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Ĥ

0
0

0

1
'

2
2

ˆ
ˆ

ˆ

L
L

L
'

H
H

H

Sc
or

e























 








































(
)

L






R
È

G
LE

 D
E

 D
É

C
IS

IO
N

O
n 

re
je

tte
 l’

hy
po

th
ès

e 
H

0
d’

un
 m

od
èl

e 
à 

pe
nt

es
 

ég
al

es
 a

u 
ris

qu
e 


de
 s

e 
tr

om
pe

r s
i

ou
 s

i N
S 

 =
   

Pr
ob

(  
   

   
   

   
   

   
   

   
   

   
   

  


C
on

se
il 

 d
’A

gr
es

ti
:

Te
st

 p
lu

tô
t u

til
is

é 
po

ur
 v

al
id

er
 H

0
qu

e 
po

ur
 re

je
te

r H
0.

93


 )1

m(k
   

2 1
2 Sc

or
e












)
 

)1
k(

m
2 Sc

or
e

2







R
É

S
U

LT
AT

S
 S

P
S

S

94

M
od

el
 F

itt
in

g 
In

fo
rm

at
io

n

74
.6

47
26

.1
58

48
.4

89
4

.0
00

M
od

el
In

te
rc

ep
t O

nl
y

Fi
na

l

-2
 L

og
Li

ke
lih

oo
d

C
hi

-S
qu

ar
e

df
S

ig
.

Li
nk

 fu
nc

tio
n:

 L
og

it.

Ps
eu

do
 R

-S
qu

ar
e .7

60
.8

55
.6

50

C
ox

 a
nd

 S
ne

ll
N

ag
el

ke
rk

e
M

cF
ad

de
n

Li
nk

 fu
nc

tio
n:

 L
og

it.

Te
st

 o
f P

ar
al

le
l L

in
es

a

26
.1

58
22

.3
55

3.
80

3
4

.4
33

M
od

el
N

ul
l H

yp
ot

he
si

s
G

en
er

al

-2
 L

og
Li

ke
lih

oo
d

C
hi

-S
qu

ar
e

df
S

ig
.

Th
e 

nu
ll 

hy
po

th
es

is
 s

ta
te

s 
th

at
 th

e 
lo

ca
tio

n 
pa

ra
m

et
er

s 
(s

lo
pe

co
ef

fic
ie

nt
s)

 a
re

 th
e 

sa
m

e 
ac

ro
ss

 re
sp

on
se

 c
at

eg
or

ie
s.

Li
nk

 fu
nc

tio
n:

 L
og

it.
a.

 

R
É

S
U

LT
AT

S
 S

P
S

S

95

M
od

èl
e 

co
m

pl
et

M
od

èl
e 

sa
ns

 C
ha

le
ur

Pa
ra

m
et

er
 E

st
im

at
es

-6
7.

44
67

5
22

.8
90

23
8.

68
20

4
1

.0
03

-6
2.

63
81

0
21

.7
88

72
8.

26
44

5
1

.0
04

-.0
17

17
.0

07
59

5.
11

90
5

1
.0

24
-.0

14
99

.0
08

32
3.

24
84

3
1

.0
71

.0
22

24
.0

10
46

4.
52

31
1

1
.0

33

[Q
U

A
LI

TE
 =

 1
]

[Q
U

A
LI

TE
 =

 2
]

Th
re

sh
ol

d

TE
M

PE
R

AT
SO

LE
IL

P
LU

IE

Lo
ca

tio
n

E
st

im
at

e
S

td
. E

rro
r

W
al

d
df

S
ig

.

Li
nk

 fu
nc

tio
n:

 L
og

it.

Pa
ra

m
et

er
 E

st
im

at
es

-8
5.

50
74

8
34

.9
21

40
5.

99
54

9
1

.0
14

-8
0.

54
96

0
33

.9
65

55
5.

62
40

5
1

.0
18

-.0
24

27
.0

12
77

3.
61

24
7

1
.0

57
-.0

13
79

.0
08

50
2.

63
34

6
1

.1
05

.0
88

76
.1

19
29

.5
53

64
1

.4
57

.0
25

89
.0

12
35

4.
39

30
7

1
.0

36

[Q
U

A
LI

TE
 =

 1
]

[Q
U

A
LI

TE
 =

 2
]

Th
re

sh
ol

d

TE
M

P
E

R
A

T
S

O
LE

IL
C

H
A

LE
U

R
P

LU
IE

Lo
ca

tio
n

E
st

im
at

e
S

td
. E

rro
r

W
al

d
df

S
ig

.

Li
nk

 fu
nc

tio
n:

 L
og

it.

PR
ÉV

IS
IO

N
 D

E 
LA

 Q
U

A
LI

TÉ
 

D
U

 V
IN

 A
V

EC
 

LE
 2

E 
M

O
D

ÈL
E

96

C
as

e 
Su

m
m

ar
ie

sa

M
oy

en
.0

1
.4

8
.5

1
M

éd
io

cr
e

M
éd

io
cr

e
.0

0
.0

5
.9

5
M

éd
io

cr
e

M
oy

en
.0

1
.4

4
.5

6
M

éd
io

cr
e

M
éd

io
cr

e
.0

0
.0

0
1.

00
M

éd
io

cr
e

B
on

.6
4

.3
5

.0
0

B
on

B
on

.9
9

.0
1

.0
0

B
on

M
éd

io
cr

e
.0

0
.0

1
.9

9
M

éd
io

cr
e

M
éd

io
cr

e
.0

0
.0

1
.9

9
M

éd
io

cr
e

M
éd

io
cr

e
.0

0
.0

0
1.

00
M

éd
io

cr
e

M
oy

en
.4

2
.5

7
.0

1
M

oy
en

B
on

.9
4

.0
6

.0
0

B
on

M
éd

io
cr

e
.0

8
.8

3
.0

9
M

oy
en

M
éd

io
cr

e
.0

0
.0

8
.9

2
M

éd
io

cr
e

B
on

.6
7

.3
3

.0
0

B
on

M
oy

en
.0

4
.7

8
.1

8
M

oy
en

M
oy

en
.0

5
.8

1
.1

5
M

oy
en

M
oy

en
.1

3
.8

2
.0

5
M

oy
en

M
éd

io
cr

e
.0

0
.0

1
.9

9
M

éd
io

cr
e

M
oy

en
.2

1
.7

6
.0

3
M

oy
en

B
on

.9
7

.0
3

.0
0

B
on

M
oy

en
.5

8
.4

2
.0

1
B

on
B

on
1.

00
.0

0
.0

0
B

on
M

oy
en

.0
4

.8
1

.1
5

M
oy

en
B

on
1.

00
.0

0
.0

0
B

on
M

oy
en

.1
1

.8
3

.0
6

M
oy

en
B

on
1.

00
.0

0
.0

0
B

on
M

oy
en

.7
5

.2
5

.0
0

B
on

M
éd

io
cr

e
.0

0
.0

9
.9

1
M

éd
io

cr
e

B
on

.9
5

.0
5

.0
0

B
on

B
on

.1
4

.8
1

.0
5

M
oy

en
M

éd
io

cr
e

.0
0

.0
9

.9
0

M
éd

io
cr

e
B

on
.2

9
.6

9
.0

2
M

oy
en

M
éd

io
cr

e
.0

0
.1

7
.8

3
M

éd
io

cr
e

M
éd

io
cr

e
.0

0
.3

6
.6

3
M

éd
io

cr
e

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Q
ua

lit
é

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 1

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 2

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 3

P
re

di
ct

ed
R

es
po

ns
e

C
at

eg
or

y

Li
m

ite
d 

to
 fi

rs
t 1

00
 c

as
es

.
a.

 



Q
U

A
LI

T
É

 D
E

 L
A

 P
R

É
V

IS
IO

N

97

Q
ua

lit
é 

* P
re

di
ct

ed
 R

es
po

ns
e 

C
at

eg
or

y 
C

ro
ss

ta
bu

la
tio

n

C
ou

nt

9
2

11
2

7
2

11
1

11
12

11
10

13
34

B
on

M
oy

en
M

éd
io

cr
e

Q
ua

lit
é

To
ta

l

B
on

M
oy

en
M

éd
io

cr
e

P
re

di
ct

ed
 R

es
po

ns
e 

C
at

eg
or

y
To

ta
l

II
. L

E
 M

O
D

È
LE

 P
A

R
T

IE
LL

E
M

E
N

T
 À

 P
E

N
T

E
S

 
É

G
A

LE
S

L
es

 d
on

né
es

 d
e 

ch
aq

ue
 o

bs
er

va
tio

n 
so

nt
 r

ép
ét

ée
s m

 fo
is

.

L
a 

va
ri

ab
le

 «
Ty

pe
» 

in
di

qu
e 

le
 n

um
ér

o 
de

 la
 r

ép
ét

iti
on

 i.

L
a 

va
ri

ab
le

 «
R

ép
on

se
» 

in
di

qu
e 

si
 [Y

 
i] 

es
t v

ra
i :

98

An
né
e 
  
 Q
ua
li
té
  
 T
yp
e 
  
 R
ép
on
se
  
 

19
26
  
  
  
 2
  
  
  
  
 1
  
  
  
  
0

19
26
  
  
  
 2
  
  
  
  
 2
  
  
  
  
1

19
27
  
  
  
 3
  
  
  
  
 1
  
  
  
  
0

19
27
  
  
  
 3
  
  
  
  
 2
  
  
  
  
0

19
28
  
  
  
 1
  
  
  
  
 1
  
  
  
  
1

19
28
  
  
  
 1
  
  
  
  
 2
  
  
  
  
1

Po
ur

 T
yp

e 
= 

1 
: R

ép
on

se
 =

 1
 

Q
ua

lit
é 

= 
1

Po
ur

 T
yp

e 
= 

2 
: R

ép
on

se
 =

 1
 

Q
ua

lit
é 


2

(Y
=1

) f
au

x

(Y


2)
 v

ra
i

LE
 M

O
D

È
LE

 C
O

M
P

LE
T

99

P
T

T
T

P
T

T
T

P
T

T
T

P
T

T
T

1
8

1
5

4
1

2
2

1
1

1
8

1
5

4
1

2
2

1
1 e

1
e

   
 

   
   

   
 

)x,
Ty

pe
/1

R
ép

on
se

(
ob

Pr





























 











-
Po

ur
 T

yp
e 

= 
1 

: R
ép

on
se

 =
 1

 
Q

ua
lit

é 
= 

1
-

Po
ur

 T
yp

e 
= 

2 
: R

ép
on

se
 =

 1
 

Q
ua

lit
é 


2
-

D
’o

ù 
: P

ro
b(

R
ép

on
se

 =
 1

/T
yp

e 
= 

1,
 x

) =
 P

ro
b(

Q
ua

lit
é 

= 
1/

x)
Pr

ob
(R

ép
on

se
 =

 1
/T

yp
e 

= 
2,

 x
) =

 P
ro

b(
Q

ua
lit

é 


2/
x)

-
T 1

, T
2

= 
 v

ar
ia

bl
es

 in
di

ca
tri

ce
s d

e 
la

 v
ar

ia
bl

e 
Ty

pe

LE
 C

O
D

E
 S

A
S

100

P
r
o
c

g
e
n
m
o
d

d
a
t
a
=
b
o
r
d
e
a
u
x
2
 
d
e
s
c
e
n
d
i
n
g
;

c
l
a
s
s

t
y
p
e
 
a
n
n
e
e
;

m
o
d
e
l

r
e
p
o
n
s
e
 
=
 
t
y
p
e
 
t
e
m
p
e
r
a
 
s
o
l
e
i
l
 
c
h
a
l
e
u
r
 
p
l
u
i
e

t
y
p
e
*
t
e
m
p
e
r
a
 
t
y
p
e
*
s
o
l
e
i
l

t
y
p
e
*
c
h
a
l
e
u
r
 
t
y
p
e
*
p
l
u
i
e

/
d
i
s
t
=
b
i
n
 
l
i
n
k
=
l
o
g
i
t
 
t
y
p
e
3

n
o
i
n
t
;

r
e
p
e
a
t
e
d

s
u
b
j
e
c
t
=
a
n
n
e
e
 
/
 
t
y
p
e
=
u
n
s
t
r
;

r
u
n
;



R
É

S
U

LT
AT

S
 É

TA
P

E
 1

101

Th
e 
GE
NM
OD
 P
ro
ce
du
re

Cr
it
er
ia
 F
or
 A
ss
es
si
ng
 G
oo
dn
es
s 
Of
 F
it

Cr
it
er
io
n 
  
  
  
  
  
  
  
  
DF
  
  
  
  
  
 V
al
ue
  
  
  
  
Va
lu
e/
DF

De
vi
an
ce
  
  
  
  
  
  
  
  
  
58
  
  
  
  
 2
2.
53
17
  
  
  
  
  
0.
38
85

Sc
al
ed
 D
ev
ia
nc
e 
  
  
  
  
  
58
  
  
  
  
 2
2.
53
17
  
  
  
  
  
0.
38
85

Pe
ar
so
n 
Ch
i-
Sq
ua
re
  
  
  
  
58
  
  
  
  
 2
0.
45
41
  
  
  
  
  
0.
35
27

Sc
al
ed
 P
ea
rs
on
 X
2 
  
  
  
  
58
  
  
  
  
 2
0.
45
41
  
  
  
  
  
0.
35
27

Lo
g 
Li
ke
li
ho
od
  
  
  
  
  
  
  
  
  
  
  
-1
1.
26
59

Al
go
ri
th
m 
co
nv
er
ge
d.

R
É

S
U

LT
AT

S
 É

TA
P

E
 1

102

An
al
ys
is
 O
f 
GE
E 
Pa
ra
me
te
r 
Es
ti
ma
te
s

Em
pi
ri
ca
l 
St
an
da
rd
 E
rr
or
 E
st
im
at
es

St
an
da
rd
  
 9
5%
 C
on
fi
de
nc
e

Pa
ra
me
te
r 
  
  
 E
st
im
at
e 
  
 E
rr
or
  
  
  
 L
im
it
s 
  
  
  
  
  
 Z
 P
r 
> 
|Z
|

In
te
rc
ep
t 
  
  
  
 0
.0
00
0 
  
0.
00
00
  
 0
.0
00
0 
  
0.
00
00
  
  
 .
  
  
  
.

ty
pe
  
  
  
  
 1
 -
68
.1
36
4 
 2
9.
71
66
 -
12
6.
38
0 
 -
9.
89
29
  
 -
2.
29
  
 0
.0
21
9

ty
pe
  
  
  
  
 2
 -
25
1.
96
5 
 8
2.
12
39
 -
41
2.
92
5 
-9
1.
00
55
  
 -
3.
07
  
 0
.0
02
2

te
mp
er
a 
  
  
  
  
 0
.0
94
8 
  
0.
03
30
  
 0
.0
30
0 
  
0.
15
96
  
  
2.
87
  
 0
.0
04
1

so
le
il
  
  
  
  
  
 0
.0
07
9 
  
0.
01
07
  
-0
.0
13
0 
  
0.
02
88
  
  
0.
74
  
 0
.4
59
8

ch
al
eu
r 
  
  
  
  
-0
.8
72
7 
  
0.
35
74
  
-1
.5
73
2 
 -
0.
17
22
  
 -
2.
44
  
 0
.0
14
6

pl
ui
e 
  
  
  
  
  
-0
.1
03
6 
  
0.
04
37
  
-0
.1
89
3 
 -
0.
01
79
  
 -
2.
37
  
 0
.0
17
8

te
mp
er
a*
ty
pe
 1
  
-0
.0
75
5 
  
0.
03
58
  
-0
.1
45
8 
 -
0.
00
53
  
 -
2.
11
  
 0
.0
35
1

te
mp
er
a*
ty
pe
 2
  
 0
.0
00
0 
  
0.
00
00
  
 0
.0
00
0 
  
0.
00
00
  
  
 .
  
  
  
.

so
le
il
*t
yp
e 
 1
  
 0
.0
01
3 
  
0.
01
44
  
-0
.0
27
0 
  
0.
02
95
  
  
0.
09
  
 0
.9
29
0

so
le
il
*t
yp
e 
 2
  
 0
.0
00
0 
  
0.
00
00
  
 0
.0
00
0 
  
0.
00
00
  
  
 .
  
  
  
.

ch
al
eu
r*
ty
pe
 1
  
 0
.8
79
9 
  
0.
37
95
  
 0
.1
36
0 
  
1.
62
38
  
  
2.
32
  
 0
.0
20
4

ch
al
eu
r*
ty
pe
 2
  
 0
.0
00
0 
  
0.
00
00
  
 0
.0
00
0 
  
0.
00
00
  
  
 .
  
  
  
.

pl
ui
e*
ty
pe
  
 1
  
 0
.0
85
2 
  
0.
04
60
  
-0
.0
05
0 
  
0.
17
53
  
  
1.
85
  
 0
.0
64
1

pl
ui
e*
ty
pe
  
 2
  
 0
.0
00
0 
  
0.
00
00
  
 0
.0
00
0 
  
0.
00
00
  
  
 .
  
  
  
.

R
É

S
U

LT
AT

S

103
Sc
or
e 
St
at
is
ti
cs
 F
or
 T
yp
e 
3 
GE
E 
An
al
ys
is

Ch
i-

So
ur
ce
  
  
  
  
  
  
  
DF
  
  
 S
qu
ar
e 
  
 P
r 
> 
Ch
iS
q

ty
pe
  
  
  
  
  
  
  
  
 2
  
  
  
 7
.0
8 
  
  
  
 0
.0
29
0

te
mp
er
a 
  
  
  
  
  
  
 1
  
  
  
 4
.9
4 
  
  
  
 0
.0
26
3

so
le
il
  
  
  
  
  
  
  
 0
  
  
  
  
. 
  
  
  
  
  
.

ch
al
eu
r 
  
  
  
  
  
  
 2
  
  
  
 0
.0
0 
  
  
  
 0
.9
99
5

pl
ui
e 
  
  
  
  
  
  
  
 2
  
  
  
 0
.0
2 
  
  
  
 0
.9
88
1

te
mp
er
a*
ty
pe
  
  
  
  
 2
  
  
  
 0
.0
4 
  
  
  
 0
.9
79
9

so
le
il
*t
yp
e 
  
  
  
  
 2
  
  
  
 0
.2
7 
  
  
  
 0
.8
73
4

ch
al
eu
r*
ty
pe
  
  
  
  
 2
  
  
  
 0
.0
0 
  
  
  
 0
.9
99
9

pl
ui
e*
ty
pe
  
  
  
  
  
 2
  
  
  
 0
.0
0 
  
  
  
 1
.0
00
0

LE
 M

O
D

È
LE

 
PA

R
T

IE
LL

E
M

E
N

T
 À

 
P

E
N

T
E

S
 É

G
A

LE
S

O
n 

él
im

in
e 

pr
og

re
ss

iv
em

en
t l

es
 in

te
ra

ct
io

ns
no

n 
si

gn
ifi

ca
tiv

es
. 

O
n 

re
tr

ou
ve

 le
 m

od
èl

e 
à 

pe
nt

es
 é

ga
le

s 
si

 to
ut

es
 le

s 
in

te
ra

ct
io

ns
 s

on
t é

lim
in

ée
s.

C
et

te
 a

pp
ro

ch
e 

pe
rm

et
 u

n 
te

st
 L

R
T 

de
 c

om
pa

ra
is

on
 e

nt
re

 le
 

m
od

èl
e 

co
m

pl
et

 e
t l

e 
m

od
èl

e 
à 

pe
nt

es
 é

ga
le

s.

104



R
É

S
U

LT
AT

 D
E

S
 

IT
É

R
AT

IO
N

S
M

O
D

ÈL
E 

À
 P

EN
TE

S 
ÉG

A
LE

S

105

Cr
it
er
ia
 F
or
 A
ss
es
si
ng
 G
oo
dn
es
s 
Of
 F
it

Cr
it
er
io
n 
  
  
  
  
  
  
  
  
DF
  
  
  
  
  
 V
al
ue
  
  
  
  
Va
lu
e/
DF

De
vi
an
ce
  
  
  
  
  
  
  
  
  
62
  
  
  
  
 2
6.
24
08
  
  
  
  
  
0.
42
32

Sc
al
ed
 D
ev
ia
nc
e 
  
  
  
  
  
62
  
  
  
  
 2
6.
24
08
  
  
  
  
  
0.
42
32

Pe
ar
so
n 
Ch
i-
Sq
ua
re
  
  
  
  
62
  
  
  
  
 2
6.
52
18
  
  
  
  
  
0.
42
78

Sc
al
ed
 P
ea
rs
on
 X
2 
  
  
  
  
62
  
  
  
  
 2
6.
52
18
  
  
  
  
  
0.
42
78

Lo
g 
Li
ke
li
ho
od
  
  
  
  
  
  
  
  
  
  
  
-1
3.
12
04

Al
go
ri
th
m 
co
nv
er
ge
d.

R
É

S
U

LT
AT

 D
E

S
 

IT
É

R
AT

IO
N

S
M

O
D

ÈL
E 

À
 P

EN
TE

S 
ÉG

A
LE

S

106

An
al
ys
is
 O
f 
In
it
ia
l 
Pa
ra
me
te
r 
Es
ti
ma
te
s

St
an
da
rd
  
  
 W
al
d 
95
% 
Co
nf
id
en
ce
  
  
  
 C
hi
-

Pa
ra
me
te
r 
  
  
  
  
DF
  
  
Es
ti
ma
te
  
  
  
 E
rr
or
  
  
  
  
  
 L
im
it
s 
  
  
  
  
  
 S
qu
ar
e 
  
 P
r 
> 
Ch
iS
q

In
te
rc
ep
t 
  
  
  
  
 0
  
  
  
0.
00
00
  
  
  
0.
00
00
  
  
  
0.
00
00
  
  
  
0.
00
00
  
  
  
  
. 
  
  
  
  
  
.

ty
pe
  
  
  
  
 1
  
  
 1
  
  
-8
6.
48
00
  
  
 3
5.
05
85
  
  
-1
55
.1
93
  
  
-1
7.
76
66
  
  
  
 6
.0
8 
  
  
  
 0
.0
13
6

ty
pe
  
  
  
  
 2
  
  
 1
  
  
-8
1.
51
19
  
  
 3
4.
04
47
  
  
-1
48
.2
38
  
  
-1
4.
78
55
  
  
  
 5
.7
3 
  
  
  
 0
.0
16
7

te
mp
er
a 
  
  
  
  
  
 1
  
  
  
0.
02
45
  
  
  
0.
01
27
  
  
 -
0.
00
04
  
  
  
0.
04
95
  
  
  
 3
.7
0 
  
  
  
 0
.0
54
3

so
le
il
  
  
  
  
  
  
 1
  
  
  
0.
01
40
  
  
  
0.
00
85
  
  
 -
0.
00
26
  
  
  
0.
03
06
  
  
  
 2
.7
3 
  
  
  
 0
.0
98
6

ch
al
eu
r 
  
  
  
  
  
 1
  
  
 -
0.
09
22
  
  
  
0.
11
80
  
  
 -
0.
32
35
  
  
  
0.
13
91
  
  
  
 0
.6
1 
  
  
  
 0
.4
34
8

pl
ui
e 
  
  
  
  
  
  
 1
  
  
 -
0.
02
59
  
  
  
0.
01
23
  
  
 -
0.
05
00
  
  
 -
0.
00
19
  
  
  
 4
.4
6 
  
  
  
 0
.0
34
7

C
. R

É
G

R
E

S
S

IO
N

 L
O

G
IS

T
IQ

U
E

 
M

U
LT

IN
O

M
IA

LE

La
 v

ar
ia

bl
e 

no
m

in
al

e 
Y 

pr
en

d 
r v

al
eu

rs
.

M
od

èl
e 

:
(L

a 
m

od
al

ité
 r 

se
rt

 d
e 

ré
fé

re
nc

e.
)

107

  







 


























1
r

1
i

x
x

1
r

1
i

x
x

x
x

k
ik

1
1i

i

k
ik

1
1i

i

k
ik

1
1i

i

e
1

1
)x/r

Y(
Pr

ob

1
r

,..
.,

1
i

   ,  
e

1

e
)x/i

Y(
Pr

ob





A
P

P
LI

C
AT

IO
N

 A
U

X
 V

IN
S

 
D

E
 B

O
R

D
E

A
U

X
LE

 C
O

D
E

 S
A

S

108

p
r
o
c
c
a
t
m
o
d
d
a
t
a
=
b
o
r
d
e
a
u
x
;

d
i
r
e
c
t
t
e
m
p
e
r
a
 
s
o
l
e
i
l
 
c
h
a
l
e
u
r
 
p
l
u
i
e
;

r
e
s
p
o
n
s
e
l
o
g
i
t
;

m
o
d
e
l

q
u
a
l
i
t
e
 
=
 
t
e
m
p
e
r
a
 
s
o
l
e
i
l
 
c
h
a
l
e
u
r
 
p
l
u
i
e
;

r
u
n
;



109

Te
st

 d
e 

W
al

d 
su

r l
’in

flu
en

ce
 d

’u
ne

 v
ar

ia
bl

e 
X

j

Le
 m

od
èl

e

1
r

,..
.,

1
i  ,

e
1

e
)x

X/i
Y(P

)x(
k

ik
1

1i
0i

k
ik

1
1i

0i

x
...

x

x
...

x

i

























Te
st

H
0

: 
1j

= 
…

 =
 

r-
1,

j=
 0

H
1

: a
u 

m
oi

ns
 u

n 
 i

j
0

St
at

is
tiq

ue
 u

til
is

ée

 

  

 

 

 

  













j,1
r

j1

1

j,1
r

j1

j,1
r

j1
ˆˆ

ˆˆ

V
ar

)
ˆ

,..
.,

ˆ (
W

al
d




110

R
èg

le
 d

e 
dé

ci
si

on
O

n 
re

je
tte

 
H

0
: 

1j
= 

…
 =

 
r-1

,j
= 

0

au
 ri

sq
ue

 
de

 se
 tr

om
pe

r s
i

W
al

d

ou
 si

 N
S 

= 
Pr

ob
(  

   
   

   
   

   
   

   
   

   
   

 



 1

2 1





r


 


2
1

 W
al

d 
)

r





111

In
flu

en
ce

 d
es

 p
 v

ar
ia

bl
es

 X
p+

1,…
, X

k

Le
 m

od
èl

e

Te
st

H
0

: 
i,p

+1
= 

…
 =

 
ik

= 
0,

 i 
= 

1,
…

, r
-1

H
1

: a
u 

m
oi

ns
 u

n 
 i

j
0

St
at

is
tiq

ue
s u

til
is

ée
s

1.
  

= 
[-

2L
(M

od
èl

e 
si

m
pl

ifi
é)

] -
[-

2L
(M

od
èl

e 
co

m
pl

et
)]

 

2.
   

 

  

 

 

 

  


















k,1
r

1
p,1

1

k,1
r

1
p,1

k,1
r

1
p,1

ˆˆ

ˆˆ

V
ar

)
ˆ

,..
.,

ˆ (
W

al
d




1
r

,..
.,

1
i  ,

e
1

e
)x

X/i
Y(P

)x(
k

ik
1

1i
0i

k
ik

1
1i

0i

x
...

x

x
...

x

i

























112

R
èg

le
 d

e 
dé

ci
si

on
O

n 
re

je
tte

 
H

0
: 

1,
p+

1
= 

…
 =

 
r-1

,k
= 

0

au
 ri

sq
ue

 
de

 se
 tr

om
pe

r s
i


ou

 W
al

d

ou
 si

 N
S 

= 
Pr

ob
(  

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 



 )1

(
2 1





r

p







)
ou

 
 

 W
al

d
)1

(
2




r
p





A
P

P
LI

C
AT

IO
N

 A
U

X
 V

IN
S

 D
E

 
B

O
R

D
E

A
U

X

113

M
od

el
 F

itt
in

g 
In

fo
rm

at
io

n

74
.6

47
22

.2
27

52
.4

20
8

.0
00

M
od

el
In

te
rc

ep
t O

nl
y

Fi
na

l

-2
 L

og
Li

ke
lih

oo
d

C
hi

-S
qu

ar
e

df
S

ig
.

Ps
eu

do
 R

-S
qu

ar
e .7

86
.8

84
.7

02

C
ox

 a
nd

 S
ne

ll
N

ag
el

ke
rk

e
M

cF
ad

de
n

A
P

P
LI

C
AT

IO
N

 A
U

X
 V

IN
S

 D
E

 
B

O
R

D
E

A
U

X

114

Li
ke

lih
oo

d 
R

at
io

 T
es

ts

34
.5

75
12

.3
48

2
.0

02
29

.5
46

7.
31

9
2

.0
26

22
.8

70
.6

42
2

.7
25

25
.8

94
3.

66
7

2
.1

60
31

.2
42

9.
01

5
2

.0
11

E
ffe

ct
In

te
rc

ep
t

TE
M

P
E

R
A

T
S

O
LE

IL
C

H
A

LE
U

R
P

LU
IE

-2
 L

og
Li

ke
lih

oo
d 

of
R

ed
uc

ed
M

od
el

C
hi

-S
qu

ar
e

df
S

ig
.

Th
e 

ch
i-s

qu
ar

e 
st

at
is

tic
 is

 th
e 

di
ffe

re
nc

e 
in

 -2
 lo

g-
lik

el
ih

oo
ds

be
tw

ee
n 

th
e 

fin
al

 m
od

el
 a

nd
 a

 re
du

ce
d 

m
od

el
. T

he
 re

du
ce

d 
m

od
el

 is
fo

rm
ed

 b
y 

om
itt

in
g 

an
 e

ffe
ct

 fr
om

 th
e 

fin
al

 m
od

el
. T

he
 n

ul
l h

yp
ot

he
si

s
is

 th
at

 a
ll 

pa
ra

m
et

er
s 

of
 th

at
 e

ffe
ct

 a
re

 0
.

L
es

 te
st

s L
R

T 
so

nt
 p

lu
s j

us
te

s q
ue

 le
s t

es
ts

 d
e 

W
al

d 
: 

m
ei

lle
ur

e 
ap

pr
ox

im
at

io
n 

du
 n

iv
ea

u 
de

 si
gn

ifi
ca

tio
n.

A
P

P
LI

C
AT

IO
N

 A
U

X
 V

IN
S

 D
E

 
B

O
R

D
E

A
U

X
115

Pa
ra

m
et

er
 E

st
im

at
es

-3
13

.5
57

23
0.

32
5

1.
85

3
1

.1
73

.1
13

.0
96

1.
37

5
1

.2
41

1.
12

0
.0

15
.0

24
.3

70
1

.5
43

1.
01

5
-.8

74
.9

34
.8

76
1

.3
49

.4
17

-.1
22

.1
04

1.
38

7
1

.2
39

.8
85

-2
49

.6
04

22
5.

59
4

1.
22

4
1

.2
69

.0
95

.0
95

.9
99

1
.3

18
1.

09
9

.0
07

.0
22

.0
94

1
.7

59
1.

00
7

-.8
90

.9
23

.9
30

1
.3

35
.4

11
-.1

05
.1

03
1.

04
0

1
.3

08
.9

01

In
te

rc
ep

t
TE

M
PE

R
AT

S
O

LE
IL

C
H

A
LE

U
R

P
LU

IE
In

te
rc

ep
t

TE
M

PE
R

AT
S

O
LE

IL
C

H
A

LE
U

R
P

LU
IE

Q
ua

lit
é

B
on

M
oy

en

B
S

td
. E

rr
or

W
al

d
df

S
ig

.
E

xp
(B

)

A
P

P
LI

C
AT

IO
N

 A
U

X
 V

IN
S

 D
E

 
B

O
R

D
E

A
U

X

116

Li
ke

lih
oo

d 
R

at
io

 T
es

ts

42
.1

97
19

.3
27

2
.0

00
43

.3
92

20
.5

22
2

.0
00

30
.4

19
7.

55
0

2
.0

23
41

.6
34

18
.7

64
2

.0
00

E
ffe

ct
In

te
rc

ep
t

TE
M

P
E

R
A

T
C

H
A

LE
U

R
P

LU
IE

-2
 L

og
Li

ke
lih

oo
d 

of
R

ed
uc

ed
M

od
el

C
hi

-S
qu

ar
e

df
S

ig
.

Th
e 

ch
i-s

qu
ar

e 
st

at
is

tic
 is

 th
e 

di
ffe

re
nc

e 
in

 -2
 lo

g-
lik

el
ih

oo
ds

be
tw

ee
n 

th
e 

fin
al

 m
od

el
 a

nd
 a

 re
du

ce
d 

m
od

el
. T

he
 re

du
ce

d 
m

od
el

 is
fo

rm
ed

 b
y 

om
itt

in
g 

an
 e

ffe
ct

 fr
om

 th
e 

fin
al

 m
od

el
. T

he
 n

ul
l h

yp
ot

he
si

s
is

 th
at

 a
ll 

pa
ra

m
et

er
s 

of
 th

at
 e

ffe
ct

 a
re

 0
.

Ps
eu

do
 R

-S
qu

ar
e .7

82
.8

80
.6

94

C
ox

 a
nd

 S
ne

ll
N

ag
el

ke
rk

e
M

cF
ad

de
n



A
P

P
LI

C
AT

IO
N

 A
U

X
 V

IN
S

 D
E

 
B

O
R

D
E

A
U

X

117

Pa
ra

m
et

er
 E

st
im

at
es

-3
81

.3
53

19
0.

21
9

4.
01

9
1

.0
45

.1
45

.0
74

3.
89

3
1

.0
48

1.
15

6
-1

.1
61

.7
38

2.
47

8
1

.1
15

.3
13

-.1
51

.0
80

3.
57

7
1

.0
59

.8
60

-3
08

.8
97

18
6.

25
7

2.
75

0
1

.0
97

.1
21

.0
72

2.
78

5
1

.0
95

1.
12

9
-1

.1
45

.7
29

2.
47

1
1

.1
16

.3
18

-.1
33

.0
78

2.
90

6
1

.0
88

.8
75

In
te

rc
ep

t
TE

M
P

E
R

A
T

C
H

A
LE

U
R

P
LU

IE
In

te
rc

ep
t

TE
M

P
E

R
A

T
C

H
A

LE
U

R
P

LU
IE

Q
ua

lit
é

B
on

M
oy

en

B
S

td
. E

rr
or

W
al

d
df

S
ig

.
E

xp
(B

)

P
R

É
V

IS
IO

N
 

D
E

 L
A

 
Q

U
A

LI
T

É
 D

U
 

V
IN

118

C
as

e 
Su

m
m

ar
ie

sa

M
oy

en
.0

1
.8

8
.1

0
M

oy
en

M
éd

io
cr

e
.0

0
.0

3
.9

7
M

éd
io

cr
e

M
oy

en
.0

1
.1

9
.7

9
M

éd
io

cr
e

M
éd

io
cr

e
.0

0
.0

7
.9

3
M

éd
io

cr
e

B
on

.7
3

.2
6

.0
1

B
on

B
on

.9
4

.0
6

.0
0

B
on

M
éd

io
cr

e
.0

0
.0

0
1.

00
M

éd
io

cr
e

M
éd

io
cr

e
.0

0
.0

0
1.

00
M

éd
io

cr
e

M
éd

io
cr

e
.0

0
.0

0
1.

00
M

éd
io

cr
e

M
oy

en
.6

3
.3

4
.0

3
B

on
B

on
.9

2
.0

8
.0

0
B

on
M

éd
io

cr
e

.2
0

.5
0

.3
0

M
oy

en
M

éd
io

cr
e

.0
0

.0
4

.9
6

M
éd

io
cr

e
B

on
.3

0
.6

9
.0

0
M

oy
en

M
oy

en
.0

2
.7

7
.2

1
M

oy
en

M
oy

en
.0

2
.9

8
.0

0
M

oy
en

M
oy

en
.0

5
.9

5
.0

0
M

oy
en

M
éd

io
cr

e
.0

0
.0

0
1.

00
M

éd
io

cr
e

M
oy

en
.2

1
.7

2
.0

8
M

oy
en

B
on

.9
5

.0
5

.0
0

B
on

M
oy

en
.6

0
.4

0
.0

0
B

on
B

on
.9

9
.0

1
.0

0
B

on
M

oy
en

.0
8

.9
2

.0
0

M
oy

en
B

on
1.

00
.0

0
.0

0
B

on
M

oy
en

.1
4

.8
6

.0
0

M
oy

en
B

on
1.

00
.0

0
.0

0
B

on
M

oy
en

.6
2

.3
8

.0
0

B
on

M
éd

io
cr

e
.0

0
.0

0
1.

00
M

éd
io

cr
e

B
on

.8
4

.1
6

.0
0

B
on

B
on

.2
5

.7
5

.0
0

M
oy

en
M

éd
io

cr
e

.0
0

.0
0

1.
00

M
éd

io
cr

e
B

on
.4

9
.5

1
.0

0
M

oy
en

M
éd

io
cr

e
.0

0
.3

8
.6

2
M

éd
io

cr
e

M
éd

io
cr

e
.0

0
.0

0
1.

00
M

éd
io

cr
e

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Q
ua

lit
é

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 1

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 2

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 3

P
re

di
ct

ed
R

es
po

ns
e

C
at

eg
or

y

Li
m

ite
d 

to
 fi

rs
t 1

00
 c

as
es

.
a.

 

A
P

P
LI

C
AT

IO
N

 A
U

X
 V

IN
S

 D
E

 
B

O
R

D
E

A
U

X
119

C
la

ss
ifi

ca
tio

n

8
3

0
72

.7
%

3
7

1
63

.6
%

0
1

11
91

.7
%

32
.4

%
32

.4
%

35
.3

%
76

.5
%

O
bs

er
ve

d
B

on
M

oy
en

M
éd

io
cr

e
O

ve
ra

ll 
P

er
ce

nt
ag

e

B
on

M
oy

en
M

éd
io

cr
e

P
er

ce
nt

C
or

re
ct

P
re

di
ct

ed

E
X

E
M

P
LE

 A
LL

IG
AT

O
R

S
 

(A
G

R
E

S
T

I)

120

T
ab

le
 1

:  
Pr

im
ar

y 
Fo

od
 C

ho
ic

e 
of

 A
lli

ga
to

rs
, b

y 
L

ak
e,

 G
en

de
r,

 a
nd

 S
iz

e

   
   

  P
rim

ar
y 

Fo
od

 C
ho

ic
e

La
ke

G
en

de
r

Si
ze

Fi
sh

In
ve

rte
br

at
e

R
ep

til
e

B
ird

O
th

er
H

an
co

ck
M

al
e

Fe
m

al
e

2
.3

>2
.3

2
.3

>2
.3

7 4 16 3

1 0 3 0

0 0 2 1

0 1 2 2

5 2 3 3
O

kl
aw

ah
a

M
al

e

Fe
m

al
e

2
.3

>2
.3

2
.3

>2
.3

2 13 3 0

2 7 9 1

0 6 1 0

0 0 0 1

1 0 2 0
Tr

af
fo

rd
M

al
e

Fe
m

al
e

2
.3

>2
.3

2
.3

>2
.3

3 8 2 0

7 6 4 1

1 6 1 0

0 3 1 0

1 5 4 0
G

eo
rg

e
M

al
e

Fe
m

al
e

2
.3

>2
.3

2
.3

>2
.3

13 9 3 8

10 0 9 1

0 0 1 0

2 1 0 0

2 2 1 1



E
X

E
M

P
LE

 A
LL

IG
AT

O
R

S
Th

e 
sa

m
pl

e 
co

ns
is

te
d 

of
 2

19
 a

lli
ga

to
rs

 c
ap

tu
re

d 
in

 fo
ur

 
Fl

or
id

a 
la

ke
s,

 d
ur

in
g 

Se
pt

em
be

r 1
98

5.
Th

e 
re

sp
on

se
 v

ar
ia

bl
e 

is
 th

e 
pr

im
ar

y 
fo

od
 ty

pe
, i

n 
vo

lu
m

e,
 

fo
un

d 
in

 a
n 

al
lig

at
or

’s
 s

to
m

ac
h.

 T
hi

s 
va

ria
bl

e 
ha

d 
fiv

e 
ca

te
go

rie
s:

 F
is

h,
 In

ve
rt

eb
ra

te
, R

ep
til

e,
 B

ird
, O

th
er

.
Th

e 
in

ve
rt

eb
ra

te
s 

fo
un

d 
in

 th
e 

st
om

ac
hs

 w
er

e 
pr

im
ar

ily
 

ap
pl

e 
sn

ai
ls

, a
qu

at
ic

 in
se

ct
s,

 a
nd

 c
ra

yf
is

h.
Th

e 
re

pt
ile

s 
w

er
e 

pr
im

ar
ily

 tu
rt

le
s 

(th
ou

gh
 o

ne
 s

to
m

ac
h 

co
nt

ai
ne

d 
ta

gs
 o

f 2
3 

ba
by

 a
lli

ga
to

rs
 th

at
 h

ad
 b

ee
n 

re
le

as
ed

 
in

 th
e 

la
ke

 d
ur

in
g 

th
e 

pr
ev

io
us

 y
ea

r!
).

Th
e 

O
th

er
 c

at
eg

or
y 

co
ns

is
te

d 
of

 a
m

ph
ib

ia
n,

 m
am

m
al

, p
la

nt
 

m
at

er
ia

l, 
st

on
es

 o
r o

th
er

 d
eb

ris
, o

r n
o 

fo
od

 o
f d

om
in

an
t 

ty
pe

.

121

E
X

E
M

P
LE

 A
LL

IG
AT

O
R

S

122

Li
ke

lih
oo

d 
R

at
io

 T
es

ts

14
6.

64
4a

.0
00

0
.

19
6.

96
2

50
.3

18
12

.0
00

14
8.

85
9

2.
21

5
4

.6
96

16
4.

24
4

17
.6

00
4

.0
01

E
ffe

ct
In

te
rc

ep
t

LA
KE

G
E

N
D

E
R

SI
ZE

-2
 L

og
Li

ke
lih

oo
d 

of
R

ed
uc

ed
M

od
el

C
hi

-S
qu

ar
e

df
S

ig
.

Th
e 

ch
i-s

qu
ar

e 
st

at
is

tic
 is

 th
e 

di
ffe

re
nc

e 
in

 -2
 lo

g-
lik

el
ih

oo
ds

be
tw

ee
n 

th
e 

fin
al

 m
od

el
 a

nd
 a

 re
du

ce
d 

m
od

el
. T

he
 re

du
ce

d 
m

od
el

is
 fo

rm
ed

 b
y 

om
itt

in
g 

an
 e

ffe
ct

 fr
om

 th
e 

fin
al

 m
od

el
. T

he
 n

ul
l

hy
po

th
es

is
 is

 th
at

 a
ll 

pa
ra

m
et

er
s 

of
 th

at
 e

ffe
ct

 a
re

 0
.

Th
is

 re
du

ce
d 

m
od

el
 is

 e
qu

iv
al

en
t t

o 
th

e 
fin

al
 m

od
el

be
ca

us
e 

om
itt

in
g 

th
e 

ef
fe

ct
 d

oe
s 

no
t i

nc
re

as
e 

th
e 

de
gr

ee
s

of
 fr

ee
do

m
.

a.
 

E
X

E
M

P
LE

 A
LL

IG
AT

O
R

S
123

Li
ke

lih
oo

d 
R

at
io

 T
es

ts

95
.0

28
a

.0
00

0
.

14
4.

16
1

49
.1

33
12

.0
00

11
6.

11
5

21
.0

87
4

.0
00

E
ffe

ct
In

te
rc

ep
t

LA
K

E
S

IZ
E

-2
 L

og
Li

ke
lih

oo
d 

of
R

ed
uc

ed
M

od
el

C
hi

-S
qu

ar
e

df
S

ig
.

Th
e 

ch
i-s

qu
ar

e 
st

at
is

tic
 is

 th
e 

di
ffe

re
nc

e 
in

 -2
 lo

g-
lik

el
ih

oo
ds

be
tw

ee
n 

th
e 

fin
al

 m
od

el
 a

nd
 a

 re
du

ce
d 

m
od

el
. T

he
 re

du
ce

d
m

od
el

 is
 fo

rm
ed

 b
y 

om
itt

in
g 

an
 e

ffe
ct

 fr
om

 th
e 

fin
al

 m
od

el
. T

he
nu

ll 
hy

po
th

es
is

 is
 th

at
 a

ll 
pa

ra
m

et
er

s 
of

 th
at

 e
ffe

ct
 a

re
 0

.
Th

is
 re

du
ce

d 
m

od
el

 is
 e

qu
iv

al
en

t t
o 

th
e 

fin
al

 m
od

el
be

ca
us

e 
om

itt
in

g 
th

e 
ef

fe
ct

 d
oe

s 
no

t i
nc

re
as

e 
th

e 
de

gr
ee

s
of

 fr
ee

do
m

.

a.
 

124

Pa
ra

m
et

er
 E

st
im

at
es

-.6
26

.6
42

.9
52

1
.3

29
1.

84
7

1.
31

7
1.

96
7

1
.1

61
1.

30
0

.9
93

1.
71

2
1

.1
91

-1
.2

65
1.

23
3

1.
05

2
1

.3
05

0a
.

.
0

.
-.2

79
.8

06
.1

20
1

.7
29

0a
.

.
0

.
.3

79
.4

79
.6

26
1

.4
29

2.
93

5
1.

11
6

6.
91

3
1

.0
09

1.
69

2
.7

80
4.

70
3

1
.0

30
.4

76
.6

34
.5

64
1

.4
52

0a
.

.
0

.
.3

51
.5

80
.3

67
1

.5
45

0a
.

.
0

.
-.0

48
.5

05
.0

09
1

.9
25

1.
81

3
1.

12
7

2.
59

0
1

.1
08

-1
.0

88
.9

08
1.

43
4

1
.2

31
.2

92
.6

41
.2

07
1

.6
49

0a
.

.
0

.
1.

80
9

.6
03

9.
00

8
1

.0
03

0a
.

.
0

.
-.0

09
.5

22
.0

00
1

.9
87

1.
41

9
1.

18
9

1.
42

4
1

.2
33

1.
00

2
.8

30
1.

45
9

1
.2

27
-1

.0
34

.8
40

1.
51

5
1

.2
18

0a
.

.
0

.
.6

83
.6

51
1.

09
9

1
.2

95
0a

.
.

0
.

.

In
te

rc
ep

t
[L

A
K

E
=G

   
   

 ]
[L

A
K

E
=H

   
   

 ]
[L

A
K

E
=O

   
   

 ]
[L

A
K

E
=T

   
   

 ]
[S

IZ
E

=<
=2

.3
   

]
[S

IZ
E

=>
2.

3 
   

]
In

te
rc

ep
t

[L
A

K
E

=G
   

   
 ]

[L
A

K
E

=H
   

   
 ]

[L
A

K
E

=O
   

   
 ]

[L
A

K
E

=T
   

   
 ]

[S
IZ

E
=<

=2
.3

   
]

[S
IZ

E
=>

2.
3 

   
]

In
te

rc
ep

t
[L

A
K

E
=G

   
   

 ]
[L

A
K

E
=H

   
   

 ]
[L

A
K

E
=O

   
   

 ]
[L

A
K

E
=T

   
   

 ]
[S

IZ
E

=<
=2

.3
   

]
[S

IZ
E

=>
2.

3 
   

]
In

te
rc

ep
t

[L
A

K
E

=G
   

   
 ]

[L
A

K
E

=H
   

   
 ]

[L
A

K
E

=O
   

   
 ]

[L
A

K
E

=T
   

   
 ]

[S
IZ

E
=<

=2
.3

   
]

[S
IZ

E
=>

2.
3 

   
]

C
H

O
IC

E
B F I O

B
St

d.
 E

rr
or

W
al

d
df

S
ig

.

Th
is

 p
ar

am
et

er
 is

 s
et

 to
 z

er
o 

be
ca

us
e 

it 
is

 re
du

nd
an

t.
a.

 

M
od

èl
e 

es
tim

é



125

Pr
év

is
io

n

C
as

e 
Su

m
m

ar
ie

s

H
<=

2.
3

.0
7

.5
4

.0
9

.2
5

.0
5

H
>2

.3
.1

4
.5

7
.0

2
.1

9
.0

7
O

<=
2.

3
.0

1
.2

6
.6

0
.0

5
.0

8
O

>2
.3

.0
3

.4
6

.2
5

.0
7

.1
9

T
<=

2.
3

.0
4

.1
8

.5
2

.1
7

.0
9

T
>2

.3
.1

1
.3

0
.1

9
.2

0
.2

0
G

<=
2.

3
.0

3
.4

5
.4

1
.0

9
.0

1
G

>2
.3

.0
8

.6
6

.1
4

.1
0

.0
2

1 2 3 4 5 6 7 8

LA
K

E
S

IZ
E

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 B

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 F

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 I

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 O

E
st

im
at

ed
C

el
l

P
ro

ba
bi

lit
y 

fo
r

R
es

po
ns

e
C

at
eg

or
y:

 R

H
 =

 H
an

co
ck

, O
 =

 O
kl

aw
ah

a,
 T

 =
 T

ra
ffo

rd
, G

 =
 G

eo
rg

e

126

Ex
em

pl
e A

lli
ga

to
rs

 (2
)

S
E
X
 
 
 
 
 
 
 
 
 
L
E
N
G
T
H
 
 
C
H
O
I
C
E

_
_
_
_
_
_
_
_
 
 
_
_
_
_
_
_
_
_
 
 
_
_
_
_
_
_
_
_

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
3
0
 
 
 
 
I

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
3
2
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
3
2
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
4
0
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
4
2
 
 
 
 
I

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
4
2
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
4
7
 
 
 
 
I

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
4
7
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
5
0
 
 
 
 
I

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
5
2
 
 
 
 
I

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
6
3
 
 
 
 
I

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
6
5
 
 
 
 
O

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
6
5
 
 
 
 
O

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
6
5
 
 
 
 
I

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
6
5
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
6
8
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
7
0
 
 
 
 
I

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
7
3
 
 
 
 
O

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
7
8
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
7
8
 
 
 
 
O

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
8
0
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
8
5
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
9
3
 
 
 
 
I

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
9
3
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
 
 
1
.
9
8
 
 
 
 
I

M
 
 
 
 
 
 
 
 
 
 
 
2
.
0
3
 
 
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
2
.
0
3
 
 
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
2
.
3
1
 
 
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
2
.
3
6
 
 
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
2
.
4
6
 
 
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
3
.
2
5
 
 
 
 
 
 
O

M
 
 
 
 
 
 
 
 
 
 
 
3
.
2
8
 
 
 
 
 
 
O

M
 
 
 
 
 
 
 
 
 
 
 
3
.
3
3
 
 
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
3
.
5
6
 
 
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
3
.
5
8
 
 
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
3
.
6
6
 
 
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
3
.
6
8
 
 
 
 
 
 
O

M
 
 
 
 
 
 
 
 
 
 
 
3
.
7
1
 
 
 
 
 
 
F

M
 
 
 
 
 
 
 
 
 
 
 
3
.
8
9
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
 
1
.
2
4
 
 
 
 
 
 
I

F
 
 
 
 
 
 
 
 
 
 
 
1
.
3
0
 
 
 
 
 
 
I

F
 
 
 
 
 
 
 
 
 
 
 
1
.
4
5
 
 
 
 
 
 
I

F
 
 
 
 
 
 
 
 
 
 
 
1
.
4
5
 
 
 
 
 
 
O

F
 
 
 
 
 
 
 
 
 
 
 
1
.
5
5
 
 
 
 
 
 
I

F
 
 
 
 
 
 
 
 
 
 
 
1
.
6
0
 
 
 
 
 
 
I

F
 
 
 
 
 
 
 
 
 
 
 
1
.
6
0
 
 
 
 
 
 
I

F
 
 
 
 
 
 
 
 
 
 
 
1
.
6
5
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
1
.
7
8
 
 
 
 
 
 
I

F
 
 
 
 
 
 
 
 
 
 
1
.
7
8
 
 
 
 
 
 
O

F
 
 
 
 
 
 
 
 
 
 
1
.
8
0
 
 
 
 
 
 
I

F
 
 
 
 
 
 
 
 
 
 
1
.
8
8
 
 
 
 
 
 
I

F
 
 
 
 
 
 
 
 
 
 
2
.
1
6
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
2
.
2
6
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
2
.
3
1
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
2
.
3
6
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
2
.
3
9
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
2
.
4
1
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
2
.
4
4
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
2
.
5
6
 
 
 
 
 
 
O

F
 
 
 
 
 
 
 
 
 
 
2
.
6
7
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
2
.
7
2
 
 
 
 
 
 
I

F
 
 
 
 
 
 
 
 
 
 
2
.
7
9
 
 
 
 
 
 
F

F
 
 
 
 
 
 
 
 
 
 
2
.
8
4
 
 
 
 
 
 
F

S
E
X
 
 
 
 
 
 
 
 
 
 
 
L
E
N
G
T
H
 
 
C
H
O
I
C
E

_
_
_
_
_
_
_
_
 
 
 
 
_
_
_
_
_
_
_
_
 
 
_
_
_
_
_
_
_
_

S
E
X
 
 
 
 
 
 
L
E
N
G
T
H
 
 
 
 
C
H
O
I
C
E

_
_
_
_
_
_
_
_
 
 
 
_
_
_
_
_
_
_
_
 
 
_
_
_
_
_
_
_
_

127

Ex
em

pl
e A

lli
ga

to
rs

 (2
)

Th
e 

CA
TM

OD
 P

ro
ce

du
re

Ma
xi

mu
m 

li
ke

li
ho

od
 c

om
pu

ta
ti

on
s 

co
nv

er
ge

d.

Ma
xi

mu
m 

Li
ke

li
ho

od
 A

na
ly

si
s 

of
 V

ar
ia

nc
e

So
ur

ce
  

  
  

  
  

  
  

 D
F 

  
Ch

i-
Sq

ua
re

  
  

Pr
 >

 C
hi

Sq
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

ƒƒ
ƒƒ

In
te

rc
ep

t 
  

  
  

  
  

  
2 

  
  

  
  

9.
84

  
  

  
  

0.
00

73
se

x 
  

  
  

  
  

  
  

  
  

2 
  

  
  

  
2.

71
  

  
  

  
0.

25
74

le
ng

th
  

  
  

  
  

  
  

  
2 

  
  

  
 1

0.
28

  
  

  
  

0.
00

59
le

ng
th

*s
ex

  
  

  
  

  
  

2 
  

  
  

  
2.

57
  

  
  

  
0.

27
67

Li
ke

li
ho

od
 R

at
io

  
  

 9
4 

  
  

  
 7

7.
64

  
  

  
  

0.
88

90

128

Ex
em

pl
e A

lli
ga

to
rs

 (2
)

Li
ke

lih
oo

d 
R

at
io

 T
es

ts

92
.2

70
a

.0
00

0
.

11
0.

31
9

18
.0

49
2

.0
00

95
.7

32
3.

46
1

2
.1

77

E
ffe

ct
In

te
rc

ep
t

LE
N

G
TH

S
E

X

-2
 L

og
Li

ke
lih

oo
d 

of
R

ed
uc

ed
M

od
el

C
hi

-S
qu

ar
e

df
Si

g.

Th
e 

ch
i-s

qu
ar

e 
st

at
is

tic
 is

 th
e 

di
ffe

re
nc

e 
in

 -2
 lo

g-
lik

el
ih

oo
ds

be
tw

ee
n 

th
e 

fin
al

 m
od

el
 a

nd
 a

 re
du

ce
d 

m
od

el
. T

he
 re

du
ce

d 
m

od
el

is
 fo

rm
ed

 b
y 

om
itt

in
g 

an
 e

ffe
ct

 fr
om

 th
e 

fin
al

 m
od

el
. T

he
 n

ul
l

hy
po

th
es

is
 is

 th
at

 a
ll 

pa
ra

m
et

er
s 

of
 th

at
 e

ffe
ct

 a
re

 0
.

Th
is

 re
du

ce
d 

m
od

el
 is

 e
qu

iv
al

en
t t

o 
th

e 
fin

al
 m

od
el

be
ca

us
e 

om
itt

in
g 

th
e 

ef
fe

ct
 d

oe
s 

no
t i

nc
re

as
e 

th
e 

de
gr

ee
s

of
 fr

ee
do

m
.

a.
 



129

Ex
em

pl
e A

lli
ga

to
rs

 (2
)

Li
ke

lih
oo

d 
R

at
io

 T
es

ts

10
4.

56
3

14
.2

47
2

.0
01

10
6.

68
1

16
.3

65
2

.0
00

E
ffe

ct
In

te
rc

ep
t

LE
N

G
TH

-2
 L

og
Li

ke
lih

oo
d 

of
R

ed
uc

ed
M

od
el

C
hi

-S
qu

ar
e

df
S

ig
.

Th
e 

ch
i-s

qu
ar

e 
st

at
is

tic
 is

 th
e 

di
ffe

re
nc

e 
in

 -2
 lo

g-
lik

el
ih

oo
ds

be
tw

ee
n 

th
e 

fin
al

 m
od

el
 a

nd
 a

 re
du

ce
d 

m
od

el
. T

he
 re

du
ce

d 
m

od
el

is
 fo

rm
ed

 b
y 

om
itt

in
g 

an
 e

ffe
ct

 fr
om

 th
e 

fin
al

 m
od

el
. T

he
 n

ul
l

hy
po

th
es

is
 is

 th
at

 a
ll 

pa
ra

m
et

er
s 

of
 th

at
 e

ffe
ct

 a
re

 0
.

Pa
ra

m
et

er
 E

st
im

at
es

.9
98

1.
17

6
.7

21
1

.3
96

.0
85

.4
89

.0
30

1
.8

62
5.

18
1

1.
74

6
8.

80
7

1
.0

03
-2

.3
88

.9
21

6.
71

8
1

.0
10

In
te

rc
ep

t
LE

N
G

TH
In

te
rc

ep
t

LE
N

G
TH

C
H

O
IC

E
F I

B
S

td
. E

rr
or

W
al

d
df

S
ig

.

130

Ex
em

pl
e A

lli
ga

to
rs

 (2
)

.9
98

.0
85

Le
ng

th

.9
98

.0
85

Le
ng

th
5.

18
1

2.
38

8L
en

gt
h

e
Pr

ob
(F

)
1

e
e











5.
18

1
2.

38
8L

en
gt

h

.9
98

.0
85

Le
ng

th
5.

18
1

2.
38

8L
en

gt
h

e
Pr

ob
(I

)
1

e
e











.9
98

.0
85

Le
ng

th
5.

18
1

2.
38

8L
en

gt
h

1
Pr

ob
(0

)
1

e
e









131

Ex
em

pl
e A

lli
ga

to
rs

 (2
)

Lo
ng

ue
ur

4.
0

3.
5

3.
0

2.
5

2.
0

1.
5

1.
0

Probabilité

.8 .6 .4 .2 0.
0

P
ro

b(
O

)

P
ro

b(
I)

P
ro

b(
F)


