATE *COMMON SLOPE * HEIGHT 13
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SOYBEAN DATA

CES X1 X2 X3 LEV
1 1 8 y -342
2 1 0 0 0e8
z 1 0 0 -242
4 1 0 0 ~1642
3 1 n 0 -11.2
6 1 0 C =342
7 1 0 0 € of
8 1 0 ¢ S8 The X matrix for part (C)
9 1 0 c =142 -

10 1 0 0 -184.2
11 1 0 0 -342
12 1 0 0 -0e2
13 1 0 0 4.8
14 1 0 0 13.8
15 1 0 0 ~0e2
16 0 1 ¢ 11,8
17 0 1 0 ~1.2
18 0 1 0 11.8
19 0 1 0 -1842
20 0 1 0 -13.2
21 0 1 0 €2
22 0 1 0 =1,2
23 0 1 0 =342
24 0 1 C . =12
25 0 1 0 -242
2 0 1 0 ~1642
27 0 1 0 -142
2 0 1 0 1048
29 0 1 0 ~2e2
30 0 1 0 0.8
31 0 0 1 048
32 0 0 1 2.8
33 0 0 1 €e8
24 0 0 1 XY
25 0 0 1 5.8
26 0 0 1 1048
37 0 0 1 0.9
3e 0 0 1 15.8
29 0 0 1 3.8
40 0 0 1 -11.2
41 0 0 1 ~10.2
42 0 0 1 1548
43 0 0 1 2e8
44 0 0 1 1448
45 0 1 4.8
/9 T S~ HEIGHT - FETGHT (deviation of the covariate from its mean).

Control treatment” Light treatment
indicator indicator
Shade treatment
indicator
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GENERAL MEANS MODEL
@ YIELD = Treatment indicators|covariate deviations

SEQGUENTIAL PARAMETER ESTIMATES

X1 12.26 =¥%¢ )

X2 12.26 15.86 =Y, .

X3 12.26 15486 Se4EEET =Y4

DEV 124269 1549806 9423709 +0583€82=common slope <— The first three partials are the adjusted treatment means (see p. 237).

DEP VARIABLE: YIELD

SUM OF MFEAN

SOURCE DF SQUARES SGUARE F VALUE PROF>F
MODEL 4 73834377 16454844 1107554812 0,0001
ERROR 41 0.683301 0.01€FEH
U TOTAL 45 73844060

ROOT MSE 0.129C96 R-SQUARE (UM 9

DEP MEAN 12.,528889 t0J R=SQ 0+7R99

CeVe 103039

NOTE: NO INTERCEPT TERM IS USED. R=SQUARE IS REDEFINEC.

PARAMFTER STANDARD T FOR HO:
VARIABLE DF ESTIMATE ERRAR  PARAMETER=0  PROE > IT]  TYFE I SS
X1 1 12.368954 0.033592 3684213 040001 22544614 ¥e (2dj) =12.37
X2 1 15.980£28 0.033650 474.906 0.0001 37734094 v, (adj) =15.98
X3 1 9.237085 0.038469 2674964 040001 13444267 ¥o(ad3) = 9.2
DEV 1s1ope=04058368 04002231513 26.15¢ 00001 11.402032

VARIABLE DF TYPE IT1 SS

X1 1 2259.578
X2 1 37584754
X3 1 1196.866
DEV 1 11.402032
TEST: C_VS_TRT NUMERATOR: 0.562358 DF: 1 F VALUE: 3347431

MTN : . s : PROR >F : ¢
DENOMTNATOR: .0166€5S DF 41 ROR > £e0001 TESTS of conbrasts

TEST: L_VS_S NUMERSTOR : 2154604 NF: 1 F VALUE: 8°937,1224 These contrasts test differences between adjusted means.
NOMT $ .C166€59 DF: 4 POR >F : ¢ L .
DENOMTNATCR 166€5 ! FOR > « 000 The ESTIMATE option in GIM would provide the estimate
and standard error (see @)
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GENERAL LINEAR MOCELS PROCEDURE

DEPENDENT WARIABLE: YTILD
SOURCE NF SUM OF SGUARES MEAN SQUARE F VALUE
MONEL 3 319.58914296 106452971432 £392.08
ERROR 41 0.68230149 0.01€£E589 PR > F
CORRECTED TOTAL 44 320427244444 0.0001
R =SQUARE CeVe STD DEV YIELD MEAN
0.997866 1.0304 0412905644 12452R63889
SOURCE OF TYPF I SS F VALUE PR > F
HEIGHT 1 1.77817807 106470 0,0001
X1 1 2420679982 132441 040001
X2 1 315.60416506 18537413 00001
X3 0 0.00000000 . .
SOURCE DF TYPE IV SS F VALUE PR > F
HEIGHT 1 11.40203184 684415 0.0001
X1 0 0.00000000 . .
X2 c 0.00000000 . .
X3 0 0400000000 . .

T FOR HO: FR > |T| STD ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
INTERCEPT 6424863365 B 49,402 040001 0.1274€61€
HEIGHT 0.0583681° 26416 0.0001 000223151
X1 3.13186885 B 64407 060001 0.04888388
X2 £.7435424° R 137461 0.0001 0.04900394
X3 0.00000000 B . . .
NOTE: THE X*X MATRIX HAS BEEN DELCMED SINGULAR AND A GENERALIZED

INVERSE HAS BzEN EMPLCYED TO SOLVE THE NORMAL EGUATIONS.
THE ABOVT ESTIMATES REPRESENT ONLY ONE OF MANY POSSIBLE
SOLUTIONS TO THE NORMAL FOUATIONS. ESTIMATES FOLLOWED BY
THE LETTER B ARF BIASED &ND DO NOT FSTIMATE THEC PARAMETER
BUT ARE BLUE FOR SOME LINSAR COMRINATION OF PARAMETERS

(OR ARE ZERO)e THE EXPECTED VALUF OF THE SIASED FESTIMATORS
MAY BE OPTAINED FROM THE GEMERAL FORM OF ESTIMAELF
FUNCTTIONSe FCR THE BIASE[D ESTIMATORS,y THE STC ERR IS THAT
OF THE EIASED ESTIMATOR &ND THE T VALUL TESTS

HO: E(BIASEN ESTIMATCR) = 0o ESTIMATES NOT FOLLOWED BY THE
LETTER € ARE BLUE FOR THE PARAMETER.
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(E) Covariate/treatments model

Produces the analysis of covariance table, p. 238.



GENERAL LINEAR MOCELS °ROCECDURE

SONYREAN DATA

CLASS LFVEL INFCRM
CLASS LFVELS
LIGHT 2

NUMBER OF CPSERVATICNS IN

SOYBEAN DATA

ATION
VALUES

ctL=e

DATA SET = 45

GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE: YTELD

SOURCE NF SUM OF SQUARES MEAN SGUARE
MODEL 5 319.66578021 6293315604
ERROR 39 0.60666423 0.0155554¢2
CORRECTED TOTAL 44 320427244444

R=SQUARE CeVe STD DEV YIELD MEAN
0938106 049955 0.12472166 12.5288888¢9
SOURCE DF TYPE I SS F VALUE FR > F
LIGHT 2 308418711111 9906405 0.0001
HEIGHT 1 11.40203184 722699 0.00C1
HEIGHT*LIGHT z 0.07€63726 2.46 0.0982
SOURCE DF TYPE IV SS F VALUE FP > F
LIGHT 2 1053027713 33847 00001
HEIGHT 1 11.47084943 737641 0ef0C2
HEIGHT=LIGHT ¢ 0.07€62726 2e46 Ce0802
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F VALUE
4110601
PR > F

0.0001

(¥) Treatments/common slope/separate slopes model

this line tests Hyt By =By = B3 (=B)

vs.

H
a

: different slopes needed.



DEPENDENT
SOURCE
MODEL
ERROR

CORRECTED TOTAL

R-SQUARE

0.997866

SOURCE
LIGHT

HEIGHT
SOURCE

LIGHT = R(L|g,u)

HEIGHT
PARAMETER
CONTROL VS THMT (1)

LIGHT VS SHADE (2)
COMMON SLOPE (3)

VARTABLE:

SOYBEAN DATA

GENERAL LINEAR MODELS PROCEDURE

YIELD
DF

3

41

44

ESTIMATE

-0.23990239
6.74254249
0.05836819

SUM OF SQUARES

319.58914296
0.68330149

320.27244444

STD DEV

0.12909644

TYPE I SS F

308.18711111 9
11.40203184

TYPE IV SS F

317.81096459 9
11.40203184

T FOR HO:
PARAMETER=0

-5.81
137.61
26.16

MEANS = unadjusted treatment means

LIGHT N
C 15
L 15
S 15

YIELD

12.2600000
15.8600009
9.46666617

MEAN SWJUARE
106452911432

0.01606539

YIELD MEAN
12.52888889
VALUE PR > F
246.04 0.0001
684.15 0.0001
VALUE PR > F
534,77 0.0001
684.15 0.0001
PR > |T|
0.0001
0.0001
0.0001

G Treatments/common slope model

F VALUL
6392.00
PR > F

V.0001

= R(L,B|n) - R(L|B,u)
319.58914 - 317.81096

1.77818 = SS due to fitting a common slope
before the treatments.

R(B|u)

STD ERROK OF

ESTIMATE

0.04129927 (1) and (2) are the contrasts among adjusted
0.04900364 treatment means (same as the contrasts used
0.00223151 in the TESTs of part ©)).

(3) is the estimate of the common slope of the
covariate.

Note that the F-value output for (2) in PROC REG
is not correct.

LEAST SQUARES MEANS = adjusted treatment means and their standard errors.

LIGHT YIELD

LSMEAN
C 12.3689540
L 15.98062706
S 9.2370851

STO ERR
LSMEAN

0.03359106
0.0336501
0.03440688

PROB > | T
HO:LSMEAN=)

0.0001
0.0001
0.0001

Compare the MEANS and LSMEANS with the SEQB output of PROC REG in \Ei.
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®

(=)

Recall that b

DATA SCAB;
INPUT YIELD TMT $ LEVEL X0 XO01 X02 X1 X1l X12 X2 Xx21 X223

&

@

CARDS;3
PROC PRINT N3
PROC REG3
MODEL VYIELD = X0 x01 X02 X1 X1l X12 X2 X21 X22 /
NOINT P SEQB SS1 CLM;
PROC REG3:
MODEL VYIELD = X0l X02 X1 X2 / NOINT P SEQB SS1 CLM;
OUTPUT OUT=NEW P=YHAT R=RES U9SM=UPPER L9SM=LOWER;
PROC PLOT DATA=NEW;
PLOT YIELD*LEVEL=TMT;
PLOT RES®YHAT / VREF=0;
PLOT YHAT*LEVEL=*P' UPPER*LEVEL='U' LIWERXLEVEL="'L"
PROC UNIVARTIATE NORMAL PLOT DATA=NEW; VAR RES;
PROC GLM DATA=SCAB; CLASS TMT LEVEL:
MODEL YIELD = TMT*LEVEL / NOINT P;
ESTIMATE *TMT* TMT®LEVEL 1 1 1 -1 -1 -1 /
ESTIMATE *B LIN' TMT*LEVEL -4 -1 5 -4 -1 S /
ESTIMATE *T#B LIN®* TMT#LEVEL -4 -1 5 4 1 -5 /
ESTIMATE *'B QUAD' TMT*LEVEL 2 -3 1 2 -3 1 /
ESTIMATE *T#B QUAD®' TMT®LEVEL 2 -3 1 -2 3 -1 /

o.01 = ZHYy where theezi Y, N\
algorithm. In this example ll.=_§E3 22:=§H and 13 =3F - If the levels of
the quantitative factor had been equally spaced, then the zi’s could have

been obtained from a table of orthogonal polynomial coefficients.

's may be computed from, say, the ORTHO

|
!
)
l

POTATO SCAB DATA - Comparison of regression lines in a 2 X3 factorial
experiment (two qualitative levels x three quanti-
tative levels). P. 97, Cochran and Cox, 1957.

DIVISOR=3;
DIVISOR=84%;
DIVISOR=42;
DIVISOR=1083
DIVISOR=54;

and @ correspond to fitting a sequence of
regression models

A plot of the raw data as well as a residual plot
and plot of predicted values for the
model in part (C).

/ OVERLAY;

More analysis of residuals from the model in part (§).

@D Fitting the cell means model and examining single
degree-of-freedom contrasts which corre-
spond to linear, quadratic, treatment and
the respective interaction terms. The
results are identical to those of part j@.
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&) The data and indicator variables

08s YIELD TMT LEVEL X0 X01 X02 X1 X1l X12 X2 x21 X22
1 9 F 3 1 1 0 3 3 0 9 9 0
2 9 F 3 1 1 0 3 3 0 9 9 0
3 16 F 3 1 1 0 3 3 0 9 9 0
4 4 F 3 1 1 0 3 3 0 9 9 0
5 30 S 3 1 0 1 3 0 3 9 0 9
6 7 S 3 1 0 1 3 0 3 9 0 9
7 21 S 3 1 0 1 3 0 3 9 0 9
8 9 S 3 1 0 1 3 0 3 9 0 9
9 16 F 6 1 1 0 6 6 0 36 36 0
10 10 F 6 1 1 0 6 6 0 36 36 0
11 18 F 6 1 1 0 6 6 0 36 36 0
12 18 F 6 1 1 0 6 6 0 36 36 0
13 18 S 6 1 0 1 6 0 6 36 0 36
14 24 S 6 1 0 1 6 0 6 36 0 36
15 12 S 6 1 0 1 6 0 6 36 0 36
16 19 S 6 1 0 1 6 0 6 36 0 36
17 10 F 12 1 1 0 12 12 0 144 144 0
18 4 F 12 1 1 0 12 12 0 144 144 0
19 4 F 12 1 1 0 12 12 0 144 144 0
20 5 F 12 1 1 0 12 12 0 144 144 0
21 17 S 12 1 0 1 12 0 12 144 0 144
22 7 S 12 1 0 1 12 0 12 144 0 144
23 16 S 12 1 0 1 12 0 12 144 0 l44
24 17 S 12 1 0 1 12 0 12 144 0 144
N=24
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(B) Fitting the model sequence XO|XOl X02|X1|X1l X12|X2|X21 X22

SEQUENTIAL PARAMETER ESTIMATES which is: common mean|separate means|common linear|separste linear|common quadratic|separate quadratic
X0 12,3332 = § .
xo1 16.4167 -6.16667 = Yp-Jg
X02 16.4167 -6.1666T 1.4E-14 =0
X1 19.6458 -6.16667 1.TE-14 -0.46131 = by ( (common linear)
X11 18.75 ~4.375 1.7E-14 =-.333333 -.255952 = by o-Pgy, o
X12 18.75 -4.375 1.7E-14 -.333333 -.255952 1.1E-13 =0
X2 6.77082 —4.375 1.8E-14 2.T7281 -4255952 1.6E-13 -.266204 = bQ'Ol(common quadratic)
x21 12.9167 -16.6667 3.3E-14 1.66667 3.95833 -2.2E-13 -0.12963 =.273148 = by, o7 - beo.o1
X22 12.9167 -16.6667 3.3E-14 1.66667 3.95833 -2.2E-13 -0.12963 -.273148 1.2E-12=0
DEP VARIABLE: YIELD
SUM OF MEAN
SOURCE NF SQUARES SQUARE F VALUE PROB>F
Standard errors and hypothesis tests are most

MODEL 6 4721.000 786.833 22.374 0.0001 .
ERROR 18 633.000  35.166667 easily deternined from part ().
U TOTAL 24 5354.000

ROOT MSE 5.930149 M

DEP MEAN 13.333333 .

CeVe 44.47612
NOTE: NO INTERCEPT TERM IS USED. R-SQUARE IS REDEFINED. F§\\\

NOTYE:

MISLEADING.

MODEL IS NDOT FULL RANK. LEAST SQUARES SOLUTIONS FOR THE
PARAMETERS ARE NOT UNIQUE.
A REPORTED DF

SOME STATISTICS WILL BE
OF 0 OR B MEANS THAT THE

ESTIMATE IS BIASED. THE FOLLOWING PARAMETERS HAVE BEEN

STANDARD
ERROR

9.932877
14.047209

3.202646
4.529226

0.205450

SET 1O 2,

OF OTHER VARIABLES AS SHOWN.
X02 =+X0 ~1%X01
X12 =+X1 -1#Xx11
x22 =+X2 -1%X21

PARAMETER

VARTABLE DF ESTIMATE
X0 3 12.916€67
X01 3 -16.666667
X02 0 0
X1 8 1.666667
X11 B 2.958233
X12 2 0
X2 8 ~0.129630
x21 e -0.273148

0.290550

T FOR HO:
PARAMETER=0

1.300
-1.186

0.520
0.874

~0.631
-0.9490

SINCE THE VARIABLES ARE A LINEAR COMBINATION

PROB > IT|

0.2099
0.2509

0.6091
0.3937

0.5360
D.3596
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TVYPE I SS

4266.667
228.167

0
71.502976
5.502976
0

118.080
31.080357

» not of use.




{B) Results of the P and CIM option

PREDICT

08S ACTUAL VALUE
(Cell Means)

9.000 9.500

9.000 9.500
16.000 9.500
4,000 9.500
20.000 16.750
7.009 16.750
21.000 16.750
9.000 16.750
16.000 15.500
10 10.209 15.500
11 18.000 15.500
12 18.000 154500,

D O~NONHWN -

13 18.000
14 24.000
15 12.000
16 19.000
17 10.000 5.750
18 4.000 5.750
19 4,000 5.750
20 5,000 5.750

21 17.000 14.25

22 7.000 14.250
23 16.000 14.250
24 17.000 14.250

SUM OF RESIDUALS
SUM OF SQUARED RESIDUALS

STD ERR LOWER95% UPPER9SI

PREDICT

2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965
2.965

MEAN

3,271
3.271
3.271
3.271
10.521
10.521
10.521
10.521
9.271
9.271
9.271
9.271
12.021
12.021
12.021
12.021
-.479346
-.479346
~-+479346
-.479346
8.021
8.021
8.021
8.021

2.34479€E-13

633

MEAN

15.729
15.729
15.729
15.729
22.919
22.979
22.979
22.979
21.729
21.729
21.729
21.729
24.479
244479
24.479
24.479
11.979
11.979
11.979
11.979
20.479
20.479
20.479
20.479

RESIDUAL

-.500000
-.500000
6.500
-5.500
13.250
-9.750
4.250
-7.750
0.530000
~-5.500
2.500
2.500
-.250000
5.750
-6.250
0.750000
4.250
-1.750
-1.750
-.750000
2.750
-7.250
1.750
2.750
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@D Fitting the model sequence X0l XDQ'X1|X2

which is:
SEQUENTIAL PARAMETER ESTIMATES
x01 10.25 = yp R
X02 10.25 16.4167 = yg
X1 13.4792 19.6458 -0.46131 = by
X2 1.5 7.66667 3.64583 -.266204 = b, )
DEP VARIABLE: YIELD
SUM OF MEAN
SOURCE DF SQUARES SQUARE F VALUE PROB>F
MODE L 4 4684.417 1171.104 34.980 0.0001
ERROR 20 669.583 33.479167
U TOTAL 24 $354,000
ROOT MSE 5.786118
DEP MEAN 13.333333 55332i§§==“==€¥3§21
CeVe 43.,39589
NOYE: NO INTERCEPT TERM IS USED. R-SQUARE IS REDEFINED.
PARAMETER STANDARD T FOR HO:
VARIABLE DF ESTIMATE ERROR PARAMETER=0  PROB > |T|
X01 1 1.500000 6.954049 0.216 0.8314
X02 1 T7.666667 6.954049 1.102 0.2833
X1 1 3.645833 2.209610 1.650 0.1146
X2 1 -0.266204 0.141747 -1.878 0.0750
PREDICT STD ERR LOWER95% UPPER9SZ
08S  ACTUAL  VALUE PREDICT MEAN MEAN RESIDUAL
(=restricted cell means
1 9.000 10.042 2.362 S.1l14 14.969 -1.042
2 9.000 10.042 2.362 Se1l4  14.969 -1.042
3 16.000 10.042 2.362 5.114 14.969 5.958
4 4,000 10. 042 2.362 Selld 14.969 —6.042
5  30.000 16.208 2.362 11.281 21.136 13.792
6 7.000 16.208 2.362 11.281 21.136 -9,208
7 21.000 16.208 2.362 11.281 21.136 4.792
8 9.000 16.208 2.362 11.281 21.136 -7.208
9 16.000 13.792 2.362 8.864 18.719 2.208
10 10.000 13.792 2.362 8.864 18.719 -3.792
11  18.000 13.792 2.362 8.864 18.719 4,208
12  18.000 13.792 2.362 8.864 18.719 4.208
13 18.000 19.9 2362 15.031 24.886 -1.958
14 24.000 19.958 2.362 15.031 24.886 4,042
15 12.000 19.958 2.362 15.031 24.886 ~-T7.958

TYPE I SS
1260:7%0 1 not userun
71.502976
118.080
PREDICT
0BS  ACTUAL VALUE
16 19.000 19.958
17 10.000 6.917
18 4,000 6.917
19 4.000 6.917
20 5,000 6.917
21 17.000 13.083
22 7.000 13.083
23 16.000 12,083
24 17.000 13.083

SUM OF RESIDUALS

SUM OF SQUARED RESIDUALS

-60-

separate means|common linear|common quadratic

STD ERR LOWER95Z% UPPER9SE

PREDICT
2.362 15
2,362 1
2.362 1
2.362 1
2.362 1
2.362 8
2.362 8
2.362 8
2.362 8

1.34115€E-13
669.5833

MEAN

.031
«989
«989
.989
«989
«156
«156
«156
«156

MEAN

24.886
11.844
11.844
11.844
11.844
18.011
18.011
18.011
18.011

RESIDUAL

-.958333
3.083
=2.917
-2.917
~1.917
3.917
-6.083
2.917
3.917



GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE: YIELD
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE
MODEL 6 4721.00000000 786.83333333 22.37
ERRDR 18 633.00000000 35.16666667 PR > F
UNCORRECTED TOQOTAL 24 53254.00000000 0.0001
R-SQUARE CaVe STD DEV YIELD MEAN
0.881771 44.4761 593014896 13.33333333
SOURCE DF TYPE I SS F VALUE PR > F
TMT*LEVEL 6 4721.00000000 22.317 0.0001
SOURCE DF TYPE IV SS F VALUE PR > F
TMT*LEVEL 6 4721.00000000 22.37 0.0001
T FOR HO: PR > |ITI STD ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
TMT -6.16666667 -2.55 0.0202 2.42097317
B LIN -0.46130952 -1le43 0.1710 0.32351615
T«8 LIN -0.25595238 -0.40 0.6971 0.64703230
8 QUAD -0.26620370 -1.83 0.0835 0.14527499
T«8 QUAD -0.27314815 -0.94 0.3596 0.29054999
OBSERVATION OBSERVED PREDICTED RESIDUAL
VALUE VALUE (= cell means)

1 9.00000000 9.50000000 -0.50000000

2 9.00000000 9.50000000 -0.50000000

3 16.00000000 9.50000000 650000000

4 4.00000000 9.500 -5.50000000

5 30.00000000 16.75000000 13.25000000

6 7.00000000 16.75000000 -9.75000000

7 21.00000000 16.75000000 4.,25000000

8 9.00000000 16.75000000 -7.75000000

9 16.,00000000 15.50000000 0.50000000

10 10.00000000 15.50000000 -5.50000000

11 18.00000000 15.50000000 2.50000000

12 18.00000000 15.50000000 2.50000000
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GENERAL LINEAR MODELS PROCEDURE

(F) General Means Model

CLASS LEVEL INFORMATION

CLASS LEVELS VALUES
T™MT 2 F S
LEVEL 3 3612

NUMBER OF OBSERVATIONS IN DATA SET = 24

Note that the parameter estimates are the same
as those given in part (B) under the SEQB
output. Here we also have the standard
errors and t-tests; however, we had to cal-
culate the zi's for each contrast.

(Cell means)
LEVEL
3 6 12
Fl 9.50} 15.50 5.75

S| 16.75] 18.25 | 1k.25

The standard error of each cell mean is

/324%§21=2.965. The cell means and

standard errors could have been printed
by using the option:
LSMEANS TMT®LEVEL/STDERR;



®

continued

DEPENDENT VARIABLE: YIELD

OBSERVATION

OBSERVED
VALUE

18.00000000
24.00000000
12.00000000
19.00000000
10.00000000
4.00000000
4.00000000
5.00000000
17.00000000
7.00000000
16.00000000
17.00000000

SUM OF RESIDUALS

SUM OF SQUARED RESIDUALS

GENERAL LINEAR MODELS PROCEDURE

PREDICTED
VALUE

18.25000000
18.25000000
18.25000000
18.25000000

5.75000000

5.75000000

5.75000000
5.75000000
4.25000000
14.25000000
14.25000000
14.25000000

SUM OF SQUARED RESIDUALS - ERROR SS

FIRST ORDER AUTOCORRELATION

DURBIN-WATSON D

Note:

Note:

PROC GIM; CLASS ™MT LEVEL;

MODEL YIELD = ™MT LEVEL TMT#LEVEL/P CIM;

[ same ESTIMATE statements]
LSMEANS ™MT LEVEL TquLEVEL/STDERR;

PROC GIMjy CLASS TMT LEVEL:
MOTEL YIELD = TMT LEVEL /P CIM;

RESIDUAL

-0.25000000
5.75000000
-6.25000000
0.75000000
4.25000000
-1.75000000
-1.75000000
-0.75000000
2.75000000
-7.25000000
1.75000000
2.75000000

0.00000000

633.00000000

0.00000000
~0.63467615
3.25701027

In order to get the classical ANOVA table as well as the single
degree-of-freedom contrasts and means with standard errors we
could have used the statements:

To obtain the same results as in C)we would@ fit the mocdel with
interaction restricted to be zero That is,
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! ALCOHOL-DRUG DATA, p. 280.

DATA WHOLE;

INPUT Y1 Y2 Y3; ‘ Analysis of a Split-Unit Experiment
SUBJECT = _N_; :

ALCOHOL = *YES';
IF _N_ > 6 THEN ALCOHOL='NO";

YS = {(YL+Y2+Y3)/SQRT(3); Yl = Drug A response
X0 = 13 Y2 = Drug B response
CARDS;
Y3 = Control response
Y +Y +Y
PROC SORT; BY ALCOHOL; YS = 17273
/3
PROC PRINT N; BY ALCOHOL;
PROC GLM; CLASS ALCOHOL;
MODEL YS = XO ALCOHOL / NOINT;
LSMEANS ALCOHOL / STDERR;
ESTIMATE *DIFFERENCE® ALCOHOL 1 -13
DATA SPLIT; SET WHOLE: Rearranging the data to enable analysis

Y=Y1; DRUG='A'; OUTPUT; of the subplot factor.
¥=Y2; DRUG='B"'; OUTPUT;

Y=Y3; DRUG='C'; OUTPUT;

DROP Y1-Y3 YS;

PROC PRINT N;
PROC SORT must be used on the CLASS variables
used in the ABSORB statement below. ABSORBing

PROC SORT; BY ALCOHOL SUBJECT; the whole plot factors reduces the storage
requirements and hence the time and cost of

the analysis.

PROC GLM;
ABSORB ALCOHOL SUBJECT;
CLASS DRUG ALCOHOL ;
MODEL Y = DRUG ALCOHOL*DRUG; Effects model for the subplot factor and main effects contrasts.
ESTIMATE *'MAIN EFFECT: AB VS C* DRUG -1 -1 2 /7 DIVISOR=2;
ESTIMATE *MAIN EFFECT: A VS B * DRUG 1 -1 0;

PROC GLM;
ABSURB ALCOUHCL SUBJECT;
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- ®

)

PROC

PROC

PROC

CLASSES ALCOHOL DRUG;
MODEL Y = ALCOHGOL*DRUG 7/ NOINT SS1 S$S2;
ESTIMATE 'AB VS CONTROL a NQO*

ALCOHOL*DRUG -1 -1 2 0 0 O / DIVISOR=2 E;
ESTIMATE 'A VS B & NO ALCOHOL?

ALCOHOL*DRUG 1 -1 0 0 O 03
ESTIMATE *AB VS CONTROL a YES*

ALCUOHGL#*DRUG 0 0 0 -1 -1 2 / DIVISOR=2;
ESTIMATE 'A VS B @ YES ALCOHOL®

ALCOHOL*DRUG 0 0 O L -1 O3

General means model and simple effects contrasts.

GLM; CLASSES SUBJECT ALCOHOL DRUG;

MODEL Y = X0 ALCOHOL SUBJECT(ALCOHOL) This analysis performs both the whole-plot and sub-plot analyses
DRUG ALCOHOL*DRUG / SS1 SS2 NOINT; all at one time. The simple effects contrasts are more diffi-

TEST H=ALCOHOL E=SUBJECT(ALCOHOL) / HTYPE=1 ETYPE=1; cult to specify and the computing costs are much steeper.

CONTRAST 'ALCOHOL DIFFERENCE® ALCOHOL 1 -1 /
E=SUBJECT(ALCOHOL) ETYPE=13;

ESTIMATE 'AB VS CONTROL & NO' DRUG -1 -1 2
ALCOHOL*DRUG -1 -1 2 0 0 0 / DIVISOR=2 E;

ESTIMATE 'A VS B @ NO ALCOHOL® DRUG 1 -1 0
ALCOHOL*DRUG 1 -1 0 0 0 O3

ESTIMATE *AB VS CONTROL & YES' DRUG -1 -1 2
ALCOHOL*DRUG 0 0 0 =1 -1 2 / DIVISOR=2;

ESTIMATE *'A VS B & YES ALCOHOL® DRUG 1 -1 O
ALCOHOL*DRU6 0 0 0 1 -1 0;

OUTPUT OUT=NEW2 P=P R=R;

PLOT; PLOT R#*P='%' / VREF=0; Analysis of residuals

ANOVA; CLASSES SUBJECT ALCGHOL DRUGS PROC ANOVA may be used since this experiment is balanced. The
MODEL ¥ = ALCOHOL SUBJECT(ALCOHOL) DRUG ALCOWOL*DRUG: ESTIMATE option is not available, but the cell means and SS
TEST H=ALCOHOL E=SUBJECT(ALCOHOL); for the ANOVA table are computed and F-tests made.

MEANS ALCOHOL SUBJECT(ALCOHOL) DRUG ALCOHOL~DRUG / DEPONLY;
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——— —-—— ALCOHOL=NO

o8BS Yl Y2 Y3 SUBJECT YS X0 (&) See p. 283 of Allen and Cady for a
discussion of the assumed model.
1 2.83 2.55 263 7 4.62458 1
2 2.93 2+42 2.73 8 4.06499 1
3 3.58 3.99 3.38 9 6.32199 1
4 2.98 3.07 2.78 10 5.09800 1
5 2.32 2415 2.12 11 3.80474 1
6 2.73 3.23 2.53 12 490170 1
N=6
----- —————=—e——ee=e—= ALCOHOL=YES - -—-
0B8S Yl Y2 Y3 SUBJECT YS X0
7 3.56 4404 3.26 1 627002 1
8 3.79 3.88 3.49 2 6+44323 1
9 4.09 5032 3.79 3 762102 1
10 3.10 4.38 2.80 4 5.93516 1
11 3.33 3.63 3.03 5 5.76773 1
12 3.35 3.63 3.05 6 579082 1
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GENERAL LINEAR MODELS PROCEDURE
@ Analysis of sums to test for whole-plot (alcohol) differences.

CLASS LEVEL INFORMATION
CLASS LEVELS VALUES

ALCOHOL 2 NO YES

NUMBER OF OBSERVATIONS IN DATA SET = 12

DEPENDENT VARIABLE: YS

SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE Compare SS found on this page with those in, say, analysis @
MODEL 2 382.70960556 191.35480278 328.00
ERROR 10 0.58339611 PR > F
= 8S due to SUBJECT(ALCOHOL). @ a8s SUBJECT ALCOHOL X0 Y DRUG
UNCORRECTED TOTAL 12 388.54356667 0.0001
1 7 NO 1 2.83 A
2 7 NO 1 2.55 B
R-SQUARE CeVe STD DEV YS MEAN 3 7 NO 1 2.63 C
4 8 NO 1 2.93 A
0.984935 13.6304 0.76380371 5.60366549 5 8 NO 1 2.42 8
6 8 NO 1 2.13 c
7 9 NO 1 3.58 A
SOURCE DF TYPE 1 SS F VALUE PR > F 8 9 NO 1 3.99 B8
9 9 NO 1 3.38 C
b (1] 1 376.81280278 645.90 0.0001 10 10 NO 1 2.98 A
ALCOHOL 1 5.89680278 10.11 0.0098 11 10 NO 1 3.07 8
12 10 NO 1 2.78 c
13 11 NO 1 2.32 A
SOURCE OF TYPE IV SS F VALUE PR > F 14 11 NO 1 2.15 8
15 11 NO 1 2.12 C
X0 0 0.00000000 . . lo 12 NO 1 2.73 A
ALCOHOL 1 5.89680278 10.11 0.0098 17 12 NO 1 3.23 b
18 12 NO 1 2.53 c
T FOR HO: PR > IT STD 19 1 YES 1 3.56 A
PARAMETER ESTIMATE PARAMETER=0 im 555‘122?5‘” 20 1 YES 1 4.04 B
21 1 YES 1 3.26 C
DI FF ERENCE ~1.40199890 -3.18 0.0098 0.44098228 22 2 YES 1 3.19 A
23 2 YES 1 3.88 8
24 2 YES 1 3.49 C
25 3 YES 1 4.09 A
LEAST SQUARES MEANS 26 3 YES 1 5.32 8
27 3 YES 1 3.79 c
ALCOHGL YS STD ERR  PROB > |T| 28 4 YES 1 3.10 A
LSMEAN LSMEAN  HO:LSMEAN=0 29 4 YES 1 4.38 B
30 4 YES 1 2.80 c
NO 4.90266604 0.31182156 0.0001 31 5 YES 1 3.33 A
YES 6.30466494 0.31182156 0.0001 32 5 YES 1 3.63 B8
33 5 YES 1 3.03 C
34 6 YES 1 3.35 A
35 6 YES 1 3.63 )
-66- 36 6 YES 1 3.05 o
N=36




G)

DEPENDENT VARIABLE:

SOURCE
MOOEL
ERROR

CORRECTED TOTAL

R—SQUARE

0.911096

SOURCE

ALCOHOL
SUBJECTLALCOHOL)
DRUG
DRUG*ALCUOHOL
SOURCE

DRUG
DRUG*ALCGHOL

PARAMETER

GENERAL LINEAR MODELS PROCEDURE

C
D

A

CLASS LEVEL INFORMATION

LASS LEVELS VALUES
RUG 3 ABC
LCOHGL 2 NO YES

NUMBER OF UBSERVATIONS IN DATA SET = 36

Y

MAIN EFFECT: AB VS C

MAIN EFFECT: A VS B

GENERAL LINEAR MODELS PROCEDURE

DF
15
20
35

C.Ve.

8.2146
OF

1
10
2
2

DF

SUM UF SQUARES MEAN SQUARE
14.47667500 0.96511167
1.41262222 0.07063111
15.88929722
STD DEV Y MEAN
0.26576514 3.23527778
TYPE I SS F VALUE PR > F
5.83396111 "
1.87722222 13.29 0.0002
0.86868889 6.15 0.0083
TYPE IV SS F VALUE PR > F
1.87722222 13.29 0.0002
0.86868889 6.15 0.0083
T FOR HO: PR > ITI
ESTIMATE PARAMETER=0
~0.40416667 -4.30 0.0003

-0.30833333

-2.84 0.0101

F VALUE
13.66
PR > €

0.0001

Note that ALCOHOL and SUBJECT(ALCOHOL) are not
included in the Type IV SS.

STD ERROR OF

ESTIMATE
0.09396217 These contrasts are of little interest since the
0.10849817 DRUG*ALCOHOL interaction is clearly important.
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General means model with whole-plot factor ABSORBed.

C) GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE:
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE
MODEL 15 14.47667500 0.96511167 13.066
ERROR 20 1.41262222 0.07063111 PR > F
CORRECTED TOTAL 35 15.88929722 0.0001
R=SQUARE CeVe STC Dev Y MEAN
0.911096 B.2146 0.26576514 3.23527778
SOURCE DF TYPE I SS F VALUE PR > F
ALCOHOL 1 5.89680278 83.49 0.0001
SUBJECT(ALCOHOL) 10 5.83396111 8.26 0.0001
ALCOHOL*DRUG 4 2.74591111 9.72 0.0002
SQURCE DF TYPE II SS F VALUE PR > F
ALCOHOL*DRUG 4 2.74591111 9.72 0.0002

T FOR HO: PR > |T] STD ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
AB VS CONTROL & NO -0.20333333 -1.53 0.1416 0.13288257
A VS B @ NO ALCOHOL ~0.00666667 -0.04 0.9658 0.15343958
AB VS CUNTROL a YES -0.60500000 -4.55 0.0002 0.13288257
A VS B & YES ALCOHOL -0.61000000 -3.98 0.0007 0.15343958
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This is a set of simple effects contrasts
(see Table 22.3, p. 281 - Allen and Cady).



GD Combined whole-plot and split-plot analysis with simple effects contrasts.
GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE:

SOURCE DF SUM OF SQUARES MEAN SQUARE f VALUE
MODEL 16 391.289477178 24.455592306 346424
ERROR 20 1.41262222 0.07063111 PR > F
UNCORRECTED TOTAL 36 392.70210030 0.0001
R-SQUARE CoVe STD DEV Y MEAN

0.996403 8.2146 0.26576514 3.235271178

SOURCE DF TYPE I SS F VALUE PR > F

X0 1 376.81280278 5334.94 i

ALCOHOL 1 5.89680278 83.49 0

SUBJECT(ALCGHOL) 10 5.83396111 8.26 0.0001

DRUG 2 1.87722222 13.29 0.0002

ALCOHOL*DRUG 2 0.86868889 6.15 0.0083

SOURCE OF TYPE II SS F VALUE PR > F

X0 Q 0.00000000 N .

ALCOHOL 1 5.89680278 83.49 0+8001
SUBJECT{ALCOHOL) 10 5.83396111 8.26 0.0001

DRUG 2 1.87722222 13.29 0.0002

ALCOHOL*DRUG 2 0.86868889 6.15 0.0083

TESTS OF HYPOTHESES USING THE TYPE I MS FOR SUBJECTC(ALCOHOL) AS AN ERROR TERM

SOURCE OF TYPE I SS F VALUE PK > F

ALCOHOL 1 5.89680278 10.11 0.0098 Compare with the analysis in part (B).

TESTS OF HYPOTHESES USING THE TYPE I MS FOR SUBJECT(ALCOHOL) AS AN ERRUR TERM

CONTRAST OF SS F VALUE PR > F
ALCUHOL DIFFERENCE 1 5.89680278 10.11 0.0098
T FOR HO: PR > |T| STD ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
AB VS CONTRUL @ NO -0.20333333 -1.53 O0.1416 0.13288257
A VS B @ NO ALCOHOL -0.00666667 -0.04 0.9658 0.15343958 Simple effects as in (F).
AB VS CONTROL a YES -0.60500000 -4.55 0.0002 0.13288257
A VS B @ YES ALCOHOL -0.61000000 -3.98 0.0007 0.15343958
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* Y™ USED IS # =
PLOT OF Rep SYNBOL D ANALYSIS OF VARIANCE PROCEDURE

*

R ,' * MEANS
0-4 T ® Residual plot ALCOHOL N Y
} NO 18 2.83055556
] % YES 18 3.64000000
0.3 +
: * SUBJECT  ALCOMOL N Y
: 7 NO 3 2.67000000
0.2 + 8 NO 3 2.69333333
T « . * * 9 NO 3 3.65000000
| 10 NO 3 2.94333333
i 1 NO 3 2.19666667
| . . 12 NO 3 2.83gogooo
1 YES 3 3.62000000
* * *
0-1 1 * 2 YES 3 3.72000000
| = * * 3 YES 3 4.40000000
I * * 4 YES 3 3.62666667
| 5 YES 3 3.33000000
0u0 Hmmmm e e m e e - S - 6 YES 3 3.34333333
l % * )
: DRYG N Y
' * A 12 3.21583333
-0.1 + . 3 12 3.52416667
: . s c 12 2.96583333
' * *
-0.2 .I; * * % * ALCOMOL  DRUG N Y
: ] * * ¥
| NO A 6 2.89500000
i NO 8 6 2.90166667
i NO o 6 2.69500000
3. YES A 6 3.53666667
w03 YES 8 6 4.16666667
| * * YES o 6 3.23666667
|
|
0.4 f Note: Only the MEANS output is included from the
————— % -—+ +— + + * - PROC ANOVA output. Although all the appro-
2.0 2.5 3.0 3.5 4.0 4.5 540 55 priate SS have been obtained via PROC GIM,
PROC ANOVA would be less costly.
[
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UREA SYNTHESIS DATA - Analysis of a repeated measures experiment
(Brogen & Kutner, 1980, The American Statistician 34:229-232)

DATA SHUNT;
INPUT PRE POST 4dd;

SUBJECT = _N_;
IF _N_ LE 8 THEN GROUP=°NEnW';

ELSE GROUP='0LD*;

X0=1;

PREPOST = POST - PRE;

TMT = PCST + PRE; These statements calculate the sums and differences required for the
TMT_X_PP= PREPOST; appropriate t-tests. See printout in part @ and é

IF GROUP=*0LD' THEN PREPOST=—PREPOST;

CARDS;;

PROC SORT; BY GROUP;

PROC PRINT; BY GROUP;

PROC TTEST; CLASS GROUP; This gives the three appropriate t-tests for treatment effects,
VAR TMT PREPQST TMT_X_PP; time effects and interaction.

PROC GLM; CLASS GROUP; Same analysis as in except the analyses are performed
MODEL TMT PREPOST TMT_X_PP = XO GROUP / NOINT; using 1-way ANOVA. Compare with @ Note that more than
LSMEANS GROUP / STDERR} one dependent variable may appear to the left of the equal
ESTIMATE *NEW VS STD* GROUP 1 -1; sign 1n the MODEL statement.

DATA REPEAT; SET SHUNT; Rearrange data for a "split-plot"

Y= PRE; TIME=1; QUTPUT; type analysis.

Y=POST; TIME=2; QUTPUT;
DROP PRE POST TMT PREPOST TMI_X_PP;

PROC PRINT; VAR SUBJECT X0 GROUP TIME Y;

PROC GLM; CLASS GROUP TIME SUBJECT;
MODEL Y = X0 GROUP SUBJECT(GROUP) Combined ANOVA Table with two error terms.
TIME TIME*GROUP / NJINT SS1 SS2 SS3 $S54 P;
MEANS GRGQUP SUBJECT(GROUP) TIME TIME*GROUP / DEPONLY;
TEST H=GROUP E=SUBJECTI(GROUP) / HTYPE=1 ETYPE=L1;
QUTPUT OUT=PLOT RESIDUAL=RES PREDICTED=P;

PROC PLOT; PLOT RES*P="'#* / VREF=0; Residual plot.
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@ GROUP=NEW —-—
The assumed model may be written as:
08s PRE POST SUBJECT X0 PREPOST TMT TMT_X_PP s
V..o, = U, + RN S
ijk ik i k 7
1 51 48 1 1 -3 99 -3 J J(3) 7
2 35 55 2 1 20 90 20 My = HHQ + T+ (01)
3 66 60 3 1 -6 126 -6 ) .
4 40 35 4 1 -5 75 -5 1=512 Jj=1---,n;5 k=12
5 39 36 5 1 -3 75 -3 where :
6 46 43 6 1 -3 89 -3
7 52 46 7 1 -6 98 -6 Hyp = cell mean of ith treatment, kth time combination
8 42 54 8 1 12 96 12
u = overall mean
- —— e —— GROUP=0LD -——-—- @; = ith treatment effect
08S PRE POST SUBJECT X0 PREPOST THT TMT_X_PP Ty = kth time effect
9 34 16 9 1 18 50 -18 (oz'r)ik = treatment by time interaction
10 40 36 10 1 4 76 -4
11 34 16 11 1 18 50 ~18 8,]'(1) = effect of subject j nested within ith treatment
12 36 18 12 1 18 54 -18 group
13 38 32 13 1 6 70 -6 €34y = Tandom error
14 32 14 14 1 18 46 -18 >
15 44 20 15 1 24 64 -24 €i5m "~ N(o, °e)
16 50 43 16 1 7 93 -7 >
17 60 45 17 1 15 105 -15 85(1) ~ N(0,0%)
18 63 67 18 1 -4 130 4 5 o
19 50 36 19 1 14 86 -14 Vi g ~ Mgy 05+02)
20 42 34 20 1 8 76 -8
21 43 32 21 1 11 75 -11

PRE = preoperative response

POST = postoperative response

Pre Post
New (n=8) [u n
Treatment 11 12
01d (n=13) | upy | Hpp

Rote that: TMT X PP = (= within subject differences)

Yigo "¥i31 = %4

d.. if group=
PREPOST { 1J group = NEW

dij if group=O0LD

™MT = Yiji+¥ize = %4 (= within subject sums) \
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B TTEST PROCEDURE

VARIABLE: TMT t-test uses El - 52 "difference of sums"” N\ 50 L
GROUP N ME AN STO DEV STU ERROR MINIMUM MAXIMUM |, | M1b H12
NEW 8 93.50000000 16.16875293 5.71651742 15.00000000 126.0000000 yot Mo
oLD 13 75.00C00000 24.23839929  6.72252242 46.00000000 130.0000000
VARIANCES T DF PROB > }T|

_ 30 Xiy,
UNEQUAL 2.0964 18.8 0.0498
EQUAL 1.9044 19.0 0.0721 1 1

pre post

FOR HO: VARIANCES ARE EQUAL, F'= 2.25 WITH 12 AND 7 DF PROB > F'= 0.2891

B _ These are not helpful due to the significant interaction.
VARIABLE: PREPOST t-test uses c31+d2 "sum of differences”

GROUP N MEAN STD DEV STD ERROR MINIMUM MAXIMUM
NEW 8 0.75000000 9.73579551 3.44212351 -6.00000000 20.00000000
oLD 13 12.07692308 T7.63174880 2.11666628 -4.00000000 24.0G000000
VARIANCES T DF PROB > IT}

UNEQUAL -2.8031 12.3 0.0157

EQUAL -2.9761 19.0 0.0078

FOR HO: VARIANCES ARE EQUAL, F'= 1.63 WITH 7 AND 12 DF PROB > Fe= 0.437§J

VARIABLE: TMT_X_PP t-test uses 51 - &2 "difference of differences"

GROUP N MEAN STO DEV STD ERROR MINIMUM MAXIMUM

NEW 8 0.75000000 973579551 3.44212351 -6.00000000 20.00000000

oLDd 13 -12.07692308 71.63174880 2.11666628 —24.00000000 4.00000000
VARIANCES T DF PROB > IT|

UNEQUAL 3.1743 12.3 0.0078 Since the interaction is clearly important
EQUAL 3.37109 19.0 0.0032 we need to consider simple effects

FOR HO: VARIANCES ARE EQUAL, F'= 1.63 WITH 7 ANU 12 DF PROB > F*= 0.4375
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DEPENDENT VARIABLE:

GENERAL LINEAR MODELS PROCEDURE

CLASS LEVEL INFORMATION

CLASS

GRQuP

LEVELS VALUES

2 NEW OLD

NUMBER OF OBSERVATIUNS IN OATA SET = 21

TMT

SOURCE
NODEL
ERROR

UNCORRECTED TOTAL

R-SQUARE

0.941557

SOURCE

X0

GROUP
SOURCE

X0

GROUP
PARAMETER

NEW VS STD

DF

C.Ve.
2643490
DF

1

1

OF

—

ESTIMATE

18.50000000

SUM OF SQUARES
143063.00000000
8880.00000000

151943.00000000

STD DEV

21.61870535

TYPE I SS
141368.04761905
1694.95238095
TYPE IV SS

0.00000000
1694.95238095

T FOR HO:
PARAMETER=Q

1.90

MEAN SQUARE
71531.50000000

467.36842105

TMT MEAN

82.04761905

F VALUE PR > F
302.48 0.0001
3.63 0.0721

F VALUE PR > F

-

3.63 0.0721

PR > T}

0.0721

An alternative approach to finding the same information

as in parts

F VALUE
153.05
PR > F

0.0001

STu ERRUR OF
ESTIMATE

9.71454938

-7&-

or



GENERAL LINEAR MODELS PRUCEDURE

©
DEPENDENT VARIABLE: PREPQST
SOURCE OF SUM OF SQUARES MEAN SUUARE F VALUE
MODEL 2 1900.57692308 950.28846154 13.25
ERROR 19 1362.42307692 71.70647773 PR > F
UNCORRECTED TOTAL 21 3263.00000000 0.0002
R~-SQUARE Cov. STO DEV PREPOST MEAN
0.5824063 109.0965 8.467967175 7.76190470
LEAST SQUARES MEANS
SOURCE of TYPE 1 SS F VALUE PR > F GROuP TMT STD ERR  PROB > |T|
LSMEAN LSMEAN  HO:LSMEAN=
X0 1 1265.19047619 17.64 0.0005 0
GROUP 1 635.38644689 8.86 0.0078 NEW 93.5000000 7.6433666 0.0001
oLo 75.0000000 5.9959501 0.0001
SOURCE OF TYPE IV SS  F VALUE PR > F
GROuUP PREPGST STD ERR  PROB > |T|
X0 0 0.00000000 . . LSMEAN LSMEAN  HO:LSMEAN=0
GROUP 1 635.38644689 3.86 0.0078
NEW 0. 7500000 2.9938787 0.8049
T FOR HO: PR > |T| STD ERROR OF oLd 12.0769231 2.3485917 0.0001
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
NEW VS STD -11.32692308 -2.98 0.0078 3.80515343 GROuUP THT_x_pP STD ERR  PRUB > |T|
LSMEAN LSMEA z =
QEPENDENT VARIABLE: TMT_X_PP N HO:LSMEAN=0
NEW 0. 7500000 2.99
SUURCE OF SUM OF SQUARES MEAN SQUARE F VALUE oLp -12.0769231 2:34:g;f; 3'333?
MODE L 2 1900.57692308 950.28846 154 13.25
ERROR 19 1362.42307692 71.706471773 PR > F
UNCORRECTED TOTAL 21 3263.00000000 0.0002
R-SQUARE Cove STD DEV TMT_X_PP HEAN
0.582463 117.7664 8.46796775 -7.19047619
SOURCE OF TYPE I SS  F VALUE PR > F
X0 1 1085.76190476 15.14 0.0010
GROUP 1 814.81501832 11.36 0.0032
SOURCE OF TYPE IV SS  F VALUE PR > F
X0 0 0.00000000 . .
GROUP 1 814.81501832 11.36 0.0032
~75-
T FOR HO: PR > Tl STD ERROR OF g
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE

NEW VS STO 12.82692208 3.37 0.0032 3.80515343



QD ‘ 08S SUBJECT X0 GROUP TIME Y
1 1 1 NEW 1 51
2 1 1 NEW 2 48
3 2 1 NEw 1 35
4 2 1 NEW 2 55
5 3 1 NEW 1 66
6 3 1 NE w 2 60
7 4 1 NEwW 1 40
8 4 1 NEW 2 35
9 5 1 NE w 1 39

10 5 1 NEw 2 36
11 6 1 NEW 1 46
12 6 1 NEwW 2 43
13 7 1 NEW 1 52
14 7 1 NEwW 2 46
15 8 1 NEW 1 42
16 3 1 NEwW 2 4
17 9 1 oLo 1 34
18 9 1 oLD 2 16
19 10 1 oLD 1 40
20 10 1 oLo 2 36
21 11 1 oLo 1 34
22 11 1 oLd 2 16
23 12 1 OoLD 1 36
24 12 1 oLo 2 18
25 13 1 oLD 1 38
26 13 1 ULD 2 32
217 14 1 oLD 1 32
28 14 1 oLD 2 14
29 15 1 oLd 1 44
30 15 1 OLD 2 20
31 16 1 OLD 1 50
32 16 1 oLD 2 43
33 17 1 oLD 1 60
34 17 1 OoLD 2 45
35 18 1 oLD 1 63
36 18 1 oLD 2 o1
37 19 1 oLo 1 50
38 19 1 oLo 2 36
39 20 1 oLD 1 42
40 20 1 oLD 2 34
41 21 1 aLo 1 43
42 21 1 oLd 2 32
C) GENERAL LINEAR MODELS PRUCEDURE

CLASS LEVEL INFORMATION

CLASS LEVELS VALUES

GROUP 2 NEw OLD

TIME 2 12

SUBJECT 21 123456789 1011 1213 14 15 16 17 18 19 20 21

~T6-
NUMBER OF OBSERVATIONS IN DATA SET = 42



TESTS OF HYPOTHESES USING

SOURCE
GROUP

DF
1

TYPE I SS

847.47619048

THE TYPE [ MS FOR SUBJECT(GRUUP) AS AN ERROR TERM

F VALUE

3.03

C) GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE:
SOURCE DF SUM OF SWQUARES . MEAN SJQUARE F VALUE
MODEL 23 716921.78840154 3344.42558528 93.28
ERROR 19 681.21153846 35.85323887 PR > F
UNCORRECTED TOTAL 42 717603.00000000 0. 0001
R-SQUARE CevVe STu D&V Y MEAN
0.991222 14.5958 5.98775742 41.02380952
SOURCE DF TYPE I SS F VALUE PR > F
: 2V (0.75) + (13)(12. 0769)
X0 1 70684.02380952  1971.48 00 . - (21> T (21> <0769
6ROUP 1 847.47619048 23.64 0.pqo1 = o2 > I
SUBJECT{ GROUP) 19 4440.00000000 6.52 200 {2(35,85321,,)[(_) (%)Jr(ﬁ) (.1_)]}
TINE 1 542.88095238 15.14 0.0010 21 21/ \13
GROUP*TIME 1 407.40750916 11.36 0.0032

=3.80 = F=(3.89)2 = 15.14 ,
SOURCE DF TYPE II SS F VALUE PR > F

The Type I and II SS for TIME test equality of the

X0 0 0.00000000 - - weighted means -- weighted according to sample size.
GROUP 1 84T.47619048 23.64 This is probably not desired and the Type III or IV
SUBJECT(GROUP) 19 4440.00000000 6652 z should be used as they test equality of unweighted
TIME 1 542.88095238 15.14 0.0010 means,
GROUP*TIME 1 407.40750916 11.36 0.0032
SOURCE OF TYPE III SS F VALUE PR > F
X0 0 0.00000000 - .
GROUP 1 847.47619048 23.64 0.0001
SUBJECT (GROUP) 19 4440.00000000 6.52 0.0001
TIME 1 317.69322344 8.86 0.0078
GROUP*TIME 1 407.40750916 11.36 0.0032
SQURCE DF TYPE IV SS F VALUE PR > F h
X0 0 0.00000000 . -
GROUP 1 847.4T619048 23.64 0.0001
SUBJECT(GROUP) 19 4440.00000000 6.52 0.0001
TINE 1 317.69322344 8.86 0.0078
GROUP*TIME 1 407.40750916 11.36 0.0032

Compare with the results of and (C).

PR > F

0.0721 J-7-
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GENERAL LINEAR MODELS PROCEDURE

GROUP
NEW
aLo

BJECT

TIME

GROUP

NEwW
NEW
uLD
GLD

MEANS

N

16
26

GROUP

NEwW
NE W
NE W
NE W
NE W
NEW
NEw
NEW
oLD
oLD
OLD
oLD
OLD
oLo
oLD
oLD
oLD
oLD
oLD
OLo
oLD

21
21

TIME

NN~

Y

46.7500000
37.5000000

=z

NANNNNNONNONNNNNNNNNNNNNNDODN

Y

49.5000000
45.0000000
63.0000000
37.5000000
37.5000000
44.5000000
49.0000000
48.0000000
25.0000000
38.0000000
25.0000000
27.0000000
35.0000000
23.0000000
32.0000000
46.5000000
52.5000000
65.0000000
43.0000000
38.0000000
37.5000000

A4

44.6190476
37.4285714

Y

46.3750000
47.1250000
43.5384615
31.4615385
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These means are plotted in part (:).
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C

HEMOGLOBIN DATA — Analysis of a 2-Period Cross-over Design

DATA HEMO; (Grizzle, 1965, Biometrics 21: 467-480)
INPUT YL Y2 dd;

SUBJECT = _N_;

IF _N_ LE 6 THEN GROUP='Al_B2*;

ELSE GROUP='B1l_A2"';
TMT = Y2-Y1;
RESID= Y2+Yl; These statements calculate the sums and differences required for the
TRENOD= TMT; appropriate t-tests. See printout for @ and @
[F GROUP='BLl_A2' THEN TREND=-TMT;
Xd = 13
CARDS
PROC SORT; BY GROUP;
PROC PRINT N; BY GROUP;
. . PROC TTEST gives the appropriate four t-tests for treatment effects,
PROC z:gszérckegfoeﬁggza Yl: carry-over effects, time trend and treatment differences within
first period only.
PROC GLM; CLASS GROUP;
MODEL TMT RESID TREND Y1 = XO GROUP / NOINT; This performs the same analyses as those found in part @
LSMEANS GROUP / STDERR; Compare also with the results in part @
ESTIMATE *CONTRAST' GROUP 1 -13
DATA AQV; SET HEMO;
Y=Y1l; PERIOD=1; IF _N_ LE 6 THEN TRT='A'; ELSE TRT='8'; OUTPUT; Rearranging the date so that the "usual"
Y=Y2; PERIOD=2; IF _N_ LE 6§ THEN TRT=%8'; ELSE TRT='A'; OUTPUT; ANOVA table may be constructed.
DRUP Y1 Y2 TMF¥ RESID TREND;
PROC PRINT; VAR SUBJECT XO GROUP PERIOD TRT Y;
PROC GLM; CLASS TRT PERIOD SUBJECT GROUP;
MODEL Y = XC GROUP SUBJECT(GROUP) Combined ANOVA table with two error terms.
PERIOD TRT / NOINT P SS1 SS2 SS3 SS4;
MEANS GROUP SUBJECT(GROUP) PERIOGD TRT / DEPONLY;
TEST H=GROUP E=SUBJECT(GROUP) / HTIYPE=1 ETYPE=1;
ESTIMATE *TRT"' TRT 1 -1
ESTIMATE *PERIOD' PERIOD 1 -13
PROC PLOT; PLOT RES*P='%* / VREF=0; Residual plot.

-80-



®
—_————————————— -——— GROUP=A1_B2
uBsS Yl Y2 SUBJECT TM™MT RESID TREND Xa
1 0.2 1.0 1 0.8 1.2 0.8 1
2 0.0 -0.7 2 -0.7 =0.7 -0.7 1 The assumed model appears as:
3 -0.8 Je2 3 1.0 —Jeb le0 1
4 0.6 1.1 4 0.5 1.7 0.5 i Viop = pay FEic sy
5 0.3 0.4 5 0.1 0.7 0.1 1 L L
6 1.5 le2 6 -0e3 2.7 -0.3 1 where
N=6 uikzu+ﬂk+¢£+)\z
J=l,~-,ni; i=1,2; k=1,2; 4=1,2
———m——=—-———— GROUP=B1_A2 -
and
GBS Y1l Y2 SUBJECT T™MT RESID TREND X0 # = general mean,
- iy = the effect of the j-th patient (subject) within the i-th sequence,
7 1.3 0.9 7 —0.4 2.2 0.4 1 which, for the sake of testing hypotheses, we must assume
8 —2.3 1.0 8 3.3 —1.3 -3.3 1 to be & normally distributed random variable with mean 0
9 0.0 2.6 9 0.6 0.6 -0.6 1 and variance o? ,
10  -0.8  -0.3 10 0.5 -1.1 -0.5 1 #. = the effect of the k-th period,
11 -0.4 -1.0 11 -0.6 -l.4 0.6 1 & -_-thedimdwtofthel.thdmg,
12 -2.9 1.7 12 4.6 -1l.2 ~4.06 1 A\ =themidmﬁwtofthel.thdmg,md
13 -1.9 -0.3 13 l.o -2.2 -l.6 1 ¢;n = the random fluctuation which is normally distributed with
14 -2.9 9.9 14 3.8 -2.0 -3.3 1 mean 0 and variance ¢! , and is independent of the §; .
N=8 The assumptions made about {,; and e;;, imply that the variance
of an observation is ¢! + ¢! and that two observations on an individual
Y1 are the responses during period 1 g:;:n‘:;;:"m o, . Observations made on different subjects are in-
Y2 are the responses during period 2
Group (Sequence)
1(n=6) 2(n=8)
1 A pu B u
Period 11 21
2| B A Note:
M1 Hop
(1) (Fy.0797.0) = (Fp.q = Fp.p) = 208y =d5) + (Ay = A) + (7.1 = €1 5 =€5.1 + €5 5)
™T = ¥..,-V:., = d.. (= within subject differences) 1 712 2-1 7e-2 1o 2 1 1o 2l e
HE R (1) (5y.1 = 97.2) + (Vo "¥p.p) = 20T =Mp) = (A + A + (& g - &g p 4 epy = 6. p)
RESID = ¥, ., +¥.., = z,. (= within subject sums) ’
LRSS RN (133) Ty 2 +F10) = (Foq +F0.0) = (g = A ) +2(8, &, V4 (5, 4+ o -E, 1 -¢
1.1 V1.2 2.1%Y2.2 2™ M 1. ~ 5. 11762720 S
rrEwD =4 19 . - o . o
D= (lV) yl-l 'y2_l - (¢1 ¢2) + (§1 §2) + (61,1 €2,1)

d. . if sequence is BA

1J

{ d, . if sequence is AB

-81-



@9 TTEST PROCEDURE
VARIABLE: TMT t-test uses & -d, "difference of differences”
GROUP N ME AN SiD DEV STD ERROR MINIMUM MAX INUM
Al_B2 5 0.23333333 0.65625198 0.26791375 ~-0.70000000 1.00000000
Bl_A2 8 1.67500000 1.99051321 0.70375270 -0.6000000C 4.60000000
VARIANCES T OF PROB > |TI
UNEQUAL -1l.9145 8.9 0.0882
EQUAL -1.6915 12.9 0.1165
FOR HO: VARTANCES ARE EWUAL, Ft= 9.20 WITH T AND 5 DF PROB > F'= 040205
VARIABLE: RESID t-test uses 21 - 22 "difference of sums"
GROUP N ME AN STD DEV STD ERROR MINIMUM MAXIMUM
Al_B2 6 0.83332333 1.32614730 0.54139737 -0.70000000 2. 70000000
Bl_A2 8 -0.80000000 1.47454593 052133071 -2.20000000 2.20000000
VARIANCES T DF PROB > |TI
UNEQUAL 2.1732 11.5 0.0515 There appear to be important carry-over effects.
EQUAL 2.1379 12.0 0.0538
FOR HO: VARIANCES ARE EQUALy F'= l<24 WITH 7 AND 5 DF PROB > F'= 0.8437
VARIABLE: TREND t-test uses al + ?12 "sum of differences"
GROUP N MEAN STD DEV STD ERROR MINIMUM MAXIMUM
Al_B2 6 0.23333333 0.65625198 C.26791375 -0.70000000 1.00000000
BlL_A2 8 -1.67500000 1.99051321 0.70375270 -4.60000000 0.60000000
VARIANCES T DF PROB > T}
UNEQUAL 2+5342 8.9 0.0323
EQUAL 2.2390 12.0 0.0449
FOR HO: VARIANCES ARE EQUAL, F'= 9.20 WITH 7 AND 5 OF PRUOB > F*= 0.0265

VARIABLE: Y1

GROUP N MEAN
Al_82 6 0.30000000
Bl_A2 8 -1.23750000
VARIANCES T DF
UNEQuUAL 2.4953 10.8
EQUAL 2.2746 12.0
FOR HO: VARIANCES ARE EQUAL,

Thus, the above test for treatment effects is not free
of residual effects and we must resort to the results of the first period only (varianle Y1 below).

t-test uses il-l -&2.1 "{ndependent two-sample t-test for the first period only”

Note:

STD DEV STD ERROR MINIMUM MAXIMUM
0.75365775 0.30767949 -0.80000000 1.50000000
1.50990775 0.53383301 -2.90000000 1.30000000
PROB > §T{

0.0302 There appear to be treatment effects present.

0.0421 the conclusion would likely have been different.
F*= 4.0l WITH 7 AND 5 DFf PROB > F'= 0.1453

-82-

Had we chosen to ignore residual effects



ib GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE: TMT
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE
MODEL 2 22.77166667 11.38583333 4.51
ERROR 12 29.88833333 2.49069 444 PR > F
UNCORRECTED TOTAL 14 52.66000000 0.0334
R-SQUARE C.Ve STD DEV TMT MEAN
0.432428 149.2886 1.57819341 1.05714286
SOURCE DF TYPE I SS F VALUE PR > F
X0 1 15.64571429 6.28 0.0276
GROUP 1l 7.12595238 2.86 0.1165

T FOR HO: PR > ITI STD ERROR OF
PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
CONTRAST —1.44166667 -1.69 0.1165 0.85232186
DEPENDENT VARIABLE: RESID
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE
MOOEL 2 9.28666667 4.64333333 2.32
ERRUR 12 24.01333333 2.00111111 PR > F
UNCORRECTED TOTAL 14 33.30000000 0.1406
R-SQUARE C.V. STD DEV RESID MEAN
0.278879 1414.6063 1.41460634 -0.10000000
SOURCE OF TYPE I SS F VALUE PR > F
X0 1 0.14000000 0.07 0.7959
GROUP 1 9.14666667 4.57 0.0538
PARAMETER ESTIMATE PZRzg:TSgZO PR > 1T SIES$?§2$EOF
CONTRAST 1.63333333 2.14 0.0538 0.763974174

GROUP

Al_B2
Bl1_A2

GROUP

Al_B2
Bl1_A2

GROUP

Al_B2
B1_A2

GROUP

Al_B2
B1_A2

LEAST SQUARES MEANS

T™MT
L SMEAN

0.23333333
1.67500000
RESID

L SMEAN
0.83333333
-0.80000000
TREND

L SMEAN
0.23333333
-1.67500000
Yl

LSMEAN

0.30000000
-1.23750000

STD ERR
LSMEAN

0.644294176
0.55797563
STD ERR
LSMEAN
0.57751062
0.50013887
STD ERR
LSMEAN
0.64429476
0.55797563
STD ERR
LSMEAN

0.51097334
0.44251589

PRUB > |T|
HO:LSMEAN=0

0.7235
0.0110

PROB > |T|
HO:LSMEAN=0
0.1746
0.1357

PROB > |T}
HO:LSMEAN=0
0.7235
0.0110

PROB > |T|
HO:LSMEAN=0

0.5680
0.0161
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@ GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE: TREND

SOURCE OF SUM OF SQUARES MEAN SQUARE F VALUE
MODEL 2 22.7T7166667 11.38583333 4.57
ERROR 12 29.88833333 2.49069444 PR > F
UNCORRECTED TOTAL l4 52.66300000 0.0334
R-SQUARE CaVe STD DEV TREND MEAN

0.432428 184.1226 1.57819341 -0.85714286

SOURCE Py TYPE I SS f VALUE PR > F

Xao 1 10.28571429 4.13 0.0649

SROUP 1 12.48595238 5.01 0.0449

T FOR HO: PR > |T| STD ERROR OF

PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
CONTRAST 1.90833333 2.24 0.0449 0.85232186
DEPENDENT VARIABLE: Vi

SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE
MODEL 2 12.79125000 6439562500 4.08
ERROR 12 18.79875000 1.56656250 PR > F
UNCORRECTED TOTAL 14 31.59000000 0.0444
R-SQUARE C.Ve. STD DEV Yl MEAN

0.404915 216.3301 1.25162395 -0.57857143

SOURCE DF TYPE I SS F VALUE PR > F
- X0 1 4.68642857 2.99 0.1093

GROUP 1 8.10482143 5.17 0.0421

T FOR HO: PR > |T] STD ERROR OF

PARAMETER ESTIMATE PARAMETER=0 ESTIMATE
CONTRAST 1.53750000 2.27 0.0421 0.67595419
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CLASS
TRT
PERIQD
SUBJECT

GROUP

GENERAL LINEAR MODELS PROCEDURE

CLASS LEVEL INFORMATION

LEVELS
2
2
14

2

VALUES
A B

12

1234567891011 12 13 14

Al_B2 Bl1_A2

NUMBER OF OBSERVATIONS IN DATA SET = 28

DEPENDENT VARIABLE: Y

SOURCE DF SUM OF SQUARES MEAN SQUARE
MODEL 16 28.03583333 1.75223958
ERROR 12 14.94416667 1.24534722
UNCORRECTED TOTAL 28 42.98000000

R—SQUARE C.V. STD DEvV Y MEAN
0.6523G0 2231.9025 1.11595126 -0.05000000
SOURCE DF TYPE I SS F VALUE PR > F
X0 1 0.07000000 0.06 816
GROUP 1 4.57333333 3.67 0.Dp94
SUBJECTIGROUP) 12 12.00666667 0.80 b4
PERIOD 1 7.82285714 6.28 0.0276
TRT 1 3.56297619 2.86 0.1165
SOURCE DF TYPE II SS F VALUE PR > F
X0 0 0.00000000 - .
GROUP 1 4.57333333 3.67 g:%%::
SUBJECT( GROUP) 12 12.00666667 0.80 g
PERIOD 1 6.24297619 5.01 0.0449
TRT 1 3.56297619 2.86 0.1165
SOURCE DF TYPE III SS F VALUE PR > F
X0 0 0.00000000 - -
GROUP 1 4.57333333 3.67 g:g%i:
SUBJECT(GROUP) 12 12.00666667 0.80 <6
PERIOD 1 6.24297619 5.01 0.0449
TRT 1 3.56297619 2.86 0.1165

F VALUE
l.41
PR > F

0.2780

The Type I SS test equality of weighted means for the

The Type III SS give the appropriate tests of unweighted means for the
TRT end PERIOD effects.

-86-

PERIOD effect.

This is probably not of interest.

(see (), (B) and ESTIMATE on next page.)



®
SOURCE OF
GROUP (Residual) 1
PARAMETER ESTIMATE
TRT 0.72083333
PERIOD -0.95416667
GROUP
Al_B2
B1_A2
SUBJECT
1
2
3
4
5
6
1
8
9 .
10
11
12
13
14
PER IO
1
2
TRT
A
B

GROUP

Al_B82
Al_82
Al_B2
Al_B2
Al_B2
Al_B2
Bl_A2
B1_A2
BL_A2
B1_A2
B1_A2
B1_A2
B1_A2
B1_A2

D

TYPE I SS F VALUE
4.57333333 4.57
T FOR HO: PR > IT{
PARAMETER=0
1.69 0.1165
-2.24 0.0449
MEANS
N Y

12 0.41666667
16 -0.40000000

Z

Y

0.60000000
-0.35000000
-0.30000000

0.85000000

0.35000000

1.35000000

1.10000000
-0.65000000

0.30000000
-0.55000000
-0.70000000
-0.60000000
-1.10000000
-1.00000000

NNNMNNNNNNNNNNN

N Y
14 -0.57857143
l4 0.47857143

N Y

14 0.37857143
14 -0.47857143

TESTS OF HYPOTHESES USING THE TYPE 1 NS FOR SUBJECT(GROUP) AS AN ERROR TERM
PR > F

0.0538

STD ERROR OF
ESTIMATE

0.42616093
0.42616093

)

Compare with parts and (0.
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DATA COW;

INPUT SQUARE COW PERIOD TRT & YIELD RA RB KC RES;

CARDS;

PROC PKINT;
VAR SQUARE COW PERIOD TRT RA RB RC RES YIELOD;

MILK YTIELD DATA - Analysis of a 3 Period - 3 Treatment Cross-over Design

Balanced for Residual Effects.

(p. 134ff in Cochran and Cox, 1957)

TITLE A CROSSOVER DESIGN WHEN THERE ARE POSSIBLE RESIDUAL EFFECTS;

PROC GLM;
CLASSES SWQUARE COW PERIUD TRT;

MODEL YIELD = COW PERIOD(SQUARE) RA RB RC TRT / SSl;

MEANS TRT / DEPONLY;
LSMEANS TRT / STDERR;

PROC GLM;
CLASSES SQUARE COW PERIOD TRT;

MODEL YIELD = COw PERIOD(SWUARE) TRT RA RB RC
ESTIMATE *TRT A VS AVG(B+C)*' TRT 1 -0.5 -0.5;

ESTIMATE *TRT B VS TRT C®* TRT 0 1 -13
LSMEANS TRT / STDERK;

MEANS TRT / DEPONLY;

OUTPUT OUT=NEW PREDICTED=P RESIDUAL=R;

PROC PLOT;
PLOT R*P=*#' / VREF=0;

A check on the residuals reveals no obvious violations
of the assumed model.

SQUARE, COW, PERIOD, TRT and RES are CLASS variables.

RA, RB and RC are 0,1 indicator variables which indi-
cate the residual effects of each of the three treat-

ments. YIELD is the response variable, coded milk
yield.

/ SS1;
(:) CLASS, indicator and response variables

o8s SQUARE COwW PERIOD TRT RA RB RC RES YIELD
1 1 1 1 A 0 9 0 o 38
2 1 1 2 B 1 0 0 1 25
3 1 1 3 C 0 1 0 2 15
4 1 2 1 B 0 0 0 0 109
5 1 2 2 C 0 1 0 2 86
6 1 2 3 A 0 0 1 3 39
7 1 3 1 c 0 0 0 0 124
8 1 2 2 A 0 0 1 3 72
9 1 3 3 B 1 0 0 1 rag
10 2 4 1 A 0 0 0 0 86
11 2 4 2 C 1 0 0 1 76
12 2 4 3 8 0 0 1 3 46
13 2 5 1 8 0 0 0 0 15
14 2 5 2 A 0 1 0 2 35
15 2 5 3 C 1 0 0 1 34
16 2 6 1 C 0 0 0 0 101
17 2 6 2 8 0 0 1 3 63
18 2 6 3 A 0 1 0 2 1



@D The model fitting residual effects before treatment effects.

A CROSSOVER OESIGN WHEN THERE ARE POSSIBLE RESIDUAL EFFECTS

GENERAL LINEAR MODELS PROCEDURE

CLASS LEVEL INFORMATION

CLASS
SQUARE
Caw
PERIOD

TRY

DEPENDENT VARIABLE: YIELD

SOURCE DF
MODEL 13
ERROR 4
CORRECTED TOTAL 17
R-SQUARE C.V.
0.990215 12.0761
SOURCE OF
Cow 5
PERIOD(SQUARE) 4
RA 1
RB 1
RC 0
TRT 2

The SS due to residual effects unadjusted for treatments is found as:

SS Residual effects (unadj.)

NUMBER OF OBSERVATIONS IN

LEVELS VALUES
2 12
6 1 23456
3 1 23
3 A8 C

SUM OF SQUARES

DATA SET = 138

TRT

MEAN SQUARE

20163.19444444 1551.01495726
199.25000000 49.81250000
20362.44444444
STO DEV YIELD MEAN
7.05779711 5844444444
TYPE I SS F VALUE PR > F
5781.11111111 23.21 0.0047
11489.11111111 5T.66 0.0009
11.75555556 0.24 0.6525
26.66666667 0.54 0.5049
0.00000000 . .
2354.55000000 28.65 0.0043

RA +RB + RC
11.7556 +26.6667 +0
38.4223 with 2 daf.
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A = Roughage diet
B = Limited grain diet
C = Full grain diet

£ VALUE
31.14
PR > F

0.0023



(@) The model-fitting treatments before residual effects.

A CROSSOVER DESIGN wWHEN THERE ARE POSSIBLE RESIDUAL EFFECTS

GENERAL LINEAR MODELS PROCEDURE

DEPENDENT VARIABLE: YIELD
SOURCE DF SUM GF SQUARES MEAN SQUARE
MODEL 12 20163.19444444 1551.014957206
ERROR 4 193.25000000 49.81250000
CORRECTED TOTAL 17 20362.44444444
R-SQUARE C.v. STD DEV YIELD MEAN
0.990215 12.0761 7.05776711 58.44444444
SOURCE DF TYPE I SS F VALUE PR > F
COow 5 578l.11111111 23.21 0.0047
PERIOD(SQUARE) 4 11489.11111111 57.66 0.0009
TRT 2 2276. 77777778 22.85 0.0065
RA 1 258.67361111 5.19 0.0849
RB 1 357.52083333 7.18 0.0553
RC 0 0.00000000 . .

T FOR HO: PR > T}
PARAMETER ESTIMATE PARAMETER=0
TRT A VS AVG(B+C) -23.93750000 -6.07 0.0037
TRT B VS TRT C -20.62500000 ~-4.53 0.0106

Combining the results of and C) gives the ANOVA table found on

Source af 88
Cows 5 5781.1111
Periods w/i squares L 11489.1111
Treatments (unadj.) 2 2276.7778
Residual (adj.) 2 616.1944
Residual (unadj.) 2 38.4%223
Treatments (adj.) 2 2854.5500
Error b 199.2500
Corrected Total 17 20362. kLl

MS

1138.3889
308.0972
19.1115
1427.2750
49.8125
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F VALUE
3l.14
PR > F

0.0023

SS Residual effects (adj.)

STD ERROR OF
ESTIMATE

3.94542853
4.5557884%4

page 135 of Cochran and Cox:

RA + RB +RC
258.6736 +357.5208 + 0
616.1944 with 2 daf.

These are contrasts among the unadjusted treatment means.



A CROSSOVER DESIGN WHEN THERE ARE POSSIBLE RESIDUAL EFFECTS
GENERAL LINEAR MODELS PROCEDURE

MEANS = The unadjusted treatment means

TRT N YIELD
A 6 45.1666667
B 6 57.5000000
C 6 712.6666667

A CROSSOVER DESIGN WHEN THERE ARE POSSIBLE RESIDUAL EFFECTS
GENERAL LINEAR MODELS PROCEDURE

LEAST SQUARES MEANS = The treatment means adjusted for residual effects

TRT YIELD STD ERR PROB > ITI
LSMEAN LSMEAN HO:LSMEAN=0
A 42.4861111 3.1121960 0.0002
B 56.1111111 3.1121960 0.0001
C 76.7361111 3.1121960 0.0001

Notice that the adjustments are intuitively pleasing.
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