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FROM PIMS TO DESIGN MATRIX FOR 2 AGE CLASSES AND 4 TIME PERIODS
EXAMPLE 1:  Set up S(a) using design matrix

1.  Set up PIMS for most general model

PIMS Adult PIMS Juvenile
1 2 3 4 5 2 3 4

2 3 4 6 3 4
3 4 7 4

4 8

2.  Set up decomposed equation

3.  Set up design matrix

int
er

ce
pt

ag
e

PIM Parm β1 β2

1 Sa1 1 1

2 Sa2 1 1

3 Sa3 1 1

4 Sa4 1 1

5 Sj1 1 0

6 Sj2 1 0

7 Sj3 1 0

8 Sj4 1 0

4.  Check design matrix with equations

5.  Draw a graph to fully illustrate the situation!

Juveniles

Adults

Juveniles

Rows 
correspond 

to PIM 
numbers

Adults

logit( ) ( ) ( )Sa1 1 21 1= +β β logit( )Sa1 1 2= +β β

logit( ) ( ) ( )Sa2 1 21 1= +β β logit( )Sa2 1 2= +β β

logit( ) ( ) ( )Sa3 1 21 1= +β β logit( )Sa3 1 2= +β β
logit( ) ( ) ( )Sa4 1 21 1= +β β logit( )Sa4 1 2= +β β

logit( ) ( ) ( )S j1 1 21 0= +β β logit( )S j1 1= β
logit( ) ( ) ( )S j2 1 21 0= +β β logit( )S j2 1= β

logit( ) ( ) ( )S j3 1 21 0= +β β logit( )S j3 1= β

logit( ) ( ) ( )S j4 1 21 0= +β β logit( )S j4 1= β

logit( ) ( )S age= +β β1 2

0

Year

1 2 3 4

β1

β2

Juveniles

Adults

β1+ β2

Model: S(a)

0

Year

1 2 3 4

β1

β2

Juveniles

Adults

β1+ β2

Model: S(a)
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FROM PIMS TO DESIGN MATRIX FOR 2 AGE CLASSES AND A TREND OVER 4 TIME PERIODS
EXAMPLE 2: Set up S(a+T) using design matrix

1.  Set up PIMS for most general model

PIMS Adult PIMS Juvenile
1 2 3 4 5 2 3 4

2 3 4 6 3 4
3 4 7 4

4 8

2.  Set up decomposed equation

3.  Set up design matrix

int
er

ce
pt

ag
e

ye
ar

PIM Parm β1 β2 β3

1 Sa1 1 1 1

2 Sa2 1 1 2

3 Sa3 1 1 3

4 Sa4 1 1 4

5 Sj1 1 0 1

6 Sj2 1 0 2

7 Sj3 1 0 3

8 Sj4 1 0 4

4.  Check design matrix with equations

5.  Draw a graph to fully illustrate the situation!

Juveniles

Adults

Juveniles

Rows 
correspond 

to PIM 
numbers

Adults

logit( ) ( ) ( ) ( )Sa1 1 2 31 1 1= + +β β β logit( )Sa1 1 2 3 1= + + ×β β β

logit( ) ( ) ( ) ( )Sa2 1 2 31 1 2= + +β β β logit( )Sa2 1 2 3 2= + + ×β β β

logit( ) ( ) ( ) ( )Sa3 1 2 31 1 3= + +β β β logit( )Sa3 1 2 3 3= + + ×β β β
logit( ) ( ) ( ) ( )Sa4 1 2 31 1 4= + +β β β logit( )Sa4 1 2 3 4= + + ×β β β

logit( ) ( ) ( ) ( )S j1 1 2 31 0 1= + +β β β logit( )S j1 1 3 1= + ×β β
logit( )S j2 1 3 2= + ×β β

logit( )S j3 1 3 3= + ×β β

logit( )S j4 1 3 4= + ×β β

logit( ) ( ) ( )S age year= + +β β β1 2 3

logit( ) ( ) ( ) ( )S j2 1 2 31 0 2= + +β β β

logit( ) ( ) ( ) ( )S j3 1 2 31 0 3= + +β β β

logit( ) ( ) ( ) ( )S j4 1 2 31 0 4= + +β β β

0

Year

1 2 3 4

β1

β2

Juveniles

Adults
β1+ β2+β3(year)

β1+β3(year)

Model: S(a+T)

0

Year

1 2 3 4

β1

β2

Juveniles

Adults
β1+ β2+β3(year)

β1+β3(year)

Model: S(a+T)
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FROM PIMS TO DESIGN MATRIX FOR 2 AGE CLASSES AND A TREND OVER 4 TIME PERIODS
EXAMPLE 3: Set up S(a××T) using design matrix

1.  Set up PIMS for most general model

PIMS Adult PIMS Juvenile
1 2 3 4 5 2 3 4

2 3 4 6 3 4
3 4 7 4

4 8

2.  Set up decomposed equation

3.  Set up design matrix

int
er

ce
pt

ag
e

ye
ar

ag
e*

ye
ar

PIM Parm β1 β2 β3 β4

1 Sa1 1 1 1 1

2 Sa2 1 1 2 2

3 Sa3 1 1 3 3

4 Sa4 1 1 4 4

5 Sj1 1 0 1 0

6 Sj2 1 0 2 0

7 Sj3 1 0 3 0

8 Sj4 1 0 4 0

4.  Check design matrix with equations

5.  Draw a graph to fully illustrate the situation!

Juveniles

Adults

Juveniles

Rows 
correspond 

to PIM 
numbers

Adults

logit( ) ( ) ( ) ( ) ( )Sa1 1 2 3 41 1 1 1= + + +β β β β logit( )Sa1 1 2 3 41 1= + + × + ×β β β β

logit( ) ( ) ( ) ( ) ( )Sa2 1 2 3 41 1 2 2= + + +β β β β logit( )Sa2 1 2 3 42 2= + + × + ×β β β β

logit( ) ( ) ( ) ( ) ( )Sa3 1 2 3 41 1 3 3= + + +β β β β logit( )Sa3 1 2 3 43 3= + + × + ×β β β β
logit( ) ( ) ( ) ( ) ( )Sa4 1 2 3 41 1 4 4= + + +β β β β logit( )Sa4 1 2 3 44 4= + + × + ×β β β β

logit( ) ( ) ( ) ( ) ( )S j1 1 2 3 41 0 1 0= + + +β β β β logit( )S j1 1 3 1= + ×β β
logit( )S j2 1 3 2= + ×β β

logit( )S j3 1 3 3= + ×β β
logit( )S j4 1 3 4= + ×β β

logit( ) ( ) ( ) ( * )S age year age year= + + +β β β β1 2 3 4

logit( ) ( ) ( ) ( ) ( )S j2 1 2 3 41 0 2 0= + + +β β β β
logit( ) ( ) ( ) ( ) ( )S j3 1 2 3 41 0 3 0= + + +β β β β
logit( ) ( ) ( ) ( ) ( )S j4 1 2 3 41 0 4 0= + + +β β β β

0

Year

1 2 3 4

β1

β2

Juveniles

Adults

β1+ β2+β3(year)+β4(age*year)

β1+β3(year)

Model: S(a××T)

0

Year

1 2 3 4

β1

β2

Juveniles

Adults

β1+ β2+β3(year)+β4(age*year)

β1+β3(year)

Model: S(a××T)
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FROM PIMS TO DESIGN MATRIX FOR 2 AGE CLASSES AND 4 TIME PERIODS
EXAMPLE 4:  Set up S(t) using design matrix

1.  Set up PIMS for most general model

PIMS Adult PIMS Juvenile
1 2 3 4 5 2 3 4

2 3 4 6 3 4
3 4 7 4

4 8

2.  Set up decomposed equation

3.  Set up design matrix

int
er

ce
pt

t1 t2 t3

PIM Parm β1 β2 β3 β4

1 Sa1 1 1 0 0

2 Sa2 1 0 1 0

3 Sa3 1 0 0 1

4 Sa4 1 0 0 0

5 Sj1 1 1 0 0

6 Sj2 1 0 1 0

7 Sj3 1 0 0 1

8 Sj4 1 0 0 0

4.  Check design matrix with equations

5.  Draw a graph to fully illustrate the situation!

Juveniles

Adults

Juveniles

Rows 
correspond 

to PIM 
numbers

Adults

logit( )Sa1 1 2= +β β

logit( )Sa2 1 3= +β β

logit( )Sa3 1 4= +β β
logit( )Sa4 1= β

logit( ) ( ) ( ) ( ) ( )S j1 1 2 3 41 1 0 0= + + +β β β β logit( )S j1 1 2= +β β

logit( ) ( ) ( ) ( ) ( )S j2 1 2 3 41 0 1 0= + + +β β β β logit( )S j 2 1 3= +β β

logit( ) ( ) ( ) ( ) ( )S j 3 1 2 3 41 0 0 1= + + +β β β β logit( )S j3 1 4= +β β

logit( ) ( ) ( ) ( ) ( )S j4 1 2 3 41 0 0 0= + + +β β β β logit( )S j4 1= β

logit( ) ( ) ( ) ( )S t t t= + + +β β β β1 2 1 3 2 4 3

logit( ) ( ) ( ) ( ) ( )Sa1 1 2 3 41 1 0 0= + + +β β β β

logit( ) ( ) ( ) ( ) ( )Sa2 1 2 3 41 0 1 0= + + +β β β β

logit( ) ( ) ( ) ( ) ( )Sa3 1 2 3 41 0 0 1= + + +β β β β

logit( ) ( ) ( ) ( ) ( )Sa4 1 2 3 41 0 0 0= + + +β β β β

0

β1

Year

1 2 3 4

Adults and Juveniles

β1+ β4

β1+ β3

β1+ β2

Model: S(t)

0

β1

Year

1 2 3 4

Adults and Juveniles

β1+ β4

β1+ β3

β1+ β2

Model: S(t)
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FROM PIMS TO DESIGN MATRIX FOR 2 AGE CLASSES AND 4 TIME PERIODS
EXAMPLE 5:  Set up S(a+t) using design matrix

1.  Set up PIMS for most general model

PIMS Adult PIMS Juvenile
1 2 3 4 5 2 3 4

2 3 4 6 3 4
3 4 7 4

4 8

2.  Set up decomposed equation

3.  Set up design matrix

int
er

ce
pt

ag
e

t1 t2 t3

PIM Parm β1 β2 β3 β4 β5

1 Sa1 1 1 1 0 0

2 Sa2 1 1 0 1 0

3 Sa3 1 1 0 0 1

4 Sa4 1 1 0 0 0

5 Sj1 1 0 1 0 0

6 Sj2 1 0 0 1 0

7 Sj3 1 0 0 0 1

8 Sj4 1 0 0 0 0

4.  Check design matrix with equations

5.  Draw a graph to fully illustrate the situation!

Juveniles

Adults

Juveniles

Rows 
correspond 

to PIM 
numbers

Adults

logit( )Sa1 1 2 3= + +β β β

logit( )Sa2 1 2 4= + +β β β

logit( )Sa3 1 2 5= + +β β β
logit( )Sa4 1 2= +β β

logit( ) ( ) ( ) ( ) ( ) ( )S j1 1 2 3 4 51 0 1 0 0= + + + +β β β β β logit( )S j1 1 3= +β β

logit( ) ( ) ( ) ( ) ( ) ( )S j2 1 2 3 4 51 0 0 1 0= + + + +β β β β β logit( )S j2 1 4= +β β

logit( ) ( ) ( ) ( ) ( ) ( )S j3 1 2 3 4 51 0 0 0 1= + + + +β β β β β logit( )S j3 1 5= +β β

logit( ) ( ) ( ) ( ) ( ) ( )S j4 1 2 3 4 51 0 0 0 0= + + + +β β β β β logit( )S j4 1= β

logit( ) ( ) ( ) ( ) ( )S age t t t= + + + +β β β β β1 2 3 1 4 2 5 3

logit( ) ( ) ( ) ( ) ( ) ( )Sa1 1 2 3 4 51 1 1 0 0= + + + +β β β β β

logit( ) ( ) ( ) ( ) ( ) ( )Sa2 1 2 3 4 51 1 0 1 0= + + + +β β β β β

logit( ) ( ) ( ) ( ) ( ) ( )Sa3 1 2 3 4 51 1 0 0 1= + + + +β β β β β

logit( ) ( ) ( ) ( ) ( ) ( )Sa4 1 2 3 4 51 1 0 0 0= + + + +β β β β β

0

β1

Year

1 2 3 4

Juveniles
β1+ β5

β1+ β4

β1+ β3

β1+ β2 + β5

β1+ β2 + β4

β1+ β2 + β3
Adults

β1+ β2

β2
β2

β2

β2

Model: S(a+t)

0

β1

Year

1 2 3 4

Juveniles
β1+ β5

β1+ β4

β1+ β3

β1+ β2 + β5

β1+ β2 + β4

β1+ β2 + β3
Adults

β1+ β2

β2
β2

β2

β2

Model: S(a+t)
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FROM PIMS TO DESIGN MATRIX FOR 2 AGE CLASSES AND 4 TIME PERIODS
EXAMPLE 6:  Set up S(a××t) using design matrix

1.  Set up PIMS for most general model

PIMS Adult PIMS Juvenile
1 2 3 4 5 2 3 4

2 3 4 6 3 4
3 4 7 4

4 8

2.  Set up decomposed equation

3.  Set up design matrix

int
er

ce
pt

ag
e

t1 t2 t3 ag
e*

t1

ag
e*

t2

ag
e*

t3

PIM Parm β1 β2 β3 β4 β5 β6 β7 β8

1 Sa1 1 1 1 0 0 1 0 0

2 Sa2 1 1 0 1 0 0 1 0

3 Sa3 1 1 0 0 1 0 0 1

4 Sa4 1 1 0 0 0 0 0 0

5 Sj1 1 0 1 0 0 0 0 0

6 Sj2 1 0 0 1 0 0 0 0

7 Sj3 1 0 0 0 1 0 0 0

8 Sj4 1 0 0 0 0 0 0 0

4.  Check design matrix with equations

5.  Draw a graph to fully illustrate the situation!

Juveniles

Adults

Juveniles

Rows 
correspond 

to PIM 
numbers

Adults

)*()*()*()()()()()logit( 38271635241321 tagetagetagetttageS ββββββββ +++++++=

logit( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )Sa1 1 2 3 4 5 6 7 81 1 1 0 0 1 0 0= + + + + + + +β β β β β β β β logit( )Sa1 1 2 3 6= + + +β β β β

logit( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )Sa2 1 2 3 4 5 6 7 81 1 0 1 0 0 1 0= + + + + + + +β β β β β β β β logit( )Sa2 1 2 4 7= + + +β β β β

logit( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )Sa3 1 2 3 4 5 6 7 81 1 0 0 1 0 0 1= + + + + + + +β β β β β β β β logit( )Sa3 1 2 5 8= + + +β β β β
logit( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )Sa4 1 2 3 4 5 6 7 81 1 0 0 0 0 0 0= + + + + + + +β β β β β β β β logit( )Sa4 1 2= +β β

logit( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )S j1 1 2 3 4 5 6 7 81 0 1 0 0 0 0 0= + + + + + + +β β β β β β β β logit( )S j1 1 3= +β β
logit( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )S j2 1 2 3 4 5 6 7 81 0 0 1 0 0 0 0= + + + + + + +β β β β β β β β logit( )S j2 1 4= +β β
logit( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )S j3 1 2 3 4 5 6 7 81 0 0 0 1 0 0 0= + + + + + + +β β β β β β β β logit( )S j3 1 5= +β β

logit( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )S j4 1 2 3 4 5 6 7 81 0 0 0 0 0 0 0= + + + + + + +β β β β β β β β logit( )S j4 1= β

β1+ β2

0

β1

Year

1 2 3 4

β2

Juveniles

Adults

β1+ β5

β1+ β4

β1+ β3

β1+ β2 + β3 + β6

β1+ β2 + β4 + β
β1+ β2 + β5 + β8

β2+ β6

β2+ β8

β2+ β7

Model: S(a××t)

β1+ β2

0

β1

Year

1 2 3 4

β2

Juveniles

Adults

β1+ β5

β1+ β4

β1+ β3

β1+ β2 + β3 + β6

β1+ β2 + β4 + β
β1+ β2 + β5 + β8

β2+ β6

β2+ β8

β2+ β7

Model: S(a××t)


