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PROC MIXED <O O 0O0O0O>;
CLASS 00O OoOs;
MODEL ODODO =00000 < 00000>;
RANDOM OO O0ODODOO </ O00O0DO0O3>;
REPEATED OO DO OO </ O00ODOO0O>;

RUN;
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data heights;
input family gender $ height @@;
cards;
1F67 1F66 1F64 1M71 1MT72
2F63 2F63 2F67 2M69 2M68 2M70
3F63 3 M64
4 F67 4F66 4M67 4M67 4M69

22 0O0O0O0O0OO0O
gddooboodouoooouooooouoouoooa
y=Xp+e

gbbooboabod

PROCGLM O00OOOOOOODOO

proc glm data=heights;
class gender family;
model height = gender family;

run;
Source DF Type 111 SS Mean Square F Value Pr > F
GENDER 1 57.4568182 57.4568182 19.07 0.0008
FAMILY 3 33.9345960 11.3115320 3.75 0.0385
PROCMIXED OOOODOOOOOOODOOOOO
proc mixed data=heights;
class gender family;
model height = gender family;
run;
Tests of Fixed Effects
Source NDF  DDF Type 111 F Pr > F
GENDER 1 13 19.07 0.0008
FAMILY 3 13 3.75 0.0385
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110 1 000
110 1 0 00
110 10 00
1 01 1 000
1 01 1 0 00
110 0100
110 0100
110 0100
X 1 01 ’ 7 _ 0100
1 01 0100
1 01 0100
110 0010
1 01 0010
110 0 001
110 0 001
1 01 0 001
1 01 0 001
1 01 0 001

A000000000000000000000
b=(n A B )

DOOO0O00000DDDDDDoooO
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var(Y) = 05 + 0?2
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PROC MIXED OOOMODEL ODO00O0OO0OO0O0OO0OO0OOOOO0OODOOOOOOODOOOO
RANDOM OO OOO0OOOOCCOOO

proc mixed data=heights;
class gender family;
model height = gender;
random family;

run;

REMLOOOOUOOOOOOODODOOOOOOOODOOOOOooOonDg

Covariance Parameter Estimates (REML)

Cov Parm Ratio Estimate Std Error Z Pr > |Z]
FAMILY 0.81863290 2.53458987 3.12568569 0.81 0.4174
Residual 1.00000000 3.09612512 1.25232525 2.47 0.0134

“Estimate” OO 0000000000 0O0OOODOOODODOOOOOOOODODDOOOOOO
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55 = 2.53458987

52 = 3.09612512
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G =321, = 2.5341, =
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3.096 0

. 3.096
R = 52115 = 3.096115 =

0 3.096
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V=2GZ' +R=

5.63 253 2.53 2.53 2.53
2,53 5.63 253 253 253
2,53 2,53 5.63 253 253
2,53 2,53 2,53 563 253
2,53 2,583 2,53 253 5.63
5.63 2.583 2,53 253 253 2.3
253 5.63 253 253 253 2.3
253 253 563 253 253 253
253 253 253 5.63 253 2.3
253 253 253 253 563 2.3
253 253 253 253 253 5.63
5.63 2.53
2.53 5.63
5.63 253 253 2.53 2.3
253 5.63 2.53 2.53 2.53
253 253 5.63 2.53 2.53
253 253 253 5.63 2.3
253 253 253 253 5.63
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var(Y) = 62+6?2
5.63 = 2.53+3.10
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Tests of Fixed Effects

Source NDF DDF Type 111 F Pr > F
GENDER 1 13 18.29 0.0009
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oood |bob |obo0  1h 2h  3h
1 119 113 106 116

A 2 120 115 110 112

3 123 126 116 115

4 121 118 123 124

) 125 118 107 105

B 6 133 120 114 107

7 125 110 107 103

8 126 118 115 110

ugb 200000000000

000000 (Between-Subject effects):0 000 0000000000000 000O000000O
2000000 (DRUG)O

000000 (Within-Subject effects):0 00 0 0000000000000 OOOOOOOOO
400000 (TIME)O

100000000 (forUN)ODDODODOOOOOO (forMUL)DO 2000000000000
goo

data forUNI(keep=drug subj time bp)
forMUL(keep=drug subj t1-t4);
array bpt{*} tl-t4;
input drug $ subj @;
do time=1 to 4;
input bp @;
bpt{time} = bp;
output forUNI;
end;
output forMUL;
cards;
1119 113 106 116
120 115 110 112
123 126 116 115
121 118 123 124
125 118 107 105
133 120 114 107
125 110 107 103
126 118 115 110
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100000000000000 (forUNI)

0BS

O©oo~NOO O WNPE

DRUG

U000 0 0 0 0 0 0 0 0 D00 W>>2>2>2>X2>X>>r>>>>> > > >

SUBJ

VOO NNNNODOODOOODUITOOO AR, WWWWNNNNRERPRPPRE

TIME

P WONPRARONERAAONPEPRARONPEPPRRONPEPERRONEPERRONERRWONEPRE

BP

119
113
106
116
120
115
110
112
123
126
116
115
121
118
123
124
125
118
107
105
133
120
114
107
125
110
107
103
126
118
115
110

O00000O0O0000O00O0o0O0 (forMUL)
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T1

119
120
123
121
125
133
125
126

T2

113
115
126
118
118
120
110
118

T3

106
110
116
123
107
114
107
115

T4

116
112
115
124
105
107
103
110

DRUG

oW w>> >

SUBJ

O~NO O WN B
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/* Univariate ANOVA Using a Split-Plot Model */
proc glm data=forUNI;
class drug subj time;
model bp = drug subj(drug) time time*drug;
test h=drug e=subj(drug);
run;

Source DF Type I SS Mean Square F Value Pr > F
DRUG 1 36.125000 36.125000 3.07 0.0966
SUBJ(DRUG) 6 325.875000 54.312500 4.62 0.0052
TIME 3 797 .000000 265.666667 22.60 0.0001
DRUG*TIME 3 291.375000 97.125000 8.26 0.0011
Source DF Type 111 SS Mean Square F Value Pr > F
DRUG 1 36.125000 36.125000 3.07 0.0966
SUBJ(DRUG) 6 325.875000 54312500 4.62 0.0052
TIME 3 797.000000 265.666667 22.60 0.0001
DRUG*TIME 3 291.375000 97.125000 8.26 0.0011
Tests of Hypotheses using the Type 111 MS for SUBJ(DRUG) as an error term

Source DF Type Il SS Mean Square F Value Pr > F
DRUG 1 36.1250000 36.1250000 0.67 0.4459

00000 10000000000000000000000000000000 TIME 0O TIME*DRUG
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3.3 REPEATED DOO0OU0OOODOODOOOOOOOODO

PROC GLM OOOREPEATED OO 0O0OO0OCOO0O00000O0OODOOOCOOOOOOOOOOOO
gboooooooooooooooobooboboboobobooboobooooooobo 1000000
obdotb4000000000000400000000D000DOO0ODOOODOOODOOOOOOO40
gboooobobooooooboooobooobobooooboboboobDoboooooDoobo

REPEATED OO O O0O0OOOOODO PROCGLM OOOOODOOOOODOOOOO

/* Multivariate Repeated Measures Analysis */
proc glm data=forMUL;

class drug;

model tl-t4 = drug / nouni;
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repeated time / printe;
run;
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- 000000000000 UDOOOODOOOOOOOO (forMUL)OOOOO
MODELOO0OOOOO0ODOOOOODOOOOODOODOOOO

oo0oOoO00ooOoO00ooOoO0OoDOoO00oDOOoO0O0oOoMODEL OOOODOOOO NOUNIOOOO
googood

REPEATED 00000000000 0OOOOOOOOOOOOODOOOOOD (Tr-T49)000OO
gbooooboooobooboo

oopooo Ti-Tvooobo0oobo0oboo0obobo0o 100boogooboooboooooooobooDo
0000000 0PRINTEODOOODODOODOO

PROCGLM OOO0ODOOOOODOOOOODOOOOODODOOODOOO

- J0OU00oboobobOobOoboboloooobobooobooboboboooobobobo
obooooooboooon

- J000CODODOOODO (TIME)DOODOOOOOODOOOOO
- J0000O0O0OOODOOOODODOOOODOOOODOODOOODOODOOn

PRINTEOOOUOOOOOOODOO4000000000000000 (Sphericity) 0000000
gooooo

General Linear Models Procedure
Repeated Measures Analysis of Variance

Partial Correlation Coefficients from the Error SS&CP Matrix / Prob > |r]
DF = 6 T1 T2 T3 T4

T1 1.000000 0.638306 0.496055 0.166382
0.0001 0.1229 0.2575 0.7214

T2 0.638306 1.000000 0.560376 0.244757
0.1229 0.0001 0.1907 0.5968

T3 0.496055 0.560376 1.000000 0.798081
0.2575 0.1907 0.0001 0.0315

T4 0.166382 0.244757 0.798081 1.000000
0.7214 0.5968 0.0315 0.0001

0000000000000 00000000000000000U0TIMEOOOOO TIME*DRUG
oooooooooD100o0o0000rOOO0O0O0DOOOOOOOOOOOD

Test for Sphericity: Mauchly’s Criterion = 0.302765
Chisquare Approximation = 5.6421038 with 5 df Prob > Chisquare = 0.3426

000 (Sphericity) 00 000000000000 UO0OOOOOO HOOOOOOHuynh-Feldt O0O0O
goooobobbooooooooboboooooooobooooooooooobobooooooobooooooooon
00000000000000000000000000010000000000 TIME O TIME*DRUG
gbooobooooboboooooboooobobobooooboooboobobooo
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e Pillai0OOOO
e Hotelling-Lawley 0O 0O 0O O
e RoyOOQOO
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Manova Test Criteria and Exact F Statistics for
the Hypothesis of no TIME Effect
H = Type 11l SS&CP Matrix for TIME E = Error SS&CP Matrix

S=1 M=0.5 N=1

Statistic Value F Num DF Den DF Pr > F
Wilks” Lambda 0.07735391 15.9035 3 4 0.0109
Pillai’s Trace 0.92264609 15.9035 3 4 0.0109
Hotelling-Lawley Trace 11.92759538 15.9035 3 4 0.0109
Roy’s Greatest Root 11.92759538 15.9035 3 4 0.0109

TIME*DRUG U0OO0O0O00000O00D0O0O0O0OO0OOD0OOO0OO

Manova Test Criteria and Exact F Statistics for
the Hypothesis of no TIME*DRUG Effect
H = Type 111 SS&CP Matrix for TIME*DRUG E = Error SS&CP Matrix

S=1 M=0.5 N=1

Statistic Value F Num DF Den DF Pr > F
Wilks” Lambda 0.13341306 8.6607 3 4 0.0318
Pillai’s Trace 0.86658694 8.6607 3 4 0.0318
Hotelling-Lawley Trace 6.49551834 8.6607 3 4 0.0318
Roy’s Greatest Root 6.49551834 8.6607 3 4 0.0318

gobogoboboboobooboobaoon

e Huynh-Feldt 00 OOO00D00OO0O

- JO00O0O0ODOODOOOODODOODODOOOOO

- JO0000O0OO0OODOODOOOOODOObOOOOO

- 40000000 p0000DODOOODODOOOWIksDOOOODOOOODOOOODO

e Huynh-Feldt 000000 OC0O0O0O00O0ODOOOOOO0O0OOODOOOO1O0DO0O0O000O000O0ODO
goo
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REPEATED 00 0000000000000 0000000OOD 10000000000gogoogd
00000000 bRUGODOOOOODOOOOOOOOOOO

General Linear Models Procedure
Repeated Measures Analysis of Variance
Tests of Hypotheses for Between Subjects Effects

Source DF Type 111 SS Mean Square F Value Pr > F
DRUG 1 36.1250 36.1250 0.67 0.4459
Error 6 325.8750 54.3125

TESTOODODOODOOOOOODOOOOOOOOO00O00DOOO0DOOODOOOO00OOOODOO
obooobooooooano

oooooooooooooboooOo0o00 100000 gI-FOODOOOOOODOOOOOOOPO
goboboobooooboooobobooooooobpObbOOoOoOobOOObOO0OOoO0l1IbbO0ooobobOOoOoon
000000000001 00 FOOOUOOODOOODO0OO0DOD0O0OO0OO0OOTIME O TIME*DRUG O0OOOO
100 FOOOOOoDOOOooOOOoOoooOOoobobOOooobObOOoOoobOOo FOOODODOODOODO FOOOD
O00FO0O00O0O0OO0O0O0O00D0O00000000000 200000100 Greenhouse-Geisser(G-G)
000000000 100 Huynh-Feldt(H-F) OOOOOOO

PROC GLM O REPEATED 000000000000 O0OCOOOOO0O0OOCOO0OO0O0CO TIME
O TIME*'DRUG 0000000000000 0U0O0O0O0DOO 100 FOOOUOOOOOO

General Linear Models Procedure
Repeated Measures Analysis of Variance
Univariate Tests of Hypotheses for Within Subject Effects

Source: TIME
Adj Pr >F
DF Type 111 SS Mean Square F Value Pr > F G -G H-F
3 797.00000000 265.66666667 22.60 0.0001 0.0001 0.0001

Source: TIME*DRUG
Adj Pr >F
DF Type 111 SS Mean Square F Value Pr > F G -G H-F
3 291.37500000 97.12500000 8.26 0.0011 0.0037 0.0011

Source: Error(TIME)

DF Type 111 SS Mean Square
18 211.62500000 11.75694444

0.7496
1.4209

Greenhouse-Geisser Epsilon
Huynh-Feldt Epsilon

Oo0oooboO0 H-FODOO0OO0O0O0 e0100000000DOO000O0HB-FOOODODODOOOOD
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PROCMIXED OOO0OOOOO0OOOOOODODOOOODOOOODO

- JO00O0OO0O0OOODODOOOD
- J0000O0O0O0ODOOOOODOODOOODOOOOOOODOOOODOODO

ugbogogogbooaboo

PROCMIXED ODO00ODOOOOODOOOODOOOOOO

- JO0000O0O010000000DODOOODOO
- JODDOOOOOODOOCOOOOO0OOOOOOOODDOO MODELOODOOOOOOOOODOD
- 00000000000 REPEATED 0O0O0O0O0OO0OO0O0O0OO

O00000000000000000 (Compound Symmetry) 0000000000000

/* PROC MIXED */
proc mixed data=forUNI;
class drug subj time;
model bp = drug time drug*time;
repeated time / type=cs subject=subj R;
run;

REPEATED OO00OO0OCOOO0OO00O0OO0OOOOOOCOCOOOPROC GLM O REPEATED OO0
00000000000 000ooooOO0OD0O0O0000000oO0ODO00000OOOO0O0OCLASS O
gbooobooooboobooooobobooogoon

goboboooboooobooooboooooobooooboooooboooooobbooooooboobOooD 10
oboo0oz20000000000000000O00O000O000O0O

gooooo
ooo |ooo 1h  2h 3h
1 119 113 . 116
2 120 . 110 112

lgboboooboobooooobooooboboooooboooooboooboooonoag

0BS SUBJ TIME BP

1 1 1 119
2 1 2 113
3 1 4 116
4 2 1 120
5 2 3 110
6 2 4 112

gooobOoboooooobobooooboob0o110100000b0b00o0ob0 202000000
oooooooooooboooooo0oooo TIMEOODOODOOODODOOO0O0O0ODOD0O00o0o0oDo0o0
O00000000000000000O0OD000000000 REPEATEDODOODDOOOOOOOO
gbooobooooboobooooobooooobooo

OO0O0O0O0OOOREPEATED 0000000000000 OOOOOOOOOO

- JOobOobbOOobOoOoboan

- JO00O0O0OO0DOOOODOOODOOOOOOODOOOODOOODOOODOOObOOOOOOODbOOOn
oo

- J0000O0O0CODOOOLOOODOODOOOOODLOOOOOOODOOOOODOOn
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REPEATED 000000000 OOOOOUDOOOOOOO e0000O0Owar(e)=ROO0OO0OO
O0OO0TYPE=CSUUOUOOOUOOOOD0OODODOOOUODODOOOUOOOUOOOOUoOUg (Compound
Symmetry) 0000000

(0% +0f) o o o

R, — Ug (02 —|—2crf) 20% , U;
O'% 0'% (o —|—201) 201 ,
o1 o1 o1 (0 +07)

ROODOOOOOODOOOODOOOOOOODOOOOODO0DOO0ODO RyOODODOODOO
Oo0O0OSUBJ=000000000O0O0COOO0OOO0O0OOOOOODOOOOO0OOOOOODODOOO0
0OROO4&4 000000000 OO0ODODOSODOOOOODOODOODDOOOODOOO

R4 0
R2

0 Rsg

3.7 PROCMIXED OOOOODOOOOO
PROCMIXED 0000000000000 O0O0O0O0O0O0O0O0O0OCCOOCOCCOOO

R Matrix for SUBJ 1

Row coL1 coL2 CoL3 coL4
1 22.39583333 10.63888889 10.63888889  10.63888889
2 10.63888889 22.39583333 10.63888889  10.63888889
3 10.63888889 10.63888889 22.39583333  10.63888889
4 10.63888889 10.63888889 10.63888889  22.39583333

rROOOOOOOOODOODOOOOOOOOOODOOOODOODOOODOOD ROOODODODOO

Covariance Parameter Estimates (REML)

Cov Parm Ratio Estimate Std Error Z Pr > |Z]
TIME CS 0.90490254  10.63888889 7.90032028 1.35 0.1781
Residual 1.00000000  11.75694444 3.91898148 3.00 0.0027

ooboobooooboooobobooobooboon

2 = 10.63888889
2 = 11.75694444

00000000 R 0000000
62 + 5% = 10.639 + 11.757 = 22.396

goooogoon
O0Oo0ooDoO0o00obo0O waldOOODODOOOODOD0OOooooooooooog
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Model Fitting Information for BP
Description Value
Observations 32.0000
Variance Estimate 11.7569
Standard Deviation Estimate 3.4288
REML Log Likelihood -73.7640
Akaike’s Information Criterion -75.7640
Schwarz’s Bayesian Criterion -76.9420
-2 REML Log Likelihood 147.5279
Null Model LRT Chi-Square 6.2845
Null Model LRT DF 1.0000
Null Model LRT P-Value 0.0122

00000000000000000000000AICO000000000000000000000
000000000000000000000000000000002000000000000000
000000000000000000000Huynh-Feldt 0000000000000 (TYPE=UN)
0 HF OO (TYPE=HF) 00000 PROCMIXED 0000000000 20000000000

000300000000000000000 PROCGLMOOOO0000O0O00O00 R=62100
000000000000000000000000000 (#2)00000000000000000
000000 (p=0.0122)0

Tests of Fixed Effects

Source NDF DDF Type 111 F Pr > F
DRUG 1 6 0.67 0.4459
TIME 3 18 22.60 0.0001
DRUG*TIME 3 18 8.26 0.0011

ooboooobobOoboboobooooobOoooobobobobooooooooOobOobOobooon
gooooooooOoOPROCGLM OOOOOOOOOOOOOOOOOOOO

3.8 0000000

OooooooDoo0oD0 TIMEDOOOOOOODOODOOOOOOOoOooOOoOooOoOooooooooDo
goboodboboobboobooobooobboobbooobboobobooboobboooboo
0000000000000 0000000000 100000000 (AR1))D0OO0OOOOOO PROC
MIXED ODO0O0OO0ODO

/* Growth Curve Model */
proc mixed data=forUNI;
class drug subj;
model bp = drug time drug*time;
repeated / type=ar(1l) subject=subj R;
run;

0000000 (TIME)O CLASSOUOO0O0O0OO0OO0O0OO0OO0OOOOOOOU0OUOOooooooooooo
OCOOO0OOREPEATED 000000000 OOOOOOOOOOOOODODODODOO
oobooboooooooooooo
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Row

~ WN B

coL1

23.03467816
11.73405952
5.97742898
3.04495279

R Matrix for SUBJ 1

coL2

11.73405952
23.03467816
11.73405952

5.97742898

CoL3

5.97742898
11.73405952
23.03467816
11.73405952

coL4

3.04495279
5.97742898
11.73405952
23.03467816

ROOOOOOOOOOOUOOOOOOOOOOOOOOOOOOCOODOODO ARIODODODOOOO
gbooobooooboobooooboboooobooboooooboobooonooDbn

gboobgoboboobooboobuoobooobobo

Covariance Parameter Estimates (REML)

Cov Parm Ratio Estimate Std Error Z Pr > |Z]
DIAG AR(1) 0.02211485 0.50940844 0.15985723 3.19 0.0014
Residual 1.00000000 23.03467816 7.60652246 3.03 0.0025

AR(1) 000000 UDOOOODDOUOOOOOUD

Ut = put—1 + €t

oooo

02 po? p2o?  pio2

R_ po? o2 po? plo?

= p202  po? 02 po?

psgz pzoz paz o2

oooooooa

p = 0.50940844
52 = 23.03457816

gboooogoon

gobobooooboooooboobooog

Tests of Fixed Effects

Source NDF DDF Type 11l F Pr > F
DRUG 1 6 7.04 0.0379
TIME 1 22 31.79 0.0001
TIME*DRUG 1 22 13.86 0.0012

0000000000000 0000000000000000U00D000UO0O00AR()DODOOOO
gbooboboooboobobooobobo p=0.00120000000000

oooooooomoooooboooooooooooooboboooooooooDoooboOoIDDbOoo
OO000D0D0O000 “htype=1” 0000000 O0OODOOOOODOO
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Oo00o0o00oooo0ooooooooOo0ooooooo0ooDooooDo0ooDoOoooDoDOoooo
00o00dooo0o0o0odoooooooooooooooooooooooO0oooooooDooooO
O0o0ooooooooooooooooooooo

0 0 00 Raman C. Littell, George A. Milliken, Walter W. Stroup, and Russell D. Wolfinger 0 0 0 O
00000oDoo00o0ooo00ooooo0ooooooo0oooooo0oooDooooooooo

Discover the latest capabilities available for mixed-model applications featuring the MIXED procedure
in SAS/STAT software. This book is a comprehensive, practical guide to the use of mixed models for
data analysis. It attempts to integrate the theory underlying the models, the specific forms of the models,
for various appropriate SAS code with interpretation of results.

Experienced users and statisticains new to mixed models will find discussions of specific applications,
including simple random effects-only models, simple mixed models with a single fixed and random effect,
split-plot models, multilocation models, repeated measures, analysis of covariance, random coefficients,
and spatial correlation. The book also includes extension to generalized linear mixed models. In addition
to the MIXED procedure, the GLIMMIX and NLINMIX macros are discussed as well as some analysis
using the GLM, GENMOD, or NLIN procedures for comparison.
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