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ABSTRACT 

We shall demonstrate in this paper, how the generalized linea.r model procedure GEN­

MOD in SAS can be utilized to implement the class of models that can be fitteti by 

Lawal and Upton's (1995) FORTRAN algorithm to square tables having ordered clas­

sificatory variables. Composite models as discussed by LawaI and Upton will also be 

fitted to the tables. Applications to 4 x 4 and 5 x 5 square tables will be discussed. 

Parameter estimates as well as the relevant odds ratios will also be discussed from the 

SAS output. 
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1. INTRODUCTION 

Let ni; denote the observed frequency in the i-th row and j-th column of an I x I 

square contingency table (i,j = 1,2, ... ,1), and let mi; denote the corresponding expected 

frequency under some model. If we a.ssume here that a multinomia.l sampling scheme 

applies to the I x I table, though other sampling schemes may also be a.ssumed without 

loss of generality. If ()i; denote the (1 - 1)(1 - 1) local odds-ratio formed from adjacent 

2 x 2 subtables, then 

2. THE PRINCIPAL DIAGONAL CLASS 

The principa.l diagona.l cla.ss models has: 

{ 
() if (i = j) 

();; = Ii if (i =1= j) 

The fixed distance model (F) with constant or fixed distance parameter § for an I x I 

table can be described in terms of its expected values as: 

(1) 

where k =1 i - j 1 for (i,j) = 1,2, ... , I. Under this model, the estimated odds-ratios are 

estimated as: 

0 .. = { exp{ -5} if i = j 
" 1 if i =1= j 

The model can be implemented in SAS procedure GENMOD to the 5 x 5 British Social 

Mobility (Glass, 1954) table below by defining a quantitative variable F in the CLASS 

command line of GENMOD. The variable F is defined as: 
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1 2 3 4 5 
1 1 2 3 4 

F = 1 1 1 2 3 
1 1 1 1 2 
1 1 1 1 1 

Occupational status for British father-son pairs 

Sons' Status 
Father's 
Status (1) (2) (3) (4) (5 ) 

(1) 50 45 8 18 8 
(2) 28 174 84 154 55 
(3) 11 78 110 223 96 
(4) 14 150 185 714 447 
(5) 3 42 72 320 411 

The model is based on 12 - [1 + 2(1 - 1) + 1] = 1(1 - 2) degrees of freedom. 

THE VARIABLE DISTANCE MODEL: 

The variable distance model (V) for an 1 x 1 table is also a member of this class and 

can be written in log-linear terms as follows: 

log(mij) = J.L + ,\~ + ,\[ + '\8 (2) 

for (i,j) = 1,2, ... , I and where for some 8k , 1 ::; k::; (1 - 1), 

{ 
L:t:i 8k if i < j 

\D 0 'f" Aij = 1 1 = J 
L:~-;'; 8k if j < i 

There are thus 1- 1 such distance parameters, namely 81,62, .... , 81-t, which represent 

respectively, distances from category 1 to 2, 2 to 3, .... , and (1 - 1) to 1. The model is 

based on 12 - [2(1 - 1) + 1] = (1 - 1)(1 - 2) degrees of freedom and the corresponding 

local odds-ratios for the model are also given by: 
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.. 

() .. _ { exp{ -2Ci} if i = i 
'J - 1 if i #- i 

For the 5 x 5 table, there are 4 of such parameters and they can be implemented in SAS 

by defining the following four factor variables: 

2 1 1 1 1 3 3 1 1 1 

1 2 2 2 2 3 3 1 1 1 

D1= 1 2 2 2 2 , D2= 1 1 3 3 3 

1 2 2 2 2 1 1 3 3 3 

1 2 2 2 2 1 1 3 3 3 

4 4 4 1 1 5 5 5 5 1 

4 4 4 1 1 5 5 5 5 1 

D3= 4 4 4 1 1 , D4= 5 5 5 5 1 

1 1 1 4 4 5 5 5 5 1 

1 1 1 4 4 1 1 1 1 5 

The parameter estimated under both models F and V are respectively: F : 8 = -1. 0672 

and 81 = -1.2715;82 = -0.6419;83 = -0.4158;84 = -0.4594; and the corresponding 

estimated odds-ratios are displayed below: 

[

2.907 
• 1.000 

F : 8ij = 1.000 

1.000 

1.000 1.000 
2.907 1.000 
1.000 2.907 
1.000 1.000 

1.000 1 [ 12.719 
1.000 • 1.000 
1.000 ' V: ()ij = 1.000 

2.907 1.000 

3. THE DIAGONAL BAND MODELS: 

This class of models has 

()ij = 1 unless I i - i I:::; 1 

THE UNIFORM LOYALTY MODEL: 

1.000 
3.610 
1.000 
1.000 

1.000 
1.000 
2.297 
1.000 

1.000 1 1.000 
1.000 
2.506 

The uniform loyalty model (L) is a member of this class of models and its expected 

values can be expressed as: 
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m·· - ] 
{

o.i (3. (i =/: j) 
"- ).o.i(3i (i = j) (3) 

We can implement this model in SAS by defining a quantitative variable for a 5 x 5 table 

as: 

2 1 1 1 1 
1 2 1 1 1 

L= 1 1 2 1 1 
1 1 1 2 1 
1 1 1 1 2 

The model is based on 12 - [1 + 2(1 -1) + 1] = 1(1 - 2) d.f. 

THE TRIANGLE (T) MODEL: 

Goodman(1986) described the non-independence triangle (T) model 

where 

! 1"1 for i > j 
Iii = 1 for i = j. 

72 for i < j 

(4) 

The T parameters pertain to the upper-right triangle and lower left triangles in the 

square ta.ble. 

This model is implemented in SAS by defining a factor va.riable T a.s follows: 

1 3 3 3 3 
2 1 3 3 3 

T - 2 2 1 3 3 
2 2 2 1 3 
2 2 2 2 1 
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The model is based on J2 - [1 + 2(1 - 1) + 2] = (12 - 21 - 1) degrees offreedom. 

THE QUASI-INDEPENDENCE Q MODEL: 

The model of qua.si-independence (Q) is described in terms of its expected values as: 

(5) 

where tPi; = 1 for i f. j. 

The SAS implementation of this model calls for defining a factor varia.ble Q as: 

2 1 1 1 1 
1 3 1 1 1 

Q- 11411 
1 1 1 5 1 
1 1 1 1 6 

The model is based on 12 - [1 + 2(1 - 1) + I] = (12 - 31 + 1) degrees of freedom 

and is sometimes referred to as the mover-stayer model. Corresponding estimated local 

odds-ra.tios are similarly displa.yed below. The general structures of these odds-ratios 

are given in Lawal (1996). 

[ 

3.838 
- 0.510 

L : eij = 1.000 

1.000 

0.510 1.000 1.000 1 [3.875 0.615 
3.838 0.510 1.000 T . 0- _ _ 0.420 3.875 

0.510 3.838 0.510' . 'J - 1.000 0.420 

1.000 0.510 3.838 1.000 1.000 

[ 

131.367 
• 0.248 

Q : eij = 1.000 

1.000 

0.248 1.000 
6.846 0.589 
0.589 1.671 
1.000 1.017 

1.

000

1 1.000 
1.017 
2.798 

4. THE Ft:LL DIAGONAL MODELS: 
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1.000 
0.615 
3.875 
0.420 

1.

000

1 1.000 
0.615 
3.875 



Goodman (1972, 1979, 1986) introduced the following models: 

THE DIAGONAL (D) MODEL: 

The diagonal (D) model has its expected values described by: 

where k = i - j and Co = 1 

The implementation of this model in SAS can be accomplished by defining a. factor 

variable D which can take any of the following forms- although, the latter form is often 

preferred. 

1 -1 -2 -3 -4 1 2 3 4 5 
1 1 -1 -2 -3 6 1 2 3 4 

D= 2 1 1 -1 -2 , or D= 7 6 1 2 3 
3 2 1 1 -1 8 7 6 1 2 
4 3 2 1 1 9 8 7 6 1 

The model is based on J2 - [1 + 2(1 -1) + (21 - 3)] = (I - 2)2 degrees of freedom. 

THE DIAGONALS-ABSOLUTE (DA) MODEL: 

where k =1 i -j 1 and i::f= j. 

1 2 3 4 5 
2 1 2 3 4 

DA - 3 2 1 2 3 
4 3 2 1 2 
5 4 3 2 1 

The model is based on [2 - [1 + 2(I - 1) + (I -1)] = (I - 1)(I - 2) degrees of freedom. 

THE UNIFORM ASSOCIATION (U) MODEL: 
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The uniform assodation model U belongs to this class of models and has 9ij = 8 for 

(i,j) = 1,2, ... , (I - 1) and with expected values expressed as: 

m -- - "'-/3-9 i ; 1) - "'"1) • 

For this model all local odds-ratios are equal and there is said to be a uniform local 

association for all cells in the square table. The model has 1(1-2) d.f and is sometimes 

referred to as the uniform diagonals model. 

This model can also be implemented in SAS by defining a quantitative variable U = i * j 

for (i, j) = 1,2, ... , 5 which reduces to: 

1 2 3 4 5 
2 4 6 8 10 

U - 3 6 9 12 15 
4 8 12 16 20 
5 10 15 20 25 

The model is based on J2 - [1 + 2(1 - 1) + 1] = 1(1 - 2) degrees of freedom. 

give below the estimated odds-ratios for the full diagonal class models. 

[ 

2.197 
• 0.998 

D: 8ij = 1.650 

1.672 

1.323 1.317 1.040] [ 2.182 
2.197 1.323 1.317 DA '8-- = 1.162 
0.998 2.197 1.323' . 1) 1.464 

1.650 0.998 2.197 1.218 

[ 

1.510 
• 1.510 

U : 8;j = 1.510 

1.510 

1.510 
1.510 
1.510 
1.510 

1.510 
1.510 
1.510 
1.510 

1.510] 1.510 
1.510 
1.510 

1.162 
2.182 
1.162 
1.464 

1.464 
1.162 
2.182 
1.162 

We also 

1.218] 1.464 
1.162 
2.182 

The following commands in SAS which utilizes procedure GENMOD will implement all 

the models described in the previous sections. 
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L: PROC GENMOD; CLASS R C; 
MODEL COUNT= R C L/DIST=POI LINK=LOG; 

F: PROC GENMOD: CLASS R C: 
MODEL COUNT= R C F/DIST=POI LINK=LOG; 

U: PROC GENMOD; CLASS R C; 
MODEL COUNT= R C U/DIST=POI LINK=LOG: 

V: PROC GENMOD; CLASS R C D1-D4; 
MODEL COUNT= R C D1-D4/DIST=POI LINK=LOG; 

Q: PROC GENMOD; CLASS R C Q 

MODEL COUNT= R C Q/DIST=POI LINK=LOG: 
D: PROC GENMOD; CLASS R C D; 

MODEL COUNT= R C D/DIST=POI LINK=LOG; 
DA: PROC GENMOD: CLASS R C DA: 

MODEL COUNT= R C DA/DIST=POI LINK=LOG; 
T: PROC GENMOD; CLASS R C T; 

MAKE 'OBSTATS' OUT=TRI'; 
MODEL COUNT: R C T/DIST=POI LINK=LOG; 

PRoe PRINT; DATA=TRI; 
VAR PRED; 

The print procedure above for example will print both the observed and expected cell 

counts under model T. 

5. COMPOSITE MODELS: 

Each of the models described above may not alone be able to completely explain the 

complex variations in any given square table we are likely to encounter. Consequently, it 

is often appropriate to consider second order combinations of each of the models in the 

preceeding sections. It has been found that such a combination(s) usually explains better 

the data (LawaI & C pton, 1989); (LawaI, 1992); Goodman (1972, 1986). For instance, 

the diagonals- absolute triangle (DAT) model (Goodman, 1986) is a combination of the 

DA and T models. This model can be :mplemented in SAS with the following statements: 
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PROC GENMOD; CLA3S R C DA T; 

MODEL COUNT= R C DA T/DIST=POI LINK=LOG; 

Other composite models can also be formed by noting that any of the variables D1-D4, 

Q. DA, T must always be specified in the CLASS line of procedure GENMOD and 

that U, L and F need not be specified in the CLASS line, since these are considered as 

quantitative varia.bles. 

However, there is an hierachyof complexity to the constraints imposed by the individual 

models Lawai (1993). Thus: 

D,U s D 

D,T ~ D 

DA s D 

For higher order model combinations, we note for example that model VUQDDAT will 

be equivalent to model QVD and that for instance, model QD would be based when 

I ~ 4 on (P - 51 + 5) d.£. 

Similarly, model QDT is equivalent, since T S D, to model QD. 

For 4 x 4 Tables, the corresponding factor and qua.ntitative va.riables necessary to im­

plement these models in SAS are defined below as: 

DA=P 
2 3 4] [ I 2 3 

n u- [; 
2 3 

It] 1 2 3 5 1 2 4 6 

2 1 ~ , D = ~ 5 1 - 3 6 9 

, 4 3 2 6 5 4 8 12 16 

Q = [1 
1 1 

1]' T=[l 
3 3 n L= [1 

1 I I] 
3 1 1 3 2 1 1 

1 4 2 1 1 2 1 

1 1 2 2 1 1 2 
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[1 2 3 n Dl- [; 

1 1 

~l F = 1 1 2 2 2 
111 - 1 2 2 
1 1 1 1 2 2 

[3 3 1 

n. [4 44 !l D2 = 3 3 1 D3 = 4 4 4 
1 1 3 444 
1 1 3 111 
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