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PTA_05 = PTA50_80 + PTA81_150 + PTA151.

PTA_08 = PTA81_150 + PTA151.
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(𝑌𝑖𝑗 , 𝑋1𝑖𝑗, … , 𝑋𝑘𝑖𝑗 , … , 𝑋𝑝𝑖𝑗), 𝑖 = 1,… , 𝑛 ;   𝑗 = 1,… , 𝑡;   𝑘 = 1…𝑝

𝑋𝑘𝑖𝑗 𝑋𝑘

 



𝑌𝑖𝑗 = 𝜇 + 𝑏𝑖 + 𝜏𝑗 + 𝜀𝑖𝑗        𝑖 = 1, 2,… , 𝑛,    𝑗 = 1, 2, …, 

 

𝑌𝑖𝑗  

𝜇 

𝜏𝑗  

𝑏𝑖  

𝜀𝑖𝑗  

𝜇 + 𝑏𝑖

𝑏𝑖

𝑏𝑖

𝜀𝑖𝑗

𝑏𝑖

𝐸(𝑏𝑖) = 𝐸(𝜀𝑖𝑗) = 0

𝑉𝑎𝑟(𝑏𝑖) = 𝜎𝑏
2

𝑉𝑎𝑟(𝜀𝑖𝑗) = 𝜎𝑒
2

𝜀𝑖𝑗  𝑒𝑡 𝑏𝑖 𝑠𝑜𝑛𝑡 𝑖𝑛𝑑é𝑝𝑒𝑛𝑑𝑎𝑛𝑡𝑠 𝑒𝑡 𝑑𝑒 𝑙𝑜𝑖 𝑛𝑜𝑟𝑚𝑎𝑙𝑒

𝐸[𝑌𝑖𝑗] =  𝜇 + 𝜏𝑗



𝐸[𝑌𝑖𝑗|𝑏𝑖] =  𝜇 + 𝜏𝑗 + 𝑏𝑖

≠

𝑏𝑖 𝜎𝑏
2

𝜀𝑖𝑗

𝑏𝑖 𝜎𝑒
2

𝑏𝑖 𝜀𝑖𝑗

𝜎𝑏
2 𝜎𝑒

2

𝜎𝑏
2/(𝜎𝑏

2 + 𝜎𝑒
2).  

𝑌𝑖 = (𝑌𝑖1, … , 𝑌𝑖𝑡)
′   

[
 
 
 
 
 
𝜎𝑏

2 + 𝜎𝑒
2 𝜎𝑏

2 𝜎𝑏
2 … 𝜎𝑏

2

𝜎𝑏
2 𝜎𝑏

2 + 𝜎𝑒
2 𝜎𝑏

2 … 𝜎𝑏
2

𝜎𝑏
2 𝜎𝑏

2 𝜎𝑏
2 + 𝜎𝑒

2 … 𝜎𝑏
2

⋮ ⋮ ⋮ ⋱ ⋮
𝜎𝑏

2 𝜎𝑏
2 𝜎𝑏

2 ⋯ 𝜎𝑏
2 + 𝜎𝑒

2]
 
 
 
 
 



 

𝑌𝑖𝑗 = 𝜇 + 𝛽𝑖 + 𝜏𝑗 + 𝜀𝑖𝑗  , 𝑖 = 1,2,… , 𝑛   𝑗 = 1,2,…,

 

𝑌𝑖𝑗  

𝜇 

𝜏𝑗  

𝛽𝑖  

𝜀𝑖𝑗  



𝐸(𝜀𝑖𝑗) = 0

𝑉𝑎𝑟(𝜀𝑖𝑗) = 𝜎𝑒
2 et 𝐶𝑜𝑣(𝜀𝑖𝑗 , 𝜀𝑖𝑗′) = 𝜎𝑗𝑗′

𝐸[𝑌𝑖𝑗] =  𝜇 + 𝛽𝑖 + 𝜏𝑗

≠

𝜀𝑖𝑗

 𝑌𝑖 = (𝑌𝑖1,… , 𝑌𝑖𝑡)
′

Σ =

[
 
 
 
 
 
 
 
 
 𝜎1

2
𝜎1

2 + 𝜎2
2

2 − 𝜆

𝜎1
2 + 𝜎3

2

2 − 𝜆
⋯

𝜎1
2 + 𝜎𝑛

2

2 − 𝜆

𝜎2
2 + 𝜎1

2

2 − 𝜆
𝜎2

2
𝜎2

2 + 𝜎3
2

2 − 𝜆
⋯

𝜎2
2 + 𝜎𝑛

2

2 − 𝜆
𝜎3

2 + 𝜎1
2

2 − 𝜆

𝜎3
2 + 𝜎2

2

2 − 𝜆
𝜎3

2 ⋯
𝜎3

2 + 𝜎𝑛
2

2 − 𝜆
⋮ ⋮ ⋮ ⋱ ⋮

𝜎𝑛
2 + 𝜎1

2

2 − 𝜆

𝜎𝑛
2 + 𝜎2

2

2 − 𝜆

𝜎𝑛
2 + 𝜎3

2

2 − 𝜆
⋯ 𝜎𝑛

2

]
 
 
 
 
 
 
 
 
 

 .





Σ = 𝜎2

[
 
 
 
 

1 𝜌 𝜌2 ⋯ 𝜌𝑡−1

𝜌 1 𝜌 ⋯ 𝜌𝑡−2

𝜌2 𝜌 1 ⋯ 𝜌𝑡−3

⋮ ⋮ ⋮ ⋱ ⋮
𝜌𝑡−1 𝜌𝑡−2 𝜌𝑡−3 ⋯ 1 ]

 
 
 
 

Σ =

[
 
 
 
 
 
𝜎1

2 𝜎12 𝜎13 … 𝜎1𝑡

𝜎12 𝜎2
2 𝜎23 … 𝜎2𝑡

𝜎13 𝜎23 𝜎3
2 … 𝜎3𝑡

⋮ ⋮ ⋮ ⋱ ⋮
𝜎1𝑡 𝜎2𝑡 𝜎3𝑡 … 𝜎𝑡

2 ]
 
 
 
 
 





 

 

𝐴𝐼𝐶 =  −2𝑙 𝑛(𝐿) + 2𝑘

𝐵𝐼𝐶 =  −2 𝑙𝑛(𝐿) + 𝑙𝑛(𝑁) 𝑘



 

 𝜀

𝜀𝑖 = (𝜀𝑖1, … , 𝜀𝑖𝑡)
′   𝑖 = 1,… , 𝑛.   

𝑌𝑖 = (𝑌𝑖1, … , 𝑌𝑖𝑡)
′   𝑖 = 1,… , 𝑛.   

𝑋𝑖 = (𝑋𝑖1, … , 𝑋𝑖𝑡)
′   𝑖 = 1,… , 𝑛.   



∑𝑖 𝜀

ri,   Yi Xi  

i 𝛽 =

(𝛽1 ,⋯,𝛽𝑝)
′
 

𝑟𝑖 = 𝑌𝑖 − 𝑋𝑖𝛽̂

𝑟𝑖𝑗 = 𝑌𝑖𝑗 − (𝜇̂ + 𝛽𝑖̂ + 𝜏𝑗̂)

Zi   

𝑑𝑖 = 𝑌𝑖 − 𝑋𝑖𝛽̂ − 𝑍𝑖𝑏𝑖̂

𝑟𝑖𝑗 = 𝑌𝑖𝑗 − (𝜇̂ + 𝑏𝑖̂ + 𝜏𝑗̂)





 



 

 

 

 

 

 

 

 

 

/*ANOVA classique*/ 

proc glm data=exemple; 

model s1 s2 s6 s10 s14 s15 s16 = /nouni; 

repeated  temps 7 /  nom ; 

run; 

quit; 

 Patient S1 S2 S6 S10 S14 S15 S16 

1 1 0,22 0,00 1,03 0,67 0,75 0,65 0,59 

2 2 0,18 0,00 0,96 0,96 0,98 1,03 0,7 

3 3 0,73 0,37 1,18 0,76 1,07 0,80 1,10 

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ 

12 12 0,73 0,5 1,08 1,26 1,17 0,91 0,87 



Sortie 4.1 : Procédure GLM - ANOVA pour mesures répétées  

 

Univariate Tests of Hypotheses for Within Subject Effects 

Source DF Type III SS Mean Square F Value Pr > F 

Adj Pr > F 

G - G H - F 

temps 6 6.16454762 1.02742460 15.24 <.0001 <.0001 <.0001 

Error(temps) 66 4.44910952 0.06741075         

   

Greenhouse-Geisser Epsilon 0.5929 

Huynh-Feldt Epsilon 0.9111 



proc glm data=exemple; 

model s6 s10 s14 = /nouni; 

repeated  temps 3 /  nom ; 

run; 

 

Sortie 4.2 : Procédure GLM - ANOVA pour mesures répétées 

(s6,s10,s14) 

 

Univariate Tests of Hypotheses for Within Subject Effects 

Source DF Type III SS Mean Square F Value Pr > F 

Adj Pr > F 

G - G H - F 

temps 2 0.09861667 0.04930833 1.19 0.3216 0.3163 0.3200 

Error(temps) 22 0.90778333 0.04126288         

   

Greenhouse-Geisser Epsilon 0.8109 

Huynh-Feldt Epsilon 0.9310 

 

proc glm data=exemple; 

model s1 s2 s15 s16 = /nouni; 

repeated  temps 4 /  nom ; 

run; 

 

 

 

 

 



Sortie 4.3 : Procédure GLM - ANOVA pour mesures répétées 

(s1,s2,s15,s16) 

Univariate Tests of Hypotheses for Within Subject Effects 

Source DF Type III SS Mean Square F Value Pr > F 

Adj Pr > F 

G - G H - F 

temps 3 0.38242292 0.12747431 1.60 0.2076 0.2224 0.2140 

Error(temps) 33 2.62615208 0.07958037         

   

Greenhouse-Geisser Epsilon 0.7044 

Huynh-Feldt Epsilon 0.8761 

/*Création des contrastes*/ 

data exemple1; 

set exemple; 

trait_pre=((S6+S10+S14)/3) - ((s1 + s2)/2); 

trait_post=((S6+S10+S14)/3) - ((s15 + s16)/2); 

post_pre= ((s15 + s16)/2) - ((s1 + s2)/2); 

run; 



Sortie 4.4 : Procédure MEANS 

Variable N Mean 

Std 

Dev Minimum Maximum 

t 

Value 

Pr > |

t| 

Lower 

95% 

CL for 

Mean 

Upper 

95% 

CL for 

Mean 

trait_pre 

trait_post 

post_pre 

12 

12 

12 

0.6016 

0.4495 

0.1520 

0.2907 

0.2826 

0.3670 

-0.0533 

0.0533 

-0.6850 

1.0100 

0.9133 

0.7750 

7.17 

5.51 

1.44 

<.0001 

0.0002 

0.1790 

0.41693 

0.27000 

-0.08111 

0.78640 

0.62915 

0.38527 



 

 Patient 

NAME OF  

FORMER 

VARIABLE 

Reaction Temps 

1 1 S1 0,22 1 

2 1 S2 0,00 2 

3 1 S6 1,03 6 

4 1 S10 0,67 10 

5 1 S14 0,75 14 

6 1 S15 0,65 15 

7 1 S16 0,59 16 

8 2 S1 0,18 1 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

/*Effet aléatoire pour les patients avec PROC MIXED*/ 

proc mixed data=ex; 

class patient temps; 

model reaction= temps /solution; 

random intercept / subject=patient; 

estimate "post_pre" temps -.5 -.5 0 0 0 .5 .5; 

estimate "trait_pre" temps -3 -3 2 2 2 0 0 / divisor = 6; 

estimate "trait_post" temps 0 0 2 2 2 -3 -3 / divisor = 6; 

run; 

 

 

 

 Sortie 4.5 : Résultats partiels de PROC MIXED avec effet 
aléatoire pour les patients   

 

Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Intercept Patient 0.03819 

Residual   0.06741 

 

 Patient 

NAME OF  

FORMER 

VARIABLE 

Reaction Temps 

9 2 S2 0,00 2 

10 2 S6 0,96 6 

⋮ ⋮ ⋮ ⋮ ⋮ 

78 12 S1 0,73 1 

79 12 S2 0,50 2 

80 12 S6 1,08 6 

81 12 S10 1,26 10 

82 12 S14 1,17 14 

83 12 S15 0,91 15 

84 12 S16 0,87 16 



 

Fit Statistics 

AIC (smaller is better) 49.9 

BIC (smaller is better) 50.8 

   

   

Solution for Fixed Effects 

Effect temps Estimate Standard Error DF t Value Pr > |t| 

Intercept   0.6425 0.09381 11 6.85 <.0001 

temps 1 -0.1283 0.1060 66 -1.21 0.2303 

temps 2 -0.06167 0.1060 66 -0.58 0.5627 

temps 6 0.5625 0.1060 66 5.31 <.0001 

temps 10 0.4367 0.1060 66 4.12 0.0001 

temps 14 0.5208 0.1060 66 4.91 <.0001 

temps 15 0.1142 0.1060 66 1.08 0.2854 

temps 16 0 . . . . 

   

Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

temps 6 66 15.24 <.0001 

   

 

Estimates 

Label Estimate Standard Error DF t Value Pr > |t| Alpha Lower Upper 

post_pre 0.1521 0.07495 66 2.03 0.0465 0.05 0.002440 0.3017 

trait_pre 0.6017 0.06842 66 8.79 <.0001 0.05 0.4651 0.7383 

trait_post 0.4496 0.06842 66 6.57 <.0001 0.05 0.3130 0.5862 

/*Effet aléatoire pour les patients avec PROC GLM*/ 

proc glm data=ex; 

class patient temps; 

model reaction= patient temps/clparm; 

random patient /test; 

estimate "post_pre" temps -.5 -.5 0 0 0 .5 .5; 

estimate "trait_pre" temps -3 -3 2 2 2 0 0 / divisor = 6; 

estimate "trait_post" temps 0 0 2 2 2 -3 -3 / divisor = 6; 

run; 

 



 

 

Sortie 4.6 : Résultats partiels de PROC GLM avec effet aléatoire 

pour les patients

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 17 9.84657143 0.57921008 8.59 <.0001 

Error 66 4.44910952 0.06741075     

Corrected Total 83 14.29568095       

   

   

Tests of Hypotheses for Mixed Model Analysis of Variance 

Source DF Type III SS Mean Square F Value Pr > F 

Patient 11 3.682024 0.334729 4.97 <.0001 

temps 6 6.164548 1.027425 15.24 <.0001 

Error: MS(Error) 66 4.449110 0.067411     

 

Parameter Estimate Standard Error t Value Pr > |t| 95% Confidence Limits 

post_pre 0.15208333 0.07495040 2.03 0.0465 0.00244003 0.30172664 

trait_pre 0.60166667 0.06842004 8.79 <.0001 0.46506165 0.73827169 

trait_post 0.44958333 0.06842004 6.57 <.0001 0.31297831 0.58618835 



t

 

/*Effet fixe pour les patients avec PROC MIXED*/ 

proc mixed data=ex; 

class patient temps; 

model reaction= patient temps /solution; 

repeated / subject=patient type=cs; 

estimate "post_pre" temps -.5 -.5 0 0 0 .5 .5; 

estimate "trait_pre" temps -3 -3 2 2 2 0 0 / divisor = 6; 

estimate "trait_post" temps 0 0 2 2 2 -3 -3 / divisor = 6; 

run; 

 

 



Sortie 4.7 : Résultats partiels de PROC MIXED avec effet fixe 

pour les patients 
Covariance Parameter Estimates 

Cov Parm Subject Estimate 

CS Patient 0 

Residual   0.06741 

   

Fit Statistics 

AIC (smaller is better) 49.6 

BIC (smaller is better) 50.6 

   

     

Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

Patient 11 0 4.97 . 

temps 6 66 15.24 <.0001 

   

Estimates 

Label Estimate Standard Error DF t Value Pr > |t| Alpha Lower Upper 

post_pre 0.1521 0.07495 66 2.03 0.0465 0.05 0.002440 0.3017 

trait_pre 0.6017 0.06842 66 8.79 <.0001 0.05 0.4651 0.7383 

trait_post 0.4496 0.06842 66 6.57 <.0001 0.05 0.3130 0.5862 

/*Effet fixe pour les patients avec PROC GLM*/ 

proc glm data=ex; 

class patient temps; 

model reaction= patient temps / clparm solution ss3; 

estimate "post_pre" temps -.5 -.5 0 0 0 .5 .5; 

estimate "trait_pre" temps -3 -3 2 2 2 0 0 / divisor = 6; 

estimate "trait_post" temps 0 0 2 2 2 -3 -3 / divisor = 6; 

run; 



Sortie 4.8 : Résultats partiels de PROC GLM avec effet fixe pour 

les patients 

Dependent Variable: reaction  

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 17 9.84657143 0.57921008 8.59 <.0001 

Error 66 4.44910952 0.06741075     

Corrected Total 83 14.29568095       

     

Source DF Type III SS Mean Square F Value Pr > F 

Patient 11 3.68202381 0.33472944 4.97 <.0001 

temps 6 6.16454762 1.02742460 15.24 <.0001 

   

Parameter Estimate Standard Error t Value Pr > |t| 95% Confidence Limits 

post_pre 0.15208333 0.07495040 2.03 0.0465 0.00244003 0.30172664 

trait_pre 0.60166667 0.06842004 8.79 <.0001 0.46506165 0.73827169 

trait_post 0.44958333 0.06842004 6.57 <.0001 0.31297831 0.58618835 

   

 



Sortie 4.9 : Estimation des contrastes post_pre, trait_pre et 

trait_post pour le modèle à effet fixe avec structure de 

covariances CS ou VC  



Estimates 

Label Estimate Standard Error DF t Value Pr > |t| Alpha Lower Upper 

post_pre 0.1521 0.07494 66 2.03 0.0465 0.05 0.002461 0.3017 

trait_pre 0.6017 0.06841 66 8.79 <.0001 0.05 0.4651 0.7383 

trait_post 0.4496 0.06841 66 6.57 <.0001 0.05 0.3130 0.5862 

Sortie 4.10 : Estimation des contrastes post_pre, trait_pre et 
trait_post pour le modèle à effet fixe avec structure de 

covariances AR(1) 

Estimates 

Label Estimate Standard Error DF t Value Pr > |t| Alpha Lower Upper 

post_pre 0.1521 0.1013 66 1.50 0.1379 0.05 -0.05008 0.3543 

trait_pre 0.6017 0.08208 66 7.33 <.0001 0.05 0.4378 0.7655 

trait_post 0.4496 0.08208 66 5.48 <.0001 0.05 0.2857 0.6135 











𝛽 𝛽



 

 



𝛽 𝛽

𝛽

 

Sortie 5.1: Résultats partiels du modèle avec effet fixe pour la 

structure de covariances variance components (loi05_1, loi05_2, 

loi05_3)   

Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Standard 

Error 

Z 

Value Pr Z Alpha Lower Upper 

AN PROV 62.2026 5.9716 10.42 <.0001 0.05 50.4984 73.9068 

   

 

 

 

 

 

 

Solution for Fixed Effects 

Effect PROV Estimate 

Standard 

Error DF t Value 

Pr > 

|t| Alpha Lower Upper 

Intercept   12.8166 9.8151 1 1.31 0.4161 0.05 -111.90 137.53 

year   -0.3556 0.1039 216 -3.42 0.0007 0.05 -0.5603 -0.1509 

Fit Statistics 

AIC (smaller is better) 1568.1 

BIC (smaller is better) 1568.4 



Solution for Fixed Effects 

Effect PROV Estimate 

Standard 

Error DF t Value 

Pr > 

|t| Alpha Lower Upper 

BIERE   0.3124 0.09615 216 3.25 0.0013 0.05 0.1229 0.5019 

LOI05_1   -3.6374 1.9139 216 -1.90 0.0587 0.05 -7.4098 0.1350 

LOI05_2   4.1303 3.4509 216 1.20 0.2327 0.05 -2.6715 10.9321 

LOI05_3   8.1061 2.6766 1 3.03 0.2030 0.05 -25.9039 42.1160 

   

    Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

PROV 8 1 5.61 0.3160 

year 1 216 11.72 0.0007 

BIERE 1 216 10.56 0.0013 

LOI05_1 1 216 3.61 0.0587 

LOI05_2 1 216 1.43 0.2327 

LOI05_3 0 . . . 

 

Sortie 5.2 : Résultats partiels du modèle avec effet aléatoire 

pour la structure de covariances variance components (loi05_1, 

loi05_2, loi05_3) 

   

Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Standard 

Error 

Z 

Value Pr Z Alpha Lower Upper 

Intercept PROV 17.5865 11.3555 1.55 0.1214 0.05 -4.6698 39.8429 

Residual   62.3990 6.0079 10.39 <.0001 0.05 52.1152 76.0760 

   

Fit Statistics 

AIC (smaller is better) 1621.0 

BIC (smaller is better) 1621.6 

   

   

Solution for Fixed Effects 

Effect Estimate Standard Error DF t Value Pr > |t| Alpha Lower Upper 

Intercept 857.42 201.68 8 4.25 0.0028 0.05 392.34 1322.49 

LOI05_1 -2.6313 1.8358 217 -1.43 0.1532 0.05 -6.2495 0.9870 

LOI05_2 4.6835 3.3951 217 1.38 0.1692 0.05 -2.0082 11.3752 

LOI05_3 -1.5430 3.1936 217 -0.48 0.6295 0.05 -7.8374 4.7514 

AN -0.4189 0.09981 217 -4.20 <.0001 0.05 -0.6156 -0.2222 



Solution for Fixed Effects 

Effect Estimate Standard Error DF t Value Pr > |t| Alpha Lower Upper 

BIERE 0.2262 0.08643 217 2.62 0.0095 0.05 0.05582 0.3965 

   

Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

LOI05_1 1 217 2.05 0.1532 

LOI05_2 1 217 1.90 0.1692 

LOI05_3 1 217 0.23 0.6295 

AN 1 217 17.62 <.0001 

BIERE 1 217 6.85 0.0095 

 

Sortie 5.3 : Résultats complet du modèle avec effet fixe pour la 

structure de covariances variance components (loi05_1) 

   

The Mixed Procedure 

Model Information 

Data Set MEMOIRE.ANALYSES_TOUT 

Dependent Variable PTA_05 

Covariance Structure Variance Components 

Subject Effect PROV 



Model Information 

Estimation Method REML 

Residual Variance Method Parameter 

Fixed Effects SE Method Model-Based 

Degrees of Freedom Method Between-Within 

   

Class Level Information 

Class Levels Values 

PROV 10 1 2 3 4 5 7 8 9 10 6 

AN 24 
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

   

Dimensions 

Covariance Parameters 1 

Columns in X 14 

Columns in Z 0 

Subjects 10 

Max Obs Per Subject 24 

Observations Used 231 

Observations Not Used 9 

Total Observations 240 

   

Iteration History 

Iteration Evaluations -2 Res Log Like Criterion 

0 1 1571.86162775   

1 1 1571.86162775 0.00000000 

   

Convergence criteria met. 

   

Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Standard 

Error 

Z 

Value Pr Z Alpha Lower Upper 

AN PROV 62.3260 5.9697 10.44 <.0001 0.05 50.6255 74.0265 

   

Fit Statistics 

-2 Res Log Likelihood 1571.9 

AIC (smaller is better) 1573.9 

AICC (smaller is better) 1573.9 

BIC (smaller is better) 1574.2 

   



Null Model Likelihood Ratio Test 

DF Chi-Square Pr > ChiSq 

0 0.00 1.0000 
   

Solution for Fixed Effects 

Effect PROV Estimate 
Standard 

Error DF t Value 
Pr > 
|t| Alpha Lower Upper 

Intercept   10.9689 9.7026 0 1.13 . 0.05 . . 

PROV CB 5.7495 2.4597 0 2.34 . 0.05 . . 

PROV AL -1.1910 2.3118 0 -0.52 . 0.05 . . 

PROV SK 11.1732 3.2121 0 3.48 . 0.05 . . 

PROV MA 8.6387 2.9086 0 2.97 . 0.05 . . 

PROV ON -3.8257 2.4111 0 -1.59 . 0.05 . . 

PROV NB 8.3300 2.6727 0 3.12 . 0.05 . . 

PROV NE 8.1579 2.8253 0 2.89 . 0.05 . . 

PROV TN 6.6525 2.9961 0 2.22 . 0.05 . . 

PROV IPE 2.7932 2.6384 0 1.06 . 0.05 . . 

PROV QC 0 . . . . . . . 

year   -0.3235 0.1004 218 -3.22 0.0015 0.05 -0.5215 -0.1256 

BIERE   0.3277 0.09539 218 3.44 0.0007 0.05 0.1397 0.5157 

LOI05_1   -3.6749 1.9156 218 -1.92 0.0564 0.05 -7.4504 0.1005 
   

Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

PROV 9 0 5.06 . 

year 1 218 10.37 0.0015 

BIERE 1 218 11.80 0.0007 

LOI05_1 1 218 3.68 0.0564 
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Sortie 5.4 : Résultats complets du modèle final (variance 

components) 

Model Information 

Data Set MEMOIRE.ANALYSES_PARTIE 

Dependent Variable PTA_05 

Covariance Structure Variance Components 

Subject Effect PROV 

Estimation Method REML 

Residual Variance Method Parameter 

Fixed Effects SE Method Model-Based 

Degrees of Freedom Method Between-Within 

   

 

Class Level Information 

Class Levels Values 

PROV 9 1 2 3 4 5 7 8 10 6 

AN 24 
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

   

Dimensions 

Covariance Parameters 1 

Columns in X 13 

Columns in Z 0 

Subjects 9 

Max Obs Per Subject 24 

Observations Used 211 

Observations Not Used 0 

Total Observations 211 

   

Iteration History 

Iteration Evaluations -2 Res Log Like Criterion 

0 1 1329.39630135   

1 1 1329.39630135 0.00000000 

   

Convergence criteria met. 

   



Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Standard 

Error 

Z 

Value Pr Z Alpha Lower Upper 

AN PROV 36.4455 3.6537 9.97 <.0001 0.05 29.2844 43.6066 

   

Fit Statistics 

-2 Res Log Likelihood 1329.4 

AIC (smaller is better) 1331.4 

AICC (smaller is better) 1331.4 

BIC (smaller is better) 1331.6 

   

Null Model Likelihood Ratio Test 

DF Chi-Square Pr > ChiSq 

0 0.00 1.0000 

   

Solution for Fixed Effects 

Effect PROV Estimate 

Standard 

Error DF t Value 

Pr > 

|t| Alpha Lower Upper 

Intercept   8.5977 7.6472 0 1.12 . 0.1 . . 

PROV CB 5.9693 1.8891 0 3.16 . 0.1 . . 

PROV AL -1.0987 1.7694 0 -0.62 . 0.1 . . 

PROV SK 11.8190 2.4853 0 4.76 . 0.1 . . 

PROV MA 9.1517 2.2458 0 4.07 . 0.1 . . 

PROV ON -3.6387 1.8498 0 -1.97 . 0.1 . . 

PROV NB 8.6618 2.0611 0 4.20 . 0.1 . . 

PROV NE 8.6406 2.1795 0 3.96 . 0.1 . . 

PROV TN 1.6788 2.0928 0 0.80 . 0.1 . . 

PROV QC 0 . . . . . . . 

LOI05_1   -4.0225 1.5462 199 -2.60 0.0100 0.1 -6.5777 -1.4673 

year   -0.3053 0.07882 199 -3.87 0.0001 0.1 -0.4356 -0.1751 

BIERE   0.3504 0.07518 199 4.66 <.0001 0.1 0.2261 0.4746 

   

Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

PROV 8 0 10.02 . 

LOI05_1 1 199 6.77 0.0100 

Year 1 199 15.01 0.0001 

BIERE 1 199 21.72 <.0001 
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Annexe B.1 : Résultats complets du modèle avec effet fixe pour 

la structure de covariances variance components (loi05_1, 

loi05_2, loi05_3) 

 

  Sorties SAS Page / 

The Mixed Procedure 

Model Information 

Data Set MEMOIRE.ANALYSES_TOUT 

Dependent Variable PTA_05 

Covariance Structure Variance Components 

Subject Effect PROV 

Estimation Method REML 

Residual Variance Method Parameter 

Fixed Effects SE Method Model-Based 

Degrees of Freedom Method Between-Within 

   

Class Level Information 

Class Levels Values 

PROV 10 1 2 3 4 5 7 8 9 10 6 

AN 24 
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

   

Dimensions 

Covariance Parameters 1 

Columns in X 16 

Columns in Z 0 

Subjects 10 

Max Obs Per Subject 24 

Observations Used 231 

Observations Not Used 9 

Total Observations 240 

   

Iteration History 

Iteration Evaluations -2 Res Log Like Criterion 

0 1 1566.11440634   



Iteration History 

Iteration Evaluations -2 Res Log Like Criterion 

1 1 1566.11440634 0.00000000 

   

Convergence criteria met. 

   

Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Standard 

Error 

Z 

Value Pr Z Alpha Lower Upper 

AN PROV 62.2026 5.9716 10.42 <.0001 0.05 50.4984 73.9068 

   

Fit Statistics 

-2 Res Log Likelihood 1566.1 

AIC (smaller is better) 1568.1 

AICC (smaller is better) 1568.1 

BIC (smaller is better) 1568.4 

   

Null Model Likelihood Ratio Test 

DF Chi-Square Pr > ChiSq 

0 0.00 1.0000 

   

Solution for Fixed Effects 

Effect PROV Estimate 

Standard 

Error DF t Value 

Pr > 

|t| Alpha Lower Upper 

Intercept   12.8166 9.8151 1 1.31 0.4161 0.05 -111.90 137.53 

PROV CB 5.6011 2.4604 1 2.28 0.2635 0.05 -25.6609 36.8631 

PROV AL -1.2533 2.3101 1 -0.54 0.6836 0.05 -30.6064 28.0999 

PROV SK 9.9597 3.3653 1 2.96 0.2074 0.05 -32.7999 52.7193 

PROV MA 8.4138 2.9118 1 2.89 0.2121 0.05 -28.5842 45.4117 

PROV ON -4.2961 2.4405 1 -1.76 0.3289 0.05 -35.3059 26.7137 

PROV NB 0 . . . . . . . 

PROV NE 7.9306 2.8289 1 2.80 0.2181 0.05 -28.0138 43.8750 

PROV IPE 6.3894 3.0012 1 2.13 0.2796 0.05 -31.7445 44.5233 

PROV TN 2.8442 2.6362 1 1.08 0.4758 0.05 -30.6514 36.3398 

PROV QC 0 . . . . . . . 

year   -0.3556 0.1039 216 -3.42 0.0007 0.05 -0.5603 -0.1509 

BIERE   0.3124 0.09615 216 3.25 0.0013 0.05 0.1229 0.5019 

LOI05_1   -3.6374 1.9139 216 -1.90 0.0587 0.05 -7.4098 0.1350 

LOI05_2   4.1303 3.4509 216 1.20 0.2327 0.05 -2.6715 10.9321 

LOI05_3   8.1061 2.6766 1 3.03 0.2030 0.05 -25.9039 42.1160 

   



Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

PROV 8 1 5.61 0.3160 

year 1 216 11.72 0.0007 

BIERE 1 216 10.56 0.0013 

LOI05_1 1 216 3.61 0.0587 

LOI05_2 1 216 1.43 0.2327 

LOI05_3 0 . . . 

 

  



Annexe B.2 : Résultats complets du modèle avec effet aléatoire 

pour la structure de covariances variance components (loi05_1, 

loi05_2, loi05_3) 

   

   

  Sorties SAS Page / 

The Mixed Procedure 

Model Information 

Data Set MEMOIRE.ANALYSES_TOUT 

Dependent Variable PTA_05 

Covariance Structure Variance Components 

Subject Effect PROV 

Estimation Method REML 

Residual Variance Method Profile 

Fixed Effects SE Method Model-Based 

Degrees of Freedom Method Containment 

   

Class Level Information 

Class Levels Values 

PROV 10 1 2 3 4 5 6 7 8 9 10 

   

Dimensions 

Covariance Parameters 2 

Columns in X 6 

Columns in Z Per Subject 1 

Subjects 10 

Max Obs Per Subject 24 

Observations Used 231 

Observations Not Used 9 

Total Observations 240 

   

Iteration History 

Iteration Evaluations -2 Res Log Like Criterion 

0 1 1635.66773252   

1 2 1617.01847536 0.00007829 

2 1 1616.96599216 0.00000309 

3 1 1616.96408228 0.00000001 

   

Convergence criteria met. 

   



Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Standard 

Error 

Z 

Value Pr Z Alpha Lower Upper 

Intercept PROV 17.5865 11.3555 1.55 0.1214 0.05 -4.6698 39.8429 

Residual   62.3990 6.0079 10.39 <.0001 0.05 52.1152 76.0760 

   

Fit Statistics 

-2 Res Log Likelihood 1617.0 

AIC (smaller is better) 1621.0 

AICC (smaller is better) 1621.0 

BIC (smaller is better) 1621.6 

   

Null Model Likelihood Ratio Test 

DF Chi-Square Pr > ChiSq 

1 18.70 <.0001 

   

Solution for Fixed Effects 

Effect Estimate Standard Error DF t Value Pr > |t| Alpha Lower Upper 

Intercept 25.4916 201.68 8 4.25 0.0028 0.05 392.34 1322.49 

LOI05_1 -2.6313 1.8358 217 -1.43 0.1532 0.05 -6.2495 0.9870 

LOI05_2 4.6835 3.3951 217 1.38 0.1692 0.05 -2.0082 11.3752 

LOI05_3 -1.5430 3.1936 217 -0.48 0.6295 0.05 -7.8374 4.7514 

year -0.4189 0.09981 217 -4.20 <.0001 0.05 -0.6156 -0.2222 

BIERE 0.2262 0.08643 217 2.62 0.0095 0.05 0.05582 0.3965 

   

Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

LOI05_1 1 217 2.05 0.1532 

LOI05_2 1 217 1.90 0.1692 

LOI05_3 1 217 0.23 0.6295 

year 1 217 17.62 <.0001 

BIERE 1 217 6.85 0.0095 

 

  



Annexe B.3 : Résultats complets du modèle avec effet fixe pour 

la structure de covariances équi-corrélation (loi05_1, loi05_2, 

loi05_3) 

 

   

  Sorties SAS Page / 

The Mixed Procedure 

Model Information 

Data Set MEMOIRE.ANALYSES_TOUT 

Dependent Variable PTA_05 

Covariance Structure Compound Symmetry 

Subject Effect PROV 

Estimation Method REML 

Residual Variance Method Profile 

Fixed Effects SE Method Model-Based 

Degrees of Freedom Method Between-Within 

   

Class Level Information 

Class Levels Values 

PROV 10 1 2 3 4 5 7 8 9 10 6 

AN 24 
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

   

Dimensions 

Covariance Parameters 2 

Columns in X 16 

Columns in Z 0 

Subjects 10 

Max Obs Per Subject 24 

Observations Used 231 

Observations Not Used 9 

Total Observations 240 

   

Iteration History 

Iteration Evaluations -2 Res Log Like Criterion 

0 1 1566.11440634   

1 1 1566.11440634 0.00000000 

   

Convergence criteria met but final hessian is not positive definite. 

   



Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Standard 

Error 

Z 

Value Pr Z Alpha Lower Upper 

CS PROV 7.7753 0.7465 10.42 <.0001 0.05 6.3123 9.2384 

Residual   62.2026 5.9716 10.42 <.0001 0.05 51.9770 75.7909 

   

Fit Statistics 

-2 Res Log Likelihood 1566.1 

AIC (smaller is better) 1570.1 

AICC (smaller is better) 1570.2 

BIC (smaller is better) 1570.7 

   

Null Model Likelihood Ratio Test 

DF Chi-Square Pr > ChiSq 

1 0.00 1.0000 

   

Solution for Fixed Effects 

Effect PROV Estimate 

Standard 

Error DF t Value 

Pr > 

|t| Alpha Lower Upper 

Intercept   12.8166 10.2035 1 1.26 0.4280 0.05 -116.83 142.46 

PROV CB 5.6011 4.6480 1 1.21 0.4410 0.05 -53.4576 64.6598 

PROV AL -1.2533 4.5703 1 -0.27 0.8296 0.05 -59.3241 56.8176 

PROV SK 9.9597 5.1842 1 1.92 0.3055 0.05 -55.9114 75.8308 

PROV MA 8.4138 4.9020 1 1.72 0.3358 0.05 -53.8716 70.6991 

PROV ON -4.2961 4.6375 1 -0.93 0.5243 0.05 -63.2217 54.6295 

PROV NB 0 . . . . . . . 

PROV NE 7.9306 4.8532 1 1.63 0.3496 0.05 -53.7348 69.5960 

PROV IPE 6.3894 4.9556 1 1.29 0.4200 0.05 -56.5774 69.3562 

PROV TN 2.8442 4.7434 1 0.60 0.6561 0.05 -57.4266 63.1150 

PROV QC 0 . . . . . . . 

year   -0.3556 0.1039 216 -3.42 0.0007 0.05 -0.5603 -0.1509 

BIERE   0.3124 0.09615 216 3.25 0.0013 0.05 0.1229 0.5019 

LOI05_1   -3.6374 1.9139 216 -1.90 0.0587 0.05 -7.4098 0.1350 

LOI05_2   4.1303 3.4509 216 1.20 0.2327 0.05 -2.6715 10.9321 

LOI05_3   8.1061 2.6766 1 3.03 0.2030 0.05 -25.9039 42.1160 

   

Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

PROV 8 1 1.92 0.5092 

year 1 216 11.72 0.0007 

BIERE 1 216 10.56 0.0013 



Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

LOI05_1 1 216 3.61 0.0587 

LOI05_2 1 216 1.43 0.2327 

LOI05_3 0 . . . 

 

 

 

 



Annexe B.4 : Résultats complets du modèle avec effet fixe pour 

la structure de covariances AR(1) (loi05_1, loi05_2, loi05_3) 

 

   

  Sorties SAS Page / 

The Mixed Procedure 

Model Information 

Data Set MEMOIRE.ANALYSES_TOUT 

Dependent Variable PTA_05 

Covariance Structure Autoregressive 

Subject Effect PROV 

Estimation Method REML 

Residual Variance Method Profile 

Fixed Effects SE Method Model-Based 

Degrees of Freedom Method Between-Within 

   

Class Level Information 

Class Levels Values 

PROV 10 1 2 3 4 5 7 8 9 10 6 

AN 24 
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

   

Dimensions 

Covariance Parameters 2 

Columns in X 16 

Columns in Z 0 

Subjects 10 

Max Obs Per Subject 24 

Observations Used 231 

Observations Not Used 9 

Total Observations 240 

   

Iteration History 

Iteration Evaluations -2 Res Log Like Criterion 

0 1 1566.11440634   

1 2 1565.68575616 0.00000000 

   

Convergence criteria met. 

   



Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Standard 

Error 

Z 

Value Pr Z Alpha Lower Upper 

AR(1) PROV 0.05006 0.07678 0.65 0.5144 0.05 -0.1004 0.2005 

Residual   62.5959 6.0978 10.27 <.0001 0.05 52.1740 76.5035 

   

Fit Statistics 

-2 Res Log Likelihood 1565.7 

AIC (smaller is better) 1569.7 

AICC (smaller is better) 1569.7 

BIC (smaller is better) 1570.3 

   

Null Model Likelihood Ratio Test 

DF Chi-Square Pr > ChiSq 

1 0.43 0.5127 

   

Solution for Fixed Effects 

Effect PROV Estimate 

Standard 

Error DF t Value 

Pr > 

|t| Alpha Lower Upper 

Intercept   12.9160 10.2537 1 1.26 0.4272 0.05 -117.37 143.20 

PROV CB 5.5708 2.5867 1 2.15 0.2767 0.05 -27.2958 38.4373 

PROV AL -1.2634 2.4308 1 -0.52 0.6949 0.05 -32.1496 29.6228 

PROV SK 10.0228 3.5237 1 2.84 0.2152 0.05 -34.7497 54.7954 

PROV MA 8.4656 3.0534 1 2.77 0.2204 0.05 -30.3314 47.2626 

PROV ON -4.3125 2.5662 1 -1.68 0.3417 0.05 -36.9185 28.2936 

PROV NB 0 . . . . . . . 

PROV NE 7.9146 2.9681 1 2.67 0.2284 0.05 -29.7982 45.6273 

PROV IPE 6.3696 3.1427 1 2.03 0.2918 0.05 -33.5627 46.3018 

PROV TN 2.8940 2.7675 1 1.05 0.4858 0.05 -32.2707 38.0587 

PROV QC 0 . . . . . . . 

year   -0.3552 0.1085 216 -3.27 0.0012 0.05 -0.5690 -0.1414 

BIERE   0.3115 0.1004 216 3.10 0.0022 0.05 0.1136 0.5094 

LOI05_1   -3.7439 1.9952 216 -1.88 0.0619 0.05 -7.6765 0.1888 

LOI05_2   4.0972 3.5769 216 1.15 0.2533 0.05 -2.9530 11.1474 

LOI05_3   8.0974 2.8108 1 2.88 0.2177 0.05 -27.6178 43.8125 

   

Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

PROV 8 1 5.10 0.3303 

year 1 216 10.72 0.0012 

BIERE 1 216 9.62 0.0022 



Type 3 Tests of Fixed Effects 

Effect Num DF Den DF F Value Pr > F 

LOI05_1 1 216 3.52 0.0619 

LOI05_2 1 216 1.31 0.2533 

LOI05_3 0 . . . 
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