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Preface 

Some years ago, i n r e b e l l i o n against the r e s t r i c t i v e assumptions of con­
v e n t i o n a l m u l t i v a r i a t e techniques and the cumbersome inconvenience of ransack­
i n g sets o f data i n o t h e r ways, we produced a computer program e n t i t l e d The Au­
tomatic j C n t e r a c t l o n D e t e c t o r . ^ This program simulated what researchers had been 
doing w i t h data f o r many years b u t w i t h p r e s t a t e d s t r a t e g y and i n a r e p r o d u c i b l e 
way. 

The Structure-Search program described here, termed AID3, Is a new and 
e l a b o r a t e d v e r s i o n of the o r i g i n a l AID a l g o r i t h m . This manual i s intended as a 
t e c h n i c a l guide to using the program. I n order to make the documentation more 
complete, p a r t s of the o r i g i n a l AID monograph, "The D e t e c t i o n of I n t e r a c t i o n 
E f f e c t s , " have been i n c o r p o r a t e d i n t o the t e x t . 

T h i s v e r s i o n of AID3 was designed and Implemented by the authors i n coop­
e r a t i o n w i t h other members of ISR's Survey Research Center Computer Support 
Group. The advice and help of J u d i t h Rattenbury, Neal Van Eck, Laura Klem, 
Duane Thomas and Robert Messenger are e s p e c i a l l y acknowledged. Tecla Schrader 
aided i n developing the f i n a l program by t e s t i n g and r e t e s t i n g many combina­
t i o n s o f options on s e v e r a l data s e t s . W i l l i a m Haney provided v a l u a b l e e d i t o ­
r i a l suggestions. Joan B r i n s e r c l e a r e d up the worst o b s c u r i t i e s . Maryon Wells, 
T r a c i e Brooks, Nancy Mayer and A l i c e Sano helped w i t h the t y p i n g . P r l s c i l l a 
H i l d e b r a n d t and E l l e n Bronson typed the completed manuscript. 

The f i n a n c i a l support of the N a t i o n a l Science Foundation and the S h e l l 
O i l Company i s g r a t e f u l l y acknowledged. Mr. V. Hwang, Mr. J. Viladas and Mr. A. 

The support of the N a t i o n a l Science Foundation f o r development of both 
the o r i g i n a l "AID" program and the new AID3 documented here i s g r a t e f u l l y ac­
knowledged. 

v i i 



Arraitage p r o v i d e d v a l u a b l e suggestions. 
The d a t a computation upon which t h i s paper i s based employed the OSIRIS 

computer s o f t w a r e system, which was j o i n t l y developed by the component Centers of 
the I n s t i t u t e f o r S o c i a l Research, The U n i v e r s i t y of Michigan, using funds from 
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I 
Introduction to the Program 

1.1 Program Overview 

In. many s o c i a l science research s i t u a t i o n s the problem i n the data analy­
s i s i s t o determine which of the v a r i a b l e s are r e l a t e d to the phenomenon i n ques 
t i o n (under what c o n d i t i o n s and through what i n t e r v e n i n g processes) but may not 
n e c e s s a r i l y i n v o l v e the exact t e s t i n g of s p e c i f i c hypotheses. 

Data a n a l y s i s c o n s i s t s of searching f o r the best model, combining theory 
and examination of data i n the process, and then assessing the best model (or 
two) by well-known processes o f s t a t i s t i c a l i n f e r e n c e . The pure theory o f s t a ­
t i s t i c a l i n f e r e n c e r e q u i r e s t h a t the second step be done on a f r e s h set o f data, 
not those used to s e l e c t the best model. I t also assumes t h a t the model i s prop 
e r l y s p e c i f i e d . The choice among s e v e r a l competing and probably m i s s p e c i f i e d 
models creat e s unsolved problems i n s t a t i s t i c s . 

The present program focuses on the f i r s t s t e p — t h e searching of data f o r 
an o p t i m a l model. Theory i s i n v o l v e d i n the s e l e c t i o n , explanatory v a r i a b l e s , 
t h e i r h i e r a r c h i c a l r a n k i n g , and i n the i n t e r p r e t a t i o n of the r e s u l t s . The l i k e ­
l i h o o d t h a t another sample would g i v e the same r e s u l t s can be estimated by l o o k ­
i n g a t t h e c o m p e t i t i v e p o s s i b i l i t i e s a t each s p l i t , b ut the p r o b a b i l i t y of rep­
l i c a t i n g the f u l l process i s u s u a l l y n e g l i g i b l e , and a t e s t of the f i n a l r e s u l t s 
r e q u i r e s a f r e s h , independent set of data. Hence no s i g n i f i c a n c e t e s t s are p r o ­
vided i n t h i s p rogram—they are inappropriate."*" 

The general p r i n c i p l e of the AID3 program i s an a p p l i c a t i o n of a p r e s t a t e d 
i f complex, s t r a t e g y s i m u l a t i n g the procedures of a good researcher i n searching 
f o r the p r e d i c t o r s t h a t increase h i s power to account f o r the variance of the 

See J. Morgan and F. Andrews (1973). 
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dependent v a r i a b l e . Thus the basic p r i n c i p l e of l e a s t squares i s f o l l o w e d , and 
the focus i s on power i n reducing e r r o r , i . e . , on importance r a t h e r than on s i g ­
n i f i c a n c e . I n place of r e s t r i c t i v e assumptions, r e l i a n c e i s on a prearranged 
procedure which s t a r t s w i t h the most s t a b l e and dependable f i n d i n g ( d i v i s i o n o f 
the data s e t on t h a t p r e d i c t o r which reduces the v a r i a n c e of the dependent v a r ­
i a b l e the most) and works down to l e s s and l e s s dependable and powerful f i n d i n g s 
on smaller and smaller subgroups. 

The data-model to which the procedure i s a p p l i c a b l e may be termed a "sam­
p l e survey model," i n which values of a set of p r e d i c t o r s X,, X_, ... X , and a 

1 2 p 
dependent v a r i a b l e Y, have been obtained over a set of o b s e r v a t i o n s , or u n i t s o f 
a n a l y s i s , Û -, U 2, .. . U A • . . u*n . A weight, WA, may a l s o be e s t a b l i s h e d f o r U Q 

i f the sample i s not r e p r e s e n t a t i v e and s e l f - w e i g h t i n g , or i f one o b s e r v a t i o n 
i s considered to be more r e l i a b l e than another. Data may be considered "miss­
i n g " or undefined on any of the X̂ .- I n p a r t i c u l a r , t h i s a n a l y s i s s i t u a t i o n i s 
defined to be one i n which the X_̂  are a m i x t u r e of nominal and/or o r d i n a l scales 
(or code i n t e r v a l s of an e q u a l - i n t e r v a l s c a l e ) and Y i s a continuous, or equal-
I n t e r v a l s c a l e . The X_̂  v a r i a b l e s may c o n s i s t of a m i x t u r e o f "independent v a r ­
i a b l e s " and also " s p e c i f i e r s " ( c o n d i t i o n s ) and " e l a b o r a t o r s " ( i n t e r v e n i n g v a r i ­
ables) . 

The q u e s t i o n "what dichotomous s p l i t on which s i n g l e p r e d i c t o r v a r i a b l e 
w i l l g i v e us a maximum improvement i n our a b i l i t y to p r e d i c t values of the de­
pendent v a r i a b l e ? " embedded i n an I t e r a t i v e scheme i s the basis f o r the a l g o ­
r i t h m used i n t h i s program. The program d i v i d e s the sample, through a s e r i e s of 
b i n a r y s p l i t s , i n t o a m u t u a l l y e x c l u s i v e s e r i e s of subgroups. Every o b s e r v a t i o n 
i s a member of e x a c t l y one of these subgroups. They are chosen so t h a t a t each 
step i n the procedure, the two new means account f o r more o f the t o t a l sum of 
squares (reduce the p r e d i c t i v e e r r o r more) than the means o f any other p a i r of 
subgroups. 

A major advantage of t h i s procedure i s the transparency of the process 
and the r e s u l t s . At each d e c i s i o n p o i n t , the p r i n t e d o u t p u t allows one to ex­
amine a l l the a l t e r n a t i v e d i v i s i o n s of the data s e t . I f s e v e r a l p r e d i c t o r s were 
s i m i l a r i n importance, c l e a r l y another set of data might have produced d i f f e r e n t 
r e s u l t s . At the end of the process, what one has i s a s e t o f subgroups whose 
d e f i n i t i o n (pedigree) i s c l e a r l y and e a s i l y d e f i n e d by the process by which they 
were i s o l a t e d and whose c h a r a c t e r i s t i c s (mean and v a r i a n c e o f the dependent v a r ­
i a b l e ) are simple s t a t i s t i c s . 

I t i s always easy to e x p l a i n any process by d e s c r i b i n g i t i n r e l a t i o n to 
something e l s e . But t h i s process I s not l i k e stepwise r e g r e s s i o n , f a c t o r a n a l y -
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s i s , or even a n a l y s i s of variance. The only t h i n g w i t h which i t i s r e a l l y com­
parable i s the a c t i v i t y of a researcher i n v e s t i g a t i n g a body of data w i t h a ba­
s i c t h e o r y about what v a r i a b l e s are i m p o r t a n t . Stepwise r e g r e s s i o n adds p r e d i c ­
t o r s , but every one has i t s e f f e c t measured over the whole data s e t . This new 
procedure measures the e f f e c t o f each p r e d i c t o r on each subgroup. Variance an­
a l y s i s asks how much of the variance i s accounted f o r by each p r e d i c t o r and by 
each i n t e r a c t i o n e f f e c t , but i t i n s i s t s t h a t e f f e c t s , main or i n t e r a c t i o n , are 
to be measured over the whole sample. I t thus assumes what i s o f t e n not t r u e . 
I n any case, v a r i a n c e a n a l y s i s runs i n t o s t a t i s t i c a l problems w i t h survey data 
which are not orthogonal since a f a c t o r i a l design w i t h equal numbers i n a l l the 
n-dimensioned s u b c e l l s i s not p o s s i b l e . The basic a d d i t i v i t y o f the variances 
does not h o l d anyway w i t h such r e a l data. 

The variance a n a l y s i s i n the present program i s a s e q u e n t i a l one-way an­
a l y s i s o f variance t h a t i s simple, r o b u s t , and easy to understand. Factor an­
a l y s i s o r smallest-space analyses ignore any dependent v a r i a b l e and merely a t ­
tempt to reduce a s e t o f things to a s m a l l e r s e t . Factor a n a l y s i s serves a 
d i f f e r e n t purpose and may be necessary to develop a dependent or c r i t e r i o n var­
i a b l e f o r a n a l y s i s . With the k i n d of f l e x i b i l i t y i n the use of p r e d i c t o r s pro­
v i d e d by the present program, however, the u t i l i t y gained by reducing the number 
or d i m e n s i o n a l i t y of p r e d i c t o r s i s q u e s t i o n a b l e , p a r t i c u l a r l y s i n c e those methods 
ign o r e t h e dependent v a r i a b l e and make a number of unnecessary assumptions of 
m e a s u r a b i l i t y , l i n e a r i t y and a d d i t i v i t y . Indeed, one of the t h i n g s t h a t comes 
out of a n a l y s i s using the present program i s a new set of complex v a r i a b l e s (de­
f i n i n g subgroups) which have h i g h explanatory power, and should lead t o improved 
theory as w e l l . 

F i n a l l y , m u l t i p l e d i s c r i m i n a n t f u n c t i o n s , canonical c o r r e l a t i o n , and other 
" m u l t i v a r i a t e " procedures a l l impose r e s t r i c t i v e assumptions, e.g. a d d i t i v i t y , 
l i n e a r i t y . Of course, once the best s e t o f n o n - l i n e a r i t i e s and n o n - a d d ! t i v i t i e s 
i s decided upon, a l i n e a r model can be designed to i n c l u d e them, and f i t t o a 
f r e s h s e t of data f o r t e s t i n g . 

A warning to p o t e n t i a l users of t h i s program: Data sets w i t h a thousand 
cases or more are necessary; otherwise the power of the search processes must be 
r e s t r i c t e d d r a s t i c a l l y or those processes w i l l c a r r y one i n t o a never-never land 
of i d i o s y n c r a t i c r e s u l t s . A well-behaved dependent v a r i a b l e w i t h o u t extreme 
cases or severe b i m o d a l i t i e s i s a l s o assumed. A dichotomous dependent " v a r i a b l e " 
i s usable i f i t takes one of i t s values more than 20 and le s s than 80 percent of 
the time. The p r e d i c t o r s should be c l a s s i f i c a t i o n s , where each o f the classes i s 
i n a s i n g l e dimension; otherwise one r e a l l y should make dichotomies out of each 
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of the c a t e g o r i e s . F i n a l l y , some theory must be a p p l i e d , i f only i n the sele c ­
t i o n of the p r e d i c t o r s . I f a l l of them are a t the same l e v e l i n the causal pro­
cess, they can be used simultaneously; but i f they are a t d i f f e r e n t l e v e l s , a 
more complex s t r a t e g y must be used. 

1.2 Output I l l u s t r a t i o n f o r the O r i g i n a l A l g o r i t h m 

The f o l l o w i n g r e s u l t s , c o n t r i v e d , but r e a l i s t i c , w i l l i l l u s t r a t e the basic 
output of the procedure. Suppose t h a t Age, Race, Education, Occupation, and 
Length of Time i n Present Job, are used i n an a n a l y s i s to p r e d i c t Income. Age 
i s an ordered s e r i e s o f ca t e g o r i e s represented by the numbers [1,2, . . . , 6 ] . 
Race i s coded [ 1 or 2 ] , Occupation i s coded [1,2, 5 ] , Education i s coded 
[ 1 , 2 , 3 ] , and Time on Job i s coded [1,2, 5 ] . We f i n d the f o l l o w i n g mutu­
a l l y e x c l u s i v e groups whose means may be used t o p r e d i c t the income of observa­
t i o n s f a l l i n g i n t o t h a t group: 

Group Type N Mean 
Income a 

12 Age 46-65, w h i t e , c o l l e g e 8 $8777 $773 
13 Age under 45, w h i t e , c o l l e g e 12 6005 812 
10 Age 36-65, w h i t e , no c o l l e g e , 

nonlaborer 24 5794 487 
11 Age under 35, w h i t e , no c o l l e g e , 

nonlaborer 16 3752 559 
9 Age under 65, w h i t e , no c o l l e g e , 

l a b o r e r 10 2750 250 
5 Age under 65, nonwhite 10 2010 10 
3 Age over 65 10 1005 5 

T o t a l 90 4434 2263 

A one-way a n a l y s i s of v a r i a n c e over these seven groups would account f o r 95 per 
cent of the v a r i a t i o n i n income. 

These r e s u l t s are a r r i v e d a t by the f o l l o w i n g procedure, as represented by 
the t r e e of b i n a r y s p l i t s : 
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4-5 
(6) 
College 
N = 20 
Y = 7114 

Age 46-65 

1 - 5X 

l-l 

(4) 
White 
N = 70 
Y = 5270 

(2) Age 
under 65 
N = 80 
Y = 4862 

(1) T o t a l 
sample 
N = 90 
Y = 4434 6 

(3) Age 
over 65 
N = 10 
Y = 1005 

(7) No 
co l l e g e 
[N = 50 
FY ~ 4532 

(5) 
Non- -white 
N = 10 
Y = 2010 

(13) Age * 
under 45 (10) 

1-3 N = 12 Age 36-65 
^ ^ - - ^ Y = 6005 N = 24 

3-5 Y = 5794 

(8) Non- ( I D 
l a b o r e r Age under 35 
N = 40 N = 16 1-4 Y = 4977 Y = ^752 

1-2 
(9) * 

c Laborer 
D N - 10 

Y = 2750 

When the t o t a l sample (group 1) i s examined, the maximum r e d u c t i o n I n t he unex­
p l a i n e d sum of squares i s obtained by s p l i t t i n g the sample i n t o two new groups, 
"age under 65" (classes 1-5 on age) and "age 65 and over" (those coded 6 on age). 
Note t h a t each group may c o n t a i n some nonwhites and varying education and occu­
p a t i o n groups. Group 2, the "under-65" people are then s p l i t i n t o " w h i t e " and 
"nonwhite." Note t h a t group 5, the "nonwhites" are a l l under age 65. S i m i l a r l y 
the " w h i t e , under age 65" group I s f u r t h e r d i v i d e d , i n t o c o l l e g e and non-college 
i n d i v i d u a l s , e t c . A group which can no longer be s p l i t i s marked w i t h an a s t e r ­
i s k and c o n s t i t u t e s one o f the above f i n a l groups. The v a r i a b l e "Length of Time 
i n Present Job" has not been used. At each step there e x i s t e d another v a r i a b l e 
which proved more u s e f u l i n e x p l a i n i n g the variance remaining i n t h a t p a r t i c u l a r 
group. 

The p r e d i c t e d value f o r any i n d i v i d u a l a I s the mean, Y_̂ , of h i s f i n a l 
group. Thus Y = Y. + e, where e i s an e r r o r term. P r e d i c t i o n of income on the 
basis o f age, education, occupation and race would provide a considerable reduc­
t i o n i n e r r o r . V a r i a b l e s which "work" are, of course, the most l o g i c a l candidates 
f o r i n c l u s i o n i n a t h e o r e t i c a l framework. 
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1.3 C a p a b i l i t i e s and D i f f e r e n c e s from Previous Versions 

The AID3 program i s a ge n e r a l i z e d data a n a l y s i s system, based on m o d i f i c a ­
t i o n s of the o r i g i n a l AID a l g o r i t h m , and i n c o r p o r a t i n g h i g h l y f l e x i b l e c a p a b i l ­
i t i e s f o r s e l e c t i n g subsets of v a r i a b l e s and analyzing segments of the user's 
data f i l e . I t provides c a p a b i l i t i e s f o r c o n t r o l l i n g the way i n which the v a r i ­
ables are used I n the automated s e q u e n t i a l a n a l y s i s , and provides f o r improved 
user I n t e r v e n t i o n i n t h i s s e q u e n t i a l p a r t i t i o n i n g process. 

The a n a l y s i s of variance model Implemented i n the o r i g i n a l AID a l g o r i t h m 
has been extended t o i n c l u d e a c o v a r i a t e . Thus, an a n a l y s i s can now be s e t up 
to maximize d i f f e r e n c e s i n group means, d i f f e r e n c e s i n the slopes of the r e g r e s ­
s i o n of the dependent v a r i a b l e on the c o v a r i a t e , or d i f f e r e n c e s i n explained 
sums of squares due to regres s i o n (means and s l o p e s ) . The s e q u e n t i a l p a r t i t i o n ­
i n g process o f the procedure has undergone extensive m o d i f i c a t i o n s t o make i t 
more s o p h i s t i c a t e d i n i t s search. The a l g o r i t h m can now be s e t to examine the 
explanatory power o f se v e r a l sequences of pr o s p e c t i v e p a r t i t i o n s before the 
choice of t h e f i r s t one i s a c t u a l l y made. Thus, present explanatory power can 
be s a c r i f i c e d t e m p o r a r i l y i n favo r of even g r e a t e r p o t e n t i a l gains i n subsequent 
p a r t i t i o n s . 

User c o n t r o l s over the behavior of the a l g o r i t h m have been s i g n i f i c a n t l y 
improved, f a c i l i t a t i n g the e x p l o r a t i o n of i n t e r e s t i n g f i n d i n g s revealed i n the 
course of the a n a l y s i s . The an a l y s t can request t h a t the automated search pro­
cedure s t a r t from a p a r t i c u l a r p o i n t i n a p r e - s p e c i f i e d p a r t i a l t r e e s t r u c t u r e . 
He can s p e c i f y t h a t c e r t a i n p r e d i c t o r s be used f i r s t i n the p a r t i t i o n i n g process, 
or he can i n s i s t t h a t s t a t i s t i c s be computed f o r c e r t a i n p r e d i c t o r s , but t h a t 
they not be a c t u a l l y used as the basis f o r a p a r t i t i o n . The e n t i r e set of pre­
d i c t o r s can even be replaced i n successive stages of a run. The a n a l y s t can use 
these c a p a b i l i t i e s to impose l i m i t a t i o n s on the p a r t i t i o n i n g process t h a t are 
con s i s t e n t w i t h the kinds of causal explanatory assumptions he i s w i l l i n g to 
make about h i s data. 

A f u r t h e r improvement i s the c a p a b i l i t y to compute the p o t e n t i a l explana­
t o r y power contained i n the e n t i r e subset of p r e d i c t o r s chosen f o r the a n a l y s i s . 
This " c o n f i g u r a t i o n " r a t i n g i s the upper bound of the s t a t i s t i c a l "usefulness" 
of t h i s set of p r e d i c t o r s , and represents the amount of v a r i a t i o n t h a t could be 
explained i f the p r e d i c t o r s were to be used i n a model c o n t a i n i n g a l l p o s s i b l e 
I n t e r a c t i o n terms and main e f f e c t s . I t i s e s s e n t i a l l y an a n a l y s i s of variance 
using a l l the subgroup means i n a k-way t a b l e i f there are k d i f f e r e n t p r e d i c ­
t o r s . 

The type of i n p u t acceptable to the program i s b a s i c a l l y the same as t h a t 
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accep t a b l e t o the o r i g i n a l v e r s i o n , but w i t h two imp o r t a n t r e s t r i c t i o n s l i f t e d . 
F i r s t , extremely powerful recoding and v a r i a b l e generation c a p a b i l i t i e s have now 
been pr o v i d e d . Thus, i t i s no longer necessary f o r the user to make expensive 
and time-consuming p r e l i m i n a r y runs on other programs t o recode or a l t e r h i s i n ­
put v a r i a b l e s . He may even a l t e r the coding scheme of h i s dependent v a r i a b l e 
and p r e d i c t o r s i n the course of one run, or he may generate new forms of any of 
h i s i n p u t v a r i a b l e s . Secondly, t h i s c a p a b i l i t y i s used t o provide an extremely 
p o w e r f u l f a c i l i t y f o r s e l e c t i n g subsets of the i n p u t f i l e f o r a n a l y s i s , and f o r 
r e p e a t i n g analyses over severa l such groups. I n a d d i t i o n , t h i s recoding f a c i l ­
i t y p r o v i d e s improved user c o n t r o l over the handling of missing data, e i t h e r by 
assignment, e x c l u s i o n , or randomization. 

Improvements have also been made i n the types o f output s u p p l i e d t o the 
a n a l y s t . I n f o r m a t i o n f o r m e r l y s c a t t e r e d over many pages has been gathered t o ­
gether i n more concise t a b u l a r form. The analyst may choose to recei v e an out­
put f i l e c o n t a i n i n g any or a l l of h i s i n p u t and generated v a r i a b l e s as w e l l as 
p r e d i c t e d values and r e s i d u a l s f o r each stage of h i s a n a l y s i s . 

I t has been our experience t h a t i t takes time to examine the ou t p u t , r e ­
t h i n k over s t r a t e g y , and t h a t batch processing r a t h e r than an i n t e r a c t i v e mode 
i s s a t i s f a c t o r y . Indeed, the general p r i n c i p l e of a p r e s t a t e d s t r a t e g y r a t h e r 
than a r t i s t i c ad hoc r e v i s i o n s o f s t r a t e g y a t each l o c a l d e c i s i o n p o i n t appeals 
to us. 

Two types of program o p e r a t i o n modes are a v a i l a b l e : parameter d e f i n i t i o n 
(or r e d e f i n i t i o n ) , and execution. Three types of program f u n c t i o n s can be r e ­
quested i n any sequence desired by the user. These are data i n p u t , computation, 
and o u t p u t . A "run" on the program ( t o use computer batch-processing t e r m i n o l ­
ogy) c o n s i s t s of an ordered sequence of parameter d e f i n i t i o n s and requests f o r 
e x e c u t i o n of f u n c t i o n s using then c u r r e n t values of the parameters. This s e r i e s 
of macro i n s t r u c t i o n s i s executed i n the order defined by the an a l y s t i n submit­
t i n g h i s c o n t r o l i n f o r m a t i o n stream to the computer. A f t e r t he execution of 
each f u n c t i o n a query i s made by the program t o t h i s c o n t r o l stream f o r i n f o r m a ­
t i o n as to what f u n c t i o n i s to be performed next and what parameters are to be 
r e - d e f i n e d . 
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II 
Analysis Strategy 

2.1 Basic Procedure 

The AID3 a l g o r i t h m uses a repeated one-way a n a l y s i s of variance technique 
to e x p l a i n as much of the variance of a dependent v a r i a b l e as p o s s i b l e . 

The simple c o n c e p t u a l i z a t i o n s given below should a i d one's understanding 
of the program. I f one t h i n k s of the e r r o r i n p r e d i c t i n g the value of some var­
i a b l e i n a small data set and i t s progressive r e d u c t i o n by knowing t h i n g s about 
each case, the f o l l o w i n g holds: 

(1) I f one knows a b s o l u t e l y nothing about t h e v a r i a b l e , not even the s i g n , 
and can only p r e d i c t 0: 

Erro r variance i s the sum of squares of the'Y's = £Y 2 

(2) I f one knows only- the o v e r a l l average, one p r e d i c t s t h a t f o r each 
case: 

Err o r variance i s I ( Y - Y ) 2 = ZY2- = ZY2 - NY2 

(3) I f one knows the average (Y) f o r each of two groups, and f o r each 
case knows which group i t i s i n : 

Er r o r variance i s : EY^2 - N
1 ^ + £ Y 2 - N 2 ^ 2 = ~~ N1*1~ N2*2 

which i s less than (2) by: _ _ 
N 1 Y 1 + N2^2 " m l 

Put another way, w i t h one o v e r a l l average, one explains NY2 of the v a r i ­
ance. With averages f o r two groups, one ex p l a i n s N^Y2 + N2^2 °^ C t i e v a r i a n c e * 

C l e a r l y the two group means must be d i f f e r e n t and the two groups not too 
d i f f e r e n t i n s i z e (both of some appreciable s i z e ) f o r maximum f u r t h e r r e d u c t i o n 
i n e r r o r by knowing i n which group i n d i v i d u a l s belong. 

The present v e r s i o n of the program allows r e d u c t i o n i n e r r o r not s o l e l y by 
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u s i n g means but a l t e r n a t i v e l y by using simple regressions f o r each group. By 
knowing which o f two groups a case i s i n , one can do b e t t e r i f the two have e i ­
t h e r d i f f e r e n t means or d i f f e r e n t r e g r e s s i o n slopes (on the s i n g l e c o v a r i a t e a l ­
lowed) or bot h . The program allows e i t h e r one or both sources of e r r o r reduc­
t i o n t o be a p p l i e d . (See Sect-ion 2.3 below.) 

On the continuum between t e s t i n g one p r e - s p e c i f l e d model ( s e t o f hypothe­
ses) and completely f l e x i b l e a r t i s t i c data-searching, the approaches f a c i l i t a t e d 
by t h i s program f a l l i n the middle. The program operates s e q u e n t i a l l y , imposes 
a minimum of assumptions on the data ( s e l e c t i o n of p r e d i c t o r s , and the mode of 
c l a s s i f y i n g those w i t h much d e t a i l ) , does a g r e a t deal of searching; but i t does 
p r e - s p e c i f y t he s t r a t e g y o f the search process so t h a t i t -is r e p r o d u c i b l e . A r e ­
run using the same s p e c i f i c a t i o n f o r both the dependent v a r i a b l e and the p r e d i c - ' 
t o r s on the same data s e t w i l l produce i d e n t i c a l r e s u l t s . A s i m i l a r run on an­
o t h e r data set w i l l probably produce something s i m i l a r , a t l e a s t f o r the f i r s t 
few steps. 

The most common r e s t r i c t i v e assumptions made by s t a t i s t i c i a n s f o r easing 
the computational and a n a l y t i c a l burden are those of l i n e a r i t y and a d d i t i v i t y . 
With l a r g e data sets these r e s t r i c t i o n s are unnecessary. The use of c a t e g o r i c a l 
p r e d i c t o r s r e p r e s e n t i n g subclasses of p r e d i c t o r s (dummy v a r i a b l e s ) w i t h m u l t i p l e 
r e g r e s s i o n can deal w i t h n o n l i n e a r i t i e s i n the r e l a t i o n s h i p s q u i t e adequately; 
hence i t i s t h e a d d i t i v i t y assumption t h a t i s a problem. A d d i t i v i t y means the 
absence of any i n t e r a c t i o n e f f e c t s , the e f f e c t s o f X^ on Y being pervasive and 
independent o f the l e v e l s of any other f a c t o r . I t i s cumbersome to handle i n ­
t e r a c t i o n s using r e g r e s s i o n . E i t h e r one runs separate regressions f o r subgroups, 
ending up w i t h no o v e r a l l r e l a t i o n s h i p s , or one introduces " i n t e r a c t i o n terms" 
which are themselves r e s t r i c t i v e and l i m i t e d . Suppose there are two p r e d i c t o r s , 
each w i t h t h r e e l e v e l s . Any one of the nine combinations o f the two may r e v e a l 
some n o n - a d d i t i v e e f f e c t s , h i gher i f the two are complements or lower i f they 
are s u b s t i t u t e s . Should one Int r o d u c e separate terms (dummy v a r i a b l e s ) f o r each 
p o s s i b i l i t y , o m i t t i n g the main e f f e c t s , or what? I f one o m i t t e d one l e v e l of 
each of the p r e d i c t o r s i n order t o use usual r e g r e s s i o n programs ( s i n c e the mem­
bership i n a t h i r d c lass i s a l i n e a r f u n c t i o n of membership i n the o t h e r two — 
i f you are i n n e i t h e r of them you must be i n the t h i r d ) , then the cross-product 
terms would s p e c i f y only f o u r of the nine combinations, which p a r t i c u l a r f o u r 
depending on which l e v e l of each p r e d i c t o r was o m i t t e d ! The g o a l i s not ex­
hausting a l l the i n f o r m a t i o n I n the p r e d i c t o r s but d i s c o v e r i n g how they work. 

Once one allows f o r higher-order i n t e r a c t i o n s , the p o s s i b i l i t y of i n t r o ­
ducing v a r i a b l e s f o r a l l of them i n a simultaneous a n a l y s i s dims r a p i d l y . The 
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r e a l w o r l d , however, i s f u l l of examples of higher-order i n t e r a c t i o n e f f e c t s . 
There are t h i n g s which are s u b s t i t u t e s f o r one a n o t h e r — a n y one of s e v e r a l hand­
icaps can make a f a m i l y poor. And there are some r e s u l t s which r e q u i r e t h a t a 
combination of t h i n g s be r i g h t . An I n t e r e s t i n g , i f somewhat usual, example of 
t h i s i s the r e s u l t of an a n a l y s i s of time spent on d o - i t - y o u r s e l f a c t i v i t i e s , 
shown i n Figure 1. I t i n d i c a t e s t h a t any one of s e v e r a l t h i n g s I n h i b i t such ac­
t i v i t y o r , put another way, only a combination of several f a v o r a b l e f a c t o r s leads 
to a s u b s t a n t i a l amount of such a c t i v i t y . Read the r i g h t - h a n d boxes down the 
page. 

There i s so much confusion between i n t e r a c t i o n e f f e c t s and i n t e r c o r r e l a -
t i o n among p r e d i c t o r s t h a t i t may pay to d i s t i n g u i s h them."'' M u l t i p l e r e g r e s s i o n 
handles the problem of i n t e r c o r r e l a t i o n among p r e d i c t o r s , so long as i t i s not 
too extreme. When the p r e d i c t o r s are c a t e g o r i c a l , i t simply means t h a t one does 
not have a f a c t o r i a l design, i . e . , equal numbers of cases f o r each of the pos­
s i b l e combinations. The weighted means i n any one dimension, as a r e s u l t , r e ­
f l e c t b o t h the e f f e c t of t h a t dimension and the hidden spurious e f f e c t s of o t h e r 
f a c t o r s d i s p r o p o r t i o n a t e l y represented i n the groups. I n Figure 2 the i n t e r c o r ­
r e l a t i o n shows up i n the d i s t r i b u t i o n of cases (Part A) and i n the weighted 
means o f Part B. With reasonably small e r r o r s around the subgroup means given 
i n P a r t B, a dummy-variable r e g r e s s i o n w i l l uncover the $4,000 education d i f f e r ­
e n t i a l and the $2,000 age d i f f e r e n t i a l using only the i n t e r c o r r e l a t i o n data from 
P a r t A and the weighted means o u t s i d e Part B. The i n v e s t i g a t o r w i l l then r e p o r t 
t h a t the negative c o r r e l a t i o n between age and education had hidden p a r t of the 
e f f e c t s of e a c h — t h e simple weighted means d i f f e r i n g by l e s s than the t r u e e f ­
f e c t s , i . e . , by only $2,800 f o r education and $400 f o r age. 

But i f there i s , i n a d d i t i o n to the d i r e c t e f f e c t s , an added $1,000 a year 
bonus t o people w i t h both education and experience (as shown i n P a r t C), a r e ­
g r e s s i o n would i n d i c a t e somewhat l a r g e r e f f e c t s of both age and education. Add­
i n g a cross-product term would l o c a t e the $1,000 i n t e r a c t i o n e f f e c t , but only I f 
one happened t o d e f i n e i t i n the one way out of f o u r p o s s i b i l i t i e s t h a t h i t the 
c o r r e c t corner. And w i t h more complex combinations, and/or w i t h more l e v e l s , the 

See also Appendix V I I , James N. Morgan and John A. Sonquist, "Problems i n 
the A n a l y s i s of Survey Data, and a Proposal," Journal of the American S t a t i s t i c a l 
A s s o c i a t i o n 58 (June 1963), 415-435, r e p r i n t e d from Sonquist and Morgan, The De-
t e c t i o n of I n t e r a c t i o n E f f e c t s , I n s t i t u t e f o r S o c i a l Research, The U n i v e r s i t y o f 
Michigan, Ann Arbor, Michigan, 1964. 

Or see John B. Lansing and James N. Morgan, Economic Survey Methods, I n s t i t u t e 
f o r S o c i a l Research, The U n i v e r s i t y o f Michigan, Ann Arbor, Michigan, 1971. 
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Figure 1 

Hours of Home Produ c t i o n Done i n 1964 by Heads o f Families and Wives* 
(For 2-214 f a m i l i e s ) 

O v e r a l l 
Average 

205 hours 

S i n g l e Men 
and Women 

79 

Married 
Couples 

249 
574 

Do Not L i v e i n 
S i n g l e - f a m i l y 

S t r u c t u r e s 
157 

Li v e i n 
S i n g l e - f a m i l y 

S t r u c t u r e s 
275 

366 

Smaller Families 
(2-6 People) 

264 
1184 cases 

Larger Families 
(7-8 People) 

416 

Family Heads w i t h 
Less Education 
(0-8 Grades) 

161 
2 8 cases 

Family Heads w i t h 
More Education 

(9 Grades or More) 
531 

*Home p r o d u c t i o n i s d e f i n e d 
as unpaid work other than 
r e g u l a r housework, minus 
v o l u n t e e r work, and minus 
courses and lessons. 

Do Not Liv e i n 
Rural Areas 

292 

Live i n Rural 
Areas 
861 

36 cases 

MTR 175 

Source: 

Youngest C h i l d 
i s under 2 

370 
TO cases 

Youngest C h i l d 
i s 2-8 
1168 
cases 

J. Morgan, I . S i r a g e l d i n and N. Baerwaldt, Productive Americans, Survey 
Research Center, Ann Arbor, Michigan, 1965, p 128. 



L3 

Figure 2 

A Simple Example of I n t e r c o r r e l a t i o n and I n t e r a c t i o n 

P a r t A. Uneducated Educated 

A l l means o u t s i d e boxes 
are weighted. 

Youth 10 40 

Old 40 10 

P a r t B. 

50 

Uneducated 

50 

Educated 

Youth $3000 $7000 

Old $5000 $9000 

P a r t C. 

$4600 

Uneducated 

$7400 

Educated 

Youth $3000 $7000 

Old $5000 $10,000 

$4600 $7600 

50 

50 

I n t e r c o r r e l a t i o n 
(Negative) 

100% of Sampli 

Means * 

$6200 

$5800 

$6200 

$6000 

$6100 

No 
I n t e r a c t i o n 
E f f e c t 
(But Weighted 
Means are 
A f f e c t e d by 
I n t e r c o r r e l a t i o n ) 

I n t e r a c t i o n 
E f f e c t 
Added 
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l i k e l i h o o d o f f i n d i n g i n t e r a c t i o n s r a p i d l y diminishes. 
I f one took the weighted means, one f a c t o r a t a time, and used them to pre­

d i c t the i n t e r i o r of the t a b l e , one would see the l a r g e p o s i t i v e d e v i a t i o n o f 
a c t u a l from expected i n the lower r i g h t corner. 

How one describes an i n t e r a c t i o n e f f e c t i s always a r b i t r a r y . I n the pre­
sent example one might say t h a t the e f f e c t of education on earnings depended on 
one's age, o r t h a t the e f f e c t of age on earnings depended on education. E i t h e r 
may be t r u e , but choice of a statement i m p l y i n g causal d i r e c t i o n must be based 
on other c o n s i d e r a t i o n s , not the data themselves. 

The c r u c i a l p o i n t i s t h a t not only are main e f f e c t s not n e c e s s a r i l y the 
same or even present i n a l l p a r t s of the sample (or p o p u l a t i o n ) , but i n t e r a c t i o n 
e f f e c t s themselves may be of v a r i o u s complex kinds a f f e c t i n g only some subgroups. 

The t h e o r e t i c a l importance of these c o n s i d e r a t i o n s should be kept i n mind. 
Many t h e o r i e s of human behavior, whether from economics, psychology, s o c i o l o g y 
or the new p o l i t i c a l science, deal w i t h behavior of those who have a choice to 
make, i . e . , n ot dominated by oth e r l e s s i n t e r e s t i n g f o r c e s or c o n s t r a i n t s . Hy­
potheses are b u i l t on what a f f e c t s those a t the margin, t o use the economist's 
phrase. But i f many people are not f r e e t o make choices or are dominated by o t h ­
er f o r c e s (which may not change over time, or be subjec t t o p o l i c y , or even be 
i n t e r e s t i n g ) , then the data may show t h a t the o v e r a l l e f f e c t of some important 
t h e o r e t i c a l v a r i a b l e i s i n s i g n i f i c a n t , when i n f a c t i t i s q u i t e p owerful f o r t he 
r e l e v a n t subgroup—something t h a t t h i s program w i l l r e v e a l . 

I f t h i s program handles n o n - a d d l t i v i t i e s b e t t e r than r e g r e s s i o n , does i t han­
dl e i n t e r c o r r e l a t i o n s among p r e d i c t o r s as w e l l ? The answer i s t h a t i t handles 
them d i f f e r e n t l y . I n r e g r e s s i o n a simultaneous estimate i s made of the e f f e c t s 
of each of two c o r r e l a t e d p r e d i c t o r s , each e f f e c t a d j u s t e d f o r the f a c t t h a t 
those i n a c l a s s on one p r e d i c t o r are d i s t r i b u t e d d i f f e r e n t l y (from the r e s t o f 
the sample) over classes of the oth e r p r e d i c t o r . The nature of t h i s s i m u l t a n ­
eous s o l u t i o n can be seen best when i t i s described as an i t e r a t i v e adjustment 

1 
process. 

I n c o n t r a s t , the AID program d i v i d e s the sample on the most powerful of 
two c o r r e l a t e d p r e d i c t o r s , and searches the two subgroups to see whether the 
other s t i l l m a t t e r s . I f the two are l a r g e l y c o r r e l a t e d and have s i m i l a r e f f e c t s 
on the dependent v a r i a b l e , then the second u s u a l l y loses most or a l l of i t s pow­
er and may w e l l never appear i n the branching diagram. Since r a t h e r few groups 

See F. Andrews, J. Sonquist and J. Morgan, M u l t i p l e C l a s s i f i c a t i o n Analy­
s i s , Ann Arbor, Survey Research Center. 
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can exhaust the explanatory power o f any one p r e d i c t o r , the pre-emption by one 
p r e d i c t o r i s o f t e n dramatic. But t h i s merely dramatizes the problem of i n t e r ­
c o r r e l a t i o n . These may be s i t u a t i o n s where one wants a simultaneous e s t i m a t i o n — 
then a r e g r e s s i o n model I s r e q u i r e d . 

The program fo r m a l i z e s and makes e x p l i c i t the e x p l o r a t o r y nature of one's 
a n a l y s i s so t h a t i t can be judged, repeated, and t e s t e d on other data s e t s . Most 
b e h a v i o r a l - s c i e n c e i n v e s t i g a t o r s have only a rudimentary theory, p a r t i c u l a r l y i n 
terms of the measured v a r i a b l e s , as d i s t i n c t from the t h e o r e t i c a l c o n s t r u c t s they 
h o p e f u l l y represent. Even those who s t a r t w i t h one model and t e s t i t u s u a l l y end 
up t e s t i n g s e v e r a l other a l t e r n a t i v e s , f r e q u e n t l y by segregating subgroups f o r 
separate a n a l y s i s . 

To use the present program one must s p e c i f y a dependent v a r i a b l e , a set of 
p r e d i c t i n g c h a r a c t e r i s t i c s , and some s t r a t e g y parameters, which are discussed be­
low. I t examines the f u l l data s e t using each p r e d i c t o r , and w i t h each searches 
f o r the b e s t s i n g l e d i v i s i o n according t o t h a t p r e d i c t o r . "Best" means the l a r ­
gest r e d u c t i o n I n p r e d i c t i v e e r r o r from knowing t o which of two subgroups on t h a t 
p r e d i c t o r each case belongs (and the means or simple regressions of those sub­
groups). The c r i t e r i o n i s one of importance i n reducing e r r o r , not s t a t i s t i c a l 
s i g n i f i c a n c e . 

Where a p r e d i c t o r has a n a t u r a l order (e.g., age) t h a t order can be pre­
served, o r the order can be l e f t u n s p e c i f i e d , i n which case the categories are 
reordered according to the l e v e l o f the subgroup means on the dependent v a r i a b l e . 
I n e i t h e r case, w i t h k subgroups, there are k-1 p o s s i b l e ways t o form two groups, 
and t he d i v i s i o n t h a t makes the l a r g e s t c o n t r i b u t i o n t o e r r o r r e d u c t i o n ("between 
sum o f squares") i s retained."'' Among these b e s t - f o r - t h a t - p r e d i c t o r s p l i t s , the 
one (over a l l the p r e d i c t o r s ) which reduces the e r r o r v a riance the most i s used 
to d i v i d e the data set i n t o two groups. 

Needless t o say, the same p r e d i c t o r may be used again t o d i v i d e the sample 
i n t o s e v e r a l subgroups. Indeed, i f t h e re i s one extremely powerful p r e d i c t o r , i t 
may dominate the process and i t suggests t u r n i n g to a cpvariance search process. 

A b r i e f d e s c r i p t i o n of the s p l i t t i n g process i s as f o l l o w s : 

(A) Choose the u n s p l i t group L which has the l a r g e s t sum of squares 

a = l 
The t o t a l i n p u t sample i s the f i r s t group, i . e . L = l . 

The f i r s t versus the k-1 o t h e r s , the f i r s t two versus the k-2 ot h e r s , e t c . 
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(B) For each p r e d i c t o r f i n d t h a t d i v i s i o n of the classes i n P^ t h a t 
provides the l a r g e s t r e d u c t i o n i n the unexplained sum of squares. 
That i s , s p l i t L ( t h e "parent" group) i n t o 2 non-overlapping groups 
(or " c h i l d r e n " ) L l and L2 so as to maximize the between sum of squares. 
For example, i n a means a n a l y s i s : 

BSS. = N T 1Y? + N T„Y 2 - N Y? 1 L l L l L2 L2 L L 

where N +N =N , and N , N > NMIN; NM1N i s a minimum group s i z e r e ~ L l L2 L L l LZ — 
quirement (see (2) below). Note t h a t i f the order of a p r e d i c t o r w i t h 
k classes i s maintained only k-1 p o s s i b l e s p l i t s are checked. I f n o t , 
one of k! p o s s i b l e orders i s s e l e c t e d f i r s t ( t h e one i n order according 
to the mean of the dependent v a r i a b l e ) , then k-1 computations made. 
To avoid undue chances f o r i d i o s y n c r a t i c f i n d i n g s , i t i s wise t o main­
t a i n the order of each p r e d i c t o r , o r , i f t h a t i s impossible, t o con­
v e r t i t t o a set o f dichotomies. 

(C) Select t h a t p r e d i c t o r P. such t h a t BSS. > BSS. , j ^ i , and i f BSS. > 
P'eSS^ s p l i t L i n t o the 2 groups L l and L2 d e f i n e d f o r the p r e d i c t o r 
P j . The parameter p^ i s an e l i g i b i l i t y c r i t e r i o n (see (1) below). I f 
BSS < P SS then L i s deemed a f i n a l group and i s not s p l i t . J e l 

(D) Return t o step (A). 

The process stops when one or more of the s e v e r a l c r i t e r i a below are met: 

(1) The marginal (added) r e d u c t i o n I n e r r o r v a riance i f a s p l i t occurred 
would be less than some p r e s t a t e d f r a c t i o n o f the o r i g i n a l v a r i a n c e 
around the mean; o f t e n the value .006 (0.6%) i s chosen. This i s the 
best c r i t e r i o n to use. 

(2) I f a s p l i t on a group were t o occur, one or both would have fewer than 
some p r e s t a t e d number o f cases (e.g., 25) and the mean would be unre­
l i a b l e . This i s u s u a l l y a dangerous r u l e , since (a) the l e a s t squares 
c r i t e r i o n being used i s very s e n s i t i v e to extreme cases, (b) cases I n 
subgroups can appear extreme even i f they don't i n the f u l l sample, 
and (c) the program can a l e r t the researcher t o t h e i r presence (and 
damage) by i s o l a t i n g a group of one or two cases t h a t account f o r a 
s u b s t a n t i a l f r a c t i o n of the variance i f t h i s c r i t e r i o n i s not used."'" 

(3) The t o t a l number of s p l i t s has already reached some p r e s t a t e d maximum 

See Section 2.8 f o r one method of t r e a t i n g extreme cases. 
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(e.g., 30), meaning t h a t there are already t h a t many f i n a l groups p l u s 
one and more than twice t h a t many groups a l t o g e t h e r . This i s a u s e f u l 
secondary safeguard t o prevent generating too many groups through i n ­
advertence, e.g., i n s e t t i n g the f i r s t , main c r i t e r i o n too low. These 
c r i t e r i a i n s u r e t h a t the process stops before u n r e l i a b l e r e d u c t i o n i n 
e r r o r v a riance occurs. 

I t should be obvious t h a t i f t h e r e are M d i f f e r e n t p r e d i c t o r s of K subclas­
ses each, even i f a l l are maintained I n some l o g i c a l o rder, each s p l i t looks a t 
M (K-1) p o s s i b i l i t i e s and by the time t w e n t y - f i v e such s p l i t s have been decided 
upon, the program has s e l e c t e d from among 25M (K-1). With twenty p r e d i c t o r s o f 
ten classes each, t h i s i s 4,500. I f any r e o r d e r i n g of scales I s allowed, the 
number explodes. Hence there i s no p o i n t asking about s t a t i s t i c a l s i g n i f i c a n c e 
or degrees of freedom. 

What can we say about the s t a b i l i t y of the process? Each d i v i s i o n s e l e c t e d 
i s on t h e basis of an estimated "between sum of squares," a variance, as compared 
w i t h s i m i l a r measures f o r competing a l t e r n a t i v e s . The sampling s t a b i l i t y ( l i k e ­
l i h o o d o f producing the i d e n t i c a l s p l i t on another sample) i s c l e a r l y dependent 
on the sampling variance of the d i f f e r e n c e between the best r e d u c t i o n i n va r i a n c e 
and the r e d u c t i o n i n variance occasioned by the use of each of the various com­
p e t i n g p r e d i c t o r s , which depends on d i f f e r e n c e s between p a i r s of variances and 
t h e i r sampling e r r o r s . And of course the p r o b a b i l i t y of g e t t i n g the same se­
quence o f s p l i t s i s the product of the p r o b a b i l i t y of g e t t i n g the f i r s t (one mi­
nus the p r o b a b i l i t y of g e t t i n g any of the oth e r s ) times the p r o b a b i l i t y of making 
the same second s p l i t , e t c . , a product which diminishes i n value r a p i d l y . Of 
course i t i s p o s s i b l e t o end up w i t h the same breakdown of a sample w i t h s p l i t s 
i n d i f f e r e n t o r d e r s , i . e . , one can s p l i t f i r s t on age and then on education, or 
the r e v e r s e , and end w i t h the same f i n a l groups. 

The examination of the p r e d i c t o r s f o r competing a l t e r n a t i v e s p l i t s (two or 
more p r e d i c t o r s where s p l i t s reduce the e r r o r variance about the same amount) f o r 
each subgroup provides a c l e a r p i c t u r e of the amount of I n t e r c o r r e l a t i o n among 
the p r e d i c t o r s . I f there are two competing p r e d i c t o r s , and a s p l i t i s made on 
one o f them and the oth e r r e t a i n s no explanatory power over e i t h e r of the r e s u l t ­
i n g two groups, one sees c l e a r l y t h a t they are a l t e r n a t i v e explanations and prob­
ably h i g h l y c o r r e l a t e d w i t h one another. Instead o f a simultaneous process of 
" d i v i d i n g up the c r e d i t " among c o r r e l a t e d p r e d i c t o r s , the s e q u e n t i a l process used 
here s e l e c t s one and r e p o r t s t h a t having once taken account of i t (even i n a s i n ­
gl e b i n a r y s p l i t ) the oth e r doesn't matter any more f o r t h a t group. Once again, 
as w i t h t h e extreme case problem, the r e s u l t s are tra n s p a r e n t and face the r e -
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searcher w i t h h i s problems, r a t h e r than b u r y i n g them i n complex s t a t i s t i c s . 
Researchers accustomed to using numerical v a r i a b l e s are o f t e n concerned 

w i t h the use of b i n a r y d i v i s i o n s and w i t h the p o s s i b l e l o s s of explanatory power 
when num e r i c a l p r e d i c t o r s are converted i n t o a few subclasses. The example below 
shows the p o t e n t i a l l o s s of power from .grouping a numerical p r e d i c t o r v a r i a b l e . 
I t should be noted t h a t when a p r e d i c t o r I s used i n s e v e r a l s p l i t s , d i v i d i n g the 
sample i n t o t h r e e or f o u r subclasses on t h a t dimension, the r e s u l t s are even b e t ­
t e r than i n Table 1 because one has used only the best of the i n f o r m a t i o n . But 
even i f one used a l l the classes a v a i l a b l e , as i n dummy v a r i a b l e r e g r e s s i o n , i t 
i s c l e a r t h a t the losses i n power are minimal, i f the r e l a t i o n i s a c t u a l l y l i n e a r . 
I f the r e l a t i o n s h i p i s not l i n e a r , then one o f t e n does b e t t e r by grouping a nu­
m e r i c a l v a r i a b l e i n terms of explanatory power, to say n o t h i n g of the f a c t t h a t 
one l e a r n s more about the r e a l w o r l d . 

Table 1 

Percent o f the T o t a l P o s s i b l e Explanatory Power Achieved 
By Using Equal Sized Subgroups I n s t e a d of Regression 1 

With: 
Number 

o f 
Subgroups 

Uniform 
D i s t r i b u t i o n 
( • ) 

T r i a n g u l a r 
D i s t r i b u t i o n 
( A ) 

Right 
T r i a n g l e 
( A ) 

Bimodal Right 
T r i a n g l e 

2 .75% .67 .67 .89 
3 .89 - - -
4 .93 .89 .91 .96 
5 .96 - - -
6 .97 .95 .96 .98 
7 .98 - - -
8 .98 .97 .98 .99 

10 .99 .98 .99 .99 

Source: Graham K a l t o n , A Technique f o r Choosing the Number of A l t e r n a t i v e Re­
sponse Categories to Provide i n Order to Coerce An I n d i v i d u a l ' s P o s i t i o n 
on a Continuum (Memos of Nov. 7, 1960, Feb. 10, 1967 and March 10, 1967), 
Sampling Section, I n s t i t u t e f o r S o c i a l Research, Ann Arbor, Michigan. 

I f a r e g r e s s i o n gives r and the squared c o r r e l a t i o n r a t i o using K sub­
groups of t h a t p r e d i c t o r i s n 2» the t a b l e gives A u s e f u l approximation i s 
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I n f a c t , though, the comparison i s not f a i r since the search process uses 
up many more degrees of freedom. A branching diagram w i t h a dozen f i n a l groups 
u s u a l l y accounts f o r as much of the variance o f the dependent v a r i a b l e as a dummy-
v a r i a b l e r e g r e s s i o n w i t h s i x t y or more dummy v a r i a b l e s (70 or more sub-classes o f 
p r e d i c t o r s ) . 

Perhaps the most s t r i k i n g p o s s i b l e r e s u l t from the program i s the f i r m con­
c l u s i o n t h a t some p a r t i c u l a r p r e d i c t o r may not matter. With an a d d i t i v e model, 
one i s never sure about the p o s s i b i l i t y t h a t a f a c t o r might matter f o r some sub­
group of the p o p u l a t i o n . But i f t h a t f a c t o r cannot account f o r any s u b s t a n t i a l 
f r a c t i o n o f the variance of the dependent v a r i a b l e over the whole sample or over 
any of the va r i o u s d i f f e r e n t but homogeneous subgroups created by the program, 
then one can c o n f i d e n t l y dismiss i t . 

R e s u l t s are independent of the order i n which p r e d i c t o r s are i n t r o d u c e d , 
i n s p i t e o f the s e q u e n t i a l n a t u r e of the decisions made, but they are of course 
dependent on which p r e d i c t o r s are used. Since there are o f t e n p r e d i c t o r s which 
can a f f e c t other p r e d i c t o r s but cannot be a f f e c t e d by them, the program allows 
f o r conducting the a n a l y s i s i n stages. One can Intr o d u c e a set o f basic back­
ground f a c t o r s , remove t h e i r i n f l u e n c e by c a l c u l a t i n g f o r each i n d i v i d u a l h i s de­
v i a t i o n f rom the average of the f i n a l group t o which he belongs, reassemble the 
f u l l data s e t and analyze these r e s i d u a l s using another set of p r e d i c t o r s . Since 
t h i s process assumes no i n t e r a c t i o n between stages, one may want to r e i n t r o d u c e 
some of t h e i n i t i a l p r e d i c t o r s a t the second stage. For i n s t a n c e , age, race, or 
education may be used i n the f i r s t stage as background but can as w e l l be used i n 
the second stage. For example, the i n f l u e n c e of moving to the c i t y may depend on 
education. 

I t must be kept i n mind t h a t a n a l y s i s of r e s i d u a l s , which i s also done w i t h 
o r d i n a r y r e g r e s s i o n , I s not u s u a l l y the best way t o estimate the marginal or added 
power of c e r t a i n p r e d i c t o r s . The i n f l u e n c e of the other t h i n g s has been removed 
only from the dependent v a r i a b l e . True p a r t i a l c o r r e l a t i o n r e q u i r e s removing 
t h e i r i n f l u e n c e a l s o from the p r e d i c t o r i n question. (There also e x i s t s a concept 
c a l l e d " p a r t c o r r e l a t i o n " where the i n f l u e n c e of othe r p r e d i c t o r s i s removed from 
the p r e d i c t o r i n qu e s t i o n , but not from the dependent v a r i a b l e . ) I t would be 
po s s i b l e t o d e r i v e two sets of r e s i d u a l s , using the present program, and c o r r e l a t e 
them as t h e t i g h t e s t f a i r t e s t of a nonspurious c o r r e l a t i o n . 

The present program also provides evidence f o r marginal c o n t r i b u t i o n s of a 
p r e d i c t o r i n the sense of t h e i r added e f f e c t on groups already f r e e d from most o f 
the e f f e c t s of p r e d i c t o r s already used to create them and f r e e from the assump­
t i o n of p a r t i a l c o r r e l a t i o n c o e f f i c i e n t s t h a t the marginal c o n t r i b u t i o n i s perva-
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s i v e and u n i v e r s a l , r a t h e r than r e s t r i c t e d to a sub-part of the p o p u l a t i o n . Or 
i t provides such evidence i n the form of the second-stage a n a l y s i s of r e s i d u a l s 
from the f i r s t stage. 

I f the dependent v a r i a b l e i s a dichotomy, the r e s u l t s are given i n the form 
of p r o p o r t i o n s which are on one s i d e of the dichotomy. Even w i t h numerical v a r ­
i a b l e s I t i s sometimes u s e f u l i n a n a l y s i s to form two a l t e r n a t i v e dichotomies to 
f i n d out whether the f a c t o r s which push many people toward one end of a scale are 
a c t u a l l y the m i r r o r image of those which push them toward the other end. This i s 
not a n o n - l i n e a r i t y issue but a s u b s t a n t i v e t h e o r e t i c a l i s s u e . For i n s t a n c e , 
f a c t o r s associated w i t h increases i n savings accounts are not the reverse o f 
those associated w i t h decreases."* 

The c a p a c i t y to produce r e s i d u a l s from one a n a l y s i s (and expected v a l u e s — 
the f i n a l group mean attached to each i n d i v i d u a l i n the group), enables the pro­
gram to i d e n t i f y and study extreme cases i n more d e t a i l (cases deviant from t h e i r 
own group), o r to develop an expected value of a v a r i a b l e t h a t could be used as 
a p r e d i c t o r i n a second a n a l y s i s i n the t r a d i t i o n of two-stage l e a s t squares or 
i n s t r u m e n t a l v a r i a b l e s , reducing the e r r o r s - i n - v a r i a b l e s problem. 

The remainder o f t h i s chapter i s an examination of the f e a t u r e s and o p t i o n s 
t h a t are o f f e r e d to the user. 

2.2 C o n f i g u r a t i o n s 

A r a t h e r s p e c i a l o p t i o n u n r e l a t e d to the main a l g o r i t h m i s a p r o v i s i o n f o r 
f i n d i n g the explanatory power of the s u b c e l l means of a l l p o s s i b l e combinations 
of a set of p r e d i c t o r s . Instead of o p e r a t i n g s e q u e n t i a l l y i t subdivides the 
sample f a c t o r i a l l y , even though some combinations have few or no cases, and does 
a one-way a n a l y s i s of variance components i n d i c a t i n g what f r a c t i o n of the t o t a l 
v ariance (around the mean) i s accounted f o r by the subgroup means, i . e . , by 
EN Y| - NY2. 

I t r e q u i r e s an e x t r a p r i o r s t e p , s o r t i n g the data on a l l the p r e d i c t o r s , i n 
ascending o r d e r , so t h a t a l l cases w i t h any given combination of p r e d i c t o r values 
are together. 

Meehl (1950) coined the term c o n f i g u r a t i o n and discussed what appeared to 
be a paradox i n which dichotomous items taken s i n g l y had no c o r r e l a t i o n w i t h a 
c r i t e r i o n , but t h e i r cross-product c o r r e l a t e d . The use of c o n f i g u r a t i o n terms 
i n s c a l i n g was then discussed by S t o u f f e r , Borgatta, Hays and Henry (1953). 

See Eva Mueller and Jane Lean, "The Savings Account as a Source f o r Finan­
c i n g Large Expenditures," J o u r n a l o f Finance 22 (September 1967), 375-393. 
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Horst (1954) showed t h a t Meehl's c o n f i g u r a t l o n a l techniques were a s p e c i a l case 
o f m u l t i p l e r e g r e s s i o n w i t h a l l v a r i a b l e s having values of 1 or 0 and i n c l u d i n g 
a l l p o s s i b l e cross-product terms i n the equation. Lubin and Osburn (1957) de­
veloped t h e r a t i o n a l e even f u r t h e r , r e l a t i n g i t to what they termed " p a t t e r n an­
a l y s i s " by p r e s e n t i n g a method f o r analyzing the r e l a t i o n s h i p s between a s e t of 
dichotomous items and a q u a n t i t a t i v e c r i t e r i o n . Their general polynomial equa­
t i o n f o r the o p t i m a l p r e d i c t i o n o f a c r i t e r i o n i n i t s c o n f i g u r a l form was shown 
to have maximum " v a l i d i t y " i n the l e a s t squares sense. They defined a d i c h o t o ­
mous c o n f i g u r a l scale as f o l l o w s : 

1. Given a t e s t of " t " dichotomous items, there are 2^ p o s s i b l e 
answer p a t t e r n s ( c o n f i g u r a t i o n s ) and a mean c r i t e r i o n score 
associated w i t h each. 

2. Assign t h i s mean as the p r e d i c t e d c r i t e r i o n value f o r a l l i n ­
d i v i d u a l s i n an answer p a t t e r n . 

They showed t h a t the zero-order c o r r e l a t i o n of the c o n f i g u r a t i o n s c a l e w i t h 
the c r i t e r i o n was equal t o o r g r e a t e r than the c o r r e l a t i o n of the c r i t e r i o n w i t h 
any o t h e r set of scores based on the answers to the " t " dichotomous items. This 
f o l l o w s immediately from the formula f o r the mean, s i n c e , by d e f i n i t i o n , i t pro­
duces the smallest sum of squared d e v i a t i o n s . Consequently, the p a t t e r n means 
must e x p l a i n more v a r i a t i o n than any other set of means. Sonquist (1970) d i s ­
cusses t h i s f u r t h e r . The extension to polytomous p r e d i c t o r s i s s t r a i g h t f o r w a r d . 

Computation of the c o n f i g u r a t i o n score provides the an a l y s t w i t h some i n d i ­
c a t i o n of what h i s p r e d i c t o r s are worth i n explanatory power when a l l the "stops 
are p u l l e d . " I t i s suggested t h a t i f the v a r i a t i o n explained by the c o n f i g u r a ­
t i o n i s u n d e s i r a b l y s m a l l , the an a l y s t had best spend h i s time o b t a i n i n g h i n t s 
as t o what other v a r i a b l e s he might undertake to i n c l u d e i n a subsequent in v e s ­
t i g a t i o n . 

B a s i c a l l y t h i s o p t i o n c a l c u l a t e s a s i n g l e one-way a n a l y s i s of v a r i a n c e ask­
i n g what f r a c t i o n of the t o t a l variance i s accounted f o r by the subgroup means 
i f one d e f i n e s a subgroup f o r each combination of predictor-classes."*" The f r a c ­
t i o n i s o f the sample, not o f the p o p u l a t i o n , as i s t r u e of a l l the f r a c t i o n s of 
va r i a n c e " e x p l a i n e d " as used i n t h i s program. E x t r a p o l a t i o n s t o the p o p u l a t i o n 
are d i f f i c u l t and depend on the v a r i a t i o n i n s u b c e l l s i z e s . 

There I s a l i m i t on the number of subgroups ( p o s s i b l e combinations) t h a t can 

For one p r e d i c t o r a t a time the eta squared i n the o p t i o n a l p r e d i c t o r sum­
mary t a b l e i s e q u i v a l e n t to a one-way a n a l y s i s of var i a n c e , again f o r the sample, 
not e x t r a p o l a t e d t o the p o p u l a t i o n . 
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be handled, making i t advisable to recode predictors into trichotomies I n order 
to use more of them. Five trichotomies produce 243 subcells. In any case, one 
should not str e t c h the l i m i t s because with enough d e t a i l one could always make 
the unexplained variance approach zero. The dependent variable should also have 
i t s extreme cases truncated, to avoid e r r a t i c results. 

The result i s usefully compared with dummy-variable regression to see the 
extent of the explanatory power los t with regression by assuming a d d i t i v i t y . I t 
can also be compared with the usual output to see what the tree gains by not as­
suming t o t a l d e t a i l . 

2.3 Analysis Types'*' 

Perhaps the most promising new feature or set of features was developed to 
deal with the problem of one dominant explanatory variable. Frequently i n eco­
nomic studies, income or education so dominates the dependent variable that the 
data are s p l i t on l i t t l e else. One may then want to remove that e f f e c t to see 
what else matters. One could assume a p a r t i c u l a r relationship such as linear 
through the o r i g i n and simply divide the dependent variable int o groups by that 
predictor. This often has the added advantage of improving the homogeneity of 

2 
variance where the variance of the dependent variable i s related to i t s l e v e l . 

Moreover, with non-orthogonal survey data, one may want to search out sub­
groups i n which there are d i f f e r e n t relationships between the dependent variable 
and the "co n t r o l . " For instance, i n much analysis of cross-section survey data, 
the economist i s often Interested i n the eff e c t of income on some behavioral var­
iable, and on whether that effect (as represented by i t s slope) varies with other 
circumstances. The answer to this question w i l l t e l l him whether i t i s necessary 
to disaggregate the data i n the models used for forecasting, and the optimal way 
to do i t . 

Sociologists, psychologists and market analysts often face similar problems 
i n which the purpose of the investigation requires i s o l a t i n g the effect of a par­
t i c u l a r variable under a wide variety of combinations of circumstances. For i n ­
stance, i n t e l l i g e n c e , alienation and authoritarianism have a l l been the subject 
of repeated investigations i n which the object has been to relate the p a r t i c u l a r 

Parts of t h i s section are adapted from Sonquist, Baker and Morgan (1969). 
2 
See L. R. Klein and J. N. Morgan, 'Results of Alternative S t a t i s t i c a l 

Treatments of Sample Survey Data," Journal of the American S t a t i s t i c a l Associa­
ti o n 46 (December 1951), 442-460. 
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factor to s p e c i f i c consequences i n such a way as to specify the form of the re­
lationship under various conditions and for particular types of people. 

Another i l l u s t r a t i o n i s i n the analysis of changes taking place over time. 
The I n i t i a l value of a phenomenon under study clearly affects i t s value measured 
at a subsequent time. This i s why the residuals from the regression of i t s t ^ 
value on i t s I n i t i a l t_ value are often used as a measure of change, instead of 

1 
the raw increments. However, t h i s " i n i t i a l value" effect may not be the same 
for a l l subgroups i n the population. I f , then, a single equation i s f i t t e d , a 
downward bias would be exerted on the correlations between change and those fac­
tors thought to be responsible for i t . Thus, when residualizing a variable for 
study, a search should be made to determine i f th i s effect i s homogeneous through­
out the population. Where "regression" toward normalcy over time i s powerful, a 
two-stage analysis allows using the f i r s t analysis to estimate deviations from 
expected f i r s t - y e a r levels (from f i n a l group averages) and using a recoded set of 
class i n t e r v a l s on them as the covariate or a predictor i n a second-stage analy­
sis of change. 

To deal with these covariate problems, the AID algorithm has been expanded 
from the o r i g i n a l means analysis to include a regression analysis, where the sum 
of squares i s explained by differences i n the two subgroup regression lines i n ­
stead of the subgroup means. 

In addition, one may ignore differences i n the intercept and consider only 
differences i n the slopes. This slopes c r i t e r i o n d i f f e r s from the other two suf­
f i c i e n t l y to warrant a more detailed description. 

The d i f f i c u l t y with subgroup regressions (simple correlations) i s that t h e i r 
explanatory power i s dominated by differences i n the levels of the regression . 
lines rather than t h e i r slopes. And we may not even care to isolate groups with 
a high l e v e l on Y, being Interested rather i n groups with differences i n the 
slope of the XY relationship (income e l a s t i c i t y , e t c . ) . Hence a t h i r d option, 
the covariance search, calls not for a c r i t e r i o n of explanatory power f o r two 
separate regressions, but the power of two d i f f e r e n t regression slopes using the 
parent group l e v e l . 

Since there may be several subclasses on each side of a s p l i t , the c r i t e r i o n 
i s the power of the weighted average slope, not a pooled slope, on each side 
since d i f f e r e n t subclass means on X and Y can d i s t o r t the pooled slopes. 

The search for differences i n regression slopes only turns out to be more 
complex than one might think. Suppose one wants to separate the K subclasses of 

For a thorough discussion of th i s problem see Lord (1950). 
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a characteristic in t o two groups, the f i r s t consisting of groups 1 through and 
the second consisting of groups K +1 through K. The f i r s t set may a l l have very 
steep slopes, the second very f l a t slopes, but i f either t h e i r means on X or the i r 
means on Y vary, the pooled slopes of either of the two sets may have l i t t l e re­
semblance to the subgroup slopes. A diagram may make this clearer. Suppose 
there are three subgroups i n a set, forming separate clusters. While each of the 

Covariate 

three groups has a regression slope of approximately 1.0, the regression slope 
pooling and would be approximately 2.0 and that pooling and K.̂  would be 
approximately 0.0, and that pooling a l l three groups would be negative. 

Hence, whether or not the subclasses are rearranged i n order of t h e i r re­
gression slopes, a c r i t e r i o n which uses the two pooled slopes from the two sub­
groups (1-HĈ , KHT K.) would hide a great deal, whenever the subclass means d i f ­
fer on X or Y or both. So, we use the weighted average slope f o r each of the two 
children, both as a c r i t e r i o n for deciding which s p l i t to make and as the c r i t e r ­
ion f or calculating residuals where they are to be used i n a subsequent analysis. 

As the formulas show, one can think of the remaining error variance around 
predictions using such a weighted average slope, instead of a pooled slope as or­
i g i n a l l y proposed. Indeed, the terms subtracted from t o t a l sum of squares separ­
ate i n t o one table a t t r i b u t a b l e to subgroup means and one att r i b u t a b l e to the 
weighted average slope. There are two such "explained sum of squares" terms, one 
for each of the two children. The c r i t e r i o n for selecting the best s p l i t i s the 
maximization of that term (not of the t o t a l explained sum of squares, which i n ­
cludes terms for the subclass means). (See Table 2). 

This i s somewhat i n t u i t i v e . For instance, there i s no proof that where the 



Table 2 
Analysis of Covariance 

Source of Variation Sums of Squares Degrees of Freedom 
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subclasses are rearranged according to subclass slopes that one of the K-1 s p l i t s 
using that ordering w i l l be the best.''" 

Not only must we use an average slope, rather than an over a l l slope, for the 
parent and for each ch i l d at any s p l i t , but we must calculate the net gain from 
using two d i f f e r e n t average slopes, one for each c h i l d , over using a single aver­
age slope f o r the combined parent, because the l a t t e r i s not constant f o r chang­
ing predictors! 

In the case of means, the explained sum of squares from knowing only the 
parent group mean i s NY2 regardless of the predictor, but with slopes, i t i s 
b Na^2 which w i l l vary with the predictor c l a s s i f i c a t i o n since each one w i l l pro­
duce a d i f f e r e n t b. 

Both with regressions and with slopes only, i f the ove r a l l regression on the 
f u l l sample accounts for much of the variance, the subgroup differences have less 
variance to account f o r , yet the c r i t e r i o n i s a fr a c t i o n of the o r i g i n a l variance 
around the mean, hence the s p l i t r e d u c i b i l i t y c r i t e r i o n must be set lower. Slopes 
are also extremely sensitive to extreme cases, i n X. or Y or XY, and tend to be­
come unstable very rapidly as subgroup sizes diminish. The d i f f e r e n t slopes may 
account for very l i t t l e of the variance but may s t i l l provide some important i n ­
formation. And the procedure can be used to t r i c k the computer i n t o solving some 
other problems: One can use a dichotomous 0-1 covariate, l i k e sex or race. The 
program then looks for groups with the largest differences i n the r a c i a l or sex­
ual differences, say i n earnings. Or one can merge two separate surveys from 
d i f f e r e n t times or places, use a 0-1 covariate representing which time or place, 
and search f o r the groups with the largest differences between times or places. 

The l a s t p o s s i b i l i t y opens up vistas of powerful use of separate cross-
section samples to search f o r social trends and the i r differences. The predic­
tors, of course, should be things that do not change f o r individuals: race, sex, 
education, farm background, age (increases by one each year). The results should 
be far superior to the present system of finding groups that d i f f e r i n one data 
set and looking for d i f f e r e n t i a l s among them i n the differences with another data 
set. There i s no reason to expect a correlation between the two, and we r e a l l y 
need to search e x p l i c i t l y f o r the subgroups that d i f f e r on the differences. 

Given the problems with weighted average slopes, however, i t i s advisable to 
reduce the number of categories of each of the predictors to f i v e i f the order is 

See Appendix VI giving Erlcson's proof f o r means which may or may not ex­
tend to slopes, reprinted from John A. Sonquist and James N. Morgan, The Detec­
t i o n of Intera c t i o n Effects, the I n s t i t u t e f o r Social Research, The University' 
of Michigan, Ann Arbor, Michigan, 1964, pp. 149-157. 
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be maintained and three i f i t i s not. And i t i s p a r t i c u l a r l y important to 
eliminate extreme cases i n the dependent variable since they can have such a dis­
turbing e f f e c t on estimated regression slopes. There may also be a problem i f one 
of the two covariate groups is r e l a t i v e l y small and is affected by something on 
which the majority group does not s p l i t evenly, so that not enough cases appear on 
one side of the s p l i t . 

2.3.1 Means Analyses 

I f the t o t a l sum of squares for the parent group is 

N _ 
SS = £y2-NY2 , 

1 

and the corresponding suras of squares for the two children are 

N l N 

SS1 = I y 2 " NXY2 and SS,, = Iy 2-N 2Y 2 , 

where N^N^+N^ then s p l i t t i n g the parent group such that the observations within 
each of the children are homogeneous i s equivalent to minimizing the quantity 
SS_+SS„. Thus the reduction i n the t o t a l sum of squares, 

N N N a 2 _ _ 
SS-(SS +SS )= I y2-(£ y2+l y2)-NY2+(N Y2 € ? ) = N Y2 -HJ Y2 -NY2 ( l ) 

1 1 1 1 1 1 

i s maximized. But this i s simply the between sum of squares term i n a one-way 
analysis of variance (Table 3). 

2.3.2 Regression Analysis 

The corresponding between-sum-of-squares term for a regression analysis 
(means and slopes) can be formed i n a similar manner. Table 4 i s an analysis of 
variance representation of the regression of Y on X. (The derivation of this 
table may be found i n Brownlee, pp. 338-341.) The error or residual sum of 
squares from estimating the regression l i n e i n the parent group i s 

See Kalton, Table 1. 
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SSR = £y2-NY* -

N _ _ 
5"<y-Y) (x-X) 

L 1 
"N ~ 
J(x-X) 2 

(2) 

By s p l i t t i n g the parent group so as to minimize the residual sums of squares for 
the two children, the reduction i n using two regression lines instead of the or­
i g i n a l regression l i n e for the group i s maximized, i . e . 

N 
S S R " ( S S R + S S R } = b2-^2-

1 2 1 

£(y-Y)(x-X) 
N _ I (x-X) 2 

[ 1 ( y - Y 1 ) ( x - X 1 ) 

l y 2 ^ Z _ _ 

N 

N Y 2 + N Y2 - NY2 + 1 1 2 2 

- I (x-X) 2 . 
N 1 

^(y-Y )(x-X ) 
1 1 . 

+ 1 y 2 - \ ^ 2 n 
1 ,2 

N 
f ( y - Y )(x-x ) 

2 2 . 

I (x-X) 

J" (y-Y 2)(x-X 2) 
+ N N 

I (y-Y)(x-X) 

I (x-X) 2 

(3) 

2.3.3 Slopes Analysis 

In a slopes-only analysis the analyst i s concerned only i n maximizing d i f ­
ferences i n slopes without regard to means. Thus, for a given predictor, the 
parent group should be s p l i t such that class slopes within a given c h i l d are ho­
mogeneous. For example, i f the parent group has three classes, the f i r s t and 
second with i d e n t i c a l slopes b^=b^ but d i f f e r e n t means. The overall or "pooled" 
regression l i n e for a c h i l d with classes 1 and 2 w i l l have a t o t a l l y diverse 
slope bp, and the group w i l l be s p l i t between classes 1 and 2 rather than between 
classes 3 and 2. 
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In the slopes-only analysis then, i t i s necessary to disregard differences 
i n class means i n estimating a group slope. 

I f f o r a given predictor there are k classes i n the parent group with n^ ob­
servations i n each class, then the average slope over the k classes can be shown 
to be: (see Brownlee, Chapter 11) 

i = l a=l 

A l\ 
i = l a=l and the resultant residual sum of squares using b i s : 

k n k 

i = l a-1 l a i = l 1 1 

k n. _ _ 
I ^ C y i a - y i ) ( x i a - X i ) 

i = l a-1 
k n 
I I ( x i a - X l ) 2 

1=1 a=l 

Note that the essential difference between equations (2) and (4) i s i n the 
means. The regression analysis takes deviations from an overall group mean while 
the slopes-only analysis takes deviations from class means. This results i n a 
d i f f e r e n t t o t a l sum of squares term for each predictor. 

S p l i t t i n g the parent group on a given predictor such that the reduction i n 
the parent group residual sum of squares i s maximized i s equivalent to maximizing 
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R - (R 1+R 2) 

k i n 4 _ _ 

r I (y-yJCx-x.) 
• i = l g=l 1 1 -

k, n, 
1=1 a=l 

k-> n-t _ -
1=1 a=l 1 

k. n. 

1=1 a=l 

I ? i ( y - y i ) ( x - x 1 ) 
i = l a=l ; 

k n. 

1=1 cx=l 

(4a) 

where k = k^+k^, since the £y2 arid I 1 * - ^ 2 terms cancel. 

Clearly, selecting which of several subgroups are to go on one side of a 
s p l i t according to subgroup regression slopes and also allowing re-ordering of 
the subclasses of a predictor, i s a doubly dangerous procedure, quite l i k e l y to 
produce idiosyncratic s p l i t s and results d i f f i c u l t to explain. Regression slopes 
are less stable than means, affected by extreme cases i n either the covariate or 
the dependent variable but p a r t i c u l a r l y by any cases extreme on both at the same 
time. 

On the other hand, i f one i s searching for differences i n regression slopes, 
not i n levels of the dependent variable, the regression option i s unsatisfactory, 
since d i f f e r e n t regression l i n e levels account for so much more of the variance 
than differences i n t h e i r slopes. Differences i n le v e l would dominate the selec­
ti o n of predictors i n covariance search processes using regression. 

The best policy i f one i s searching for slope differences, would seem to be 
to (a) be doubly careful to eliminate or truncate any extreme cases on the de­
pendent variable, or on the covariate, and (b) recode the predictors to collapse 
each to three or four classes for those to be l e f t "free" and four or f i v e clas­
ses for those whose rank order i s to be maintained. 

2.4 Pre-Set Divisions 

The program has a simple procedure for specifying a sequence of s p l i t s , af­
ter which the usual search procedure can attempt further s p l i t s . The purpose of 
allowing the analyst to force the f i r s t few s p l i t s i s mainly to allow a p r i o r d i ­
vision of the sample into some obviously d i f f e r e n t groups that are not expected 
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Table 3 

Analysis of Variance for Differences 
i n Means 

Source of Variation 

Degrees 
of 

Freedom Sum of Squares 
Mean 
Square 

Observations around 
grand mean 

(Y - Y) 2 

N-l (N - l ) s 2 = SST 

Between group means 
- Y ) 2 k-1 £N^(Y^ - Y ) 2 = SSB MSB 

Within groups 
(Y - Y j ) 2 N " k I (Y,,-Y ) 2 = S S W 

i = l -1 J 
MSW 
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Table 4 

Analysis of Variance f o r Regression 

Degrees 
of Mean 

Source of Variation Freedom Sum of Squares Square 

Regression estimates ( H - D ^ B * ( N - l ) r V around Y y y 

Observations around 
gression 
(Y - V 

regression estimates N-2 ( N - l ) ( l - r 2 ) s 2 ^ 2 - ( l - r 2 ) s 2 

Observations around Y N-l (N-l)s 
(Y - Y) 

[E(X-X)(Y-Y)] 2 

Where r 2 - — — Y - Y + b (X-X) 
I (X-X)2 E(Y-Y) 2 y X 

E (Y-Y) 2 E(X-X) (Y-Y) 
s2 0 b = 

y N-i y x E(x-D 2 
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to show the same patterns. But the procedure has other uses. One may want to 
take output derived from another set of data, or half the sample, and force i t 
on a set of data to see how well i t explains that data set (percent of variance 
explained). One cannot compare two dif f e r e n t trees very w e l l — t h e y d i f f e r i n too 
many ways. But the differences i n the subgroup means and in the variance ex­
plained, when the same tree i s imposed on a second set of data, provide impor­
tant insights into the s t a b i l i t y of the f i r s t findings. I t would technically 
be possible to make estimates of the probability of arr i v i n g at the same tree 
with a d i f f e r e n t set of data, but i t depends on the sampling errors of d i f f e r ­
ences between variances—the sum of squares that are compared at each s p l i t i n 
deciding which s p l i t to make. I f there are other possible s p l i t s which would 
explain nearly as much variance, then the pr o b a b i l i t y that i n another sample they 
would actually explain more, i s large. And the probability of a r r i v i n g at the 
same whole tree i s clearly the product of the p r o b a b i l i t i e s of making each of the 
successive s p l i t s the same way—a number which f a l l s rapidly as the tree grows. 

Or one may want to look at a set of related dependent variables, f o r groups 
which d i f f e r a l o t on one of them. Another use of the pre-set tree i s to di s ­
aggregate a sample sequentially according to some l o g i c a l order. Poverty, for 
instance, may be explained by some clearly exogeneous and irremovable forces: 
old age, physical d i s a b i l i t y , a single adult who has children or disabled people 
to care f o r , lack of education or job s k i l l s . Similarly, i n looking at change 
i n family income, one may want to remove sequentially those with a changed family 
head, a s h i f t i n marital status, changed number of adults, etc. Figure 3 gives 
an example of t h i s , where the covariance option was used i n order to provide two 
means for each group, income change and change In heads, by pretending that the 
l a t t e r was the covariate. 

I t i s not always a good idea to force s p l i t s merely because there i s some 
deviant group with an obvious explanation—such a group may often be found by the 
regular process of s p l i t t i n g . 

A major purpose of the o r i g i n a l program was to avoid the a r b i t r a r y selection 
of subgroups for separate analysis, and to allow the data to suggest the appro­
p r i a t e subgroups, divide the sample into them, and proceed. The c r i t e r i o n of 
power i n reducing error variance used with the program assures that the groups so 
s p l i t o f f w i l l be both d i f f e r e n t enough and large enough to deserve separate 
treatment. 

There are, however, situations where some group i s important out of a l l pro­
portion to i t s frequency i n the sample, for theoretical or ethi c a l or public pol­
icy reasons. In thi s case one may want to force a subdivision at the s t a r t . But 



Figure 3. Average Annual Change in Income and In Needs, by Groups with Changes i n Family Status 
or Wife's Work. Status (For 1967, 1968 and 1969 Incomes) 
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one may also want simply to look, at that subgroup within each of the groups gen­
erated by the analysis to see whether i t d i f f e r s from the majority anywhere i n 
the population. The d i f f i c u l t y with the forced procedure i s that the group w i l l 
be so small that the c r i t e r i o n for allowing further s p l i t s may not allow any. 

An a l t e r n a t i v e for examining such minority groups is to assign them weights 
appropriate to one's values and proceed with a weighted analysis. I f they have 
been oversampled, and weights have been used to reduce the influence of that 
group to i t s proper proportion i n the population, one can simply run an un­
weighted analysis to allow the oversampled group more influence. The recoding 
f l e x i b i l i t y allows any complex generation of a new weight variable f o r an analy­
sis without rewriting a new data tape. 

2.5 Lookahead 

Experimentation with the o r i g i n a l AID algorithm to determine i t s behavior 
under known conditions has been carried out using contrived data.''" While the or­
i g i n a l procedure was found to be capable of dealing adequately with many two-way 
inte r a c t i o n s , others were i d e n t i f i e d as being d i f f i c u l t for i t to deal with. 
These were seen to consist of in t e r a c t i o n relations characterized by consistency, 
i . e . , by balance or symmetry. One such example i s the "exclusive-or" model shown 
below. No main effects appear i n these cases, s o n 0 s p l i t i s made that would re­
veal the mutually o f f s e t t i n g interaction e f f e c t inside. 

B Not B 

High Low 

Low High 

"EXCLUSIVE-OR" 

The obvious test i s to take each predictor's best s p l i t on the group in 
question and make one or two additional s p l i t s (the best possible) on one or both 
of the r e s u l t i n g subgroups. One then asks which set of two (or three) s p l i t s pro­
vides the largest t o t a l sum of squares explained, makes the f i r s t s p l i t , and pro­
ceeds. I t i s possible that a weak f i r s t s p l i t would allow subsequent s p l i t s that 
were s u f f i c i e n t l y powerful to o f f s e t that f a c t . Certainly even a two-split se­
quence would uncover the o f f s e t t i n g interaction effect j u s t described. 

An extensive discussion i s presented by Sonquist (1970). 
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Although the frequency with which variants of this model actually occur i n 
real data i s not known, i t i s notable that at least one r e a l i z a t i o n has received 
considerable attention i n the recent sociological l i t e r a t u r e , the concept of sta­
tus inconsistency.1 Analysis techniques for dealing with th i s class of models 
are of importance for economic, educational and psychological research as well as 
for sociology and marketing. 

I t can be seen that the e a r l i e r sequential p a r t i t i o n i n g algorithm which ex­
amines only the zero-order effects of A and B separately could not discover the 
consistency effect i n a number of these models. In some cases there are r e a l l y 
two A effects and they cancel each other out i n the t o t a l group. Of course, the 
additive assumptions required i n regression or Multiple Classification Analysis 
would also tend to conceal the real state of the world. 

However, the extended AID algorithm incorporated into this version of the 
program can be instructed to p a r t i t i o n the sample t e n t a t i v e l y , f i r s t on one ex­
planatory variable and then on the other (as well as making tentative p a r t i t i o n s 
on other variables). This makes i t possible f i r s t to reveal the consistency ef­
fect to the analyst by means of p r o f i l e s of means and d i f f e r e n t i a l changes i n ex­
planatory power, then to make an appropriate p a r t i t i o n and, f i n a l l y , to continue 
with the rest of the sequential search procedure. 

In general, such a two-split scanning algorithm appears to provide complete 
and positive i d e n t i f i c a t i o n of a l l two-way interactions existent i n the data. I t 
w i l l even provide leads or clues to the existence of three-way interactions. 
This i s seen to be a simple extension of the way i n which the present algorithm 
provides clues to the existence of two-way interactions. An algorithm which ex­
amines the cross-classification of p predictors simultaneously can i d e n t i f y com­
pletely terms composed of p raw variables regardless of the symmetry of the term. 
However, such an algorithm also appears capable of revealing a term involving p 
+ 1 raw variables i f the term i s asymmetric. 

For instance, i f we have the three variable negative "and" model: 
" I f A and B and C, then Y = 0, otherwise Y = 4" 

the algorithm using a two-split strategy would produce the sequence of p a r t i t i o n s 
i l l u s t r a t e d i n Figure 4 and reveal the basic structure. 

Of course the amount of computing required to search out combinations of 
three or more variables increases as an exponential function of the number of 
variables considered simultaneously. Hence constraints have to be put on the 
process to permit the elimination of unpromising leads and thus the examination 

"For an example, see Blalock (1966). 
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of the subsequent p a r t i t i o n s . 

2.5.1 Lookahead Algorithm 

There are two parameters governing the lookahead process: 
(1) the number of lookahead steps, i . e . , p a r t i t i o n s made after the tenta­

t i v e p a r t i t i o n of the parent group; and 
(2) the number of p a r t i t i o n s for which a l l variables are to be permuted, 

i . e . , where the algorithm "forces" the group to be tentatively s p l i t on 
each predictor. 

Thus, i n a 1-step lookahead, two successive p a r t i t i o n s are made and the permute 
parameter must be 1; and i n a 2-step lookahead, three successive p a r t i t i o n s made 
and the permute parameter may be 1 or 2. 

A 1-step lookahead with 1 forced s p l i t i s executed i n the following manner: 
(A) Every predictor i s examined as a possible basis for p a r t i t i o n i n g the 

candidate group. The "best" s p l i t d e f i n i t i o n i s saved f o r each pre­
di c t o r . 

(B) A tentative p a r t i t i o n i s made on the f i r s t predictor based on i t s best 
s p l i t from (A). 

(C) The resulting new group with the largest unexplained sum of squares i s 
the new candidate group, and the best s p l i t f o r each predictor i s de­
termined for thi s group. 

(D) The predictor found to be the most powerful i s selected as the p a r t i ­
t ioning variable for th i s second group, and the t o t a l amount of v a r i ­
ation explained by the two p a r t i t i o n s (three groups) i s saved. 

3 5 
1 Best s p l i t on 

1st predictor 

Best s p l i t on 
any predictor 

A 

(E) Steps (B), (C), and (D) are repeated with each predictor i n turn used 
at step (B) to create the f i r s t tentative p a r t i t i o n . 

Thus, i f there are k predictors, the entire process i s repeated k times; 
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each time the explained variation i s recorded. At the end of the k repetitions, 
the k tentative levels of explained variation are compared. Then, that p a r t i ­
t i o n rule f o r group 1 which had been associated with the configuration providing 
the largest obtained l e v e l of explained variation i s now actually used to s p l i t 
group 1 i n t o two parts. At that point, the algorithm starts over again from the 
beginning. 

2.5.2 Stopping the Lookahead Part i t i o n i n g 

Permitting the algorithm to wind i t s e l f so closely around the data as i s 
done i n , say, a three-step lookahead, runs the r i s k of spurious s p l i t s . ^ Hence 
th i s version of AID has had Incorporated into i t a series of controls that per­
mit the user to reduce the probability of obtaining incorrect or unstable* u n ~ 
reproducible results. Provision has been made to require that i f the lookahead 
option i s exercised p a r t i t i o n s based on i t must explain proportionately more var­
i a t i o n than a p a r t i t i o n based only on permutations of the predictors i n a single 
group. 

When a lookahead of k s p l i t s i s used, a p a r a l l e l number of s p l i t r e d u c i b i l -
i t y parameters are submitted, one for each of the k tentative p a r t i t i o n s . A 
s p l i t r e d u c i b i l i t y parameter i s that percent of the t o t a l sum of squares which 
must be explained by the proposed p a r t i t i o n i n order for i t actually to take 
place. These parameters, each consisting of a percentage (e.g., .6%, 1.8%, etc.) 
can be set by the user i n such a way as to require that i n order to be used, a 
p a r t i t i o n based on a lookahead of length two would have to explain more va r i a t i o n 
than a p a r t i t i o n of the same group based on a lookahead of length one, and that a 
p a r t i t i o n based on a lookahead of length three would have to explain more than a 
p a r t i t i o n based only on a lookahead of two, etc., etc. Further, the analyst i s 
given control over how much more powerful a s p l i t based on a lookahead of length 
k + 1 must be i n comparison to one of length k. 

The analyst may require that any p a r t i t i o n of length k explain P̂  of the 
o r i g i n a l t o t a l v a r i a t i o n i n the dependent variable. This i s accomplished by set­
ti n g P̂  to a percentage between .01% and 100%; for instance, setting P2 to 1.8 
would mean that the three groups tentatively generated by a lookahead of two 
s p l i t s would have to explain at least 1.8 percent of the o r i g i n a l t o t a l sura of 
squares f o r the p a r t i t i o n associated with these three particular groups actually 
to be used. Each of the P̂  are set by the user independently of each other. 
This means that the lookahead can be set to exhibit a preference for pa r t i t i o n s 

'See Sonquist (1970) 
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based on two or three tentative s p l i t s . These preferences are expressed as per­
centages of the t o t a l sum of squares. 

I t i s recommended that i n the absence of other guidelines, the f i r s t look-
ahead be required to explain at least twice (and that the second lookahead be re­
quired to explain at least three times) the variation required for a s p l i t to 
take place at a l l . That i s , lookahead steps should be required to explain at 
least an additive function of the i n i t i a l requirements. 

The lookahead algorithm always works from the "top" down; that i s , i t a t ­
tempts f i r s t to make a p a r t i t i o n using the longest lookahead that has been per­
mitted by the user. I f i t cannot make a p a r t i t i o n using a lookahead of thi s 
length ( i . e . , the r e d u c i b i l i t y c r i t e r i o n f o r that length lookahead cannot be met 
or a l l of the resulting p a r t i t i o n s would cause some of the new groups to be be­
low the minimum size) i t then t r i e s to p a r t i t i o n the group using a lookahead one 
step shorter. I t repeats thi s process i f , at any given point, none of the result­
ing p a r t i t i o n s meet the explained v a r i a t i o n and minimum size requirements. Fin­
a l l y , i f i t cannot make a p a r t i t i o n of the group under the requirements for no 
lookahead, i t marks the group as a f i n a l , unsplittable one. 

We now give a more formal statement of the operation of the lookahead under 
the r e d u c i b i l i t y c r i t e r i a . 

Let t s S q be the t o t a l sum of squares for the dependent variable. Let S be 
the lookahead length specified by the user. Let B̂  (S) be the explained varia­
t i o n resulting from a proposed s p l i t on variable i with lookahead length S. 

Then B^fo) i s thi s maximization function for the o r i g i n a l AID algorithm. 
B m a x ^ ^ S t^ i e l a r S e s t of a l l those computed at lookahead length S—that i s 

B (S) > B, (S) max — 
where i ranges over a l l candidates r e s u l t i n g from the lookahead. 

Then i f 
B (S) > P p x TSS ; S specified, max - S o 

the parent group i s s p l i t on the o r i g i n a l predictor i which yields B
m a x ( s ) ' ^ 

no B.(S) s a t i s f i e s t h i s inequality, then the maximum B (S-l) at the previous 1 max r 

step (S-l) i n the lookahead i s compared with the required minimum explanatory 
power Pg.^-

Fi n a l l y , i f , upon examination, B (0) < P x TSS , the parent group i s 
ClHX O O 

termed f i n a l and no further attempts to s p l i t i t are made. The lookahead w i l l 
not continue beyond any step where a res u l t i n g group is smaller than the minimum 
group size specification. Also, the process i s stopped when the maximum number 
of s p l i t s has been reached. 
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2.6 Predictor Constraints 

The o r i g i n a l AID algorithm provided f o r constraining the ordering of the 
classes of each predictor. The present variation of the program allows this con­
s t r a i n t of ordering, and, i n addition, allows the user to require that certain 
predictors be ranked so that some must be used before or after others i n the par­
t i t i o n i n g process. Further, some variables may be inserted as predictors, but 
ranked so that s t a t i s t i c s are obtained for them, but they are never actually used 
to p a r t i t i o n the input sample. 

2.6.1 Monotonlc vs. Free 

Any input variable may be used as a predictor, provided i t i s either read 
i n as an integer i n the range 0 to 31 or i s recoded so that i t f a l l s i n t h i s -
range. Predictors are also classed either as Free or Monotonic. Monotonic pre­
dictors w i l l have the order of th e i r coded values (0,1,2,...,29,30,31) maintained 
during the p a r t i t i o n scan. In th i s case, the classes of the predictor w i l l not 
be rearranged by sorting them into ascending sequence using the within-class 
mean value of Y (means option), or the within-class slope of the regression of Y 
on X (slopes or regression option). Thus, thi s option is intended f o r ordinary 
use with predictors which are ordinary scales or which consist of class-interval 
codes established f o r a continuous variable. 

The classes of a "free" predictor are rearranged to f i n d that p a r t i t i o n 
which maximizes the sum of squares between the two resulting groups. For a pre­
dictor w i t h k classes, the p a r t i t i o n of these classes into two sets with m clas­
ses i n one and k-m classes i n the other (m=l,2,...,k-l) that maximizes the be-

— 2 — 2 —2 
tween sum of squares, ^ y ^ + n2 v2 ~ nY » i s that one where the m class means 
i n the f i r s t group are less than or equal to the k-m class means i n the second, 
i.e.,y , y < y .-, , •••> ŷ -"̂  Thus, one need only examine k-1 p a r t i t i o n s , 
a f t e r arranging the k groups i n ascending order according to t h e i r means on the 
dependent variable. 

No proof exists that the correspondence between sum of squares i n a covar­
iat e analysis i s maximized by sorting on class slopes, however, i t seems a reas­
onable assumption especially since i t cuts the number of possible combinations 
to be examined considerably. 

The usual use for the free predictor designation is for variables that are 
nominal scales, or for other cases i n which i t i s desired not to constrain the 

See Appendix VI for a proof of th i s by W. Ericson. 
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classes which are to be placed together i n the resulting two new groups. 
The free option should be used sparingly, since i t vastly increases the 

number of things looked at and the p o s s i b i l i t y of idiosyncratic s p l i t s . I f a set 
of categories does not form a natural ordering, i t i s quite possible that i t re­
presents more than one dimension, e.g., occupation which contains elements of 
s k i l l , white versus blue c o l l a r , managerial r e s p o n s i b i l i t i e s , entrepreneurial 
a c t i v i t i e s , self-employment, etc. In such cases, i t i s better to convert the 
c l a s s i f i c a t i o n i n t o a series of dichotomies, or even to maintain the order, not 
allowing s p l i t s with odd combinations on each side. I t i s better to recode, to 
put such codes as "inapplicable" and "missing information" i n a reasonable place, 
than to leave a whole predictor free because of them. 

Even non-monotonic relations can be handled unless they are symmetrical, 
and the output of a run that maintains order w i l l reveal what reordering might 
be substituted. 

2.6.2 Ranking 

To f a c i l i t a t e user control over the order i n which predictors are used i n 
the p a r t i t i o n i n g process, two predictor ranking options have now been incorpor­
ated into AID3. These are termed "simple ranking" and "range ranking." In both 
cases, each predictor i s assigned a rank. Ranks may range from 0 to 9. 

Rank zero has a special significance; a l l variables assigned to rank zero 
w i l l have s t a t i s t i c s computed for them i n every parent group that i s selected 
for a p a r t i t i o n attempt. However, rank zero variables are prevented from enter­
ing into the actual p a r t i t i o n i n g process and they are not examined i n the look-
ahead. This permits the user to ins e r t one or more variables as predictors, and 
examine t h e i r e f f e c t p r o f i l e s i n various parts of his sample without permitting 
them to enter into the p a r t i t i o n i n g process. Rank 0 can be assigned to any num­
ber of variables whose effects i t i s desired to observe and i t may be used with 
either of the ranking options. I t is p a r t i c u l a r l y useful for variables which may 
either a f f e c t oj: be affected by the dependent variable. 

The user may elect to assign as few as two of the available ranks or he may 
use a l l ten. He may assign the same rank to several of his variables. He may or 
may not wish to use zero as a rank. 

2.6.2.1 Simple Ranking 

The objective of simple ranking i s to permit the user to govern the order 
i n which various sets of variables are permitted to enter the p a r t i t i o n i n g pro­
cess. 
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The algorithm then uses the ranking assignments as follows. The t o t a l 
sample i s p a r t i t i o n e d using only those variables i n the highest non-zero rank 
(smallest non-zero integer). S t a t i s t i c s are computed for a l l ranks, however, i n ­
cluding such variables as may have been given rank zero. I f none of these v a r i ­
ables are capable of producing a p a r t i t i o n rule that meets the s p l i t r e d u c i b i l i t y 
and minimum group size requirements supplied, then that rank i s chosen which is 
next highest ( i . e . , which has the next assigned number). A l l of the variables 
which had been assigned this next highest rank are now e l i g i b l e to be used as 
the basis f o r a p a r t i t i o n and may now be used'in the lookahead, and the f i r s t 
(highest) rank i s abandoned. I f , again, none of these variables can be used, the 
program abandons thi s rank and proceeds to the next one. This continues either 
u n t i l a rank i s reached at which a successful p a r t i t i o n can be made or u n t i l 
there are no more predictors. 

When a successful p a r t i t i o n i s made, the program i s said to be "at" this 
rank. A l l higher level ranks are abandoned. Variables i n the abandoned higher 
l e v e l ranks are no longer e l i g i b l e for being used as the basis for a p a r t i t i o n , 
although the program w i l l continue to compute s t a t i s t i c s for them i n the parent 
group. They w i l l no longer continue to be considered i n the lookahead computa­
tions, however. Lower le v e l ranks have not yet become e l i g i b l e . 

Further p a r t i t i o n s of the new groups that have been created as a result of 
a p a r t i t i o n w i l l be made "at" that rank provided they meet the r e d u c i b i l i t y and 
minimum group size requirements. Whenever the requirements are not met by any 
variables having the rank where the program i s "at," i t moves downward to the 
next highest rank ( i . e . , which has the next larger assigned rank number). 

Note that various branches of the tree may work downward through the ranks 
at d i f f e r e n t speeds. Where the program i s "at" i n any given branch depends only 
on where i t was "at" i n the preceding node and on the a b i l i t y of those and the 
next ranked predictors to produce a satisfactory p a r t i t i o n . 

This can be i l l u s t r a t e d as follows: consider the following ten variables 
ranked as indicated i n Table 5. Variable ten i s ranked 0, variable one i s ranked 
1, variables two and three are ranked 2, etc. When the p a r t i t i o n i n g s t a r t s , var­
iable one i s the only predictor e l i g i b l e for use, since i t i s the only predictor 
i n the f i r s t rank. However, s t a t i s t i c s are produced for variables i n rank 0 and 
fo r the other i n e l i g i b l e predictors. The lookahead could not be used since sev­
eral of the ranks have only one predictor and there must be at least k+1 predic­
tors i n every rank used i f a lookahead of length k i s used. 

I f variable one did not meet the r e d u c i b i l i t y and minimum group size c r i ­
t e r i a , the algorithm would move to rank 2, abandoning rank 1. Variables two and 
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Table 5 
Ten Variables and Six Ranks 

Variable Rank 

10 0 

1 1 

8 
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three would then both be e l i g i b l e for consideration, but variable one would not 
be. However, again s t a t i s t i c s are produced for a l l input predictors. I f a par­
t i t i o n were made, say, on variable three, then the algorithm would s t a r t i t s next 
p a r t i t i o n attempt again using the rank 2 variables, variable numbers two and 
three. 

2.6.2.2 Range Ranking 

The second ranking option, range ranking, provides somewhat more f l e x i b i l ­
i t y i n the way i n which variables are used i n the p a r t i t i o n i n g process. In ad­
d i t i o n to the ranks themselves, two ranges of ranks and a preference are supplied. 

The preference can be set "UP" so that the algorithm chooses i t s p a r t i t i o n ­
ing variables s t a r t i n g with the highest rank (provided they meet the r e d u c i b i l i t y 
and minimum group size c r i t e r i a ) . Alternatively, i t can be set to "DOWN" rever­
sing the preference order, or to "AT" providing a t h i r d alternative. The pref­
erence i s e f f e c t i v e w i t h i n the range of ranks specified by the user. Variables 
outside the range (either because of abandonment or because progression "down­
ward" i n t o the ranks that far has not occurred yet) are excluded from e l i g i b i l i t y 
as i n simple ranking, although, as above, they always have s t a t i s t i c s reported 
for them. 

As i n simple ranking, the algorithm i s i n i t i a l l y "at" rank 1; subsequently, 
the "at" rank i s determined by the l a s t p a r t i t i o n i n that branch of the tree. 

The e l i g i b i l i t y range Is defined as a certain number of ranks "up" and a 
certain number of ranks "down" from the rank where the algorithm is "at." Any 
variable i n that range of ranks i s e l i g i b l e for use i n a given p a r t i t i o n . 

The preference option can be set to cause the algorithm to s t a r t at one end 
or another of the e l i g i b i l i t y range. Alternatively, the preference option can be 
set to cause the selection of variables to s t a r t where the algorithm i s "at." In 
each case, the algorithm f i r s t determines whether or not according to the reduc­
i b i l i t y c r i t e r i a a s p l i t could be made on the basis of one of the variables i n 
the preferred rank. I f there i s at least one that meets these e l i g i b i l i t y and min­
imum group size requirements, the actual selection of a variable to use as the ba­
sis of the p a r t i t i o n i s made from the variables i n the preferred rank. I f there 
are none that meet the c r i t e r i a , the algorithm attempts to make i t s selection from 
the variables i n the next preferred rank. I f , after f a i l i n g the entire length of 
the range (no variable has been found which works) the algorithm moves "down" one 
rank, bringing the next lower rank within the range. 

I f the preference i s f o r higher ranked variables, the algorithm w i l l s t a r t at 
the highest (1,2,3, etc.) end of the ranking range. I f the preference i s set for 
lower ranked variables, the algorithm starts at the lowest (8,9) end of the ranking 
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range moving back, upward i f not successful. When the preference i s set f o r lower 
ranked variables, and the unsuccessful attempts to f i n d a s p l i t variable have 
caused a progression back upward a l l the way to the end of the e l i g i b i l i t y range, 
the algorithm again moves downward so a new rank Is brought i n at the "downward" 
end of the e l i g i b i l i t y range and an attempt i s made to use these newly e l i g i b l e 
variables i n the p a r t i t i o n . 

I f the preference i s set f o r variables at the rank where the algorithm i s 
"at" and the search i s unsuccessful, then both adjacent ranks are made available 
fo r scanning and, i f possible, a variable i s chosen from a higher rank, i . e . , t o ­
wards 1. I f the variable eventually chosen for use i s i n one of the adjacent 
ranks, the algorithm progresses upward or downward accordingly, and i s then "at" 
a new rank. A summary of the various possible options i s given i n Figure 5. 

A separate range i s provided to govern the lookahead operation, i . e . , tenta­
t i v e s p l i t s of other than the parent group. The operation of the lookahead range 
is the same as that of the parent group except that s t a t i s t i c s for variables at 
rank zero or outside the current range are not reported. The lookahead range must 
be at least equal i n width to the range used f o r the p a r t i t i o n , and i t may be 
wider. More s p e c i f i c a l l y , the number of ranks "up" must be equal to or greater 
than the number of ranks "up" specified for the parent group range. Similarly, 
the number of ranks "down" must be a number greater than or equal to the corres­
ponding "down" range specified f o r the selection of variables for the parent group. 

2.6.2.3 Using the Ranking Options 

The purpose i n providing these types of ranking i s to permit the analyst to 
impose whatever theoretical considerations he may have on the order of the s p l i t ­
ting process. 

The simplest use is to look at the effects of a variable but not s p l i t on 
i t (assigning i t rank 0). This allows looking at I t s relationships without a l ­
lowing i t to make divisions, an especially useful procedure i f a variable i s not 
clearly either cause or e f f e c t of the dependent variable. This i s p a r t i c u l a r l y 
true of a t t i t u d e s , where one may want to know t h e i r r e l a t i o n to the dependent 
variable without assuming that they cause i t , rather than r e s u l t from i t . In co-
variance analysis (see above), one may want to use classes of the covariate i n 
order to see whether there are non-linearities which the covariance analysis as­
sumes away (assigning the bracket rank 0). The pr i n t - o u t w i l l provide means of 
the dependent variable w i t h i n groups according to the covariate at the same time 
i t i s computing the regression slopes. I t i s always possible that a relationship 
that i s l i n e a r o v e r a l l i s not linear w i t h i n some subgroups, and th i s procedure 
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Figure 5 
Results of Alternative Rank Specifications 

RANK 
Range UP (L ) Range DOWN (K) 

"AT-L" "AT+K" 
SIMPLE RANKING 
ALL 

L 
0 
L 

RANGE RANKING (see NOTE below) 
UP 

AT 

DOWN 

} 

E l i g i b l e Rank Numbers, i n 
Order of Preference 
(Low number = high rank) 

1, 2, 3, 

Not allowed 

M ( i f M ranks speci­
fied) 

Equivalent to "ALL" 
A, A+l, A+2....A+K (Preference for A) 
A-L, A-L+1,...A (Preference for A-L) 
A-L, ..A, A+l, ... A+K (Preference 
fo r A-L) i . e . , always t r i e s lower 
rank numbers and works up (down the 
the ranks) to A, then on to A+K. 
Equivalent to 
A, A-l, A-2, , 
A, A+l, A+2,.. 

'ALL" 
. . A-L 
A+K Prefer­

ence 
for A A, A+l, A+2, ...A+K,A-L 

Equivalent to "ALL" 
A, A+l, A-2,...A-L (Preference for A) 
A+K, A+K-l,...A+l, A (Preference 

fo r A+K) 
A+K,...A,... A-L (Preference for A+K) 

NOTE: I f "A" denotes the AT rank, "L" the number of ranks UP, and "K" the number 
of ranks DOWN, then the e l i g i b l e range i s [A-L, A+D]. 

On the f i r s t s p l i t , A=l. A-L i s bounded by 1, and A+K i s bounded by 9, 
e.g., i f A=4, L=5, K=6, then the e l i g i b i l i t y range i s s t i l l only 1-9. 

"UP", "AT", and "DOWN" refer to rank numbers, so "UP" the numbers means 
down the ranks, the usual procedure. 

"UP, L, K" t r i e s the f u l l set of ranks at each s p l i t , s t a r t i n g with A-L 
which can be set equal to 1, but In practice the results are l i k e l y to 
be the same as "ALL". 
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w i l l reveal the problem. 
But perhaps the most important use of ranking i s i n the s i t u a t i o n where 

the explanatory variables are not a l l at the same stage i n the causal process— 
some being c l e a r l y l o g i c a l l y p r i o r to others.^" Then one may want to give Rank 1 
to the exogeneous, background, and constraint variables, and only then allow var­
iables that represent the current s i t u a t i o n , motives, opportunities, and recent 
changes, to come into play at Rank 2. Such a procedure i s an alte r n a t i v e to a 
two-stage analysis using pooled residuals from one stage as the dependent v a r i ­
able i n a second analysis. I f one feels that there are interaction effects be­
tween variables at the two levels, that i s , that the groups according to back­
ground variables w i l l respond d i f f e r e n t l y to current s i t u a t i o n a l variables, then 
i t would be better not to pool. But pooling does have advantages i n providing 

2 
larger groups, more s t a b i l i t y , and more degrees of freedom. F i n a l l y , one may want 
to put at a l a s t and highest rank, variables which may be either cause or e f f e c t , 
but whose relationship to the dependent variable i s of i n t e r e s t . 

A minor option with ranking i s a choice whether one allows only the pre­
dictors at that rank (UP, 0, 0), or allows a l l those already t r i e d and exhausted 
to come back i n i f they can (UP, L, 0). I t i s minor because the chance that they 
w i l l do so i s small. 

For range ranking, a preference must be stated for UP, AT, or DOWN, The 
best e l i g i b l e predictor i n the preferred rank w i l l be chosen over predictors 
i n other ranks regardless of explanatory power. Simultaneous inclusion of a l l 

3 
previous ranks can be achieved by redefining the predictor ranks. Using the 
previous example of Table 5: STEP rank 1 variables rank 0 variables 

1 1 2-10 
2 1-3 4-10 

- 3 1-3,6,7 4-5,8-10 
4 1-4,6-7 5,8-10 
5 1-9 10 

For example, see Sonquist and Morgan (1964), pp. 105-109. 
2 
For extensive use of pooled residuals i n two- and three-stage analysis, see 

Morgan, Sirageldin and Baerwaldt, Productive Americans, 1966. 
3 See section 2.9 and Appendix I I I (an analysis step). 
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2.7 Premium for Symmetry 

Pa r t i c u l a r l y when there are several predictors in close competition for 
s p l i t t i n g on the dependent variable, i t i s tempting to suggest that one would 
prefer a symmetric tree i f forcing that symmetry did not result i n loss of too 
much explanatory power. The advantage of a symmetric tree or section of a tree 
i s that I t i s simpler. Indeed, a t o t a l l y symmetric tree implies an n-dimensioned 
table where a l l the subcells are important and d i f f e r e n t . What i s meant by sym­
metry? I t means that i f one of a pair of groups has already been s p l i t on par­
t i c u l a r classes of a predictor, the other of the pair is s p l i t i n the same way. 
A looser d e f i n i t i o n would be that the second i s s p l i t on the same predictor, but 
not necessarily with the same sets of subclasses on each side of the s p l i t . The 
advantages i n s i m p l i c i t y of thi s p a r t i a l symmetry seemed minor, so we use the 
complete symmetry. 

One can, of course, set the premium at 100 percent, forcing symmetry, but 
s t i l l leaving open the decision about the f i r s t s p l i t made on each of a pair. 
This w i l l s t i l l not force t o t a l symmetry; since once one has two pairs of groups, 
the f i r s t s p l i t s on each of the pairs can be d i f f e r e n t ! 

The option allows selection of a loss-function specifying how much one i s 
w i l l i n g to lose at any s p l i t t i n g decision, r e l a t i v e to the best s p l i t , i n order 
to achieve symmetry. In other words, one might end up with some symmetric s p l i t s 
i n an otherwise nonsyrametric branching diagram. A ten percent premium f o r sym­
metry (penalty f o r assymetry) means that the symmetric s p l i t w i l l be made i f i t s 
power Is at least 90 percent that of the best s p l i t . For example, the symmetric 
s p l i t i s made i f i t s BSS s a t i s f i e s : 

„„„ , ... ^ . -« - > P r e m i u m f o r symmetry. ,. , . . BSS for the symmetric s p l i t > (1 ^ 0 — z *-) x (BSS f o r best s p l i t ) . 
When the symmetry option i s specified, the algorithm selects the symmetric 

branch of the tree to s p l i t on next (as opposed to that group with the largest 
unexplained sum of squares) whenever possible. Symmetry takes precedence over 
ranking, provided the symmetric s p l i t i s an e l i g i b l e one. 

I f one r e a l l y wants to know the t o t a l loss from t o t a l symmetry, then the 
configurational option gives the explanatory power of a t o t a l tree using a l l the 
detail s of a set of predictors and can be compared with dummy-variable regression 
using the same predictors, which i s t o t a l symmetry. 

We have not found very many places where thi s feature was useful, and i t 
borders on another problem—the dominant variable. I f each of several groups 
s p l i t s on the same predictor because i t i s dominant, a better solution may be to 
go to the covariance approach described above In Section 2.3. 

Even perfect symmetry does not imply a d d i t i v i t y . Just because each of two 
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groups can be s p l i t i n the same way on the same predictor does not mean that the 
differences between the resulting pairs w i l l be the same, absolutely or r e l a t i v e ­
l y . ' 

A d d i t i v i t y of effects (absence of inte r a c t i o n effects) i s a s u f f i c i e n t but 
not necessary condition f o r symmetry of a branching diagram. I t Is possible for 
the same predictor to be the most powerful f o r subsequent s p l i t s of each of a 
pair of groups, but not to have a uniform effect on the two groups. The branch­
ing diagram below i s a real case, hence makes the point only weakly (Figure 6a). 
The data produced a symmetric tree but an in t e r a c t i o n effect clearly exists. 

I f we take the weighted means for whites and nonwhites, and for young and 
old, to estimate the i n t e r i o r of the table assuming additive effects, we have 
Figure 6b, where the f i r s t entry i s the actual proportion, the second the expec­
ted proportion, and the t h i r d the difference."^ I t i s clear that the older non-
whites are more l i k e l y and the younger less l i k e l y , to approve of mothers' work­
ing, than an additive model would suggest. 

Actually, one could also take the unweighted means for whites and non-
whites, and for young and old, to estimate the i n t e r i o r of an additive table, 
though such data are unavailable unless one has the detailed table i n the f i r s t 
place. In thi s case we get Figure 6c, which says that older nonwhites and young­
er whites are more l i k e l y to approve, and the other two groups less l i k e l y . 

2.8 Elimination of Extreme Cases 

The least squares c r i t e r i o n almost universally used i n s t a t i s t i c s , and i n 
th i s program as w e l l , i s very sensitive to extreme cases. In much real data, 
moreover, the extreme cases are l i k e l y to involve either errors of measurement 
or conceptual problems. I n any case, we may not want our findings to be domin­
ated by a few cases, or to face the li k e l i h o o d that another sample would produce 
widely d i f f e r e n t results because of them. One can use the recode capability e i ­
ther to truncate extreme cases or to give them a zero value on the f i l t e r v a r i ­
able so they w i l l be excluded. However, thi s requires defining extreme cases un­
iformly regardless of t h e i r situations. In the population as a whole, a house 
value greater than $75,000 may not be extreme, but among lower income families 
where the head i s less than 65 years old, such a value might well be extreme. 

One estimates the expected values i n the subcells as follows: Take the 
deviations of the means by age or race from the grand mean as estimates of age 
or race effe c t s . For any subcell, add the appropriate age and race ef f e c t to 
the overall mean to estimate that subcell mean. 
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Figure 6a 
Proportion of Husbands Approving of Mothers' Working* 

(For a l l 1640 married heads of families) 

A l l Husbands: 

33% approved 

30% of cases 70% of cases 

Husbands 
Aged 55 
or Older 

22 

Husbands 
Younger 
than 55 

37 

whites Nonwhites 
47 

Whites Nonwhites 
54 

437 cases 47 cases 1031 cases 125 cases 

The question was: "Suppose a family has children but they are a l l i n 
school—would you say i t i s a good thing for the wife to take a job 
or a bad thing or what? Source: Morgan et a l . Productive Americans 
p. 330. 

Figure 6b 
Deviations from Weighted Expected 

Values 

Figure 6c 
Deviations from Unweighted 

Expected Values 

Nonwhite White Nonwhite White 

Youth 54-56=-2 35-34=+l 37 54-56=-2 35-33=+2 

Old 47-41=+6 19-19=0 22 47-44=+3 19-21—2 

52 30 33 50 27 39 
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The user defines "extreme" i n terms of the number of standard d e v i a t i o n s 
from the mean i n e i t h e r d i r e c t i o n , where the mean and standard d e v i a t i o n are 
those f o r the group i n qu e s t i o n . I f the i d e n t i f i c a t i o n numbers of the extreme 
cases are needed i n order to look, them up, t h a t v a r i a b l e must be read i n w i t h 
the other data, and i t s " v a r i a b l e number" s p e c i f i e d on the set-up forms-; 

Extreme cases are d e a l t w i t h i n two stages. I n i t i a l l y , the e n t i r e data 
set i s read and recoded (only cases f i l t e r e d w i t h the g l o b a l f i l t e r are excluded). 
The mean and standard d e v i a t i o n are c a l c u l a t e d on the dependent v a r i a b l e f o r the 
sample, and any cases l y i n g o u t s i d e o f y + no, where n i s s p e c i f i e d by the user, 
i s considered an o u t l i e r . These cases may be removed from the data, or simply 
cause a warning t o be p r i n t e d . At t h i s stage, one would hope to f i n d the gross 
e r r o r s i n the data. 

Subsequently, extreme cases are de f i n e d by the mean and standard d e v i a t i o n 
of each group as i t i s being s p l i t . These o u t l i e r s may be removed before making 
the s p l i t . A f t e r each group, i n c l u d i n g the f i r s t , has been searched and the best 
s p l i t decided, the extreme cases are l o c a t e d and removed so t h a t they do not ap­
pear i n the two r e s u l t i n g subgroups. Note t h a t the data given f o r each group are 
before the extreme cases i n t h a t group are removed. This a l l o w s extreme cases 
to a f f e c t one s p l i t b efore they are taken o u t , and to a f f e c t the t o t a l sum of 
squares and hence the a c t u a l value of the s p l i t r e d u c i b i l i t y c r i t e r i o n . This i s 
u n l i k e l y to be a problem, except a t the beginning, and the extreme cases f o r the 
f u l l sample could be taken out by the f i l t e r anyway. 

Experimentation w i t h t h i s f e a t u r e on a re g r e s s i o n a n a l y s i s o f house value 
on income, throwi n g out cases more than f i v e standard d e v i a t i o n s from each group 
mean, showed t h a t twelve cases were, thrown o u t , i n f o u r d i f f e r e n t places, and the 
r e s u l t i n g t r e e was d i f f e r e n t — a t the t h i r d s p l i t on one branch and the f o u r t h 
s p l i t on the oth e r . The r e s u l t s were, however, very much the same as when we 
truncated house value a t the beginning. 

Since the purpose i s to e l i m i n a t e the r a r e extreme cases, no more than 
t w e n t y - f i v e cases can be e l i m i n a t e d from any group, and i f more are e l i g i b l e , 
only the f i r s t t w e n t y - f i v e encountered w i l l be e l i m i n a t e d . However, the others 
would almost s u r e l y be e l i m i n a t e d from the two subsequent subgroups before they 
were s p l i t ( b u t a f t e r the s p l i t had been s e l e c t e d ) . ^ 

This f e a t u r e could be used f o r c l e a n i n g data of e r r o r s , i n an e f f e c t i v e but 
biased way ( i n c r e a s i n g the apparent f r a c t i o n of the variance e x p l a i n e d ) . Or one 
could i s o l a t e s m all groups of deviates f o r s p e c i a l a n a l y s i s . 

This does not apply to the i n i t i a l o u t l i e r s treatment. 
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2.9 M u l t i - s t a g e Processing 

AID3 operates i n three modes: i n p u t , compute, and out p u t . The i n p u t mode 
i s executed a u t o m a t i c a l l y a t the beginning and again a f t e r an output mode. How­
ever, the user s p e c i f i e s compute and output commands. By not s p e c i f y i n g the o u t ­
put command, once the p a r t i t i o n i n g process has stopped the user may r e - d e f i n e 
c e r t a i n parameters (e.g., maximum number of s p l i t s , symmetry) as w e l l as d e f i n i n g 
f o r c e d s p l i t s and continue the p a r t i t i o n i n g under the new d e f i n i t i o n s . This type 
of user c o n t r o l would be most u s e f u l i n an i n t e r a c t i v e system, but i t may be use­
f u l when t h e an a l y s t has some concept as to the s t r u c t u r e of the p a r t i t i o n i n g 
process. For example, i t might be used i n c o n j u n c t i o n w i t h ranking t o a l l o w 
g r e a t e r c o n t r o l over the a l g o r i t h m . 

See s e c t i o n 2.6.2.3. 
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III 
Input Features 

This chapter d e t a i l s the requirements and options f o r the in p u t data f i l e . 
The i n p u t s e t u p , i . e . , parameter cards, i s described i n Appendix I I I . The reader 
i s r e f e r r e d t o other p u b l i c a t i o n s f o r more extensive treatment of research uses."'" 

3.1 Data S t r u c t u r e 

The program assumes a r e c t a n g u l a r data s t r u c t u r e : each l o g i c a l record i s 
one data o b s e r v a t i o n c o n t a i n i n g a l l v a r i a b l e s to be t r a n s m i t t e d to the program, 
plu s any o t h e r v a r i a b l e s which may also be contained on the f i l e . 

This f i l e may or may not be pre-sorted on one or more v a r i a b l e s used as 
2 

keys. P r e - s o r t i n g r e q u i r e s a separate job-step using a sort-merge program, but 
i s only necessary i f the c o n f i g u r a t i o n o p t i o n ( s e c t i o n 2.2) i s used. 

The data f i l e i s read i n i n t e g e r f i e l d s . Scale f a c t o r s are provided f o r 
the dependent v a r i a b l e , c o v a r i a t e , r e s i d u a l , and p r e d i c t e d value. P r e d i c t o r s 
must be i n t e g e r s i n the range 0 < p < 31. 

Since the recoding r o u t i n e s operate i n i n t e g e r mode, decimal places are 
t r u n c a t e d , and v a r i a b l e s must t h e r e f o r e be a p p r o p r i a t e l y scaled before d i v i d i n g 
to o b t a i n t h e desired accuracy (e.g., by m u l t i p l y i n g by 1000). 

Decimal p o i n t s w i t h i n data f i e l d s are not allowed, but may be bypassed i n 
the f o l l o w i n g manner: a 4-character f i e l d AB.C may be read as two f i e l d s , AB 

See Morgan and Sonquist (1963), Sonquist and Morgan (1964), Andrews, Mor­
gan and Sonquist (1967), Sonquist, Baker and Morgan (1969), Sonquist (1969), Son­
q u i s t (1970), Sonquist (1970b). 

2 
A parameter s e t t i n g p e r m i t s computation of " c o n f i g u r a t i o n " s t a t i s t i c s f o r 

s o r t e d f i l e s . See s e c t i o n 2.2. 
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and C and converted back by lOxAB+C. 

3.1.1 Weighting the Data 

I n some sampling designs f o r c o l l e c t i n g data, m u l t i - s t a g e p r o b a b i l i t y de­
signs are used t h a t r e q u i r e " w e i g h t i n g " the r e s u l t i n g o b s e r v a t i o n s . AID3 has 
been designed t o accommodate those types of designs where the r e s u l t i n g "weight" 
attached t o each r e s u l t i n g o b s e r v a t i o n i s a p o s i t i v e i n t e g e r . I f the user des­
ignates one of h i s i n p u t v a r i a b l e s as a "weight," the program t r e a t s the data as 
though I t were r e c e i v i n g m u l t i p l e copies of each o b s e r v a t i o n , the number of such 
copies being determined by the associated weight. N o n - i n t e g r a l values of the 
weight v a r i a b l e are not p e r m i t t e d . The range t h a t may be taken on by a v a r i a b l e 
designated as a weight i s 1 < V < 999. However, users w i t h weights l a r g e r than 

— w — 
99 and sample sizes of 1000 or more are cautioned t h a t f l o a t i n g - p o i n t a r i t h m e t i c 
rounding e r r o r s may occur. Such users are encouraged t o seek l o c a l i n d i v i d u a l 
advice on rounding e r r o r s i n sums of squares. Users w i t h one- or t w o - d i g i t 
weights, dependent v a r i a b l e s i n the range 0 to 999,999 and samples not g r e a t e r 
than about 3000 should experience no d i f f i c u l t y w i t h rounding problems. 

3.1.2 M u l t i p l e Response V a r i a b l e s 

A1D3 w i l l only accept s i n g l e - v a l u e d v a r i a b l e s . So-called " m u l t i p l e - -
response" v a r i a b l e s must be read as separate v a r i a b l e s and the recoding r o u t i n e 
used to cr e a t e as many s i n g l e - v a l u e d v a r i a b l e s as de s i r e d from them. For i n ­
stance, i f , i n response to the q u e s t i o n "Which magazines do you read r e g u l a r l y ? " 
a respondent says "Time, L i f e , and Progressive," the a n a l y s t might wish to r e ­
serve f i v e or s i x 2-column f i e l d s i n h i s f i l e f o r up to t h a t many answers, r e ­
cording as successive p o s i t i v e i n t e g e r s those mentioned (e.g., 01, 08, and 27 
f o r those mentioned above). This might be coded 0108270000 i f f i v e f i e l d s were 
reserved as a 2 - d i g i t " m u l t i p l e response" v a r i a b l e . I f t h i s c o n f i g u r a t i o n i s to 
be used i n an a n a l y s i s using AID3, then the a n a l y s t would have to create one or 
more v a r i a b l e s each of which has a s i n g l e value (e.g., 1 i f person reads any mag­
azines of a c e r t a i n type, 0 i f n o t ) . 

3.1.3 Scale Factors 

Although a l l v a r i a b l e s must be s u p p l i e d t o the program i n i n t e g e r form us­
ing i m p l i e d decimal places, i t may be d e s i r a b l e t o s h i f t decimal p o i n t s on the 
dependent v a r i a b l e and the c o v a r i a t e f o r r e a d a b i l i t y and c o m p a t i b i l i t y w i t h o t h e r 
program o u t p u t . This i s t r u e also i f r e s i d u a l s are computed f o r o u t p u t . Con-
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sequently, i n p u t scale f a c t o r s have been provided f o r the dependent v a r i a b l e and 
the c o v a r i a t e . The user simply i n d i c a t e s i n "powers of ten" n o t a t i o n where he 
wishes the program to place a decimal p o i n t f o r t h a t v a r i a b l e . By using a p o s i ­
t i v e s c a l e f a c t o r , the decimal p o i n t I s moved to the r i g h t by the number o f 
places i n d i c a t e d . A negative scale f a c t o r causes i t to be moved to the l e f t . 
For example, I f the i n t e g e r f i e l d s u p p l i e d as the dependent v a r i a b l e has three 
i m p l i e d decimal places, the user may supply an associated scale f a c t o r of -3, 
causing the v a r i a b l e to be m u l t i p l i e d by 10 ^, or 1/1000 and be p r o p e r l y scaled 
and rounded. 

The use of an a p p r o p r i a t e output scale f a c t o r causes the desired number of 
s i g n i f i c a n t d i g i t s to be r e t a i n e d d u r i n g t h e computation of r e s i d u a l s . Gener­
a l l y two more decimal places than used on i n p u t are s u f f i c i e n t f o r accuracy i n 
g e n e r a t i n g r e s i d u a l s . I f the dependent v a r i a b l e i s dichotomous (one or z e r o ) , 
the user may wish to round these r e s i d u a l s back to e i t h e r 1, 0 or - 1 , however. 

3.2 OSIRIS vs Formatted Data F i l e s 

I n p u t data f i l e s may be described w i t h an OSIRIS d i c t i o n a r y or w i t h a For­
t r a n IV format statement. 

For data sets w i t h o u t a d i c t i o n a r y , up to three cards of format i n f o r m a t i o n 
must be supplied.''" The format statement describes an i n p u t (or o u t p u t ) data 
case. A l l v a r i a b l e s t r a n s m i t t e d t o the program from the data f i l e , whether used 
i n the a n a l y s i s or n o t , must have a format code or f i e l d d e s c r i p t o r (e.g., 110). 
The t r a n s m i t t e d or i n p u t v a r i a b l e s should be i n i n t e g e r mode (non-integer v a r i ­
ables may be t r a n s m i t t e d i f they are only to be c a r r i e d along, I.e., not used i n 
the a n a l y s i s , and l a t e r o u t p u t t e d i n a f o r m a t t e d r e s i d u a l f i l e ) . The v a r i a b l e s 
are read i n the order l i s t e d on the i n p u t v a r i a b l e l i s t card. I n a d d i t i o n , 
f i e l d d e s c r i p t o r s f o r each v a r i a b l e created during execution, i . e . , w i t h the i n ­
t e r n a l recode or the r e s i d u a l o p t i o n s , must als o be s u p p l i e d i f a formatted o u t ­
put f i l e i s requested. These "o u t p u t " v a r i a b l e f i e l d s w i l l n a t u r a l l y f o l l o w the 
" i n p u t " f i e l d s . 

The OSIRIS m u l t i v a r i a t e recode, bad data o p t i o n , and g l o b a l f i l t e r cannot 
be used w i t h formatted data f i l e s . 

A d e t a i l e d account of OSIRIS d i c t i o n a r y and data f i l e s may be found i n 

See the IBM System/360 and System/370 FORTRAN IV Language Manual f o r i n ­
f o r m a t i o n on formats. 

2 
See Appendix I I I and the OSIRIS/40 User's Manual f o r a d e s c r i p t i o n of v a r ­

i a b l e l i s t cards. 
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Appendix D of the OSIRIS/40 CSF User's Manual. 

3.3 Recoding 

I t I s recognized t h a t users of complex s t a t i s t i c a l programs o f t e n need a 
b u i l t - i n c a p a b i l i t y f o r t r a n s f o r m i n g t h e i r v a r i a b l e s a t the time a s t a t i s t i c a l 
run i s made. This has been found to be p a r t i c u l a r l y t r u e i n the case o f research 
tasks to which AID i s f r e q u e n t l y addressed. P r e d i c t o r v a r i a b l e s t y p i c a l l y i n ­
v o l v e nominal scales ( c l a s s i f i c a t i o n s ) which r e f l e c t s e v e r a l dimensions and 
should be converted i n t o separate dichotomies, as w e l l as continuous v a r i a b l e s 
which must be converted i n t o sets of ordered c l a s s i f i c a t i o n s to be used as AID 
p r e d i c t o r v a r i a b l e s . Also, AID users t y p i c a l l y wish to generate i n t e r a c t i o n 
terms f o r l a t e r use I n a M u l t i p l e C l a s s i f i c a t i o n Analysis."*" I n a d d i t i o n , i f d i s ­
t r i b u t i o n s are skewed, dependent v a r i a b l e s may need tr a n s f o r m a t i o n s using square 
r o o t s or l o g a r i t h m s . Users may wish to l o c a t e and re-assign missing values, the 
assignments sometimes being made on a p r o b a b i l i t y b a s i s . Users may wish to ex­
clude c e r t a i n observations from t h e i r a n a l y s i s . The reasons f o r e x c l u s i o n may 
in c l u d e the presence of missing values of the dependent v a r i a b l e or c o v a r i a t e , 
the a n a l y s t ' s d e s i r e t o analyze only a subset of h i s data, or the presence of 
some observations which have so much missing I n f o r m a t i o n t h a t they must be ex­
cluded from the a n a l y s i s . Or extreme values o f the dependent v a r i a b l e may be 
reduced to some l i m i t e d v a l ue. 

AID3 pr o v i d e s c a p a b i l i t i e s f o r accomplishing these tasks of recoding and 
s e l e c t i o n o f subsets o f observations. A p o w e r f u l , newly-developed recoding l a n ­
guage i s appended t o the i n p u t s e c t i o n of the program, p e r m i t t i n g the user to 

2 
generate almost any type of new v a r i a b l e he chooses. 

The recoding c o n t r o l language i s a c t u a l l y a k i n d of s p e c i a l purpose pro­
gramming language; t h a t i s , i t operates s e q u e n t i a l l y . The user submits a s e r i e s 
of i n s t r u c t i o n s which are executed i n order. Execution i s i n i t i a t e d once f o r 
each o b s e r v a t i o n i n the user's i n p u t data f i l e . Each i n s t r u c t i o n c o n s i s t s of a 
l o g i c a l clause, an o p e r a t i o n a l clause, or both. 

A l o g i c a l clause i s a simple p r o p o s i t i o n about the a r i t h m e t i c r e l a t i o n s h i p 
( e q u a l i t y , i n e q u a l i t y , l a r g e r than, e t c . ) between two i n p u t v a r i a b l e s or between 
a v a r i a b l e and one or more constants. When values of the v a r i a b l e s are s u p p l i e d 

See Sonquist (1970a). 
2 
A complete d e s c r i p t i o n of the AID3 i n t e r n a l recode i n c l u d i n g examples i s 

given i n Appendix I I . 
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from an o b s e r v a t i o n t h a t has been read i n and a l t e r e d as desired by any preced­
i n g computation t h i s p r o p o s i t i o n acquires a defined "value." I t i s e i t h e r " t r u e " 
or " f a l s e " f o r the values given. This r e s u l t i s then recorded as the value of a 
" t r u t h s w i t c h . " Any number of l o g i c a l clauses may be concatenated to form a com­
pound l o g i c a l clause. 

S i m i l a r l y , any number of o p e r a t i o n a l clauses can be concatenated to form a 
blo c k of ordered computational i n s t r u c t i o n s . These i n s t r u c t i o n s are used to es­
t a b l i s h values f o r new (or o l d ) v a r i a b l e s , and to perform a r i t h m e t i c o p e r a t i o n s . 
I n a d d i t i o n , one i n s t r u c t i o n , GO TO, enables the user to c o n t r o l the sequence of 
computation any way he wishes. I n a block of contiguous o p e r a t i o n a l clauses, i n ­
d i v i d u a l i n s t r u c t i o n s are always executed i n the order submitted, except where 
the sequence i s a l t e r e d by execution of a GO TO command. A p r i n t i n s t r u c t i o n 
PRNT allows the user to look a t 1 or 2 v a r i a b l e s . 

L o g i c a l c o n t r o l over a c t u a l execution of the recoding i n s t r u c t i o n s i s ac­
complished by use of the " t r u t h s w i t c h . " When the recoding r o u t i n e s t a r t s i t ex­
ecutes o p e r a t i o n a l clauses u n t i l i t encounters a l o g i c a l clause. When i t encoun­
t e r s the beginning of a l o g i c a l clause, i t determines whether the p r o p o s i t i o n r e ­
presented by the clause i s t r u e o r f a l s e and records the r e s u l t s i n the t r u t h 
s w i t c h . I f the f o l l o w i n g clause i s a l s o a l o g i c a l clause, i t i s concatenated 
w i t h the r e s u l t s of the previous one using the Boolean operator, and a new value 
f o r the t r u t h s witch i s computed. Other l o g i c a l clauses immediately f o l l o w i n g 
are t r e a t e d s i m i l a r l y . On the o t h e r hand, i f , a f t e r encountering the beginning 
of a l o g i c a l clause, the next i n s t r u c t i o n i s found to be an o p e r a t i o n a l command, 
the t r u t h s w i t c h i s i n t e r r o g a t e d to determine whether the o p e r a t i o n a l clause 
should, i n f a c t , be executed. 

I f t h e t r u t h s w i t c h i s " t r u e , " then execution of the o p e r a t i o n a l clause i s 
i n i t i a t e d , and a l l successive o p e r a t i o n a l clauses are also executed. Then when 
the beginning of the next l o g i c a l clause i s encountered, the program r e t u r n s to 
l o g i c a l mode and s t a r t s computing a new value f o r the t r u t h s w i t c h . However, I f 
the t r u t h s w i t c h i s " f a l s e " when an o p e r a t i o n a l clause i s encountered, the oper­
a t i o n a l clause i s not executed nor are any other o p e r a t i o n a l clauses t h a t may be 
concatenated to i t ; the program does no t h i n g u n t i l i t encounters the next l o g i c a l 
clause. What i t does then depends on the type of l o g i c a l clause i t f i n d s . 

L o g i c a l clauses are of two t y p e s — " i n i t i a l " and "subsequent." A subsequent 
clause cannot act as the "beginning" of a l o g i c a l clause, e i t h e r s i n g l e or com­
pound. Upon encountering a subsequent clause not concatenated t o an i n i t i a l 
clause, t h e program simply r e t u r n s to l o g i c a l mode, but I t does not evaluate t h i s 
clause and hence a new value f o r the t r u t h s w i t c h i s not computed. The program 
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i s now i n "limbo" since a r e t u r n t o l o g i c a l mode also means t h a t no f u r t h e r op­
e r a t i o n a l clauses can be executed u n t i l a new value f o r the t r u t h s w i t c h has been 
e s t a b l i s h e d . Yet t h i s cannot happen u n t i l the program encounters an " i n i t i a l " 
clause and has evaluated i t , whereupon the whole l o g i c a l process i s r e - i n i t i a t e d 
from s c r a t c h . As a r e s u l t , encountering a "subsequent" clause a f t e r computation 
simply t u r n s o f f a l l a c t i v i t y u n t i l a subsequent " i n i t i a l " clause s t a r t s i t again. 

This o r g a n i z a t i o n permits the user t o w r i t e down a s e t of c o n d i t i o n s (com­
pound l o g i c a l clause) under which a s p e c i f i e d b l o c k of computation i s to be done. 
He then simply w r i t e s the block o f computations. I f the c o n d i t i o n s are not f u l ­
f i l l e d the computation i s not performed. He may then w r i t e an a l t e r n a t i v e s et of 
co n d i t i o n s and s p e c i f y a second a l t e r n a t i v e computational block. I f the f i r s t 
set o f c o n d i t i o n s i s " t r u e " f o r a given o b s e r v a t i o n and the second set i s 
" f a l s e , " the f i r s t b l o c k of computations i s performed and the second suppressed. 
( I f both c o n d i t i o n s are t r u e then both blocks of computations are executed. I f 
n e i t h e r , then there i s no computation.) Thus, a l t e r n a t i v e s can be set up to ac­
complish the v a r i o u s kinds of assignments t h a t are to be made d u r i n g the recoding 
process. 

P r o v i s i o n i s made f o r the user t o supply a r e s i d u a l , or " a l t e r n a t i v e " con­
d i t i o n which corresponds to a "none of the above" c o n d i t i o n ( i . e . , t r u e i f and 
only i f previous c o n d i t i o n s were a l l f a l s e ) , completing the l o g i c a l c a p a b i l i t y . 

The s i x t e e n Boolean operators t h a t are p e r m i t t e d f o r concatenating l o g i c a l 
clauses i n c l u d e "and," " o r , " and " e x c l u s i v e o r , " "not," and " i m p l i c a t i o n " as w e l l 
as a l l of the less w e l l known ope r a t o r s . The a r i t h m e t i c operations t h a t can be 
performed i n c l u d e e s t a b l i s h i n g a value f o r a v a r i a b l e , a l l f o u r of the elementary 
a r i t h m e t i c o p e r a t i o n s , as w e l l as square r o o t , l o g a r i t h m i c , modulo and a r c s i n e 
f u n c t i o n s , and the gener a t i o n of random numbers. The r e l a t i o n a l operators i n ­
clude l e s s than, g r e a t e r than, e q u a l i t y or i n e q u a l i t y and membership i n a closed 
i n t e r v a l . For e r r o r r e d u c t i o n and s i m p l i c i t y , a l l operations are i n t e g e r , im­
p l i e d decimal p o i n t s being assumed i n the i n p u t . F o u r - d i g i t statement l a b e l s and 
the GO TO o p e r a t i o n provide complete user c o n t r o l over computational sequences. 

To f a c i l i t a t e s o p h i s t i c a t e d use, a simple form of i n d i r e c t r e f e r e n c i n g of 
i n p u t v a r i a b l e s i s pro v i d e d , enabling u s e r - w r i t t e n subroutines which can be i n ­
serted and a p p l i e d t o s e v e r a l v a r i a b l e s as d e s i r e d , as w e l l as f a c i l i t a t i n g r e ­
p e t i t i v e o p e r a t i o n s . 

I n s t e a d of e l i m i n a t i n g cases w i t h extreme values on the dependent v a r i a b l e , 
one can t r u n c a t e them, c o n v e r t i n g a l l values l a r g e r than some amount to be equal 
to t h a t amount, or combine s e v e r a l items (sum, r a t i o , e t c . ) i n t o a new v a r i a b l e 
and then t r u n c a t e i t . Since t h i s i s done case-by-case as the data are read i n , 
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one cannot c a l c u l a t e w i t h i n t h i s program the d i s t r i b u t i o n of a new v a r i a b l e and 
then decide how t o tr u n c a t e i t . " * " 

Given the e a r l i e r warning about m a i n t a i n i n g the order of p r e d i c t o r s i n o r ­
der to reduce the p o s s i b i l i t y of i d i o s y n c r a t i c s p l i t s , i t may be necessary e i t h e r 
to a l t e r t h e scale value of the 0 or the missing i n f o r m a t i o n code, e s p e c i a l l y i f 
they are a t the wrong end of a s c a l e ; or a set of categories which do not form 
a scale can be converted i n t o a s e t of dichotomies. Unless one i s w i l l i n g to as­
sume t h a t a v a r i a b l e such as r e l i g i o u s preference or occupation forms an o r d i n a l 
s c a l e , i t i s advisable to convert i t to a set of dichotomies, one per c l a s s . 

Another warning: Complex recoding i s e a s i l y done i n c o r r e c t l y , and a sub­
s t a n t i a l a n a l y s i s can be done b e f o r e one discovers the e r r o r . The usual s a f e ­
guards a g a i n s t i n c o r r e c t s p e c i f i c a t i o n s do not operate i n t h i s program. The best 
hedge a g a i n s t expensive mistakes i s to have a small data-tape l i k e the main one 
but w i t h o n l y 25 or 100 cases w i t h a l i s t i n g a v a i l a b l e of a l l the data on those 
cases. One can then do the a n a l y s i s w i t h these few cases, which takes very l i t ­
t l e computer time, and make sure a l l the newly created v a r i a b l e s and f i l t e r i n g 
have been done c o r r e c t l y . 

The same recoding capacity i s a v a i l a b l e d u r i n g each i n p u t stage of 
a m u l t i s t a g e run, and there are s e v e r a l recoding p o s s i b i l i t i e s t h a t e x i s t before 
doing a second or l a t e r - s t a g e a n a l y s i s . One can take the r e s i d u a l s from a f i r s t 
a n a l y s i s ( a f t e r t a k i n g account o f background f a c t o r s ) and transform or t r u n c a t e 
them t o make a b e t t e r dependent v a r i a b l e f o r use i n the next a n a l y s i s . Or they 
can be converted to a set of ca t e g o r i e s and used as a p r e d i c t o r i n a second an­
a l y s i s as i n st u d i e s of r e g r e s s i o n to normalcy; or one can take the expected v a l ­
ues (means of f i n a l subgroups), convert them t o a set of cat e g o r i e s , and use t h i s 
as one of the p r e d i c t o r s i n a second a n a l y s i s . This i s an a p p l i c a t i o n of the 
p r i n c i p l e of two stage l e a s t squares, where the expected values are considered 
f r e e r of measurement e r r o r and p r o v i d e a less biased estimate of the e f f e c t 
sought. Or one can take the a c t u a l i d e n t i f i c a t i o n number of a group (only some 
of which remain) and transmute t h a t i n t o a set o f categories which produce a new 
p r e d i c t o r , namely the f i n a l groups i d e n t i f i e d i n the f i r s t run. Of course the 
second-stage a n a l y s i s would be v e r y l i k e l y to s p l i t on that p r e d i c t o r most o f t e n 
(though n o t n e c e s s a r i l y ) , and one could assign i t a low or zero rank t o suppress 
i t a l t o g e t h e r (see Section 2.6.2) i n the second a n a l y s i s . This makes i t a v a i l ­
able f o r observation but allows other p r e d i c t o r s to make the s p l i t s . Or one 
could use the group numbers to generate a f i l t e r v a r i a b l e to s e l e c t only c e r t a i n 

An a l t e r n a t i v e method i s to allow the program to throw out extreme cases 
I n each p a r e n t group; see Section 2.8. 
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groups to use i n a second a n a l y s i s . 

3.4 C u l l i n g the Data 

Several methods f o r e l i m i n a t i n g or s u b s e t t i n g the data are a v a i l a b l e t o the 
user. I f a r e s i d u a l f i l e i s to be generated, any data cases e l i m i n a t e d from the 
anal y s i s step w i l l be o u t p u t t e d w i t h missing data values generated f o r the r e s i d ­
u a l , p r e d i c t e d v a l u e , and group number. The exception t o t h i s i s , no o b s e r v a t i o n 
w i l l be o u t p u t t e d f o r data e l i m i n a t e d w i t h a g l o b a l f i l t e r or the bad data op­
ti o n s . 

3.4.1 Bad Data Treatment 

With OSIRIS d i c t i o n a r y d e f i n e d data s e t s , the standard bad data o p t i o n i s 
a v a i l a b l e : e l i m i n a t e the case; s u b s t i t u t e a missing data value; or terminate the 
run. With f o r m a t t e d data s e t s , records which cause a reading e r r o r are ignored. 
Cases discarded as bad data are not o u t p u t t e d on the r e s i d u a l f i l e . 

3.4.2 M i s s i n g Data on the Dependent V a r i a b l e 

Cases which have missing data codes f o r the dependent v a r i a b l e may be e l i m ­
i n a t e d from the a n a l y s i s (see Appendix C of the OSIRIS/40 User's Manual). This 
o p t i o n may be used w i t h a l l data f i l e s , however, missing data are not de f i n e d f o r 
formatted i n p u t v a r i a b l e s . 

3.4.3 I l l e g a l P r e d i c t o r Values 

The user s p e c i f i e s a maximum a l l o w a b l e code f o r each p r e d i c t o r . Any p r e ­
d i c t o r v a l u e g r e a t e r than the s p e c i f i e d maximum w i l l be e l i m i n a t e d from the an­
a l y s i s . 

3.4.4 F i l t e r s 

The OSIRIS g l o b a l and l o c a l f i l t e r s are described i n Appendix H of the 
OSIRIS/40 User's Manual. The g l o b a l f i l t e r may only be used w i t h OSIRIS data 
f i l e s . 

The program also provides f o r the o p t i o n a l i n t e r r o g a t i o n of a subset s e l e c ­
to r v a r i a b l e . Since the d e c i s i o n to i n c l u d e or exclude a given o b s e r v a t i o n i s 
made a f t e r t he recoding r o u t i n e operates on that o b s e r v a t i o n , the a n a l y s t can 

But one would probably want to see the f i r s t a n a l y s i s r e s u l t s before de­
c i d i n g which groups to use I n the second a n a l y s i s t o save some ela b o r a t e recoding. 
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simply use h i s f i r s t few recoding i n s t r u c t i o n s to generate a new v a r i a b l e accord­
in g t o whatever s p e c i f i c a t i o n s he wishes, i n d i c a t i n g what classes of observations 
to i n c l u d e o r exclude. He then designates t h i s as the subset s e l e c t o r v a r i a b l e . 
I f the v a l u e of t h i s s e l e c t o r v a r i a b l e i s zero when i n t e r r o g a t e d a f t e r the r e ­
coding, the e n t i r e observation i s simply excluded from i n p u t . 

3.4.5 O u t l i e r s 

The mean and standard d e v i a t i o n of the dependent v a r i a b l e are c a l c u l a t e d on 
the sample a f t e r g l o b a l f i l t e r i n g and e l i m i n a t i o n of bad data. Any cases l y i n g 
o u t s i d e n standard d e v i a t i o n s from the mean (n s p e c i f i e d ) w i l l cause a warning 
message to be p r i n t e d . These cases may also be excluded from the a n a l y s i s . "̂  

See s e c t i o n 2.8. 
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IV 
Interpretation of Output 

4.1 Basic Output and N o t a t i o n 

Output from AID3 i s generated during each of the three c o n t r o l modes. Gen­
e r a l sample s t a t i s t i c s are p r i n t e d during the i n p u t mode and i n c l u d e the o p t i o n a l 
1-way a n a l y s i s of variance on the p r e d i c t o r c o n f i g u r a t i o n . Also, data cases ex­
cluded from the a n a l y s i s w i l l be o u t p u t t e d onto the r e s i d u a l f i l e . 

D uring execution of the compute mode, a record of the p a r t i t i o n i n g process 
i n c l u d i n g s t a t i s t i c s on the parent group may be p r i n t e d ( i . e . , the t r a c e ) . Group 
which cannot be s p l i t w i l l be o u t p u t t e d onto the r e s i d u a l f i l e . 

D uring the output mode, a 1-way a n a l y s i s of variance i s computed on the 
f i n a l groups. Groups which have not been s p l i t are considered f i n a l and output­
ted onto t h e r e s i d u a l f i l e . Summary tab l e s are then generated. 

Data i s i n p u t to the program a f t e r g l o b a l f i l t e r i n g or ex c l u s i o n of cases 
using the bad data o p t i o n . These i n p u t cases c o n s t i t u t e the sample. For each 
a n a l y s i s packet, the data are c u l l e d using l o c a l f i l t e r s , missing data o p t i o n s , 
etc. A l l formulas p e r t a i n to t h i s c u l l e d sample''' and conform to the f o l l o w i n g 
basic n o t a t i o n : 

w = weight value 
Y1 = unweighted value of the dependent v a r i a b l e 
Y = wY* = weighted Y value 
Y 2 = wY'2 = weighted Y-squared value 
X = wX1 weighted value of the c o v a r i a t e 
x 2 WX'2 = weighted X-squared value 
YX wY*X' = weighted cross product (also denoted 

The exception t o t h i s i s the mean and standard d e v i a t i o n of the dependent 
v a r i a b l e c a l c u l a t e d on the f u l l sample and used to c a l c u l a t e the i n i t i a l bound­
a r i e s d e f i n i n g an o u t l i e r . See s e c t i o n 3.4.5. 
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4.2 I n i t i a l S t a t i s t i c s 

The program l i s t s the t o t a l number of cases read, how many cases were ex­
cluded, and the number of cases used i n the a n a l y s i s . These remaining cases make 
up the t o t a l sample f o r the a n a l y s i s packet and are t h e r e f o r e the f i r s t group t o 
be s p l i t . T o t a l s f o r the sample are: 

N = T o t a l number o f observations i n the sample 

v 1 W = I w = sum of weights 
ct=l 

w 
MW = W - £ N 

N 
ZY = J w Y" = sum of Y 

*-• n n -» a a a= l 

2 N 
ZY " J w Y" = sum of Y-squared 

a=l 

— ZY 

Y = — = mean of the dependent v a r i a b l e 

TSS = SS = I ( Y - Y ) 2 

2 SS 1 = 7777 = variance of Y 
I MW 

N 
IX = y w X1 = sum of X 

a= l a a 

2 $ 2 EX' = / w X' = sum o f X-squared 
a = l 

£X X = —r: = mean of the c o v a r i a t e W 

2 y(X - X ) 2 . , v °" = —,•• - = v a r i a n c e of X X MW 

I (Y - Y) (X - X) . , v b = — 1 -—* ~—- = slope of Y on X, 
y - x icx - x ) 2 

"'"If W i s s m a l l , say W < 50, and the run i s unweighted, then i t may be ad­
v i s a b l e to c o r r e c t f o r small sample sizes and a ,, ° v N/(N-l) where N i s the 

adj 
number of observations over which summation has taken place. 
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4.3 Trace 

Trace s t a t i s t i c s i n c l u d e parent group as w e l l as r e s u l t a n t group s t a t i s t i c s 
f o r each p o s s i b l e p a r t i t i o n . The parent group t o t a l s 

N, W, EY, ZY 2, ZX, EX2, ZZ, SS 

correspond t o the q u a n t i t i e s given i n the preceding s e c t i o n f o r the sample, but 
are summed only over the parent group. 

For each p r e d i c t o r , the non-empty classes are l i s t e d i n the order i n which 
the t e n t a t i v e p a r t i t i o n s are made. I f classes 5,1,4,2,6 appear, then 

BETWEEN 4 
AND 2 

denote the p a r t i t i o n r e s u l t s i n one group w i t h classes (5,1,4) and the oth e r w i t h 
classes ( 2 , 6 ) . The s t a t i s t i c s 

N, W, Y, a 2 , X, o 2 , b (slope) 

are given f o r both of the two r e s u l t i n g groups as w e l l as the between sum of 
squares (BSS) corresponding to the s p l i t . I f L l and L2 are the group numbers f o r 
the c h i l d r e n , then formulas f o r the slope and BSS terms are''": 

(1) Means Analysis 
b undefined 

B S S " + W L 2 Y L 2 - ^ 

(2) Regression A n a l y s i s 

a = l 
N. , 
lX (x - X . ) 2 

ct i 
a = l 

pooled slope, i = L l , L2 

See s e c t i o n 2.3 f o r the d e r i v a t i o n s . 
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BSS " W L 1 Y L 1 + W L 2 YL2 " » Y ' + 

I (y - Y L 1 ) <x -

L l 

L2 

'L2 
[ (x - h 2 y 

I (y - Y) (x - X)_ 

I (x - X ) 2 

(3) Slopes Analysis 

M. n, 

I I (y 
k = l a = l 

ka V ( x k a V 
~ ,2 

k a 

= average slope of group i f o r classes k=l,...,M_j of p r e d i c t o r j , 
i = L l , L2 

NOTE: There i s a d i f f e r e n t average slope of group i f o r each p r e d i c t o r . 
2 2 

BSS 
2 I Ka " V (xka - V k = l ct=l 

M 2 . nk 
f I (y 

k=l a=l 
ka • V ( V - X k ) 

V "k 

k = l a = l 

M
2 j

 nk 

I I (*ka - V k = l a = l 
M, 

| I I 
|_k=l a = l 

Ka " V Ka - V ) 

k = l a = l 

Also note t h a t the focus i s on the e x p l a n a t i o n of the sample v a r i a n c e , not 
t h a t of the p o p u l a t i o n . The searching operations make the s p e c i f i c a t i o n of de­
grees of freedom necessary f o r extensions to the p o p u l a t i o n d i f f i c u l t . 

See Lansing and Morgan (1971), pp. 304-306, or Snedecor and Cochran (1956), 
p. 274, or Anderson and Bancroft (1952), p. 327. 
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The user may suppress any or a l l of the t r a c e . The options are: 

(1) Suppress the e n t i r e t r a c e ; 
(2) P r i n t only parent group s t a t i s t i c s and the best e l i g i b l e 

s p l i t on each p r e d i c t o r ; 
(3) P r i n t parent group s t a t i s t i c s and a l l e l i g i b l e s p l i t s on 

each p r e d i c t o r ; 
(4) Same as (3) but in c l u d e p a r t i t i o n s which do not e x p l a i n 

s u f f i c i e n t v a r i a t i o n , i . e . , the BSS does not meet the 
r e d u c i b i l i t y c r i t e r i o n ; 

(5) Same as (3) but includ e p a r t i t i o n s whose r e s u l t i n g groups do 
not meet the minimum group s i z e c r i t e r i o n ; 

(6) P r i n t the e n t i r e t r a c e . 

O p t i o n #5 i s recommended i f some minimum group s i z e i s used because s p l i t s 
w i t h BSS l a r g e enough t o q u a l i f y b u t s p l i t t i n g o f f very few cases w i l l then be 
v i s i b l e even i f the s p l i t i s not made, warning the user of extreme case problems. 

With use of the lookahead o p t i o n , o p t i o n #4 or #6 should be used here since 
an a c t u a l s p l i t may be made even though i t s BSS does not q u a l i f y i n cases where 
i t i s o p t i m a l when combined w i t h one or two subsequent s p l i t s . 

O p t i o n 116 i s o f t e n u s e f u l , however, i n a l l o w i n g one to f o r c e the t r e e one 
s p l i t f u r t h e r beyond any f i n a l group, or to see the a c t u a l e f f e c t (not j u s t the 
power) of some p r e d i c t o r on each o f the f i n a l groups. 

4.4 F i n a l Tables 

One o f the design o b j e c t i v e s i n t h i s v e r s i o n of AID was improvement of the 
form i n which i n f o r m a t i o n was presented to the a n a l y s t . I n previous v e r s i o n s o f 
the program much of the u s e f u l i n f o r m a t i o n was s c a t t e r e d throughout the t r a c e of 
the p a r t i t i o n i n g process. I n the present v e r s i o n t h i s d e t a i l has been c o l l e c t e d 
and placed i n several t a b l e s s p e c i f i c a l l y geared t o the decisions the a n a l y s t 
must make about the explanatory power of h i s p r e d i c t o r s and t h e i r e f f e c t p r o f i l e s 
i n v a r i o u s p a r t s of the sample. The analys t uses i n f o r m a t i o n about explanatory 
power and i t s changes throughout the p a r t i t i o n i n g process to make judgements 
about the presence of i n t e r a c t i o n e f f e c t s . He uses e f f e c t p r o f i l e s i n a s i m i l a r 
f a s h i o n . ^ 

The f i n a l t a b l e p r i n t e d as p a r t of the basic output i s an a n a l y s i s of v a r ­
iance t a b l e over the f i n a l groups generated by AID. The w i t h i n - between- and 
t o t a l sums of squares are presented, together w i t h the p r o p o r t i o n of v a r i a t i o n 

For a discus s i o n of d i s p l a y techniques see Sonquist (1969) and Sonquist 
(1970a), (1970b). 
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"explained" by the e n t i r e branching process.''" (Tables 2 and 3 g i v e the terms f o r 
co v a r i a t e and means analyses r e s p e c t i v e l y . ) The t o t a l p r o p o r t i o n of v a r i a t i o n 
explained i s 

1 BSS. 
i - — , where BSS. i s the between sum of squares term 

TSS f o r the a p p r o p r i a t e a n a l y s i s type ( d e f i n e d i n 
s e c t i o n 4.3) r e s u l t i n g from the p a r t i t i o n of 
group i , i . e . , the r e d u c t i o n I n unexplained v a r ­
i a t i o n from s p l i t t i n g group i . 

I n a d d i t i o n , t here are f o u r types of summary tab l e s which may be p r i n t e d . 

1. GROUP SUMMARY TABLE: Number of groups and number o f f i n a l groups, 
f o l l o w e d by a r e c a p i t u l a t i o n of the a c t u a l s p l i t s made and the f r a c ­
t i o n of the o r i g i n a l t o t a l v a r iance explained by each s p l i t . Branch­
in g diagrams can be made e x p e d i t i o u s l y using j u s t t h i s t a b l e . 

2. (a) 100*BSS/TSS TABLE FOR N-STEP LOOKAHEAD: For each p r e d i c t o r used f o r 
the f i r s t s p l i t f o r each group, the explanatory power of t h a t plus 
one or two more s p l i t s . Tagged w i t h < i f l e s s than N+l s p l i t s 
were made (because of other c r i t e r i a ) . Replaced w i t h **** i f a r e ­
s u l t a n t group too s m a l l . I f a minimum group s i z e r u l e excludes a 
p a r t i c u l a r d i v i s i o n by a p r e d i c t o r on a group, but another d i v i s i o n 
on the same p r e d i c t o r and group i s a l l o w a b l e , the "second b e s t " 
s p l i t ' s BSS/TSS w i l l appear. 

(b) 100*BSS/TSS TABLE FOR 0-STEP LOOKAHEAD: Gives the r e s u l t s of a s i n ­
g l e best e l i g i b l e s p l i t on each p r e d i c t o r f o r each group. Only e l ­
i g i b l e s p l i t s are r e p o r t e d as w i t h previous t a b l e even i f "second 
best," and replaced by **** i f a r e s u l t a n t group d i d not c o n t a i n 
enough cases. 

(c) 100*BSS/TSS TABLE FOR 0-STEP LOOKAHEAD, MAXIMUM BSS REGARDLESS OF 
ELIGIBILITY: Gives the power of the best s p l i t f o r each p r e d i c t o r 
w i t h each group, except the f i n a l groups, even i f group s i z e or c r i ­
t e r i o n makes t h a t an i n e l i g i b l e s p l i t . Provides a warning of ex­
treme cases even i f minimum group s i z e p r o h i b i t s t h e i r i s o l a t i o n . 

3. PROFILE OF CLASS MEANS AND SLOPES: Gives means o f Y (and o f X, and 
slopes i f c o v a r i a n c e ) , and N f o r each p r e d i c t o r subclass f o r each 
group. U s e f u l f o r g e t t i n g d e t a i l e d p r o f i l e s , since the t r a c e t a b l e s 
give only the two pooled groups f o r each s p l i t . Arranged by pre­
d i c t o r s and f o r each p r e d i c t o r gives the ETA f o r i t s f u l l subclass 
d e t a i l over the whole sample, t h a t i s , the explanatory power of t h a t 
p r e d i c t o r over the whole sample using a l l i t s subclasses. 

4. PREDICTOR SUMMARY TABLE: Gives more d e t a i l on each subclass of each 
p r e d i c t o r over each subgroup, i n c l u d i n g ETA, ETA (NSTEP), and ETA(O). 

This may be compared w i t h the c o n f i g u r a t i o n a n a l y s i s of v a r i a n c e , since 
the l a t t e r r e p r e s e n t s the t o t a l v a r i a t i o n t h a t could be explained by a l l main e f ­
f e c t s and i n t e r a c t i o n s f o r the given set of p r e d i c t o r s and as such i s the upper 
bound on exp l a i n e d v a r i a t i o n (see Lubin and Osburn, 1957). 
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The f i r s t uses a l l the d e t a i l , the second i s the power of the binary 
s p l i t s , and the t h i r d of the f i r s t b i nary s p l i t . 

The l e a s t u s e f u l i s the P r e d i c t o r Summary Table, most of which i s elsewhere 
i n the o u t p u t . I f no lookahead i s used, and a small minimum group s i z e , only one 
of the BSS/TSS tabl e s i s needed. The group summary t a b l e i s e s s e n t i a l and the 
p r o f i l e of c l a s s means and slopes very u s e f u l . 

4.4.1 Group Summary Table 

The Group Summary Table provides a record of the a c t u a l p a r t i t i o n s t h a t 
took place during the a n a l y s i s and summarizes the s t a t i s t i c a l e f f e c t s of the co­
v a r i a t e . The f o l l o w i n g q u a n t i t i e s are p r i n t e d f o r each group: 

1. Group number and c h i l d r e n i n t o which the cu r r e n t group i s s p l i t . 
2. P r e d i c t o r number, name and class i d e n t i f i e r s forming the basis f o r 

the s p l i t . 
3. Percentage of the t o t a l v a r i a t i o n explained by the s p l i t and percentage 

o f the t o t a l v a r i a t i o n remaining I n t h i s group: BSS/TSS and SS/TSS. 
4. Number of observations i n t h i s group; sum of weights i n group. 

— 2 
5. S t a t i s t i c s f o r the dependent v a r i a b l e ; Y and o v . 
6. S t a t i s t i c s f o r the c o v a r i a t e , where a p p l i c a b l e ; 

_ 2 X, a , r , b , a, a(norm) x xy y.x 
(where b^ ^ i s the pooled or average slope depending, on whether a Re­
gression or Slopes-only a n a l y s i s was used—see s e c t i o n 4.3) 

I fr - V (* - V r - 1 • xy 
h (y - \)2l (x - V 2 

= the c o r r e l a t i o n c o e f f i c i e n t between x and y 

a - \ - \ \ • 

a(norm) = Y^ - b^ (X^ - X^) , where L denotes the c u r r e n t group and 

i s the o r i g i n a l sample mean. Hence a(norm) i s the expected value of 
Y f o r a member of the group whose X-value i s equal to the o v e r a l l sam-
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p i e mean; i t i s a measure of the l e v e l of the subgroup r e g r e s s i o n l i n e . 

4.4.2 BSS/TSS Tables 

Three BSS ta b l e s are a v a i l a b l e and may be p r i n t e d when the BSS options are 
a c t i v a t e d and a lookahead i s used. The lookahead BSS t a b l e shows the explanatory 
power of the groups r e s u l t i n g from the p a r t i t i o n i n g of the parent group and the 
successive lookahead r e s u l t s . For i n s t a n c e , i f a two-step lookahead i s used, 
c r e a t i n g a t o t a l of f o u r groups, the BSS shown i n the t a b l e f o r the i - t h p r e d i c ­
t o r f o r t h i s parent group i s the explanatory power of a l l f o u r of the groups r e ­
s u l t i n g from the lookahead. 

The e n t r i e s i n the lookahead BSS/TSS t a b l e are 

BSS, . ra x „ 1 0 0 

TSS 

f o r the best p a r t i t i o n on each p r e d i c t o r i n each group. I n the formula above the 
references are to the i - t h p r e d i c t o r f o r the j - t h parent group using a lookahead 
of l e n g t h m. The p a r t i t i o n may use other v a r i a b l e s out i n the lookahead s p l i t s 
a f t e r the maximizing a c t i o n taken by the lookahead i s attached to t h a t v a r i a b l e 
forming the i n i t i a l s p l i t i n the parent group. Each v a r i a b l e has the maximum BSS 
associated w i t h i t s i n i t i a l use attached t o i t . 

I n each column of the t a b l e (one column per parent group) a f l a g appears i f 
the p a r t i t i o n was e v e n t u a l l y based on less than the maximum lookahead p e r m i t t e d . 
F i n a l groups are flagged a l s o . Each e n t r y i s replaced w i t h a s t e r i s k s i f t h a t 
p r e d i c t o r was constant i n t h a t group, and i t i s replaced w i t h a zero i f the cor­
responding p a r t i t i o n had been too small t o meet the minimum group s i z e r e q u i r e ­
ment. Thus, the nonzero elements of the t a b l e are a l l v a l i d , though p o s s i b l y 
very small i n d i c a t i o n s of explanatory power. Each v a r i a b l e has the maximum e l ­
i g i b l e BSS associated w i t h i t s i n i t i a l use attached to i t . I f the STARTING TREE 
o p t i o n i s s p e c i f i e d , the e n t r i e s i n the BSS t a b l e may not correspond t o the ac­
t u a l BSS's from p r e - s p e c i f i e d s p l i t s , s i n c e the former are governed by the FREE/ 
MONOTONIC p r e d i c t o r parameter and are based on a 0-step lookahead. Should the 
o r d e r i n g of classes d i f f e r from t h a t i n the t r a c e , then the e n t r y i n the t a b l e i s 
based on t h a t of the t r a c e . 

The BSS/TSS t a b l e w i t h no lookahead corresponds t o the lookahead t a b l e w i t h 
m=0, the explanatory power of each p r e d i c t o r i n the parent group. 

The BSS/TSS t a b l e r e gardless of e l i g i b i l i t y contains the maximum BSS/TSS 
regardless whether t h a t BSS was obtained from an e l i g i b l e s p l i t . 



73 

4.4.3 P r o f i l e of Class Means and Slopes 

The means/slopes p r o f i l e i s broken down i n t o separate t a b l e s , one f o r each 
p r e d i c t o r . The mean of the dependent v a r i a b l e (Y) i s shown f o r every class of 
every p r e d i c t o r i n every group, together w i t h the number of observations upon 
which t h a t mean i s based. 

I n t h e case of a Regression/Slopes a n a l y s i s , the mean of the c o v a r i a t e (X) 
i s also g i v e n f o r each class i n a d d i t i o n to the slope f o r t h a t c l a s s . For Group 
1 only (whole sample) ETA i s also p r i n t e d , showing the explanatory power of the 
f u l l d e t a i l of each p r e d i c t o r . 

r J —2 —2 I Wk Y^ - W Y Z 

k = l , f o r classes k = 1, ... , M. 
T S S of p r e d i c t o r j . 3 

4.4.4 P r e d i c t o r Summary Table 

Data f o r each p r e d i c t o r ' s behavior d u r i n g the p a r t i t i o n i n g process are c o l ­
l e c t e d and organized i n t h i s t a b l e . One set of s t a t i s t i c s f o r the p r e d i c t o r as 
i t behaves i n each group i s p r i n t e d . Data are presented f o r each class of the 
p r e d i c t o r . 

For each class the f o l l o w i n g s t a t i s t i c s are p r i n t e d : 

1. Number o f observations and sum of weights f o r t h a t c l a s s . 
2. The sum of weights expressed as a percent of t h a t group and a percent 

of the t o t a l sample. 
3. The sum of Y (ZY); and t h i s sum expressed as a p r o p o r t i o n of the t o t a l 

ZY f o r the sample and of the t o t a l (ZY) f o r the parent group. 
— 2 

4. The mean and variance of Y (Y and o ^ ) . 
5. The sum of X (ZX), and t h i s sum expressed as a p r o p o r t i o n of the t o t a l 

ZX f o r the sample and of the t o t a l X f o r the parent group. 
— 2 

6. The mean and variance of X (X and o ) . 
x 

I n a d d i t i o n , three summary s t a t i s t i c s are p r i n t e d , showing the explanatory 
power of the p r e d i c t o r i n the group i n question. 

1. ETA—the p r o p o r t i o n of v a r i a t i o n t h a t can be explained by t h i s p r e d i c ­
t o r i n t h i s group, using a l l the classes of t h i s p r e d i c t o r . This i s 
the v a r i a t i o n i n t h i s group t h a t would be explained i f a one-way a n a l ­
y s i s o f variance were run on the observations i n t h i s parent group, us­
i n g as grouping a l l of the classes of the p r e d i c t o r i n question. 

ETA = BSS./SS. 
r i 

f o r the i - t h parent group, where 
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SS. 
N 

I <y - V 
and 

M. 
BSS. r J -2 —2 = ) W. Y. - W. Ŷ  , \ k k i i k = l 

where the summarization i s over' the M classes of p r e d i c t o r j i n the 
i - t h group. I t i s the square of what i s c a l l e d the c o r r e l a t i o n r a t i o 
o r n. 

2. ETA (LOOKAHEAD)—The p r o p o r t i o n of v a r i a t i o n t h a t can be explained by 
the s p e c i f i e d lookahead groups based on a p a r t i t i o n of the parent group 
using t h i s p r e d i c t o r . The computation i s the same as ETA, above, but 
the summation i s over the N-step lookahead groups created from b i n a r y 
s p l i t s i n s t e a d of the k classes of one p r e d i c t o r , i . e . , summed over N+l 

f o r a lookahead of l e n g t h n using parent group i and v a r i a b l e j as the 
i n i t i a l p a r t i t i o n i n g v a r i a b l e f o r the parent group. 

3. ETA (NO LOOKAHEAD)—The p r o p o r t i o n of v a r i a t i o n t h a t can be explained 
by a p a r t i t i o n of the parent group using t h i s p r e d i c t o r summed over the 
two r e s u l t i n g groups. This i s the p r o p o r t i o n e x p l a i n a b l e by the s i n g l e 
s p l i t , i t s e l f . 

I n a d d i t i o n , components of sums of squares of Y about the f i t t e d r e g r e s s i o n 
l i n e s are printed."'" These components are described i n Table 2. They pro v i d e an 
a n a l y s i s of covariance over the subclasses of each p r e d i c t o r s e p a r a t e l y , f o r each 
group created. 

4.5 Residual F i l e s 

This v e r s i o n of AID can compute r e s i d u a l s , and p r e d i c t e d values, and can 
tag each o b s e r v a t i o n w i t h the group number of the f i n a l group i n t o which i t was 
placed. I n a d d i t i o n , a l l i n p u t and generated v a r i a b l e s can be t r a n s f e r r e d to the 
f i l e c o n t a i n i n g the r e s i d u a l s , p r e d i c t e d values and group tags. A l l of these 
q u a n t i t i e s are i n c o r p o r a t e d i n t o the i n p u t data v e c t o r f o r each o b s e r v a t i o n i n i ­
t i a l l y r e c e i v e d by the program and are t r a n s f e r r e d along w i t h t h i s v e c t o r i n t o a 
new data f i l e . Residuals and p r e d i c t e d values may be a p p r o p r i a t e l y scaled by 
separate o u t p u t scale f a c t o r s , and t h e i r f i e l d widths must be s p e c i f i e d f o r the 
output f i l e . The f i n a l group number i s always put out as a 3-column f i e l d , hence 

groups. 
ETA (n) /SS BSS 

See Walker and Lev (1953), p. 396, and Brownlee (1965), p. 378. 
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no f i e l d w i d t h s p e c i f i c a t i o n i s necessary. 
The o u t p u t f i l e may be generated as a standard OSIRIS data f i l e w i t h a d i c ­

t i o n a r y or as a format described f i l e . I n the l a t t e r case, output f i e l d s f o r a l l 
generated v a r i a b l e s must have been i n c l u d e d ( f o l l o w i n g i n p u t f i e l d s ) i n the i n p u t 
FORMAT cards: Generated v a r i a b l e s are ou t p u t t e d i n the order they appeared i n 
the parameter setup (Appendix I I I ) . A complete v a r i a b l e l i s t i s p r i n t e d before 
the a n a l y s i s begins and the user would do w e l l to t r y a t e s t run to i n s u r e h i s 
format f i e l d s correspond to the c o r r e c t v a r i a b l e s . 

The s c r a t c h data f i l e (ISR01) used by the program i s updated w i t h a l l gen­
erated v a r i a b l e s and used as the data f i l e i n subsequent a n a l y s i s packets. This 
allows the user to s p e c i f y r e s i d u a l s w i t h o u t generating an output f i l e . 

Formulas used i n c a l c u l a t i n g the r e s i d u a l s and p r e d i c t e d values are: 

Means a n a l y s i s : i = Y. 

R = \ - Y a a a 

f o r i n d i v i d u a l a as a member o f f i n a l group i . 

Slope or Regression a n a l y s i s : 

\ = a. + b. (X. - X,) a i 1 i a I 

R = Y* - Y f o r I n d i v i d u a l a a a a 
i n f i n a l group i . 

4.6 S t r u c t u r e of the Trees"*" 

The r e s u l t s of the program can show a s e r i e s of d i f f e r e n t c h a r a c t e r i s t i c 
t r e e p a t t e r n s . Each t r e e has sec t i o n s t h a t can be described as a combination of 
two c o n f i g u r a t i o n s , based on the u s e f u l convention of showing the group w i t h the 
hi g h e s t mean as the uppermost branch. One may be termed a t r u n k - t w i g s t r u c t u r e , 
the other a trunk-branch s t r u c t u r e . 

The t r u n k - t w i g s t r u c t u r e i s a main branch from which s m a l l groups are s p l i t 
o f f and a r e not themselves s p l i t again. This may take three forms: t o p - t e r m i n ­
a t i o n , b o t t o m - t e r m i n a t i o n , and a l t e r n a t i n g - t e r m i n a t i o n . The t o p - t e r m i n a t i o n 
s t r u c t u r e may be termed an " a l t e r n a t i v e advantage" model. Group B con s i s t s of 
those o b s e r v a t i o n s possessing the "advantage" represented by t h a t c h a r a c t e r i s t i c 
which s p l i t group A i n t o groups B and C. Once group B has been 

^The f o l l o w i n g sections were e x t r a c t e d from the o r i g i n a l monograph, The De-
t e c t i o n o f I n t e r a c t i o n E f f e c t s . 
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e s t a b l i s h e d , i t cannot be s p l i t f u r t h e r by the program. 
The b o t t o m - t e r m i n a t i o n s t r u c t u r e may be termed an " a l t e r n a t i v e disadvan­

tage" model, and i s analogous. The possession of any one of a number of charac­
t e r i s t i c s i s enough to prevent an ob s e r v a t i o n from achieving a hi g h value on the 
dependent v a r i a b l e . 

The i n t e r p r e t a t i o n of the a l t e r n a t i n g t e r m i n a t i o n c o n f i g u r a t i o n i s s i m i l a r . 
I n a l l three types, the i n t e r p r e t a t i o n to be made depends on the c h a r a c t e r i s t i c s 
of the f i n a l groups themselves, e s p e c i a l l y on the number of observations i n the 
group, i t s v a r i a n c e , and whether or not there e x i s t e d p r e d i c t o r v a r i a b l e s which 
"almost worked" i n the attempt made by the program to s p l i t i t . 

Another p r o p e r t y of the t r e e i s i t s symmetry or nonsymmetry i n terms of the 
ex t e n t to which the same v a r i a b l e s are used i n the s p l i t s on the v a r i o u s trunks. 
Nonsymmetry i m p l i e s i n t e r a c t i o n , i . e . , e f f e c t s of combinations of f a c t o r s . I f a 
v a r i a b l e i s used on one of the t r u n k s , and i f i t shows no a c t u a l or p o t e n t i a l 
u t i l i t y i n reducing p r e d i c t i v e e r r o r i n another t r u n k , then there i s c l e a r e v i ­
dence of an i n t e r a c t i o n e f f e c t between t h a t v a r i a b l e and those used i n the pre­
ceding s p l i t s . The u t i l i t y of a p r e d i c t o r i n reducing p r e d i c t i v e e r r o r i s e v a l ­
uated by s t a t i s t i c (BSS /TSS). f o r each p r e d i c t o r a t each branch i n the t r e e . 

J mpr 1 r 

This output i s produced by the program and represents the p r o p o r t i o n of the var­
i a t i o n i n t h e group t o which the p r e d i c t o r i s being a p p l i e d t h a t would be ex^ 
p l a i n e d i f i t were used i n a bi n a r y s p l i t of t h a t group. 

Trees may, o f course, be symmetrical w i t h respect to the way i n which top-
t e r m i n a t i o n , bottor n - t e r m i n a t i o n and a l t e r n a t i n g - t e r m i n a t i o n c o n f i g u r a t i o n s appear 
i n the main t r u n k s . 

The trunk-branch s t r u c t u r e i s u s u a l l y t y p i c a l of the f i r s t few s p l i t s of 
any t r e e . I n t h i s case, each group produced by a s p l i t i s f u r t h e r subdivided. 
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B 

TRUNK-BRANCH STRUCTURE 

Some of the e a r l y groups may remain u n s p l i t . I f t h i s i s so, then the most impor­
t a n t aspect of the i n t e r p r e t a t i o n of t h i s s t r u c t u r e has to do w i t h the f a c t t h a t 
t h ere remains w i t h i n - g r o u p v a r i a t i o n which can be explained. At each step, the 
a n a l y t i c question t h a t should be asked i s , "What are the reasons why th e r e i s as 
much v a r i a t i o n i n each of the groups as there i s ? " This question w i l l be d i s ­
cussed below i n more d e t a i l . 

A f u r t h e r p r o p e r t y o f each t r e e i s the number of f i n a l groups t h a t r e s u l t 
from the a n a l y s i s . This i s , of course, a f u n c t i o n of the i n p u t sample s i z e , the 
s t a t i s t i c a l p r o p e r t i e s of the a l g o r i t h m , and the r e l a t i o n s h i p s between the char­
a c t e r i s t i c s of the p r e d i c t o r v a r i a b l e s and the dependent v a r i a b l e . 

Based on the present c h a r a c t e r i s t i c s of the a l g o r i t h m , we can d i s t i n g u i s h 
t h ree types of f i n a l groups: small groups, explained groups, and unexplainable 
groups. A small group i s one c o n t a i n i n g too few observations to warrant an a t ­
tempt to s p l i t i t . An explained group i s over t h i s minimum s i z e , but has too 
l i t t l e v a r i a t i o n i n i t ( l e s s than, say, 2 per cent of the o r i g i n a l v a r i a t i o n ) t o 
warrant an attempted s p l i t . An unexplainable group i s s u f f i c i e n t l y l a r g e and 
spread o u t , but no v a r i a b l e i n the a n a l y s i s i s u s e f u l i n reducing the unexplained 
v a r i a t i o n contained w i t h i n i t . Each t r e e w i l l g e n e r a l l y have some of each o f the 
three types. But the t o t a l number of f i n a l groups i s h e a v i l y dependent on the 
r u l e s used t o stop the s p l i t t i n g process. 

A.7 The Behavior of the V a r i a b l e s i n the Trees 

The a n a l y s i s of the behavior of the p r e d i c t o r s and t h e i r r e l a t i o n s h i p to 
the dependent v a r i a b l e d u r i n g the p a r t i t i o n i n g process can be approached through 
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a s e r i e s of questions, asked w i t h reference to each p a r t i t i o n . 

4.7.1 Chance Factors 

The f i r s t q u e s tion i s , "Given the minimum group s i z e r u l e and s p l i t e l i g ­
i b i l i t y r u l e used, what i s the l i k e l i h o o d t h a t t h i s s p l i t occurred by chance?" 
This problem may s t i l l occur even i f the above-suggested r u l e s have been used f o r 
m i n i m i z i n g the p r o b a b i l i t y of i t s happening. I f a v a r i a b l e a c t u a l l y used i n the 
s p l i t i s the only one which shows up as important, according to the c r i t e r i a used, 
then the p r o b a b i l i t y of i t s p r e d i c t i v e power being based l a r g e l y on sampling v a r ­
i a b i l i t y i s r e l a t i v e l y s l i g h t , unless i t i s an unconstrained v a r i a b l e w i t h a 
l a r g e number of classes. When s e v e r a l v a r i a b l e s are almost equally good as pre­
d i c t o r s , i n any given s p l i t , then the l i k e l i h o o d i s g r e a t e r t h a t sampling v a r i ­
a b i l i t y has had a hand i n s e l e c t i n g one, r a t h e r than another^ as t h a t v a r i a b l e 
to be a c t u a l l y used i n the s p l i t . The (BSS/TSS) t a b u l a t i o n provides a guard 
ag a i n s t basing an i n t e r p r e t a t i o n o n l y on those v a r i a b l e s a c t u a l l y based i n the 
p a r t i t i o n process, since the explanatory power of the unused p r e d i c t o r s i s pre­
sented i n a l l i t s d e t a i l . 

The o v e r a l l s t r u c t u r e of the t r e e provides a clue as to the p r o b a b i l i t y 
t h a t sampling v a r i a b i l i t y i s o p e r a t i n g together w i t h a skewed d i s t r i b u t i o n . 

I n t he case where the dependent v a r i a b l e i s badly skewed and has a t a i l ex­
tending toward the r i g h t ( p o s i t i v e skewness), a t o p - t e r m i n a t i n g t r u n k - t w i g s t r u c ­
t u r e i s l i k e l y to appear I n s e v e r a l main branches of the t r e e . These t e r m i n a l 
groups w i l l have l a r g e , p o s i t i v e means, and w i l l c o n t a i n few (1-5) o b s e r v a t i o n s . 
T y p i c a l l y , they w i l l r e s u l t from s p l i t s on s e v e r a l d i f f e r e n t v a r i a b l e s . Sooner 
or l a t e r the program w i l l f i n d some p r e d i c t o r which enables i t to s p l i t o ut these 
extreme cases from the group i n which they happen to be. 

A c a r e f u l r e - r e a d i n g of i n t e r v i e w s may t u r n up a v a r i a b l e , c e r t a i n values 
of which most of these extreme cases w i l l have i n common. This v a r i a b l e may then 
be I n s e r t e d i n t o a subsequent a n a l y s i s . One may be reasonably c o n f i d e n t t h a t 
these observations w i l l then be placed together i n one group v i a a s p l i t on t h i s 
v a r i a b l e . Good s t r a t e g y would, t h e r e f o r e , d i c t a t e a p r e l i m i n a r y i n v e s t i g a t i o n 
of the skewness of the dependent v a r i a b l e before the main a n a l y s i s s t a r t s . 

One m i g h t c o n s t r u c t a dummy v a r i a b l e which has the value one i f an observa­
t i o n i s out i n the skew t a i l and zero i f i t i s not. A p r e l i m i n a r y AID a n a l y s i s , 
using t h i s as the dependent v a r i a b l e , together w i t h the p r e d i c t o r s to be used i n 
the main a n a l y s i s w i l l p r o v i d e i n f o r m a t i o n as to which classes of the sample are 
out i n the t a i l , r a t h e r than being i n the main body of the d i s t r i b u t i o n . I t may 
be t h a t one set of v a r i a b l e s w i l l be found o p t i m a l to e x p l a i n being out on the 



80 

t a i l of a d i s t r i b u t i o n . Another set might prove best f o r e x p l a i n i n g o v e r a l l v a r ­
i a t i o n or v a r i a t i o n i n the main body of the d e s t r u c t i o n . This p o s s i b i l i t y would, 
of course, be of considerable t h e o r e t i c a l importance. 

Of course t h i s technique need not be confined to observations o u t i n a skew 
t a i l of the dependent v a r i a b l e d i s t r i b u t i o n . For some a n a l y t i c purposes i t may 
be d e s i r a b l e to use t h i s technique to determine what combination of v a r i a b l e s are 
associated w i t h an observation's being, say, i n the second q u a r t i l e of the d i s ­
t r i b u t i o n , or l e s s than some s p e c i f i e d value. 

I t should be noted t h a t a v a r i a b l e which I s not skewed i n the t o t a l sample, 
may become skewed d u r i n g the p a r t i t i o n i n g process. This cannot be caught i n ad­
vance. Hence even when a p r e l i m i n a r y i n v e s t i g a t i o n of skewness has been made, 
the a n a l y s t should be on h i s guard f o r the appearance of t h i s p a r t i c u l a r t r u n k -
t w i g s t r u c t u r e . A b o t t o m - t e r m i n a t i n g t r u n k - t w i g s t r u c t u r e w i t h s mall t e r m i n a l 
groups would p r o v i d e a s i g n a l f o r negative skewness. The p r o v i s i o n f o r i d e n t i ­
f y i n g and tagging and/or e l i m i n a t i n g o u t l i e r s should be of help here. 

4.7.2 C o n c e p t u a l i z a t i o n Problems 

A second q u e s t i o n t h a t should be asked i s , "Does t h i s s p l i t r e f l e c t concep­
t u a l i z a t i o n problems i n a p p l y i n g the framework of p r e d i c t o r v a r i a b l e s to the sam­
p l e , or s e c t i o n s of i t ? " A number of i n t e r p r e t a t i o n problems i n the t r e e s may 
stem from measurement o r coding e r r o r s , or from the use of v a r i a b l e s t h a t were 
designed f o r o t h e r s t a t i s t i c a l purposes. This technique i s a t i t s best when the 
p r e d i c t o r s have a c l e a r , uni-dimensional r e f e r e n c e . We have found an example of 
a conceptual problem t h a t looked, i n i t i a l l y , l i k e a somewhat c o n t r a d i c t o r y f i n d ­
i n g , u n t i l coding d e c i s i o n s were uncovered which appeared t o raisclassify unedu­
cated people l i v i n g on the f r i n g e s of c i t i e s of 50,000 and over, w i t h respect to 
the r u r a l o r urban nature of t h e i r surroundings. I n d i c e s having s e v e r a l compon­
ents also tend to behave i n a somewhat p e c u l i a r f a s h i o n . Presumably, t h i s i s be­
cause the items i n these i n d i c e s , though r e l a t e d both t h e o r e t i c a l l y and s t a t i s ­
t i c a l l y , may a f f e c t the dependent v a r i a b l e i n d i f f e r e n t ways, p a r t i c u l a r l y i f 
some of them i n t e r a c t w i t h other v a r i a b l e s i n the t r e e arid others do n o t . S p l i t s 
i n v o l v i n g such v a r i a b l e s may or may not "make sense." See Coombs (1964) f o r a 
thorough d i s c u s s i o n of s c a l i n g problems. 

Perhaps the most important p o i n t to be made here i s t h a t problems l i k e 
these are o f t e n revealed only by l a r g e standard e r r o r s t h a t may accompany a mul­
t i p l e r e g r e s s i o n a n a l y s i s . They tend to stand out q u i t e c l e a r l y i n the t r e e d i s ­
play of the AID r e s u l t s . 
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4.7.3 M a n i p u l a t i o n of Vari a b l e s 

A f u r t h e r q u estion which should be asked w i t h reference t o any given s p l i t 
i s , "Are there competing p r e d i c t o r s c o r r e l a t e d w i t h the one a c t u a l l y used i n the 
s p l i t ? I f so, does t h e i r explanatory power increase, decrease, or stay the same 
I n subsequent s p l i t s ? " The l o g i c to be employed here i s developed e x t e n s i v e l y by 
Hyman i n h i s d i s c u s s i o n of spuriousness, and i n h i s p r e s e n t a t i o n of M- and P-
type e l a b o r a t i o n . He presents a f o r m a l i z a t i o n of the l o g i c of examining the r e ­
l a t i o n s h i p between two v a r i a b l e s when a t h i r d f a c t o r i s in t r o d u c e d . The two fa c ­
t o r s under examination are r e f e r r e d t o as x and y, and the t h i r d i s c a l l e d t . 
I n our n o t a t i o n , x i s the v a r i a b l e used to s p l i t group i i n t o groups j and 
k; y i s the dependent v a r i a b l e , and t i s m u l t i p l e and con s i s t s of each of the 
ot h e r p r e d i c t o r s i n the a n a l y s i s . We are i n t e r e s t e d i n the r e l a t i o n s h i p between 
v a r i a b l e t and v a r i a b l e y, as represented by the s t a t i s t i c s (BSS/TSS)., (BSS/ 

TSS) and (BSS/TSS) f o r each p r e d i c t o r t . I f , i n a d d i t i o n , we consider whether J k 
or n ot t h e r e i s a l o g i c a l , t h e o r e t i c a l j u s t i f i c a t i o n f o r a c o r r e l a t i o n between 
x and t , and i f so, whether x can be conceptualized as antecedent t o t i n 
a causal c h a i n , we have a systematic a p p l i c a t i o n of the ana l y s i s s t r a t e g i e s o f : 

1. I n t e r p r e t a t i o n ( t i s an i n t e r v e n i n g v a r i a b l e ) 
2. E x p l a n a t i o n ( t i s antecendent to x and i s l o g i c a l l y r e l a t e d to i t ) 
3. C o n t r o l f o r spuriousness ( t i s antecendent to x and cannot be r e l a t ­

ed l o g i c a l l y to i t ) 
4. S p e c i f i c a t i o n ( t i s n e i t h e r antecedent t o x nor subsequent t o i t , 

b u t i s l o g i c a l l y r e l a t e d . Here x i s a circumstance t h a t a f f e c t s the 
e x t e n t to which t i s r e l a t e d to y.) 

The reader i s r e f e r r e d t o Hyman and to Blal o c k (1961) f o r the d e t a i l s o f the l o g ­
i c . 

We note t h a t we have r e v e r t e d to a form of th e . a n a l y s i s q u e s t i o n , "Other 
t h i n g s b e i n g equal, how does x a f f e c t y?" but i n a somewhat d i f f e r e n t form. 
We now have the q u e s t i o n , "When we e x t r a c t v a r i a t i o n associated w i t h p r e d i c t o r x, 
how do the r e l a t i o n s h i p s between t n , t _ , t and y change?" 

1 2 p 
I n p r o v i d i n g an answer to t h i s question t h a t i s meaningful, the qu e s t i o n of 

the s u b s t i t u t a b i l i t y of v a r i a b l e s i n the a n a l y s i s must be taken i n t o considera­
t i o n . This i s the problem of i n t e r c o r r e l a t i o n s between the p r e d i c t o r s . 

Another c o n s i d e r a t i o n r e l a t e d to the above question i s , how does one decide 
whether t o rank p r e d i c t o r s , a l l o w i n g some c l e a r l y exogenous or background v a r i ­
ables t o work f i r s t , and then asking whether c e r t a i n i n t e r v e n i n g or a t t i t u d i n a l 
or environmental v a r i a b l e s add an y t h i n g , or to pool the r e s i d u a l s a f t e r a l ­
l o w i n g the background v a r i a b l e s to work, and running them against a new set of 
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p r e d i c t o r s ? The f i r s t a l t e r n a t i v e allows the second set of v a r i a b l e s to operate 
d i f f e r e n t l y i n d i f f e r e n t subgroups, i . e . , allows f o r i n t e r a c t i o n e f f e c t s between 
the two sets of p r e d i c t o r s . The second al l o w s none, or allows o n l y those b u i l t 
i n t o the a n a l y s i s by i n c l u d i n g f i r s t - s t a g e p r e d i c t o r s also i n the second stage. 
The second o p t i o n i s a l s o more economical of degrees of freedom, of course, and 
may be necessary i f the sample i s only of m i d d l i n g s i z e (1000 or s o ) . 

For example, one might, i n e x p l a i n i n g earnings, want to put education, age, 
race, sex, farm background i n a f i r s t a n a l y s i s , and then go on, w i t h or w i t h o u t 
p o o l i n g , to i n t r o d u c e m o b i l i t y , o c c u p a t i o n a l choice, c u r r e n t environment, e t c . 
But even i f one pooled r e s i d u a l s , one might want to r e i n t r o d u c e education and 
race i n the next stage, i n case the e f f e c t s of m o b i l i t y are dependent on one's 
education o r race. 

I t i s impossible here to consider a l l the problems associated w i t h the r e ­
l a t i o n s h i p between a v a r i a b l e and the concept(s) i t p u r p o r t s to represent, but a 
few p o i n t s should be emphasized. 

Some i n t e r c o r r e l a t i o n s are b u i l t i n t o the data by the coding process. Other 
high c o r r e l a t i o n s may r e s u l t because two p r e d i c t o r s may themselves be the r e s u l t s 
of a t h i r d f a c t o r which may or may not be represented i n the a n a l y s i s by a v a r i -
i a b l e . S t i l l o t h e r s are there because t h i n g s go together i n the r e a l w o r l d . But 
i t i s on e x a c t l y t h i s s t r u c t u r e of r e l a t i o n s t h a t we are t r y i n g to get a g r i p . 
What I s r e q u i r e d i s a s t r a t e g y f o r m i n i m i z i n g the i n t e r p r e t a t i o n problems. 

One way to deal w i t h t h i s i s to put i n the most c l e a r l y exogenous, most o r ­
thogonal and uni-dimensioned v a r i a b l e s i n t o a f i r s t - s t a g e a n a l y s i s or ranked 
hi g h e s t , together w i t h a r e l a t i v e l y high r e d u c i b i l i t y c r i t e r i o n and f a i r l y l a r g e 
minimum group s i z e , and then use the r i c h e r m a t r i x of p r e d i c t o r s f o r an a n a l y s i s 
of the r e s i d u a l s . Where a t i g h t t e s t i s d e s i r e d as to whether a v a r i a b l e which 
i s of considerable t h e o r e t i c a l importance has e f f e c t s , t h i s v a r i a b l e may be held 
out of the f i r s t - s t a g e a n a l y s i s and entered i n the second stage to see whether i t 
enables the e x p l a n a t i o n of r e s i d u a l v a r i a n c e . I f a low e l i g i b i l i t y c r i t e r i o n i s 
used, the present a l g o r i t h m w i l l make a f i n a l sweep over a l l the f i n a l groups be­
f o r e dropping them from c o n s i d e r a t i o n , thus p r o v i d i n g i n f o r m a t i o n on how a l l of 
the p r e d i c t o r s are d i s t r i b u t e d w i t h i n each group. These d i s t r i b u t i o n s can be used 
to provide i n f o r m a t i o n as to whether the group occupies i t s present place because 
of i t s a c t u a l pedigree or because of some o t h e r f a c t o r ( s ) c o r r e l a t e d w i t h the 
ones used to form i t . 

Moreover, i t would c e r t a i n l y be d e s i r a b l e to o b t a i n i n f o r m a t i o n on the zero-
order c o r r e l a t i o n s among the p r e d i c t o r s i n the sample. Since they are c l a s s i f i ­
c a t i o n s , t h i s i s not easy. A complete set o f b i v a r i a t e frequency d i s t r i b u t i o n s 
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provides a general impression. Further improvements i n the a l g o r i t h m i t s e l f 
should p r o v i d e f o r a s a t i s f a c t o r y method of computing the i n t e r c o r r e l a t i o n m a t r i x 
of p r e d i c t o r s a t each branch of the t r e e . 

I f t h e r e are some v a r i a b l e s which, because of hi g h i n t e r c o r r e l a t i o n s or 
low l o g i c a l p r i o r i t i e s , must be put i n t o a second-stage a n a l y s i s , one w i l l not 
know (and has decided n ot to ask) what t h e i r i n f l u e n c e would have been i n the 
fo r m a t i o n of the f i r s t - s t a g e groups. The second stage, however, w i l l show whether 
or not t h e i r i n f l u e n c e on the dependent v a r i a b l e has already been accounted f o r . 
R e - i n t r o d u c i n g the f i r s t - s t a g e v a r i a b l e s i n t o the second stage w i l l a l s o provide 
an answer t o the qu e s t i o n of whether there i s a sm a l l , but u n i v e r s a l , e f f e c t 
across a l l groups which w i l l appear when they are pooled f o r the r e s i d u a l analy­
s i s . 

I n some cases, the f i r s t - s t a g e a n a l y s i s w i l l i d e n t i f y groups which are 
c l e a r l y c o n s t r a i n e d i n some s p e c i a l way, and explained so c l e a r l y t h a t they r e a l ­
l y should be e l i m i n a t e d from the subsequent a n a l y s i s . 

Concentrating on e x p l a i n i n g the l e v e l of the dependent v a r i a b l e may tend to 
obscure o t h e r i n f o r m a t i o n contained i n the t r e e which may be extremely i m p o r t a n t . 
The homogeneity of the f i n a l groups, e s p e c i a l l y i f some of them appear a f t e r only 
a few s p l i t s , and are l a r g e i n s i z e , may be more i n t e r e s t i n g and important than 
t h e i r average on the dependent v a r i a b l e . Since the program produces the standard 
d e v i a t i o n as w e l l as the mean of each group, one can examine the v a r i a n c e , or 
r e l a t i v e v a r i a n c e of each f i n a l group. I f any group has a l a r g e r v a r i a n c e than 
the o t h e r s , i t r a i s e s the question of whether there I s some other f a c t o r which 
a f f e c t s t h i s group, or v a r i e s more over i t , but which was not i n c l u d e d i n the 
a n a l y s i s . 

The use of the t r e e s t r a t e g y c a l l s one's a t t e n t i o n to the p o s s i b i l i t y t h a t 
one or two v a r i a b l e s may be s u f f i c i e n t f o r e x p l a i n i n g the v a r i a t i o n associated 
w i t h some o f the observations, whereas, a d d i t i o n a l t h e o r e t i c a l s o p h i s t i c a t i o n 
may be r e q u i r e d f o r an adequate e x p l a n a t i o n of the remainder of the sample. 
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Appendix II 

Recoding 

This s e c t i o n contains the d e t a i l e d i n s t r u c t i o n s f o r using the recoding r o u ­
t i n e s t h a t have been i n c o r p o r a t e d i n t o AID. The recoding i n s t r u c t i o n s c o n s i s t o f 
a s e r i e s of clauses. One or more clauses c o n s t i t u t e an i n s t r u c t i o n . The i n s t r u c 
t i o n s are executed once f o r each o b s e r v a t i o n read by the program d u r i n g the i n p u t 
They are executed i n sequence, except as a l t e r e d * by GOTO i n s t r u c t i o n s and those 
t h a t are skipped because of the o p e r a t i o n of the l o g i c a l clauses and the t r u t h 
s w i t c h . This i s explained below. 

A. I n s t r u c t i o n Format 

Each i n s t r u c t i o n c o n s i s t s o f a statement l a b e l ( o p t i o n a l ) and one or two 
clauses. There may be a r e l a t i o n a l clause and/or an o p e r a t i o n a l clause. An op­
t i o n a l comments f i e l d i s i n c l u d e d w i t h the statement but i s merely p r i n t e d on the 
user's o u t p u t , having no e f f e c t on the computations. 

A l l f o u r p a r t s of a s i n g l e statement are punched on a s i n g l e IBM card. 

(1) Statement Labels 

A p o s i t i v e i n t e g e r may be attached to a statement. This i s o r d i n a r i l y op­
t i o n a l and merely serves to i d e n t i f y the statement. I t i s r e q u i r e d i f the s t a t e ­
ment i s to be referenced by a GOTO I n s t r u c t i o n . Not every statement need have a 
statement l a b e l and statement l a b e l s may be used i n any order. A given p o s i t i v e 
I n t e g e r may not be used as the l a b e l f o r more than one statement. 

(2) R e l a t i o n a l Clauses 

A r e l a t i o n a l clause c o n s i s t s of a l o g i c a l tag and, depending on the tag, i t 
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may also have a t e s t v a r i a b l e r e f e r e n c e , a r e l a t i o n a l o p e r a t o r , and A or (A and B) 
operands. I f the l o g i c a l tag used does not r e q u i r e the use of the remaining 
f i e l d s , t h e i r contents w i l l be Ignored. I f t h e r e i s no l o g i c a l t a g , no t e s t v a r ­
i a b l e number, no r e l a t i o n a l operator and no A and B operands, the i n s t r u c t i o n i s 
deemed to have no r e l a t i o n a l clause as p a r t o f i t . I f a t l e a s t one o f these 
f i e l d s e x i s t s , blank tags, t e s t v a r i a b l e references and r e l a t i o n a l operators are 
assumed to be the same as those i n the immediately preceding l o g i c a l clause. 
(Note: A and B operands must always be s u p p l i e d when needed.) This permits the 
user to av o i d excessive r e p e t i t i o n I n w r i t i n g commands. I f there i s no l o g i c a l 
clause, the I n s t r u c t i o n i s deemed to c o n s i s t o n l y of computation. L o g i c a l clauses 
may be w r i t t e n w i t h o u t subsequent computational clauses, and thereby concatenated 
I n t o a compound l o g i c a l expression. This compound expression i s of the form: 

( ( ( ( A ) o p B)op C)op D) e t c . e t c . 

The user may make use of t h i s n e s t i n g i n adapting the commands to c o n s t r u c t an ex­
pression r e f l e c t i n g the l o g i c a l s t r u c t u r e of h i s problem. A compound l o g i c a l ex­
pre s s i o n must begin w i t h an I n i t i a l Clause. This I s discussed i n d e t a i l below. 

The t e s t i n g p a r t of the r e l a t i o n a l expression uses f o u r f i e l d s , a t e s t v a r ­
i a b l e r e f e r e n c e , a r e l a t i o n a l operator and e i t h e r one or two operands. The B op­
erand i s used only f o r the IN or OUT r e l a t i o n a l o p e r a t o r s . I t i s ignored o t h e r ­
wise. When the l o g i c a l clause i s executed, t he t e s t I s performed according t o 
the requirements of the tag and the r e l a t i o n a l o p e r ator. The c u r r e n t values of 
the referenced v a r i a b l e s are used. The r e s u l t i s a new value f o r the t r u t h 
s w i t c h (see below), which i s dependent on the o l d t r u t h s w i t c h v a l u e as w e l l as 
the t e s t . The r u l e s f o r r e f e r r i n g t o t e s t v a r i a b l e s and A and B operands are d i s ­
cussed below. 

The t e s t v a r i a b l e f i e l d may cont a i n a t e s t v a r i a b l e r e f e r e n c e . This may be 
d i r e c t or i n d i r e c t , but i t must be a ref e r e n c e t o a v a r i a b l e , n ot a constant. 

An A or B operand may r e f e r e i t h e r t o a v a r i a b l e , d i r e c t l y or i n d i r e c t l y , or 
I t may c o n t a i n a constant. Rules f o r forming A and B operands are discussed be­
low. 

Any r e l a t i o n a l o p e r a t o r may be combined w i t h any l e g i t i m a t e t e s t v a r i a b l e 
r e f e r e n c e and any l e g i t i m a t e A (and, when a p p r o p r i a t e , B) operand t o form a t e s t . 
The t e s t should be formed by the user only i f the tag r e q u i r e s a r e s t — a n d then 
i t must be present. 

(3) O p e r a t i o n a l Clauses 

An o p e r a t i o n a l clause may or may not be present i n a given statement. When 
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present i t s form depends on the type of o p e r a t i o n t o be performed. I f the oper­
a t o r used does not r e q u i r e c e r t a i n of the a v a i l a b l e f i e l d s , they w i l l simply be 
ignored (see below). As w i t h the l o g i c a l clauses, the complete absence of a l l 
values i n any of the f i e l d s i n d i c a t e s the absence of the clause. 

I f a t l e a s t one i s present, the clause i s deemed to e x i s t . Missing values 
of the Res u l t a n t V a r i a b l e and the C o n t r o l Operator are then s u p p l i e d a u t o m a t i c a l l y 
from the p r e v i o u s o p e r a t i o n a l clause. Values f o r operands must always be s u p p l i e d 
i f the operand i s to be used. The Result V a r i a b l e , where r e q u i r e d , must be a d i ­
r e c t or i n d i r e c t v a r i a b l e r e f e r e n c e . The C and D operands may be e i t h e r d i r e c t 
or i n d i r e c t v a r i a b l e references or i n t e g e r constants. 

F i g u r e A2.1 i l l u s t r a t e s the format r e q u i r e d . 

B. The I n t e r p r e t e r and Executor 

The i n s t r u c t i o n s s u p p l i e d by the user are i n t e r p r e t e d and s t o r e d by "the 
i n t e r p r e t e r . " The executor i s a t w o - s t a t e machine. I t operates e i t h e r i n l o g i ­
c a l mode or i n computational mode. I t i n i t i a t e s execution of the i n s t r u c t i o n se­
quence s u p p l i e d t o i t once f o r each d a t a - u n i t read by the computer. I t s t a r t s I n 
computation mode, executing operations i n the order submitted by the user, except 
where the sequence of computation i s a l t e r e d by the execution o f a GOTO i n s t r u c ­
t i o n . Computation I s i t s o r d i n a r y mode o f o p e r a t i o n . 

When any l o g i c a l clause of any k i n d i s encountered, the machine e x i t s im­
mediately from computational mode and no f u r t h e r computational operations can be 
executed u n t i l a r e t u r n from l o g i c a l mode has occurred. 

When t h i s e x i t from computational mode takes place the value of the mach­
ine's " t r u t h s w i t c h " f i r s t becomes undefined. Then the machine r e e n t e r s l o g i c a l 
mode and the only o p e r a t i o n t h a t can be executed i s the e v a l u a t i o n of l o g i c a l ex­
pressions and the establishment o f a new value f o r the t r u t h s w i t c h . When i n l o g ­
i c a l mode and w i t h an undefined t r u t h s w i t c h the only type of o p e r a t i o n t h a t can 
be executed i s one which can d e f i n e a new value, e i t h e r t r u e o r f a l s e , f o r the 
t r u t h s w i t c h . Then, a f t e r the t r u t h s w i t c h has been d e f i n e d an e x i t to computa­
t i o n a l mode i s p o s s i b l e . This can occur when the t r u t h s witch has the value 
" t r u e " and a computational o p e r a t i o n f o l l o w s . Upon d e t e c t i n g t h i s c o n d i t i o n , the 
machine r e v e r t s t o computational mode and the computation i s executed. I f subse­
quent i n s t r u c t i o n s c o n t a i n only computational clauses, the machine remains i n com­
p u t a t i o n a l mode. 

The t r u t h s w i t c h can become d e f i n e d only through assignment or through e v a l ­
u a t i o n of an I n i t i a l Clause. There are two l o g i c a l constants (T, t r u e , and F, 



Figure A2.1 
MULTIVARIATE RECODING FORM 

Coder: Job: 
Date: Data: 

STATE­
MENT 
NO. 

LOG. 
TAG 

TEST 
VAR. 
NO. 

REL. 
OPER. 

A 
OPERAND 

B 
OPERAND 

RESULT 
VAR. 
NO. 

CONTROL 
OPER. 

C 
OPERAND 

D 
OPERAND 

COMMENT 

]xxxx 
10 

J xxxx 
15 

XX XXX [JKXXX 
V 30 
Pxxxxxxxxx V 40 

Pxxxxxxxxx V ^5 
Pxxxx 1 5 0 J xxxx 

v w ' 6 Pxxxxxxxxx 'V 7( Pxxxxxxxxx T1 8 0 _L| xxxxxxxx 
1 T TRUNCATE 

IF V0005 GT 100000 V0005 = 100000 

2 I F V0010 LE -25 V0010 = 1 BKT V10 
0R IN -24 -5 2 

-4 4 3 
5 24 4 
25 99 5 

GE 100 6 

3 IF V0020 IN 0 2 
30 AND V0021 0 2 V0100 = 1 
31 ALT - 0 

4 IF V0030 EQ 1 
0R V0031 IN 2 9 V0101 = 1 

GOTO 100 
I F V0040 EQ 1 
AND V0041 IN 2 9 V0101 2 
ALT 3 

100 T 
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f a l s e ) which can be used t o assign a value to the t r u t h s w i t c h . 
An I n i t i a l Clause i s the f i r s t (and may be the o n l y ) p a r t of a r e l a t i o n a l 

p r o p o s i t i o n . I n other words, a r e l a t i o n a l p r o p o s i t i o n must begin w i t h an I n i t i a l 
Clause or Assignment and may ( o r may n o t ) be f o l l o w e d by one or more Subsequent 
Clauses. An I n i t i a l Clause I s always headed by the tag I F ( i f ) or NIF ( i f n o t ) . 
I t i s never headed by another type of tag. Subsequent Clauses are always headed 
by one o f t h e oth e r types of tags (e.g., OR, NOR, EXOR, e t c . ) , and are never 
headed by I F , NIF, T, or F. The t r u t h s witch acquires a defined value as soon as 
an i n i t i a l clause has been evaluated or i t i s assigned T or F. I t s new value i s 
dependent o n l y on the c u r r e n t o p e r a t i o n , not upon past values. The new value i s 
e s t a b l i s h e d a c c o r d i n g l y on the basis of the t r u t h t a b l e s associated w i t h I F , NIF, 
T, or F (see Table A2.1). 

Since the t r u t h s w i t c h has a new value defined a f t e r the e v a l u a t i o n of the 
I n i t i a l Clause, computational statements may be placed between the I n i t i a l and 
Subsequent Clauses or between Subsequent Clauses. I f such statements are encoun­
t e r e d i n l o g i c a l mode when the v a l u e of the t r u t h s w i t c h i s T, the machine w i l l 
e x i t t o computational mode and any number of l o g i c a l l y consecutive statements can 
be executed. However, i f such computational statements are encountered when the 
machine i s i n a l o g i c a l mode, when the value of the t r u t h s w i t c h i s s t i l l F, then 
the machine w i l l remain I n l o g i c a l mode. The computational stateinent(s) w i l l then 
be passed over and the machine w i l l proceed to evaluate the next Subsequent Clause 
I f , w h i l e i n l o g i c a l mode and seeking a Subsequent Clause, the machine encounters 
another I n i t i a l Clause, the t r u t h s w i t c h w i l l simply be r e s e t according t o the tag 
associated w i t h t h i s new I n i t i a l Clause. Then the machine w i l l proceed i n l o g i c a l 
mode as above, again seeking a f o l l o w i n g Subsequent Clause or e x i t i n g t o computa­
t i o n a l mode i f the t r u t h s w i t c h happens to be T when a computational statement i s 
encountered. 

When i n computation mode the only i n s t r u c t i o n s the machine can execute are 
another computation o p e r a t i o n or the e v a l u a t i o n of an Assignment or I n i t i a l Clause 
the l a t t e r two causing a change t o l o g i c a l mode and immediate r e d e f i n i t i o n of the 
t r u t h s w i t c h . Encountering a Subsequent Clause when i n computation mode als o 
causes an Immediate e x i t t o l o g i c a l mode, but w i t h the value of the t r u t h s w i t c h 
undefined. 

When i n l o g i c a l mode the machine can do n o t h i n g b ut evaluate an I n i t i a l 
Clause or an Assignment, u n t i l i t s t r u t h s w i t c h acquires a defined v a l u e . A f t e r 
t h a t , i t can evaluate Subsequent Clauses and can e x i t to computational mode i f a 
computational i n s t r u c t i o n i s encountered a t the time the t r u t h s witch i s T. I f 
the t r u t h s w i t c h i s de f i n e d but equals F, and the machine i s i n l o g i c a l mode, i t 
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Test 
1 0 

s 
w 1 0 0 
i 
t 

h ° 0 0 

Table A2.1 
Truth Tables f o r Boolean Operator; 

1 0 1 0 

1 0 

0 0 

1 1 

0 0 
AND NIMP ALSO 

BIF IF EXOR OR 

0 0 

0 1 

1 0 

0 1 

NOR CONS NIF NBIF 

ALT IMP NAND 

NOTE: The Test values appear across the top as i n d i c a t e d and the c u r r e n t 
value of the t r u t h s w i t c h appears a t the l e f t s i d e . The r e s u l t i n g 
v a l u e of the t r u t h s w i t c h appears i n the body of the t a b l e . 
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can only e v a l u a t e r e l a t i o n a l clauses, e i t h e r I n i t i a l or Subsequent ( a l l computa­
t i o n a l i n s t r u c t i o n s being passed over and i g n o r e d ) . Note t h a t Subsequent Clauses 
which f o l l o w computation and which are not preceded by an I n i t i a l Clause can nev­
er be evaluated and t h a t computation which f o l l o w s them can never be executed. 

(1) The T r u t h Switch 

Computation i s s t a r t e d w i t h the t r u t h s w i t c h equal t o T. Then when the 
f i r s t e x i t t o l o g i c a l mode occurs, the value o f the t r u t h s witch becomes undefined. 
L a t e r , when an I n i t i a l Clause i s evaluated or an Assignment takes p l a c e , t he 
t r u t h s w i t c h acquires a d e f i n e d value of T or F. 

Each l o g i c a l tag has associated w i t h i t a t r u t h t a b l e f o r r e l a t i n g the cur­
r e n t v a l u e o f the s w i t c h and the r e s u l t s of the c u r r e n t t e s t to a new v a l u e f o r 
the s w i t c h . Thus, when the machine i s i n l o g i c a l mode and an expression i s e v a l ­
uated (as we have seen expressions are not always ev a l u a t e d ) , a new value f o r the 
t r u t h s w i t c h i s d e f i n e d . The t r u t h t a b l e s f o r a l l of the l o g i c a l tags were pre­
sented i n Table A2.1. 

(2) L o g i c a l Tags • 

The t r u t h s w i t c h and the t r u t h value of the c u r r e n t t e s t are used together 
to e s t a b l i s h a new value f o r the t r u t h s w i t c h . The way i n which these two quan­
t i t i e s are used together to e s t a b l i s h t h i s new value i s determined by the l o g i c a l 
tag a s s o c i a t e d w i t h the r e l a t i o n a l expression. 

Each l o g i c a l tag has associated w i t h i t a t r u t h t a b l e (see Table A2.1). The 
t r u t h s w i t c h has a d e f i n e d value e i t h e r T ( t r u e ) sometimes represented by a " 1 " o r 
F ( f a l s e ) , sometimes represented by a "0." S i m i l a r l y , the r e l a t i o n a l expression 
has a value of t r u e or f a l s e , depending on the values of the v a r i a b l e s t h a t are 
su p p l i e d t o i t when the t e s t i s made. The new value of the t r u t h s w i t c h i s simply 
obtained from the corresponding row and column of the ap p r o p r i a t e t r u t h t a b l e . 

The tags correspond t o the s i x t e e n unique elementary Boolean operators.''' 
They are: 

4. 

1. 
2. 
3. 

5. 

T 
F 
IF 

ALSO 

AND 

The Boolean constant, " t r u e . " 
The Boolean constant, " f a l s e . " 
A u n i v a r i a t e operator dependent only on the value 
of the t e s t . 
A u n i v a r i a t e operator dependent only on the value 
of the t r u t h s w i t c h . 
Corresponds t o set i n t e r s e c t i o n . True only i f 
both c o n d i t i o n s are t r u e . 

"Hohn, 1966. 
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6. NAND— The negative of AND. False only i f both c o n d i t i o n s 
are t r u e . 

7. OR — Corresponds t o set union. True i f e i t h e r or both 
c o n d i t i o n s are t r u e . 

8. NOR — The negation of OR. True only i f both c o n d i t i o n s 
are f a l s e . 

9. NIF — " I f not t r u e t h a t " — t h e n e gation of- I F , a u n i v a r i a t e 
o p e r a t o r , dependent only on the v a l u e of the t e s t . 
True o n l y i f the t e s t i s f a l s e . 

10. ALT — " A l t e r n a t i v e l y , " a u n i v a r i a t e operator dependent 
only on the value of the t r u t h s w i t c h . I t i s t r u e 
only i f the t r u t h s w i t c h i s f a l s e ; thus, i t reverses 
the value of the t r u t h s w i t c h . 

11. IMP — " I m p l i c a t i o n " o p e r a t o r , f a l s e only i f the f i r s t 
c o n d i t i o n i s t r u e , but not the second. 

12. N1MP— "Does not i m p l y , " the negation of i m p l i c a t i o n . True 
only i f the f i r s t i s t r u e , but not the second. 

13. BIF — "But i f . " True only i f the f i r s t c o n d i t i o n i s f a l s e 
and the second one t r u e . 

14. N B I F — The negation of "but i f . " 
15. CONSv- The consistency, or b i c o n d i t i o n a l o p e r a t o r , r e q u i r i n g 

both t r u e or both f a l s e f o r the r e s u l t to be t r u e . 
16. EXOR— Exclusive OR- True i f one or the o t h e r i s t r u e , but 

not both. 

Not a l l tags w i l l be found t o be e q u a l l y u s e f u l , e s p e c i a l l y since many are 
simply negations of the o t h e r s . However, p r o v i d i n g a l l o f them makes I t p o s s i b l e 
f o r the user t o express the l o g i c a l aspects of h i s problem i n a manner most con­
venie n t f o r the way i n which he t h i n k s of i t . 

The tags l i k e l y t o be found to be of most use are I F , AND, OR, ALT and T, 
and the user i s d i r e c t e d toward an understanding of these f i r s t . 

Well-formed l o g i c a l expressions begin w i t h an I n i t i a l Clause and end w i t h a 
Subsequent Clause, u s u a l l y headed by an ALT. This insures t h a t the t r u t h s w i t c h 
i s " t r u e " when subsequent operations are attempted. I t i s good p r a c t i c e to head 
a block of computation w i t h a T t o avoid p o s s i b l e e a r l i e r paths t h a t a r r i v e d a t 
t h i s p o i n t w i t h the t r u t h s w i t c h undefined. 

C. Operands 

A l l operands are assumed to be i n t e g e r I n mode. There are three kinds 
of operands p e r m i t t e d : v a r i a b l e s , constants and p o i n t e r s . 

(1) V a r i a b l e s 

An understanding of the n o t a t i o n used I s f a c i l i t a t e d by co n s i d e r i n g the 
ve c t o r form of the data t h a t i s s u p p l i e d t o the program. A l l of the v a r i a b l e s 
f o r a s i n g l e u n i t of a n a l y s i s (person, i n t e r v i e w , t r a n s a c t i o n , automobile) are 
st o r e d as a v e c t o r of i n t e g e r s . The f i l e c o n s i s t s of a sequence of these v e c t o r s . 
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The program reads one v e c t o r a t a time d u r i n g i t s i n p u t phases. A f t e r t h i s vec­
t o r has been read, execution of the v a r i a b l e generation i n s t r u c t i o n s i s i n i t i a t e d , 
s t a r t i n g w i t h the f i r s t i n s t r u c t i o n . The path taken through the i n s t r u c t i o n s de­
pends on the values of the i n p u t v a r i a b l e s f o r t h a t p a r t i c u l a r v e c t o r and the r e ­
l a t i o n a l t e s t s and computations t h a t are performed upon them. 

The v a r i a b l e s are simply numbered using i n t e g e r s up to 9999, and there are 
up to 300 p e r m i t t e d i n the c u r r e n t Implementation of the program. Fewer than 
t h a t may a c t u a l l y have been read i n , but the user i s f r e e to use any of the o t h e r s . 
They w i l l a l l have been s e t to zero before the f i r s t a n a l y s i s v e c t o r I s read. 
Only those a c t u a l l y read i n each time w i l l have new values f o r each v e c t o r . The 
othe r s are under the subsequent c o n t r o l o f the user. 

A v a r i a b l e i s o r d i n a r i l y r e f e r r e d t o by p l a c i n g i t i n the operand p o s i t i o n 
of an i n s t r u c t i o n . This reference i s of the form 

Vnnnn 

where V I s a c a p i t a l l e t t e r which i s placed I n the i n d i c a t e d column i n the oper­
and f i e l d , and nnnn i s a p o s i t i v e i n t e g e r . The p o s i t i v e i n t e g e r must be r i g h t -
a d j u s t e d i n the 4-column space reserved f o r i t . Some examples are: 

V0005 ( v a r i a b l e f i v e ) 
V0019 ( v a r i a b l e nineteen) 

(2) Constants 

I f the V i s not present, and the column u s u a l l y c o n t a i n i n g i t i s blank, the 
operand w i l l be i n t e r p r e t e d as an i n t e g e r constant which may be as much as e i g h t 
d i g i t s i n w i d t h , or seven d i g i t s and a minus s i g n . The constant must be r i g h t -
a d j u s t e d i n the 8-column space provided i n the operand f i e l d f o r i t . Some exam­
p l e s are: 

5 
05 
+5 
-5 

Minus signs must be punched and are t o be placed j u s t to the l e f t o f the most s i g ­
n i f i c a n t d i g i t . Plus signs may be punched but are not o r d i n a r i l y used. Use of 
l e a d i n g zeroes i s o p t i o n a l . Constants must be p o s i t i v e or negative i n t e g e r s , not 
a l p h a b e t i c c haracters or r e a l numbers c o n t a i n i n g a decimal p o i n t . 

Several simple examples are given on Figure A2.1. The two l i n e s s t a r t i n g 
w i t h statement 1 f i r s t t u r n the t r u t h s w i t c h to true . They are not r e a l l y necessary 
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s i n c e the next statement s t a r t s w i t h I F , but a reminder. The next l i n e t r u n c a t e s 
v a r i a b l e 5 so t h a t a l l values over 100,000 are changed to 100,000 ( t o keep extreme 
cases from dominating t h i n g s , w i t h o u t o m i t t i n g them a l t o g e t h e r ) . 

The s i x l i n e s s t a r t i n g w i t h statement 2 change v a r i a b l e 10 from a numerical 
f i e l d t o a b r a c k e t or i n t e r v a l code. Note t h a t the ranges go from the s m a l l e s t 
r e a l number up, e.g., from -24 to -5. Note al s o the economy i n the i m p l i e d d i t t o 
signs when OR, IN, e t c . are repeated a u t o m a t i c a l l y . 

The t h r e e l i n e s s t a r t i n g w i t h statement 3 i l l u s t r a t e the l o g i c a l (AND) which 
means "both A and B," I . e . , the new v a r i a b l e i s coded 1 only i f both t h i n g s are 
t r u e . ALT reverses the t r u t h s w i t c h so t h a t the remainder (only A, or o n l y B, o r 
n e i t h e r ) can be coded 0.̂ " 

The seven l i n e s s t a r t i n g w i t h statement 4 i l l u s t r a t e the GOTO, used to s k i p 
one group past the ALT statement so they w i l l not be recoded to 3 a f t e r having 
been recoded to 1. The i m p l i e d code created i s : 

Code Meaning 
1 V30 = 1 and/or V31 = 2-9 ( e i t h e r or both) 
2 V40 = 1 and also V41 = 2-9 
3 Remainder ( n e i t h e r of the above are t r u e ) 

Statement 100 turns the s w i t c h to True j u s t i n case the next o p e r a t i o n s are 
not t o s t a r t w i t h I F . 

(3) I n d i r e c t References and P o i n t e r V a r i a b l e s 

A v a r i a b l e may a l s o be r e f e r r e d to i n an operand by means of a p o i n t e r . A 
p o i n t e r i s e s t a b l i s h e d and given a value by s e t t i n g any v a r i a b l e so t h a t i t con­
t a i n s a p o s i t i v e I n t e g e r . This i s accomplished using an a r i t h m e t i c o p e r a t i o n 
w i t h the v a r i a b l e to be used as the p o i n t e r as a r e s u l t , e.g., V101 = 26. 

Subsequently, the p o i n t e r v a r i a b l e i s r e f e r r e d to i n an i n d i r e c t r e f e r e n c e 
and i d e n t i f i e d as a p o i n t e r by the r e f e r e n c e . I f . t h i s occurs, the operand i s i n ­
t e r p r e t e d as a r e f e r e n c e t o the v a r i a b l e whose number i s contained i n the p o i n t e r . 

Any v a r i a b l e can be used as a p o i n t e r . A p o s i t i v e i n t e g e r can be placed i n 
i t using a r i t h m e t i c o p e r a t o r s . The contents o f any p o i n t e r can be m o d i f i e d a t any 

IOTE: The o p e r a t i o n a l clause i n statement 31 must have a non-blank f i e l d 
f o r e i t h e r the r e s u l t v a r i a b l e or the operator since the C and D op­
erands are NOT non-zero or blank, e.g., w i t h o u t the = the clause i s 
ignored and V100 i s never s e t to 0. 
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time using a r i t h m e t i c operations and r e f e r r i n g t o i t by o r d i n a r y v a r i a b l e r e f e r ­
ences t o i t . I t can be subjected t o ' r e l a t i o n a l t e s t s . I n f a c t , the only d i f f e r ­
ence between a p o i n t e r and a r e g u l a r v a r i a b l e i s what happens when the p o i n t e r 
v a r i a b l e i s used as an i n d i r e c t r e f e r e n c e i n an operand. When t h i s occurs, the 
p o i n t e r i s used simply t o f i n d out which other v a r i a b l e i s to be used as the oper­
and. 

The d i f f e r e n c e between d i r e c t and i n d i r e c t references t o v a r i a b l e s using 
p o i n t e r s i s best e l u c i d a t e d by g i v i n g an example. 

01 V0051 = 111 
02 V0016 ADD P0051 V0015 

I n i n s t r u c t i o n 01 the constant 111 i s placed i n v a r i a b l e 0051. A d i r e c t reference 
i s made to V0051 t o put i t t h e r e . I n statement 02, an i n d i r e c t reference i s made 
to v a r i a b l e 0051. I t i s used as a p o i n t e r , as i n d i c a t e d by the reference P0051. 
The p o i n t e r p o i n t s to v a r i a b l e 111. Thus, i n s t r u c t i o n 02 r e a l l y reads "add the 
contents o f t h a t v a r i a b l e whose number i s contained i n V0051 t o the contents o f 
V0015 and p u t the r e s u l t i n t o V0016." But V0051 already contains the number 111 
because of i n s t r u c t i o n 01. Thus i n s t r u c t i o n 02 i s i n t e r p r e t e d as though i t ac­
t u a l l y read 

02 V0016 ADD V0111 V0015 

Thus, v a r i a b l e 111 I s added to v a r i a b l e V0015 and the r e s u l t s placed i n v a r i a b l e 
V0016. 

I f we had the set of i n s t r u c t i o n s shown i n Figure A2.2, we could o b t a i n the 
sum of those v a r i a b l e s i n the sequence V0011, V0012, V0013,..., V0030, V0031 which 
d i d not have the value 9. The r e s u l t s would be placed i n V0044. For in s t a n c e , 
one might want t o b u i l d an index adding the code values f o r a number o f d i f f e r e n t 
v a r i a b l e s except where they are 9 ( f o r n ot a s c e r t a i n e d ) . 

I n s t r u c t i o n s 1, 2 and 3 e s t a b l i s h the I n i t i a l c o n d i t i o n s d e s i r e d , i . e . , the 
new v a r i a b l e to be generated (V0O44) i s set to zero and the p o i n t e r i s set to the 
f i r s t of t h e sequence of v a r i a b l e s to be added, V0011. Then c o n t r o l i s passed t o 
i n s t r u c t i o n 6. This i n s t r u c t i o n adds the v a r i a b l e "pointed t o " to the p a r t i a l sum 
being developed i n V0044 and puts the r e s u l t s back i n V0044. However, the oper­
a t i o n i s performed only i f the v a r i a b l e "pointed t o " does not have 9 as i t s 
value. ( L e t 9 be the "missing-data-code" f o r each of t h i s s e r i e s of v a r i a b l e s 
V0011-V0031.) 

I f t h e value of the v a r i a b l e c u r r e n t l y being pointed to i s not equal to 
9, i t s contents are added t o V0044. But i f i t s value i s equal t o 9, the 



F i g u r e A2.2 
MULTIVARIATE RECODING FORM 
Sum Variables 11 t o 33 Coder: • Job: 

Date: Data: 

STATE­
MENT 
NO. 

LOG. 
TAG 

TEST 
VAR. 
NO. 

REL. 
OPER. 

A 
OPERAND 

B 
OPERAND 

RESULT 
VAR. 
NO. 

CONTROI 
OPER. 

C 
OPERAND 

D 
OPERAND COMMENT 

[ ] xxxx n 1 0 

\J xxxx 
15 

xxxxx n 2 0 

IJxxxx 
V 40 
Pxxxxxxxxx V 30 Pxxxxxxxxx v. 4 £ 

Pxxxx n 5 0 

U xxxx 
V 6 C1 Pxxxxxxxxx 

V 7Q 
Pxxxxxxxxx (JJxxxxxxxx 

1 V0044 0 Set 
2 V0101 = 11 i n i t i a l 
3 GOTO 6 values 
4 V0101 ADD VO101 1 Increment 
5 IF V0101 GT 31 G0T0 9 and t e s t 
6 IF P0101 NE 9 V0044 ADD V0044 P0101 
7 ALT N00P Perform 
8 T GOTO 4 task 
9 next i n s t r u c t i o n 
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a d d i t i o n does not take place and the a l t e r n a t i v e ( i n s t r u c t i o n 7) i s executed i n ­
stead. This r e s u l t s i n n o t h i n g being added t o V0044 from the c u r r e n t v a r i a b l e 
being p o i n t e d t o . Then, a f t e r one of these two paths has been taken, i n s t r u c t i o n 
8 sends c o n t r o l back to i n s t r u c t i o n 4. 

The purpose of i n s t r u c t i o n s 4 and 5 i s to increment the i n t e g e r i n the p o i n ­
t e r by 1 and then t o check i t t o determine i f the value of the i n t e g e r i n the 
p o i n t e r has now exceeded the s u b s c r i p t of the l a s t v a r i a b l e we wished to add. 
Then e i t h e r an e x i t takes place t o the remainder of the work to be done (statement 
9) or the n e x t v a r i a b l e p o i n t e d to i s checked and, i f a p p r o p r i a t e , i s added and 
the loop repeats once more. I n i n s t r u c t i o n 4 the constant 1 i s added t o the num­
ber i n the p o i n t e r . (This s t a r t e d a t 11 and thus e v e n t u a l l y w i l l take on as i t s 
value i n t u r n a l l the i n t e g e r s between 11 and 32 i n c l u s i v e l y . ) I t s value a t the 
time statement 9 i s executed i s 32. Note t h a t when the number i n the p o i n t e r i s 
l a r g e r than 31 we have completed our task. At t h i s p o i n t , the r e l a t i o n a l expres­
s i o n i n i n s t r u c t i o n 5 w i l l be t r u e and the o p e r a t i o n a l clause w i l l be executed, 
t a k i n g c o n t r o l t o statement 9 i n computational mode. 

On t h e other hand, i f the i n t e g e r i n the p o i n t e r i s equal t o or l e s s than 
31 t h i s expression w i l l be f a l s e ; consequently, the o p e r a t i o n a l clause w i l l not 
be executed and c o n t r o l w i l l pass i n l o g i c a l mode to statement 6. Statement 6 
s t a r t s w i t h an I n i t i a l Clause so l o g i c a l mode i s re-entered and the t r u t h s w i t c h 
acquires a v a l u e based only on statement 6. I f i t i s t r u e , the o p e r a t i o n a l p a r t 
of statement 6 w i l l be executed and computational mode w i l l be assumed. This w i l l 
p revent the ALT tag I n statement 7 from being executed, since ALT heads a Subse­
quent Clause. Since the program i s i n l o g i c a l mode, the o p e r a t i o n a l p a r t of 
statement 7 also i s not executed. However, statement 8 contains an Assignment; 
hence the t r u t h s w i t c h i s set t o T and the o p e r a t i o n a l p a r t of the statement i s 
executed, sending c o n t r o l t o statement 4 v i a the GOTO. 

I n t h e case where the t e s t f o r a value of 9 i s met, computational mode w i l l 
be entered a t statement 6 and the o p e r a t i o n a l p a r t of statement 6 executed. The 
occurrence o f a l o g i c a l clause i n statement 7 causes a r e t u r n to l o g i c a l mode, but 
the tag i s a Subsequent Clause and i s ignored as above. The t r u t h s w i t c h remains 
undefined u n t i l statement 8. 

E v e n t u a l l y the value of the p o i n t e r v a r i a b l e reaches 32; but we do not wish 
to add V0032 to V0044. However, the r e l a t i o n a l expression i n statement 5 would 
be t r u e when the p o i n t e r reached 32. This would cause c o n t r o l t o be t r a n s f e r r e d 
out of the loop upon execution of the o p e r a t i o n a l p a r t of i n s t r u c t i o n 5. On the 
ot h e r hand, i f we had not y e t f i n i s h e d our task, t h i s r e l a t i o n a l expression would 
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s t i l l be f a l s e and the o p e r a t i o n a l p a r t of i n s t r u c t i o n 5 would not be executed. 
Consequently, c o n t r o l would pass to i n s t r u c t i o n 6, which i s what we d e s i r e since 
t h i s would process the next v a r i a b l e i n i t s t u r n . 

This procedure would examine each v a r i a b l e i n t u r n , adding i t to V0044 i f 
i t s value were n o t 9. Then, when v a r i a b l e s V0011 through V0031 i n c l u s i v e l y had 
been inspected (and added where a p p r o p r i a t e ) the p o i n t e r , V0101, would have the 
value 32 and c o n t r o l would pass to statement 9. 

I t can be seen from the above example t h a t the b e n e f i t s to be d e r i v e d from 
using p o i n t e r s are associated w i t h r e p e t i t i v e operations t h a t would take a great 
many i n s t r u c t i o n s i f w r i t t e n out once f o r each case. These b e n e f i t s i n crease w i t h 
the s i z e of the b l o c k of "work" i n s t r u c t i o n s t h a t are to be a p p l i e d r e p e t i t i v e l y . 

A second example i l l u s t r a t e s another k i n d of use of the p o i n t e r v a r i a b l e . 
(See Figure A2.3.) Here, a complex bracket code i s a p p l i e d both to v a r i a b l e 0061 
and to V a r i a b l e 0062, r e p l a c i n g each w i t h the a p p r o p r i a t e bracketed v a l u e . The 
reader i s encouraged to proceed through the example i n some d e t a i l , f o l l o w i n g out 
a l t e r n a t i v e paths t h a t f o l l o w from d i f f e r e n t values of V0016 and V0062. 

D. Operators 

A l l "a" and "b" operands are assumed to be I n i n t e g e r mode, as w e l l as the 
t e s t v a r i a b l e , Vn. 

(1) R e l a t i o n a l Operators: IN, OUT, NE, EQ, LB, GE, LT, GT 

Vn IN a b True i f Vn l i e s i n s i d e the closed i n t e r v a l where "a" 
I s the lower bound and "b" i s the upper bound. The 
lower bound must always be placed as the "a" operand. 

Vn OUT a b True i f Vn l i e s o u t s i d e the closed i n t e r v a l , where "a" 
i s the lower bound and "b" i s the upper bound. The 
lower bound must always be placed as the "a" operand. 

Vn NE a True i f Vn i s not equal to "a" a l g e b r a i c a l l y . 

Vn EQ a True i f Vn i s equal t o "a" a l g e b r a i c a l l y . (Note t h a t 
EQ I s used here; = f o r a r i t h m e t i c o p e r a t i o n ) 

Vn LE a True i f Vn i s l e s s than or equal to "a" a l g e b r a i c a l l y 
(e.g., -6 i s l e s s than - 5 ) . 

Vn GE a True i f Vn i s g r e a t e r than or equal t o "a" a l g e b r a i c a l l y 
(e.g., - 1 i s g r e a t e r than - 2 ) . 

Vn LT a True i f Vn i s l e s s than "a". 

V n G T a True i f Vn i s g r e a t e r than "a". 



Figure A2.3 
MULTIVARIATE RECODING FORM 

Applying a Bracket Code t o Two Variables Using Pointers 

Data: 

STATE­
MENT 
NO. 

LOG. 
TAG 

TEST 
VAR. 
NO. 

REL. 
OPER. 

A 
OPERAND 

B 
OPERAND 

RESULT 
VAR. 
NO. 

CONTROL 
OPER. 

C 
OPERAND 

D 
OPERAND 

COMMENT 

D xxxx n 1 0 

U xxxx 
15 

xxxxx n 2 0 

Uxxxx 
V 30 
Pxxxxxxxxx 

V 40 
Pxxxxxxxxx 

V 45 
Pxxxx n 5 0 

L| xxxx 
v n

 6 

Pxxxxxxxxx 
'v. 7 

Pxxxxxxxxx LU xxxxxxxx 1 V0201 = 61 
2 V0202 901 
3 GOTO 9001 

901 V0201 = 62 
4 V0202 = 902 
5 GOTO 9001 

902 next i n s t r u c t i o n 

procf idure t o be a p p l l :d 
9001 I F P0201 LE 2499 P0201 = 1 

OR IN 2500 4999 2 
5000 7499 3 
7500 9999 4 

10000 14999 5 
15000 999998 6 

9002 ALT 9 
9003 T GOTO V0202 

1 

o 
CO 
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(2) A r i t h m e t i c Operations: = , SET, ZAP, ZSB, ABS, ADD, SUB, MPY, DIV, MOD 

A l l operands and r e s u l t s are assumed t o be i n i n t e g e r mode. Note t h a t the 
r e l a t i o n a l o p e r a t o r f o r - e q u a l s i s "EQ" but tfe a r i t h m e t i c a l operator i s "=". The 
f i r s t i s a l o g i c a l t e s t , the second i s an I n s t r u c t i o n t h a t a v a r i a b l e assume a 
c e r t a i n v a l u e . 

Vn c 

Vn SET c 

Vn ZAD c 

The contents of "c" are placed i n Vn. Note "=" i s 
used, not "EQ". 

Vn ZSB c The contents of "c" are placed i n Vn and the si g n i s 
i s reversed (plus becomes minus, and v i c e v e r s a ) . 

Vn ABS c The contents of "c" are placed i n Vn and the si g n of 
Vn i s set to +. 

Vn ADD c d The contents of "c" and "d" are added together a l g e ­
b r a i c a l l y and the r e s u l t i s placed I n Vn. The l a r g ­
est r e s u l t i s 2 3 1 . Overflows w i l l n ot be detected. 

Vn MOD c d This i s a modulo operator. The contents of "c" are 
d i v i d e d by the contents of "d" using t r u n c a t e d i n t e g e r 
d i v i s i o n ( w i t h o u t r o u n d i n g ) . The remainder i s placed 
i n Vn. The q u o t i e n t i s l o s t . The s i g n of the number 
placed i n Vn i s the same as the s i g n of the c/d quo­
t i e n t . 

Vn SUB c d The contents of d i s s u b t r a c t e d from c a l g e b r a i c a l l y 
and the r e s u l t s t o r e d i n Vn. 

Vn MPY c d The contents of c are m u l t i p l e d by the contents of d 
a l g e b r a i c a l l y and the r e s u l t s are placed i n Vn. Or­
din a r y r u l e s apply as f a r as the s i g n of the r e s u l t . 
Overflows w i l l not be detected. 

Vn DIV c d The contents of c are d i v i d e d by the contents of d us­
ing i n t e g e r d i v i s i o n . The I n t e g e r p a r t of the r e s u l t 
i s placed i n Vn. The remainder i s l o s t . There I s no 
rounding; r a t h e r , t r u n c a t i o n takes place. The s i g n of 
the r e s u l t a n t I s according to r e g u l a r a l g e b r a i c conven­
t i o n s . I f the r e s u l t i s between zero and 1 i n absolute 
v a l u e , then Vn w i l l have the value zero. 

The acceptable range of i n t e g e r s i s 2 3 1 to - 2 3 1 and customary r u l e s apply 
to a l l signs; e.g., -10 m u l t i p l e d by -2 = +20. 
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(3) Functions: NRAN, FRAN, LOGT, LOGE, SQRT, ASIN 

Arguments are assumed t o be i n t e g e r i n mode. Results w i l l appear as i n ­
tegers w i t h the a p p r o p r i a t e number of i m p l i e d decimal places as i n d i c a t e d by the 
d operand. 

Vn NRAN 

Vn FRAN c d 

Vn LOGT c d 

Vn LOGE c d 

Vn SQRT c d 

Vn ASIN c d 

A normally d i s t r i b u t e d random number w i t h mean 0 and 
variance 1 w i l l be s t o r e d i n Vn w i t h d i m p l i e d decimal 
places. I f c i s not equal to zero or blank, then Vn 
w i l l always be i n the range -c < r < + c. A l l gener­
ated numbers o u t s i d e t h i s range w i l l be r e j e c t e d and 
another number generated u n t i l one meets the r e q u i r e ­
ments; t h i s i s then s t o r e d i n Vn. On the other hand, 
when c = 0, then the f i r s t number generated w i l l be 
used. Numbers w i l l be rounded t o d i m p l i e d decimals. 

A random number from a f l a t d i s t r i b u t i o n i n the range 
0 < r < c, and having d i m p l i e d decimals w i l l be st o r e d 
in~Vn.~ Numbers w i l l be rounded to d i m p l i e d decimals.1 

The l o g a r i t h m to the base 10 of c i s s t o r e d i n Vn. The 
number l o c a t e d a t c i s assumed to have d decimals. The 
l o g a r i t h m s t o r e d i n Vn always has three i m p l i e d d e c i ­
mal places. I f c < 0, Vn = 0. , 

The n a t u r a l l o g a r i t h m of c i s s t o r e d i n Vn. The number 
i n c i s assumed t o have d decimal places. The r e s u l t 
s t o r e d i n Vn always has three i m p l i e d decimal places. 
When c < 0, then Vn = 0. 

The square r o o t of the number s t o r e d i n c i s s t o r e d i n 
Vn. This number s t o r e d i n c i s assumed t o have d im­
p l i e d decimal places. The r e s u l t s t o r e d i n Vn w i l l 
have d i m p l i e d decimal places. I f c < 0, Vn = 0. 

The a r c s i n of c i s s t o r e d i n Vn. The number i n c i s 
assumed to have d decimal places. The r e s u l t s t o r e d 
i n Vn always has three i m p l i e d decimal places. The 
f u n c t i o n a p p l i e s to a l l values of c such t h a t 
-1 < c < 1. For a l l o t h e r cases Vn = 0. 

The pseudo-random number ge n e r a t i o n used i s due to Hastings (1955). The 
methods were programmed and t e s t e d by Messenger (1970). A f l a t random d i s t r i b u ­
t i o n i s generated by a non-overflow modulo type of a l g o r i t h m using a c a l l to the 
clo c k t o o b t a i n a s t a r t e r number. A t r a n s f o r m a t i o n i s a p p l i e d to produce a normal 
d i s t r i b u t i o n . The cy c l e l e n g t h i s g r e a t e r than 10,000 (cycle l e n g t h i s the number 
of random numbers generated when the f i r s t exact d u p l i c a t i o n o c c u r s ) . Other t e s t s 
of randomness have been examined (Messenger, 1970) and show s a t i s f a c t o r y r e s u l t s , 
i n c l u d i n g Chi-square t e s t s of f i t t o uniform (0,1) a t the .05 l e v e l based on 10,000 
o b s e r v a t i o n s , no s t a t i s t i c a l l y s i g n i f i c a n t s e r i a l c o r r e l a t i o n s i n t e s t s v a r y i n g 
l a g s from 1 to 16, and 95% confidence i n t e r v a l s of the sample mean and standard 
d e v i a t i o n a l l o w i n g acceptance of the n u l l hypothesis t h a t the sample was drawn 
from a u n i f o r m ( 0 , 1 ) . About 350 random numbers/sec are drawn on a 360/40. 
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(4) C o n t r o l Operators: GOTO, EXIT, NOQP, PRNT 

GOTO c C o n t r o l i s t r a n s f e r r e d to the statement number whose 
i n t e g e r i d e n t i f i e r i s r e f e r r e d t o by the c operand. 
Statement numbers are p o s i t i v e i n t e g e r s i n the range 
1 < c < 9999. The t r u t h s w i t c h i s not a f f e c t e d ( i t s 
value i s "on" a t t h i s time anyway). I f t h e r e i s no 
such statement number c o n t r o l w i l l pass t o the next 
s e q u e n t i a l i n s t r u c t i o n . 

EXIT Co n t r o l I s r e t u r n e d t o the c a l l i n g program i n which the 
recoding statements are imbedded. No f u r t h e r recode 
statements w i l l be executed. An EXIT statement i s 
generated a u t o m a t i c a l l y when an END statement i s en­
countered. 

NOOP No o p e r a t i o n . Used as a "l a n d i n g f i e l d . 

PRNT Vn Vm Causes v a r i a b l e s n and m to be p r i n t e d . The l a t t e r , 
Vm, may be o m i t t e d . 

(5) Pseudo Operators: END 

END This operator i s used t o mark the p h y s i c a l end of the 
recoding statements, i n d i c a t i n g t h a t no more f o l l o w , 
even on the same p h y s i c a l IBM card. I t s appearance 
causes t r a n s f e r of c o n t r o l t o the c a l l i n g program, s i n c e 
a l l recoding statements have been read and processed. 
During execution of the recoding, an END statement w i l l 
be t r e a t e d l i k e an EXIT. 

A l l o f the o p e r a t o r s , operands, tags, comments and statement l a b e l s are I I -
u s t r a t e d and l i s t e d i n Figure A2.4. 



Figure A2.4 
MULTIVARIATE RECODING FORM 

Coder• Summary of Recoding I n s t r u c t i o n s 

Date: 

STATE­
MENT 
NO. 

LOG. 
TAG 

TEST 
VAR. 
NO. 

REL. 
OPER. 

A 
OPERAND 

B 
OPERAND 

RESULT 
VAR. 
NO. 

CONTROL 
OPER. 

C 
OPERAND 

D 
OPERAND COMMENT 

D x x x x n 1 0 

JJxxxx 
1 5 

x x x x x n 2 0 

U x x x x 

V 30 
Pxxxxxxxxx 

V 4C 
Pxxxxxxxxx 

V 4 5 
Pxxxx U x x x x 

V 6 0 
Pxxxxxxxxx 

V 70 
Pxxxxxxxxx rn 8 0 

LLlxxxxxxxx 0001 T Vxxxx IN Vxxxx Vxxxx Vxxxx = Vxxxx Vxxxx COMMENTS 
9999 AND Pxxxx 0UT Pxxxx Pxxxx Pxxxx ZAD Pxxxx Pxxxx 

NIMF NE x x x x x x x x x x x x x x x x SET x x x x x x x x x x x x x x x x 
ALS0 V0001 EQ -9999999 -9999999 V0001 ZSB -9999999 -9999999 
BIF V0300 LE 99999999 99999999 V0300 ABS 99999999 99999999 
I F GE ADD 

EX0R P0001 LT V0001 V0001 V0001 SUB V0001 V0001 
0R P0300 GT V0300 V0300 P0300 MPY V0300 V0300 

N0R EXIT P0001 P0001 DIV P0001 P0001 
C0NS END P0300 P0300 M0D P0300 P0300 
NIF NRAN 

NBIF FRAN 
ALT L0GT 
IMP L0GE 
NAND SQRT 

F ASOM 
END G0T0 

N00P 
EXIT 
PRNT 
END 

o 

Job: 
Data: 
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Appendix III 

Set-up Instructions 

A. General D e s c r i p t i o n 

AID3 i s a gener a l i z e d data a n a l y s i s program which uses a n a l y s i s of va r i a n c e 
techniques t o e x p l a i n as much of the variance of a given dependent v a r i a b l e as 
p o s s i b l e . 

The AID3 search a l g o r i t h m makes successive dichotomous p a r t i t i o n s on the 
sample, u s i n g independent v a r i a b l e s t o " p r e d i c t " the dependent v a r i a b l e , i n such 
a way as to maximize differences-among the s p l i t groups. 

The a l g o r i t h m may be set 

(1) t o maximize d i f f e r e n c e s i n group means, slopes, or regre s s i o n 
l i n e s ; 

(2) t o examine the explanatory power of 1, 2, or 3 successive s p l i t s be­
f o r e s e l e c t i n g the "best" s p l i t ; 

(3) t o rank the p r e d i c t o r s , weighting them as to preference i n the p a r t i ­
t i o n i n g ; 

(4) t o s a c r i f i c e explanatory power f o r symmetry; 
(5) t o s t a r t a f t e r a s p e c i f i e d p a r t i a l t r e e s t r u c t u r e has been generated; 
(6) t o run i n successive stages, e.g. , r e d e f i n i n g p r e d i c t o r s , or c r e a t i n g 

and then p o o l i n g r e s i d u a l s i n a 2nd stage a n a l y s i s . 

B. I n p u t 
1. Data f i l e 
2. D i c t i o n a r y f i l e ( o p t i o n a l ) 
3. C o n t r o l cards 

C. Output 
1. I n i t i a l p r i n t o u t 

(a) s t a t i s t i c s f o r the sample 
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(b) a n a l y s i s of variance on p r e d i c t o r c o n f i g u r a t i o n ( o p t i o n a l ) 

2. Trace p r i n t o u t ( s p l i t s t a t i s t i c s ) 
(a) a l l s p l i t s f o r each p r e d i c t o r 
(b) best s p l i t f o r each p r e d i c t o r 

3. F i n a l t a b l e s 
(a) a n a l y s i s of variance on f i n a l groups 
(b) group summary ( o p t i o n a l ) 
(c) BSS/TSS w i t h lookahead ( o p t i o n a l ) 
(d) BSS/TSS no lookahead ( o p t i o n a l ) 
(e) BSS/TSS regardless of e l i g i b i l i t y ( o p t i o n a l ) 
( f ) p r o f i l e of class means/slopes ( o p t i o n a l ) 
(g) p r e d i c t o r summary ( o p t i o n a l ) 

4. Output r e s i d u a l f i l e ( w i t h o p t i o n a l d i c t i o n a r y ) 

D. R e s t r i c t i o n s 
1. Maximum number of p r e d i c t o r s : NF<63 
2. Largest v a l i d class value f o r a p r e d i c t o r : 31 
3. Sum of l a r g e s t class values f o r a l l p r e d i c t o r s : 400-NP 
4. Maximum number of p a r t i t i o n s : 89 
5. Maximum number of v a r i a b l e s : 300 
6. R-type v a r i a b l e s (see OSIRIS Recode) should not have the same v a r i a b l e 

number as V-type v a r i a b l e s i f an output d i c t i o n a r y i s requested. 

E. Missing Data Treatment 
1. M i s s i n g data on the dependent v a r i a b l e may be excluded. 
2. M i s s i n g data defined i n the i n p u t d i c t i o n a r y i s passed on to the out­

put d i c t i o n a r y * 

3. Mi s s i n g data i s generated f o r the r e s i d u a l and p r e d i c t e d v a l u e as a 
f i e l d o f 9 !s. 

4. Missing data i s generated f o r the group number as '000'. 
5. Missing data may be excluded on the p r e d i c t o r s by s p e c i f y i n g maximum 

cla s s values les s than missing data values. 

F. Setup Summary 
JOB cards 
// EXEC ISRSYS 
//FT07F001 DD parameters d e s c r i b i n g i n p u t data f i l e 

(omit i f using an OSIRIS d i c t i o n a r y ) 
//FT08F001 DD parameters d e s c r i b i n g output data f i l e 

(omit i f not gene r a t i n g a FORMATTED r e s i d u a l f i l e ) 



I l l 

//DICTx 

//DATAx 

//DICTy 

//DAT Ay 

//SETUP 
$RUN AID3 

DD 

DD 

DD 

DD 

DD 

parameters d e s c r i b i n g i n p u t d i c t i o n a r y 
(omit i f on cards or i f a FORMATTED data f i l e ) 
parameters d e s c r i b i n g i n p u t data f i l e 
(omit i f on cards or i f a FORMATTED data f i l e ) 
parameters d e s c r i b i n g output d i c t i o n a r y 
(omit i f r e s i d u a l f i l e not created or a FORMATTED output 
f i l e ) 

parameters d e s c r i b i n g output data f i l e 
(omit i f r e s i d u a l f i l e not created or a FORMATTED output 
f i l e ) 

$ RE CODE card 
Recode statements o p t i o n a l (may be used only w i t h OSIRIS 

data f i l e s ) 
$SETUP card 

1. Global f i l t e r card ( o p t i o n a l 
2. Label card 
3. Global parameter card 
4. Format cards ( o p t i o n a l ) 
5. I n p u t v a r i a b l e l i s t card 
6. Local f i l t e r card ( o p t i o n a l ) 
7. Local l a b e l card 
8. I/O parameter card 
9. AID3 I n t e r n a l recode cards ( o p t i o n a l ) 

10. P r e d i c t o r cards 
11. C o n t r o l parameter card 
12. Predefined s p l i t cards ( o p t i o n a l ) 

only used w i t h OSIRIS d a t a - f i l e s ) 

A n alysis 
Step 

Analysis 
Packet 

$ DICT 
d i c t i o n a r y 

$ DATA 
data 

/* 

I f d i c t i o n a r y on cards 

I f data on cards 
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G. D e s c r i p t i o n of Co n t r o l Cards - d e f a u l t s are u n d e r l i n e d . 
1. G l o b a l F i l t e r ( o p t i o n a l ) : See OSIRIS User's Manual 

For use w i t h OSIRIS data f i l e s only 
2. G l o b a l card: 1-80 columns used as a heading 
3. G l o b a l parameter card: 

INFILE=IN/xxxx 

PRINT=DICT/NODICT 

BADDATA=TERM/MD1/MD2/SKIP, 

a message i n d i c a t e s 
the number of cases 
so t r e a t e d 

FORMAT=0/n 

4. FORMAT cards 

For OSIRIS data f i l e s o n l y . Up to 4 char­
a c t e r s used as the i n p u t ddname s u f f i x 
For OSIRIS data f i l e s o n l y . Option to 
p r i n t or suppress p r i n t i n g o f the i n p u t 
d i c t i o n a r y f i l e 

For OSIRIS data f i l e s o n l y . 
When non-numeric characters ( i n c l u d i n g em­
bedded blanks and a l l blank f i e l d s ) are 
found i n numeric v a r i a b l e s : 
TERM: Terminate the run 
MD1: Convert the value to the 1st miss­

i n g data code and f i e l d s of &'s and 
-'s to nines + 1 or 2 r e s p e c t i v e l y 

MD2: Convert the value to the 2nd miss­
i n g data code and f i e l d s of &'s and 
-'s t o nines + 1 or 2 r e s p e c t i v e l y 

SKIP: Skip the case 
For FORMATTED data f i l e s o n l y . The number 
(l<n<3) of Format cards needed to describe 
the i n p u t data f i l e FT07F001 

I f F0RMAT=n, n>0, was s p e c i f i e d on the g l o b a l parameter 
card, n cards of format i n f o r m a t i o n . This should i n ­
clude a l l i n p u t f i e l d s , and i f a f o r m a t t e d o u t p u t f i l e 
i s requested the i n p u t d e s c r i p t o r s should be f o l l o w e d 
by output f i e l d s f o r a l l generated v a r i a b l e s (see sec­
t i o n H f o r the order i n which v a r i a b l e s are generated), 
i . e . , AID3 recoded, r e s i d u a l , p r e d i c t e d v a l u e , and group 
number v a r i a b l e s . Each item c o n s t i t u t e s one v a r i a b l e . 
Variables are read i n the order l i s t e d on the v a r i a b l e 
l i s t card, e.g., i f the format i s (16,215,14) and the 
v a r i a b l e l i s t i s V10, V6, V20, V I * then the f i r s t f o r ­
mat (16) i s f o r v a r i a b l e 10, the second (15) i s f o r v a r ­
i a b l e 6 e t c . 

5. I n p u t V a r i a b l e L i s t card: a l i s t of a l l v a r i a b l e s from the i n p u t data 
f i l e plus OSIRIS recode v a r i a b l e s (R-type) 
to be used i n the run. (See OSIRIS User's 
Manual). 

ANALYSIS PACKET 

6. L o c a l F i l t e r ( o p t i o n a l ) : See OSIRIS User's Manual 
7. L o c a l Label 
8. I/O Parameter card: 
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YVAR=(n,m) independent v a r i a b l e number, no d e f a u l t 
m=scale f a c t o r . The y-values are m u l t i ­
p l i e d by 10 to the scale f a c t o r , i . e . , X0m 

d e f a u l t : 0. 
NOWEIGHT/WEIGHT==n Weight v a r i a b l e number ( o p t i o n a l ) . 
ANALYSIS=MEAKS/SLOPES/REGRESSION 

Type of anal y s i s to be used 
XVAR=(n,m) n=covariate number, no d e f a u l t i f a SLOPES 

or REGRESSION ana l y s i s i s s p e c i f i e d 
m=scale f a c t o r , d e f a u l t : 0. 

SUBSEL=n Subset s e l e c t o r v a r i a b l e number ( o p t i o n a l ) 
I f a subset s e l e c t o r v a r i a b l e i s g i v e n , 
a l l zero values o f t h i s v a r i a b l e are f i l ­
t e r e d from the a n a l y s i s . 

MDOPTION=BQTH/MDl/MD2/N0NE ( o p t i o n a l ) 
Missing data o p t i o n : (See OSIRIS User's 

Manual) 
NONE: Ignore missing data. 
MD1: El i m i n a t e cases w i t h m i s s i n g data 1 

values f o r the dependent v a r i a b l e 
(Y=MD1). 

MD2: El i m i n a t e cases w i t h missing data 2 
values f o r the dependent v a r i a b l e 
Y>MD2 , MD2>0 
Y<MD2 , MD2<0. 

BOTH: El i m i n a t e cases w i t h MD1 or MD2 v a l 
ues f o r the dependent v a r i a b l e . 

NORECODE/RECODE I n t e r n a l AID3 recoding o p t i o n . I f RECODE 
i s s p e c i f i e d , then i n t e r n a l recode cards 
must be suppl i e d (See 9. below). 

OUTLIERS=INCLUDE/EXCLUDE Option to i n c l u d e or exclude o u t l i e r s from 
the a n a l y s i s . An o u t l i e r i s def i n e d by t h 
OUTDIST parameter. 

0UTDIST=5_. /n Number of standard d e v i a t i o n s from the par 
ent group mean d e f i n i n g an o u t l i e r (punch 
decimals). 

IDVAR=n V a r i a b l e number f o r the i d e n t i f i c a t i o n var 
i a b l e p r i n t e d w i t h each case fl a g g e d as an 
o u t l i e r . 

N0C0NF/C0NF Analysis of variance on p r e d i c t o r c o n f i g u r 
a t i o n option. 

TABLES=(BASIC/NONE,N0BSS/BSS,NOEL/ELIG,N0PR/PRED,NOME/MEANS) 
F i n a l t a b l e s options 
BASIC: P r i n t Group Summary and BSS/TSS 

w i t h lookahead table s . 
BSS: P r i n t BASIC tables plus BSS/TSS 

w i t h no lookahead. 



ELIG: P r i n t BASIC tab l e s plus BSS/TSS of 
maximum s p l i t r egardless of e l i g i b ­
i l i t y . 

PRED: P r i n t BASIC tab l e s plus p r e d i c t o r 
summary. 

MEANS: P r i n t BASIC t a b l e s p l u s class means/ 
slopes p r o f i l e . 

Omit i f r e s i d u a l s are not to be generated. 
n = r e s i d u a l v a r i a b l e number, no d e f a u l t . 
m=residual scale f a c t o r , no d e f a u l t . 
w=residual f i l e d w i d t h , needed f o r OSIRIS 
output f i l e s o n l y , no d e f a u l t . This should 
i n c l u d e a space f o r a si g n character ( + , - ) . 

The f o l l o w i n g parameters are ignored i f the r e s i d u a l s o p t i o n i s not 
s p e c i f i e d : 

RESID=(n,m,w) 

RESNAME='name' 

CALC=(n,m,w) 

CALNAME='name' 

GROUP=n 

GRONAME='name' 

NOFILE/FILE 

0UTFILE=OUT/ xxxx/FORM 

NOSTAN/STANDARD 

1-24 character name f o r the r e s i d u a l . 
D e f a u l t : 'AID3 RESIDUAL1. 
Omit I f the p r e d i c t e d value i s not to be 
generated. 
n=p r e d i c t e d value v a r i a b l e number 
m=predicted value scale f a c t o r 
w=predicted value f i e l d w i d t h , needed f o r 
OSIRIS output f i l e s o n l y . 
1-24 character name f o r the p r e d i c t e d value 
D e f a u l t : 'PREDICTED VALUE'. 
n= v a r i a b l e number f o r the f i n a l group to 
which each case belongs. Omit i f not t o 
be generated. 
1-24 character name f o r the group numbers. 
D e f a u l t : 'GROUP NUMBER'. 
Option to generate an output f i l e . The 
c u r r e n t data set which i s s t o r e d on a 
sc r a t c h data f i l e i s updated w i t h i n the 
program enabling the user t o use r e s i d u a l s 
i n a m u l t i - s t a g e a n a l y s i s even i f NOFILE 
i s s p e c i f i e d . 
For OSIRIS output data f i l e s , 1-4 charac­
t e r s used as the output ddname s u f f i x (see 
s e c t i o n I ) . 
For Formatted output f i l e s : s p e c i f y 'FORM' 
FORM=n, n>0 must have been s p e c i f i e d on the 
g l o b a l parameter card. The same format i s 
used f o r the output f i l e as f o r the i n p u t 
f i l e (see 4. FORMAT cards and s e c t i o n H). 
The output f i l e i s generated onto u n i t 
FT08F001. 
Option t o standardize r e s i d u a l s . I f STAN­
DARD I s s p e c i f i e d r e s i d u a l s w i l l be d i v i d e d 
by the standard d e v i a t i o n of the f i n a l 
group to which they belong. 



115 

9. AID3 RECODE cards: RECODE must be s p e c i f i e d on the I/O parameter card 
(8) . The RECODE o p t i o n i s turned o f f a f t e r the 
INPUT mode i s completed. See Appendix I I f o r RE­
CODE s p e c i f i c a t i o n s . 

ANALYSIS STEP 
10. P r e d i c t o r cards: 

PRED=(p 1,p 2,...) 

PRENAME='name' 

M/F 

MAXCLASS=9/n 

RANK=l/n 
END 

11. C o n t r o l Parameter Card 

L i s t o f p r e d i c t o r v a r i a b l e numbers (up t o 
63) c a r r y i n g the c h a r a c t e r i s t i c s s p e c i f i e d 
below. 
1-24 character name used f o r a l l p r e d i c ­
t o r s l i s t e d . D e f a u l t : I n p u t d i c t i o n a r y 
name. 
Monotonic or Free c h a r a c t e r i s t i c 
M: do not s o r t on p r e d i c t o r class means/ 

slopes before executing the a l g o r i t h m 
F: s o r t on class means/slopes 
Maximum class value allowed f o r the pre­
d i c t o r s . Values gr e a t e r than the s p e c i ­
f i e d maximum are e l i m i n a t e d from the a n a l ­
y s i s . 
P r e d i c t o r rank, 0<n<9. 
Must be s p e c i f i e d on the l a s t p r e d i c t o r 
card. 

LO0KAHEAD=(n,m) n=the number of lookahead'steps (0-2) 
=the number of s p l i t s - 1. 

m=the number of permuted steps. 
I f n i s non-zero, m must be grea t e r than 
zero. D e f a u l t (0,0). 

REDUCIBILITY=(for p a r e n t group; f o r 1st lookahead step; f o r 2nd 
lookahead step) 

R e d u c i b i l i t y c r i t e r i a f o r each step i n 
the lookahead expressed as a percentage 
e.g., .8%=.008. D e f a u l t (.8;na,na) 
(Punch decimals). 

MIN= 25/n Minimum a l l o w a b l e number of cases i n a 
group. I f a SLOPES or REGRESSION a n a l y s i s 
i s s p e c i f i e d then n must be at l e a s t 3. 
Otherwise, f o r mean analyses n > l . 

MAX=25/n Maximum number of p a r t i t i o n s . l<n<89. 
SYMMETRY=0_/n Percentage premium f o r symmetry o p t i o n . 

(Punch decimals e.g., 60.%=.60). 
RANK=NORANK/ ALL / UP / AT / DOWN 

P r e d i c t o r ranking o p t i o n 
NORANK: no ranking - p r e d i c t o r ranks are 

ignored 
ALL: simple r a n k i n g 



UP: range r a n k i n g w i t h a preference f o r 
p r e d i c t o r s w i t h high ranks, i . e . , 
towards 1. 

AT: range r a n k i n g w i t h a preference f o r 
p r e d i c t o r s w i t h a rank " a t " the cur­
r e n t rank. 

DOWN: range r a n k i n g w i t h a prefe r e n c e f o r 
low ranked p r e d i c t o r s , i.e.,towards 
9. 

RANGE=(nup;ndown;lup;ldown) 
f o r range r a n k i n g only 

e l i g i b l e range : 

[a-NUP,a+NDOWN] 

lookahead range 
[a-LUP,a+LDOWN] 

nup: number of ranks "UP f o r 
a c t u a l s p l i t t i n g 
ndown: number of ranks "DOWN" 
f o r a c t u a l s p l i t t i n g 
l u p : number of ranks "UP" f o r 
the lookahead>nup 
ldown: number of ranks "DOWN" 
f o r the lookahead>ndown 

TREE=0/n 

where a i s the c u r r e n t rank a t which the a l g o r i t h m i s 
op e r a t i n g . 

Number of p r e — s p e c i f l e d s p l i t s t o be made 
(see p r e d e f i n e d s p l i t s cards, 12. below). 

TRACE=ELIG/NOTR/ BEST/BSS/MIN/ALL 
P r i n t t r a c e o p t i o n 
ELIG: p r i n t only e l i g i b l e s p l i t s 

suppress a l l p r i n t i n g 
p r i n t only the best s p l i t f o r each 
p r e d i c t o r 
p r i n t "ELIG" + s p l i t s which do not 
meet the r e d u c i b i l i t y c r i t e r i o n , 
i . e . , BSS too small 
p r i n t "ELIG" + s p l i t s w i t h a r e s u l ­
t a n t group w i t h too few cases 

p r i n t the e n t i r e t r a c e 

NOTR 
BEST 

BSS: 

MIN; 

ALL: 
COMPUTE/NOCOMP 

OUTPUT/NOOUT 

Command to execute the COMPUTE mode: gen­
e r a t e any p r e d e f i n e d s p l i t s i f TREE=n,n>0; 
execute the s p l i t t i n g a l g o r i t h m under cur­
r e n t parameters, and i f RESID i s s p e c i f i e d , 
g e n e r a t i n g r e s i d u a l s f o r those groups which 
cannot be s p l i t . 
Command to execute the OUTPUT mode: gen­
e r a t e r e s i d u a l s f o r any remaining f i n a l 
groups; w r i t e f i n a l Tables. 

Predefined s p l i t cards: TREE=n,n>0, must be s p e c i f i e d on the con­
t r o l parameter card. The TREE o p t i o n i s turned o f f a f t e r the s p l i t s 
are made. For each s p l i t one card: 
PARENT=n 
CHILD=n 

Number of the group to be s p l i t . 
Number of the f i r s t r e s u l t a n t group. (Even 
number, the second group w i l l be numbered 
n-KL.) 
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VARIABLE=n 

CLASS=(c 1,c 2,...) 

Variable number for the predictor used to 
make the s p l i t . 
L i s t of predictor c l a s s e s to be put into 
the f i r s t resultant group. Remaining 
c l a s s e s go to the second c h i l d . 

13. I f the NOOUTPUT command appears on the control parameter card (11) 
the a n a l y s i s step i s repeated (predictor cards, e t c . ) . Parameters 
default to the previously defined values with the exception of the 
COMPUTE and OUTPUT commands. Predictor cards need only be included 
for those predictors being redefined. New predictors may not be de­
fined. Also, the maximum c l a s s value may not be altered. 

I f the OUTPUT command was specified, then the next analysis packet 
i s executed ( l o c a l f i l t e r , e t c . ) . Parameters take on the o r i g i n a l 
defaults. 

H. Generated Variables on 'Formatted' Output F i l e s 

Generated va r i a b l e s are added to the input variable l i s t i n the following 
order 

Variable 
1. Dependent variable 
2. Weight variable 
3. Covariate 
4. Subset selector v a r i a b l e 
5. I d e n t i f i c a t i o n variable 
6. Residual 
7. Predicted value 
8. Group number va r i a b l e 
9. Recode v a r i a b l e s , i n the 

order i n which they appear 
i n AID3 i n t e r n a l RECODE 
stream 

10. Predictors, i n the order 
they appear 

Relevant Keyword 
YVAR 
WEIGHT 
XV AR 
SUBSET 
IDVAR 
RESID 
CALC 
GROUP 
(RECODE) 

PRED 

Note: Only those v a r i a b l e numbers not l i s t e d on the input v a r i a b l e l i s t are ad­
ded, and they follow the input v a r i a b l e s . For example i f the variables are 

Variable 
Y 

predictors 
r e s i d u a l 
other Input 

Number 
20 

2-5,12 
10 

1,6-9 

This information i s necessary when generating a formatted output f i l e so 
that the output f i e l d descriptors are i n the correct order on the FORMAT cards. 
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and the v a r i a b l e l i s t card i s V1-V9* then the output variable l i s t order i s V1-V9. 
V20,V10,V12*. 

I . OSIRIS Residual F i l e s 
I f OUTFILE=OUT i s s p e c i f i e d on the I/O parameter card, then an OSIRIS type 

2 
3 dictionary i s generated with the following s p e c i f i c a t i o n s : 

Variable 

Predictors 
Residual 
Predicted 

Value 
Group Number 
Other input 

v a r i a b l e s 
AID3 I n t e r n a l 

Recode gen­
erated var­
i a b l e s 

F i e l d . 
Width' 

Number of 
Decimals 

P 
0 

P 

P 

Missing 
Data Name 
9...9 s 
- p/s 

9...9 p/*AID3 RESIDUAL' 

9...9 p/'PREDICTED VALUE 
000 p/'GROUP NUMBER' 

AID VARIABLE NUMBER x 

OSIRIS recode va r i a b l e s (R-type) may not have the same va r i a b l e number as V-
type v a r i a b l e s i f an OSIRIS r e s i d u a l f i l e i s generated. R-type va r i a b l e s become 
V-type v a r i a b l e s on the output data f i l e ( I . e . , R-type va r i a b l e s are designated by 
negative numbers, e.g., R10°-10, the absolute value I s taken as the v a r i a b l e num­
ber for the output d i c t i o n a r y ) . 

See the OSIRIS User's Manual for a complete description of dictionary 
f i l e s . 

2 
s denotes a s p e c i f i c a t i o n i n the input dictionary, i f any; p denotes a 

parameter s p e c i f i c a t i o n . 
3 
F i e l d widths may be overridden by specifying a variable number v, 9100<v< 

9999. The hundredths d i g i t of v i s the f i e l d width. For example, variable 
9476 has a f i e l d width of 4. 
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Appendix IV 

Program Documentation 

AID3 was written for an IBM 360/40 computer. AID includes 30 FORTRAN IV 
subprograms, OSIRIS subroutines written i n FORTRAN IV and assembly language, and 
an overlay s t r u c t u r e (see Diagram 1 ) . The s i z e of the program afte r l i n k i n g with 
the overlay i s 85,000 bytes, and the core requirement i s 104K. I t uses f i v e 
scratch f i l e s a l l written without format control. Parameter and variable i n f o r ­
mation are stored i n l a b e l l e d common blocks. 

A. Program Structure 

The program flow i s controlled by the main program (ZAID3). After c a l l i n g 
an i n i t i a l i z a t i o n program to read and check parameter cards, read the dictionary, 
and i n i t i a l i z e the input and output data and scratch f i l e s , the main program de­
termines i n which mode the program should be operating (input, compute, or output) 
and c a l l s the appropriate subroutines. The input mode i s executed automatically 
a f t e r the i n i t i a l i z a t i o n stage and again a f t e r completion of each output phase. 
Compute and output commands from the user control the other two modes. 

1- I n i t i a l i z a t i o n : The input and output units are defined; the input d i c ­
tionary or format i s read; i f specified, an output dictionary i s gener­
ated; a l l parameter cards are read and checked for errors. Execution 
i s terminated i f any errors occur. 

2. Input: The input and output parameters are defined; the data set i s 
read, recoded, and stored; non-valid data i s eliminated for the current 
a n a l y s i s packet and outputted onto the residual f i l e i f requested; sam­
p l e s t a t i s t i c s are generated and printed, including the optional 1-way 
a n a l y s i s of variance on the predictor configuration. 

3. Compute: Computation parameters are defined; any s p l i t s defined for 
the s t a r t i n g tree option are made; the lookahead algorithm i s i n i t i a t e d 
and operates under the given parameters—symmetry takes precedence over 
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ranking which i n turn takes precedence over the lookahead; any group 
which cannot be s p l i t i s deemed a f i n a l group and i f s p e c i f i e d i s out­
putted onto the r e s i d u a l f i l e . When the s p l i t t i n g process terminates, 
i f the output mode i s not s p e c i f i e d , the program redefines computation 
parameters and continues the s p l i t t i n g process from where i t stopped 
under the new parameters. 

4. Output: Any remaining u n s p l i t group becomes a f i n a l group and, i f spec­
i f i e d , i s outputted onto the re s i d u a l f i l e ; f i n a l tables are generated, 
including the analysis' of variance on f i n a l groups. 

Diagram 2 gives the o v e r a l l structure of the program." 

B. Program Storage 

AID3 uses f i v e temporary sc r a t c h f i l e s . Three are d i r e c t access f i l e s 
(ISR01, ISR02, FT05F001), and two are sequential (FT03F001, FT04F001). 

1. AUNIT (ISR01): a d i r e c t access f i l e (written and read with the OSIRIS 
subroutine DIRECT) used to store the input data matrix, one observation 
per record. Two additional records are written, following the data 
matrix, containing the missing data codes. I f NV denotes the t o t a l num­
ber of variables referenced by the program, then the record length i s 
4(NV+7) bytes < 1228. Chart 1 shows the storage needed. 

2. BUNIT (ISR02): a d i r e c t access f i l e (written and read with DIRECT) used 
to store information for each group: a l i s t of the record numbers i n 
AUNIT containing the observations i n the group; group t o t a l s ; and c l a s s 
t o t a l s for each predictor. The record length i s 896 bytes. Chart 2 
shows the storage needed for each group. 

3. CUNIT (05): a d i r e c t access f i l e (FORTRAN IV DEFINE FILE) used for the 
lookahead process and f i n a l tables. The maximum number of records used 
i s 200, and the maximum record length i s 224 words. The f i l e i s created 
with the statement 

4. NSCR (03): an unformatted sequential f i l e used to store information 
for each group on which a s p l i t attempt has been made. There are up 
to nine records per group, with a maximum record length of 126 words 

5. NSETUP (04): an unformatted sequential f i l e used to store the input 
parameters ( l o c a l f i l t e r and l a b e l , I/O parameters, i n t e r n a l recode 
statements, predictor information, and computation parameters). 

The input and output units necessary to run AID3 are given below. 

DEFINE FILE 5(200,224,U,IC) 

Unit Function 

FT01F001 control card input 
FT03F001 NSCR 
FT04F001 NSETUP 
FT05F001 CUNIT 
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printer 
formatted input data f i l e 
formatted output data f i l e 
AUNIT 
BUN IT 
input dictionary 
input data f i l e 
output dictionary 
output data f i l e 

omit I f using 
OSIRIS data 
f i l e s 

omit i f using 
formatted 
data f i l e s 

FT06F001 
FT07F001 
FT08F001 
ISR01 
ISR02 
DICTIN 
DATAIN 
DICTOUT 
DATAOUT 

C. Execution without OSIRIS 

The AID3 subprograms are written in FORTRAN IV l e v e l G, however they use 
OSIRIS subroutines^ some of which are written i n IBM assembler, i n p a r t i c u l a r the 
OSIRIS input and output, f i l t e r , and recode routines. 

With the exception of the OSIRIS program DIRECT which reads and writes the 
di r e c t access scratch f i l e s ISR01 and ISR02, the code using the OSIRIS options may 
be deleted from the program and a comparable feature w i l l s t i l l be a v a i l a b l e . For 
example, 

OSIRIS 

OSIRIS data s e t s 
Multivariate Recode 
Global/local f i l t e r 

or missing data 

AID3 

Formatted data sets 
I n t e r n a l Recode 
Subset se l e c t o r 

f i l t e r 

Running the program without OSIRIS w i l l , however, be l e s s e f f i c i e n t . 
The subroutine DIRECT can be replaced with FORTRAN IV DEFINE FILES. This i s 

tedious, s i n c e DIRECT i s used throughout the program, i. e . , during a l l modes, input 
compute, and output. 

Table A4.1 gives a l i s t of a l l the AID3, OSIRIS, and IBM programs c a l l e d by 
each of the AID3 subroutines. Also included are the la b e l l e d common areas used 
by each AID3 subroutine. 

See the OSIRIS S u b r o u t i n e Manual 



Diagram 1 
Overlay Structure to 

MAIN Prograx (1AID3) 1 

ERASE DIBECT 
SUMS QJV7 
WTOTAL DICTIN 
AN0VA1 BYTE 
CO VAN EtRLM 
ISK5ET WRITIM 
COMMON RCHAIO 

cowv I 

VINDEX 
FILT-J 
GCLOSE 
ISHFXLTR] 
AJILTR 
HDVR 
SIEVE 
EDIT 
SETADD 

GEKRBS 
SOURCE 

BCOMP 
B E S T S 

LNIT 
GNAME 

I CHS CAM [ 
IADDK 
CARDIN 

MATCH 

LISTDT 
BUILDT 

| G F I L T | I I L I S T | 

GETDIC GENDIC 
EFACE RADIX 
RCDERR GENDEC 
RIKTER GWIDTH 

GTYPE 
GTLOC 
GBUET 

1 
IHDATA 
RCLIST 

| VALID IHDATA 
RCLIST 
RAN DM* 
CASE 
REXEC 

The underlined program are chose 
of AID3, Che other* are OSIRIS/40 
subprograxu. The IBM routines are 
not ihowa, 

2 
RANCH i s a modified version of Che 
OSIRIS/40 subprogram URDMN. 

Labelled Conmon area. 

This i s the loogeac path. 



Diagram I I 
AID3 Program Structure 

C START 
INITIALIZATION: 

CD D e f i n e I/O and s c r a t c h 
data f i l e s 1 

(2) Read BeCup 
C3) Read d i c t i o n a r y or format 
(4) Generate output d i c t i o n ­

ary ( o p t i o n a l ) 

NO <LEREOR-0?* 

YES 

I IMPUTr 
CD Read, recode, and a t o r e 

i n p u t data f i l e 
(2) I n i t i a l i z e a n a l y s i s paekec 

(data s t o r a g e and i n f o r -
| mation) 
(3) Anova on c o n f i g u r a t i o n 

( w t i o n a l ) 

< lERROR-0? END 

Y E S 

S e t a n a l y s i s s t e p param­
e t e r s 

(1) p r e d i c t o r s 
C2) c o n t r o l parameters 

CMPDTE: 
YES execute l o o k s COMPUTE? head a l g o r i t h m 

NO 

< ^ E ^ ^ 0 ? ^ > 
NO YES 

IERROR-0? 

<T OUTPUT?/ 1 

T NO 

CALL OUTPUT 
(1) generate r e a l d u a l s / o u t p u t YES f i l e ( o p t i o n a l ) OUTPUT? 
(2) p r i n t f i n a l t a b l e s 

NO 

*IERR0R-1, an e r r o r has 
o c c u r r e d 

"-1> n o r a a l t e r m i n a t i o n 



TABLE A4.1 AID3 SUBPROGRAMS REFERENCING TABLE M 

, , • -P-
AID3 OSIRIS FORTRAN LABELLED COMMON 

HAIN(ZAID3 MIT.TNPUT.CHPSET, 
CMPDTE,OUTPUT 

ISRSET* DIOCSf.IBCOMf U\B ELS,DSTORK,OPTION,PREDS.SPLITC,ELI CC.SrMTRY.RANKC 

ERASE — — — — 
SUMS — — — PREDS 
VJTOTAL — • DIRECT* — DSTORE,PREDS 
AN0VA1 OOVAN — IBCOMf DSTORE, OPTION .PREDS, GROUPS, SPLITC, FACTOR 
COVAK — IBCOHf OPTION, FACTOR 
VINDEX — — •— VLIST 
ran INP ARM,RECODE, 

PARAMS,GENDIC 
GFILT", ILIST, SETKEK, 
GETDIC* 

IBCOMl LAB ELS, VLIST, DSTORE ,OPTI0N, ELIGC, DEPEND, YREAD, FTLT 

IKPABM ERASE,VINDEI LEFJ*,ISRFtLTR*, 
SETKEY.GNAHE* 

IBCOMf ,FRXPI#, 
FIXPIf.MINO 

LABELS, VLIST, DSTORE, OPTION, PREDS , SPLITC, EL ICC, SYMTRY , RANKC,DEPEND, 
Yt£AD,FTLT 

RECODE VINUEI, MATCH — IBCOM# OPTION.RECORD 
MATCH — — — 
PARAMS VINDEJC SETKEY.GNAHE* IBCOMf LABELS,VLIST,DSTORE,OPTION,PREDS,SPLITC,ELIGC.SYMTRY,RANKC,DEPEND, 

TREAD 
GENDIC — GRAMS*,GHIDTfl*,GNDEC", 

RCHAIO*,RADIX*,CNV7*. 
LISTPT.HOVE* 

IBCOMf ,FIXPIf,ALOG10 LABELS, VUST,OPTION .PREDS,DEPEND, YREAD, FTLT 

INPUT ERASEjANOUAl,INDATA, 
VALID 

SETADD* IBCOHf LABELS, VLIST, DSTORE,OPTION,PREDS,GROUPS, SPLITC, SYMTRY, RANKC, 
DEPEND, YREAD,FILT,FACTOR 

INDATA £*ASE, RCLIST DIRECT*,CASE*,GCLOSE* IBCOMf,SQRT LABELS,VLIST,DSTORE,OPTION,PREDS,GROUPS,SPLITC,DEFEND,YREAD 
RCLIST VINDEX.RANDH - ALOG.ALOGIO.ARSIN 

IBCOHf,FRXPI|,SQRT 
VLIST, OPTION, RECORD 

VALID ERASE,SUMS,WTOTAL DIRECT*,SIEVE*,CNV7*. 
RCHAIO* 

IBCOMl VLIST,DSTORE,OPTION,PREDS,GROUPS, SPLITC, DEPEND, YREAD.FILT, FACTOR 

GENRES — DIRECT*,RCHAIO*,CNV7* IBCOMl VLIST,DSTORE,OPTION,PREDS,GROUPS,SPLITC,DEPEND, YREAD 
SOURCE — — — CROUPS,SPLITC,FACTOR 
CUTSET ERASE — IBCOMl VLIST,OPTION,PREDS,SPLITC,ELIGC,SYMTRY, RANKC,DEPEND,FACTOR 
CHPUTE SOURCE .GENRES,FINDL, 

DEflNE ,LAHEAD 
— IBCOMf LABELS, VLIST, DS TORE, OPTION, PREDS, GROUPS, SPLITC, BLICC.SYKTRY. ,RAHK, 

DEFEND, FACTOR', BESTS 
FINDL — — — GROUPS 
DEFINE GENRES,FINDL,SUNDER — IBCOMf VL1ST,DSTORE,OPTION,PREDS,GROUPS|SPLITC,SYMTRY,RANKC,DEPEND,FACTOR, 

BESTS 
SUNDER ERASE,SUMS,HTOTAL DIRECT* IBCOMf VLIST, DSTORE, OPTION, PREDS, GROUPS, SPLITC, RANKC, DEPEND, FACTOR 
LAHEAD ERASE,FINDL,SUNDER, 

SPLIT,BCOMP 
DIRECT* IBCOMf,SQRT.MINO, 

MAXO 
VL 1ST, DS TORE, OPTION, PREDS, GEO UPS, SPLITC, ELIGC,SYHTRX, RANKC, BESTS 

SPLIT ERASE — IBCOMf VLIST, OPTION, PREDS, GBOUPS, SPLITC, ELIGC, DEPEND 
BCOMP — MINO.MAXO PREDS.ELIGC,RANKC.BESTS 
OUTPUT SOURCE,GENRES, 

ANOVA1,TABLES 
DIRECT*,RCHAIO* IBCOMf VLIST,DSTORE.OPTION,CROUPS,SPLITC,DEPEND,YREAD,FACTOR 

TABLES ERASE ,COV AN DIRECT* I BCOKf, SQRT, MINO, AMAXI VLIST,DSTORE,OPTION,PREDS,GROUPS.SPLITC,ELIGC,UEPEND,FACTOR 

* d•noLea a 360 asn™bly laxiguaga routine 



Chart 1 - STORAGE AREA "AUNIT" 

record 

NA Records of Length = NELEM + NV < 307 words 

NV _< 300, the t o t a l number of variables accessed (input +• generated) 

NELEM2 NV0UT 

w k y k 4 v k ( i ) • v k(NV) 

X =• number of observations i n record (E1) 
= weight v a r i a b l e 
= weighted dependent variable (wy') 

= weighted square of the dependent variable (wy" 2) 
- weighted independent variable (wx') 

= weighted square of the independent variable (wx" 2) 
= weighted cross product (wy'x') 

th 

For slopes/regression 
analysts only 

v k ( i ) = value of variable I In k record, 1=1, NV 
(e.g.) for predictors, class to which that predictor belongs i n configuration 

^The f i l e contains 1 record per observation plus 2 f i n a l records containing the missing data 1 and 
missing data 2 codes respectively (NA + 2 records t o t a l ) . 
2 Space for a l l 7 elements must be a l l o t t e d regardless of the analysis type. 



Chart 2 - STORAGE AREA BUNIT 

For each Group L: NRECB + NP + 1 RECORDS (NP = number of predictors) 
Li 

NRECB 
Records of 
Length 224 
Words 

k l k 
224 

* 

k = Record number i n "AUNIT" 
of a observation 
in Group L. 
a = 1,2,..., N,;N = number of cases I n 

L L Group L 
( kN +1 = N A + 1 " E ^ F ) 

N L W L \ YSQL h XS^ Z L Group Totals e.g. YSQ, = £ w y/ 2 

'L era a=l 

NP 
Records 

n l , l "1.1 y l . l x i ; i 1,1 '1,1 • nl,NC w 1,NC 
yl,NC yl,NC X1,NC X

2 

l.NC| 
Z1,NC 

Class t o t a l s for F i r s t Predictor 
(Classes 1,...,NC) 

WNP,1 YNP,1 Y N P a l *NP.I. • Class Totals for 
NP t h Predictor 

^NRECBV = (NT + D/224 

x, x 2 and z elements are generated for slopes or regression analyses only; however, the space 
must be allocated regardless. 
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Appendix V 

Examples of Output 

I t i s d i f f i c u l t to demonstrate a l l the options ava i l a b l e with this program. 
An example of a pre-set tree was given e a r l i e r i n chapter I I . We present here 
three runs, the f i r s t two done as a p a i r . 

The f i r s t run i s an an a l y s i s of house values for a national sample of home­
owners, with extensive recoding, a one-step lookahead, a premium for symmetry, 
and one v a r i a b l e ranked 0 so that i t s s p l i t s are suppressed. 

The second run i s an analysis of the residuals from the f i r s t run, without 
lookahead or symmetry premiums, but with three ranks of predictors. 

The third run deals with the dominance of income i n explaining house value 
by searching for d i f f e r e n t regressions (of house value on income), rather than 
merely d i f f e r e n t mean house values. I t I s , of course, s t i l l dominated by d i f f e r ­
ences i n l e v e l , not slope (income e l a s t i c i t y ) , and the o v e r a l l regression (income 
e f f e c t ) accounts for more of the variance than the subgroup differences i n r e ­
gression. 

The three figures which follow summarize the main r e s u l t s , derivable from 
the three Group Summary Tables I n the output. The data are weighted to o f f s e t 
oversampling among low income f a m i l i e s and minority group members. Comments have 
been added on the computer print-out, but a few o v e r a l l notes may be appropriate 
here. Neither the lookahead nor the symmetry premium made any substantial d i f ­
ference. S p l i t s on groups 2, 4 and 7 of the f i r s t housevalue analysis were a l ­
tered, but subsequent s p l i t s were made i n each case on the predictor that would 
have been used e a r l i e r without the lookahead. Since the symmetry premium only 
operates when i t i s the second of a p a i r that i s being s p l i t and looks only at 
the i d e n t i c a l s p l i t (predictor and subclass d i v i s i o n ) , i t is-understandable that 
i t would require substantial losses i n explanatory power to achieve symmetry. 
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The ranking i n the second run also made l i t t l e difference. Group 5 was 
s p l i t on race, reducing the error variance by l e s s than commuting time would 
have, but a l a t e r s p l i t was made of the white group using commuting time. Since 
commuting time i s highly correlated with more bas i c things l i k e age ( r e t i r e d ) and 
c i t y s i z e and distance from center, i t was purposely kept out of the a n a l y s i s un­
t i l the very end by the ranking. 

The t h i r d — r e g r e s s i o n — r u n s e l e c t s groups with d i f f e r e n t regression ( l e v e l s 
or s lopes), but the print-out also gives the subgroup regressions for each sub­
c l a s s of each predictor for each subgroup developed. Table A5-1 gives examples 
for three predictors. 

These runs took extensive computer time both because of the elaborate re­
code even of data f i l t e r e d out and not used, and because of the lookahead and 
the printing of a l o t of detailed output, and because of'the large sample. 

For further d e t a i l s , see the comments added to the computer print-out which 
follows. 



Figure A5-1 
House Value (1970) by Family and Location Factors* 

A l l F a m i l i e s 
Average House Value 

$20,073 

F a a i l y Incomes Leaa 
Than $10,000 

$14,235 

Family Income* 
$10,000 or mora 

Largest C i t y i n Area 
Less Than 25,000 

$12,037 

L a r g e s t C i t y i n Area 
Has 25,000 or More 

Population 

$15,889 

Incones $16,000-19,999 

$24,272 

Incomes $20,000 or More 

South 

$12,995 $16,927 

Incomes 
Less Than 
$7,500 

2oT 

Incomes of 
$7500-9999 

$19,758 
181 zTH 

L2 13 
Largest 

c i t y l e s s 
than 
500,000 

500.000 

$21,382 $25,701 

9 A 
L e s s Than 15 or More La r g e s t Largest 

15 Mile* From Miles From C i t y i n C i t y i n 
Center Center Area I s Area l a 
of Town of Town Less Than 100,000 

100,000 or More 
$23,206 $25,575 | $30,292 $42,443 

Largest 
C i t y I n 
Area I s 

Thai 
100,000 
$21,751 

Largest 
C i t y I n 
Area I s 

r 100,000 
or More 
$30,998 

L8 19 
Two 
re q u i r e d 
rooms 

$39,399 
188 

3 or more 
rooms 
required 

$43,373 

12 F i n a l Groups Account for 39.8Z of the Variance. North, cen­
t r a l and 

$36,795 

Northwest 
and south 

$49,822 
* 34 
Excludes t r a i l e r s ; a l l house v a l u e s l e s s than $5,000 inc r e a s e d to $5,000; and those over $75,000 reduced to $75,000. 
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Figure A5-2 
R e s i d u a l s of House V a l u e R e l a t e d to F a c t o r s A f f e c t i n g P r i c e or Demand o r I n e r t i a o 

A l l F a m i l i e s 

Average R e s i d u a l = $0 

)t College Graduates 
$-94 

College Graduates 
$+5232 

No High School 
$-2873 

Some High School 
$-50 

Spend Some Time Does not Spend Any Time 
Commuting Commuting 

$+4251 $+9873 
50 

Blacks Not Blacks Have Not Moved Have Moved 
Sinc e 1963 Since 1963 

$-4813 $+227 $+1111 $+6981 

^ 8 ^ 9 ^ ^ ^ - ^ 102 117 

Spend Some Time 
Commuting 

$-502 

No Time 
Commuting 

$+3030 

206 

Spend 1-299 
Hours a Year 
Commuting 

$-1251 

667 

Spend 300 
Or More 
Hours Per 
Year Com­
muting 
$+3772 

109 

8 F i n a l groups account f o r 11.631 of the r e s i d u a l v a r i a n c e or an a d d i t i o n a l 7.OX of the o r i g i n a l v a r i a n c e 
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Figure A5-3 
Regressions of House Value on Income* for Home Owners 

A l l - F a m i l i e s 
20,073-6773 + 1.29 ( 1 0 , 2 9 7 ) 

L a r g e s t C i t y I D Area Leas Than 100,000 People 

16,062-7964 + .96 ( 8 4 3 2 ) 

L a r g e s t C i t y i n Area 100,000 o r More 
24,012-7058 + 1.40 ( 1 2 , 1 2 8 ) 

L e s s Than 15 Miles Proa Center 
of Nearest C i t y 

22,335-7236 + 1.26 ( 1 1 , 9 5 9 ) 

65 or Older 

19,043-7858 + 1.88 
( 5 9 5 1 ) 

18-64 Y e a r s Old 

22,804-5518 + 1.35 
( 1 2 , 8 1 5 ) 

South 
and 

West 

15,319-11,504 + 
.70 ( 5 9 2 5 ) 

Northeast 
o r 

N o r t h c e a t r a l 
21,715-6507 + 

2.55 ( 5 9 6 9 ) 

45-64 
Y e a r s 
Old 

22,057-7715 + 
1.09 ( 1 3 . 0 7 3 ) 

335 

15 or More M i l e s From Center 
o f Nearest C i t y 

28.267-7445 + 1.66 ( 1 2 , 5 5 6 ) 

Not I n N o r t h e a s t 

26,276-9453 + 1.36 
( 1 2 , 3 6 9 ) 

1 S T 

30,809-5733 + 1.96 
( 1 2 , 7 9 5 ) 

97 

18-44 
Y e a r s 
Old 

23,489-2307 + 
1.68 ( 1 2 , 5 7 9 ) 

383 

Average House Value / I n c r e a s e i n Value \ /, 
House - At Zero + I Per D o l l a r I n c r e a s e ] ( j ™ ^ * 
Value Incone \ I n Income / \ 
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132 

Table A5-1 

REGRESSIONS OF HOUSE VALUE ON INCOME FOR SUBCLASSES OF THREE PREDICTORS 
(for a l l home owners) 

Average 
House 
Value 

Marginal 
Increment 
(Slope of 
Regression 
Line on 
Income) 

Average 
Income 

Number 
of 

Cases 

"Required" Number of Rooms 
(fa m i l y / s i z e and structure) 

or more 

$17,620 
21,220 
22,560 
19,990 
19,980 

1.07 
1.46 
1.50 
1.59 
1.38 

$ 7,956 
10,900 
12,390 
11,560 
12,280 

661 
55 7 
486 
225 
159 

Race 

White 
Black 
Other 

20,690 
11,780 
19,870 

1.24 
0.89 
1.25 

10,560 
8,872 
9,594 

1626 
406 
56 

Size of Largest City 
i n Area 

SMSA's 
500,000 or more 
100,000-499,999 
50,000-99,999 

Not SMSA's 
25,000-49,999 
10,000-24,999 
Less than 10,000 

25,830 
21,540 
18,550 

18,460 
15,780 
13,940 

1.46 
1.24 
.93 

.87 
1.08 
.86 

12,630 
11,450 
10,280 

9,486 
8,460 
7,004 

633 
443 
222 

144 
200 
446 
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//H026959 JOB ( , 
// 468362.fi ID3..60,10 I,BAKER,MSOLEVFL=H.11 
// EXEC ISRSYS 
XXOSIRIS PROC L IB=0SIRPGM,LIB1=SRCLIR,LIB2=CPSLIB,LIB3=ISPLI t), 
XX DI='*.FT4 8F001,VOL=REF=*.FT4 8F001•. 
XX DA = '*.FT47F001.VOL =REF = *.FT47F001 '. 
XX P-ISRSYS.SPl-I0O0.SP2=600 
X X G O EXEC P G M = L P 
IEF653I SUBSTITUTION JCL - PGM=ISRSYS 
XXST FPL IP DD flSN-ELlSi HI S P - S H R 
IEF653I SUBSTITUTION JCL - DSN=X46R361Z.01SP'SHR 
xx OD D S N = S L I B I * o i S P = S H R 
IEF653I S U A ST I T U T I I N JCL - DSN=OSI RP&M.f) I SP = SHR 
XX DD 0SN=r.LIR2,DISP=SHR 
IFF653I SUBSTITUTION JCL - OSN-CPSLIfltOlSP'SHR 
XX DO 0 S N - E I I R 3 , D I S P = S H R 
IEF6531 SUBSTITUTION JCL, - 0 S N - I SR L I B , 01 S P = S H R 
XXSYSPUNCH OD SYSOUT=B 
XXSYSPR INT DO SYSOUT=A 
XXSYSOUT OD SYSDUT=A 
XXFT02P001 OD SYSD1IT=R 
XXFT03F001 OD UN IT=SYSOA,SPACE=(TRK,(100,50)), 
XX DCB= IP EtFM=VRSi LRECL = 200,B|.KSI 7.E "2 04 , B UFNO-I t 
XXFT04P001 nD UNlT-SYSDA,SPACE-ITRK,!200,5011, 
XX OCB=[RECFH=VRS,LRECL=200.RlKSlZE=204,PUFNO=1) 
XXPT05F001 no UNlT«SYSOA,SPACEMTRK,<50,*ion . 
XX DCP=(RECFM=VBSt LRECL=200,RLKSIZE=204,BUFN0=11 
XXFT06F001 OD SYSOUT=A 
XXFT07F001 DD UN I T<= SYSO A. SPAC E = ( T P K , ( 5 0 , 5 0 ) 1 , 
XX DCB=!RECFH=VBS,LRECL = 200,BLKSrZF-204teUF'V0=I } 
XXFT08F00L OD UNIT=SYSDA,SPACE-(TRK,IS0,10)1. 
XX OCBMRECFM=FB,LRECl=80,BLKSI ZE=80( 
XXFTA6F001 00 UN IT=SYSOA,SPACE=(TRK,<5,5H . 
XX Dtfi«<RECFM^FR,LRECL=BO,BLKS[ZE=800) 
XXFT47F001 DO UN IT=SYSDA,SPACE=(TRK,f 100,201 I , 
XX i:tB=(RECFM = FR,LRECl = 80,BLKSlZE = 3520) 
XX FT4RF001 OD UNIT-SYSDA,SPACF=|TRK,f100,20)I, 
XX OCB*tRECFM=FB,lRECL=80,BLKS]7E=3520) 
XXFT49F001 DO UN I T-SYSD A, SP AC F- ( TO K , ( 200 ,50 ) 1 , 
XX DCB=IRECF*=rR,'LRECL=80,ftLKSI ZE=352 0 1 
XX FT50F001 DO 0 5N=ISRNEWS.01SP«SHR,LAB EL = ( , , , I N l 
XXFT09F001 00 VOL=REF»*.FT47F001,0SN=*.FT47F00L,01SP = (OLD,OELETE1 
XXISROl OD UN1T-SYS0A,SPACE=(TRK,(CSP1J,.CONTIGl 
IEF653I SUBSTITUTION JCL - UN IT=SYSDA,SPACE=ITRK,(1000),,CONTIG) 
XX I SR 02 DO l)NIT^SYSDA,SPACE*(TP.K,IF.SP2I ..CaNTfGl 
IFF653I SUBSTITUTION JCL - UNIT=5YSDA,SPACE^1TRK,t6301,,CONTIG) 
XX ISP 03 DO UNIT-SYSDA,SPACE=(TRK,I 50),,CONTIG) 
XXISR09 DO UNIT=5YSDA,SPACE=(TRK,t200),,CONTIG) 
XXISRIO 00 UNIT=SY,SOA, SPACE=( T R K , (2001 , , CONTIGl 
XXUCLOAD OD OSN»V.FT07FOO1.VOL=REFFT07FOO1,01SP-1OLO,0ELETE1 
XXSORTMK01 DD 0SN»*.ISR01.01SP-I OLD.DELETE I,VOL=REF=*.ISR01 
XXS0RTHK02 DD DSN=*.ISR02*DlSP*{OLD,DELETEI,VOL-REF=*.ISR02 
XX SOP TWK03 DO DSN'*.ISR09,01SP-I OLD,DFLETE),VOL-REF-*.ISR09 
XXSORTWK04 OD DSN="+. I S R 10. 01 SP= ( O L D, DE LFTE I , VOL=RE F = *. I SR 10 
XXSDRTL I B D D OSN=SYS 1.SORTL1R,01SP=SHR 
"XXSDRT IN DD VDL = REF=* .FT47F001,~DSN=* •FT4 7F 001.0ISP = IOLD,PASS1 
XXSORTOUT D D VOL=REF=*.FT47F001,OSN=*.FT47F001rDISP = I OLD,PASS>, 
XX OCB-[RECFH-Ffl,LR,eCl-aO,BLKSI ZE^BOOl 
y/OICTIN HO 0SN=tufi9aXM|.UNIT=TAPE,V0L^SER-t2afifi|.DISP-0LD,LABEL = l 
X/OICTIN DD DSN=EDI,DISP-(OLD,PASS) , 
IEF653I SUBSTITUTION JCL - OSN=*.FT48F0O1,VOL"REF=*.FT48FO01,DISP=(OLD 

JOB 12 

00000070 
OOOOOOBO 
00000090 
00000100 
00000110 

00000120 

00000130 

00000140 

00000150 

00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
000002*0 
00000250 
00000260 
00000270 
00000280 
00000290 
03000300 
C0000310 
00000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000410 

00000420 

00000430 
00000440 
00000450 
00000460 
00000470 
00OOO4B0 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 

00000550 
PASS 11 

Only the COASU [LineA J beginning with 
a. itdbh (/) ate acXuaLty pn.zpan.zd and 
zam-titute the job coaOiol fAnguagt 1JCL|. 

Name and numbeA oh tht diaXiomViM Ult H 
LO 
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XX DCB-RUFN0=1 OOOC 
//DATA IN DD DSN=ft A890xHg. UN I T-TAP E , VOL=S ER -g?BBl. D1 SP-OIP, L ABEL-2 
X/DATA IN DD DSN=CDA,DISP=(OLD,PASS). OOOC 
IEF653I SUBSTITUTION JCL - DSN=*.FT+7F001,VOL-REF=*.FT47F001,DISP-I OLD,PASS I 
XX DCB-BUFNO=l OOOO 
XXDICTOUT DD V0L=REF-*,FT4RF001.DSN=*.FTABF001tDISP-(OLD,PASS)* OOOC 
XX DCB=BUFN0=1 OOOQ 
XXOATAOUT DO VOL-REF=*,FT47F001,DSN=*.FT47F00I,DISP-1OLD,PASS)t OOOC 
XX DCBiBUFNO=l 0000 
XXFT01F001 DD UN I T = SY SDA , SP ACE= ( TR K , I 50 , 10) ) ,OC B=( RECFH=-F, B LKSI 2E=80 I OOOO 
XXSYSIN DD DSN**,FTO1F001«DISP=(OLD,DELETE),VOLcREF=*.FT01F001 OOOO 
//SYSUDUHP On SYSOUT*4 

//SETUP 
// 

DD 

IEF236I ALLOC. FOR K 0 2 6 9 5 9 GO 
IEF237I 132 ALLOCATED TO STEPLIB 
IEF237I 133 ALLOCATED TO 
IEF237I 132 ALLOCATED TO 
IEF237I 132 ALLOCATED TO 
IFF2 37I" "OBO" ALLOCATED TO S Y S P U N C H " 
IEF237I OEO ALLOCATED TO SYSPRINT 
IEF237I 0E1 ALLOCATED TO SYSOUT 
IEF2 37I 061 ALLOCATED TO FT02F001 
IEF237I 130 ALLOCATED TO FT03F001 
IEF237I 131 ALLOCA TEO TO F T 0 4 F O O I 
IEF237I 132 ALLOCATED TO FT05F001 
IEF237I 0E2 ALLOCATED TO FT.06F001 
!EF237I 130 ALLOCATED TO FTC7F001 
IEF237I 131 ALLOCATED TO F T 0 8 F 0 0 1 
IEF237I 132 ALLOCATED TO F T A A F 0 0 1 
IEF2 37I 130 ALLOCATED TO FT47F001 
IEF237I 131 ALLOCATED TO FTA8F001 
IEF237I 132 ALLOCATED TO FT49F001 
IEF237I 132 ALLOCATED TO F T 5 0 F 0 0 1 
IEF237I 130 ALLOCATED TO F T 0 9 F 0 0 1 
IEF237I 130 ALLOCATED TO ISROl 
IEF237I 131 ALLOCATED TO ISR02 
IEF237I 1.12 ALLOCATED TO ISR03 
IEF237I 130 ALLOCATED TO I SR09 
IEF237I 130 ALL OCA TEO TO ISR10 
IEF237I 130 ALLOCATED Tn UCLOAD 
IEF237I 130 ALLOCATED TO SI3RTWK01 
IEF237I 1 3 1 ALLOCATED TO SnPTWK02 
IEF237I 130 ALLOCATFO TO S 0 R T W K 0 3 
IEF237I 130 ALLOCATED TO S O R T W K 0 4 
IEF237I 1 3 1 ALL DCATEO TO SOB TLIB 
IEF237 I 130 ALLOCATED TO SORTIN 
IEF237I 130 ALLOCATED TO SORTQUT. 
IEF237I 231 ALLOCATED TO DICTIN 
IEF237I 281 ALLOCATED TO DATAIN 
IEF237I 1 3 1 ALLOCATED TO OICTOUT 
IEF237I 130 ALLOCATED TO DATAOUT 
IEF237I 132 ALLOCATED TO F T 0 1 F 0 0 1 
IEFZ37I 132 ALLOCATED TO SYSIN 
T EF237 I 0E3 ALL DCA TEO TO 5YSUDUMP 
IEF237I OAO ALLOCATED TO SETUP 
IEC20«I M 0 2 6 Q 5 9 298R 2 8 1 TR=COO,T 
IEC209I 
IEF285I 
IEF?85I 
IEF265I 

M02695O 2988 
X46B3617. 
VOL 5FR NQS= 
OS IRPGM 

O.FG=000,CL=0O0,N=OQO,S1O-00046 
OOO.TW-OOCFC-̂ OOO iCL=00O,N=O00,SI 0-04660 

KEPT 

Name and numbtn. thz data fritz 



[EF285I VOL SER NOS=> MFT1 . 
(EF285I CPSL1R KEPT 
IFF285I VOL SER N0S= ISR * . 
I EF2B5I ISRL IB KEPT 
I EF285 I VOL SER NOS= ISRA . 
IEF2B5I SYS 73160.T0915L8.RFOOO.M026959.R0000253 DELETED 
IEF285! VOL SER NOS" PJKOOI . 
(EFZ85I SYS 731 ft 0. T09I^ I8.RFO0O.M026 959.POOO0254 DELETED 
T EF2fl5f VOL SER NOS = ISRB . 
IEF285I SYS731AO.TOS15LS.RF00O.MQ26 95Q.R00002 5 5 DELETED 
IEF285I VOL SER NOS= ISR A . 
IEF285I SYS73160.T091518.RFOOO.M026959.R0000256 DELETED 
IEF265I VOL SER NOS= 
IEF285I SYS73160. TO 91 518.RFOOO.M026959.P0000257 DFLETEO 
IEF285 T V O L SER N O S = PJK001. 
IEF2B5I SYS73160.T091518.RFO0O.M026959.fi0000258 DELETED 
IEF285I VOL SER NOS= ISRB . 
IEF285I SYS73160.T091518.RFOOO.M026 959.R0000259 DELETED 
1EF285I VOL SER NOS* ISRA . 
IEF285I SYS73160.TO<;i5ie.RFOOD.M026 95;9.R0000260 DELETED 
IEF285I VOL SER NOS= PJKOOI. 
IEF285I 5YST3160.T091518.RF000.MO26959.R0O0O26I DELETED 
IEF285I VOL S E R NOS- ISRB . 
IF.F2B5I SYS73160.T09 15 18.RF000.MQ2&959.R000026 2 DELETEO 
IEF285I V O L SER NOS= ISRA . 
IEF285I ISRNEWS KEPT 
IEF285I VOL SFR NOS= ISRA . 
IEF283I SYS73160.T0915ie.RFOOO.M026959.R0000260 NOT DELETED 8 
[EF283I VOL SER NOS= PJKOOI 1 . 
IEF285I SYS73160.T0915 IB.RFOQO.HQ26959.R0000263 DELETFO 
IEF285I V O L SER NOS" PJK001. 
IEF285I SYS73160.T091518.RFOOO.M026999.R0000264 DELETEO 
IEF285I VOL SER NOS- ISRB . 
IEF285I SYS73160.T09151R.RFOOO.M026959.R0000265 DELETEO 
1EF2P5I VDL SER NOS= ISRA . 
IEF285I SY573160.T0^l51fi.RF00O.HO26959.R0000266 DELETED 
IEF285I VOL SER WOS= PJKOOI. 
IEF285I SYS73160.T091518.RFO0O.M026959.R0000267 DELETED 
I EF2B5I VOL SER NOS= PJKOOI. 
IEF283I SYS73160.T091518.RFOOO.M026959.R0000257 NOT DELETEO 8 
IEF2B3I VOL SER NDS" PJK001 I . 
IEF283I SYS73160.TO,;i518.RFOOO.M026959.R0000263 NOT DELETED 8 
IEF283I VOL SER NOS" PJK001 1 . 
IEF283"I SYS73160.TO91518.RF00O.M026959.RO00O26A NOT DELETEO 8 
1EF283[ VOL SER NOS* ISRB 1. 
IEF2B3I SYS73160.T091518.RFOOO.H026959.R0000266 NOT DELETEO 8 
IEF283I VOL SER NOS= PJK001 1. 
IEF2B3I SYS73160.T0 91518.RF000.HD26959.R0000267 NOT DELETED 3 
JEF283I V D L sen w)S* P J K O O I I . 
IEF2B51 SYSl.SORTLIB KEPT 
IEF2851 VOL SER NOS" MFT1 . 
IEF285I SYS73160.T091518.RFOOO.N026959.R0000260 PASSED 
IEF2B5I VOL SER NOS= PJKOOI. 
IEF285I SYS73160.T091518.RFO0O.MO26959.ROO00260 PASSED 
IEF285I VOL SER NOS= PJKOOI. 
IEF2B5I DI990XMS KEPT 
IEF285I VOL SER NOS= 2988 . 
IEF285I 0A890XMS KEPT 
IEF285I VOL SER NOS" 2988 . 
IEF285I SYS73160.T0 9151B.RFOOO.M026959.R0000261 PASSEO 
IEF2851 VOL SER NOS= ISRB . 
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I EF2P* I SYS73160. T.09151B.RFaOO.M026«59.P0000260 
1EF2B5I VOL SER NOS= PJKOOI. 
IEF2B R I SYS7316 0.TCHSlB.RFOOO.MO26959.B000026P 
1EF2B?I VOL SFO NOS= ISPA . 
1 EF2P3 I SYS7316C. TiO^ 1 ̂  1 fl.PFOOC. "026^59.R000026B 
IEF2B3I Vfil. SFR N.1S= I SR 6 \. 
I CF?PK I SYS731 AO.TOS151 P.RF000.M026559.R0000270 DE 
I FF2fi'i I VOL SEo N0S = 
ISP01II STFP r,0 EXECUTION TI1E = 2049.72 SFC. 
ISP013I P A D T ! r I ON 2: SIZF= 101, LWM=F0FOOO, HW"-F0FOOO 
I EF2P5 i SYS 73 160. TO<5 15 I e, RFCCO. MO?6959, P 0000260 KE 
l?F?ft5I VOL Ŝ B NOS= PJKOOI. 
I FF2B5I SYS 73160.TO 9151*.RF000.MQ?A 959.R0000260 KE 
IEF2BM VOL SEP NOS= PJKOOI. 
lt'=2R51 SYS73 I A 0. TO " l ^ l f t . P F 000. " 026559^ 0000261 KE 
TFF2R5I vnL SEP NCS= ISRB . 
I F.FZfl S 1 SYS73160.TU915 1 fl.RF000. MO?A959. R0000260 KE 
IF.F29M VOL SFR NOS- PJKOOI. 
1SP012T TOT. *10?A9?)« EXECUTION TTME = ?0<-9.72 5EC. 
ISPQ1AI T[MF nf HAY - 13.59.00, DATE - 71.160 

NOT DELETED 

CORE ALLnCATED= 104, CORL USED= 96 



INSTITUTE FOR SOCIAL RESEARCH MONITOR SYSTEM 02/05/73 
***** FASTER VERSIONS OF TABLES, HOC, AND REGRESSN NOW AVAILABLE BY SPECIFYING 
***** 
***** // EXEC OSIRIS,UB«X485321X,LIB1»0SIRPGH ***** 
***** SAVINGS «ET<F?5~* FOR TABLES ,~ 45*~F0R"MDC AND ZOV FOR REGRESSN 

*****TIME IS 12:37: 0 

*****LISTING OF SET-UP FOLLOWS: 

***** 
***** 
***** 
***** 
***** 

Tkii -Luting oh the. 
70 QJUUU it, pfioduceA 
by the OSIRIS monitor 

CARD 
NO. 

I 
2 
3 
4 
5 
& 
7 
a 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
72 
73 
24 
25 
2b 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3Q 
40 
41 

1 2 3 4 5 6 T 8 
1234567890123456 7890123+56 789012345678901234567890123456 789012345678901234567890 
$RUN AID3 

INCLUDE V1264-1 AND V1109=0-l AND V542=0-l AND V1499-1-9* 
HTR 45, PROJECT 468070,A1D3 
* Thit vaxiahtt Litt give* 
V10i,V542,V603,V10O9,VllO9,V1122,V1146,Vll68,V124O,V1250,V1274,V1276,V1365, \ alt thz VOjiiablU 'to be 
V1370,V1490,V149B,V1499,V1506,V1572,V1609,V1719,V1720,V1264,V14B5* J A-tad oil the input data. 
HOUSE VALUE TRUNCATED TO 5000-75000 BY SQUEEZING EXTREME CASES 607MTR45 MORGAN facte . 
YVAR^H22 WEIG-1609 RECOOE HOOP-NONE TABL-IBSS, ELIG,PREO,MEAN) 
RFSI=(2005,OtR) 

2 IFV1719 
OR 

IFV1240 
ALT 

T 

IFV2003 
OR 

TFV 101 

IFV 101 
ALT 
IF VI168 
IFV1009 
IFV1009 
IFV1370 
IFV1490 
IFV1250 

RFSN=' 
LT 
IN 

HOUSE VALUE RESIDUALS'* 

IN 
EQ 
GT 
NE 
OUT 
OUT 

3000 
3000 
5O0O 
7500 

1O00O 
15000 
20000 

1 

1 

V2001 
4999 
7499 
9999 
14999 
19999 

V2002 

V2002 
V2002 
V1720 
V2003 
V20O3 

GOTO 

HPY 
DIVV1720 

8V2004 
6V2004 
V2004 

9V1168 
V1009 
V1009 
V1370 
2V1490 
3V1250 

GOTO 

1 
2 
3 
4 
5 
6 
7 
1 
4 
Z 
3 

100V1720 
V1719 

1 
2 
3 
4 
5 

Mean* analyiib, weighted depzndtnt vaAZab*., 
fizi-iduati but no output faite., pAint alt 
table*. 

SNGL MAN 
SNGL SMN 

BRACKET 
PERCENT 
CHANGE 
IN 

INCOMF 

HOW 
LONG 

LI VFD 
HERF 

Oieate. a 1~categoJiy 
c&de. inam a. S-digLt 
income iletd. 

Oieat&A one ciaAAifli-
cation (,Jiom two 
othvu,. 

Integui oAtthattic 
AequiAii amZtipZ^ing 
by 100 bejoie divid­
ing and bracketing. 

\ 

TRUNCATE 
NINF. 
CODE S 

Create* one ctsu>6i-
iication l/wm thnze. 
uiing "GOTO" to avoid 
Kezoding a ca&e. twice. 

TiwAcating 
pAeAicton. 
clabiiiicationt. 

CARD 
NO. 

1 2 3 4 5 6 7 8 
123456789012345678901234567B901234S67B90123456789012345678901234567B901234567890 



CARD 
NO. 
42 
43 
64 
45 
46 
47 
4 8 
49 
50 
51 
52 
53 
?4 
55 
56 
57 
S8 
5« 
60 
61 
62 
63 
64 
65 
66 
67 
66 
69 
70 

1 2 3 4 5 6 
1234567890123456789012345678901 23456789012 34 56789012 34 56 78<>0i; 

12 IFV1122 
0RVH2? 
IFV1719 
IFV1276 
IFV1146 
OR 

GE 

VU22 
V1122 
V1719 
VI 276 

99V1146 
149 
199 
299 

PREN='3-YR AVE % I N C * 

75000 
5000 

25000 
5 
1 
2 
3 
4 
5 

75000 
5000 

25000 
5 
1 

100 
150 
200 
300 

E NO 
PREO=200) HAXC=7 
PRED=(L168,1009) HAXC=6* 
PREO=2002 MAXC=3 PREN-»SEX £ MAR STATUS'* 
PRED=1506* 
PREO-1498 MAXC=5* 
PRED-1572 MAXC=4 F* 
PRED=1490 HAXC-3 F RANK=0 ENO* 
L00K-(1,1) REOuM .6, . 1? ( MIN=3 RANK-ALL TRACF-fiEST SYMM=30 
SFCONO STAGE OF B07NTR45 MORGAN 
YVAR-2005 WE1G=1609 TABL•I ELIG•HEAN)* 
PRED-1276 MAXC-5 RANK^2* 
PRED-2004 PR F N= •HOW LONG LIVD HERE 
PRED-1485* 
PREO-1490 F MAXC=3* 
PRED'1250 KAXC-5* 
PREO-2003 PRFN=1X CHANGE IN INCOME 
PRE0M370 HAXC = 1* 
PRFO-1146 MAXC=6 RANK-3 ENO* 
REDU-.6 MIN-3 RANK=UP RANGEM2.2.2 

MAXC=>5 RANK= 2* 

HAXC-5* 

7 R 
345678901234567890 

BRACKET 
ANNUAL 
HOURS 

COMHUTNG 

2 1 ' 

r i n t analybii itrategy ipecifried 
przdicton- whether, maintaitizd 
iubclaii order, and hank. 

l-itep lookahead, iimple. ranking, 50% 
premium j o * iynrneX/uj, print but i p t i t 
in tract, minimum group i i z f l . 

fange rankina with prt&erznce UP, no tookahzad 

A card vsith /* afattr thii indicate* 
thz end oh the. ietup. 



AI03: OSIRIS SEARCHING FOR STRUCTURE - JULY 1973 

THE fI L T IS: 

I M>" L 110 E VI7 M M 4NO VU09=0-1 AND V54?=0-l AND VU99M-9* 

^TD A5i PROJECT 46P070.AID3 

Execution 0 $ -the program beaim ^ 
with a -tii-tuig and interpretation 
o{ the. ittxip. 

THE VflSIARLP LIST IS: 

V101tV547,V601,VlC0°,V1109,V1172,V1146.V116fl,V1240.V1250,VI274,Vl276,V1365, 

VI370,VI4 90.V14QR,VI49a,VI506,VI572,V1609,V1719,V1720,V!264,V14a5* 



VAR. TYPE VARIABLE NAME TLOC 

T 101 0 WHEN MOVED IN -5:36 270 

T 512 0 CHANGE IN FU COMP 15:25 1070 

T 603 0 MOVED SINCE 5PRNG6 B16-3B 1149 

T 100° 0 BKT AGE HFAO 9V1009 1831 

T 1109 0 CHANGE IN FU COMP 21:18 2021 

T 1122 0 HOUSE VALUE 21:38-42 2041 

T 1146 0 HRS HEAD TRVL WK22:30-3? 2103 

T 1 168 0 REQUIRED ROOMS 23:12 2154 

T 1240 0 SEX OF HEAD 26:40 2351 

T 12*0 0 P 'IB TP AN SP GDOO 26 :52 2363 

T 1264 0 OtfN OR RENT? 26:67 2378 

T 1274 0 MOVED SINCE SPRING 26:77 2388 

T 1276 0 MIGHT MOVE 26:79 2390 

T 1365 0 H1RITAL STATUS 29:10 2514 

T 1370 0 EXPECT CHILOPEN ? 29:18 2521 

T 1485 0 EDUCATION OF MEAD 31 :43 26,57 

T 1490 0 RACE 31:48 2662 

T 14CR o DIST TO CNTP SMS* 31: * f i 2672 

T 14ca 0 TYPE OF STRUCTURE 31 :5 S 2673 

T 1506 0 LRGST PLAC/SMSA PSU31:66 2680 

T 1*7? 0 CURRENT REM ON 0V472 2838 

T 1 f,09 0 WE IGHT 0V509 2892 

T 171Q 0 MEAN MONEY INCOME 3179 

T 1720 0 SLOPE MONFY INCOME 31B4 

WIDTH NOOEC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MDC00E1 MDC0DE2 

0000009 

REFNO ID TSEONO 

0000009 

0000009 

0000009 

0000009 

0000009 

0000009 

0000009 

COR 

COR 

COR 

00000 U&ing the input 
vafiiabtt t i b t 

00000 the dictionary faitt 
t&^read^ioii. «t. 

ooooo ducxiption o'i 
tack va/uahtt-. 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

ooooo 

HUUSC VALUE TRUNCATED TO 5000-75000 RY SQUEEZING EXTREME CASES 607MTR45 MORGAN 

YVAF = 1122 WEIT.M609 RECODE MnOP-NHNF TA p L- ( BS S , E LIG , PREO. ME AN) 

°eSI = l2305,0,Rl PF;SN='HOUSE VMUF RESIDUALS'* 

NO LOG TEST REL A OPFPANO P OPERAND PES OP C OPERAND D OPERAND TEXT 
? 1FV1719 LT 3000 0V2001 = 1 0 



0 OB a IN 3000 4 9 9 9 0 2 0 
0 0 5000 7499 0 3 0 
0 0 7*00 9999 0 4 0 
0 0 10000 14°99 0 5 0 
0 0 1 5000 19999 0 6 0 
0 0 GE 2000O 0 0 7 0 
3 IFV1365 EQ 1 OV2002 = 1 0 MAPR I ED 
0 0 0 0 0 GOTO 4 0 
0 IFV1240 EO 1 0V2O02 = 2 0 SNGL MAN 
0 ALT 0 0 0V2002 = 3 0 SNGL SNN 
4 T 0 0 OV1720 H P Y 100V 1720 
0 0 0 0V2003 or vv t 720V 1719 
0 fFV2003 LT -5 OV2003 - 1 0 BRACK ET 
0 OP. 0 IN - 4 4 0 2 0 PERCENT 
0 0 5 9 0 3 0 CHANGE 
0 0 1 0 ] 9 0 4 0 IN 
0 0 GE 20 0 0 5 0 INCOME 
") IFV1274 EO 1 0V2004 - 1 0 
0 0 0 0 0 GOTO 6 0 HOW 
0 IFV 603 EO 1 OV2004 = 2 0 LONG 
0 0 ,0 0 0 GOTO 6 0 LIVED 
0 IFV 101 IN 7 BV2004 • 3 0 HERE 
0 0 0 0 0 GOTO 6 0 
0 IFV 101 IN 4 6V2004 = 4 0 
0 ALT 0 0 0V20O4 • 5 0 
6 IFV116« IN 7 9V1168 6 0 TRUNCATE 
7 IFV1009 EO 1 OV1009 = 2 0 NINE 
n IFVIOO" GT t 0V1O09 = 6 0 CODES 
9 IFV1370 NE 1 0V1370 = 0 0 
10 IFV1490 OUT 1 2V1490 = 3 0 
n IFV1250 niiT 1 3V1250 5 0 
12 IFV1122 GT 75000 0V1122 - 75000 0 

0 OftVM 27 LT 5000 0V1122 = 5000 0 
11 IFVlT 1° GT 2 5000 0V1719 = 25000 0 
14 IFV127A GT 5 0V1276 = 5 0 
15 IFV1146 IN 1 99VU 4 6 1 0 BRACKET 
0 OR 0 100 149 0 2 0 ANNUAL 
0 0 I 50 199 0 3 0 HOURS 
0 0 200 299 0 4 0 COMMUTNG 
0 0 GE 300 0 0 5 0 
0 FNO 0 0 0 0 0 0 

PRFO=2001 MAXC=7 PREN='3-YR AVE t I N C * 

PRFD=I 1 168, 1009) MAXC=6* 

PRFD=2O02 MAXC=3 PREN=«SEX £ MAP STATUS1* 

PRE0M506* 

PRF0=1498 MAXC=5* 

PRED=1572 MAXC=4 F* 

PREO=1490 MAXC»3 F RANK^O END*' 

LDOK=<l,lt REDU=(.6,.12) MIN-3 R ANK=A LL TR AC E=BEST SYMM-30. 

COMPUTE SPECIFIED 

OUTPUT SPECIFIED 



SECOND STAGE DF BO7NTPA5 MORGAN 

YVAR=2005 WEIG=1609 TABL = 1 FU IG, * E AN ) * 

PRFD=1276 MAXC = 5 R A NK= 2* 

PRFD=2004 PREN='HOW LONG LIVO HFRE' HAXC=5 RANK=? * 

PR Fn=1485* 

PRED-1490 F "AXC*3* 

PRFn=]250 MAXC = 5* 

PRFD=200T PRFN='t CHANGE IN INCOME' MAXC=5* 

PPF0=I37C MAXC=1* 

PRF0«U4ft MAXC-6 RANK-3 FNO* 

RF0I.I=.6 MTfl=3 3ANK=HP P.ANr,E = I 2 , 2 , ? , 2 1 * 

COMPUTE s"DFC I F( FO 

OUTPUT SPEC IFIFO 

THF COMP L FT F VARIABLE LIST IS: 

101 542 MP 100<? 11 Oc 112? 1146 1168 1240 1250 1274 

171° 172 0 126 4 14P5 2005 2001 2002 7001 200^ 

Theit variable*, appended to the 
input variable. H i t , are variable* 
generated u*ing the rtitdual and 
resLode, options. 

1276 1365 1370 1490 149B 1499 1506 1572 1609 



HOUST VALUE TRNNCiTCO TO 5 0 0 0 - 7 5 C O O BY SQUEEZING EXTREME CASES 807MTR45 MORGAN 

20P* 'l^sr^VATIONS READ AFTER GLOBAL FILTER 
Y AVFPAfU = 2.C0734?r 
STANHftCC OFVIATIUN = 1.27S252F C4 

IKJ riA R [ F S = -4.lB33p.0F 04 P..3S3600E 04 

?o°.r C A S E S I N C L U D E ^ I N T H E A N A L Y S I S 
0 ' F I L T E R E D < 1 O C A L / S U R S E T SF L F C T O P 1 , 
0 HISSING DATA CASES 
0 O U T L I F R S INCLUDFn 
0 INViLIH PRtDICTOP V A L U E S 

' O P S S A M P L E O B S E R V A T I O N S - W I T H T O T A L S 
W E I G H T S = B . 1 5 7 5 0 0 E 0 4 
D E P E N D E N T V A R I A B L E ( Y ) - 1 . 6 3 7 4 8 9 0 0 9 A V E R A G E = 2 . 0 0 7 3 4 2 E 0 4 
Y-SOMARfn = 4 . 6 1 9 2 3 9 0 13 V A R I A N C E = 1 . 6 3 3 9 3 1 E 0 8 

STAGF 1 OF THE ANALYSIS 
PFST SPLIT RASFD ON MEANS 

1-STEP LOOKAHFAO WITH 1 FORCED SPLITS 

SPl I T T INT, CR I TfiF T A -
MAXIMUM NUMHF1 0^ SPLITS « 2 5 
MINIMUM H OBSERVATIONS IN t G»nilP - 3 
? A G E OF TOTAL SS N SPLITS MUST F XPL A T N - 0.6(N=11, 0.1(N=2)t 
PPEfHIM FnR SYVMFTP.Y = 30.0 
PP1NT CASFS 0UTS10F 5.0 STANDARD DEVIATIONS OF PARENT GROUP MEAN 

fl KANKEO PREDICTORS SPECIFIFO 
PRFDICTOP RANK P 5 FFF D ENCE AT 

SPLIT ATTEMPT RANGE - 0 RANKS UP. 0 RANKS DOWN 
ELIGIBILITY &A\r,E - 0 RANKS UP. 0 RANKS DnKM 

PREDICTOR VARIABLF NUMPFR TYPE MAX CLASS RANK 
1 3-YR AVE t INC V2001 M 7 I 
2 H RFQUIRFn ROOMS 23:1? VII6A M 6 1 
3 3KT AGE HEAD 9V100° VI009 M 6 I 
4 SFX C MA9 STATUS V700? M 3 1 
5 LRGST PLAC/SUSA PSU3l:66 V1506 M 9 1 
6 niST TO CNTR SMSA 31:58 V149R M 5 1 
7 CURRENT REGION 0V47? V1572 F 4 1 
S RACE 31:45 V1490 F 3 0 

WFIGHTED Y VARIABLE U22 HOUSE VALUE 21:38-42 SCALED BY l.OE 00 
PFSIDUAL-HOUSE VALUE RESIDUALS V2005- SCALE FACTOR l.OE 00 

GROUP NO V 0, PREDICTED VALUE V 0- SCALE FACTOR 2.5E 08 

1 CANDICATES - GROUP SS 
1 1.332240E 13 

ATTEMPT SPLIT ON GROUP 1 hiTH SS » l.33?240T 13 

http://-4.lB33p.0F
ftp://FTP.Y


LOOKAHEAD TENTATIVE PARTITION 

SPLIT ATTEHPT ON GROUP 1 WITH N 1 - 2088, SS = i . : 332240E 13 
BEST SPLIT ON PREOICTOR 2001 = 3.102057E 12 AFTER CLASS 4 
BEST SPLIT ON PREOICTOR 116B « 2.726633E 11 AFTER CLASS 2 
BEST SPL IT ON PREDICTOR 1009 = 4.380196E 11 AFTER CLASS 5 
BEST SPL IT ON PREDICTOR 2002 3.8023BBE 11 AFTER CLASS 1 
BEST SPLIT ON PREOICTOR 1506 1.288775E 12 AFTER CLASS 2 
BEST SPLIT ON PREDICTOR 1498 = 6.633711E 11 AFTER CLASS 3 
BEST SPL IT ON PREDICTOR 1572 - 5.695026E 11 AFTER CLASS 3 
BEST SPLIT ON PREDICTOR 1490 = 4.048007E 11 AFTER CLASS 2 

TENTATIVE SPLIT 1. SPLIT GROUP 1 ON PREDICTOR 2001 WITH BSS = 3.102057E 
GROUP 2 WITH 1261 OBSERVATIONS FROM 4 CLASSES = 1 2 3 4 

W» 4.30130E 04 Y- 6.12273D 08 YSO» 1.172600 13 X= 
GPOUP 3 WITH 827 OBSERVATIONS FROM 3 CLASSES - 5 6 7 

W= 3.B5620E 04 Y- 1.025220 09 YSQ = 3.446640 13 X= 

SPLIT ATTEMPT ON GROUP 3 WITH N = 
BEST SPLIT ON PREDICTOR 2001 -
BEST SPLIT ON PREOICTOR 1168 = 
BEST SPLIT ON PREOICTOR L009 -
BEST SPLIT ON PREDICTOR 2002 = 
BEST SPLIT ON PREDICTOR 1506 = 
BEST SPLIT ON PREDICTOR 149B = 
BEST SPLIT ON PREDICTOR 1572 « 

827, S5 a 7.209825E 12 
1 .111591F 12 AFTER CLASS 6 
1.474717E 10 AFTER CLASS 2 
2.999766E 10 AFTER CLASS 3 
3.170B94E 09 AFTER CLASS I 
4.843247E 11 AFTER CLASS 1 
6.205892E 10 AFTER CLASS 1 
3.152271E u AFTER CLASS 4 

1-STEP LOOKAHEAD TO SPLIT GROUP 1, TOTAL BSS = 4. 21364BE 12 
1. S»LIT GROUP 1 ON PffEOICTOR 2001, 8SS = 3.I02057E 12 
2. SPLIT GROUP 3 ON PREDICTOR 2001. BSS = 1.111591F 12 

TENTATIVE SPLIT I . SPLIT GROUP 1 ON PREDICTOR 1168 WITH BSS - 2.726633E 
GROUP 2 WITH 661 OBSERVATIONS FROM 1 CLASSES = 2 

W= 2.91370E 04 Y= 5.13416D 08 YSO= 1.295660 13 X* 
GROUP 3 WITH 1427 OBSERVATIONS FROM 4 CLASSES = 3 4 5 6 

W- 5. 243R0E 04 Y= 1.12407D 09 YSO» 3.323580 13 X=-

SPLIT ATTEMPT ON GROUP 3 WITH N ; 
BFST SPLIT ON PREDICTOR 2001 -
BEST SPLIT ON PREDICTOR llfcB =• 
BFST SPLIT ON PREOICTOR 100° = 
REST SPLIT ON PREDICTOR 20C? = 
BFST SPLIT ON PREDICTOR 1506 = 
REST SPLIT ON PREDICTOR 1498 = 
BFST SPLIT QN PREDICTOR 1572 = 

1427, SS = 9. 139882E 1: 
2.2328BOE 12 AFTER CLASS 5 
2.751463E 10 AFTER CLASS 4 
1 .4R44486 11 AFTER CLASS 5 
1.507097F 11 APT F_R CLASS I 
8.852666F 11 AFTER CLASS 2 
3.93 5432E 11 AFTER CLASS .3 
4.414253E U AFTER CLASS 4 

1-STEP LOOKAHEAD TO SPLIT GROUP 1, TOTAL RSS = 2.505543E 12 
) . SPLIT GROUP 1 ON PREOICTOR 1168. BSS = 2.726633E 11 
2. S»LIT GROUP 3 ON PREDICTOR 2001, BSS = 2.232R80E 12 

TENTATIVE SPLIT 1. SPLIT GROUP 1 ON PREDICTOR 100« WITH BSS = 4.^B0It>6E 
GROUP 2 WITH 1759 OBSERVATIONS FROM 4 CLASSES • 2 3 4 5 

W= 6.60020E 04 Y« 1.39918D 09 YSO* 4.07739D 13 X-
GROUP 3 WITH 329 OBSERVATIONS FRO" 1 CLASSES • 6 

W= 1.55730E 04 Y= 2.3B312D 08 YSQ- 5.41B54D 12 X= 

SPLIT ATTEMPT l?N GROU» 2 WITH N = 
BEST SPLIT ON PREOICTOR 2001 -
BEST SPLIT ON PREOICTOR 1168 -
BEST SPLIT ON PREDICTOR 1C09 = 
PEST SPLIT ON PREDICTOR 2002 = 
BEST SPLIT ON PREOICTOR 1506 = 

1759, SS - 1 .111268E 13 
2.477005E 12 AFTER CLASS 5 
8.32B210E 10 AFTER CLASS 2 
8.709053E 10 AFTER CLASS 4 
1.68325BF 11 AFTER CLASS 1 
9.942010E 11 AFTER CLASS 2 

Group I [the. whole itlectzd data, &eti 
i i marched lor the btit hplit on each 
pre.dintor in turn. 

?artition group I on the &tut 
predictor {V2001) and try lor 
the bv>t tzzond i p l i t on the. child 
vtith the tangent rmaining 
variance. 

The but total SSS lor the two i p l i U , 
the l i n t on VtOOS. 

[ Repeat the. proczii nuking the lite>t 
i p t i t on the second predictor ( i / J / 6 3 ) . 



P EST SPLIT ON PREDICTOR lAfF - 4.563906E 11 AFTER CLASS 3 
BEST SPLIT ON PREOICTOR 1572 = 4:739396E 11 AFTER CLASS 3 

1-STEP LOOK AHEAD TO SPLIT GROUP 1, TOTAL BSS » 2.915025E 12 
1. SPLIT GROUP 1 ON PREDICTOR 1009, BSS - 4.380196E l l 
2. SPLIT GROUP 2 ON PREDICTOR 2001, BSS = 2.477005E 12 

TENTATIVE SPLIT 1. SPLIT GROUP I ON PREOICTOR 2002 WITH BSS = 3.S02388E 11 
GROUP 2 W I T H 1 6 6 0 t l B S E f l V A T I O N S FROM 1 CLASSES = 1 

W- 6.66840F 04 Y- 1.406610 09 YSO= 4.102190 13 X= 
GROUP 3 WITH 42B OBSERVATIONS FROM 2 CLASSES = 2 3 

W= 1.4B910E 04 Y* 2.30879D 08 YSO= 5.17054D 12 X= 

SPLIT ATTEMPT ON GROUP 2 WITH N = 1660, SS = 1.135127E 13 
BEST SPLIT ON PREDICTOR 200] = 2.501147E 12 AFTER CLASS 4 
BEST SPLIT ON PREDICTOR 116B = 1.402407E11 AFTER CLASS 2 
BEST SPLIT ON PREDICTOR 1009 = 2.172649F 11 AFTER CLASS 5 

SEX C MAR STATUS CONSTANT • 
BEST SPLIT ON PREDICTOR 1506 -
BEST SPLIT ON PREDICTOR 1498 = 
PEST SPLIT ON PREDICTOR 1572 = 

NO SPLIT 
1.2J6348F 12 AFTER CLASS 2 
5.137016E 11 AFTER CLASS 3 
5.5BB994E 11 AFTER CLASS 3 

1-STFP LOOK AHFA D TO SPLIT GROUP l i TOTAL BSS - 2.8B13B6E 12 
1. SPLIT GROUP 1 ON PREOICTOR 2002, BSS - 3.802388E 11 
2. SPLIT GROUP 7 ON PR ED[C TOR 2001 , BSS = 2.101147E 12 

TFNTATTVE SPLIT 1. SPLIT GROUP 1 ON PREDICTOR 1506 WITH RSS = 1.288775E 12 
GROUP 2 WITH 1076 OBSERVATIONS FROM 2 CLASSES - 1 2 

W= 4.H590E 04 Y= 9.883150 Ofl YSQ- 3.I5359D 13 X= 
GROUP 3 WITH 1012 OBSERVATIONS FROM 4 CLASSES - 3 4 5 6 

W- 4.04160E 04 Y= 6.49174D 08 YSQ= 1.465650 13 X = 
SPLIT ATTEMPT ON GROUP 2 WITH N = 

BEST SPLIT ON PREDICTOR 200] = 
BEST SPLIT ON PREDICTOR 116fl = 
REST SPLIT ON PREDICTOR 1009 * 
REST SPLIT ON PREOICTOR 2002 = 
BEST SPLIT ON PREDICTOR 1506 = 
BEST SPLIT ON PREOICTOR 1498 = 
REST SPLIT ON PREDICTOR 1572 = 

1076, SS = 7. 804341E i ; 
1.73796QE 12 AFT EP CLASS 5 
1.188162E 11 AFTER CLASS 2 
1 .722349E 11 AFT FR CLASS 4 
3.119723E 11 AFTER CLASS 1 
I.S4 8010E 11 AFTER CLASS 1 
2.937691E 11 AFTER CLASS 2 
2.787367E 11 AFTER CLASS 2 

1-STFP LOOKAHEAD TO SPLIT GROUP 1, TOTAL RSS * 3.026744E 12 
1. SPLIT GROUP 1 ON PREDICTOR 1506, RSS = 1.2R8775E 12 
2. SPLIT GROU" 2 ON PREDICTOR 2001 , BSS * 1 .73796°F 12 

TENTATIVE SPLIT 1. SPLIT GROUP 1 ON PREDICTOR 1498 WITH RSS = 6.633711E 11 
GROUP ? WITH 1304 OBSERVATIONS FROM 3 CLASSES = 1 2 3 

W« 5.Q7440F 04 Y= 1.131400 09 YSQ= 3.39227D 13 X-
GPOUP 3 WITh 784 OBSERVATIONS FROM 2 CLASSES - 4 5 

W= 3.CR310E 04 Y- 5.060R8D QB YSO= 1.22696D 13 X= 

SPLIT ATTEMPT ON GROUP 7 WITH N 
PFST SPLIT ON PREDICTOR 2001 = 
BEST SPLIT ON PREDICTOR 11*8 = 
BEST SPLIT ON PR En IC TOR 1009 -
BEST SPLIT ON PREDICTOR 200? -
BEST SPLIT ON PREDICTOR 1506 = 
R F ST SPLIT ON PRFDICTOR 149fl = 
BEST SPLIT nN PREDICTOR 1572 = 

1304, SS = 8 .1 b96735E 12 
1 .B73763F 12 AFTER CLASS 
1 .296543F 11 AFTER CLASS 2 
2.204862E 11 AFTER CLASS 4 
2.0724P9E 11 AFTER CLASS I 
4.94 0051E 1) AFTER CLASS 1 
2. 342267F 11 AFTER CLASS 1 
3.4B1105E 11 AFTER CLASS 2 

1—1 

•D-



1-STEP LOOK AHEA D TO SPLIT GROUP 1, TOTAL RSS = 2.537134E 12 
1. SPLIT GROUP 1 ON PREOICTOR 1498, BSS = 6.633711E 11 
2. SPLIT GROUP 2 ON PREDICTOR 2001, RSS - 1.873763E 12 

TENTATIVE SPLIT 1. SPLIT GROUP 1 ON PR EDICTOR 1572 WITH RSS = 5.695026E 
GROUP 2 WITH 790 CRSEPVATIONS FROM 1 CLASSES = 3 

W- 2.37430E 04 Y= 3.786930 08 YSQ=- 9.168200 12 X = 
GROU" 3 WITH L298 OBSERVATIONS FROM 3 CLASSES - 2 4 1 

H= 5.78320E 04 Y= 1.258B00 09 YSO= 3.702420 13 X= 

SPLIT ATTEMPT ON GROUP 3 WITH N = 
BEST SPLIT ON PREDICTOR 2001 = 
BEST SPLIT ON PREDICTOR 1168 ̂  
REST SPLIT ON PREOICTOR 1009 = 
REST SPLIT ON PREDICTOR 2002 = 
BEST SPLIT ON PREOICTOR 1506 -
BFST SPLIT ON PREOICTOR 149B = 
BEST SPLIT ON PREDICTOR 1572 » 

1298, SS = 9.624702E 1 
2.012377E 12 AFTER CLASS 4 
2.224659F U AFTER CLASS 2 
3.24890BE 11 AFTER CLASS 5 
3.62 0859E 11 AFTER CLASS 1 
8.785892E 11 AFTER CLASS 2 
3.664312E 11 AFTER CLASS 3 
2.575974E 11 AFTER CLASS 4 

1-STEP LOOKAHEAD TO SPLIT GROUP I . TOTAL BSS * 2.581A79E 12 
1. SPLIT GROUP 1 ON PREDICTOR 1572, BSS - 5.695026F 11 
2. SPLIT GROUP 3 ON PREDICTOR 2001, BSS = 2.012377E 12 

t—' 



* * * * * P A R T I T I O N OF GROUP 1 * * * * * 
FROM E L I G I B L E PRFDICTORS AROUND THE CURRENT RANK 1 , 0 UP AND 0 DOWN 

MAXIMUM E L I G I B L E BSS AT EACH STEP 
1 . S P L I T 1 ON V 2 0 0 1 BSS= 3 . 1 0 2 0 6 E ' 12 
2 . S P L I T 3 ON V2O01 RSS= 1 . 1 U 5 9 E 12 
P E ( ? > - 1 . 5 0 9 E 1C , TO TAL = 4 . 2 1 3 6 5 E 12 

PREOICTOP 2 0 0 1 HAS RANK 1 

MAXIMUM TOTAL BSS (LOOKAHEAD) 
S P L I T 1 ON V 2 0 0 1 BSS -= 3 . 1 0 2 0 6 E 12 
S P L I T 3 ON V 2 0 0 1 BSS « 1 . 1 1 1 5 9 E 12 

T O T A L - 4 . 2 1 3 6 5 E 12 

S P L I T GROUP 1 ON 3-YR AVE S INC V 2 0 0 1 
GROUP 2 W I T H 1 2 6 1 OBSERVATIONS FROM 4 CLASSES = 1 2 3 4 

W= 4 . 3 0 1 3 Q E 04 Y* 6 . 1 2 2 7 3 0 08 YSO- 1 . 1 7 2 6 0 D 13 X= 
GROUP 3 W I T H R27 OBSERVATIONS FROM 3 CLASSES = 5 6 7 

W= 3 . 8 5 6 2 0 R 0 4 Y- 1 . 0 2 5 2 2 0 09 YSQ- 3 . 4 4 6 6 4 D 13 X -

2 CANDIDATES - GROUP SS 
2 3 . 0 1 0 5 1 2 E 12 
3 7 . 2 0 9 8 2 5 E 12 

ATTEMPT S P L I T ON GROUP 3 WITH SS = 7 . 2 0 9 B 2 5 E 12 



LOOKAHEAD TENTATIVE P A R T I T I O N 

S P L I T ATTEMPT ON GROUP 3 WITH N 
BEST S P L I T ON PREDICTOR 2 0 0 1 
BEST S P L I T ON PREOICTOR 1 1 6 8 
REST S P L I T OH PREDICTOR 1 0 0 9 
PEST S P L I T ON PREDICTOR 2 0 0 2 
BFST S P L I T ON PREDICTOR 1 5 0 6 
BEST S P L I T ON PREDICTOR 1 4 9 8 
BEST S P L I T ON PREDICTOR 1 5 7 ? 
BEST S P L I T ON PREDICTDR 1 * 9 0 

T E N T A T I V E S P L I T 1 . S P L I T GROUP 
GROUP 4 WITH 7 0 5 OBSERVATIONS FROM 

W= 3 . 2 5 1 9 0 E 0 4 Y= 7 . 8 9 2 9 . 3 D 0 

8 2 7 , SS = 7 . 2 0 9 8 2 5 E 12 
1 . 1 1 1 5 9 1 E 12 AFTER CLASS 6 
1 . 4 7 4 7 1 7 E 10 AFTER CLASS 2 
2 . 9 9 9 7 6 6 F 10 AFTER CLASS 
3 . 1 7 0 B 9 4 E 0 9 AFTER CLASS 
4 . 8 4 3 2 4 7 E 11 AFTER CLASS 
6 . Z 0 5 8 9 2 E 10 AFTER CLASS 
3 . 1 5 2 2 7 1 E 11 AFTER CLASS 
9 . 5 1 6 0 3 7 E 10 AFTER CLASS 2 

ON PREDICTOR 2 0 0 1 WITH BSS = 1 . 1 1 1 . 5 9 1 E 12 
2 CLASSES = 5 6 
YSO= 2 . 3 2 3 4 7 0 13 X= 

GROUP 5 WITH 1 2 2 OBSERVATIONS FROM 
W- 6 . Q 4 3 0 0 E 0 3 Y= 2 . 3 5 9 2 4 0 08 

1 CLASSES = 7 
YSQ- 1 . 1 2 3 1 7 D 13 

S P L I T ATTEMPT ON GROUP 4 WITH N = 
BEST S P L I T DN PREDICTOR 2 0 0 1 = 
PEST S P L I T DN PREDICTOR 116B = 
REST S P L I T ON PREDICTOR 1009 = 
BFST S P L I T ON PREDICTOR 2 0 0 2 • 
REST S P L I T QN PREOICTOR Y5C6 = 
BEST S P L I T ON PREDICTOR 1 4 9 8 = 
BEST S P L I T nN PREDICTOR 1572 3 

7 0 * . SS = 4 . 0 7 7 1 8 2 E 12 
2 . 0 2 8 1 9 B E 1 t AFTER CLASS 5 
1 . 4 9 1 4 9 5 F 10 AFTER CLASS 4 
1 . 4 9 6 5 Z 6 E 10 AFTER CLASS 3 
I . 9 6 2 9 3 4 E 0 ° AFTER CLASS 1 
2 . 6 S 7 8 4 7 E n AFTER CLASS 1 
4 . 5 1 8 1 0 4 E 10 AFTER CLASS 2 
1 . 7 0 9 9 3 4 E u AFTER CLASS 4 

1-STEP LOOKAHEAD TO S P L I T GROUP 3 , TOTAL BSS = 1 . 3 7 7 3 7 6 E 12 
1 . S P L I T GROUP 3 ON PREDICTOR ? 0 0 1 , RSS = 1 . U 1 5 9 1 E 12 
? . S P L I T GROUP 4 ON PREDICTOR 1 5 0 6 . BSS " 2 . 6 5 7 S 4 7 F U 

T E N T A T I V E S P L I T 1 , S P L I T GROUP 3 ON PREDICTOR 1168 WITH RSS => 1 - 4 7 4 7 1 7 E 10 
GROUP 4 WITH 186 OBSERVATIONS FROM 1 CLASSES = 2 

W= 8 . 9 R 3 0 0 E 03 Y- 2 . 2 e 7 4 0 D 08 YSO* 7 . 3 3 2 7 B D 12 X̂ > 
GROUP 5 WITH 6 4 1 OBSERVATIONS FROM 4 CLASSES - 3 4 5 6 

W= 2 . 9 5 7 9 0 E 0 4 Y= 7 . 9 6 4 7 7 D 06 YSO= 2 . 7 1 3 3 6 0 13 X= 

S P L I T ATTEMPT ON GROUP 5 WITH N •-
REST S P L I T ON PREDICTOR 2 0 0 1 = 
BEST S P L I T ON PREDICTOR U 6 f l • 
BEST S P L I T ON PREDICTOR LQQ Q = 
BEST S R L I T DN PREDICTOR 2 0 0 ? = 
REST S"L IT ON PREDICTOR 1 5 0 6 = 
REST S P L I T DM PREDICTOR 149P = 
REST S P L I T ON PREDICTOR 1 5 7 2 * 

6 4 1 , SS = 5 .1 SS6833E 12 
9 . 4 9 1 5 A 2 E 11 AFTER CLASS 6 
1 . « 5 6 2 ? 3 E 10 AFTER CLASS 4 
2 . 9 3 7 6 9 L F 10 AFTER CLASS 3 
9 . 7 3 0 7 8 5 F OB AFTER CLASS 1 
3 . 8 6 9 B 3 3 E 11 AFTER CLASS 1 
5 . 8 3 6 7 9 3 E 10 AFTER CLASS 1 
3 . 0 3 4 9 9 8 E 1 1 AFTER CLASS 4 

1-STEP LOOKAHEAD TD S P L I T GROUP 3 , TOTAL RSS = ° . 6 3 9 0 1 4 E 11 
1 . S P L I T GROUP 3 ON PREDICTOR 1 1 6 8 , RSS = 1 . 4 7 4 7 1 . 7 F 10 
2 . S P L I T GROUP 5 ON PPFDK.TOR 2 0 0 1 , 8SS - 9 . 4 9 1 5 4 2 E 11 

T E N T A T I V E S P L I T 1 . S P L I T GROUP 3 ON PREOICTOR 1009 WITH USS = 2 . 9 Q 9 7 6 6 E 10 
GROUP 4 WITH 4 2 8 OBSERVATIONS FROM 2 CLASSES = 2 3 

W= U 9 5 5 7 0 E 04 Y= 5 . 3 6 9 4 R D 08 YSO= 1 . 8 5 4 7 7 0 13 X = 
GROUP 5 WITH 399 OBSERVATIONS FROM 3 CLASSES = 4 5 6 

W= I . 9 0 0 5 0 E 04 Y= 4 . 8 8 7 6 9 D OP. YSQ= 1 . 5 9 1 8 7 D 13 X = 

S P L I T ATTEMPT ON GROUP 4 WITH H = 
PEST S P L I T ON PREDICTOR 2001 = 
REST S P L I T ON PREDICTOR 116 8 = 
REST S P L I T ON PPFOICTOR 1 0 0 1 = 
BEST S P L I T ON PREDIf .TQR 2 0 0 ? = 
BEST S P L I T QN PREDICTOR 1 5 0 6 = 

4 ? 8 , SS = 3 . 3 0 5 5 5 4 F 12 
8 . 4 S 6 9 7 5 F 11 AFTER CLASS 6 
3 . 4 7 5 0 8 6 F l O AFTER CLASS 5 
3 . 2 9 7 3 5 2 F 10 AFTER CLASS 2 
6 . 2 3 9 0 2 7 F 08 AFTER CLASS 2 
4 . 0 2 - > 3 8 4 E U AFTER CLASS I 



REST S P L I T ON PREDICTOR 149B = 2 . 7 2 3 3 6 2 E 10 AFTER. CLASS 1 
REST S P L I T ON PREDICTOR 1 5 7 2 = 3 . 2 5 4 4 4 4 E l l " AFTER CLASS 2 

1-STEP LOOK AHEAD TO S P L I T GROUP 3 . TOTAL BSS = 8 . 7 5 6 9 5 2 E 11 
1 . S P L I T GROUP 3 ON PREDICTOR 1 0 0 9 , BSS - 2 . 9 9 9 7 6 6 E 10 
2 . S P L I T GROUP A ON PREDICTOR 2 0 0 1 , BSS * 8 . 4 5 6 9 7 5 E 11 

T E N T A T I V E S P L I T 1 , S P L I T GROUP 3 ON PREDICTDR 2 0 0 2 WITH BSS = 3 . 1 7 0 8 9 4 E 0 9 
GROUP 4 WITH 7 8 2 OBSERVATIONS FROM 1 CLASSES = 1 

W= 3 . 6 5 5 7 0 E OA Y= 9 . 7 4 3 6 B D OB YSO- 3 . 2 7 6 3 4 0 13 X = 
GROUP 5 WITH 4 5 OBSERVATIONS FROM 2 CLASSES « 2 3 

W= 2.OO5O0E 03 Y= 5 . 0 B 4 R 3 D 0 7 YSO- 1 . 7 0 3 0 5 D 12 X = 

S P L I T ATTEMPT ON GROUP 4 WITH P 
BEST S P L I T ON PREDICTOR 2 0 0 1 
BEST S P L I T DN PREDICTOR 116B 
REST S P L I T ON PRF.D IC TOR 1 0 0 9 

7 8 2 , SS * 6 . 7 9 3 1 5 8 E 12 
1 . 0 3 3 7 U E 12 AFTER CLASS 6 
1 . 7 2 6 3 7 6 E 10 AFTER CLASS 4 
2 . 5 6 8 5 9 2 E 10 AFTER CLASS 3 

SEX f". MAR STATUS CONSTANT 
BEST S P L I T ON PREDICTOR 1 5 0 6 
BEST S P L I T ON PREDICTOR 149B : 
BEST S P L I T DN PREDICTOR 1 5 7 2 = 

- NO S P L I T 
4 . 7 0 6 5 1 2 E 11 AFTER CLASS 1 
4 . 8 6 0 3 5 9 E 10 AFTER CLASS 1 
3 . 1 1 8 7 1 7 E 11 AFTER CLASS 4 

1 -STEP LOOKAHEAD TO S P L I T GROUP 3 t TOTAL BSS = 1 . 0 3 6 8 8 2 E 1 2 ' 
1 . S">LIT GRQUP 3 ON PREDICTOR 2 0 0 2 , BSS = 3 . 1 7 0 8 9 4 E 0 9 
2 . S P L I T GROUP 4 DN PREDICTOR 2 0 0 1 , RSS = 1 . 0 3 3 7 1 1 E 12 

T E N T A T I V E S P L I T 1 . S P L I T GROUP 3 ON PREOICTOR 1506 WITH BSS = 4 . 8 4 3 2 4 7 E 11 
GROUP 4 WITH 3 2 6 OBSERVATIONS FROM 1 CLASSES = 1 

W= 1 . 5 1 1 4 0 E 04 Y= 4 . 6 8 5 4 0 0 0 8 YSQ- 1 . 7 7 0 0 1 0 13 X= 
GROUP 5 WITH 5 0 1 OBSERVATIONS FROM 5 CLASSES = 2 3 4 5 6 

W=r 2 . 3 4 4 8 0 E 0 4 Y= 5 . 5 6 6 7 6 D OB YSQ- 1 . 6 7 6 6 3 D 13 X = 

S P L I T ATTEMPT ON GROUP 5 WITH N -
BEST S P L I T ON PREDICTOR 2 0 0 1 -
BEST S P L I T ON PREDICTOR 1 1 6 8 = 
BEST S P L I T ON PREDICTOR 100« = 
BEST S P L I T ON PREOICTOR 2 0 0 2 -
REST S P L I T ON PREDICTOR 1506 -
BFST S P L I T ON PREDICTOR 1 4 9 8 = 
BEST S P L I T ON PREDICTOR 1 5 7 2 -

5 0 1 , SS = 3 . 5 5 0 3 5 I F 12 
4 . 4 6 2 3 4 1 E 11 AFTER CLASS b 
7 . 5 7 4 9 ) 3 E 09 AFTER CLASS 3 
1 . 4 7 4 4 0 3 E 10 AFTER CLASS 4 
1 . 2 1 2888F. 10 AFTER CLASS z 
4 . 9 9 6 8 B 4 E 10 AFTER CLASS 2 
1 . 2 1 8 1 3 1 E 10 AFTER CLASS 1 
1 . 5 3 9 9 9 5 E 10 AFTER CLASS 4 

1-STEP LOOK AhFA D TO S P L I T GROUP 3 , TOTAL BS5 = 9 . 3 0 5 5 3 B E J l 
1 . S P L I T GROl/P 3 ON PPEDICTOR 1 5 0 6 , BSS = 4 . B 4 3 2 4 7 E 11 
2 . S P L I T GROUP 5 ON PREDICTOR 2 0 0 1 , RSS = 4 . 4 6 2 3 4 1 E 11 

TENTATIVE S P L I T 1 . S P L I T GROUP 3 ON PREOICTOR 1498 WITH BSS - 6 . 2 0 5 B 9 2 E 10 
GROUP 4 WITH 155 OBSERVATIONS FROM 1 CLASSES = 1 

W= 7 . 0 3 5 0 0 E 03 Y= 1 . 6 8 1 3 9 D OB YS0= 4 . 9 1 8 6 5 D 12 X= 
GROUP 5 WITH 6 7 2 OBSFPVATIONS FROM 4 CLASSES -= 2 3 4 5 

W* 3 . 1 5 2 7 0 F 0 4 Y= B . 5 7 0 7 7 D OR YSQ= 2 . 9 5 4 7 8 0 13 X -

S P L I T ATTEMPT nig GROUP 5 WITH N = 
BEST S P L I T ON PREDICTOR 2 0 0 1 = 
REST S P L I T QN PREDICTOR I 1 6 B = 
REST S P L I T ON PREDICTOR IflOO = 
BEST S P L I T ON PREDICTOR 2 0 0 2 = 
REST S P L I T ON PREDICTOR 1 5 0 6 = 
REST S P L I T ON PREDICTOR 1 4 9 6 = 
REST S P L I T DN PREDICTOR 1 5 7 2 = 

6 7 2 , SS • 6 . , 2 4 7 6 8 B F 12 
9 . 6 R 0 7 B 9 6 11 AFTER CLASS 6 
1 . 5 6 5 3 1 4 E 10 AFTER CLASS 2 
2 . 1 I 7 2 B 5 E 10 AFTER CLASS 3 
3 . 5 2 3 2 1 5 E 08 AFTER CLASS 2 
4 . 7 8 0 1 6 4 E 11 AFTER CLASS 1 
7 . 6 7 7 2 5 4 E 10 AFTER CLASS 3 
2 . B 1 3 2 0 4 E 11 AFTER CLASS 4 



1-STFP LOflKAHPAO TO S P L I T GROUP 3 . TOTAL RSS - 1 . 0 3 0 1 3 8 E 12 
1 . S P L I T GROUP ? ON PREDICTOR 1 4 9 B , BSS = 6 . 2 0 5 8 9 2 E 10 
2 . S P L ! 1 " C.OOUP 5 ON PPFOICTOf l 2 0 0 1 , BSS * 9 , 6 8 0 7 8 1 6 11 

TF fJTATIVF S P L M 1 . S P L I T CROUP 1 ON PR EPIC TOR 157? WITH BSS = 3 . 1 5 2 2 T 1 E 11 
GPfllJP 4 WITH 6 3 1 OBSERVATIONS F » 0 M 3 ^ S S E S = 3 2 A 

W= 2 . 8 2 7 7 0 E 04 T= 7 . 0 3 0 2 0 0 08 VSO= 2 . 1 3 4 8 0 D 13 X = 
GROUP 5 WITH 196 OBSERVATIONS FROM 1 CLASSES - 1 

W= 1 . 0 2 8 5 O E 04 V= 3 . 2 2 1 « 6 0 Ofi YSO= 1 . 2 6 1 8 4 D 13 X= 

T ATTEMPT ON GROUP 4 ' W1 TH N = 6 3 1 , SS = 4 . 3 6 9 6 1 4 E 12 
R f S T S P L I T ON P RE n I C TOR 2 0 0 1 = 6 . 0 6 0 6 5 4 F 11 AFTER CLASS 6 
I T S I SPL IT ON PREOICTOR 1 168 =• 6 . 5 2 0 0 4 6 E 0 9 AFTER CLASS 3 
REST SPL IT ON PREOICTOR 1 0 0 9 * 2 . 9 4 5 1 3 5 E 10 AFTER CLASS 2 
T S T S P L I T ON PREDICTnR 2 0 0 2 = 1 .551R<=2E OB AFTER CLASS 2 
RFST S P L I T ON PREDICTOR 1 506 = 1 . 3 2 6 6 2 7 F 1 1 AFTER CLASS 1 
p . r s r SPL IT ON PREOIC TDR 149f t =• 2 . 2 2 2 9 B J E 10 AFTER CLASS 1 
REST SPL IT ON PREDICTOR 1*72 = 1 . 7 2 6 3 7 6 F 10 AFTER CLASS 3 

l - S T ^ P H10KAHFAD TO S P L I T GP-OUP 3 . TOT A L, HSS = 9 , 2 1 2 " 2 5 F . 11 
1 . S P L I T GROUP ? ON PPTOICTOR 1 5 7 2 , BSS = 3 . 1 5 2 2 7 1 E 11 
? . S P L I T GROUP 4 ON PREDICTOR 2 0 0 1 . BSS = 6 . 0 6 0 6 5 4 E 11 



* * * * * P A R T I T I O N OF GROUP 3 * * * * * 
FP.OM E L I G I B L E PREOK.TORS AROUND THE CURRENT RANK 1 , 0 UP AND 0 DOWN 

MAXIMUM E L I G I B L E BSS AT EACH STEP 
1 . S P L I T 3 ON V 2 0 0 1 BSS= 1 . 1 1 1 5 9 E 12 
2. S P L I T 4 ON V 1 5 0 6 BSS= 7 . 6 5 7 8 5 E 11 
P E I 2 ) = I . 5 9 9 F 1 0 , TOTAL = 1 . 3 7 7 3 8 E 12 

PRFOICTHR 2 0 0 1 HAS RANK [ 

MAXIMUM TOTAL BSS (LOOKAHEAD) 
S P L I T 3 DN V 2 0 0 1 BSS - 1 . 1 1 1 5 9 F 12 
S P L I T 4 ON V 1 5 0 6 BSS = 2 . 6 5 7 8 5 E 11 

TOTAL= 1 . 3 7 7 3 8 E 12 

SPL IT G«ni |P 3 ON 3 -Y f t AVE ( INC V 2 0 0 1 
GRni lP 4 WITH 7 0 5 OBSERVATIONS FROM 2 CLASSES " 5 6 

W= 3 . 2 5 1 ° 0 E 04 Y- T . R 9 2 9 3 U OB YSO" 2 . 3 2 3 4 7 D 13 X = 
GROUP 5 WITH 122 OBSERVATIONS FROM I CLASSES - 7 

W= 6 . Q 4 3 0 0 E 03 Y= 2 . 3 5 9 2 4 D OB YSO= 1 . 1 2 3 1 7 D 13 X -

CANDIDATES - GROUP SS 
7 3 . 0 1 0 5 1 2 E 12 
4 4 . 0 7 T I R 2 F 12 
5 2 . 0 2 1 0 6 7 E 12 

ATTEMPT S P L I T ON GROUP 2 K I T H SS = 3 . 0 1 0 5 1 2 F . 12 



LtirtKAHEAD TENTATIVE PARTI T I O N 

S P L I T A T T E M P T QN G R O U P 2 1 W I T H N 1 = 1 2 6 1 , S S - 3 . 1 3 1 0 5 1 2 E 1 2 
B E S T S P L I T O N P R E O I C T O R 2 0 0 1 = I . B B 7 3 4 2 E 1 1 A F T E R C L A S S 3 

S Y M M E T R I C S P L I T I N E L I G I B L E • - R E S U L T A N T G R O U P TOO S M A L L 
B E S T S P L I T O N P R E O I C T O R I I 6 B = I . 0 5 4 4 4 R E 1 0 A F T E R C L A S S 4 
R E S T S P L I T O N P R E D I C T O R 1 0 0 9 2 . 6 2 8 7 6 0 E 0 9 A F T E R C L A S S 5 
B E S T S P L I T O N P R E D I C T O R ? 0 0 2 = 1 . 2 7 9 2 6 3 E 0 9 A F T E R C L A S S 1 
R E S T S P L I T O N P R E D I C T O R 1 5 0 6 - 1 . 5 6 3 9 0 9 E 1 1 A F T E R C L A S S 4 
B E S T S P L I T O N P R E O I C T O R 1 4 9 8 = B . 0 9 3 6 4 4 E 1 0 A F T E R C L A S S 3 
R E S T S P L I T O N P R E D I C T O R 1 5 7 2 - 1 . 3 7 2 6 0 T E 1 1 A F T E R C L A S S 3 
B E S T S P L I T O N P R E D I C T O R 1 4 9 0 3 9 . 6 2 8 6 5 4 E 1 0 A F T E R C L A S S 2 

T E N T A T I V E S P L I T L . S P L I T G R O U P ?. O N P R E D I C T O R 2 0 0 1 W I T H B S S = 1 . B 8 7 3 4 2 E 1 1 

E X T R E M E C A S E S L Y I N G O U T S I D E T H F I N T E R V A L f - 2 . 7 6 1 2 3 1 E 0 4 , 5 . 6 0 8 1 4 B E 0 * I 
WY V U 2 . 2 

3 . 1 8 0 0 O E C 6 6 0 0 0 0 
2 . 8 8 0 0 0 E 0 6 6 0 0 0 0 
3 . 1 B O Q C F 0 6 6 0 0 0 0 
I . B O J O O F 0 6 7 5 0 0 0 

8 9 9 O B S E R V A T I O N S F R O M 3 C L A S S E S = 1 2 3 
7 8 0 E 0 4 Y = 3 . 7 0 2 4 6 D Qfl Y S 0 = 6 . 4 6 8 4 7 D 1 2 X = 
3 6 2 O B S E R V A T I O N S F R O M l C L A S S E S = 4 

1 . 4 0 3 5 0 E 0 4 Y = 2 . 4 2 0 2 6 D 0 8 Y S 0 = 5 . 2 5 7 4 9 D 1 2 X = 

Y W 
6 0 0 0 0 5 3 . 0 
6 0 0 0 0 4 8 . 0 
6 0 0 0 0 5 3 . 0 
7 5 0 0 0 2 4 . 0 
G R O U P 6 W I T H 

W= 2 . ; 
G R O U P 7 W I T H 

S P L I T A T T E M P T U N G R O U P 6 W I T H N * 8 9 9 , S S = 1 . 7 3 7 9 0 8 E 1 2 
B E S T S P L I T O N P R E O I C T O R 2 0 0 1 = 6 . 3 8 6 7 7 2 E 1 0 A F T E R C L A S S 1 
B F S T S P L I T O N P R E D I C T O R 1 1 6 8 = 5 . B 6 9 9 2 8 E 0 9 A F T E R C L A S S 3 
B E S T S P L I T O N O R E D [ C T 0 P 1 0 0 9 = 3 . 2 0 8 6 4 3 E 0 9 A F T E R C L A S S 2 

B E S T S P L I T O N P R E D I C T O R 2 0 0 2 = I . 8 9 8 2 3 7 E 1 0 A F T E R C L A S S 2 
P E S T S P L I T O N P R E D I C T O R 1 5 0 6 = 6 . 0 3 9 7 9 8 E 1 0 A F T E R C L A S S 4 
B E S T S P L I T O N P R E D I C T O R 1 4 9 8 = 4 . 4 1 0 3 1 1 E 1 0 A F T E R C L A S S 3 
B E S T S P L I T O N P R E D I C T O R 1 5 7 2 = 6 . 6 Q 7 4 9 7 E 1 0 A F T E R C L A S S 2 

I - S T E P L O O K A H E A D T O S P L I T G R O U P 2 , T O T A L B S S = 2 . 5 4 B 0 9 2 E 1 1 
1 . S P L I T G R O U P 2 O N P R E D I C T O R 2 0 0 1 , R S S ~ 1 . B 8 7 3 4 2 E 
2 . S P L I T G R O U P 6 O N P R E D I C T O R . 1 5 7 2 , B S S = 6 . 6 0 7 4 9 7 E 

T E N T A T I V E S P L I T 1 . S P L I T G R O U P 2 O N P R E D I C T O R 1 1 6 8 W I T H R S S = 

1 1 
1 0 

1 . 0 5 4 4 4 8 E 1 0 

E X T R E M E C A S E S L Y I N G O U T S I D E T H F I N T E R V A L ( - 2 . 7 6 1 2 3 1 E 0 4 , 5 . 6 0 8 1 4 B E 0 4 1 
Y W WY V 1 1 2 2 

6 0 0 0 0 5 3 . ' 0 3 . 1 8 0 0 0 E 0 6 6 0 0 0 0 
6 0 0 0 0 4 B . 0 2 . 8 8 0 0 0 E 0 6 6 0 0 0 0 
6 0 0 0 0 5 3 . 0 3 . 1 B O 0 C F 0 6 6 0 0 0 0 
7 5 0 0 0 2 4 . 0 1 . 8 0 0 0 0 E 0 6 7 5 0 0 0 
G R O U P 6 W I T H 1 0 2 8 O B S E R V A T I O N S F R O M 3 C L A S S E S = 2 3 4 

W= 3 . 8 5 7 4 0 E 0 4 Y = 5 . 5 5 5 6 4 D 0 8 Y S O = 1 . 0 6 8 1 6 D 1 3 X = 
G R O U P 7 W I T H 2 3 3 O B S E R V A T I O N S F R O M 2 C L A S S E S = 5 6 

4 . 4 3 9 0 0 E 0 3 Y - 5 . 6 7 0 8 1 0 0 7 Y 5 0 = L . 0 4 4 3 2 0 1 2 X= 

S P L I T ATTEMPT DN GROUP t WITH N 
BEST S P L I T ON PREDICTOR 2 0 0 1 = 
BEST S P L I T ON PREDICTOR 1 1 6 3 > 
REST S P L I T ON PREDICTOR 1 0 0 9 * 
BEST S P L I T ON PREDICTOR 2 0 0 2 • 
BEST S P L I T ON P RED I C TDR 1 5 0 6 = 
BEST S P L I T ON PREDICTOR 1 4 9 8 > 
BEST S P L I T ON PREDICTOR 1 5 7 2 ' 

1 0 2 8 , 5 S - 2 . 6 8 0 1 0 0 E 1 2 
1 . 8 5 3 1 9 0 E 1 1 A F T E R C L A S S 3 
3 . 2 4 8 4 R B E 0 9 A F T E R C L A S S 2 
4 . 0 8 1 0 5 8 E 0 9 A F T E R C L A S S 5 
3 . 0 0 2 0 7 3 E 0 9 A F T E R C L A S S 1 
1 . 3 1 B 0 5 0 E I I A F T E R C L A S S 4 
6 . 8 4 8 2 5 0 E 1 0 A F T E R C L A S S 4 
1 . 0 7 0 9 4 2 E 1 1 A F T E R C L A S S 2 



1-STFP LOOKAHEAD TO S P L I T GROUP 2 . TOTAL BSS • 1 . 9 5 8 6 3 5 E 11 
1 . S P L I T GROUP 2 ON PREOICTOR 1 1 6 8 , BSS = 1 . 0 5 4 4 4 8 E 10 
2 . S P L I T GROUP 6 ON PREOICTOR 2 0 0 1 , BSS - 1 . 8 5 3 1 9 0 E l l 

T E N T A T I V E S P L I T I , S P L I T GROUP 2 ON PREDICTOR 1009 WITH BSS * 2 . 6 2 8 7 8 0 E 09 

EXTREME CASES L Y I N G OUTSIDE THE INTERVAL ( - 2 . 7 6 1 2 3 1 E 0 4 , 5 . 6 0 8 1 4 8 E 04 
Y W 

6 0 0 0 0 5 3 . 0 
6 0 0 0 0 4 f l . O 
6 0 0 0 0 5 3 . 0 
7 5 0 0 0 2 4 . 0 
GROUP 6 WITH 

W= 2 . ' 
GPOUP 7 WITH 

WY 
3 . 1 8 0 0 0 E 06 
2 . 8 6 0 0 C E 06 
3 . 1 B 0 0 O F 06 
1 . 8 0 0 0 0 E 06 

V U 2 2 
6 0 0 0 0 
6 0 0 0 0 
6 0 0 0 0 
7 5 0 0 0 

9 6 5 OBSERVATIONS FROM 4 CLASSES - 2 3 ' 
270E 04 Y= 4 . 1 8 1 6 8 D OB YSO- 7 . 9 2 7 9 7 0 12 X= 
2 5 6 OBSERVATIONS FROM 1 CLASSES = 6 

1 . 3 9 8 6 0 E 04 Y= 1 . 9 4 1 0 4 D 0 8 YSO- 3 . 7 9 7 9 9 0 12 X -

S P L I T A T T E M P T O N G R O U P 6 W I T H N ' 
B E S T S P L I T O N P R E D I C T O R 2 0 0 1 = 
B E S T S P L I T O N P R E O I C T O R 1 1 6 8 * 
B E S T S P L I T O N P R E O I C T O R 1 0 0 9 = 
B E S T S P L I T O N P R E O I C T O R 2 0 0 2 = 
B E S T S P L I T O N P R E D I C T O R 1 5 0 6 = 
B E S T S " L [ T O N P R E D I C T O R 149 f l -

B E S T S ° L I T ON P R E D I C T O R 1 5 7 ? = 

9 6 5 , SS -» l . 1 9 0 3 7 7 3 E 12 
1 . 0 8 6 2 7 2 F 11 AFTER CLASS 3 
1 . 0 0 4 6 4 1 E 10 AFTFR CLASS 4 
1 . 2 2 7 8 8 2 E 09 AFTER CLASS 2 
7 . 3 4 4 ? ? 6 E 0 9 AFTER CLASS 2 
9 . 2 6 7 1 0 5 E 10 AFTER CLASS 4 
4 . 3 1 3 6 3 2 F 10 AFTER CLASS 4 
9 . 6 5 3 7 1 5 E 10 AFTER CLASS 3 

1-STEP LOOKAHEAD Tfl S P L I T GROUP 2 , TOTAL BSS = 1 . 1 1 2 5 6 0 E 11 
1 . S P L I T GROUP 2 ON PREDICTOR 1 0 0 9 , BSS = 2 . 6 2 B 7 8 0 E 0 9 
2 . S P L I T GROUP 6 ON PREDICTOR 2 0 0 1 , BSS = 1 . 0 8 6 2 7 2 E 11 

T E N T A T I V E S P L I T 1 . S P L I T GROUP 2 ON PREOICTOR 2 0 0 2 WITH BSS = 1 . 2 7 9 2 6 3 E 09 

EXTREME CASES L Y I N G OUTSIDE THE INTERVAL ( - 2 . T 6 1 2 3 1 E 0 4 , 5 . 6 0 8 1 4 R F 0 4 1 
Y W WY V U 2 2 

6 0 0 0 0 5 3 . 0 3 . 1 8 0 0 0 E 06 6 0 0 0 0 
6 0 0 0 0 4 8 . 0 2 . 8 8 0 0 0 E 06 6 0 0 0 0 
6 0 0 0 0 5 3 . 0 3 . 1 R 0 0 0 E 06 6 0 0 0 D 
7 5 0 0 0 2 4 . 0 I.POOOOE 06 7 5 0 0 0 
GROUP 6 WITH 8 7 8 OBSERVATIONS FROM 1 CLASSES = 1 

W= 3 . 0 1 2 7 0 E 04 Y= 4 . 3 2 2 4 2 D 08 YSO* B . 2 5 8 4 7 0 12 X= 
GROUP 7 WITH 3R3 OBSERVATIONS FROM ? C L 4 5 5 E S - 2 3 

W= 1 . 2 B 8 6 0 E 04 Y= 1 . B 0 0 3 0 D OF YSO- 3 . 4 6 7 4 9 D 12 X= 

S P L I T ATTEMPT ON GRniJP 6 WITH N = 8 7 8 , SS - 2 . 0 5 6 9 4 9 E 12 
BEST 5 ° L i r ON PREDICTOR 2 0 0 1 = 1 . 6 5 A 1 1 0 F 11 AFTER CLASS 3 
BEST S P L I T ON PREDICTOR 1 1 6 8 = 1 . 3 2 4 8 7 6 E 10 AFTER CLASS 4 
BEST S P L I T ON PREDICTOR 1009 » 2 . 6 7 4 9 1 7 E 09 AFTER CLASS 3 

SEX f. MAR STATUS CONSTANT - Nn S P L I T 
REST S P L I T ON PREDICTOR 15C6 = 1 . 1 3 B 7 9 S E 11 AFTER CLASS 4 
BEST S P L I T ON PREDICTOR 1 4 9 8 = 6 . 6 6 8 7 3 4 F 10 AFTER CLASS 4 
BEST S P L I T ON PREDICTOR 157? = 1 . 1 7 4 7 3 0 E 11 AFTER CLASS 3 

1-STFP LOOK AHEAD TO S P L I T GROUP 2 . TOTAL BSS •= 1 . 6 6 8 9 0 3 F 11 
1 . S P L I T GROUP 2 ON PREDICTOR 2 0 0 2 , RSS = 1 . 2 7 9 2 6 3 E 0 9 
? . S P L I T GROUP 6 ON PREDICTOR 2 0 0 1 , RSS - 1 . 6 5 6 1 1 0 E 11 

TEWTATIVF S P L I T 1 . S P L I T GROUP 2 ON PREDICTOR 1506 WITH BSS = 1 . 5 6 3 9 0 9 E 11 

EXTREME CASES L Y I N G OUTSIDE THF INTERVAL ( - 2 . 7 6 1 2 3 I E 0 4 , 5 . 6 0 B 1 4 B E 0 4 ) 
Y W WY V 1 1 2 2 



600110 5 " » . 0 3 . 1 8 0 0 0 E C 6 '•OOOO 
f t : 0 0 0 4 B . 3 2 . PflOOOE 0 6 6 0 0 0 0 
^ 0 0 0 0 5"* . 0 3 . 1 9 0 0 0 F 0 6 6 0 0 0 0 
7 5 0 0 0 ? 4 . u 1 . B O O Q C F C 6 7 5 0 0 0 
C R O U P 6 W ( T | - 7 6 0 O B S E R V A T I O N S F R O M i. C L A S S E S = 1 ? 3 

rf= ? . 4 5 ^ 3 0 F 0 4 Y * 3 . 8 9 9 5 8 D 0 8 Y S Q = 7 . 9 8 4 5 B D 1 ? X= 
G R O U P 7 W I T H 5 0 1 Q B S E R V A T I O N S F R O " 2 C L A S S E S = 5 6 

SPL H A T T F H ° T DN GPOU'' 6 WITH N 
FFST S ° L ! T OM PRfcUICTOR 2Q01 
p r S T <;oLIT ON ORF11CT0R 1 1 6 8 
CSST S " L I T ON PREDICTOR 1 0 0 ° 
PFST S " L I T ON PREOICTOR ? 0 0 2 
WEST S P L I T ON PREDICTOR 1506 
RFST S ° L I T OH o f t r n i C T O R 1 4 o p 
RF^T S D L I T ON PRED1CTHR 1 5 7 2 

7 6 0 . SS = 1 . 7 8 8 6 4 3 F 12 
3 . 1 0 ? 3 R 7 E 11 AFTER CLASS 3 
7 . 7 6 4 7 0 5 F Qt AFTER CLASS 5 
3 . 6 4 7 9 9 6 F 09 AFTER CLASS 2 
2 . 0 t ' 9 2 4 9 E 0 9 AFTER CLASS I 
I . 6 7 1 1 t f i E 10 AFTER CLASS 2 
1 . T437R2E 10 AFTFR CLASS 1 
7 . 3 7 3 9 0 1 E 10 AFTER CLAS5 3 

1-ST£P L n r ' K AHF A I) To S D L I T GROUP 2 . T n j A L SSS = 2 . 6 7 2 2 9 6 E 11 
1 . S P I I T GROUP 2 ON PREDICTOR 1 5 0 6 , RSS = 1 . 5 6 3 9 0 9 E 11 
?.. S P L I T GROUP 6 ON PREDICTOR 2 0 0 1 , RSS = 1 . 1 0 8 3 8 7 E 11 

TENT AT IVE S P L I T 1 . S P L I T GROUP 2 ON PREDICTOR L498 WITH RSS * 8 . 0 9 3 6 4 4 E 10 

FXTOFWF CASES L Y I N G OUTSIDE THF INTERVAL ( - 2 . 7 6 1 2 3 1 E 0 4 , 5 . 6 0 6 1 4 8 E 0 4 ) 
Y w WY v n ; ? 

4 0 0 0 0 * 3 . 0 3 . 1 B 0 0 0 F 0 6 6 0 0 0 0 
6 0 0 0 0 4 ^ . 0 2 . PflOOOE C 6 6 0 0 0 0 
6 0 0 ' ) 0 5 3 . 0 3 . I B O O O F C 6 6 0 0 0 0 

7 5 0 0 0 ? 4 . 0 1 . P 0 O 0 0 F 0 6 7 5 0 0 0 
G R H I J P 6 W I T H 6 7 3 O B S E R V A T I O N S F R O " 3 C L A S S E S " 1 2 3 

W= 2 . 1 7 . 7 7 Q E 0 4 Y = 3 . 3 3 7 9 4 0 0 8 Y S Q = 6 . 7 1 6 3 4 0 1 2 X= 
G R O U P 7 W I T H 5 8 8 O B S E R V A T I O N S F R O M 2 C L A S S F S - 4 5 

V= ? . l f . 3 6 0 E 04 Y= 2 . 7 8 4 7 9 D OB YSO= 5 . 0 0 9 0 2 D 12 X = 

S P L I T ATTEMPT ON GROUP 6 WITH N 
BEST S P L I T ON PREDICTOR 2 0 0 1 = 
BEST S P L I T ON PREOICTOR 1 168 = 
REST S P L I T ON PREDICTOR 1 0 0 9 « 
RFST S ° L I T ON PREDICTOR 2 0 0 ? -
REST S P L I T ON PREDICTOR 1 5 0 6 = 
REST S P L I T ON PREDICTOR 1 4 9 8 -
BFST S P L I T ON PREDICTOR 1 5 7 2 -

6 7 3 , SS = 1 . 5 0 4 8 8 2 E 12 
7 . 1 7 1 7 3 6 E 10 AFTER CLASS 3 
2 . 3 P 2 3 6 5 E 09 AFTER CLASS 4 
4 . 6 1 0 5 8 9 E 09 APT ER CLASS 2 
2 . 7 0 7 4 2 3 E 09 AFTER CLASS 2 
7 . 1 7 7 6 0 R E 10 AFTER CLASS 3 
3 . 2 8 2 7 7 7 E 10 AFTER CLASS I 
7 . 0 8 1 2 4 3 E 1 0 AFTER CLASS ? 

1-STFP LOOK 4HEAD TO S P L I T GROUP 2 . TOTAL BSS « 1 . 5 2 7 1 2 5 E 11 
1 . S P L I T GROUP 2 ON PREDICTOR 1 4 9 8 , BSS = 8 . 0 9 3 6 4 4 E 10 
? . S » L I T GROUP fc nN PREDICTOR 1 5 0 6 , BSS • 7 . 1 7 7 6 0 B F 10 

TENTATIVE S P L I T 1 . S P L I T GROUP ? DN PREDICTOR 1572 WITH BSS - 1 . 3 7 2 6 0 7 E 11 

EXTREME CASES L Y I N G OUTSIDE THE INTERVAL I - 2 . 7 6 1 2 3 1 E 0 4 , 5 . 6 0 8 1 4 B E 0 4 ) 
Y W WY V 1 1 2 2 

6 0 0 0 0 53 . 0 3.1SOOOF 06 6 0 0 0 0 
6 0 D 0 0 4 8 . 0 2 .8SO0OE 0 6 6 0 0 0 0 
6 0 0 0 0 5 3 . 0 3 . 1 8 0 0 0 E 06 6 0 0 0 0 
7 5 0 0 0 2 4 . 0 1 . 8 0 0 0 0 E 0 6 7 5 0 0 0 
GROUP 6 WITH 5 9 7 OBSERVATIONS FROM 1 CLASSES = 3 

W= 1 . 5 4 9 5 0 E 04 Y= 1 . 8 3 6 7 7 D 08 Y£Q= 2 . 9 8 4 8 3 0 12 X -
WITH 6 6 4 CBSERVAT1QNS FROM 3 CLASSES = 2 1 4 
W= 2 . 7 5 1 8 0 E 04 Y= 4 . 2 8 5 9 5 D 0 8 YSQ=> 8 . 7 4 1 1 4 D 12 X= 

With the 15.64x10 £fwm the {iMt iptit on 
city iizt and 11. Otx.10'" ixom a iecand iptlt 
on income, the tatat power, ih greater than 
any pair o§ iptttb, thereAort group 2 viitt be 
tplLt on CAty bize ( f J 5 0 6 ) . 



S P L I T ATTP' tPT HN r.RHDD 7 WITH N = 
REST S P L I T ON PREDICTOR 2 0 0 1 * 
BEST S P L I T ON PBFn jCTOR 116B = 
PEST S P L I T ON PREDICTOR 1 0 0 9 " 
RFST S P L I T ON PREOICTOR 2 0 0 2 = 
REST S U I T ON "REOICTOR 1 5 0 6 = 
" E S T S P L I T ON PREDICTOR 149S -
REST S P L I T ON PRHDICTOR 1 9 7 2 -

6 6 4 , SS = 2 . 0 6 5 7 3 6 E 12 
1 . 1 R 6 4 1 1 E 11 AFTER CLASS 3 
2 . 7 1 5 B 1 2 E 0 9 AFTER CLASS 5 
2 . 5 1 7 6 3 1 E 0 9 AFTER CLASS 5 
5 . 7 1 9 9 P 2 F 0 9 AFTER CLASS 1 
9 . 6 0 7 9 9 7 E 10 AFTER CLASS 4 
6 . 1 2 0 B 5 3 F 10 AFTER CLASS 4 
2 . 8 9 1 5 5 3 E 10 AFTER CLASS 2 

1-STEP LOOK AHFA D TO S P L I T GROUP 2 . TOTAL RSS = 2 . 5 5 9 O I 0 E I I 
1 . S P L I T GROUP 2 ON PREOICTOR 1 5 7 2 , RSS - 1 . 3 7 2 6 0 7 E 11 
? . S P L I T GROUP 7 ON PREDICTOR 2 0 0 1 , BSS - 1 . 1 8 6 4 1 IE 11 



# * * * * D A R T 7 T I 0 N OF GROUP ? * * * * * 
F n p u E L I G I B L E PREDICTORS AROUND THE CURRFNT RANK 1 , 0 UP AND 0 DOWN 

MAXIMUM E l I G I n L E ^SS AT F ACM STFP 
1 . S P L I T 2 RN V ? 0 0 1 " 5 S = 1 . B R 7 3 4 T 1 ] 
2.SPLIT i DN V 1 5 7 2 PSS= 6 . 6 0 7 5 0 F 10 
P P f ? > = l . s c c j : i o , T O T A L - 2 . 5 4 P . 0 9 E 11 

PREDICTOR 1 5 0 6 HAS RANK 1 

MAXIMUM TOTAL RSS 1 LOOK AHE AO I 
S P L I T 2 ON V 1 5 0 6 RSS = 1 . 5 6 3 9 1 E 1 
S P L I T 6 ON V 2 0 0 1 RSS = 1 . 1 0 8 3 9 F 1 

TOTAL= 2 . 6 7 2 3 0 P . 11 

SY y MF TRY S n L I T ON V 2 0 0 1 = O.C 
SYMMETRIC / MAX S P L I T = C O PERCENT 

S ° L | 7 GROUP ?_ TIN L^GST P L A C / S ^ S A P S I J 3 ] : h 6 V) 50?, 

EXTREME CASTS LY1VG OUTS t l.'E THE INTERVAL ( - 7 . 7 6 1 2 3 1 E 0 4 , 5 . 6 0 8 1 4 B E OA) 
Y W WY V 1 1 2 ? 

4QO00 5 3 . 0 3 .1RO0OF 06 6 0 0 0 0 
6 0 0 0 0 ' . 3 . 0 2 . O 3 0 0 0 E 06 6 0 0 0 0 
6 0 0 0 0 i 3 . n 3 . I R O 0 0 F 06 6 0 0 0 C 

. 7 5 0 0 0 » 4 . 0 1 .P30DOF C6 7 5 0 D 0 
r.Hni lP 6 WITH 501 GBSFRVAIU1NS FROM ? CLASSES = 5 6 

W * 1 . R 4 7 0 0 F 04 Y= 2 . 2 2 3 1 5 0 OR YSQ» 3 . 7 4 1 3 R D 1 2 X= 
GFPUP 7 WITF 7 6 0 CfiSERVAT!ONv" FROW 4 CLASSES - 1 2 3 4 

W= 2 . 4 5 4 3 0 E C4 Y= 3 . B 9 9 5 7 0 OR YSO= 7 . 0 R 4 5 B D 12 X= 

4 C 4Nn i (i A r E s - GROUP s s 
6 1 . 0 6 5 4 7 7 E 1 2 
'i 4 . D 7 7 1 R 2 E 1 2 
5 2 . D 2 1 0 6 7 E 1 2 

7 1 . 7 B R 6 4 9 E 1 2 

/ i i r F M O j S P l I T ON GROUP 4 WITH SS = 4 . 0 7 7 1 8 2 F 1 2 

Omct -the. KZht oi the. 
Apt-ctting p/wcZbA • 



* * * * * P A R T I T I O N riF G R O U P 2 2 * » * * * 
F R H M F L I G I ^ L t - : P D = D t C r o R S A P D U N D T H E C U R R F N T R A N K 1 , 

v\Xl»l>H FLir.mif; B S S A T TACH S T E P 

G R O U P ?p C O U L D N U T B E . S P L I T 

0 U P A N D 0 D O W N 

M A X I M U M T O T A L B S S ( LOOK. A H E A D 1 

r-NP nF ST^--,f: 1 OF THE A N A L Y S I S . 1 2 F I N A L CROUPS. 1 2 I N E L I G I B L E FDR S P L I T T I N G . 

i/ AR I A T J 9N F X P L A I N F P ( B S S I O l / T S S i = 3 9 . 8 7 

1-WAY ANALYSIS OF VARIANCE ON F I N A L GROUPS 

SOUHC c SUM OF SCUARES DF 

B.ETWFEN 
E R R O R 
TOTAL 

5 . 3 0 7 2 5 4 E 1 2 
R . 0 2 . 5 J * 9 £ 1 2 
1 . 3 3 2 2 4 0 E 1 3 

1 2 . 
8 1 5 2 4 , 

8 1 5 3 6 . 

M E A N S Q U A R E 

4 . 4 2 2 7 H E 1 1 
9 . B 3 1 6 5 8 E 0 7 
1 . 6 3 3 9 3 1 E 0 8 

A iwmajuj ofc the varUanez within [exna\] and 
between the fainal g i o u p i . Note that viitii 
uKAghtxM data, one c a n n o t atz the degrteM o/J 
^Kezdom, on. calculate F-Te&tJ>. 



G«nUP SUMMARY T ABLE 
23 GROUPS 1 F W H I C H 12 ARE F I N A L 

G R O U P i , N = ? j f l a , S U M K = * . I 5 7 « ; O O F 04 
Y MF, A N * 2 . 0 0 7 3 * , 2 F C 4 , V A P I A N C E * 1 . 6 3 3 9 3 1 E OR, 5 S I L 1 / T S S - l . O O O , B S S / T S S - 0 . 2 3 ? 
S P L I T O N 3 - Y R AVE t INC t B S S f L I = 3 . 1 0 2 0 5 7 E 12 INTO 

2 WITH CLASSES 1 2 3 A 
3 WITH CLASSES 5 6 7 

GROUP 3 . N =• R 2 7 , SUM W = 3 . P 1 6 2 0 0 F QA 
Y MEAN= 2 . 6 5 f l 6 1 8 f O A , V A R I A N C E * 1 . 3 7 1 9 3 8 F 0 8 , S S ( L ) / T S S = 0 . 5 4 1 , B S S / T S S = 0 . 0 8 3 
S P L I T O N 3-YR AVE * INC , P . S S ( l ) = 1 . U 1 5 « I F 12 INTO 

4 WITH C L A S S E S 5 6 
5 WITH CLASSES 7 

GROUP 2 , N = 1 2 6 1 , SUM W - 4 . 3 0 1 3 0 0 E 04 
Y M F A N = 1 . 4 2 3 A 5 9 E 0 4 , V A P I A N C F * 7 . 0 0 4 6 5 1 F 0 7 , S S t D / T S S * 0 . 2 2 6 , B S S / T S S = 0 . 0 1 2 
S P L I T O N LRGST PLAC/SKSA P S U 3 1 S 6 6 , RSSCL l = 1 . 5 6 3 9 0 9 E 11 INTO 

6 W I T H CLASSES 5 6 
7 WITH CLASSES 1 2 3 * 

GROUP 4 , N = 7 0 5 , SUM W = 3 - 2 5 I 9 0 0 E 04 
Y M E A N 3 2 . 4 2 7 1 7 3 E 0 4 , V 4 P I A N C E = 1 . 2 5 5 5 7 1 E 0 8 , S S f L l / T S S * 0 . 3 0 6 , B S S / T S S ' 0 . 0 0 3 
S P L I T O N OIST T O CNTR SMSA 3 1 : 5 8 , F S S ( L ) - 4 . 5 1 8 1 0 4 E 10 INTO 

0 WITH CLASSES 1 2 
9 WITH CLASSES 3 4 5 

GROUP 5 , N - 1 2 2 , SUM W = 6 . 0 4 3 O O O E 03 
Y ME A N = 3 . 9 0 4 0 8 6 E 0 4 , V A R I A N C E * 3 . 3 7 2 1 19E 0 8 , S S I L l / T S S - 0 . 1 5 2 , R S S / T S S * 0 . 0 1 4 
S P L I T O N LRGST PL4C/SMSA P S U 3 1 : 6 6 , R S S I L ) = 1 . 7 9 B 7 3 8 E 11 INTO 

10 WITH CLASSES 3 4 S 6 
11 WITH CLASSES 1 2 

GROUP 9 , N = 3 1 2 , SUM W = 1 . 4 6 2 7 0 0 F 04 
Y ME AN = 2 . 5 5 7 5 1 BE 0 4 , V A R I A N C E - 1 . 6 5 1 2 3 3 E 0 8 , S S I L l / T S S * 0 . 1 8 1 , B S S / T S S " 0 . 0 2 3 . 
S P L I T O N LRGST PLAC/SVSA P S U 3 1 : 6 6 , RSS<L1 = 3 . 0 3 2 6 9 2 E 11 INTO 

12 WITH CLASSES 3 * S 6 
13 WITH CLASSES I 2 

GROUP 8 , N = 3 9 3 , SUM W = 1 . 7 8 9 2 OOF 0 4 
Y M E A N = 2 . 3 2 0 6 1 3 E 0 4 , V A R I A N C E * 9 . 1 0 2 7 1 5 F 0 7 , S S I L J / T S S - 0 . 1 2 2 , B S S / T S S = 0 . 0 0 6 
S P L I T O N LRGST PLAC/SMSA P S U 3 1 : 6 6 , P S S I D = B . 1 4 0 3 0 5 E 10 INTO 

14 WITH CLASSES 2 3 5 6 
15 WITH CLASSES 1 

GROUP 7 , N * 7 6 0 , SUM W = 2 . 4 5 4 3 0 0 F 04 
Y MEAN= 1 . 5 B 8 8 7 4 E 0 4 , V A R I A N C E * 7 . 2 9 7 4 4 3 E 0 7 , S S I L l / T S S * 0 . 1 3 4 , B S S / T S S - 0 . 0 0 6 
S P L I T O N CURRENT REGION 0VA72 . B S S I L ) = 7 . 3 7 3 9 0 1 E 10 INTO 

16 WITH CLASSES 3 
17 WITH CLASSES 1 2 4 

GROUP 6 * , N = 5 0 1 , SUM W - 1 . B 4 7 0 0 0 E 04 
Y M E A N = 1 . 2 0 3 6 5 4 E 0 4 , V A R I A N C E - 5 . 7 B 0 2 2 6 E 0 7 , S S I L ) / T S S = 0 . 0 8 0 , B S S / T S S * 0 . 0 

GROUP 11 , N - B 6 , SUM W = 4 . 3 5 1 0 0 0 E 03 
Y MEAN= 4 . 2 4 4 3 1 0 E 0 4 , V A R I A N C E - 3 . 2 9 5 3 3 4 E O B , S S I L l / T S S - 0 . 1 0 6 , B S S / T S S * 0 . 0 0 1 
S P L I T nN * REQUIRED ROOMS 2 3 : 1 2 , B S S I L J - 1 . 2 3 1 4 4 8 E 10 INTO 

18 WITH CLASSES 2 
19 WITH CLASSES 3 4 5 6 

GROUP 1 0 * . N = 3 6 , SUM W « 1 . 6 9 2 0 0 0 E 03 

Thli ih tke main, rtiutt -
the iptit record jj/tom which 
tlie branching, diagram can 
bt made. 



Y MEAN. 3 . 0 2 9 1 9 6 E OA, V A R I A N C E * 2 . 5 7 7 B 9 7 E OR, S S I L l / T S S * 0 , 0 3 2 , B S S / T 5 S * 0 . 0 

GROUP 17 , N * A 6 3 , SUM W = 1 . 
Y MEAN" 1 . 6 9 2 7 1 8 E C 4 , V A R I A N C E " 
S P L I T ON 3-YR AVE t INC 

2 0 WITH CLASSES 1 2 3 
21 WITH CLASSES A 

8 0 6 ] O O F OA 
7 . 6 2 5 1 S 3 E 0 7 , 

, B S S ( L ) - 1 . 
S S I L t / T S S -

0 0 1 7 6 8 E I I 
0 . 1 0 6 , B S S / T S S * 0 . 0 0 8 
INTO 

GROUP 1 6 * , N = 2 9 7 , SUM W = 6 . 
Y MEAN* 1.29Q.S27E OA, VAR IANCF = 

A 8 2 0 0 0 F 03 
4 . 7 1 4 0 3 0 E 0 7 , S S I L l / T S S - 0 . 0 2 3 , B S S / T S S - 0 . 0 

GROUP \ ° , N * 6 5 . SUM H i 3 , 
V HP A N - 4 . 3 3 7 2 B . 6 E CA. V A R I A N C E * 
S P L I T ON CHRRFNT REGION O V - 7 2 

22 WITH CLASSF.S 2 A 
23 WITH CLASSES 3 1 

3 3 3 0 0 0 E 03 
3 . 6 0 B 5 1 5 F 0 8 , 

, fSS< L ) - 1, 
S S I L ) / T S S = 

A 1 3 B B 9 E 11 
0 . 0 8 9 , B S S / T S S - 0 . 0 1 1 
INTO 

GROUP 1 R * , N = 2 1 . SUM W = 1 
Y M=AN= 3 . 9 3 ° 9 0 1 E OA, V A R I A N C E * 

G»0UP 1 ? * . N = I B B . SUM W •= I 
Y *1EAN= ? .17 '= - lA f l t ; OA, VARIAP^CF; 

0 1 8 0 0 0 F 03 
2 . 2 7 5 3 3 8 E 0 8 , 

5 7 8 0 0 0 F 0? 
1 .3R6RR2E OR, 

S S ( L > / T 5 S - 0 . 0 1 7 , B S S / T S S - 0 . 0 

S S I L l / T S S * 0 . 0 8 9 , " B S S / T S S - 0 . 0 

GROUP 1 5 * . N = 1 7 5 , SUM W = 7 , 
Y M E A N = . 2 . 5 7 0 0 R A E OA, V A P I A N C F * 

5 5 6 0 0 0 E 0 3 
1 . 2 A A 5 6 1 E OB S S < L 1 / T S S " 0 . 0 7 0 , B S S / T S S * 0 . 0 

GROUP 1 3 * , N = 1 2 4 , SUM w = 6 
y MEAN* 3 . 0 " o 7 5 2 E OA, V A R I A N C E * 

GP01([> 2 1 * . N = I M , SUM V - 7 . 
Y " F A N - 1 . 9 7 5 1 5 3 1 ; OA, VAP1ANCE = 

GRTtlP 1 4 * , N = ? l f l . SUM k m t 
Y MEAN* 2 .11B2<-0F C 4 , V A R I A N C E * 

r.Rrup z o * . N - m?, S U M W = 1 
Y M E A N - 1 . 4 C f , 7 5 2 E 0 4 , V A R I A N C E * 

GRTIIP M = 3 1 . SUM W = 1 
Y M F A f = 4 . 9 B . M 5 R P OA. VAPJANCF* 

GROUP ? 2 * . N = ? 4 , SUM U = 1 
Y " E A N = 3 . 6 7 1 5 1 5 S CA, V A R M N C F -

0 A 9 0 0 0 E 03 
1 . 5 3 4 7 9 5 F OB, 

3 B 9 0 0 0 E 03 
9 . 6 2 9 2 8 6 E 0 7 , 

0 3 3 6 0 0 F 04 
^ . 9 1 0 3 7 B E 0 7 , 

0 6 7 2 0 0 E OA 
5 . 6 6 6 8 9 0 E 0 7 , 

6 R 3 0 0 0 r 03 
3 . 2 2 0 P 2 R F 0 8 , 

,6*0000r 03 
3 .23612°r OR, 

S S ( L ) / T S S = 0 . 0 6 9 , B S S / T S S = 0 . 0 

0 . 0 5 3 , B S S / T S S * 0 . 0 S S I L l / T S S 

S S ( L I / T S S 

S S I L l / T S S 

SS I L ) / T S S 

S S I L l / T S S 

0 . 0 A 6 , B S S / T S S * 0 . 0 

0 . 0 A 5 , B S S / T S S * 0 . 0 

0 . 0 3 9 , B S S / T S S - 0 . 0 

0 . 0 3 9 , B S S / T S S * 0 . 0 



1 0 0 * B S S / T S S TABLE FOR 1 -STEP LOOK-AHEAD 
23 GROUPS. B PREDICTORS 

< I N D I C A T E S LESS THAN 2 S P L I T S WERE MADE 

GROUP NUMBER ( * I N D I C A T E S THE GROUP IS F I N A L ! 
I 3 2 4 5 9 s 7 6 * 11 1 0 * 17 1 6 * 19 1 6 * 1 2 * 1 5 * 1 3 * 21 * 1 4 * 

2 0 0 1 3 1 . 6 1 0 . 3 l . S ? . ? 7. • 0 1 .1 1 . 2 0 . 3 < * * * * * < * * * * * < 1 . 3 0 . 3 < * 0 . 0 < 0 . 4 < 0 . < > < * * * * * < 0 . 2 < 
116B 1 3 . R 7 . 2 1 . 5 1 . 7 1 . 4 2. 3 O.B 1 . 0 0 . l< 1 . 2 0 , l < 0 . 9 0 . 0 < 1 . 2 * * # » * < 0 . 2 < 0 . 1 < 0 . 2 < 0 . 2< o.b< 
1009 2 1 * . 9 6 . 6 o, e 1 . 6 1 . 6 2 . 2 O.fl O.B 0 . 0 < 0 . 9 0 . 2 < O.B 0 . 0 < 1 . 1 0 . 3 < 0 . 1 < 0 . 0 < 0 . 2 < 0 . 5 < 0 . 1 < 
200 2 2 1 . 6 7 . B L . 3 1 . ° 1 . 4 2 . 2 0 . 7 0 . 7 0 . 0 < 0 . 0 < 0 . 0 < 0 . 7 0 . 0 < 0 . 0 < 0 . 0 < 0 . 0 < 0 . 0 < 0 . 0 < 0 . 0< 0 . 1< 
1 50 6 2 2 . 7 7 . 0 2 . 0 2 . 3 2 . 1 2 . «i 1 . 2 0 . 6 0 . 0 < 1 .0 0 . 3 < 0 . 7 0 . 0 < 0 . 9 n . 3 < 0 . ! < * * * * * < O . K 0 . 1< 0 . 0 < 
14QR 1 9 . 0 7 . 7 1 . 1 2 . 6 1 . o 1 . 4 0 . 5 I . 1 0 . 1 < 0 . 8 0 . 0 < 0 . 9 o.o<: 1 . 0 O . K Q . 0< 0 . 0 < a . 3 < 0 . 2 < o . v< 
1572 \ 9 . < . 6 . 9 1 . ^ ? . . ? 1 . 7 1 . .7 1 . 1 1 . 3 0 . 1 < 1 . 0 0 . 0 < 0 . 9 1 . 4 0 . 1< 0 . 0 < 0 . 6 C 0 . 4 < 0 . 0< 0 . QC 
1 4 9 0 3 . 0 < C. 7C 0 . 7 < 0 . 5 < 0 . 2 < 0 . 0 < 0 . 4 < 0 . 6 < 0 . 3 < 0 . 3 < 0 . 0 < 0 . 2 < 0 . 2 < 0 . 0 < 0 . 0 < 0 . 0 < 0 . 5C O .D< 6 . 1< 0 . 1 < 

GRDUP NUMBER I * I N D I C A T E S THE GROUP IS F I N A L ) 

2 0 0 ! 
1 1 6 8 
1 0 0 9 
2 0 0 2 
1 5 0 6 
1408 
1 5 7 ? 
1 4 9 0 

2 0 * 2 3 * 2 2 * 
0 . ! < • * * * * < * * * * * < 
0 . 0 < 0 . 2 < 0 . ? < 

O . K 0 . 2 < 
o.o<*** * *< 
o.o< o,c< 
0 . 3 < 0 . 3 < 
0 . 0 < O.C< 

0 . 1< 
O . K 
0 . 1< 
O . K 
0 . 2 < 
0 . ! < * * * * * < 0 . C < 

Comparison thin table, with the next one &kom 
where the lookahead reveal* more tHX-tplit power 
In selecting an Inferior predictor far the i i n t 
split -
See group* 2, 4, 7 $or example. 



1 0 0 * R S S / T S S TABLE F 0 » 0 - S T E P LOOK-AHEAD 
23 GROUPS, R PREDICTORS 

GROUP NUMBER t * I N D I C A T E S THE GROUP IS F I N A L I 
5 9 B 7 ft* 11 1 0 * 17 

2 0 0 1 2 3 . 3 8 . 3 1 . 4 1 . 5 * * * * * * 1 . 0 0 . 7 0 . 8 0 . 3 * * * * * * * * * * * * 0 . 8 0 . 3 * * * * * * * * * * * * 0 . 0 0 . 4 0 . 5 * * * * * * 0 . 2 
1 1 6 8 2 . 0 0 . 1 0 . 1 0 . 1 0 . 2 0 . 4 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 0 0 . 3 * * * * * * 0 . 2 0 . 1 0 . 2 0 . 2 0 . 0 
1 0 0 9 3 . 3 0 . 2 0 . 0 0 . 1 1 . 0 0 . 0 D . l 0 . 0 0 . 0 0 . 6 0 . 2 0 . 0 0 . 0 0 . 3 0 . 3 0 . 1 0 . 0 0 . 2 0 . 5 0 . 1 

2 0 0 2 2 . 9 0 . 0 0 . 0 0 . 0 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 
1 506 9 . 7 3 . 6 1 . 2 2 . 0 1 .4 2 . 3 0 . 6 0 . 1 0 . 0 0 . 0 0 . 3 0 . 1 0 . 0 0 . 1 0 . 3 0 . 1 * * * * * * 0 . 1 0 . 1 0 . 0 
1 4 9 8 5 . 0 0 . 5 0 . 6 0 . 3 0 . 6 0 . 5 0 . 1 0 . 1 0 . 1 0 . 4 0 . 0 0 . 1 0 . 0 0 . 5 0 . 1 0 . 0 0 . 0 0 . 3 0 . 2 0 . 1 
1572 4 . 3 2 . 4 1 . 0 1 . 3 1 .2 0 . 7 0 . 5 0 . 6 O . I 0 . 7 0 . 0 0 . 2 * * * * * * 1 . 1 0 . I 0 . 0 0 . 6 0 . 4 0 . 0 0 . 0 
1 4 9 0 3 . 0 0 . 7 a . 7 0 . 5 0 . 2 0 . 0 0 . 4 0 . 6 0 . 3 0 . 3 0 . 0 0 . 2 0 . 2 0 . 0 0 . 0 0 . 0 0 . 5 0 . 0 0 . 1 0 . 1 

PREOICTOR 

2 0 0 1 
1168 
1 0 0 9 
2 0 0 2 
1 5 0 6 
1 4 9 8 
1 5 7 2 
1 4 9 0 

GROUP NUMBFR ( * I N D I C A T E S THE GROUP IS F I N A L ! 



I 0 0 * P . S 5 / T S S TABLE FOR O ' S T E P LOOK-AHEAO 
23 GROUPS, 8 PREOICTORS 

MAXIMUM BSS REGARDLESS DF E L I G I B I L I T Y 

PR FDIT TOR GROUP 1 NUMBER I * I N D I C A T E S THE : GRDUP IS F I N A L 1 
1 3 2 u 5 0 B 7 6 * 11 1 0 * 17 1 6 * 19 U * 1 2 * 1 5 * 1 3 * 2 1 * 1 4 * 

200 1 2 3 . 3 B. 3 1 . 4 1 . 0 0 . 7 O.B 0 . 3 * * ' O . B 0 . 3 * * * * * * * * * * * * 0 . 0 0 . 4 0 . 5 * * * * * * 0 . 2 
11 6R 2 . 0 0 . 1 0 . 1 C. 1 0 . 2 0 . 4 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 0 0 . 3 * * * * * * 0 . 2 0 . 1 0 . 2 0 . 2 0 . 0 
1 0 0 ° 3 . ? 0 . 2 0 . 0 0 . 1 1 . 0 0 . 0 0 . 1 0 . 0 0 . 0 0 . 6 0 . 2 0 . 0 0 . 0 0 . 4 0 . 3 0 . 1 0 . 0 0 . 2 0 . 5 0 . 1 
? 0 0 ? 2 . 9 0 . 0 0 . 0 0 . 0 0 . 2 0 . 0 D.O 0 . 0 0 . 0 0 . 2 0 . 0 0 . 0 0 . 0 0 . 1 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 6 . 1 
1 5 0 6 9 . 7 3 . 6 1 . 2 2 . 0 1 . 4 2 . 3 D.A 0 . 1 0 . 0 O.O 0 . 3 0 . 1 0 . 0 0 . 1 0 . 3 0 . i * * * * * * 0 . 1 0 . 1 0 . 0 
1A9P 5 . 0 0 . 5 Q . 6 0 . 3 0 . 6 0 . 5 0 . 1 0 . 1 0 . 1 0~.4 0 . 0 0 . 1 0 . 0 0 . 5 0 . 1 0 . 0 0 . 0 6 . 3 0 . 2 " 6 . i 
1572 4 . 3 2 . 4 1 . 0 3 . 3 1 . 2 0 . 7 0 . 5 0 . 6 0 . 1 0 . 7 0 . 0 0 . 2 * * * * * * 1 . 1 0 . 1 0 . 0 0 . 6 0 . 4 0 . 0 0 . 0 
] 4 9 0 3 . 0 0 . 7 C . 7 C . 5 0 . 2 0 . 2 0 . 4 0 . 6 0 . 3 0 . 3 0 . 0 0 . 2 0 . 2 0 . 1 0 . 2 0 . 0 0 . 5 0 . 3 0 . 1 0 . 1 

PR FO I <" T 0 B 

7 0 0 1 
I I 6P 
10OO 
2 0 0 2 
1 5 0 6 
14«P 
157? 
1 4 9 0 

GROUP NUMBER ( * I N D I C A T E S THE GROUP I S F I N A L I 
? 0 * 2 3 * 2 2 * 
0 , i * * * * * a * * * * * * 
0 . 0 0 . ? 0 . 2 

0 . 1 0 . 5 
0 . 0 * * * * * * 
0 . 0 0 . 0 
0 . ' 0 . 3 
o.o o.o 

0 . 1 
0 . 1 
0 . 1 
0 . 1 
Q . 2 
0 . l * * * * * * C O 



P R O F I L E OF CLASS MEANS AND SLOPES 

AVE t INC , ETA = 0 . 3 5 1 
GROUP' 

CLASS 1 3 2 4 5 9 8 7 6 * 1 1 
1 N 2 5 6 a 2 5 6 ' 0 0 0 0 1 1 5 1 4 1 0 

YMEAN 1 . 0 5 3 E 04 0 . 0 1 . 0 5 3 F 04 0 . 0 0 . 0 0 . 0 0 . 0 1 . 1 7 4 E 04 9 . 6 6 1 E 03 0 . 0 
2 N 257 0 2 5 7 0 0 0 0 1 4 3 1 1 4 0 

YMEAN 1 . 3 2 3 E 04 C O 1 . 3 2 3 F 04 O.O 0 . 0 0 . 0 0 . 0 1 . 4 7 5 E 04 1 . 1 6 4 E 04 0 . 0 
3 N 3B6 0 3 86 0 0 0 0 2 4 5 1 4 1 0 

YMEAN 1 .40RE 04 0 . 0 1 . 4 0 8 E 04 0 . 0 0 . 0 0 . 0 0 . 0 1 . 5 1 0 E 04 1 . 2 6 5 E 04 0 . 0 
4 N 3 6 2 0 3 62 0 0 0 0 2 5 7 105 0 

YMEAN 1 . 7 2 4 E 0 4 C O 1 . 7 2 4 F 04 0 . 0 u . O 0 . 0 0 . 0 1 . B 5 3 E 04 1 . 4 4 2 E 04 0 . 0 
5 N 4 9 7 4 9 7 0 4 9 7 0 2 3 1 2 6 6 0 0 0 

YMEAN 2 . 2 5 9 E 0 4 2 . 2 5 9 E C4 0 . 0 2 . 2 5 0 E 04 0 . 0 2 . 3 7 2 E 04 2 . 1 5 7 E 04 0 . 0 0 . 0 0 . 0 
6 H 208 208 0 2 0 8 0 81 127 0 0 0 

YMEAN 2 . 7 9 9 E 0 4 , , 2 . 7 9 9 E 04 0 . 0 2.7<>9E 04 0 . 0 3 . 0 4 7 E 04 2 . 6 3 6 E 04 0 . 0 0 . 0 0 . 0 
7 N 1 2 2 122 0 0 122 0 0 0 0 86 

YMF AN 3 . 9 Q 4 E 0 4 3 . 9 0 4 E 04 0 . 0 0 . 0 3 . 9 0 4 E 04 0 . 0 0 . 0 0 . 0 0 . 0 4 . 2 4 4 E 

3-YR AVE * INC , ETA = 0 . 3 5 1 
GROUP 

CLASS 1 0 * 17 1 6 * 19 1 8 * 1 2 * 1 5 * 1 3 * 2 1 * 1 4 * 
1 N 0 54 61 0 0 0 0 0 0 0 

YMEAN 0 . 0 1 . 2 5 6 E 04 9 . 7 1 0 E 03 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
2 N 0 83 6 0 0 0 0 0 0 0 0 

YMEAN 0 . 0 1 . 6 3 6 F 04 9 . 7 2 7 F 0 3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 - 0 
3 N 0 145 1 0 0 0 0 0 0 0 0 0 

YMEAN 0 . 0 1 . 5 0 5 F 04 1 . 5 2 6 E 04 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
4 N 0 181 76 0 D 0 0 0 1R1 0 

YMEAN 0 . 0 1 . 5 7 6 E 04 1 . 4 5 0 E 0 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 . 9 7 6 E 0 4 0 . 0 
5 N 0 0 0 0 0 153 1 1 2 78 0 1 5 4 

YMEAN 0 . 0 0 . • 0 . 0 0 . 0 0 . 0 2 . 1 3 5 E 04 2 . 3 4 6 E 04 2 . 8 2 2 E 04 0 . 0 2 . 0 3 8 E 
6 N 0 0 0 0 0 35 6 3 4 6 0 6 4 

YM FAN 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 2 . 3 4 7 F 04 * 2 . 9 1 0 E 04 3 . 5 2 6 E 04 0 . 0 2 . 3 7 1 E 
7 N 36 0 0 6 5 21 0 0 0 0 0 

YMEAN 3 . 0 2 9 E 04 0 . 0 0 . 0 4 . 3 3 7 E 0 * 3 . 9 4 0 E 04 a . o 0 . 0 0 . 0 0 . 0 0 . 0 

3 -YR . AVE S INC , ETA - 0 . 3 5 1 
GROUP 

CLASS 2 0 * 2 3 * 2 2 * 
? N 54 0 0 

YMEAN 1 . 2 9 6 E 0 4 0 . 0 0 . 0 
2 N 8 3 0 0 

YMEAN 1 . 6 3 6 E 0 4 0 . 0 0 . 0 
3 N 1 4 5 0 0 

YMEAN I . 5 0 5 E 04 0 . 0 "o;o 
7 N 0 31 34 

YMEAN 0 . 0 4 . 9 8 2 E C4 3 . 6 8 0 E 0 4 

B REQUIRED ROOMS 23 =12 , ETA - 0 . 0 2 4 
GROUP " 

CLASS 1 3 2 4 5 9 8 7 6 * 11 
2 N 6 6 1 186 4 75 1 5 5 3 1 7 3 82 2 5 6 21 9 21 

YME AN 1 . 7 6 2E 0 4 2 . 5 4 6 E 04 1 . 4 1 3 E 0 4 2 . 3 4 7 E 04 3 . 5 4 6 E 0 4 2 . 5 4 0 E 04 2 . 1 8 2 E 0 4 1 . 5 6 1 E 0 4 1 . 2 3 6 E 04 3 . 9 4 0 E 
3 N 5 5 7 2 6 2 2 9 5 2 3 2 3 0 1 0 2 1 3 0 1 8 0 115 23 

YMEAN 2 . 1 2 2 E 0 4 2 . 6 7 6 E 04 1 . 4 8 1 E 0 4 2 . 4 5 7 E 0 4 4 . 3 5 2 E 0 4 2 . 5 9 1 E 0 4 2 . 3 5 3 E 0 4 1 . 6 5 5 E 04 1 . 2 3 0 E 0 4 4 . 7 9 3 E 



YMEAN 
N 
YMEAN 
N 

4 8 6 
2 . 2 5 6F. 0 4 

1 . 9 9 9 E 0 4 
1 5 9 

04 

YMEAN I . 99flF. 04 

7 2 8 
2 . 8 0 3 E 

84 
2 . 5 9 0 F 04 

67 
2 . 4 4 2 E 0 4 

2 5 8 
1 . 4 5 6 F 04 

1 4 1 
1 . 3 0 8 E 04 

92 

187 
2 . 5 4 9 E 04 

72 
2 . 3 1 6 E 0 4 

59 

4 1 
3 . 8 4 3 E 04 

12 
3 . 9 R 1 E 0 4 

8 
1 . 2 0 7 E 04 2 . 1 9 7 E 04 3 . 7 8 0 E 04 

It REQUIRED ROOMS 2 3 : 1 2 , ETA = 
GROUP 

N 
YMEAN 
N 
YMEAN 
N 
YMEAN 
N 
YMEAN 
N 
YMEAN 

1 0 * 
10 

2 . 7 0 7 E 0 4 
7 

Z . 7 5 5 E 0 4 
13 

3 . O 6 0 E 0 4 
3 

4 . 1 2 5 E Q4 
3 

3 . 4 3 0 E 0 4 

17 
1 77 

I . 6 71E 0 4 
107 

1 . 7 5 6 E C4 
93 

1 . 7 3 9 E 04 
55 

1 . 6 9 8 F 0 4 
3 1 

1 . 2 5 2 E 04 

1 6 * 
79 

1 . 2 3 6 E 0 4 
73 

1 . 4 0 3 F 04 
72 

1 . 3 2 6 E 04 
4 1 

1 . 1 V 2 E 04 
32 

1 . 3 9 8 E 0 4 

0 . 0 
23 

& . 7 9 3 E 04 
28 

4 . 1 5 6 E 04 
9 

3 . 9 3 7 E 0 4 
5 

4 . 0 0 4 E 04 

0 . 0 2 4 

1 8 * 
21 

3 . 9 4 0 E 0 4 
D 

0 . 0 
0 

0 . 0 
0 

0 . 0 
0 

0 . 0 

< REQUIRED ROOMS 2 3 : 1 2 

N 
YMEAN 
N 
YMEAN 
N 
YMEAN 
N 
YMEAN 
N 
YMEAN 

C4 

0 4 

2 0 * 
139 

1 . 4 9 IE 
59 

1 . 5 1 IE 
4 2 

1 . 5 1 9 6 0 4 
26 

1 . 5 9 8 E 0 4 
16 

1 . 2 3 2 E 04 

2 3 * 
C 

0 . 0 
12 

5 . 1 5 4 E 
12 

5 . C 5 9 F 
4 

5 . 0 1 5 E 
3 

3 . 6 5 1 E 

2 2 * 
0 

0 . 0 
1 1 

4 . 3 2 4 F 
16 

3 . 3 6 6 E 
5 

3 . 0 9 1 E 
2 

4 . 4 9 7 F 

, ETA = 
GROUP 

BKT AGE 

CLASS 1 3 
2 .N 3 7 2 1 5 2 

YMEAN 1 . 9 8 7 E 0 4 2 . 5 7 4 E 04 
3 N 5 3 0 2 7 6 

YMEAN 2 . 3 7 0 E 04 2 . 8 4 4 E 0 4 
4 N 4 7 9 2 4 3 

YMEAN 2 . 1 3 4 E 0 4 2 . 5 L 1 E 04 
5 N 378 123 

YMEAN 1 . 9 0 8 E 0 4 2 . 6 2 5 E 04 
6 N 3 2 9 13 

•YMEAN 1 . 5 3 0 E 0 4 2 . 7 8 6 E C4 

HEAD 9 V 1 0 0 9 , ETA = 0 . 0 4 9 
GROUP 

2 4 5 
2 2 0 140 12 

1 . 4 0 4 E 04 2 . 3 79E 04 4 . 5 5 6 E 0 4 
2 54 2 38 38 

1 . 5 0 2 F 04 2 . 5 6 1 E 0 4 4 . 4 1 5 E 0 4 
2 3 6 2 0 0 4 3 

1 . 4 1 3 E 04 2 . 3 L 5 E 04 3 . 3 8 4 E 0 4 
2 5 5 9 7 2 6 

1 . 4 4 2 E 04 2 . 3 4 7 E 0 4 3 . 6 3 9 E 0 4 
2 9 6 30 3 

1 . 3 8 R E 0 4 2 . 6 4 7 E 04 4 . 2 5 2 E 0 4 

BKT AGE HEAD ° V 1 0 0 9 ETA - 0 . 0 4 9 

CLASS 
2 N 

YMEAN 
3 N 

4 N 

1 0 * 
3 

3 . 1 9 1 E 0 4 
9 

3 . 6 2 8 £ 0 4 
1 3 

17 
84 

1 . 6 0 1 E 
113 

1 . 7 6 1 F 
72 

1 6 * 
6 1 

1 . 2 7 1 E 04 
62 

1 . 3 2 2 E 04 
7 7 

GROUP 
19 

0 
5 . 1 5 4 E 0 4 

25 
4 . 4 8 5 E 0 4 

25 

1 8 * 
1 

3 . 0 0 0 E 0 4 
4 

5 . 6 5 7 E 0 4 
5 

88 9 9 165 93 28 
2 . 7 6 7 E 0 4 2 . 3 5 7 E 04 1 . 6 2 6 E 04 1 . Z 0 3 F 04 4 . 1 5 6 E 04 

34 3 e 96 (.5 9 
2 . 2 3 1 E 04 2 . 4 D 3 F 0 4 1 . 5 7QE 04 9 . 2 7 i E 03 3 . 9 3 7 E 04 

15 4 4 63 29 5 
1 . 8 0 7 E 04 2 . 3 6 7 E 94 1 . 2 9 7 E 04 1 . 0 2 9 E 04 4 . 0 0 4 E 04 

1 2 * 1 5 * 1 3 * ? L * 1 4 * 
51 32 22 38 50 

2 . 3 1 0 E 0 4 2 - 3 0 9 E 0 4 3 . 0 2 4 E 0 4 2 . 2 9 4 E o*. 2 .1OOE 0 4 
65 52 37 4 8 78 

? . 1 3 2 E 0 4 2 . 5 8 5 E 04 3 . 2 8 3 E 04 2 . 0 0 ? E 04 2 . 2 0 O E 04 
4 3 43 45 5 1 56 

2 . 3 4 9 E 04 2.6"56E 04 3 . 1 3 8 E 04 1 . 3 6 4 F 04 2 . 1 1 8 E 0 4 
22 20 12 29 18 

1 . 9 0 1 E 0 4 2 . 7 1 4 E 0 4 2 . 8 8 2 E 04 1 . 7 6 0 E 04 2 . 1 3 2 E 04 
7 28 8 1 5 16 

1 . 4 3 1 E 0 4 2 . 7 0 9 E 0 4 2 . 2 2 9 F 04 1 . 2 6 9 E 04 2 . 0 1 IE 04 

9 8 7 6 * 11 
53 87 1 4 5 75 9 

2 . 6 4 1 E 0 4 2 . 2 0 7 E 0 4 1 . 5 07E 04 1 . 2 3 5 E 04 4 . 9 4 4 E 0 4 
1 1 4 1 2 4 I 75 79 29 

2 . 6 0 9 E 0 4 2 . 5 1 3 E 0 4 1 . 678E 04 1 . 181E 04 4 . 6 3 9 E 04 
8 9 1 1 1 1 4 9 8 7 30 

2 . 4 1 7 E 0 4 2 . 2 3 4 E 0 4 1 . 6 2 1 E 04 1 . 1 2 7 6 04 3 . A 8 9 E 04 
4 1 56 1 4 2 113 ' 17 

2 . 5 8 1 E 0 4 Z . 1 B 3 E 0 4 V . 5 5 9 E 04 1 . 3 0 3 E 04 3 . 9 4 1 E 04 
15 15 1 4 9 147 1 

2 . 6 4 3 E 0 4 2 . 6 5 1 E 0 4 1 . 5 9 0 E 04 1 . 1 6 7 E 0 4 7 . 5 0 0 E 04 

1 2 * 1 5 * 1 3 * 2 1 * 1 4 * 
3 4 35 19 4 9 52 

2 . 2 2 0 E 0 4 2 . 3 8 5 E 04 3 . 3 2 1 E 04 1 . 7 7 2 E 04 2 . 1 0 5 E 04 
6 0 6 4 5 4 5 9 60 

2 . 0 3 7 E 0 4 2 . 7 5 6 E 0 4 3 . 2 3 3 E 04 1 . 9 2 T E 04 2 . 2 8 7 E 04 
55 4 5 34 32 66 



2 . 6 2 5 E OA 1 . 7 5 6 E C4 1 . 3 1 3 E 04 3 . 6 5 4 E 04 3 . 8 6 I E OA 2 . 1 1 7 E 0 4 2 . 5 9 2 E 0 4 2 . 8 5 3 E 04 2 . 0 1 B E 04 1 . 9 9 7 E 04 
5 N" 9 85 5 7 6 1 1 25 25 16 2 9 31 

YMEAN 3 . 0 6 7 E OA 1 .64AE 0 4 1 . 3 5 6 E 04 4 . 8 0 5 E 0 4 3 . 4 2 5 E 0 4 2 . 2 8 5 E 0 4 2 . 3 2 3 F . 04 2 . 9 9 9 E 04 1 . B 6 9 E 04 2 . 0 7 3 E 04 
6 N 2 1 0 9 4 0 1 0 14 6 1 12 9 

YMEAN 2 . 5 0 0 E OA 1 . 7 0 5 E 04 1 . 2 5 8 E 04 7 . 5 0 0 E 04 0 . 0 2 . 6 8 3 E 0 4 2 . 6 8 7 E 04 2 . 1 0 0 E 0 4 3 . 0 4 6 E 04 2 . 6 2 6 F 04 

BKT AGE HEAD 9 V 1 0 0 9 , ETA = 0 . 0 4 9 
GROUP 

CLASS 2 0 * 2 3 * 2 2 * 
2 N 3 5 6 2 

YMEAN 1 . 2 4 3E OA 5 . 3 8 P F OA A . 3 0 0 E 04 
3 N 54 13 12 

YMEAN 1 . 5 4 5 E CA 4 . 7 5 5 E C4 4 . 1 7 0 E 04 
A N AO 9 16 

YMEAN 1 . 4 6 2 E OA 4 . 7 5 9 E C4 2 . 9 4 2 E 04 
5 N 5 6 3 3 

YMEAN 1 . 5 0 0 E 0 4 5 . 7 9 7 F CA 3 . R 3 8 E OA 
6 N 9 7 0 1 

YMEAN 1 . 54 2E 0 4 C O 7 . 5 0 0 E 04 

SEX E MAR STATUS . ETA = 0 . 0 2 9 
GROUP 

CLASS 1 3 ? 4 5 9 8 • 7 6 * 11 
1 N 1 6 6 0 7 8 2 8 7 8 6 6 4 118 2 9 7 367 5 0 1 3 7 7 eA 

YMEAN 2 . 109E 0 4 2 . 6 6 5 E OA 1 . 4 3 5 E 04 2 . 4 3 3 E 04 3 . 8 8 3 E 0 4 2 . 5 6 9 E 04 2 . 3 2 1 E 04 1 . 6 0 9 E 04 1 . 2 1 8 E 04 4 . 2 0 9 E 04 
2 N 82 17 65 14 3 7 7 4 1 2 4 1 

YMEAN 1 . A A 3 E OA 2 . 2 9 6 E C4 1 . 1 7 1 F 0 4 1 . 9 1 6 E 04 4 . 0 3 2 E 0 4 2 . 0 5 2 E 04 1 . 7 5 9 E 04 1 . 1 6 1 6 OA 1 . I B 4 E 04 5 . 5 C 0 E 04 
3 N 3A6 2 8 3 1 8 27 1 8 19 21R 100 1 

YMEAN 1 . 5B0E 0 4 2 . 6 B 6 E C4 1 . 4 5 Q F 04 2 . 5 4 6 E 0 4 6 . 0 0 0 E 04 2 . 5 9 6 E 0 4 7 . 5 2 2 E O A 1 . 6 3 0 E OA 1 . 1 6 2 E 04 6 . 0 0 0 E 04 

SEX F. M A R STATUS t ETA « 0 . 0 2 9 
GROUP 

CLASS 1 0 * 17 1 6 * 19 I P * 1 2 * 1 5 * 1 3 * 2 1 * 1 4 * 
1 N 3A 2 5 6 2 0 5 6A 20 179 167 118 157 2,00 

YMEAN 3 . 0 1 6 E 04 1 . 7 2 7 E 0 4 1 . 3 0 9 E 04 • 4 . 3 1 2 E 04 3.B6^»E 04 2 . 1 9 4 E 0 4 2 . 5 3 3 E OA 3 . 1 0 0 E 04 1 . r>78E 04 2 . 1 19E 04 
2 N 2 23 18 0 1 5 0 2 3 7 

YMEAN 3 . 2 5 8 E 04 1 . 3 0 9 E OA B.2.08E 03 0 . 0 5 . 5 0 0 E 0 4 1 . 5 8 2 E 0 4 0 . 0 3 . 2 6 3 F 0 4 1 . 8 1 4 E 04 1 . 7 5 9 E 04 
3 N 0 1A4 7 4 1 0 4 8 4 2 1 11 

YMEAN 0 . 0 1 . 6 8 6 E 04 1 .A1BF 04 6 . 0 0 0 E 04 0 . 0 2 . 1 0 7 E 04 2 . 1 3 7 E OA 3 . 0 2 6 E 04 ) . 9 8 A E 04 2 . 6 7 7 E 04 

SEX F. MAP STATUS , ETA = 0 . 0 2 9 
GROUP 

CLASS 2 0 * 2 3 * 2 2 * 
1 N 139 30 34 

YMEAN 1 - 4 2 B E 0 4 4 . S 5 1 E CA 3 . 6 8 0 E 04 
2 N ?0 0 0 

YMEA.N 1 . 2 2 3 E 0 4 C O 0 . 0 
3 N 123 1 0 

YMEAN 1 . 6 3 * E 04 6 . C C 0 E 04 0 . 0 

LRGST PLAC/SMSA P S U 3 1 : 6 6 . ETA = 0 . 1 2 3 
GROUP 

CLASS 1 3 2 4 5 o 8 7 6 * 1 I 
1 N 6 3 3 3 2 6 3 0 7 2 6 6 6 0 91 175 3 07 0 6 0 

YME AN 2 . 5 8 3 E C4 3 . 1 0 0 E 04 1 . 6 7 3 E 04 2 . 8 0 0 E 04 4 . 2 7 6 F 04 3 . 1 H 7 E 0 4 2 . 5 7 0 E 04 1 . 673E 04 0 . 0 A . 2 7 6 E OA 
2 N 4 4 3 2 1 2 2 3 1 I R 6 2 6 33 1 S3 2 3 1 0 26 



YMEAN 
3 N 

YMEAN 
4 N 

YMEAN 
5 N 

YMEAN 
6 N 

YMEAN 

2 . 1 5 4 E C4 
2 2 2 

1 . 8 5 5E 04 
1A A 

1 . 8 A 6 E OA 
2 0 0 

1 . 5 7 8 E OA 
A 4 6 

I . 3 9 A E OA 

2 . 5 4 2 E OA 
9 0 

2 - 3 0 5 F 0 * 
5A 

2 . 3 6 9 E OA 
6 0 

2 . 2 4 8 E OA 
85 

2 . 1 0 1 E 0 * 

1 . 6 2 2 E 04 
1 3 2 

1 . 4 6 3 E 0 4 
9 0 

1 . 4 9 5 E 04 
1 4 0 

1 . 2 4 5 E OA 
3 6 1 

1 . 1 8 5 E OA 

2 . 3 0 6 E 0 4 
78 

2 . 1 6 4 E OA 
4 3 

2 . 1 B 2 E 04 
52 

2 . 0 6 8 E 04 
80 

2 . 1 2 0 E OA 

4 . 1 6 9 E 0 4 
12 

3 . 1 9 5 E 0 4 
1 1 

3 . 0 8 2 E 0 4 
8 

3 . 4 6 2 E 0 4 
5 

1 . 8 0 9 E OA 

2 . 8 4 9 E 0 4 
18 

2 . 5 9 0 E OA 
A3 

2 . 1 8 2 E 0 4 
5 1 

2 . 0 6 9 E 0 4 
7 6 

2 . 1 4 . 1 E 0 4 

2 . 1 B 9 E 0 4 
6 0 

2 . 0 3 5 E 0 4 
0 

0 . 0 
1 

2 . 0 0 0 E 0 4 
* 

1 . 7 6 8 E 0 4 

1 . 6 2 2 E 04 
1 3 2 

1 . 4 6 3 E 0 4 
9 0 

1 . 4 9 5 E 0 4 
0 

0 . 0 
0 

0 . 0 

0 . 0 
0 

0 . 0 
0 

0 . 0 
140 

1 . 2 A 5 E 04 
3 6 1 

1 . 1 8 5 E 04 

4 . 1 6 9 E 0 4 
0 

0 . 0 
0 

0 . 0 
0 

0 . 0 
0 

0 . 0 

LRGST PLAC/SMEA P S U 3 1 : 6 6 . ETA = 0 . 1 2 3 
GROUP 

LASS 1 0 * 17 1 6 * 19 1 8 * 1 2 * 1 5 * 1 3 * 2 1 * 1 4 * 
1 N 0 2 1 7 9 0 4 8 12 0 175 91 7 8 0 

YMEAN 0 . 0 1 . 7 6 0 E 0 4 1 . 1 9 8 E 04 4 . 2 2 4 E 0 4 A . 4 9 B E 0 4 0 . 0 2 . 5 7 0 E 04 3 . 1 B 7 E 04 1 . 9 8 0 E 04 0 . 0 
2 N 0 121 1 1 0 17 9 0 0 3 3 5 7 153 

YMEAN 0 . 0 1 . 7 4 2 E 04 1 . 3 8 9 E 04 4 . 6 7 3 E 0 4 3 . 192E 0 4 0 . 0 0 . 0 2 . 8 4 9 E 0 4 2 . 1 2 0 E 04 2 . 1 8 9 E 04 
3 N 12 63 6 9 0 0 18 0 0 2 7 60 

YMEAN 3 . 1 9 5E 0 4 1 .5B5E C4 1 . 2 6 1 E 0 4 0 . 0 0 . 0 2 . 5 9 0 E 0 4 0 . 0 O.O 1 . 7 2 BE 04 2 . 0 3 5 6 04 
4 N 11 62 2 8 0 0 4 3 0 0 1 9 0 

YMEAN 3 . 0 8 2E 04 1 . 5 5 6 E C4 1 . 2 7 6 E 04 0 . 0 o.o 2 . 1 8 2 F 0 4 0 . 0 0 . 0 1 . 9 5 4E 04 0 . 0 
5 N 8 0 0 0 0 5 1 0 0 0 1 

YMEAN 3 . 4 6 2 E 0 4 0 . 0 0 . 0 0 . 0 0 . 0 2 . 0 6 9 E 0 4 0 . 0 0 . 0 0 . 0 2 . 0 0 0 E 04 
6 N 5 0 0 0 0 76 0 0 0 4 

YMEAN 1 . 3 0 9 E 04 0 . 0 0 . 0 0 . 0 0 . 0 2 . 1 4 1 E 0 4 0 . 0 0 . 0 0 . 0 1 . 7 6 8 E 04 

LRGST PLAC/SMSA P S U 3 1 : 6 6 , ETA » 0 . 1 2 3 
GROUP 

N 
YMEAN 
N 
YMEAN 
N 
YMEAN 
N 
YMEAN 

2 0 * 
139 

1 . 6 1 1 E 
64 

1 . 4 0 7 E 
3 6 

1 . 4 8 0 E 
4 3 

1 . 3 7 9 E 

2 3 * 
21 

4 . 8 9 9 E 
10 

5 . 1 7 6 F 
0 

0 , 0 
0 

0 . 0 

2 2 * 
27 

3 . 6 1 9 E 
7 

3 . 9 1 4 F 
0 

0 . 0 
0 

0 . 0 

D I S T TO CNTR SM$A 3 1 : 5 8 , ETA = 0 . 0 7 2 
GROUP 

ASS 1 3 2 A 5 9 B 7 6 * 11 
1 N 3 8 6 155 2 3 1 1 3 6 19 0 136 2 1 4 17 15 

YMEAN 1 .8R5E 04 2 . 3 9 0 E OA 1 . 3 8 6 F 04 2 . 2 1 8 E 04 3 . 4 9 2 E 0 4 O.O 2 . 2 1 8 E 04 1 . 4 4 6 E 04 B . 9 8 4 E 03 3 . 7 3 1 E 04 
2 N 5 8 2 3 0 6 2 7 6 2 5 7 4 9 0 ' 2 5 7 2 7 1 5 4 5 

YMEAN 2 . 2 8 0 E OA 2 . 6 5 6 E CA 1 . 6 7 0 F 04 2 . 3 7 3 E OA A . 0 3 5 E 0 4 0 . 0 2 . 3 7 3 E 04 1 . 6 8 1 E 04 9 . 1 7 0 E 03 4 . 0 B 5 E 04 
3 . N 33 6 170 1 6 6 1 4 4 26 1 4 4 0 1 2 7 3 9 20 

YMEAN 2 . 5 0 4 E OA 3 . 1 OAF OA 1 . 6 1 7 E 04 2 . 7 9 7 E 0 4 4 . 6 6 9 E OA 2 . 7 9 7 F 04 0 . 0 1 . 7 6 4 E 04 1 . 2 A 7 E 04 5 . 0 7 2 E 04 
4 N 2 4 5 6 9 1 7 6 62 7 6? 0 83 9 3 3 

YM F AM 1 . 7 3 9 E 0 4 2 . 4 0 4 E CA 1 . 3 9 2 E OA 2 . 2 9 3 E OA 3 . 3 6 1 E OA 2 . 2 9 3 E 04 0 . 0 1 . 4 8 1 E 04 1 . 2 9 6 E 04 3 . 7 0 2 E 0 4 
5 N 5 3 9 127 4 1 2 1 0 6 2 1 1 0 6 0 6 5 34 7 3 

YMEAN 1 . 5 9 7 E 0 4 2 . 5 1 6 E 04 1 . 2 4 3 E 04 2 . 3 8 7 E 0 4 3 . I A 6 E OA 2 . 3 8 7 F 0 4 0 . 0 1 . 4 9AE OA I . 198E OA 4 . 0 0 0 E 04 

CLASS 
1 N 

YMEAN 2 . 5 6 6 E 0 4 

D I S T TO -CNTR SMSA 31 

17 
1 1 5 

1 . 533F 

1 6 * 
9 9 

1 . 2 8 9 E 

ETA = 
GROUP 

19 
12 

3 . 4 2 2 E 04 

I B * 
3 

4 . 9 B 3 E 04 

1 2 * 
0 

1 5 * 
57 

. 5 2 2 E OA 

1 3 * 
0 

2 1 * 
3 7 

1 . 6 1 6 E 04 

1 4 * 
79 

2 . 0 2 3 E 04 



2 N 4 182 89 32 13 0 1 18 0 84 1 3 9 
YME ON 3 . 4 7 7 E 04 , 1 . 7 6 6 E OA 1 . 3 5 A E OA A . 3 0 1 E 04 3 . 5 4 4 E OA 0 . 0 2 . 5 9 2 E 04 0 . 0 1 . 9 9 I E OA 2 . 2 0 3 E 

3 N 6 70 57 15 5 A2 0 1 0 2 2 7 0 
YMEAN 3 . 17AE 0 4 1 . 9 5 3 F C4 1 . A 0 6 E OA 5 . 2 8 1 E OA A . 3 4 8 E OA 2 . 1 3 3 E OA 0 . 0 3 . 0 5 A E OA 2 . 2 6 2 E OA 0 . 0 

e. N A 52 31 3 0 A7 0 15 22 0 
YMEAN 3 . 0 7 2 E OA 1 . 6 2 2 E OA. 1 . 1 0 6 E OA 3 . 7 0 2 E OA 0 . 0 2 . 0 5 8 E OA 0 . 0 2 . 9 3 5 E OA 2 . 1 5 7E OA 0 . 0 

? N i e 44 21 3 0 9 9 0 7 11 0 
YMEAN 2 . 9 7 3 E 04 1 . 5 3 1 E OA 1 . L16E 0 4 4 . 0 0 0 E OA 0 . 0 2 . 2 5 0 E OA 0 . 0 4 . 0 7 1 E OA 1 . 8 2 0 E OA 0 . 0 

O I S T TO CNTR SMSA 3 1 : 5 8 , ETA - 0 . 0 7 2 
GROUP 

ASS 2 0 * 2 3 * 2 2 * 
1 N 7 8 A 8 

YMEAN 1 .A9AE OA A . 7 2 2 E OA 2 . B O A T 04 
2 N 9B 15 17 

YMEAN 1 . 5 A 6 E OA A . E 3 5 F OA A . 0 6 7 E 04 
3 N 4 3 8 7 

YMEAN 1 . 7 3 IE 0 4 6 . 2 1 3 E OA A . 0 5 5 E OA 
A N 30 I 2 

YMEAN 1 . 1 8 7 E 04 5 . 0 C 0 E G4 2 . 8 50E OA 
5 N 3 3 3 0 

YMEAN I . 4 3 2 E OA 4 . 0 0 0 E OA 0 . 0 

CURRENT REGION 0 V 4 7 2 , ETA = 0 . 0 6 3 
GROUP 

CLASS 1 3 2 4 5 9 8 7 A * I 1 
1 N 3 6 4 1 9 6 1 6 8 1 6 4 32 7 9 85 1 5 2 L6 28 

YMEAN 2 . 4 9 4 E 04 3 . 1 3 3 E OA 1 . 6 1 1 E 0 4 2 . 8 1 2 E 04 4 . 6 9 4 E 0 4 2 . 9 6 3 E 0 4 2 . 6 6 9 E OA 1 . 6 2 A E OA 1 . 4 9 5 E 04 4 . 8 6 2 E 0 4 

2 N 6 1 7 2 8 8 3 2 9 2 4 2 4 6 105 137 1 8 5 1A4 33 
YMEAN 1 . 9 8 8 E 0 4 2 . 5 2 6 E 04 1 . A 5 3 E OA 2 . 3 1 9 E OA 3 . 5 5 H E OA 2 . 4 4 3 E 04 2 . 2 2 3 E 0 4 1 . 6 2 9 F OA 1 . 2 7 1 E 04 3 . 7 9 9 E OA 

3 N 7 9 0 193 5 9 7 168 2 5 88 80 2 9 7 3 0 0 12 
YMEAN 1 . 5 9 5E 0 4 2 . 3 6 A E 0 4 1 . 1 8 5 E 04 2 . 1 3 7 E OA 3 . 7 1 A E 0 4 2 . 2 8 1 E 04 1 . 9 8 2 E OA 1 . 3 0 0 E OA 1 . 1 0 3 E 04 4 . 2 9 7 E OA 

A N 3 1 7 150 1 6 7 1 31 19 4 0 91 1 2 6 4 1 13 
YMEAN 2 . 1 3 3 E OA 2 . 5 5 7F 04 1 . 7 1 0 E 04 2 . A 2 2 E 0 4 3 . 4 5 7 E 0 4 2 . 5 0 3 E OA 2 . 3 8 I F OA L 8 9 0 E 04 1 . 3 1 9 E OA 3 . 7 5 5 E 04 

GROUP 
CL ASS 1 0 * 17 1 6 * 19 1 8 * 1 2 * 1 5 * 1 3 * 2 1 * 1 A * 

1 N 4 1 52 0 2 4 4 3 6 48 43 55 37 
YMEAN 3 . 2 2 5 E OA I . 6 2 A E OA 0 . 0 5 . 0 1 3 E 0 4 3 . 9 8 2 E OA 2 . 2 7 4 E 0 4 2 . 9 8 6 E 0 4 3 . A 5 2 E 04 I . 9 9 2 E 04 2 . 2 5 8 E 04 

2 N 1 3 1 8 5 0 2 4 9 6 8 58 37 77 7 9 
YMEAN 2 . 9 0 7 E 04 1 . 6 2 9 E OA 0 . 0 3 . 6 2 7 E 0 4 4 . 2 7 8 E 0 4 2 . 2 2 1 E 0 4 2 . A 3 5 E 0 4 2 . 8 5 1 E OA 1 . 9 0 5 E OA 2 . 0 8 0 E 04 

3 N 1 3 0 2 9 7 7 5 6 4 25 2 4 0 55 
YMEAN 3 . 1 5 8E OA 0 . 0 1 . 3 0 0 E 0 4 A . B 6 2 E 04 3 . 5 0 2 E 0 4 2 . 0 5 2 E 0 4 1 . 6 8 A E 04 2 . 8 9 2 E 0 4 0 . 0 2 . 0 8 A E 04 

4 N 6 126 0 10 3 2 0 44 2 0 4 9 A7 
YMEAN 2 . . 896E OA 1 . 8 9 0 E 04 0 . 0 3 . B 1 9 E 04 3 . 5 0 4 E 0 4 2 . 1 9 0 E 0 4 2 . 6 1 B E 0 4 2 . 8 6 0 E OA 2 . 0 7 8 E OA 2 . 1 9 7 E OA 

CURRENT REGION 0 V 4 7 2 

N 
YMEAN 
N 
YMEAN 
N 
YMEAN 
N 

2 0 * 
9 7 

1 . 3 9 0 E 
1 0 6 

1 . 4 0 3E 
0 

0 . 0 
7 7 

2 3 * 
2 4 J 

5 . 0 1 3 E 
0 

0 . 0 
7 

4 . 8 6 2 E 
0 

, ETA - 0 . 0 6 3 
GROUP 

2 2 * 
0 

0 . 0 
2 4 

3 . 6 2 7 E 
0 

0 . 0 
10 



3 . R 1 9 E 04 

3 1 : 4 9 , ETA 0 . 0 3 0 

CLASS 
1 ^ 

Y«E Afj 
N 
Y '•' F A H 

1 
1 6 2 6 

' . 0 6 ° F 0 4 
4 0 6 

1 . 1 T I C Q<, 

5 8 

754 
2 . 6 R 5 F 04 

c 7 
1 .S33E C4 

1 b 

2 
8 7 2 

1 .4 70F 04 
3 4 9 

o . 6 5 3 T 03 
4 0 

4 
6 3 6 

2 . 4 4 6 E 04 
54 

1 .7Q7E 04 
15 

5 
l l f l 

3 . 9 4 5 E 04 
3 

Z . 7 5 8 E 04 
1 

9 
3 0 1 

2 . 5 4 9 E 0 4 
q 

2 . 3 0 1 F 0 4 
2 

8 
335 

2 . 3 5 7 E 0 4 
4 5 

13 

7 
4 7 0 

1 . 6 52E 04 
2 5 6 

1 .OB0E 04 
34 

1 .9B7E 04 ? . t f f : ' , F 04 1 . 5 3 3 F 04 7 . 9 1 2 E 04 2 . 7 0 0 E 0 4 fc.095E 0 4 2 . 5 R 2 E 0 4 1 . 6 6 0 E 04 

6 * 
4 0 2 

1 . 2 4 6 E 04 
9 3 

7 . 4 1 8 E 03 
6 

8 . 7 7 2 E 03 

U 
83 

4 . 3 0 2 E 04 
3 

2 . 7 5 8 E 04 
0 

0 . 0 

YMEAN 

1 0 * 17 1 6 * 
3 5 3^f. 124 

?.03e? 04 I . 7 2 7 E C4 1 . 3 9 6 E 04 
0 Ql 165 

0 . 0 1 . 2 3 I F C4 Q .6S3E 03 
1 26 R 

0 4 ! . 6 S 6 r C4 1 . 5 M - E 04 0 . 0 

31 : 4 8 , FTA « 0 . 0 3 O 
f.RDUP 

19 
63 

4 . 3 7 7 E 0 4 
2 

3 . L R 6 F 04 
0 

I B * 
20 

4 . 0 5 0 6 0 4 
1 

I . e O O E 0 4 
0 

0 . 0 

1 2 * 
1R3 

2 . 1 7 1 E 04 
4 

7 . 1 2 3 E 04 
1 

2.BODE 0 4 

1 5 * 
139 

2 . 6 4 5 E 0 4 
31 

1 . 3 9 1 E 0 4 
5 

1 3 * 
1 1 8 

3 . 0 8 2 E 0 4 
5 

2 . 6 5 1 E 04 
1 

2 1 * 
143 

2 . 0 1 6 E 04 
2 8 

1 . 2 2 0 E 04 
10 

1 4 * 
1 9 6 

2 . 1 4 6 E 0 4 
14 

I . 6 9 0 E 04 

' . 5 0 9 E 04 5 . 5 0 0 E 04 1 . 7 7 7 E 04 2 . 6 C 9 E 04 

CLASS 
1 N 

Y".FjtN 
7 N 

3 N 
Y " F AM 

) 4 

7 0 * 

1 . 5 ! 5 F 
6 ' 

1 . 2 3 5E C4 
1 6 

1 . 6 3 5 E 04 

2 i * 
2 1 

4 . 9 f ? £ G4 
0 

0 . 0 
0 

C O 

2 2 * 
32 

"» .715F 04 
2 

3 . 1 R 6 F 04 
0 

0 . 0 

3 1 : 4 8 , ETA = 0 . 0 3 0 
GROUP 



PREDICTOR SUMMARY T A B L E . 2 3 GROUPS 

Tkib tabtz giveb much thz bame. ab 
the pAiviawb table bat in a aU.6£-
eAent rrc\e cnmbtMome iowat 
(lie omit 2 1 pageb I t . 

3-YR 4VE f INC 

GROUP CLASS N U PCT PCT SUM PCT PCT MEAN VARIANCE SLOPF 
1 GROUP TOTAL GROUP TOT AL 

I Y 2 5 6 P.BC5.0 10. '8 " I 0 . " 8 ' 9 .2712~72E 07 5 . 7 5 . 7 1 . 0 5 2 9 5 5 E 0 4 4 . 2 3 3 7 7 8 E 0 7 
2 Y 2 5 7 7 7 3 6 . 0 9 , ? 9 . 5 1 . 0 2 3 7 9 1 E 08 6 . 3 6 . 3 1 . 3 2 3 4 1 I E 04 7 . 0 7 6 6 6 1 6 0 7 
3 Y 3 8 6 1 2 4 3 7 . 0 1 5 . 2 1 5 . 2 1 . 7 5 1 5 4 3 E 0 8 1 0 . 7 1 0 . 7 1 . 4 0 8 3 3 2 E 0 4 6 . 0 7 7 B 5 9 E 0 7 
4 Y 3 6 2 1 4 0 3 5 . 0 1 7 . 2 1 7 . 2 2 . 4 2 0 2 6 4 E 0 8 1 4 . 8 1 4 . 8 1 . 7 2 4 4 4 9 E 0 4 7 . 7 4 4 0 3 0 E 07 
5 Y 4 9 7 2 2 3 9 B . 0 2 7 . 5 2 7 . 5 5 . 0 6 0 3 7 5 E 08 3 0 . 9 3 0 . 9 2 . 2 5 9 2 9 8 E 0 4 1 . L B 9 7 7 8 E 0 8 
6 Y 2 0 8 1 C 1 2 1 . 0 1 2 . 4 1 2 . 4 2 . 8 3 2 5 4 8 E 0 8 1 7 . 3 1 7 . 3 2 . 7 9 8 6 8 4 E 0 4 1 . 2 0 6 1 5 B E 0 8 
7 Y 122 6 0 4 3 . 0 7 .<, 7 . 4 2 . 3 5 9 2 4 0 E 08 " 1 4 . 4 1 4 . 4 3 . 9 0 4 0 8 8 E 04 3 . 3 7 2 1 1 4 E OB 

ETA = 0 . . 3 5 1 , ETA I N S T E P ) - 0 . 3 1 6 , E T A ( O ) - 0 . 2 3 3 

GROUP CLASS N W PCT PCT SUM PCT PCT MEAN VAR IANCE SLOPE 
3 GROUP TOTAL GROUP TOTAL 

5 Y 4 9 7 2 2 3 9 8 . 0 5 8 . 1 2 7 . 5 5 . 0 6 0 3 7 5 E 0 8 4 9 . 4 3 0 . 9 2 . 2 5 9 2 9 8 E 0 * 1 . 1 8 9 7 7 8 E 0 8 
6 Y 208 1 0 1 2 1 . 0 2 6 . 2 1 2 . 4 2 . 8 3 2 5 4 B E 0 8 * 2 7 . 6 1 7 . 3 2 . 7 9 8 6 8 4 E 04 1 . 2 0 6 1 5 B E 08 
7 Y 1 2 2 6 0 4 3 . 0 1 5 . 7 7 . 4 2 . 3 5 9 2 4 0 E 0 8 2 3 . 0 1 4 . 4 3 . 9 0 4 0 8 B E 04 3 . 3 7 2 1 1 4 E 0 8 

ETA = 0 . . 1 8 2 , ETA1NSTEPJ = 0 . 1 9 1 . E T A I 0 1 - 0 . 1 5 4 

GROUP CLASS N W PCT PCT SUM PCT PCT MEAN VAR IANCE SLOPF 
2 GROUP TOTAL GROUP TOTAL 

1 Y 2 5 6 eea.o 7 0 . 5 10.8 9.P71272E 07 1 5 . 1 5 . 7 1 . 0 5 2 9 5 5 E 04 4 . 2 3 3 7 7 8 E 07 
2 Y 257 7 7 3 6 . 0 1 8 . 0 9 . 5 1 . 0 2 3 7 9 1 E 08 1 6 . 7 6 . 3 1 . 3 2 3 4 1 1 E 04 7 . 0 7 6 6 6 1 E 0 7 
3 Y 3 8 6 1 2 4 3 7 . 0 2 8 . 9 1 5 . 2 1 . 7 5 1 5 4 3 E 0 8 2 8 . 6 1 0 . 7 1 . 4 0 8 3 3 2 E 04 6 . 0 7 7 8 5 9 E 07 
4 Y 3 6 2 1 4 0 3 5 . 0 3 2 . 6 1 7 . 7 2 . 4 2 0 2 6 4 - E 0 8 3 9 . 5 1 4 . B 1 . 7 2 4 4 4 9 E 04 7 . 7 4 4 0 3 0 E 0 7 

ETA = 0 . , 0 8 5 , E T A ( N S T E P ) = O . 0 B 5 , E T A ( O ) = 0 . 0 6 3 

GROUP CLASS N H PCT PCT SUM PCT PCT MEAN VAR IANCE SLOPE 
4 GROUP TOTAL GROUP TOTAL 

5 Y 49 7 2 2 3 9 8 . 0 6 9 . 9 2 7 . 5 5 . 0 6 0 3 7 5 E OB 6 4 . 1 3 0 . 9 2 . 2 5 9 2 9 8 E 04 1 . I 8 9 7 7 S E 0 8 
6 Y 208 1 0 1 2 1 . 0 3 1 . 1 1 2 . 4 2 . B 3 2 5 4 8 E 08 3 5 . 9 1 7 . 3 2 . 7 9 8 6 B 4 E 04 1 . 2 0 6 1 5 8 E 08 

ETA = 0 . , 0 5 0 . F T A ( N S T F P ) = 0 . 0 7 3 , E T A ( Q ) - 0 . 0 5 0 

GROUP CLASS N W PCT PCT SUM PCT PCT MEAN VAR IANCE SLOPE 
5 GROUP TOTAL GROUP TOTAL 

7 Y 1 2 2 6 0 4 3 . 0 1 0 0 . 0 7 . 4 2 . 3 5 9 2 4 0 E OB 1 0 0 . 0 1 4 . 4 3 . 9 0 4 0 8 8 E 04 3 . 3 7 7 1 1 4 E 0 8 

GROUP CLASS N W PC T PCT SUM PCT PCT MEAN YAP IANCE SLOPE 
9 GROUP TOTAL GROUP TOTAL 

5 Y 2 3 1 1 0 6 1 5 . 0 7 2 . 6 1 3 . 0 2 . 5 1 8 3 7 9 E 08 6 7 . 3 1 5 . 4 2 . 3 7 2 4 7 2 E 0 4 1 . 5 9 0 0 3 2 E 0 8 
6 Y ai 4 0 1 2 . C 2 7 . 4 4 . 9 1 . 2 7 2 5 0 2 E 08 3 2 . 7 7 . 5 3 . 0 4 7 1 1 3 E 04 1 . 5 0 0 3 0 5 E OB 

ETA = 0 . . 0 5 5 , E T 4 ( N STEP 1 - 0 . [ 1 0 , F T A ( 0 1 - 0 . 0 5 5 

GROUP CL ASS N W PCT PCT SUM PCT PCT MEAN VAR IANCE SLOPE 
8 GROUP TOTAL GROUP TOTAL 

5 Y 2 6 6 1 1 7 8 3 . 0 6 5 . 9 1 4 . 4 2 . 5 4 1 9 9 6 E OB 6 1 . 2 1 5 . 5 2 . 1 5 7 3 4 2 E 0 4 B . 1 1 9 6 7 B E 07 
6 Y 127 6 1 0 9 . 0 3 4 . 1 7 . 5 1 . 6 1 D 0 4 6 E 0 8 3 8 . 8 9 . 8 2 . 6 3 5 5 3 1 E 04 9 . 5 5 9 1 4 4 E 0 7 

0 . 0 5 7 , E T A ( N STEP 1 - 0 . C 8 9 , F T A ( 0 1 = 0 . 0 5 7 

GROUP CLASS N H PCT PCT SUM PCT PCT 
7 GROUP TOTAL GROUP TOTAL 

1 Y 1 1 5 3 6 8 1 . 0 1 5 . 0 4 . 5 4 . 3 2 H 0 2 E 0 7 1 1 . 1 2 . 6 
2 Y 143 3 9 6 4 . 0 1 6 . 2 4 . 9 5 . R 4 8 4 8 3 E 07 1 5 . 0 3 . 6 
3 Y 2 4 5 7 2 5 9 . 0 2 9 , 6 8 . 9 1 . 0 9 6 3 8 8 E OR 2 8 . 1 6 . 7 
4 Y 2 5 7 9 6 3 9 . 0 3 9 . 3 1 1 . 8 1 . 7 B 6 2 2 9 E OB 4 5 . 8 1 0 . 9 

ETA = 0 . 0 7 8 , E T A I N S T E P I = 0 . 0 8 7 , E T A I O ) * 0 . 0 6 2 

MEAN 

1 . 1 7 3 8 9 3 E 04 
1 . 4 7 5 3 9 9 E 04 
1 . 5 1 0 3 8 5 E 04 
1 . B 5 H 2 7 E 04 

VARIANCE 

4 . 8 2 0 2 5 1 6 0 7 
6 . 3 2 3 4 2 7 E 0 7 
5 . 7 7 8 0 9 8 E 0 7 
8 . 3 9 2 9 6 0 E 0 7 



GROUP CLASS N W_ PC T PCT SUM P C T PCT MEAN VAR IANCE 
6 * GROUP f O T A L GROUP TOTAL 

1 Y 1 4 1 5 1 2 4 . 0 2 7 . 7 6 . 3 4 . 9 5 0 1 6 8 E 0 7 2 2 . 3 3 . 0 9 . 6 6 0 7 4 6 E 03 3 . 6 5 9 5 A 5 E 0 7 
2 Y 1 1 4 3 7 7 2 . 0 2 0 . 4 4 . 6 4 . 3 8 9 4 2 6 E 07 1 9 . 7 2 . 7 1 . 1 6 3 6 8 6 E 04 7 . 4 2 5 4 7 5 E 0 7 
3 Y 1 4 1 5 1 7 8 . 0 2 8 . 0 6 . 3 6 . 5 5 1 5 4 4 E 0 7 2 9 . 5 4 . 0 1 , 7 6 5 2 6 5 6 04 6 . 1 8 6 5 2 2 E 0 7 
4 Y 1 0 5 4 3 9 A . 0 2 3 . 8 5 . 4 6 . 3 4 0 3 5 4 E 0 7 2 8 . 5 3 . 9 1 . 4 4 2 3 0 0 E 0 4 5 . 2 1 4 9 7 6 E 0 7 

ETA - 0 . 0 5 3 , E T A ( N S T E P ) = 0 . 0 3 8 , E T A I O I = 0 . 0 3 8 

GROUP CLASS N H PCT PCT SUM PCT PCT MEAN VAR IANCE 
11 GROUP TOTAL GROUP TOTAL 

7 Y 8 6 4 3 5 1 . 0 1 0 0 . 0 5 . 3 1 . 8 4 6 T 0 Q E 0 8 1 0 0 . 0 1 1 . 3 4 . 2 4 4 3 1 2 E 04 3 . 2 9 5 3 2 7 E 0 8 

GROUP GLASS N W PCT PCT SUM PCT PCT MEAN VARIANCE 
" l O * GROUP" TOTAL GROUP TOTAL 

7 Y 3 6 1 6 9 2 . 0 1 0 0 . 0 2 . 1 5 . 12540OE 0 7 1 0 0 . 0 3 . 1 3 . 0 2 9 1 9 6 6 04 2 . 5 7 7 8 9 7 E 0 8 

GROUP CLASS N w PCT PCT SUM PCT PCT MEAN VAR IANCE 
17 GROUP TOTAL GROUP TOTAL 

1 Y 54 2 3 0 1 . 0 1 2 . 7 2 . 8 2 . 9 8 1 1 4 7 E 0 7 9 . 8 1 . 8 1 . 2 9 5 5 8 8 E 04 4 . 7 3 5 9 4 T E 07 
2 Y 83 3 0 0 3 . 0 1 6 . 6 3 . 7 4 . 9 1 3 7 4 A E 0 7 1 6 . 1 3 . 0 1 . 6 3 6 2 7 9 E 04 6 . 7 2 9 1 3 3 C 0 7 
3 Y 1 4 5 5 3 6 8 . 0 2 9 . 7 6 . 6 8 . 0 7 8 4 4 3 E 07 2 6 . 4 4 . 9 1 . 5 0 4 9 2 6 E 04 5 . 2 6 7 9 6 2 E 0 7 
4 Y 1 8 1 7 3 8 9 . 0 4 0 . 9 9 . 1 1 . 4 5 9 8 8 8 E 0 8 4 7 . 8 8 . 9 1 . 9 7 5 7 5 9 E 04 9 . 6 2 9 0 4 5 F 0 7 

ETA = 0 . 0 8 2 , ETA t N STEP 1 = 0 . 1 2 3 , E T A ( 0 1 = 0 . 0 7 1 

GROUP CLASS N W PCT PCT SUM PCT PCT MEAN VARIANCE 
1 6 * GROUP TOTAL GROUP TOT AL 

I Y 6 1 1 3 8 0 . 0 2 1 . 3 1 . 7 1 . 3 3 9 9 5 4 E 07 1 5 . 9 0 . 8 9 . 7 0 9 8 1 3 E 03 4 . 4 0 R 8 6 9 E 0 7 
2 Y 60 9 6 1 . 0 1 4 . 8 1 . 2 9 . 3 4 7 3 7 0 E 06 1 1 . 1 0 . 6 9 . 7 2 A 7 1 1 E 03 1 . 8 2 0 8 1 0 E 0 7 
3 Y 100 1 8 9 1 . 0 2 9 . 2 2 . 3 2 . 8 8 5 4 4 0 E 07 3 4 . 3 1 . 8 1 . 5 2 5 8 8 0 E 04 7 . 3 0 8 6 8 0 E 07 
4 Y 7 6 2 2 5 0 . 0 3 4 . 7 2 . 8 3 . 2 6 3 4 0 3 E 07 3 8 . 7 2 . 0 1 . 4 5 0 4 0 1 E 0 4 2 . 2 8 2 7 4 7 E 0 7 

ETA » 0 . 131 , E T A ( N S T E P ) = 0 . 1 2 9 , E T A t O l » 0 . 1 2 9 

GROUP CLASS N W PCT PCT SUM PCT PCT MEAN VAR IANCE 
19 GROUP TOTAL GRCUP TOTAL 

7 Y 65 3 3 3 3 . 0 1 0 0 . 0 4 . 1 1 . 4 4 5 6 1 8 E 08 1 0 0 . 0 8 . 8 4 . 3 3 7 2 8 8 E 04 3 . 6 0 B 5 0 4 6 0 8 

GROUP CLASS N H PCT PCT SUM PCT PCT MEAN VAR IANCE 
1 8 * GROUP TOTAL GROUP TOTAL 

7 Y 2 1 1 0 1 8 . 0 1 0 0 . 0 1 . 2 4 . 0 1 0 8 1 9 E 07 1 0 0 . 0 2 . 4 3 . 9 3 9 9 0 1 E 0 4 2 . 2 7 5 3 3 8 6 OR 

GROUP CLASS N W PCT PCT SUM PCT PCT MEAN VAR IANCE 
1 2 * GROUP TOTAL GROUP TOTAL 

5 Y 1 5 3 6 9 4 3 . 0 8 0 . 9 8 . 5 1 . 4 8 2 0 4 0 E 0 8 7 9 . 4 9 . 1 2 . 1 3 4 5 B 2 E 04 1 . 5 3 0 U 3 E 0 8 
A Y 35 1 6 3 5 . 0 1 9 . 1 2 . 0 3 . S 3 B 0 L 1 E 0 7 2 0 . A 2 . 3 2 . 3 4 7 4 0 7 E 04 7 . A 7 7 0 4 0 E 0 7 

ETA = 0 . 00 5 , E T A ( N S T E P ) = 0 . 0 0 5 , E T A ( O ) = 0 . 0 0 5 

GROUP CLASS N W PC T PCT SUM PCT PCT MEAN VAR [ANCE 
1 5 * GROUP TOTAL GROUP TOTAL 

5 Y 112 4 5 5 5 . 0 AO. 3 5 . 6 1 . 0 A 8 6 9 6 E 08 5 5 . 0 6 . 5 2 . 3 4 6 2 0 4 E 04 1 . 1 5 5 6 4 5E OR 
A Y 63 3 0 0 1 . 0 3 9 . 7 3 . 7 , 8 . 7 3 2 6 0 8 6 07 4 5 . 0 5 . 3 2 . 9 0 9 8 9 9 E 34 1 . 2 0 4 9 3 6 E 08 

ETA • 0 . 0 6 1 , E TA INSTEP) = 0 . 0 6 1 , E T A l O l = 0 . 0 6 1 

GROUP CLASS fi W PCT PCT SUM PCT PCT MEAN V4P IANCE 
1 3 * GROUP TOTAL GROUP TOTAL 

5 Y 7 8 3 6 7 2 . 0 6 0 . 7 4 . 5 1 . 0 3 6 3 3 8 E 0 8 5 5 . 3 6 . 3 2 . R 2 2 2 7 2 E 04 1 . 4 U 1 1 0 F . 09 
A Y 4 6 2 3 7 7 . 0 3 9 . 3 1 2 . 9 8 . 3 8 7 0 0 5 E 0 7 4 4 . 7 5 . 1 3 . 5 2 B 3 9 9 E 0 4 1 . * 5 1 2 0 2 E 08 

ETA = 0 . 0 7 8 , E T A ( N S T E P ) = 0 . 0 7 8 , E T A ( 0 1 * 0 . 0 7 8 

GROUP CL ASS N W PCT PCT SUM PCT PCT MEAN VAR IANCE 
2 1 * GROUP TOTAL GRGUP TOTAL 

4 Y 1 8 1 7 3 9 9 . 0 1 0 0 . 0 9 . 1 1 . 4 5 9 8 8 8 E 08 1 0 0 . 0 8 . 9 1 . 9 7 5 7 5 9 E 04 9 . 6 2 9 0 4 5 F 0 7 

SLOPE 

SLOPE 

SLOPE 

SLOPE 

SLOPE 

SLOPE 

SLOPE 

SLOPE 

SLOPE 

SLOPE 

SLOPF 



GROUP CLASS N H PCT PCT SUM PCT _ PCT MEAN VARIANCE 
~ 1 4 * GROUP" TOTAL GR'OUP TOTAL 

5 Y 1 5 4 7 2 2 * . 0 6 9 . 9 8 . 9 1 . 4 7 3 3 0 0 E 0 8 6 6 . 7 9 . 0 2 . 0 3 8 3 2 3 E 04 5 . 6 3 9 3 2 0 E 0 7 
6 Y 64 3 1 0 8 . 0 3 0 . 1 3 . 8 7 . 3 6 7 8 5 0 F 0 7 3 3 . 3 4 . 5 2 . 3 7 0 6 0 8 E 04 5 . 8 5 5 1 1 0 E 0 7 

ETA » 0 . 0 3 9 , ETA INSTEP 1 = 0 . 0 3 9 , E T A ( 0 ) = 0 . 0 3 9 

GROUP CLASS N W PCT PCT SUM PCT PCT MEAN VARIANCE 
2 0 * GROUP TOTAL GROUP TOTAL 

1 Y 54 2 3 0 1 . 0 2 1 . 6 2 . 8 2 . 9 8 1 1 4 9 E 0 7 1 8 . 7 1 . 8 1 . 2 9 5 5 8 8 E 04 4 . 7 3 5 9 4 7 E 0 7 
2 Y 83 3 0 0 3 . 0 ? 8 . 1 3 . 7 4 . 9 1 3 7 4 7 E 0 7 3 0 . 8 3 . 0 1 . 6 3 6 2 7 9 E 04 6 . 7 2 9 1 7 6 E 0 7 
3 Y 1 4 5 5 3 6 8 . 0 5 0 . 3 6 . 6 8 . 0 7 R 4 4 5 E 0 7 5 0 . 6 4 . 9 I . 5 0 4 9 2 6 E 04 5 . 2 6 7 9 6 2 F . 0 7 

ETA = 0 . 0 2 5 , ETA I N S T E P ) • 0 . 0 2 0 . E T A I O ) - 0 . 0 2 0 

GROUP CLASS N W PCT PCT SUM PCT PCT MEAN VARIANCE 
2 3 * GROUP TOTAL GROUP TOTAL 

7 Y 3 1 1 6 8 3 . 0 1 0 0 . 0 2 . 1 8 . 3 8 4 9 8 1 E 0 7 1 0 0 . 0 5 . 1 4 . 9 R 2 1 6 3 E 04 3 . 2 2 0 8 0 3 E 0 8 

GROUP CLASS N W PCT PCT SUM PCT PCT MEAN VARIANCE 
2 2 * GROUP TOTAL GROUP TOTAL 

7 Y 3 4 1 6 5 0 . 0 1 0 0 . 0 2 . 0 6 . 0 7 1 2 0 0 E 0 7 1 0 0 . 0 3 . 7 3 . 6 7 9 5 1 5 E 04 3 . 2 3 6 1 2 9 E 0 8 

SLOPE 

SLDPE 

SLOPE 

SLOPE 



SECOND STAGE OF 8 0 7 N T R 4 5 MORGAN 

20BR OBSERVATIONS READ AFTER GLOBAL F I L T E R 

Y AVFRAGE = - L 3 0 6 5 2 7 F - C 1 
STANDARD D E V I A T I O N = 9.<}\^bl2F. C3 
BOUNDARIES - - 4 . 9 5 7 3 4 9 E 0 4 4 . 9 5 7 3 2 . 3 E 04 

1 . ID = 5 3 2 4 9 , Y = 5 . 3 2 4 9 0 0 E 04 
2 . i n = 5 5 2 4 2 , Y - 5 . 5 2 4 2 O 0 E 0 * 
3 . ID = 5 3 2 4 9 , Y = 5 . 3 2 4 9 0 0 E 04 

2 0 8 8 CASES INCLUDED IN THE A N A L Y S I S 
0 F I L T E R E D I LOCAL/SUBSE T SELECTOR! 
0 M I S S I N G DATA CASES 
3 OUTL IERS INCLUDED 
0 I N V A L I D PREDICTOR VALUFS 

20BB SAMPLE OBSERVATIONS - WITH TOTALS 
WEIGHTS * ft.157500E 04 
DEPENDENT V A R I A B L E I V ! = - 1 . 0 6 5 8 0 0 0 04 AVERAGE = - I . 3 0 6 5 7 7 E - 0 1 
Y-SOUARED = 5 . 0 1 5 0 3 8 D 12 VARIANCE - 9 . B 3 0 0 7 5 E 0 7 

STAGE 2 DF THF A N A L Y 5 I S 
REST S P L I T 8ASFD ON MEANS 

0 - S T E P LOOKAHEAD WITH I FORCED S P L I T S 

S P L I T T I N G C R I T E R I A -
MAXIMUM NUMBER OF S P L I T S = 2 5 
MINIMUM U OBSERVATIONS I N A GROUP - 3 
IAGE OF T0T4L SS N S P L I T S MUST E X P L A I N = 0 . 6 I N = 1 ) , 
PR INT CASES OUTSIDE 5 , 0 STANDARD D E V I A T I O N S OF PARENT GROUP MEAN 

8 RANKED PREDICTORS S P E C I F I E D 
PREDICTOR RANK PREFERENCE UP 

S P L I T ATTEMPT RANGE - 2 RANKS U P . 2 RANKS OOWN 
E L I G I B I L I T Y RANGE - 2 RANKS U P , 2 RANKS DOWN 

PREOICTOR V A R I A B L E NUMBER TYPE MAX CLASS 
1 MIGHT MOVE 2 6 : 79 V 1 2 7 6 M 5 
2 HOW LONG L I V D HERE V 2 0 0 4 M 5 
3 EDUCATION OF HEAD 3 1 : 4 3 V 1 4 8 5 M 9 
4 RACE 31 : 4 8 V 1 4 9 0 F 3 
5 PUB TRANSP GOOD 2 6 : 52 V I 2 50 M 5 
6 * CHANGE I N INCOME V 2 0 0 3 H 5 
7 EXPECT CHILDREN ? 2 9 : l f l V 1 3 7 0 M 1 
B HPS HEAD TRVL WK22 : 3 C - 3 2 V 1 1 4 6 M 6 

RANK 
2 

WEIGHTED Y V A R I A B L E 2 0 0 5 A I D 3 Y - V A R I A R L E SCALED BY l . O E 0 0 

1 CANDIDATES - GROUP SS 
1 B . 0 1 5 0 3 8 E 12 

ATTEMPT S P L I T ON GROUP 1 WITH SS = 8 . 0 1 5 0 3 8 E 12 

The second run on the residuati 
generated in the fairst ion. 

Hote. three, rank levels, using the last 
predictor only as a last resort. 

Summary a fa the residual variables. 

Range ranking UP: use lew rank 
numbers fairs t. 



LOOK AH EAR TENTATIVE P A R T I T I O N 

S P L I T ATTEMPT ON GROUP 
SUMS- W - 8 . 1 5 7 5 D 0 F 0 4 , 

1 WITH N = 2 0 8 B , SS = 8 . 0 1 5 C 3 8 E 12 
Y - - 1 . 0 6 5 3 0 O F 0 4 , YSO * R . 0 1 5 0 3 8 E I ? , X • 

Vetaiti o j j the trace only given far 
eUgibtt ipLUi. 

PREDICTOR EDUCATION OF HEAD 3 1 : 4 3 
10 NON- EMPTY CLASSES 0 1 2 3 4 5 6 7 9 9 

P A R T I T I O N N WEIGHT Y-MEAN Y - V A R I A N C E X —ME AN X-V4R I'ANCE SLOPE BSS 
BETWEEN 1 183 5 . 3 3 2 0 0 E 03 - 4 . 2 0 9 3 7 E 03 3 . 9 5 3 1 2 E 07 0 . 0 0 . 0 0 . 0 

AND 2 1 9 0 5 7 . 6 2 4 3 Q E 04 2 .<54239E 02 1 . 0 U 0 3 E 03 0 . 0 0 . 0 0 . 0 1 . 0 1 0 7 7 F 11 
BETWFFN Z 642 2 . t s i o o e 04 - 2 . 8 7 3 3 3 E <73 5 . 9 H 6 1 E 0 7 0 . 0 0 . 0 0 . 0 

AND 3 1 4 4 6 5 . 9 7 6 5 0 E 04 1 . 0 4 B 3 9 E 03 1 . 0 8 5 3 3 E 08 0 . 0 o.o 0 . 0 2 . 4 5 7 5 3 E 1 1 
BETWEEN 3 1006 3 . 4 2 9 4 0 E 04 - 2 . 2 5 7 6 0 E 03 6 . 9 4 2 7 1 E 07 0 . 0 0 . 0 0 . 0 

AND 4 L 0 8 2 4 . 7 2 8 1 0 F 04 1 . 6 3 7 2 6 E 0 3 1 . 1 2 9 3 9 E 0 8 0 . 0 0 . 0 0 . 0 3 . O 1 5 3 0 E 1 1 
BETWEEN 4 136B 4 . 9 4 9 1 0 E 04 - 1 . 5 2 8 0 3 E 03 7 . 7 6 3 1 2 E 07 0 . 0 0 . 0 0 . 0 

AND 5 7 2 0 3 . 2 O 8 4 0 E 04 2 . 3 5 6 7 3 E 03 1 . 2 1 1 6 5 E 0 8 0 . 0 0 . 0 0 . 0 2 . 9 3 7 5 5 E 11 
RETWEEN 5 1 5 7 7 5 . 8 2 2 7 C E 04 - 1 . 2 7 7 0 8 E 03 7 . 9 5 9 8 9 E 07 0 . 0 0 . 0 0 . 0 

AND 6 5 1 1 2 . 3 3 4 3 0 E 04 3 . 1 8 4 4 2 E 03 I . 3 0 9 5 0 E Ofi 0 . 0 0 . 0 0 . 0 3 . 3 1 7 2 5F 11 
BETWEEN 6 18 10 6 . 9 1 5 0 0 E 04 - 9 . 4 0 1 6 4 E 02 8 . 1 B 3 3 8 E 07 0 . 0 0 . 0 0 . 0 

AND 7 269 1 . 2 4 2 5 0 E 04 5 . 2 3 1 5 2 E 03 1 . 5 8 1 8 7 E 08 0 . 0 0 . 0 0 . 0 4 . 0 1 1 8 0E 11 
BETWEEN 7 19B1 7 . 6 7 6 1 0 E 04 - 3 . 1 3 5 6 5 E 0 2 9 . 2 4 6 9 1 E 07 0 . 0 0 . 0 0 . 0 

AND 8 10 7 4 . B 1 4 0 0 E 03 4 . 9 9 7 6 9 E 03 1 . 6 6 2 4 3 E 08 0 . 0 0 . 0 0 . 0 1 . 2 7 7 8 6 E 1 1 
BEST S P L I T ON PREDICTOR 1 4 8 5 = 4 . 0 1 V 8 0 0 E 11 AFTER CLASS 6 

PREDICTOR RACE 3 1 : 4 8 
3 NON-EMPTY CLASSES 2 1 3 

P A R T I T I O N N WEIGHT Y-MEAN Y - V A R I A N C E 
BETWEEN 2 4 0 6 5 . 4 9 3 0 0 E 03 - 4 . 6 7 B 9 7 E 03 4 . 0 4 6 1 0 E 07 0 . 0 

AND 1 1 6 8 2 7 . 6 0 8 2 0 E 04 3 . 3 7 6 7 4 E 02 1 . 0 0 7 9 9 E 09 0 . 0 
BEST S P L I T ON PREOICTOR 1 4 9 0 * 1 . 2 8 9 3 2 2 E 11 AFTER CLASS 

X - f EAN X - V A R I A N C E 
0 . 0 
0 . 0 

2 

0 . 0 
0 . 0 1 . 2 B 9 3 2 E I t 

PRFDICTOR PUB TRANSP GOOD 2 6 : 5 2 
3 NON-EMPTY CLASSES 1 3 5 

P A R T I T ION N WEIGHT 
BEST S P L I T ON PREDICTOR 1 2 5 0 = 

Y-MEAN Y - V A R I A N C E X— KE AN X - V A R I A N C E 
1 . 2 9 4 1 B B E 10 AFTER CLASS 3 

B S S 

PREDICTOR I CHANGE I N INCOME 
5 NON-EMPTY CLASSES 1 2 3 

P A R T I T I O N N WEIGHT 
BEST S P L I T ON PREDICTOR 2 0 0 3 

4 5 
Y-MEAN Y -VARIANCE X-MEAN X - V A R I A N C E 

' 2 . 2 3 5 1 7 4 E 09 AFTER CLASS 4 

PRFOICTOR EXPECT CHILDREN ? 2 9 : 1 
2 NON-EMPTY CLASSES 0 1 

P A R T I T I O N N WEIGHT 
BEST S P L I T ON PREDICTOR 1 3 7 0 = 

Y-MEAN Y -VARIANCE X-MEAN 
8 . 7 0 1 1 7 9 E 0 8 AFTER CLASS 0 

X - V A R I A N C E SLOPE 

PREDICTOR MIGHT MOVE 2 6 : 
2 NON-EMPTY CLASSES 1 5 

P A R T I T I O N N WEIGHT 
BEST S P L I T ON PREDICTOR 1 2 7 6 

• M E A N Y - V A R I A N C E 
, 1 6 4 5 4 3 E 0 9 AFTER CLASS 

X - M E A N X - V A R I A N C E 

PREDTCTOR HOW LONG L I V D HERE 
5 NON-EMPTY CLASSES 1 2 3 4 5 

P A R T I T I O N N WEIGHT Y-MEAN Y - V A R I A N C E 
BETWEEN 4 B 3 8 3 . 1 3 7 B 0 E 04 1 . 3 5 1 7 9 E 0 3 _ U 0 7 2 1 5 E 08 0 A 0 

AND "5 1 2 5 0 5 . 0 1 9 7 0 F 04 - f i . 4 " 5 2 0 9 E 02 9 . 0 9 4 7 7 E 07 0 . 0 
BEST S P L I T ON PREDICTOR 2 0 0 4 - 9 . 3 1 9 7 3 7 E 10 AFTER CLASS 

X - f E A N X - V A R I A N C E 
0 . 0 0 . 0 
0 . 0 0 . 0 

BSS 

9 . 3 1 9 7 4 E 10 

PREDICTOR HRS HEAD TRVL W K 2 2 : 3 0 - 3 2 
6 NON-EMPTY CLASSES 0 1 2 3 4 5 

P A R T I T I O N N WEIGHT Y-MEAN Y—VARIANC E X-MEAN X - V A R I A N C E RSS 



a ETWB-N ^ 1H39 7 . 2 8 3 4 C E OA - 3 . 1 1 3 S 3 E 02 9 . 2 3 B 4 0 E 07 0 . 0 
A-on 5 2AQ 3 . 7 4 1 0 0 F 03 2 . S 0 3 3 & E 03 1 . 4 0 6 1 2 E 08 0 . 0 

BCST S P L I T ON PRFOICTOR l l ' F = 6 . 5 8 4 9 B 2 F 10 AFTER CLASS A 

FOUCATTCN n r HFAD 3 1 : A 3 Y IELDS " A X I M U M BSS = 4 . 0 1 1 8 0 0 E 11 

0 - S T E P L n Q K A HEAn T U S P L I T GOUUP 1 , TOTAL ".SS * 4 . 0 1 1 8 0 0 E IV 
1 . S P L I T CROUP 1 ON PREOICTOR 1 A B * . BSS = A . 0 1 1 B 0 0 E 



* * * * * P A R T I T I O N GF GROUP 1 * * * * * 
FROM E L I G I B L E PREOIF.TORS AROUND THE CURRENT RANK 2"'UP AND 2 DOWN 

MAXIMUM E L I G I B L E BSS AT EACH STEP 
1 . S P L I T 1 ON V 1 4 8 5 BSS= 4 . 0 U B O E 11 
P E ( l l = 4 . B 0 9 F . 1 0 . TOTAL= 4 . 0 1 1 8 0 E 11 

PREDICTOR 14B5 HAS RANK I 

MAXIMUM TOTAL BSS (LOOK AHEAD) 
S P L I T 1 ON V 1 4 8 5 BSS « 4 . 0 1 1 8 0 E 

TOTAL= 4 . 0 1 1 B 0 E 11 

S P L I T GROUP 1 ON E0UCAT1ON OF HEAD 3 1 : 4 3 V 1 4 B 5 

EXTREME CASES L Y I N G OUTSIDE THE INTERVAL I - 4 . 9 5 7 3 4 9 E 0 4 , 4 . 9 5 7 3 2 3 E 0 4 ) 
Y W WY V 2 0 0 5 

5 3 2 4 9 4 4 . 0 2 . 3 4 2 S 6 E 06 5 3 7 4 9 
5 5 2 4 2 2 4 . 0 1 . 3 2 5 B 1 F 0 6 5 5 2 4 2 
5 3 2 4 9 4 B . 0 2 . 5 5 5 9 5 E 06 5 3 2 4 9 
GROUP 2 WITH 1 8 1 9 OBSERVATIONS FROM 7 CLASSES = 0 1 2 3 4 

W- 6 . 9 1 5 0 0 E 04 Y = - 6 . 5 0 1 2 4 D 0 7 YSO- 5 . 7 1 6 B 2 D 12 X= 
GPDUP 1 WITH 2 6 9 OBSERVATIONS FROM 3 CLASSES = 7 8 9 

W= 1 . 2 4 2 5 0 E 04 Y= 6 . 5 O 0 1 7 D 0 7 YSO= 2 . 2 9 8 2 2 D 12 X» 

2 CANDIDATES GROUP 
2 
3 

SS 
5 . 6 5 5 6 9 5 E 12 
1 . 9 5 8 1 6 1 E 12 

ATTEMPT S P L I T ON GROUP 2 M T H SS * 5 . 6 5 5 6 9 5 E 12 Omit the. trace o(, sptit 
attempts on the remaining 
groups. 



* * * * * P A R T I T I O N OF GROUP ft * * * * * 
FROM E L I G I B L E PREDICTORS AROUND THE CURRENT RANK 1 

MAXIMUM E L I G I B L E RSS AT EACH STEP 

GROUP 6 COULO NOT RE S P L I T 

2 UP ANO 2 DOWN 

MAXIMUM TOTAL BSS (LOOKAHEAD) 

FND OF STAGE 2 OF THE A N A L Y S I S . 8 F I N A L GROUPS. 8 I N E L I G I B L E FOR S P L I T T I N G . 

V A R I A T I O N EXPLAINED ( B S S ( 0 ) / T S S ) 

1-WAY ANALYSIS OF VARIANCE ON F I N A L GROUPS 

SOURCE SUM OF SQUARES DF 

BETWEEN 
EPROR 
TOTAL 

* ? . 3 2 2 0 B 1 £ 11 
7 . 0 R 2 B 3 0 E 12 
3 . 0 1 5 0 3 8 E 12 

8 1 5 2 R . 
B 1 6 3 t . 

MF.AN SQUARE 

1 . 1 6 5 2 6 0 E 11 
B . 6 8 7 6 1 6 E 0 7 
9 . R 3 0 0 7 5 E 0 7 

Summary oj j variance 
explained. Mean squares 
[and T- or t-te*ti] are. 

inappropriate here 
because o& weighted data. 

'-0*3693* n.n 
S.064064 K 10 



GROUP SUMMARY T A B L E 
15 GROUPS UF WHICH 8 ARE F I N A L 

GRPUP 1 , N - ? O R 8 , SUM k = . R . 1 5 7 5 0 0 F 04 
Y M F. A N * - 1 • 3 0 A " 2 7 F . - 0 1 . V A R I A N C E * O . R 3 0 0 7 5 E 0 7 . S S ( L I / T S S = 
S P L I T ON E DUC AT IHN OF HEAD 3 1 : 4 3 , P S S ( L ) = t . Q l l f l O O E 11 

? WITH C L A S S E S 0 1 2 3 4 5 A 
3 WITH C L A S S E S 7 8 9 

l . O O O , R S S / T S S 
INTO 

GROUP 2 , N = l f ! l 9 , SUM V, = 6 . 9 1 5 0 0 0 E 04 
Y M E A N = - ? . * . Q 1 6 4 6 E 0 2 , VAR I a NC F= H . 1 8 3 3 R 2 F 0 7 , S S t ' L t / T S S = 
S P L I T ON EDUCATION (IF HEAD 3 1 : 4 3 . B S S l L t = 1 . 1 9 0 5 B 3 E 11 

4 WITH C L A S S E S 0 I 2 
5 WITH C L A S S E S 3 4 5 A 

0 . 7 0 6 , R S S / T S S 
INTO 

GROUP 5 , N * 1 1 7 7 , SUM W = 4 , 
Y M E 4 N = - 4 . 9 5 ? 3 7 5 E 0 1 , VAR I ANC E = 
S P L I T ON PACE 3 1 : ' 

6 WITH C L A S S E S 2 
7 WITH C L A S S E S 1 3 

7 3 4 0 0 0 E 04 
8 . 9 B 3 R C 6 F C 7 , S S I L l / T S S ^ 
8 , B S S I L l - 6 . 2 3 9 3 1 3 E 10 

0 . 5 3 0 , B S S / T S S 
INTO 

GROUP 7 , N = 9 f l ? , SUM W - 4 . 4 7 4 1 0 0 E 04 
Y M E AN= 2 . 2 7 1 6 3 6 E 0 2 , VARIANCE= 9 . 1 1 2 4 4 3 F . 0 7 , S S I L l / T S S ^ 
S P L I T ON HRS HFAD TRVL WK22: 3 0 - 3 2 , B S S I L ) = 9 . 1 3 9 5 9 8 E 10 

8 wT TH C L A S S E S 1 2 3 4 5 
9 WITH C L A S S E S 0 

0 . 5 0 B , B S S / T S S 
INTO 

GROUP 8 , N = 7 7 6 , SUM W = 3 . 5 5 0 6 C 0 E 04 
Y M E A N = - 5 . 0 1 7 5 4 9 E 0 2 . V A R I A N C E * B . 2 8 5 7 9 8 E 0 7 , S S I L ) / T S S = 
S P L I T ON HRS HEAD TRVL W K 2 2 : 3 0 - 3 2 . B S S I L l = 1 . 1 3 6 8 9 1 E 11 

10 WITH C L A S S E S 1 2 3 4 
11 WITH C L A S S E S 5 

0 . 3 6 7 , R S S / T S S 
INTO 

GROUP 1 0 * . N a 6 6 7 , 
Y M E A N = - 1 . 2 5 0 R 8 9 E 03 

SUM W = 3 . 0 2 1 1 O O E 04 
V A R I A N C E ^ 7 . 1 9 8 0 2 4 F . 0 7 , S S ( L 1 / T S 5 = 0 . 2 7 1 , R S S / T S S = 

GROUP 3 , N = 2 6 9 , SUM W = 1 . 2 4 2 5 0 0 F 04 
Y MEAN= 5 . 2 3 1 5 2 7 E 0 3 , V A R I A N C E * 1 . 5 8 1 R 6 6 E £ 
S P L I T ON HRS HE AO TR VL W K 2 2 : 3 0 - 3 2 , B S S I L ) = 

12 WITH C L A S S E S 1 2 3 4 5 
13 WITH C L A S S E S 0 

S S 1 L ) / T S S = 
5 . 6 5 5 2 8 5 E 10 

0 . 2 4 4 , R S S / T S S -
INTO 

GROUP 12 , N - 2 1 9 , SUM W - 1 . 0 2 5 S 0 0 E 04 
Y MEAN= 4 . 2 5 0 9 5 7 E 0 3 , V A R I A N C E * 1 . 3 9 5 6 3 5 E ( 
S P L I T ON HOW LONG L I V D HERE , B S S I L l ' 

14 WITH C L A S S E S 5 
15 WITH C L A S S E S 1 2 3 4 

S S ( L 1 / T S S -
7 9 3 7 0 6 E 10 

0 . 1 7 8 , B S S / T S S = 
INTO 

GROUP 4 * , 
Y ME AN= 

GROUP 9 * , 
Y MEAN= 

N = 6 4 2 , 
- 2 . 8 7 3 3 3 6 E 0 3 , 

SUM W = 2 . 1 8 1 0 0 0 E 04 
V A R I A N C E * 5 . 9 1 1 6 1 3 E 0 7 , 

N = 2 0 6 , SUM W = 9 . 2 3 5 0 C O E 03 
3 . 0 2 9 6 5 3 E 0 3 . V A R I A N C E - 1 . 1 3 5 2 1 8 E OR. 

S S ( L ) / T S S = 0 . 1 6 1 , B S S / T S S * 

S S ( L 1 / T S S = 0 . 1 3 0 , B S S / T S S = 

GROUP 1 5 * , N = 1 1 7 , 
Y HEAN= 6 . 9 8 U 4 1 E 03 

SUM W = 5 . 4 8 7 0 0 0 E 03 
, V A R I A N C E * 1 . 4 5 4 2 5 9 E 0 8 , S S I L 1 / T S S = 0 . 0 9 9 , B S S / T S S " 

GROUP 1 1 * . N = 1 0 9 , SUM W = 5 . 2 9 5 0 0 0 E 03 
Y MEAN* 3 . 7 7 2 4 B 6 E 0 3 , V A R I A N C E * 1 . 2 4 4 Q 2 4 E C 8 , S S ( L 1 / T S S = 0 . 0 8 1 , R S S / T S S * 

GROUP 1 4 * , N * 1 0 2 , SUM W = 4 ; 7 7 1 0 0 0 E 03 

This sumntvUzes the split \econd 
in enough detail ion. making the 
diagnam pAe.ce.ding tiie examples. 

file:///econd
http://pAe.ce.ding


Y MEAN- 1 . 1 U 0 4 3 E 0 3 , V A R I A N C E * 1 . 1 5 5 R ? 4 £ OS r S S ( L ) / 1 S S * 0 . 0 6 B , B S S / T S S - 0 . 0 

GROUP 1 3 * , N = 5 0 , SUM U = 2 . 1 6 7 0 0 0 E 0 3 
Y MEAN* 9 . R 7 3 2 7 3 E C 3 , V A R I A N C E * 2 . 2 4 3 7 7 6 F . O B , S S I L 1 / 1 S S * 0 . 0 5 9 , B 5 S / T S S - 0 . 0 

GROUP (>*, N - 1 9 5 , SUM W * 2 . 5 9 9 0 0 0 F 03 
Y M E A N — 4 . 8 1 2 7 9 3 E 0 3 , V A R I A N C E " 4 . 4 1 2 0 4 5 E 0 7 , S S I L l / T S S - 0 . 0 1 4 , B S S / T S S * 0 . 0 



1 0 0 * B 5 S / T S S T A B L E FOR 0 - S T E P LOOK-AHEAD 
15 G R O U P S , 8 P R E D I C T O R S 

< I N D I C A T E S L E S S THAN 1 S P L I T S HERE MADE 

DRFDICTOH GROUP NUMBER I * I N D I C A T E S THE GROUP -IS F I N A L ! 
1 d> 5 7 fl 1 0 * 3 12 4 * 9 * 1 5 * 1 1 * 1 4 * 1 3 * 6 * 

1485 
i . A d> 0.1 0 . 3 0 . 3 0 . 2 0 . 1 0 . 2 0 . 1 0 . 0 0 . 1 0 . 1 0 . 2 0 . 1 

14Q0 i . A l . i < Q > 0.1 0 .1 0 . 0 0 .1 0 . 0 0 . 2 0 . 0 0 . 1 0 . 3 0 . 0 0 . 6 ***** 
12 50 0 . 2 0 .1 0 . 1 0 . c 0 . 0 0 . 0 0 . 3 0 . 1 0 . 0 0 . 0 0 . 3 0 . 0 0 . 1 0 . 4 0 . 0 
2002 0 . 0 0 . 1 0 . 2 0 . 2 0 . 2 0 . 1 0 . 5 0 . 5 0 . 0 0 . I 0 . 2 0 . 3 0 . 4 0 . 2 0 . 1 
1370 0 . 0 0 . 0 O . C 0 . 0 0 . 0 0 . 0 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 3 0 . 2 0 . 3 0 . 0 
127fi 0 . 1 0 . 0 0 . c 0 . 0 0 . 0 0 . 1 0 . 1 y 0 . 1 0 . 0 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 
2 0 0 4 1 . 2 0 . 4 0 . 4 0 . 5 0 . 2 • C P 0 . 0 0 . 1 0 . 0 0 . 6 ***** 0 . 3 0 . 0 
1 1 46 O.H 0 . 6 0 3 ) 0 . 0 oTT 0 . 3 ***** 0 . 5 ***** 0 . 0 ***** 0 . 0 

CH) Split made oh this group, see gKaup summary table immediately preceding. 

Note group 5 splits on an inierior predictor because I t had a 

lower rank number. The rom oh this table will be ordered by rank 

whatever the order oh the predictor cards. 

No Split on this predictor here because oh 

inherior rank. 



1 0 0 * B S S / T S S T A B L E FDR 0 - S T E P LOOK-AHEAD 
15 G R O U P S , f P R E D I C T O R S 

MAXIMUM BSS REGAP O L F S S OF E L I G I B I L I T Y 

P R E D I C T O R CROUP NUMBER ( * I N D I C A T E S THE GROUP I S F INAL 1 
1 2 5 7 8 1 0 * 3 12 4 * 9 * 1 5 * 1 1 * 1 4 * 1 3 * 6 * 

1485 5 . 0 1 . 5 0 . 3 0 . 1 0 . 3 0 . 3 0 . 2 0 . 1 0 . 2 0 . 1 0 . 0 0 . 1 0.1. 0 . 2 0 .1 
1490 1 .6 1.1 0 . 8 0 . 1 0 . 1 0 . 0 O . I 0 . 0 0 . 2 0 . 0 0 , 1 0 . 3 0 . 0 0 . 6 * * * * * * 
1250 0 . 2 0 . 1 0 . 1 0 . c 0 . 0 0 . 0 0 , 3 0 . 1 0 . 0 0 . 0 0 . 3 0 . 0 0 . 1 0 . 4 0 . 0 
200 3 0 . 0 0 . 1 0 . 2 0 . 2 0 . 2 0 . 1 0 . 5 0 . 5 0 . 0 0 . 1 0 . 2 0 . 3 O . ^ 0 . 2 0 .1 
1370 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .1 o . o 0 . 0 0 . 0 0 . 0 0 - 3 0 . 2 0 . 3 0 . 0 
1276 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 0 .1 0 . 0 0 .1 0 . 0 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 
2004 1 . 2 0 . 4 0 . 2 0 . 4 0 . 5 0 . 2 0 . 5 1 .1 0 . 0 0 . 1 0 . 0 0 . 6 * * * * * * 0 . 3 0 . 0 
1146 o . e 0 . 6 1 . 2 I . 1 1.4 C . O 0 . 7 0 . 3 0 . 3 * * * * * * 0 . 5 * * * * * * 0 , 0 * * * * * * 0 . 0 



P R O F I L E OF C L A S S MEANS AMD S L O P E S 

EDUCATION OF HEAD 3 1 : 4 3 , ETA * 0 . 0 7 2 
GROUP 

C L A S S 1 2 5 7 8 1 0 * 3 12 4 * 9 * 
0 N 6 8 68 0 0 0 0 0 0 6 8 0 

YMEAN - 4 . 7 3 2 E 03 - 4 . 732E 03 0 . 0 o . o 0 . 0 0 . 0 0 . 0 0 . 0 - 4 . 7 3 2 E 03 0 . 0 
1 N 115 115 0 0 0 0 0 0 1 1 5 0 

YHFAN - 3 . R 8 8 E 03 - 3 . 8 B 8 F 0 3 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 - 3 . 8 8 8 E 03 0 . 0 
2 N 4 5 9 4 5 9 0 0 0 0 0 0 4 5 9 0 

YMEAN - 2 . 4 4 I E 0 3 - 2 . 4 4 1 E 03 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 - 2 . 4 4 1 6 03 0 . 0 
3 N 364 364 3 6 4 2 59 177 I S 2 0 0 0 82 

YMEAN - 1. 1 8 2E 03 - 1 . 1 8 2 E 03 - 1 . 1 8 2 E 03 - 6 . 6 0 7 E 02 - 2 . 0 8 0 E 0 3 - 2 . 8 Q 4 E 03 0 . 0 0 . 0 0 . 0 2 . 5 0 1 E 03 
A N 362 3 6 ? 3 6 2 317 2 5 8 2 2 6 0 0, 0 59 

YMEAN 1. 183E 02 1 . 1 8 3 E C2 1 . 1 8 3 F 02 2 . Z 6 9 E 02 - 4 . 6 3 0 E 02 - 9 . 8 8 1 E 02 0 . 0 0 . 0 0 . 0 3 . 1 8 9 E 03 
5 N 2 0 9 2 0 9 2 0 9 184 153 128 0 0 0 31 

YMEAN 1 . 4 4 6 E 02 1 . 4 4 6 E 02 1 . 4 4 6 F 02 2 . 9 1 5 E 02 - 1 . 5 4 8 E 02 - 1 . 2 0 5 E 0 3 0 . 0 0 . 0 0 . 0 2 . 4 2 9 E 03 
6 N 242 242 2 4 2 222 188 161 0 0 0 34 

YMEAN 8 . 5 5 8 E 02 8 . 5 5 8 F 02 8 . 5 5 8 E 02 1 . 1 3 0 E 03 5 . 5 0 4 E 02 - 2 . 9 5 7 E 02 0 . 0 0 . 0 0 . 0 4 . 5 1 1 E 03 
7 N 162 0 0 0 0 0 162 127 0 0 

YME AN 5 . 3 79E 03 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 5 . 3 7 9 E 0 3 4 . f t l 9 E 03 0 . 0 0 . 0 

ft N 93 0 0 0 0 0 93 82 0 0 
YMEAN 5 . 5 8 2F 0 3 0 . 0 0 . 0 0 . 0 0 . 0 0 - 0 5 . 5 8 2 E 03 4 . 2 2 4 E 03 0 . 0 0 . 0 

a N 1 4 0 0 0 0 0 14 10 0 0 
YMEAN - 4 . 7 9 1 E 02 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 - 4 . 7 9 1 E 02 - 9 . 8 0 9 E 02 0 . 0 0 . 0 

EDUCATION OF HEAD 3] : 4 3 , ETA » 0 . 0 7 2 
GROUP 

C L A S S 1 5* 1 1 * 1 4 * 1 3 * 6 * 
3 N 0 25 0 0 105 

YMEAN 0 . 0 1. 898E 03 0 . 0 0 . 0 - 6 . 2 4 6 E 0 3 
4 N 0 32 0 0 4 5 

YMEAN 0 . 0 3 . 0 9 8 F C3 0 . 0 0 . 0 - 2 . 171E 0 3 
5 N 0 25 0 0 25 

Y M E A N O.Q 4 . 704E C3 0 . 0 a . a - 3 . 2 3 5 E 03 

ft N 0 27 0 0 20 
YMF. AN 0 . 0 5 . 3 5 3 E 03 0 . 0 0 . 0 - 6 . 7 0 4 E 0 3 

7 N 71 0 56 35 0 
YME AN 7 . 0 3 1 E 03 0 . 0 1 . 5 5 4 F 03 8 . 2 ? 0 F 0 3 0 . 0 

8 N 4 ? 0 40 11 0 
YMEAN 6 . 9 6 2 E 0 3 C O 1 . 3 6 8 E 03 1 . 6 H E 04 0 . 0 

a N 4 0 6 4 0 
YMEAN 6 . 167£ 0 3 0 . 0 - 5 . 7 5 6 E 03 2 . 7 7 5 E 03 0 . 0 

RACF 3 1 : 4 8 , ETA = 0 . 0 1 7 
GROUP 

C L A S S 1 2 5 7 R 1 0 * 3 12 4 * 9 * 
1 N 1 * 2 6 1382 957 9 5 7 754 648 244 197 42 5 2 0 3 

YMEAN 3 . 0 1 6 F 02 - 6 . 526E 0? 1 . 8 2 1 E 02 1 . 8 2 1 E 02 - 5 . 6 6 4 E 02 - 1 . 2 5 1 E 0 3 5 . M R E 0 3 4 . 2 6 5 E 03 - 2 . 6 1 4 g 0 ? 3 . 0 29E 03 
2 N *0fc 392 195 0 0 0 14 U 197 0 

YMF AN - 4 . 6 7 9 F 03 - 4 . 9 9 0 F 0 3 - 4 . 8 1 3 F 03 O.D 0 . 0 0 - 0 2 . 0 2 1 E 02 4 . 1 6 OF 0 3 - 5 . 1 6 9 £ 03 0 . 0 
3 N 56 45 25 25 22 19 U 11 2 0 3 

YMEAN 1 - P 0 4 E 0 3 1 . 1 3 9 E 03 2 . 5 ? 0 E 03 2 . 5 8 0 E 0 3 2 . 5 1 4 E 03 - J . 2 6 7E 03 4 . 0 0 0 E 03 4 .OOOE 03 -1 . 009 t i 03 3 . 1 0 1 E 0 3 

RACE 3 1 : 4 0 , PTA = 0 . 0 1 7 
GPOUP 

C L A S S 1 5* 1 1 * 1 4 * 1 3 * 6 * 



1 N 102 1C6 9 5 47 0 
YMEAN 7 . 2 8 0 E '03 3 . 3 7 6 E 03 9 . 6 2 7 E 02 " 1 . 0 6 5 E 04 0 . 0 

2 N a 0 3 3 195 
YMEAN 4 . 8 6 6 E 0 3 0 . 0 1 . 7 8 0 E 03 - 1 . 8 2 9 E 04 - 4 . 8 1 3 E 03 

3 N 7 3 4 0 0 
YMEAN 3 . 2 2 6 E 0 3 1 . 7 0 2 E 04 5 . 4 9 4 E 03 0 . 0 0 . 0 

PU8 TRANSP GOOtl 2 6 : 5 2 , ETA - 0 . 0 0 2 
GROUP 

C L A S S 1 2 5 7 8 
1 N 771 676 461 3 2 6 272 

YMEAN - 4 . 4 6 0 E 02 - 1 . 3 2 2 E 03 - 6 . 2 7 3 F 02 - 7 . 7 H E 01 - 5 . 5 1 4 E 0 2 
3 N 12 e n o 75 66 55 

YMEAN - 6 . 6 6 2 E 02 - 8 . 9 0 1 E 07 - 4 . 1 5 1 E 02 - 4 . 0 0 4 E o ; - 1 . 2 0 9 E 0 3 
5 N 1207 1 0 4 9 651 598 4 5 5 

YMEAN 3 . 8 7 8 E 02 - 6 . 3 9 2 E 02 4 . 4 5 6 F 02 5 . 9 1 9 E 02 - 2 . 1 4 5 E 02 

PUB TRANSP GOOD 2 6 : 5 2 , ETA - 0 . 0 0 2 
GROUP 

C L A S S 1 5 * t l * 1 4 * 1 3 * 6 * 
1 N 3 7 45 39 19 135 

YMEAN 5 . 7 0 3 E 03 3 . 0 3 8 E 03 2 . 8 3 1 F 03 5 . 5 4 6 E 03 - 5 . 146E 0 3 
3 N 8 7 9 1 9 

YMEAN 2 . 6 0 7E 02 3 . 3 9 2 F 0 3 4 . 7 2 1 F 02 2 . 0 3 2 E 03 - 1 . 9 0 7 E 0 3 
5 N 72 59 54 32 53 

YMEAN R . 7 1 9 E 03 S . 2 2 0 E 03 1 . 6 5 1 E 00 1 . 1 9 1 E 04 - 4 . 3 1 2 E 0 3 

X CHANGE IN INCOME , ETA = 0 . 0 0 1 
GROUP 

C L A S S 1 2 5 7 8 
1 N 33 1 304 166 140 80 

YMEAN - 1 . 2 0 8 E 01 - P . 2 7 5 F 0 ? 7 . 1 4 3 E 02 1 . 1 0 3 E 03 8 . 2 4 RE 07. 
2 N 4 3 3 3 6 9 2 3 8 2 1 0 165 

YMEAN 3 . 5 1 2 E 02 - 4 . 0 6 0 E 07 6 . 8 5 6 F 02 8 . 2 2 9 E 02 1 . 3 2 6 E 02 
3 N 321 772 1 93 168 148-

YMEAN - 4 . 1 2 3 E 02 - 1 . 2 1 I E 03 - 7 . U 3 F 02 - 6 . 1 2 3 E 0 ? -1 . 1 1 7 E 03 
4 N 512 4 4 0 3 0 8 261 22 3 

YMEAN - 3 . 0 6 9 E 02 - 1 . 1 P . 6 E C3 - 3 . 0 2 2 . F 02 - 1 . 1 3 4 E 02 - 1 . 0 6 2 E 03 
5 N 4 7 3 4 1 8 262 1 9 5 154 

YMF AN 1 . 4 7 1 E oz - 1 . 3 7 7 E 0 3 - 8 . 0 0 6 C 02 - 2 . 5 7 7 E 02 - 9 . 8 4 6 F 02 

t CHANGE IN INCOME , ETA = 0 . 0 0 1 
GROUP 

C L A S S 1 5 * 1 1 * 1 4 * 1 3 * 6 * 
1 N 6 15 12 9 26 

YMEAN 1 . 4 1 7 E 04 e . 8 1 7 E 0 3 - 7 . 2 2 8 E 03 1 . 6 0 3 E 04 - 5 . 125E 03 
2 N 24 17 24 16 28 

YMEAN 5 . 2 8 4 E 03 4 . 2 7 9 E 03 2 . 4 9 5 E 03 4 . 6 1 7 E 03 - 3 . 4 0 3 F . 0 3 
3 N 17 18 26 6 25 

YME AN 5 . 1 7 5 E 03 8 . C 7 6 F C7 2 . 1 3 1 F 03 6 . 0 6 3 E 0 3 - 3 . 0 4 1 E 0 3 
& N 40 31 26 6 47 

YMEAN 6 . ^ S E 0 3 2 . C 7 C T 03 - 2 . 51 5E 03 1 . 5 3 0 E 0 * - 3 . 5 4 0 F ; 03 
5 N 3 0 26 14 11 67 

YMEAN R.567F. 03 ; . 6 4 R E 03 R . 2 4 6 E 03 1 . 3 2 I E 04 - 7 . 0 B 6 F 03 

FXPECT C H I L f l P F N 7 2 9 : 1 8 , FTA = 0 . 0 0 0 

1 0 * 3 12 4 * 9 * 
227 9 5 76 2 1 5 54 

1 . 3 2 9 E 0 3 4 . 2 9 0 E 0 3 4 . 0 0 7 E 0 3 - 3 . 1 0 7 E 03 2 . 3 7 7 E 03 
48 18 17 3 5 11 

1 , .905E 03 4 . 6 3 0 E 02 3 . 7 0 2 E 02 - 2 . 0 4 7 E 03 3 . 4 2 8 F 03 
396 158 1 2 6 39R 143 

1 . 0 6 9 E 0 3 6 . 2 8 9 E 0 3 4 . 9 3 5 E 03 - 2 . 7 5 8 E 03 3 . 2 1 5 E 03 

1 0 * 3 12 4 * 9 * 
6 5 27 l f l 138 60 

1 . 3 0 7 E 03 7 . 4 B 3 E 0 3 3 . 0 9 7 E 03 - 2 . 9 8 9 E 03 1 . 4 6 2 E • 3 
148 64 4 8 131 45 

4 . 0 3 0 E 0 ? 4 . 0 6 8 E 0 3 3 . 8 9 4 E 03 - 2 . 7 0 2 E 03 3 . 4 9 6 E 03 
130 49 4 3 79 20 

1 . 4 0 0 F 03 3 . 4 9 7 E 0 3 3 . 7 . 6 6 E 0 3 - 2 . 6 6 8 E 0 3 3 . 0 9 4 F 03 
192 72 66 132 38 

1 . 5 H B E 03 4 . 0 2 7 F 0 3 2 . 9 5 3 E 03 - 3 . 5 5 5 E 03 5 . 7 1 2 E 03 
128 55 44 156 41 

1 . 7 7 8 E 03 9 . 3 2 7 E 0 3 8 . 4 8 1 E 0 3 - 2 . 5 9 5 E 03 2 . 4 9 0 E 03 



G » OU P 
C L A S S 1 2 •i 7 8 1 0 * 3 12 4 * 9 * 

0 N 1949 1 7 1 ? 1079 8 9 6 697 5 9 6 236 191 634 199 
YMEAN - 2 . 9 4 1 E 01 - 9 . 5 3 7 E 02 4 . 3 0 7 E 00 2 . 7 2 5 E 07 - 4 . 8 1 5 F 02 - 1 . 1 6 0 E 0 3 5 . 4 5 6 E 0 3 4 . 2 3 7 E 03 - 2 . 8 5 5 E 03 2 . 9 7 7 E 03 

1 N 139 1C6 98 86 79 71 33 28 8 7 
YMEAN 3 . 6 4 I E 02 - 7 . 5 4 0 F 07 - 5 . P 0 9 E 02 - 2 . 2 2 7 E 02 - 6 . 7 4 6 E 02 -1 . 9 7 6 E 03 3 . 6 4 7 E 03 4 . 3 4 7 E 03 - 5 . 11 I E 03 4 . 4 6 3 C 03 

E X P E C T ' CHUDUM ? 2 9 : 1 8 , frTA = 0.000 
GROUP 

C L A S S 1 5 * 1 1 * 1 4 * 1 3 * 6 * 
0 N 93 101 9R 45 183 

YMEAN 7 . 1 7 0 E 0 3 2 . 228E C3 1.<-69E Q3 1 . 1 0 2 E 04 - 4 . 6 6 0 F 0 3 
1 N 24 8 4 5 12 

YMEAN 6 . 2 7 1 E 03 1 . 0 8 1 F C4 - 8 . 0 3 5 E 03 - 7 . 6 6 0 E 02 - 6 . 1 7 7 E 03 

MIGHT MOVE 2 6 : 7 9 , ETA •= 0 . 0 0 1 
GROUP 

C L A S S 1 2 5 7 8 1 0 * 3 1 ? 4 * 9 * 
1 N ?91 233 177 1 58 178 107 58 50 56 30 

YMEAN 5 . 331E 02 - 4 . 3 2 0 E 02 - 1 . 6 6 2 F 02 - 1 . 4 9 4 E 01 - 9 . 8 5 3 E 02 - 2 . 182E 03 3 . 9 4 5 E 0 3 3 . 4 B 5 P 03 - 1 . 3 6 2 E 03 4 . 2 6 9 F 03 
5 M 1797 1 5P6 1 0 0 0 824 6 4 9 560 211 1 6 9 586 176 

YMEAN - 9 . 5 8 7 E 01 - 1 . 0 2 3 E 03 - 2 . 7 4 7 E 01 2 . 7 4 1 F 02 - 4 . 0 5 0 E 02 -1 . 0 7 0 E 03 5 . 5 9 5 F 0 3 4 . 4 8 4 E 03 - 3 . 0 3 9 E 03 2 . B 1 9 E 03 

MIGHT MOVE 2 6 : 7 9 , ETA = o . a o i 
GROUP 

C L A S S 1 5 * 11* 1 4 * 1 3 * 6 * 
1 N 29 21 21 fl 1 *» 

YMEAN 4 . 6 8 I E 03 4 .87 .2E C3 1 .8 53E 03 7 . 1 6 2 E 0 3 - 4 . 3 1 2 E 0 3 
5 N ne 88 81 42 176 

YMEAN 7 . 7 5 6 E 03 3 . 5 2 5 E 03 9 . 1 1 1 E 02 1 . 0 3 8 E 04 - 4 . 8 7 0 E 03 

HDVi LONG L I VO HERE . ETA • 0 . 0 1 4 
GROUP 

C L A S S 1 2 5 7 8 1 0 * ' 3 12 4 * 9 * 
1 N 1 7 5 146 114 77 68 57 29 26 32 9 

YMEAN 2 . 6 6 1 E 03 1 . 1 7 9 E 03 1 . 6 6 7 E 03 2 . 1 0 6 E 03 1 . 8 8 B E 0 3 1 . 1 4 0 E 03 R . 1 2 0 E 0 3 6 . 4 8 6 E 03 - 1 . B 8 1 E 03 3 . 8 4 0 E 03 
2 N 148 124 96 80 6 9 61 24 21 2 8 11 

YMEAN 2 . 6 3 5 E 02 - 1 . 3 9 4 E 0 3 - 9 . 8 9 9 E 02 - 5 . 9 9 6 E 02 - 8 . 0 9 2 E 02 - I . 1 2 7 f 0 3 7 . 2 4 7 E 03 7 . 5 4 6 E 03 - 3 . 3 9 0 E 03 6 . 9 2 1 E 02 
3 N 1 86 155 1 14 91 79 6 6 31 27 41 12 

YMEAN 9 . 5 0 8 E 02 - 7 . 520E 02 - I . I 9 3 E 02 2 . 7 2 6 E 02 9 . 0 9 3 E 01 - ] . 3 2 2 F 0 3 7 . 1 7 6 E 0 3 6 . 7 8 9 E 03 - 3 . 6 0 8 E 03 1 . 5 7 1 E 03 
4 N, 3 2 9 277 199 171 149 124 52 43 78 22 

YMEAN 1 . 4 B 9 E 03 3 . 3 4 9 E 02 1 . 5 0 0 E 03 2 . 0 5 5 E 03 1 . 1 3 6 E 0 3 - 5 . 5 2 4 E 0 2 6 . 3 5 5 E 03 7 . 0 9 1 E 0 3 - 3 . 2 5 1 E 03 8 . 6 3 0 F 03 
5 N 1250 1117 6 5 4 5 6 3 411 359 133 102 4 6 3 152 

YMEAN - 8 . 4 5 2 E 02 - 1 . 4 3 3 E C3 - 5 . 9 9 6 F 02 - 4 . 4 9 6 E 02 - 1 . 5 2 1 E 0 3 - 1 . B 6 7 E 0 3 3 . 3 8 1 E 0 3 L . 1 1 1 E 0 3 - 2 . 7 8 3E 03 2 . 5 0 5 E 03 

HOK LONG L I V n HERE . FTA - 0 . 0 1 4 
GROUP 

C L A S S 1 5 * 1 1 * 1 4 * 1 3 * 6 * 
1 N 26 11 0 3 37 

YMEAN 6 . 4 8 6 E 03 6 . 0 4 A E 03 0 . 0 2 . 3 3 4 E 04 - 3 . 8 0 1 E 03 
? N 21 0 3 16 

YMEAN 7 . 5 4 6 E 03 1 . 4 7 7 E C3 0 . 0 5 . 2 8 0 E 0 3 - 7 . 9 0 4 E 0 3 
3 N 27 13 0 4 23 

YMEAN 6 . 7 8 9 E 03 6 . 9 4 1 E 0 3 0 . 0 1 . 0 3 5 E 04 - 4 . 4 8 9 E 0 3 
4 N 4 3 25 0 9 28 

YMEAN 7 . 0 9 I E 03 8 . 4 1 7 E 03 0 . 0 2 . 2 4 9 E 03 - 7 . 5 4 5 E 0 3 



5 N 0 57 107 31 91 
yMr A, \ 0 . 0 91 6F C2 1.11 03 1. 1 3 5 E 04 - 3 . 6 3 2 E 0 3 

HRS HE An TFtVL 1 UK22: ' 3 0 - 3 2 , ETA = = 0 . 0 1 7 
GROUP 

I 2 5 7 8 1 0 * 3 12 4 * 9 * 
0 K 57 7 5 ? 7 2 1 3 2 0 6 0 0 50 0 2 9 4 2 0 6 

1 . 0 " ' : F 0 3 2 . 0S5F C7 2 . 7 1 4 F Q1 3 . 0 3 0 E 03 0 . 0 0 . 0 9 . 6 7 3 E 0 3 0 . 0 - 1 . 8 7 9 E 03 3 . 0 3 0 E 
1 M '•?? 354 2A5 234 234 2 3 4 68 68 89 0 

Yf' l: AN - 7 . 5*1 2£ 02 - 1 . 7 7 1 F C3 - 1 . 4 3 2 E 03 - 1 . 2 2 3 E 03 - 1 . 2 2 3 E 03 - 1 . 2 2 3 F 03 3 . 6 7 8 E 03 3 . 6 7 8 E 03 - 3 . 0 4 1 E 03 0 . 0 
7 M ? 8 6 2 4 5 177 1 50 150 150 41 41 68 0 

Y ' ' F All - ! . SA7E 0 ? - 7 . 114 r C3 - 1 . 5 7 5 E C3 -1 . 4 8 0 £ 03 - 1 . 4 8 9 F . 03 - 1 . 4 8 9 F 0 3 1 . 3 4 5 E 0 3 1 . 3 4 5 E 03 - 4 . 1 B 5 E 03 0 . 0 
? N 2^0 21 1 1 54 126 126 126 29 29 57 0 

Y " F CA' - 9 . 706F J ? - 1 . 7 7 5E G3 - 1 . 0 5 3F 03 - 7 . 3 9 7 E 02 - 7 . 3 9 7 E 02 - 7 . 3 9 7E 02 3 . 8 7 6 E 03 3 . R 7 6 E 03 - 4 . 4 4 0E 03 0 . 0 
rj 3! 4 7 6 6 204 157 157 157 48 48 62 0 

- 7 . 4 1 7 C 02 — 2 . 13 7F 03 - 1 . 7 4 3 E 03 - 1 . 4 6 9 E 0 3 - 1 . 4 6 9 F 03 -1 . 4 6 9 E 0 3 5 . 3 2 0 E 0 3 5 . 3 20E 0 3 - 3 . 9 7 S E 03 0 . 0 
=, N 216 1 44 109 109 0 33 33 72 0 

Y w E A N 2 . 5 i ? r 03 1. 4 4 2 F 03 3 . 1 " 5 F 03 3 . 7 7 2 F . 03 3 . 7 7 2 E 03 0 . 0 7 . R B 1 E 03 7 . 8 8 1 E 03 - 5 . 3 2 5 E 03 0 . 0 

HP S HE An • I F V L WK221 : 3 0 - 3 ? , ETA = = 0 . C 1 7 
Gpnup 

ri_ a s s 1 5* 1 1 * 1 4 * 1 3 * 6 * 
0 M 0 0 0 50 27 

Y ^ F AN 0 . \ ) 0 . f) 0 . 0 9 . R 7 3 E 03 - 3 . 6 4 5 E 03 
i N 79 0 3 ° 0 31 

Y M f- A N 6 . I 7 2F 03 C. 0 1 . 8 0 9 F 03 0 . 0 - 5 . 129E 03 
? M ? 4 0 17 0 77 

2 . 6 a SC C3 c . 0 - 5 , 4 14F 02 0 . 0 0 6 5 E 0 3 
•a t: 1 ft 0 13 0 2« 

YM FAN 5 . 7 1 OF 0 3 c. 0 l . ^ ° 9 E 03 0 . 0 - 6 . 0 R 5 F 03 
.2 "5 c 1 ° 0 47 

Y " E AN " . 0 4 9 F 03 0. 0 l . ? T 4 D 03 0 . 0 - 6 . 7 8 1 F 0 3 
N 1 a 1C9 1* 0 35 
Y'^A-V! 1 . ? ° ! F 04 •> 772F 03 5 . 6 4 7 F 02 0 . 0 - 4 . 3 3 5 E 03 

r-un I F A N A L Y S I S 

Tnt ETA {fiEatty n ) is the fcuictivn otf tkz variance ofa group f accounted &or by 
alt the, subclass means oi that predictor. [The BSS '4 are &or binary splits only). 



APPENDIX 5 - Second Exanple., Run 3 

I N S T I T U T E FOR S O C I A L R E S E A R C H MONITOR S Y S T E M 0 2 / 0 5 / 7 3 
* * * * * F A S T E R V E R S I O N S OF T A B L E S , MDC , AND R E G R E S S N NOW A V A I L A B L E BY S P E C I F Y I N G 
* * * * * 
* * * * * / / E X E C O S I R I S , L I B = X 4 8 5 3 2 1 X , L I B I D O S IRPGM 
* * * * * 
**-**"*" SAVINGS ARE 1 0 - 4 5 ' « FOR T A B L E ' S , 4 5 S FOR MOC AND 20X FOR R E G R E S S N 

* * * * * T I ME IS 0 : 2 2 : 4 5 

* * * * * L I S T I N G OF S E T - U P FOLLOWS: 

***** 
***** 
***** 
***** 
"****"*" 

Host o£ this it identical 
to thi faint ran i>o only 
alterations art noted. 

CARD 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

1 2 3 4 5 6 7 8 
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 B 9 O 1 2 3 4 5 6 7 S 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 
IRUN A I D 3 

I N C L U D E V 1 2 6 4 = l AND V 1 1 0 9 = 0 - l AND V 5 4 2 = 0 - l AND V 1 4 9 9 = l - 9 * 
MTR 4 6 , P R O J E C T 4 6 8 0 7 0 , A 1 0 3 
* 
V l 'Ol ,V54'27V6037V1"00'9","V1'1'09'7V1'122 , V1146 ,V1 1 6 8 , V 1 2 4 0 , V 12 5 0 , V 1 2 7 4 , V 1 276','V 1 3 6 5 , 
V 1 3 7 0 , V 1 4 9 0 , V 1 4 9 8 , V 1 4 9 9 , V 1 5 0 6 , V 1 5 7 2 , V 1 6 0 9 , V 1 7 1 9 , V 1 7 2 0 , V 1 2 6 4 , V 1 4 8 5 * 
HOUSE VALUE TRUNCATED TO 5 0 0 0 - 7 5 0 0 0 BY S Q U E E Z I N G EXTREME C A S E S 807MTR45 MORGAN 
Y V A R = 1 1 2 2 , W E I G H T - 1 6 0 9 , 
T A B L E S = I F L I G t M E A N l * 

I F V 1 2 6 4 
0 R V 1 1 0 9 
ORV 542 
0 R V 1 4 9 9 
I F V 1 7 1 9 
OR 

I F V 1 3 6 5 

I F V 1 2 4 0 
ALT 

T 

I F V 2 0 0 3 
OR 

I F V 101 

I F V 101 
ALT 

I F V 1 1 6 B 
I F V 1 0 0 9 

V 1 7 6 4 
V2001 

XVAK*=1 7 1 9 , ANAL a R EGR1 

1 
1 
1 
0 

3000 
3 0 0 0 
5000 
7 5 0 0 

10000 
15000 
2 0 0 0 0 

1 

4 9 9 9 
7499 
9 9 9 9 

14999 
1 9 ° 9 9 

V 2 0 0 2 

V 7 0 0 2 
V20O2 
V 1 7 2 0 
V 2 0 0 3 
V20-33 

MPY 
D I V V 1 7 2 0 

8 V 2 0 0 1 

6 V 2 0 0 4 

V 2 o n 4 
9 V 1 1 6 8 

V 1 0 0 9 

GOTO 

R E C O D E , MOOP=NONE, 

2 
3 

1 0 0 V 1 7 2 0 
V 1 7 1 9 

1 
2 
3 
4 
5 
1 
6 
2 
6 

Specify subgroup regressions 
(otf house, value on -income) 

instead o{ means. The 
covariate (x) must be 
specified. 

S N G L MAN 
S N G L S M N 

B P A C K F T 
P E R C E N T 

C H A N G E 
I N 

I N C O M E 

HOW 
L O N G 

L I V F D 
H F . R F 

T R U N C A T E 
N I N E 

CARD 
N O . 

1 2 3 4 5 6 7 B 
1234 5678 9 0 1 2 2 4 5 6 789012 34 56 7 8 9 0 1 2 3 4 5 6 789 012 34 5 6 7 8 9 0 1 2 34 56 78 9 0 1 2 3 4 56 78 9012 345 678 90 



C A R D 1 2 3 4 5 6 7 8 
N i l . 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9012 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 ^ 0 1 2 3 4 5 6 7 8 9 0 
42 8 I F V 1 0 0 9 GT 6 V 1 0 0 9 6 CODES 
43 9 I F V 1 3 7 0 NE 1 V 1 3 7 0 • 0 
4 4 1 0 I F V 1 4 9 0 HUT I 2 V 1 4 9 0 3 
4 5 11 I F V 1 2 5 0 nuT 1 3V12 50 5 
46 12 I F V 1 1 2 2 GT 7 5 0 0 0 V U 2 2 7 5 0 0 0 
4 7 DRV1 122 LT 5000 " V I 1 2 2 "5000* 
4 8 13 I F V 1 7 1 9 GT 2 5 0 0 0 V L 7 1 9 2 5 0 0 0 
49 1 4 I F V 1 2 7 6 GT 5 V 1 2 7 6 5 
50 1 5 I F V I 1 4 6 IN 1 9 9 V 1 1 4 6 1 B R A C K E T 
51 DR 1 00 149 2 ANNUAL 
5 ? 1 50 199 3 HOURS 
53 2 0 0 2 9 9 4 CU^MljTA/G 
54 GE 300 5 
e 5 ENO 
5 6 Pnt;o= 2001 R4NK- 0 P R E N - - 3 - Y R AVE 1 I N C * 
57 PREO= ( 1 1 6 8 , 1 0 0 9 ) *AXC = 6 * 
5 P P R E D = ? 0 0 2 M A * C = 3 PRf^N- • S E X C MAR S T A T U S ' * 
59 poen= 1 5 0 6 * 
60 P « E n = 1498 M A X C = 5 * 

6 1 PRE 0 = 1572 * A X C » 4 F * 
6 2 P° E 1 = 14^0 MAXC=3 F RANK=0 ENO* 
6 3 MIN=3 R EOU = . 5 RANK = A L L T R A C E = A L L * | Omit lookahtad and tymetry ptmuMb 

and tut a lower rtdticibility criterion 
becauit tilt main income tUtct i& 
already removed. 



V A R . T Y P E V A R I A B L E N A « E T L O C 

T 1 0 1 0 W H E N M O V E D I N 5 : 3 6 5 7 0 

T 5 4 2 0 C H A N G E I N F U C O M P l 5 : ? 5 1 0 7 0 

T 6 0 3 3 M O V E D S I N C E S P R N G 6 8 1 6 - 3 B 1 1 4 9 

T 1 0 0 9 0 B K T 4 G E H E A D 9 V 1 0 0 9 1 B 3 1 

T 1 1 0 ^ 0 C H A N G E I N F U C O M P 2 1 : I R 2 0 2 1 

T 1 1 2 2 0 H O U S E V A L U E 2 1 : 3 8 - 4 2 2 0 4 1 

T 1 1 4 6 0 H R S H E A D T R VL hK22 : 3 0 - 3 2 2 1 0 3 

T 1 1 6 8 0 " R E Q U I R E D R O O M S 2 3 : 1 2 2 1 5 4 

T 1 2 4 0 0 S E X O F H E A O 2 6 : 4 0 2 3 5 1 

T 1 2 5 0 0 P U B T R A N S P G O O D 2 6 : 5 2 2 3 6 3 

T 1 2 6 4 0 O ^ N O R R E N T ? 2 6 : 6 7 2 3 7 0 

T 1274 0 MOVED S I N C E SPRIVC- 26 : 7 7 23BS 

T 1276 0 MIGHT MOVE 26 : 7 9 2 3 « 0 

T 1 3 6 5 0 MARITAL STATUS 29 : 1 0 25 14 

T 1370 0 C X P E C T C H I L D R E N 7 29 : I P 2521 

T 1 4 8 5 0 EDUCATION OF HEAD 31 : : 4 3 2 6 5 7 

T 1490 0 RACE 31 : 4 8 2 6 6 2 

T 1 4 9 3 0 D I S T TO CNTR S«SA 31 : 5 8 2672 

T 1499 0 T Y P E OF STRUCTURE 31 : 5 9 2 6 7 3 

T 1506 0 L R G S T P L A C / S M S A P S U 3 1 : :66 2680 

T 1 572 0 CURRENT REGION 0V472 2838 

T 1 6 0 9 0 W E t GHT 0 V 5 0 9 2B92 

T 1719 0 ME4N MONEY INCOME 3179 

T 1720 0 S L O P E HON FY INCOME 3184 

NODEC P E S P . ^DCUDEl MDCO0E2 RF FNO ID TSEDNO 

0 I 0 0 0 0 0 0 9 O O O O O 

C 1 O C O O O 

0 1 Q 0 U 0 0 0 9 O U O O O 

0 1 O O O O O 

0 1 0 0 0 0 5 

0 1 O G O U U 

0 1 O O O O O 

0 1 O C O O U 

0 1 O O O O O 

0 1 Q O 0 O O 0 9 O O O O O 

0 1 ooooo 

0 1 0 0 0 3 0 0 9 ooooo 

0 1 0 0 0 0 0 0 ° 0 0 3 0 0 

0 1 O C O O O 

Q 1 0 0 0 0 0 0 9 O O O O O 

0 I 0 0 0 0 0 0 9 ooooo 

0 1 0 0 0 0 0 0 9 ooooo 

0 1 0 0 0 0 0 0 9 ooooo 

0 1 0 0 0 0 0 0 9 ooooo 

0 I ooooo 

0 1 0 0 0 0 0 0 9 ooooo 

0 1 C O R O O O O O 

0 1 C O R O O O O O 

0 1 C O R O O O O O ' 

HOUSE VALUE TRUNCATED TO 5 0 0 0 - 7 5 0 0 0 BY S Q U E E Z I N G EXTREME C A S E S 807MTR45 MORGAN 

YVAR=11 '22 . W"lfGHT = 1 6 0 9 , X V A R * 1 7 1 9 . ANAL=RfGR, R E C O D E , MDOP-NONE, 

T A B L E S = ( E L I G . M E A N ) * 

NO LOG T E S T R E L A OPERAND B OPERAND R E S OP C OPERAND D OPERAND T E X T M 
1 I F V 1 2 6 4 NF 1 0 0 0 0 



0 Q P V L 1 0 9 GT 1 0 0 
0 0~CV 542 GT 1 0 0 
0 0 R V 1 4 9 9 EO 0 0 V 1 2 6 4 = 
2 I F V 1 7 1 9 LT 3 0 0 0 0V2001 
0 OR 0 IN' 3 0 0 0 4 9 9 9 0 
0 0 5 0 0 0 7499 0 
0 0 7 5 0 0 9 9 9 9 0 
0 0 1 0 0 0 0 ' 1 4 9 9 9 0 
0 0 1 5 C 0 0 1 9 9 9 9 0 
0 0 GE ?.0000 0 0 
3 IFV1 365 F.Q 1 OV 20*02 
0 0 0 0 0 GOTO 
0 [ F V l 2 4 0 ED 1 0V7OO7 
0 ALT 0 0 0 V 2 0 0 7 = 
4 T 0 0 0 V 1 7 2 0 MP Y 
0 0 0 0VZ0O3 01 VV 
0 I F V 2 0 0 3 LT - 5 0 V 2 0 0 3 = 
0 00 0 IN - 4 4 0 
0 0 5 9 0 
0 0 10 19 0 
0 0 GE 20 0 0 
5 [ F V 1 2 7 4 EO 1 0 V 2 0 0 4 « 
0 0 0 0 0 GOTO 
0 I F V 6 0 3 EO I OV2004 -
0 0 0 0 0 GOTO 
0 TFV 101 IN 7 RV2 304 
0 0 0 0 0 GOTO 
0 I F V 101 IN 4 6 V 2 0 0 4 
0 Al.T 0 0 OV2004 = 
6 I F V 1 I 6 f l IN 7 9 V 1 1 6 ? = 
7 J P V 1 0 0 9 EO 1 0 V 1 0 C ° = 
e I F V 1 0 0 9 GT 6 OV10QO 
• ( F V 1 3 7 0 NE 1 . OV1370 * 

10 I F V 1 4 9 0 OUT 1 2V149Q = 
11 I F V l 2 5 0 DOT I 3 V 1 2 5 0 • 
12 I F V 1 1 2 2 GT 7 5 0 0 0 0 V 1 1 2 2 

0 OR V I 1 2 2 LT 5 0 0 0 OVl 1 2 ? = 
13 ! F V 1 7 1 9 GT 2 5 0 0 0 0 V 1 7 1 9 = 
14 1 F V l 2 7 6 GT 5 0 V 1 2 7 6 = 
15 I F V l 1 4 6 IN 1 ° 9 V ] 1 4 6 = 

0 OR 0 100 1 49 0 
0 0 150 199 c 
0 0 200 299 Q 
0 0 CP 300 0 0 
0 END 0 0 0 0 

*E0= 2001 *AXC= 7 flANX^O PR E N = ' 3 -•YR AVE t IMC 1 

PPED= (1 1 6 R . I C C 9 ) MAXC=ft« 

P R E 0 = ? 0 0 7 * A X C = 3 PR' : N='SE.X f. MAP S T A T U S 1 * 

P1* E D - 1 5 0 6 * 

P R [ D = 1 4 9 P MAXC=5* 

PRFD=1572 MAXC=4 F * 

P R F D M 4 9 0 MAXC=3 F R A H K - 0 END* 

0 0 H 
0 0 VJO 
0 0 ° 
1 0 
2 0 
3 0 
4 0 
5 U 
A 0 
7 0 
1 0 M A R R I E D 
4 0 
2 0 S N G L MAN 
3 0 S N G L SMN 

1 0 0 V 1 7 2 0 
1 7 2 0 V 1 7 1 9 

1 0 ftW.KLT 
2 0 ° F R C E N T 
3 0 C H A N G E 
4 0 I N 
5 0 I N C O M E 
1 0 
6 0 HOW 
2 0 L O N G 
6 0 L I V E D 
3 0 H E R E 
6 0 
4 0 
5 0 
6 0 T R U N C A T E 
2 0 N I N E 
6 o C O E D S 
0 0 
3 0 
5 .0 

7 ^ 0 0 0 0 
5 0 0 0 0 

2 5 0 0 0 0 
5 0 
1 0 R R A C K F - T 
2 0 A N N U A I 
3 0 H C U F S 
4 0 C - I * PL) T N G 
5 0 
0 0 

MIN=? 0 E D U = . 5 RAN ALL TR AC E = AL L * 



C i r - P i ' j t r.r>rr. I F l F D 

nilTDMT S H F C I F I F n 

1UI 5'.? M l ' 10f") 1 109 1 I 22 I H A 1 16B 12 40 12M3 1 2 " . 1276 136 5 1370 1"30 14 53 14 99 1506 1572 160 9 

)> l r - 1 72 0 1 ?f>4 l ' . p s 2001 2(JO? 2 0 0 3 200^ 



HOUSE V A L U E TRUNCATED TO 5 0 0 C - 7 5 C 0 0 BY S Q U E E Z I N G EXTREME C A S E S 807MTR45 MORGAN ^ 

2088 OBSERVATIONS READ AFTER GLOBAL F I L T E R 

Y AVERAGE - 2 . C C 1 3 4 2 E C4 
STANDARD D E V I A T I O N - 1 . 2 7 8 2 5 2 E 0 4 
BOUNDARIES = -4 .383920E 04 8.3986O0E 04 

2 0 8 8 C A S E S INCLUDED IN THE A N A L Y S I S 
0 F I L T E R E D ( L O G A L / S U B S E T S E L E C T O R ! 
0 M I S S I N G DATA C A S E S 
0 OUTL'TF.RS INCLUDED 
0 I N V A L I D P R E D I C T O R V A L U E S 

20P8 SAMPLE OBSERVATIONS - WITH TOTALS 
H E I G H T S = 8 . 1 5 7 5 0 0 E 04 
DEPENDENT V A R I A B L E I Y l = 1 . 6 3 7 4 8 9 D 09 AVERAGE = 2 . 0 0 7 3 4 2 E 04 
Y - S Q U A R E D = 4 . ' 6 T 9 2 3 9 0 13 VARIANCE - 1 . 6 3 3 9 3 1 E 08 
COVARI AT.E ( X I = B . 3 9 9 5 4 6 D OR AVERAGE = 1 . 0 2 9 6 7 1 E 04 
X-SOUA RED = 1 . 1 5 2 2 8 8 D 13 VARIANCE = 3 . 5 2 4 9 5 8 E 07 
C R O S S - P R O C U C T S ( Z l = 2 . 0 5 7 3 4 1 D 13 S L O P E - 1 . 2 9 1 7 5 9 E 00 

STAGE 1 OF THE A N A L Y S I S 
B E S T S P L I T RASED ON R E G R ' N 

0 - S T E P LOOKAHEAD WITH 1 FORCED S P L I T S 

S P L I T T I N G C R I T E R I A -
MAXIMUM NUMBER OF S P L I T S - 25 
MINIMUM * O B S E R V A T I O N S ' IN A GROUP = 3 
t A G E OF TOTAL SS N S P L I T S MUST E X P L A I N = 0 . 5 < N = 1 I . 
PRINT CASES O U T S I D E 5 . 0 STANDARD D E V I A T I O N S OF PARENT GROUP MEAN 

8 RANKED P R E D I C T O R S S P E C I F I E D 
P R F D I C T Q R RANK P R E F E R E N C E AT 

S P L I T ATTEMPT RANGE - C RANKS U P . 0 RANKS DOWN 
E L I G I B I L I T Y PANGE - 0 RANKS U P . 0 RANKS DOWN 

P R E D I C T O R V A R I A B L E NUMBER TYPE MAX C L A S S RANK 
1 3 - Y R AVE I INC V2001 M 7 0 
2 H REOlJ IRFD POCMS 23 :12 . V l l f . 8 M 6 1 
3 RKT AGE HEAD 9 V 1 0 C « V 1 0 0 9 M 6 1 
4 SEX F. MAR STATUS V2002 M 3 1 
5 LRGST P L 4 C / S M S A PSU31:f>6 V150A M 9 1 
6 D I S T TO CNTR SMSA 31 = 58 V149f3 M 5 1 
7 CURRENT REGION 0V472 V1572 F 4 1 
B RACE 31 :4f> V 1 4 9 0 F 3 0 

WEIGHTED Y V A R I A B L F 1122 HOUSE VALUE 21 : , 3B -42 SCALED BY l . O E 00 
COV A RI AT—ME AN MONEY INCOME V 1 7 1 9 - S C A L E FACTOR l . O E 00 

1 C A N D I D A T E S - GROUP SS 
1 1 . 3 3 2 7 4 0 E 13 

ATTEMPT S P 1 1 T ON GROUP 1 VUH SS = 1 . 3 3 2 2 4 Q E 13 



LCCKAHEW T E N T A T I V E P / O T I T J O N 

S P L I T ATTEMPT ON GROUP 1 WITH N - 2 Q 6 P . SS = 1 . 3 3 2 2 4 0 E 11 
SUMS- W = R . 1 5 7 5 0 Q F 0 4 , Y = L . 6 3 7 4 t f 9 E 0 9 , YSO = 4 . 6 i n 2 j o F _ 1 3 , X » 3 . 3 9 9 5 4 4 £ 0 8 , XSO = 1 . 1 5 ? ? , B B F 1 3 , 7 = 2 . i j 5 7 3 4 i ) r 13 

D P F n i C T O B " unOUIREO ROCMS ? 3 : ] 2 
•5 NON-EMPTY C L A S S E S ? 3 5 6 

P A R T ! T T fjN N WEIGHT Y - M f A ^ Y-VARIANCt" X-M t AN X-VAf.' IAKCF. S L r , R r B S S 
BETWEEN 2 661 2 . 9 1 3 7 0 E 0* 1 . 7 6 2 C 9 C 0" ! . * 4 3 ? 2 E 0 « 7. 9560?F 03 3 . 5 U * 0 ? l " D 7 ) . D 6 « I B F 01) 

AND 3 1 ^ 2 7 5 . 2 4 3 B 0 E C4 2 . I 4 3 6 7 E 04 1 . 7 4 4 2 1 E 09 1. L 5 C 7 3 F 04 3 . 0 6 4 ^ 3 F 1)7 1.4 7 I 49 E 00 1 . , 17hOSF L l 
9 FTWFEN 3 1218 5 . 3 O 2 3 0 F 04 1 . -7242BE 04 1 . 5 1 ^ 7 E OP 9 . 2 R 2 9 9 F . 0 } 3 . ^ 0 7 1 2 H 07 J . 2 ^ 2 6 5 r : 00 

A NO 4 870 2 . B 5 5 2 0 E 04 2 . 1 6 1 5 9 b 0 * 1 . * 1 2 0 4 E DB 1 . 2 1 7 9 3 E 04 3 . 2 0 26 3>-: 07 1 . 5 0 R B 4 E 00 8. . 6 3 6 ° IF 10 
BRTWFEN 1 704 7 . 1 1 3 4 J F 04 7 . 0 0 8 6 6 H 04 1 . 6 O 3 0 2 E OB 1 . 0 0 7 3 9 E 04 3 . 5 2 * 2 0 ^ 07 1 . 2 7 7 7 A E 00 

AND 5 384 1 . 0441OF. C4 1 . 9 9 8 3 4 C 04 1.(J49 50F OH I . 1 B 1 4 7 E 04 3 . 2 M 2 2 F 0 7 1 . 5 0 6 3 r - e 00 h. , 6 7 7 0 7 F 10 
B FTWFEN 5 19 29 7 . 7 F B C C E C4 2 . C 0 7 7 9 E 04 1 . 6 1 5 ° 0 E OS 1 . 0 2 O 2 5 F 04 3 . 5 1 5 6 9 F 07 1 . 2 9 F 4 3 E 00 

A N D 6 159 3 . 6 " 5 0 0 F 03 1 . 9 5 7 9 6 E 04 2 . 0 2 6 9 0 E OB 1 . 2 2 R 1 B E 04 3 . 3 2 9 7 0 E 07 1 . 3 7 6 4 2 S 00 2 . , 8 2 3 M F 10 
PEST S P L I T ON P R E D I C r n f l 1163 = 1 . 1 7 6 0 B 3 E 11 AFTER C L A S S 2 

P R E D I C T O R BKT A G E HF.AO 9V10C9 
5 NON-EMPTY C L A S S E S 2 3 4 •! 6 

PART I T ION N WEIGHT Y-MEAN Y-Vaw1ANCE X - V F A N X - V A k I A f . C E s i r FIST. 
BETWEEN 2 372 1 . 4 2 3 5 C F G4 1 . , 9 B 7 4 B E 04 l . < , 4 -a40F 08 I . 0 8 2 5 7 F 04 1 . 9 0 3 4 2 F 07 l , 777561: 00 

AND 3 1 7 ) 6 6 . 7 3 4 0 0 E 04 2. , 0 1 1 ^ F 04 1 . 6 7 3 6 9 E 08 1 . 0 1 8 4 9 E 04 3 . 8 6 1 8 6 " : 07 1 . 2 4 4 3 4 E 'JO H. 2 0 9 / , n t U) 
B FTWFEN 3 9 0 2 3 . 3 4 8 7 0 F 04 2 . . 20 74 3E 04 I . 7 5 Q 4 7 E OB 1 . 1 8 2 6 2 E U4 2 . 5 2 6 4 5 F 07 1 . 7 2 3 1 4 F 00 

AND 4 1 1P6 4 . 8 C R R 0 E C4 I . . 3 6 B 0 0 E 04 1 . 5 0 6 7 7 E 08 9 . 2 3 1 6 6 F . 03 3 . ° 4 6 3 7 E 07 1 . 0 9 S 3 3 E 00 2 . 2 H 2 ? . I f i I 
BETWEEN 4 13B1 5 . 1 0 1 5 0 E C4 2 . , 1 B 2 1 7 E 04 1 . 7 0 7 6 6 E OB 1 . 2 1 3 7 3 E 04 2 . 7 6 4 7 2 E 07 1 . 5 0 9 S 4 E 00 

AND S 707 3 . 0 5 6 0 0 E 04 1. . 7 1 5 5 0 E 04 1 . 3 7 6 5 9 E 08 7 .22 ' .2 '>E 03 3 . 2 8 8 0 4 F 07 1 . 1 4 2 6 ) f 00 1 . 4 1 2 2 7 F i I 
RETWEFN 5 17 59 6 .60O2 '0F 04 ;. , 11990E 04 1 . 6 R 4 6 5 E OB 1 . 1 6 0 2 2 E 04 3 . 1 0 7 5 4 E 07 1 . 3 9 0 5 0 ? 00 

AND 6 329 1 . 5 S 7 3 0 E 04 i . . 5 J 0 ? « E 04 ) . 1 4 1 1 3 E 08 4 . 7 6 3 B 7 E 03 1 - 5 1 3 7 9 F 07 1 . 5073«t£ 00 1. 3 9 6 0 3 E 11 
B F S T S P L I T DN PREDICTOH : IOC lO = 2 . 2 8 2 2 D 5 E 11 AFTER C L A S S 3 

PREO [ C TOR S E X fi i"4R STATUS 
3 NON-EMPTY C L A S S E S 1 2 

P ASTI T I H N 
BETWEEN 

AND 
BFTWFEN 

AND 
B E S T 

1 
2 
2 
3 

S P L I T 

we IGHT 
6 . 6 6 8 4 0 E 04 
1 . 4 B 9 1 0 E 04 

1742 6 . t ) 8 E 2 0 E 04 
346 1 . 1 6 9 3 0 E 04 

1660 
4 2 8 

Y-MEAN 
2 . 1 0 9 3 7 E 04 
1 . 5 5 0 4 6 E 04 
2 . 0 7 8 B 6 E 04 
1 . 5 7 9 9 3 E 04 

Y - V A R I A N C E 
1 . 7032BE 08 
1 - 0 7 0 8 3 E 08 
1 . 6 8 7 6 6 E 08 
1 . 1 0 3 1 2 E 08 

X - " E A N 
. 1 4 2 5 7 E 04 
. 2 4 0 7 7 F 0 3 
• 1 1 9 5 3 F 04 

4 . 9 2 6 3 3 E 03 

X - V A P I A N C E 
3 . 2 4 2 5 5 E 07 
1 . 6 6 5 9 4 E 07 
3 . 3 3 7 2 3 E 07 
1 . 2 8 3 6 2 E 07 

S L O P F 
1 . 3 6 9 3 6 E 00 
1 .34439F . 00 
1 . 3 5 6 4 7 E 00 
1 . 5 8 8 2 6 E CO 

B . 3 R 0 2 2 E 10 

1 . 1 9 6 8 9 F 11 
ON P R E D I C T O R 2002 1 . 1 « 6 B ? 7 E 11 AFTER C L A S S 

PRFD1CT0R LRGST P L A C / S M S A P S U 3 I : 6 6 
6 NON- FMPTY C L A S S E S 1 ? 3 4 5 6 

PART I T I ON N WEIGHT Y-MEAN Y - V A R I A N C E 
BFTWFEN 1 6 3 3 2 • 3 7 C1 OF 04 2 . 5 8 3 C 8 E 04 2 . 1 187QE 08 

ANC 2 1455 5 . 7 8 7 4 0 E 04 1 . 7 7 1 5 6 E 04 1 . 2 4 5 1 9 E 08 
BFTWFEN 2 1076 4 . 11 590E 04 2 . 4 0 1 2 1 E 04 I - 8 9 7 9 1 E 08 

AND 3 1012 4 . 0 4 1 6 0 E 04 1 . 6 0 6 2 3 E 04 K 0 4 7 4 7 E 08 
BETWEEN 3 1298 5 . 0 3 4 B O E 04 2 . 3 0 I 4 5E 04 1 .791HOh 08 

AND 4 790 3 . 1 2 2 7 0 E 04 1 . 5 3 3 1 5 E 04 1 . 0 1 7 D 2 E 08 
BETWEEN 4 1442 5 . 6 5 1 4 0 E 04 2 . 2 5 1 B 0 E 04 1 . 7 3 9 9 4 E 08 

ANC 5 646 2 . 5 0 6 1 0 E 04 1. 4 5 6 0 R E 04 9 . 5 7 8 7 4 E 07 
BETWEEN 5 1642 6 . 49450F. 04 2 . 1 6 4 2 9 E 04 1 . 6 9 0 5 1 E 08 

AND 6 446 1 . 6 6 3 0 D E 34 1 . 3 9 4 4 3 E 04 9 . 4 3 4 1 0 E 07 
B E S T S P L I T ON P R E D I C T O R 1-506 - 3 . 5 0 R 6 1 9 E 11 AFTER 

X-MEAN X - V A R I A N C E S L O P E RSS 
1 . 2 6 2 7 0 E 04 3 . 7 2 0 2 4 E 07 1 . 4 5 6 4 7 E 00 
9 . 3 4 2 3 8 E 03 3 . 1 3 3 7 1 E 07 1 . 0 9 3 7 4 E 00 3 4 7 0 3 7E 11 
1 . 2 1 2 7 7 E 04 3 . 4 4 9 5 8 E 07 1 . 3 9 7 9 4 E 00 
R . 4 3 2 0 5 C 03 2 . 9 1 5 3 5 E 07 9 . 6 0 4 5 8 E - 01 3 5 0 B 6 2 E 11 
1 . 1 7 9 1 2 E 0 4 3 . 4 3 7 B I E 07 1 . 3 4 3 5 7 E 00 
7 . B 8 7 L 4 E 03 2 . 7 2 R 1 0 E 07 9 . 5 2 9 5 6 E - 01 2 . 3 6 5 9 2 E 11 
1 . 1 5 3 9 7 E 04 3 . 5 0 4 4 0 E 07 1 . 3 0 0 4 2 E 00 
7 . 4 9 3 7 1 E 03 2 . 4 4 1 0 0 E 07 9 . 4 9 6 0 7 E - 01 2 0 1 0 7 5 E 1 1 
1 . 1 1 3 9 9 E 04 3 . 5 0 3 0 9 E 07 1 . 3 0 5 4 0 E 00 
7 . 0 0 3 7 1 F 03 Z . 2 5 3 4 1 E 07 8 . 6 3 7 3 0 E - 01 1 4237 I F 1 1 

P R E D I C T O R D I S T TO CNTR SMSA 
5 NON-EMPTY C L A S S E S 1 2 

P A R T I T I O N N WEIGHT 
BETWEEN 1 386 1 . 4 1 7 5 0 E 04 

AND 2 I 702 6 . 7 4 0 0 0 E 04 
BETWEEN 2 96B 3 . 7 1 4 9 0 E 04 

3 1 : 5fl 
3 4 5 

Y-MEAN Y - V A R I A N C E 
1 . 8 8 4 5 4 E 04 1 . 1 1 4 U E 08 
2 . 0 3 3 1 7 E 04 1 . 7 4 0 0 9 E 08 
2 . 1 2 9 1 3 E 04 1 . 4 3 5 6 B E 08 

X-MEAN X - V A P I A N C E 
1 . 0 6 5 B 1 E 04 3 . 5 2 7 4 0 E 07 
1 . 0 2 2 0 7 E 04 3 . 5 2 3 0 7 E 07 
1 . 1 5 5 2 B E 04 3 . 3 7 0 3 3 E 07 

S L O P E 
1 . 0 4 9 8 4 E 00 
1 . 3 4 7 0 2 E 00 
1 . 2 1 0 5 0 E 00 

B . 5 6 9 R 0 E 10 

http://X-VAkIAf.CE


AMD 3 1 120 4 . 4 4 2 6 0 E 04 1 . 9 0 5 5 1 E 04 1 . 7 7 8 3 2 E OR 9 . 2 4 6 3 B E 03 3 . 4 H 8 8 E 07 1 . 3 R 1 6 8 E 0 0 3 . 1 6 7 5 4 E 10 
R FTWFF.N 1304 5 . 0 7 4 4 0 F 04 2. 2 2 9 6 2 E 04 1 . 7 1 5 1 7 E OR 1. 1 6 C 8 Z E 04 3 . 4 1 8 7 1 F 07 1 . 3 1 5 0 4 E o c 

AND & 7R4 3 . 0 B 3 1 0 E 04 1 . 6 4 1 4 9 E 04 1 . 2 86 79E OR 8 . 1 3 8 1 6 E 0 3 2 . 9 5 5 2 6 E 07 1 . 145Q9E 00 5 . T 9 9 B 8 E L O 
R FT WEEN 4 1549 6 . 0 4 S 5 U F 04 2 . 1 5 0 4 6 E 04 1 . 6 5 2 R 1 E ' 08 1 . 1 1 7 3 5 E 04 3 . 4 3 4 7 0 E 07 1 . 3 1 4 4 R E 0 0 

AND 5 539 2 . 10ROOE 04 l . 5 9 6 6 1 E 04 1 . 3 5 * 3 1 E OR 7 . 7 8 0 6 5 E 03 2 . 9 3 7 0 6 F 07 1. 1 16 7.1 E 00 0 9 5 3 2 E 10 
B F S T S P L I T ON P R E D I C T O R 14SH = 8 . 5 6 9 8 0 2 E 10 AFTER C L A S S 1 

P R F D I C T D P CURRENT R E G I O N 0V472 
4 NON-EMPTY C L A S S E S 4 2 : 

PART I T I C N N WEIGHT Y-MFAN Y - V A R I A N C E X-MEAN X - V 4 R I A N C E S L O P E RSS 
BETWEEN 4 3 1 7 1 . 3 2 7 1 0 E 04 ?.. . 13324E 04 1 . 2 2 3 0 7 E OR 1 . 0 6 I 9 4 E 04 3 . 1 3 6 6 8 E 07 9 . 4 0 3 E 4 F - -01 

AND 2 1771 6 . B 3 0 4 0 E 04 1 , . 9 8 2 8 H E 04 1 . 7 1 0 R 6 E OB 1 .02 3 4 0 F 04 3 . 5 9 Q 9 3 C 07 1 . 3'*93 3E 00 7 . 0 I - 9 B 5 E 10 
BETWTEN 2 934 4 . C 1 C B G E 04 2 . • 0 3 6 3 4 E 04 1 . 3 1 4 3 7 E 08 1 . 0 6 3 8 2 E 04 3 . 3 6 4 2 0 E 07 1 . 0 3 5 0 4 E 00 

AND 3 1154 4 . 1 4 6 7 Q E C4 1 . . S 7 9 2 9 E 04 1 . 9 4 2 1 2 E OB 9 . » 6 6 4 1 E 03 3 . 6 6 1 6 0 E 07 1 . 4 7 8 1 0 E 00 1 . 1 2 0 5 5 E 11 
R E T w r F N 3 1724 6 . 385 I C E 04 1 . . 8 7 2 2 2 E 04 1 . 3 6 0 9 5 F 08 9 . 8 6 2 4 5 b 03 3 . 4 4 8 9 6 E 07 1 . 1 4 9 2 4 E 00 

AND I 364 I . 7 7 2 4 0 E 04 2 . 4 9 4 1 4 F 04 7 . 3 2 0 2 2 E 08 1 . 1 8 6 1 1C 04 3 . 4 9 5 1 I F 07 1 . 6 3 6 2 2 E 00 3 . 0 1 5 2 0 E 11 
R E S T SPL IT ON P R E D I C T O R 1572 = 3 . 0 1 5 2 0 1 E 11 AFT ER C L A S S 3 

P R E D I C T O R 3-YR AVE i INC 
7 NON-•EMPTY CL A S S E S 1 2 3 4 5 6 7 

PART I T 1 ON N WEIGHT Y-MEAN Y - V A R I A N C E X-MEAN X - V A R I A N C E S L O P E RSS 
BETWEEN 1 256 fl.S0500E 03 1 . 0 5 2 9 6 E 04 4 . 2 3 3 7 8 E 07 1 . 9 2 3 3 5 E 03 4 . 2 3 0 7 7 E 05 I . 8 5 7 9 3 E 00 

AND 2 1837 7 . 2 7 7 0 0 F 04 2 . 12782E 04 1 . 6 5 7 0 8 E 08 1 . 1 3 0 9 9 E 04 2 . 9 9 5 1 2 E 07 1 . 3 3907E 00 2 . 2 0 1 1 7 E 10 
BETWEEN 2 51 3 1 . C 5 4 1 0 F 04 1. I 7 9 4 4 E 04 5 . 7 3 4 9 6 E 07 2 . R 5 6 B 6 E 03 1 . 3 6 1 9 7 F 06 1 . 2 378 4E 00 

ANC 3 1575 6 . 5 0 3 4 0 E 04 2 . 2 I 7 9 1 E 04 1 . 6 8 5 3 4 E 08 1 . 2 1 8 9 0 E 04 2 . 6 7 0 5 9 F . 07 1 . 4 1 3 1 4 E 00 6 . 1 9 0 7 9 E 10 
BETWEEN 3 899 2 . R 9 7 8 0 E 04 1 . 2 7 7 6 RE 04 6 . 0 0 4 D 4 E 07 4 . 3 3 3 3 5 E 03 3 . 9 1 0 9 9 E 06 7 . 0 5 3 6 8 E --01 

AND 4 1 1P9 5 . 2 5 9 7 0 E 04 2 . 4 0 9 3 4 E 04 1 . 7 4 9 0 4 E 08 1 . 3 5 8 2 2 E 04 2 . 2 1 2 3 4 E 07 1 . 4 4 2 5 7 E 00 7 . 2 7 4 6 0 E 10 
BETWEEN 4 1261 4 . 3 0 1 3 0E 04 1 . 4 2 3 4 6 E 04 7 . 0 0 4 6 6 E 07 5 . 7 9 8 4 7 E 03 7 . 2 3 R 9 7 E 06 9 . 3 D B 0 B E - -01 

AND 5 827 3 . 8 5 6 2 0 E 04 2 . 6 5 8 6 2 E 04 1 . 8 7 1 9 3 E 08 1 . 5 3 1 4 2 E 04 1 . S 7 4 2 5 E 07 1 . 4 3 1 3 2 E 00 5 . 4 6 4 3 4 E 10 
BETWEEN 5 1758 6 . 5 4 1 1 0 E 04 1 . 7 0 9 6 7 E 04 1 . 0 2 4 72E Ofi 8 . 0 2 1 1 3 E 03 1 . 4 9 9 8 2 E 07 1. 17493E 00 

AND 6 330 1 .6 1640E 04 3 . 2 1 1 9 5 E 04 2 . 2 9 4 9 1 E 08 1 . 9 5 0 5 3 E 04 1 . 1 4 3 1 8 E 07 1 . 7 6 1 5 6 E 00 5 . 4 4 7 5 6 E 10 
BETWEEN 6 1966 7 . 5 5 3 2 0 ? 04 l ' . 8 5 5 5 9 E 04" 1 . 1 8 5 9 7 E oe 9 . 2 4 8 8 2 F 03 2 . 2 9 9 4 5 E 07 1 . U I 0 5 9 E 00 

AND 7 122 6 . O 4 3 0 0 E 03 3 . 9 0 4 1 0 E 04 3 . 3 7 2 04E 08 2 . 3 3 9 4 4 E 04 3 . 0 9 7 2 0 E 06 2 . 2 5 3 6 B E 0 0 6 . 5 9 848E 10 
B E S T S P L I T ON PREDICTOR 1 2001 = 7 . 2 7 4 6 0 1 E 10 AFTER C L A S S 3 

P R E D I C T O R RACE 
3 NON-EMPTY C L A S S E S 

P A R T I T I O N 
BETWEEN 2 

AND 3 
BETWEEN 3 

AND 1 

N WEIGHT 
406 5 . 4 9 3 0 0 E 03 

1682 7 . 6 0 8 2 0 E 04 
462 7 . 2 2 2 0 0 E 03 

1626 7 . 4 2 5 3 0 E 04 

! 1 : 48 
1 

Y-MFAN Y - V A R I A N C E 
1 . 1 7 8 2 7 E 04 5 . 5 2 6 7 0 E 07 
2 . 0 6 7 2 0 E 04 1 . 6 5 9 0 3 E 08 
1 . 3 8 0 3 5 E 04 8 . 4 3 7 3 6 E 07 
2 . 0 6 9 1 7 F 04 1 . 6 6 9 6 1 E 08 

X-MEAN X - V A P I A N C E 
6 . 9 6 2 7 6 E 03 2 . 5 4 6 7 9 E 07 
1 . 0 5 3 7 4 E 04 3 . 5 1 0 2 8 E 07 
7 . 6 1 9 9 4 E 03 2 . 6 0 3 1 4 E 07 
1 . 0 5 A 0 7 F 04 3 . 5 3 9 1 2 E 07 

S L O P E 
8 . 8 7 2 4 9 E - 0 1 
1 . 2 B 3 5 9 E 00 
1 . 0 7 4 1 5 E 00 
1 . 2 B 4 4 5 E 00 

1. 1 6 4 5 1 E 11 

7 . 2 7 2 9 2 E 10 
B E S T S P L I T ON P R E D I C T O R 1490 1 . 1 6 4 5 0 7 E 11 AFTER C L A S S 

LRGST P L A C / S f S A P S U 3 1 : 6 6 Y I E L D S MAXIMUM B S S 3 . 5 0 8 6 1 9 E 11 

O - S T F P LOOKAHEAD TO S P L I T GROUP 1 . TOTAL B S S = 3 . 5 0 8 6 L 9 E 11 
1 . S P L I T GROUP 1 ON P R E D I C T O R 1 5 0 6 . B S S = 3 . 5 0 8 6 1 9 E 11 



* * * * * P A R T I T I O N CF GROUP 1 * * * * * 
FROM E L I G I B L E PPF.DICTORS 'AROUND THE CURRENT RANK 0 UP AND 0 DOWN 

"AXIMU" E L I G I B L E B S S AT EACH STEP 
1 . S P L I T 1 UN V 1 5 C 6 BSS= 3 . 5 C 8 6 2 F 11 
P r i l l " 6 . f . 6 1 E 1 0 . T U T A L - 3 . 5 C B 6 2 E 11 

PREDICTOR 1506 HAS RANK 1 

MAXIMUM TOTAL B S S I LOOKAHE AD I 
S P L I T 1 ON V1506 BSS = 3 . 5 0 8 6 2 E 11 

T P T A L = 3 . 5 0 8 6 2 E 11 

S P L I T GROUP 1 ON L R G S T P L A C / S M S A P5U31 : 6 6 V 1 5 0 6 
G90UP 2 K I T H 1012 O B S E R V A T I O N S FROM 4 C L A S S E S * 3 4 5 6 

W= 4 . 0 4 1 6 0 E C4 Y= 6 . 4 9 1 7 4 0 OB Y S O " 1 . 4 6 S 6 5 0 13 X» 3 . 4 0 7 9 0 0 
X S O = ' 4 . 0 5 0 6 6 0 12 1= 6 . 6 0 4 4 4 D 12 

GROUP 3 W T H 1076 O B S E R V A T I O N S FROM 2 C L A S S E S - 1 2 
W- 4 . 1 1 5 C C E 04 Y - 9 . g a 3 1 5 D OB YSO= 3 . 1 5 3 5 9 D 13 X= 4 . 0 9 1 6 4 D 

XSI)= 7 . 4 7 2 2 1 0 12 7" 1 . 3 9 6 9 0 0 13 

? C A N D I D A T E S GRnUP 
2 
3 

SS 
4 . 2 2 9 2 6 9 E 12 
7 . R 0 4 3 4 1 E \2 

ATTEMPT S P L I T CN GROUP 3 K I T H SS * 7 . 8 0 4 3 4 1 E 12 

We omit the next 36 pages 
fiactng the split attempts. 



* * * * * P A R T I T I O N OF GROUP 12 * * * * * 
FHOH E l ' T G I B l E P R E D I C T O R S AROUND THE CURRENT RANK 1 

MAXIMUM E L I G I B L E B S S AT EACH STEP 

GROUP 12 COULD NOT B E S P L I T 

0 UP AND 0 DOWN 

MAXIMUM TDTAL B S S ILDOKAHEADI 

END OF S T A G E 1 OF THE A N A L Y S I S . 7 F I N A L GROUPS. 7 I N E L I G I B L E FOR S P L I T T I N G . 

V A R I A T I O N E X P L A I N E D ( B S S I O l / T S S ) • 7 . 4 * 

1-WAY A N A L Y S I S OF VARI.AKCE ON F I N A L GROUPS 

SOURCE SUM OF SQUARES OF MEAN SQUARE 

TOTAL 1. 3 3 2 2 4 0 E 13 8 1 5 3 6 . 1 . 6 3 3 9 3 1 F 08 
PQCLFD~RE"GRESS' ION ON' SAMPLE ul "795855E" "12 1 . 4 . 7 9 5 8 5 5 E 12 

BETWEEN INDIV S L O P E S S( 1) 3 . 5 6 9 8 1 4 E 11 6 . 5 . 9 4 9 6 9 0 F 10 
OBSNS BETWEEN INDIV L I N E S S( ?1 7 . 5 3 9 ] 1 BE 12 B 1 5 7 3 . R . 2 4 7 8 5 4 E 0 7 -
GROUP MEANS R E G R E S S I O N L I N E S<3 ) 5 . 6 ° 0 0 6 6 E 11 5 . 1. 1 3 8 0 1 3 E 11 
MEAN S L O P E VS MEANS REGR SLOPF S ( 4 ) 6 . 14423ISE 10 1. 6 . 1 A 4 2 3 f . F 10 

A single. legression ok house value, on income 
over the whole sample accounts koA. 36t ol the 
variance: 

4S0 x fO ' ° , 3 6 S 

1332 x J O 1 0 

This is the unexplained variance around 
Subgroup regression lints. 

Total SS {around mean) = 1332 x J 0 1 0 

' - txpt. by overall regression -4S0 x I P 1 0 

t5t x I 0 1 0 

- Residual "error" -754 x 1Q10 

• Marginal expl. by subgroup 
regressions [dill, means and 
dill. Hopes) 9S x lo. 1^ 

9& x I 0 1 0 

7.4\ ol variance 
1332 x J O 1 0 

Kround mean, explained by diHerent subgroup regressions. 

OR: 

98 x 1010 

%5l x I G 1 0 

- I I , S t of v a r i a n c e around overall regression, explained. 

decomposition ol the 9$ x I I ? 1 0 , see text ( S f * S j + S4 - 9S x I f l 1 0 ) . 

•qj ol it is dillertnces in regression slopes. 

NOTE: Mean squares and F-Ttsts are inappropriate with weighted data. 



GRGU° S I M W Y TABLE 
13 GROUPS (IF WHICH 7 ARE F I N A l 

GROUP 1 . N = 2 C B P , SUM h = P . 1 5 7 5 0 G F 0'. 
Y ME AN= 2 . 0 0 7 3 4 Z E OA, VAPIANCF= I . 6 3 3 9 3 1 T OH, S S ( L ) / T S S = 1 . 0 0 0 , B S S / T S S * 0 . 0 2 6 
X 1 . 0 Z 9 6 7 1 C 04 3 . 5 2 4 9 6 5 E 0 7 , C OP.RFL AT I ON = 0 . 6 0 0 , R= 1 . 2 a 1 7 S t 0 0 . /•= 6 . 7 7 2 5 5 E 0 3 , A (NORK)= Z . 0 0 7 ' 4 h 04 
S P L I T ON L R G S T P L A C / S f S A P S U 3 1 : 6 6 , R S S t l . l - 3 .50»»61«E 11 IN">n 

I WITH C L 4 S S F 3 4 5 . 6 
3 WITH C L A S S E S 1 2 

GROUP 2 i N = 1 C 7 6 , 5UM W = 4 . H 5 9 C 0 E 0*. 
Y MEAN" ? . 4 0 1 2 1 3 c 0 4 , VARIANCE= 1 . 3 9 7 9 0 R E O B , S S I L l / T S S = 0 . 5 8 6 , 3 S S / T S S = 0 . 0 2 0 
X 1 . 2 1 2 7 7 0 E C4 3 . 4 4 0 p c 7 r . 0 7 , C O R R E L A T I O N ^ 0 . 5 9 6 , B= 1 . 3 9 7 9 4 F 0 0 , A= 7 . Q S 8 3 0 E 0 3 , A(NpRM)= 2 . 1 4 5 2 5 E 04 
S P L I T ON 0 1 S T TO CNTR SMS* 3 1 : 5 8 . R S S I L t = 2 . 6 3 M 9 7 E 11 INTO 

4 WITH C L A S S E S 1 2 
5 WITH C L A S S E S 3 4 5 

GROUP 4 , N = 7 C ] , S U " W - 2 . 9 5 2 1 0 C E 04 
Y MEAN= 2 . 2 3 3 4 7 0 P C 4 , V A R I A N C E - 1 . 5 7 9 4 8 ? c C I , S S I L I / T S 5 - 0 . 3 5 0 . B S S / T S S - O.OOB 
X 1 . 1 9 5 8 6 6 F 0 4 3 . 3 7 6 7 6 5 c 0 7 , C ORRE L A T ICN = 0 . 5 8 4 , P= ] . 2 6 ? 5 3 [ 0 0 , A= 7 . . ? 3 5 9 3 E 0 3 , A(tJUPM) = 2 . G 2 3 f 4 f 04 
S P L I T ON RKT AGE h E * f) 9V1CC9 , B S S I L 1 = 1 . 0 9 0 9 7 0 F 11 INTC 

6 WITH C L A S S E S 2 7 4 5 
7 WITH C L A 5 5 F S 6 -

GROUP 2 * . N • 1 0 1 2 . SUM U = 4 . 0 4 1 6 0 0 E 04 
Y MEAN= 1 . 6 0 6 2 2 9 E C 4 , V AR I ANC E = 1 . Q 4 7 4 7 1 E C B , S S t L ) / T S S = 0 . 3 1 7 , B S S / T S S " 0 . 0 
X R . < O 2 0 5 5 E 03 2 . 9 1 5 3 4 9 E 0 7 , C O P ? E L A T I D N = 0 . 5 0 7 , R= 9 . 6 0 4 5 B t - 0 1 , A= 7 . 9 6 3 6 6 E 0 3 , A ( N O P * ) = 1 . 7 R & * 2 r 04 

GROUP 6 i N = 7 1 8 , SL'M h = 2 . 5 R 3 7 C C E 0 * 
Y MEAN 3 2 . 2 8 0 3 9 9 E 0 4 , V A P I A V C E = 1 . 5 2 0 R 3 P F OR, S S ( L 1 / T S S = O . Z ° 5 . R S S / T S S = 0 . 0 0 7 
X 1 . 2 B 1 5 3 0 E 04 3 . O 0 B 2 C 5 E 0 7 , C O R R E L A T I O N : 0 . 6 0 0 . P- 1 . 3 4 P 8 3 F 0 0 , A- 5 . 5 1 B 3 7 F 0 3 , A ( N P R M ) = I . « 4 0 f 8 F 04 
S P L I T ON BKT AGE F E A n 9V1CC9 , P S S I L I * 9 . 5 3 5 0 1 6 H 10 INTO 

8 WITH C L A S S E S 4 5 
9 WITH C L A S S E S 2 3 

GROUP 5 . N = 2 8 5 , SUM W = 1 . 1 6 3 8 0 0 F C4 
Y MFJAN= Z . 8 7 6 7 0 6 E C 4 , V A « I A \ C E - 2 . 4 6 0 6 7 3 P Qp, S S I L J / T S S = 0 . 2 1 4 , R S S / T S S - 0 . 0 0 6 
X 1 . 2 5 5 6 4 7 E Q4 3 . 6 2 0 9 5 7 E 0 7 , C O R R E L A T I O N = 0 . 6 3 6 . B= ] . 6 5 B 2 5 F 0 0 . A= 7 . 4 4 5 2 7 E 0 3 , A | N O R T ) = 2 . 4 5 1 9 8 F 04 
S P L I T ON CURRENT RFG1CN 0 V 4 7 2 , R S S ( L ) = 7 . 9 6 5 9 2 7 E 10 INTO 

10 WITH C L A S S E S 4 3 2 
11 WITH C L A S S E S 1 

GROUP « * , N - 3 B 1 . SUM h = I . 3 4 8 a 0 0 F Q4 
"Y ME AN= 2 . 3 4 1 P B 3 E C 4 , VA R[A ACF= I . 6 5 7 8 6 2 F 0 3 , S S f L ) / T S S = 0 . 1 6 7 , P S S / T S S = 0 . 0 
X 1 . 2 5 7 9 2 0 E 04 2 . 5 7 S B 1 4 F . 0 7 , C O R R E L A T I O N - 0 . 6 6 4 , B= 1 . 6 8 3 8 5 E 0 0 , A° 2 . 3 0 7 3 5 E 0 3 . A (NORM 1 • 1 . 9 6 4 5 5 E 04 

GROUP B * , N = 3 3 5 , SUM W * 1 . 2 3 5 7 0 O E 04 
Y ME AN= 2 . 2 0 5 6 8 9 E 0 4 , V A R I A N C E ^ 1 . 3 6 5 0 4 0 E 0 8 , S S ( L l / T S S = 0 . 1 2 6 , R S S / T S S = 0 . 0 
X 1 . 3 0 7 2 B R E 04 3 . 4 7 1 7 5 8 E 0 7 , C O R R E L A T I C N = 0 . 5 5 1 , fl° 1 . 0 9 2 7 5 E 0 0 , A= 7 . 7 7 1 4 6 E 0 3 , A[NOPM)= 1 . 9 0 2 3 2 F 04 

GROUP 1 1 » . N - 9 7 , SUM h = 5 . 1 I I 0 O 0 F 03 
Y ME AN= 3 . 0 8 0 5 1 5 E 0 4 , VAR I ANCE= 3 . 1 2 4 8 2 0 F . C P , S S < L ) / T S S = 0 . 1 1 9 , B S S / T S S - 0 . 0 
X 1 . 279541 E 04 3 . 9 A 8 6 4 2 E 0 7 , C ORRELA T1 ON* 0 . 6 9 8 . B= 1 .95977E- 0 0 . *= 5 . 7 3 3 0 9 E 0 3 , A I N O R M ) i 2 . 5 9 1 2 3 E 04 

GROUP 1 0 * . _ N = 1 8 8 , SUM H = 6 . 5 2 7 0 C C E 03 
Y MEAN= 2 . 6 2 7 6 4 6 E C 4 , V A R I A N C E 3 1 . 8 7 0 1 5 9 E C B . S S I L ' ) ' / T S S = 0 . 0 9 1 , B S S / T S S = 0 , 0 
X 1 . Z 3 6 9 3 7 E 04 3 . 3 6 8 C 2 1 E 0 7 , C O R R E L A T I O N - 0 . 5 7 7 , B= 1 . 3 6 0 0 7 E 0 0 , A= 9 . 4 5 3 2 3 E 0 3 , A(NORM)= 2 . 3 4 5 7 5 E 04 

CROUP 7 . N - 7 3 , SUM W - 3 . 6 8 4 0 0 0 E 03 
Y MEAN- 1 . 9 0 4 3 3 8 E 0 4 , V A R I A N C E 3 1 . 8 9 1 7 9 1 E 0 8 , S S I L l / T S S - 0 . 0 5 2 , B S S / T S S = 0 . 0 0 7 
X 5 . 9 5 C 7 1 9 E 03 1 . 8 5 8 0 6 4 E 0 7 , C O R R E L A T I O N 3 0 . 5 8 9 , B= 1 . R 7 9 6 0 E 0 0 , A= 7 . 8 5 8 3 9 E 0 3 , A(NORM)= 2 . 7 2 1 2 1 E 04 



S O I . I T nr., r . i i t ! iF>4T R E G I C N O V I T ' . R S S H I • fl.8['0f.66t I D I N T O 
1 2 W I T H C L A S S E S 4 3 
n W I T H r . i . A S s r s z 1 

C f ' M f 1 ? * , M * 4 1 , SUM W = 2 . 1 4 5 0 C O F H I 
Y "FAN= ? . 1 7 1 t ? 7 ^ 0 4 , VA °1ANCF= 7 . 5 6 0 1 5 4 ? 0 8 , 
X = ,<"-6F:"41F 03 7 . 0 5 0 7 O R K 0 7 , 

S S ( L ) / T S S = 0 . 0 4 0 . R S S / T S S = 0 . 0 
C O R R E L A T I O N . : 0 . 7 ? 0 . P>= 2 . 5 4 7 9 2 E 0 0 . 6 . 5 0 6 9 0 E 0 3 , A(NO RMI = 3 . 2 7 4 2 1 E 04 

GRPun 1 ? * , .v ~. 3 2 , SUM in = l . ^ O O O O F 03 
Y iT f t \ '= I , C ^ T | - : , O C y 4 i vAR]Af j r . r= 7 . S R e ; ? c 6 r 0 7 , 
X 5 , o 2 r . ? l i r J } 1 . 6 A « f r f t ? c (17, 

S S ( L I / T S S = C . O f l R , R S S / T S S = 0 . 0 
C nH RE L A T I fjN " 0 . 3 2 6 . B= 7 . 0 3 5 B I F - 0 1 , 1 . 1 1 S 0 4 E 0 4 , A(NORM 1 = l . R 3 ( J 5 0 F 04 

A [NORM] Is -tfie value, the subgroup fitgn.es slon one 
pAzdicXi lor. V when X=giand mean oi X. It is useful 
fan. tamponing 'levels late 6*nm X-eliects. 

http://soi.it
http://fitgn.es


1 0 0 " « S S / T S S Tfl i lLE POP- O - S T E P LOOK-AKTAD 
13 G R O U P S , R P R E U I C I O R S 

< I M i m i E S I ^ S S THAN 1 S P L I T S WfRE VAOE 

p R t n i r . i n : ) GROUP NUMRfR I * 1 N U I f A T E S THE GROUP IS E INAL 1 
] 3 /, 7 * .̂ cm 3 * 1 1 * 1 0 * 7 1 3 * 1 2 * 

1), 0 ! J . q 0 . ; 0.1 0 . 5 0 . 1 0 . 2 0 . 4 0 . 2 0 . 1 0 . 1 0 . 2 
100 9 1 . 7 1 . 1 0 . H 0 . 7 0 . 4 0 . I 0 . 0 0 . 4 0 . 1 ***** ***** ***** 
? 0 f > 0 . • 0 . 4 ) . •5 C. 3 0 . ? 0 . 1 0 . I 0 . 1 0 . 1 0 . 1 0 . 2 0 . 2 0 . 1 

? . 0 . * 0 . ? C ? 0 . 2 0 . 0 0 . 2 0 .1 0 . 0 0 . 0 0 . 1 0 . 0 0 . 0 
] A**f» 0 . *> ? . o c. ? C. 1 0 . 1 0 . ! 0 . 2 0 . 0 0 . 3 0 . 3 0 . 4 0 . 2 0 . 0 
1 *72 . 3 1. •3. Q. ? 0 . 6 0 . 6 0 . 2 0 . 3 *** ** 0 . 4 0 . 7 0 . 1 0 . 1 
?U01 0 . >̂ 0 . 4 0 . 7 0 . 1 0 . 4 0 . 2 0 . 2 0 . 4 0 . 2 0 . 3 0 . 3 0 . 2 0 . ) 
1 4 * 0 0 . a 0 . * 0 . 7 C. 2 0 . 5 0 . ' 0 . 5 0 . t 0 . 0 0 .1 0 . 1 0 . 0 0 .1 

Nate how closz some competing predictors came - indicating 
that another sample, might givz quite a di&ltrent set of, splits. 

Host closz runners-up, however,, were used in later splits, 
e.g., V1572 in groups 5 and 7. 

t—1 



o 
o 

1 0 0 * B S S / T S S T A ? L E FOB 0 - S T E P L u O K - A H F A D 
13 G R O U P S . 8 P R E D I C T O R S 

MAXIMUM BSS R E G A R D L E S S OF E L I G I B I L I T Y 

P R E D I C T O R GROUP 1 NUM^F R 1* I N D I C A T E S THP ; GROUP IS F INAL ) 
1 3 4 2 * 6 5 9 * B * 1 1 * 1 0 * 7 1 3 * 1 2 * 

116.B 0 . 9 0 . 5 C . 2 0 . 3 0 . 1 0 . 5 0 .1 ,1.2 0 . 4 0 . 2 J . 2 0 . 1 0 . 3 
1009 1.7 1 . 3 O . B 0 . 4 0 . 7 0 . 4 3.1 U.O 0 . 4 0 . 1 * * ' 
7002 0 . 9 0 . 4 C . 3 0 . 3 0 . 2 0.1 0 .1 0 . 1 0 . ] 0 . 1 0 . 2 0 . 2 0 . 1 
J S 0 6 2 . A 0 . 6 0 . 2 0 . 2 0 . 2 0 . 0 0 . 2 D. 3 0 . 0 0 . 0 0 . 1 0 . 0 0 . 0 
1498 0 . 6 2 . 0 0 . 2 0 . 1 0 . 1 C . 1 0 . 7 0 . 0 0 . 3 D .3 0 . 4 0 . 2 0 . 0 
1572 2 . 3 1 .6 0 . 6 C . 2 0 . 6 0 . 6 0 . 2 0 . 3 * * * * * * 0 . 4 0 , 7 0 . 1 0 .1 
7001 0 . 5 0 . 6 C . 7 C . l 0 . 4 Z.2 ) . 2 0 . 4 0 . 2 0 . 3 0 . 3 0 . 2 0 .1 
1490 0 . 9 0 . 3 C . 7 C . 2 0 . 5 C . 3 0 . 5 0 .1 0 . 2 0 . 1 0 . 2 0 . 0 0 . 1 

I 



P R O F I L E OF C L A S S MEANS ANO S L O P E S 

« P E O U I R E O ROOMS 2 3 : 1 2 

C L A S S 1 1 A 

2 N 661 270 201 
YMEAN 1 . 7 6 2 E 04 2 . 135E C4 2 . 0 2 9 F 04 
XMEAN 7 . 9 5 6 E C3 Q . 92RE 03 9 . 9 9 0 E 03 
S L O P E 1 - 0 6 R E 00 1. 119E CO 1 , 0 5 4 6 00 

•3 N 557 292 72^ 
YMEAN 2 . 12 2E 04 2 . 5 3 2 E 04 2 . 3 0 0 E 04 
XME AN 1 . J O O E 04 1 . 2 4 3 E C4 I . 2 1 8 E 04 
S L O P E 1 . 4 5 7 E 0 0 1 . 5 R R E CO 1 . 4 1 5 F c c 

6 N 4 R6 2R2 1 91 
YMEAN 2 . 2 S 6 E 04 2 . 5 7 9 E C4 2 . 3 0 4 E 04 
X " E A N 1 . 239F 04 1 . 3 6 3 E C4 1 . 3 1 2 E 04 
S L O P E 1 . 4 9 9 E 0 0 1 . 6 1 9 E 00 1 . 3 6 1 E 00 

5 N 22 5 126 93 
YMEAN 1 . 9 9 9 E 04 2 . 3 9 8 E C4 2 . 4 4 0 E 04 
X"EAN 1 . 1 5 6 E 04 1 . 322F 04 1 , 3 2 8 6 04 
S L O P E 1 . 5 * S E 00 1 . 5 6 0 F 0 0 1 . 5 5 2 F CO 

6 N 159 I C 5 8) 
YMF AN 1 . 9 9 8E OA 7 . 2 5 2 E C4 2 . 3 1 3 F 04 
XMEAN 1 . 2 2 R E 04 1 . 3 3 0 E 04 1 . 4 0 9 E 04 
S L O P E 1 . 3 7 7 E 00 1 . 4 6 2 E CO 1 . 3 4 R F 00 

S L O P E 1 . 2 « 2 E 00 1 . 3 9 R E 00 1 . 2 6 3 E 00 

ETA . 
GROUP 

2 * 
391 

1 . 5 0 3 E 04 
6 . 5 R 8 E 03 
8 . 7 6 7 E - 0 1 

2 6 5 
1 . 6 4 4 E 04 
9 . 1 2 4 E 03 
9 . 4 2 4 E - 0 1 

2 03 
I . 8 1 I E 04 
1 . 0 6 S E 04 
1 . 1 3 3 E 00 

99 
1 . 5 9 5 E 04 
9 . 5 3 6 E 03 
1.4 4 2c 00 

54 
1 . 4 9 4 E 04 
1 . 0 2 6 E 04 
1 . 0 6 6 E 00 

143 
2 . 1 2 4 E 04 
1 . 2 1 6 E 04 
1 . 1 6 9 E 00 

214 
2 . 3 0 1 E 04 
1 . 2 4 3 E 04 
1 . 3 9 6 E 00 

189 
2 . 3 2 1 E 04 
I . 3 2 6 E 0 4 
1 . 3 7 1 E 0 0 

91 
7 . 4 4 4 E 04 
1 . 3 6 5 E 04 
1 . 6 B 9 E 00 

81 
2 . 31 3 F 0't 
I . 4 0 9 E 04 
1 . 3 4 8 F 00 

9 . 6 0 5 F . - 0 1 1 . 3 4 9 E 00 

5 c • 8* 1 1 * 1 0 * 
69 37 106 18 51 

2 . 4 2 5 F 04 2 . 3 2 P E 04 2 . 0 5 5 E 04 2 . 4 7 3 E 04 2 , . 4 0 2 F 04 
S . 7 6 0 E 03 1 . 2 S 0 E 04 I . 2 0 5 E 04 9 . ?15fc 0 ? 1. . 0 0 2 E 04 
I . 2 9 7fc 0 0 2 . • 2 JOE 00 8 , ° 1 5 E - -01 1. 51 9fc uu 1 . . 173E 00 

67 128 86 33 34 
3 . 2 5 2 F 04 2 . • 13RE 04 2 . 2 4 6 F 04 3 . 4 3 '7 E 04 3, . 0 C 7 E 04 
1 . 3 1 P E 04 1. • 213E 04 1 . 2 8 R E 04 1 . iulZ 04 1 , . 3 4 1 E 04 
1 - A 7 9 E 00 1 . . 4 8 3 E 00 1 . 3 3 S E 00 2 . 0 7 1 E 00 1 . • 7 1 OF 30 

9 ? 11? 76 32 60 
3 . 0 8 0 F 04 2 , • 4 1 9 E 04 2 . 1 R 6 E 04 3 . ?9 7C 04 ? . . R2RE 04 
1 . 4 5 6 F 04 1. • 2 8 4 F 04 1 . 3 B 4 E 04 1 . 4 ' ) 7E 04 1 , . 4 2 4 g 04 
1 . ^ ? 0 F 00 1 . 8 2 1 E 0 0 7 . B 9 9 E - -01 2 . I 0 3 E ov 1 . . 549E 00 

33 S7 34 7 26 
2 . 2 8 7E 04 2 . 4 3 * F . 0 4 7 . 4 6 2 E 04 2 . 732E U4 2 . . 0 4 1 6 04 
I . 3 0 7 6 04 I . ? 1 8 E 04 1 . 379E 04 1. 24 1 E 04 1 . .34 26 04 
1 .5<42F 00 ) . 601 5 0 0 1 . B 7 3 c 0 0 i . 30 I t 1. 0 f>, . 4 S 2 F - -01 

? 4 Aft 33 7 17 
2 - 0 8 2 E 04 2 . . 0 6 3 F 04 2 . 7 0 3 E 04 1 . B0 7F J 4 7: . 3 5 7 E 04 
1.1 1 I E 04 1 . . ? 5fi r- 04 1. 6<-^E 04 ) . 23 5F 04 9 , . a H 3 F 03 
2 . 0 3 3 F 0 0 1. 213E 00 I . 3 S R F 00 1 • 62 7E QC 2 . . 77?c" 00 

1 . 4 ^ R E 00 1 . . 6 H i- e 00 ! . 0 9 3 E 00 1. =6 OF. OL i , . 3 6 0 E 00 

r .ucuP 
7 1 3 * 1 ? * 

N •>8 3 4 2 4 
Y M E A N 1 - T 4 0 E 0 4 2 • 1 7 C F C 4 1 . 3 1 H F 0 4 
X M E A N 5 . 6 P 7 E C 3 c m 6 4 0 F 0 3 5 . 7ft 1 r- 0 * 
S L O P T 1 . 6 P R E 0 0 2 . 3 8 6 F C O 7 . 0 6 4 F - - 0 1 
N 1 1. 6 5 
Y M E A N ? . 2 3 6 E C 4 2 . 2H<-{ C 4 2 . 3 1 O E 0 4 

X M P AN 8 . 0 3 6 E 0 3 e . M 2 F 0 3 7 . 5 7 5 F 0 3 
S L O P E 2 . 1 B 3 E O C i C 4 6 E 0 0 2 . 6 3 2 F - -C ] 
N 2 1 1 
Y M E A N 1 . 1 4 I E c<. i . 5 C C F C A R . O O C F 0 3 
X ' < F AN 3 . 2 ^ S F 3 3 2 • E 5 7 E C 3 2.776E 0 3 

S L O P F - B . 1 4 1 E 0 0 C . 0 O . C 
N 2 0 2 
Y M E A N 7 . 3 4 9 E C4 C . 0 2 . 3 4 9 6 0 4 

X M E A N 4 . H 6 6 F 0 3 C . 0 4 . P 6 6 F 0 3 
S L O P F 6 . 7 0 1 E 0 1 c . 0 6 . 6 9 2 R 0 1 

S L O P E 1 . 8 B 0 E .10 2 . 5 4flE C O 7 . 0 3 6 E - - C I 

KK 1 A G E H E A 0 9 V H ' 0 ° . E T A = 0 . C 4 9 
G R Ci 1P 

LASS I 1 A 2 * 6 o * pa 1 1 * 1U* 
2 U 3 7 ? 209 16' . 1 63 16A / . • ; 164 0 1'. ~lc 

YMEAN 1 . - 5 B 7 E 04 2 . 2 V . r C4 2 . 0 7 2 F 04 1 . 6 3 H E OA 2 . C 7 2 F 04 2 . 9 B 7 E 04 2 . 0 7 m 04 0 . 0 3 . 5") -it 0 4 2 . ' iPSC 
XMEAN 1 . O R ? E 0 A i . I B C F 0 4 1. l 4 e F 04 ° . 6 3 6 E 03 1 . 14RF 04 i . ? 9 ? r 04 i . i '. f a )4 0 . 0 i . v - j r J4 ! . 2 ^ E 
S L O P F 1 . 7 7 8 E CO 2 . C 2 9 E CO 1 . 6 8 0 F 00 1 . t 1 2 ? 00 1.fcflOE 00 2. - .CJ5E OC 1 . 6 3 C E t: J 0 . 0 20 l f r oo 1 . 7 h r £ 

3 N 530 319 2 1 ? 211 21 = 100 2 l c c •> 7 6.' 



YMEAN 2 . 3 7 0 E C4 2 . 7 6 1 E 04 2 . 5 7 7 E 04 1 . 8 1 3 E 04 2 . 5 7 7 E 04 3 . 1 1 0 F 04 2 . 5 7 7 E 04 0 . 0 3 . 4 3 3 E 04 2 . 7 9 5 E 04 
XMEAN l " :2 5 7E "04 17370E" 04" "l734. r BF" 04 1 To'96 E O'A" 1 . 3'48E" 0 4 * 1.41'OE 04 ' 1 . 3 4 8 E "0'4 " o : o 1". 40 I E " "04 " r . 4 r t e 04 
S L O P E 1 . 6 7 5E 00 1 . 7 C 8 E CO 1 . 6 3 5 F 00 1 . 2 9 3 E 00 1 . 6 3 5 E 0 0 1 . 8 0 1 E 00 1 . 6 3 5 E 00 0 . 0 2 . 122E 00 1 . 3 2 2 E 00 

4 N 4 7 9 268 195 211 195 73 0 1 9 5 22 51 
YMEAN 2 . 1 3 4 E 04 2 . 4 76E C4 2 . 3 3 4 E 04 1 . 6 T 7 E 04 2 . 3 3 4 E 04 2 . B Q 5 E 0 4 0 . 0 2 . 3 3 4 E 04 3 . 0 b 4 E 04 2 . 6 3 1 F 04 
XMEAN 1 . 2 7 3 E 04 1 . 4 1 5 E C4 I . 4 2 7 E 04 1 . 0 B 3 E 04 1 . 4 2 7 E 0 4 1 . 3 8 6 F 04 0 . 0 1 . 4 2 7 E 04 1 . 500E 04 1 . 3 1 0 E 04 
5 L C P E 1 . 2 2 A E 00 1 . 2 0 0 E 00 1 . 1 2 8 E 00 9 . 9 8 8 E - 0 1 1 . 128E 0 0 1 . 4 0 1 E 00 0 . 0 1 . 1 2 8 E 00 1 . 7 1 9 E 00 1 . 1 2 6 E 00 

5 N 37S I S 5 1 4 0 1 9 3 140 4 5 0 1 4 0 15 30 
YMEAN 1 . 9 0 8E 04 2 . 2 1 9 E 04 2 . 0 3 7 E 04 1 . 6 2 0 E 04 2 . 0 3 7 F 04 2 . 7 3 8 E 04 0 . 0 2 . 0 3 7 E 04 2 . 509E 04 2 . R 6 2 E 04 
XMFJAN 9 . 7 S 1 E 03 1 . 1 5 6 E 04 1 . 1 5 0 E 04 8 . 1 3 4 E 03 1 . 1 5 0 E 04 1 . 1 7 2 E 04 0 . 0 1. 1 50E 04 1. 0 6 6 E 04 1 . 2 5 0 E 04 
S L O P E 1 . 1 2 4 E 00 1 . 2 1 7 E 0 0 f . 061 E 00 9 . 0 7 3 E - 0 1 1 . 0 6 I E 0 0 1 . 6 0 3 F 00 0 . 0 1 . 0 6 1 E 00 1 . 4 5 1 E OC 1 . 6 6 4 E 00 

6 N 329 95 73 2 3 4 0 22 0 0 7 15 
YMEAN 1 . 5 3 0 E 0 4 1 . f i 77E 0 4 1 . 9 0 4 F 04 1 . 3 7 6 E 04 0 . 0 1 . 7 B 8 E 04 0 . 0 0 . 0 1 . 4 8 9 E 04 1 . 9 4 8 E 04 
XMEAN 4 . 7 6 4F, 0 3 5 . 5 9 1 F 03 5 . 9 5 1 F 03 4 . 3 9 6 E ' 03 0 . 0 4 . 3 9 7 E 0 3 0 . 0 0 . 0 2 . ' 4 9 2 E 0 ? 5 . 4 1 4 F 03 
S L O P E 1 . 507E 00 l . S f l B F CO u a e o F CO 1 . 2 2 0 E 00 0 . 0 2 . 1 6 6 E 00 0 . 0 0 . 0 9 . A97E 00 1 . 9 9 4 P 00 

S L O P E 1. 2926 00 1 . 3 « 8 E 00 L. 2 63 L 00 9 . 6 0 5 E - 0 1 1 . 3 4 9 E 00 1 . 6 5 B E 00 1 . 6 8 4 F 00 1 . 0 9 3 E 00 1. ° 6 0 E 00 1 , 3 6 0 E 00 

RKT AGE HFAO 9 V 1 0 0 9 , ETA = 0 . 049 
GROUP 

C L A S S 7 1 3 * 1 2 * 
6 N 73 41 32 

YMF AN l . ° 0 4 E 04 2 . 1 7 2 E C4 1 . 5 3 2 E 04 
X " E A N 5 . 9 S 1 E 03 5 . 9 6 9 F 03 5 . 9 2 5 F 03 
S L O P E 1 . R 9 0 E 00 2 . ? 4 E F 00 7 . 0 3 6 E - -01 

S L O P E 1 . 8 8 0 E 00 2 . 5 4 3 E 00 7 . 0 3 6 F - -01 

SEX F. MAP STATL'S , ETA = 0 . 0 2 9 
GPOUP 

CL AS 1 i A 2 * - 6 5 9 * a * I I * 1 0 * 
1 N 1 66C 846 6 0 7 1 ] 4 566 739 326 240 R4 1 55 

YMEAN 2 . 1 0 9 E 04 7 . 5 2 4 F 04 2 . 3 4 0 F 04 1 . A 7 0 E 04 2 . 3 6 4 E 04 2 . 9 7 3 E OA 7 . 3 S I E 04 2 . 3 4 3 E •04 i , 2 6 2 E OA 2.7416" 04 
X " E AN 1 .14 3E 04 1 . 3 2 7 E CA 1 . 3 1 2 E 04 9 . A 7 5 E 03 1 . 3 6 6 F 04 1 . 3 6 3 6 04 1 . 2 0 4 F 04 1 .4 56E 04 1. 3H6E 04 1 . 3 4 5 E 04 
S L O P E L . 3 6 9 F 0 0 1 . 4 6 R E CO 1 . 3 3 9 F 0 0 V. 'OLOE 00 1 .40QF. 0 0 1 . 6 9 2 F 00 1 . 7 0 R E 00 1 . 1 4 0 E 0 0 1 . " 9 4 E 00 1 . 3 R 5 E 00 

2 N 37 37 32 4 5 24 5 5 19 2 3 
YMEAN 1 . 4 4 3 E 04 1. f 3 C F CA 1 . 5 R 3 E OA 1 . 3 2 * ^ 04 1 . 8 4 4 F 04 1 . R 6 9 F 04 3 . 4 4 7 E 04 1 . 5 4 0 E 04 6 . 600F. 03 3 . 1 6 4 E 04 
XMEAN 6 . 3 9 0 E 03 7 . 8 9 C F 03 7 . 9 A 0 F 03 5 . 4 5 0 E 03 1 . 0 5 I E 04 7 . 6 3 R E 0 3 1.333P. 04 9 . 9 7 3 E 0 3 A . 0 3 5 E 03 1 . 1 5 0 E 04 
S L O P E 1 . 0 8 3 E 00 1 . 5 C 5 E 00 1 . 3 2 5 E 00 7 . 9 9 0 E - 0 1 1 . 7 3 of. OU 3 . 7 3 0 E 00 2 . 7 5 0 F 00 9 . 4 1 4 F -•01 7 . -01 7 . 6 6 1 C 00 

3 N 34 1=3 152 1 5 3 128 4 ] 5 ? 76 1 1 30 
YMEAN 1 . 5 8 0 F C4 1 . 8 1 9 F C4 1. 7 73F. 04 1 . 3 6 0 E 04 1 - 7 4 7 F 04 1 . 1 5 0 F 04 ) . 7 ? h F 04 I . 7 2 9 E 04 2 . 0 B 9 E 0<- I .H63F. 04 
XMEAN 4 . ° 2 6E 0 3 fc.C9flF C3 6 . 1 9 1 T 03 3 . R 4 7 F . 03 7 . 0 4 9 E 03 5 . 8 7 7 ? 03 7 . 5 4 7 C 03 6 . P 2 9 E 03 4 . ° 5 7F 03 5 . 7 4 f f 03 
S L O P E 1 . 5 B B F 00 1. 598F CO l . 4 " i o r 00 \ . 4 3 h t 00 \ . 5 2 1 6 00 2 . 1 5 36 00 1 . 7 T S E 00 1 . 4 t f \ F 00 2 - J 0 2 E 00 1 . 9 8 7 6 00 

S L O P E 1 . 292E 00 1 . 3 9 8 E 00 1 . 2 6 3 C 00 9 . 6 0 S E - 0 1 1 . 3 4 9 F 00 I . 6 5 8 E 00 1 . 6 8 4 F 00 I . 0 9 3 E 00 1. '•>60E OC 1 . 3 6 0 E 00 

SF> : r. MAP STATUS , F T A = C . C 2 9 
GROUP 

C L A S S 7 13 * 1 2 * 
I N 4 [ 22 L a 

YMEAN 2 . 0 A 0 E 04 2 . 5 3 4 E C4 1 . 5 2 3 E 04 
X C A N 7 . 3 9 1 E 03 7 . 5 1 9 E 03 7 . 7 3 ? F 03 
S L O P E 2 . 0 1 6 6 00 2 . 6 2 6 E CO 7 . 4 5 5 t - •01 

2 N 6 ? 
YMEAN 1 . 2 0 7 F 04 1 . 3 9 IF 04 6 . 0 0 0 F 03 
XMEAN 4 . 2 0 S E 03 4 . 6 5 4 E C3 2 . 7 R 5 F 03 
S L O P E 1 . 2 1 •01 - ] . 7 6 9 E - 01 - 5 . 5 3 9 F - •01 

3 K 2 * 1? 1 1 



Y " E AN 1 - f lA 11= OA 1 . - 7 1 9 F C 4 1 . 7 3 7 E OA 
X M E A N 3 . 7 9 5 E C 3 3 . 5 3 1 F 0 3 4 . C 8 2 E 0 3 
S L O P E 2 . 6 R 2 F 0 0 4 . 5 C 3 E 0 0 1 - . 1 C 1 F 0 0 

2 . 5 4 8 6 C O 

L R G S T P L A C / S M S A P S i n i : 6 6 , F T A = 
G R O U P 

C L A S S 
1 N 

Y £ AM 
X M E A N 
S L O P E 
N 
Y * - R A N 
X M F AN 
S L O P E 
N 
YM F A N 
X M E A N 
S L O P F 
N 
Y M E A N 
X M ^ A N 
S L O P E 
N 
Y M E A A ; 
X M E A N 
S I . U P E 
N 
Y K 5 A N 
X M E A N 
S L O P F 

1 
6 3 3 

2 . 5 R 3 E 0 4 
1 . ? 6 3 E 0 4 
1 . 4 S 6 E 0 0 

4 4 3 
2 . 1 5 4 E 0 4 
1 . 1 4 5 E 0 4 
1 . 2 4 0 E 0 0 . 

2 2 2 
1 . 8 5 5 E 0 4 
1 . 3 2 3 F 0 4 
9 . 2 1 4 E - 0 1 

1 4 4 
1 . 3 4 6 E 0 4 
9 . 4 S A E C 3 
P . 7 2 6 F - 0 1 

2 0 0 
1 . 5 7 A E 0 4 
R . 4 6 C E .13 
1 . 0 7 6 E 0 0 

4 4 6 
1 . 3 Q 4 E C 4 
7 . 0 0 4 P . 0 3 
B . 6 3 7 E - Q I 

6 3 3 
2 . 5 R 3 F 
1 . 2 6 3 F 
1 . 4 5 6 E 

4 4 3 
2 . 1 5 * F 
1 . 1 4 5 F 
1 . 2 4 C F 

C 

C O 
0 . 0 , 
C O 

C . 0 
C . 0 
C O 

C O 
C O 
0 . 0 

4 3 9 
2 . 3 5 1 F 
1 . 2 1 3 F 
1 . 2 O O F 

3 5 3 
2 . 1 051" 
1 . 1 7 7 F 
1 . 2 0 1 r 

0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

C O 
0 . 0 
0 . 0 

2 2 2 
1 . 8 5 5 F 0 4 
I . 0 2 R F 0 4 
9 . 2 R 4 F - 0 1 

1 4 4 
1 . H A ^ F 0 4 
9 . 4 B 6 E 0 3 
P . 7 2 6 E - 0 1 

7 0 0 
1 . 5 7 8 E 0 4 
8 . 4 6 0 H 0 3 
1 . 0 7 6 E 0 0 

4 4 6 
1 . 3 9 4 E 0 4 
7 . 0 0 4 F . 0 3 
R . 6 3 7 E - 0 1 

3 9 « 
2 . 4 0 5 F 0 4 
1 . 3 0 R F 0 4 
] . 3 6 9 F 0 0 

3 7 0 
2 . 1 4 7 E 0 4 
1 . 2 5 3 T 0 4 
1 . 3 0 5 E 0 0 

0 
0 . c 
0 . 0 
o . c 

0 
0 . 0 
0 . c 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

1 ° 5 
3 . 0 1 4 f 04 
1 . 3 5 4 F 04 
1 . f .3 2 E 00 

90 
2 . 3 6 3 E 04 
] .01 I E 04 
] . 6 7 7 t 00 

0 

0 . 0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

9 * 
21 2 

2 . 5 3 6 E 04 
1 . 3 ' 7 F ; 04 
1 . 8 5 3 E 00 

172 
2 . . 1 5 5 E 04 
1 . 1 8 7 E 04 
1 . 4 2 3 h 00 

0 

0 . 0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

8* 
1 8 7 

2 . 2 6 7 E 0 4 
I . 2 8 8 E OA 
9 . 6 7 5 E - 0 I 

1 4 8 
2 . 1 3 7 E 04 
1 . 3 2 9 E 0 4 
1 . 2 6 C E O C 

0 

0 . 0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
o.c 

0 
0 . 0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

1 1 * 
R l 

3 . 2 7 5 C 0 4 
1 . 3 6 5 F 0 * 
1 . * 2 4 E O C 

1 6 
2 . 0 6 9 F 0 4 
B . 4 Z 5 E 0 3 
1 . ° 1 ; J F 0 0 

0 
0 . 0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

ll 
0 . 0 
0 . 0 
0 . 0 

O. 'J 
0 . 0 
0 . 0 

1 0 * 
1 1 4 

2 . 7 3 2 F 04 
I . 3 4 3 E 
1.2*6? 

74 
2 . 4 6 1 E 
1 . 0 6 7 f 
] - 5 R 0 F 

0 
' J . 0 
0 . 0 
C O 

0 
0 . 0 
0 . 0 
0 . 0 

c 
C O 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 
0 . 0 

1 . 2 9 2 F 0 0 1 . 3 S R E C O 1 . 2 6 3 F 0 0 9 . 6 0 5 E - 0 I 1 . 3 4 < ? E 00 1.093E 0 0 1 . ? 6 0 F O G 

L R G S T P L A C / S M S A P S U 3 t : 6 6 , E T A = 
G R O U P 

N 
Y M E A N 
X M E A N 
S L O P E 
N 
Y M E A N 
X M E A N 
S L O P E 

7 
4 C 

7.00CE 
6 . 0 1 0 E 
2 . 0 4 2 E 

3 ? 
1 . 7 8 2 E 
5 . B 7 5 E 
1 . 4 7 5 E 

1 3 * 
2 1 

2.375F 
6 . 6 4 6 E 
2 . 5 8 2 E 

2 0 
1 . 9 3 2 E 
5 . 1 7 1 F 
2 . 4 2 7 E 

1 2 * 
19 

1 . 5 1 9 F 04 
5 . 1 9 3 E 03 
9 . 0 3 1 E - C l 

13 
1 . 5 5 0 E 04 
6 . 9 6 4 E 03 
2 . 2 6 2 F - 0 1 

S L O P E 1 . 8 8 C E 0 0 2 . 5 4 R E C O 7 . 0 3 6 E - C 1 

D I S T TQ CNTR SMSA 3 1 : 5 8 , ETA 

N 
Y M E A N 
X M E A N 
S L O P E 
N 

1 
3 8 6 

I . f l < ? 5 E 0 4 
1 . 0 6 6 E 0 4 
1 . 0 5 0 E 0 0 

5 8 2 

2 6 2 
2 . C 0 3 E 0 4 
1 . U 7 E C 4 
1 . 1 3 2 F 0 0 

5C9 

4 
2 8 2 

2 . 0 0 3 E 0 4 
1 . 1 1 7 E 0 4 
1 . L 3 2 E 0 0 

5 0 9 

2 * 
1 0 4 

I . 6 4 3 E 0 4 
9 . 6 1 P E 0 3 
R . 0 0 8 E - 0 1 

7 3 

6 
2 5 0 

2 . 1 2 3 E 0 4 
1 . 2 4 8 E 0 4 
1 . 2 3 5 E 0 0 

4 6 8 

0 . 0 
0 . 0 
0 . 0 

9 * 
1 1 7 

2 . 1 6 6 E 0 4 
1 . 2 3 8 E 0 4 
1 . 3 6 0 E 0 0 

2 6 6 

8 * 
1 3 3 

2 . 0 6 5 E 0 4 
1 . 2 5 1 E 0 4 
1 . 1 4 2 E 0 0 

2 0 2 

0 . 0 
0 . 0 
0 . 0 

1 0 * 
0 

0 . 0 
0 . 0 
0 . 0 



YMF. AN . ? . 2 R C - OA 2 . 3 4 3 F 04 2 . 3 4 3 F 04 l . g ^ n 04 2 . 3 5 0 E 04 0 . 0 2 . M 7 F 2 . 2 76P C4 0 , . 0 0 . 0 
XME AN 1. 210E 04 1 . 2 13F 04 1 . ? 3 ? F 04 1.0 5 6 E 04 1 . 2 9 6 t 0'. 0 . 0 1 . 2 6 5 P 04 1 . 3 33t 0 4 0, . i u . J 
S L O P E t . r t z t 00 I . 3 C 9 F 0 0 ! . ? O « E 00 9 . 0 77P--01 I . 3 ^ 3 E O ' J 0 . 0 I . B ? 3 F 00 i . o t i r O C 0. . 0 0 . 0 
N 212 0 124 0 212 0 u 15?' 
YMF AN 2 . 5 0 4 F 04 2 . a 7 * F C4 0 . 0 1. 7 2 o c 0 4 0 . 0 2 . 9 7 5 t - 34 0 . 0 0 . 0 . -511 'J 4 ; . 7 i >; C 04 
XMEAN 1 . 1 7 * E 04 1 . 3 1 2 F C4 O.C ° . 5 2 2 E 03 0 . 0 1 . 3 1 2 F 04 0 . 0 0 . 0 1. , "16'T. 04 1 .27Cf= 34 
S L O P F 1 - " I E 00 1 . 5 9 2 E 00 o . o 1 . 0 3 3 F . CO O . G 1 .5<>2F 00 C O 0 . 0 2 • . 04 71H 00 1 . ? i ? r :')U 
N 24 5 55 • 0 190 0 55 0 0 27 ? o 
YMtAN 1 .73<?F 0 4 2 . 1 4 7 E C4 0 . 0 l . h l O C 04 0 . 0 7 . 147F 04 o . o 0 . 0 ? , . i p ^ r 04 2 . O M 04 
XMEAN 8 .91 I P 0 3 1 . 0 4 5 E C4 0 . 0 B . 4 2 9 E 03 0 . 0 1 . 0 4 5 E 04 0 . 0 0 . 0 1 . . 0 7 ^ F U4 « .?5=>F 03 
S L O P E 1 - 2 0 5 E 00 1 . 6 Q 4 E CO 0 . 0 9 . 7 0 9 E --01 0 . 0 1 .604fc 30 0 . 0 0 . 0 1 , 00 1 . ' • 9 7 F 00 
N 18 0 521 0 1 ° 0 0 1 1 7 
YMEAN 1 . S 1 7 E 04 2 . 2 1 7 F C4 0 . 0 1 . 5 2 9 E 04 O . C 3 . 2 1 7 F 04 0 . 0 C O 3. . 23 *E 04 3 . 162F 04 
XMEAN 7 . 7 8 IF. J3 1 . 7 7 7C- C4 0 . 0 7 . 5 7 3 E 03 0 . 3 1 .7.7 7 b" 04 0 . 0 0 . 0 1 . , ^9 )F 04 1 04 
S L O P E 1 . 1 1 6 F CO 1 . 7 7 2 E CO 0 . 0 9 . 8 9 7 E - -01 0 . 0 1. ' 7 2 F 00 0 . 0 0 . 0 1 • . 3.H4I. 0( 3 00 

S L O P E JO 1 . 3 S P E 00 1 . 2 6 3 E 00 9 . 6 U 5 E - -0 1 1 . 3 4 9 E 00 1 . 6 5 a c 00 1 . 6 9 A t 00 1 . 0 9 3 F 00 L. , '>63£ OC 1 . ^ O E )0 

o 

n1 ST TO CNTR SMSA 3 1 : 5 8 . ETA = 0 . C 7 2 
GROUP 

C L A S S 7 ] ? » 1 2 * 
U N 32 15 17 

YMEAN 1 . 4 2 7 E C4 1 . 4 8 5 E C4 1 . 3 7 5 E 04 
XMEAN 4 . R 3 3 E 0 3 4 . 6 1 6 E C3 5 . 0 2 6 E 03 
S L O P E 7 . C B R E - • C I 1 . 0 0 2 E 00 5 . P 0 2 F - -01 

2 N 41 26 1 5 
YMEAN 2 . 2 R 2 E 04 2. 554E C4 1 .7 32F 04 
XMEAN 6 . R 3 6 E 0 3 6 . 7 2 2 E C3 7. 0 6 7 E 03 
S L O P E 2 . 14RE 00 2 . 6 9 5 E CO 7. 0 7 6 E --01 

S L O P E 1 . 8 8 C E JO 2 . 5 4 8 E 00 7 . 0 3 6 E - - o r 

CURRENT REGION 0 V 4 7 ? 

N 
YMEAN 
XMEAN 
S L O P E 
N 
YMEAN 
X MF AN 
S L O P E 
N 
YMEAN 
XMEAN 
S L O P E 
N 
YMEAN 
XMEAN 
S L O P E 

1 
364 

2 . 4 9 4 E 04 
1. 186E 04 
1 . 6 3 6 E 00 

6 1 7 
I . 9 B 8 E 04 
1 . 0 6 5E 04 
1 . 1 5 0 F 00 

790 
1 . 5 9 5 E 04 
8 . 5 5 2 E 0 3 
1 . 1 7 9 E 00 

3 1 7 
2 . 1 3 3 E 04 
1 . 0 6 2 E 04 
9 . 4 Q i , E - 0 l 

25 3 
2 . 7 9 6 E 04 
1 . 2 8 8 E 04 
1 . 6 9 6 E CO 

3 3 0 
2 . 2 7 7 E C4 
1 . 2 5 3E 04 
1 . 2 5 5 E 00 

296 
1 . 9 3 6 F C4 
1 . C 7 6 E C4 
1 . 4 1 1 E 

197 
2 . 4 6 2 E 
1 . 1 5 7 E C4 
e . 9 8 4 E - Q l 

00 

04 

156 
2 . 5 9 7 F 
1 . 2 9 5 E 
1 . 4 8 7 E 

? 6 5 
2 . 1 5 3 E 
L . 2 1 9 E 
I . 138F 

218 
1 . 8 0 4 E 
1. 0 7 4 F 
1 . 3 2 3 E 

152 
2 . 3 6 1 E 
3 . 1 4 7 E 
9 . & 0 b t -

ETA * 
GR CUP 

2 * 
1 11 

1 . 7 8 6 E 04 
9 . 4 6 4 E 03 
9 . 9 3 1 E - 0 1 

287 
1 . 6 9 5 E 0 * 
8 . 7 3 5 E 03 
9 . 1 5 9 E - 0 I 

4 9 4 
1 . 4 2 5 E 04 
7 . 4 5 1 E 03 
1 . 0 0 7 E 00 

120 
1 . 7 2 9 E 04 
9 . 4 4 8 E 03 
7 . 8 5 0 E - 0 1 

0 . 0 6 3 

6 
143 

2 . 6 0 8 E 04 
1 . 3 7 5 F 04 
1 . 7 1 2 E 00 

237 
2 . I 7 6 E 04 
1 . 3 1 0 E 04 
1 . 1 7 1 E 00 

1 go 
1. R89E 04 
1 . 1 5 9 E 04 
1 . 3 9 4 E 00 

139 
2 . 4 3 7 E 04 
1 . 2 2 3 E 04 
1 . 0 4 5 E 00 

5 
97 

3 . 0 8 1 F 04 
1 . 2 B 0 E 04 
1 . 9 6 0 E 00 

65 
2. 79<tr 04 
1 . 3 9 5 E 04 
1 . 6 5 2 E 00 

78 
2 . 2 9 6 E 04 
1 . 0 B 3 E 04 
1 . 6 1 5 F 0 0 

45 
2 . 7 7 1 E 04 
1 . 1 8 9 E 04 
6 . 2 0 5 F - 0 1 

9 * 
75 

2 . 7 0 0 E 04 
1 . 3 5 8 E 04 
2 . 0 2 B E 00 

1 23 
2 . 3 2 7 E 04 
1 . Z 6 6 E 04 
1 . 5 1 7 E 00 

1 10 
1 . 9 3 3 E 04 
1 . 1 6 5 E 04 
1 . 6 8 8 E 00 

75 
2 . 4 3 9 E 04 
1 . 2 2 6 E 04 
1 . 2 7 2 E 00 

f>* 
68 

2 . 5 1 4 E 04 
1 . 3 97F ' J 4 
1 . 4 5 E F 00 

1 14 
2 . 0 3 5 E 0 ' 
1 . 3 5 U E OA 
9 . 5 8 7 E - 0 1 

89 
1 . 8 1 3 E 04 
1 . 1 5 0 E OA 
1 . 0 8 5 E 00 

64 
2 . 4 3 4 E 04 
1 . 2 2 0 E 04 
8 . 8 7 4 F - 0 1 

1 I * 
97 

0R1E OA 
2 » 0 E OA 
96OF OC 

7, 

0 
0 
'J 

3 
0 
0 
3 

0 
0 
0 

. 0 

1 0 * 
0 

0 . 0 
o . o 
0 . 0 

6 5 
2 . 7 9 P E 04 
1 . 3 9 5 E 
1 . 6 5 2 E 

78 
2 . 2 9 6 E 
1 . 0 B 3 E 
1 . 6 1 5 E 

4 5' 
2 . 7 7 1 E 
1 . 1 8 9 E 04 
6 - 2 0 5 E - 0 1 

S L O P E 1 . 2 9 2 E 00 1 . 3 9 R E 00 1 . 2 6 3 F 00 9 . 6 0 5 E - 0 1 1 . 3 4 9 E 00 1 . 6 5 8 E 00 1 . 6 8 4 E 00 1 . 0 9 3 E 00 1 . 9 6 0 E 00 1 . 3 6 0 E 00 

CURRENT R E G I O N 0 V 4 7 2 , ETA - 0 . 0 6 3 
GROUP 

C L A S S 7 1 3 * 1 2 * 
I N 13 13 0 



YMEAN 
XMEAN 
S L O P E 
N 
YMEAN 
XMEAN 
S L O P F 
N 
YMEAN 
XMEAN 
S L O P E 
N 
YMEAN 
XME AN 
S L O P E 

Z . 4 9 7 E 04 
5 . 9 1 I E 03 
2 . 7 0 4 E 00 

28 
1 . 9 9 5 E 04 
6 . 0 0 1 E 0 3 
2 . 5 0 4 F 00 

19 

1 . 3 3 6 E C4 
6 . 0 2 9 E 
1 . I 3 3E 

13 
1 . 7 9 9 E 
5 . 7 8 5 E 
9 . 9 8 3 E 

04 2 . 4 S 7 F 
5 ."91 I E 0 3 
2 . 7 C 4 E CO 

2e 
1 . 9 9 5 E C4 
f . O O l F C3 
2 . 5 0 4 E CC 

0 
C O 
C O 
C O 

0 
0 . 0 
C O 
0 . 0 

0 . 0 
0 . 0 
o.'o 

0 
0 . 0 
0 . 0 
0 . 0 

19 
1 . 3 3 6 F 04 
6 . 0 2 9 F 0 3 
I . 1 3 3 E 

13 
1 . 7 9 9 F 
5 . 7 8 5 E 

00 

9 . 9 8 R E - 0 2 

S L O P F 

GROUP 
1 3 4 2 * 6 5 9 * P* i 1 * 1 0 * 

N 2 5 6 69 52 13 7 32 17 8 24 11 
YMEAN 1 . 0 5 3E 04 1 . 1 6 2 F 04 1 . 0 7 R E 04 1 . 0 2 0 E 04 0 3 1 . 3 4 b E 04 6 . 1 6 1 E 0 3 1 . C 2 0 E OA l . 02 or OA 1 . 6 8 7 F 04 
X " E AN 1 . 9 7.3E 03 2. 049E C3 2 . 0 4 1 F 0 3 1 . 3 R 6 E 03 1 . 91 7F 0 3 2.066E 03 2 • 5 5 F. 03 1. 81 I F 03 2 . 1 I E 03 7 . . 0 1 P C 03 
S L O P E 1 . R 5 1 E 00 4 . 2 9 2 E 00 2 . 2 3 4 C 00 1 . 3 5 I t 00 - 3 . 3 9 9 E - -02 9 . 2 7 f l t 00 3 .33 .5E 00 & . « 8 2 £ - •01 - 2 . 1 7 4 K 00 t , .3f>2E 01 
N 257 99 79 158 60 20 27 ' 3 .1 1 7 
YMEAN I . 3?»E 04 1 . 5 6 S E 04 1. A69F OA 1 . 215c" OA 1 . . A 7 H F 04 1 . 96*.C 0'> 1 . A[)3F OA 1 . r> 1 RF OA 2 . ftr 5f 04 1 , . 5 3 ^ OA 
XME AN 3.91<5E 03 2 . 9 C P E C3 3 . R 4 5 E 03 3 . 9 2 5 E 03 3 . 9 3 1 F 0 3 4 . 1 5 6 F 03 3 . « 2 0 F 0 3 3 . ^ 3 7 t 0 ' A , •>? 5F 03 A , . 3 2 7 F 03 
S L O P E - 5 . 4 5 9 E " • C I 2 . 5 0 4 E CO 9 . 7 3 7 F --01 - 1 . 5 0 7 E 00 2 . . 2 9 3 E 00 4 . R l 5 F 00 2 - H A P F 00 1. 991T 00 - 1 . lt»<.F. ni 4 , ,a49fc--01 
N 38£ 102 127 204 1 1 6 55 68 47 16 39 
YMEAN 1 . 4 0 S E 04 1 . 5 5 B E 04 1 . S 9 7 E 04 1.31 OE 04 1 . .4f>9£ U4 1 .A69fc OA 1 . 4 f , 4 F 04 1 . 522E 04 1 . : M T J4 1 . , 6=0F 04 
XMFAN 6 . 2 9 7 E OT t. 317F C3 6 . 317E 03 6 . 2 8 4 E 03 6 . 4 3 ' -F 0 3 6 . 3 1 7 F 0 3 6 . A A p F 0 3 6 . 4 ? 0 3 .4 . *.AnE J3 6 . . : 57F 03 
S L O P E - 5 . 7 < » 1 F - •01 - 3 . 0 0 3 F 00 - 3 . 3 1 4 F OC R . l 1 0 E - -01 - 1 . .0 7 r .E 00 - 2 . 3 6 5 E 00 - 1 . 8 ) 6 E 00 4 . 5 0 R F -•01 ~t. 54 HI--•01 - 2 . . 637F 10 
N 362 IRA 14^ L 7 A 137 43 7H 59 1 6 27 
Y " E AN 1 . 7 2 « F 04 1 . R 9 7 F OA I. 7 ° 1 F 04 1 . 5 7 1 E 04 i t 6^8?. 04 2. 2 3 ? r OA 1 . 6 7 7 r OA 1 . 7 C 2 F 04 J , ! 2 i = -14 2 . . 1 3 1 C OA 
X v F AN P . R 2 4 F 0 3 P . R 3 4 F 0 3 p . B 6 n r 0 3 R . R 1 4 F 03 P. . . fl-?5F S . 7 ? 3 F 0 3 R . °62E 0 3 K05F. T3 P . 6f-->F r , . ' c ; r J 3 
S L O P E 7 . 7 5 5E 00 3 . 2 9 5 F CO 2 . 5 7 5 E CC 2 . 3 4 0^ 00 ? . . 08 ) E 0 J 6 . 4 0 3 t 00 1 - 5 R R E OJ 7 . R3C-F 00 c r 00 7 , . 5A } r 00 
N AU7 295 217 202 205 7R 1 26 79 77 51 
YMEAN 2 . 2 5 9 F 04 2 . 387E CA 2 . 2 ] R f 04 2 . 0 7 8 E 04 2. 203F OA 2 . R 7 2 E OA 7 . 2 7 6 F 14 2, 1 71E OA 3 . 07 IP J 4 2 . .'>54h 04 
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Appendix VI 

A Note on Partitioning for Maximum 
between Sum of Squares 

11/10/62 

by W. A. E r i c s o n 

1. The Problem 

T h i s n o t e p r e s e n t s some r e s u l t s , both p o s i t i v e and n e g a t i v e , c o n c e r n e d w i t h 

a n a l y s i s of the f o l l o w i n g problem: 

One i s g i v e n k>2 s e t s of o b s e r v a t i o n s , where 

x ± , i = 1, 2, . . ., k 

i s t h e mean of the o b s e r v a t i o n s w i t h i n the i ' t h s e t and 

N i , i = 1, 2, k 

i s the number of o b s e r v a t i o n s i n t h a t s e t . The problem i s to p a r t i t i o n t h e s e k 

s e t s of o b s e r v a t i o n s i n t o two nonempty c l a s s e s s u c h t h a t "between c l a s s sum of 

s q u a r e s " i s maximized. I n o t h e r words, to f i n d I , a s e t of any m (l<m<k) of 

the k i n d i c e s i = 1, 2, k, such t h a t 

N I ( x I - x ) 2 + N J C X J - x ) 2 (1) 

i s maximized, where 

N T - Z N . , N = = £ N . 
1 i d 1 1 u i 1 

x i = i . E
T

 N i x i • x i = i JT
 N i x i > 

I i e l I i f l 

and x i s t h e o v e r a l l mean, i . e . , 

- N i x i + N r i 
x = 

N i + N i 
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2 . P r e v i o u s R e s u l t s 

No l i t e r a t u r e s e a r c h h a v i n g been made, i t i s n o t known w h e t h e r t h i s p r o b ­

lem has b e e n r e s e a r c h e d by o t h e r i n v e s t i g a t o r s . T h i s r e m a i n s a p o i n t f o r f u r t h e r 

s t u d y . 

3 . R e s t a t e m e n t and A s s u m p t i o n s 

I t i s w e l l - k n o w n t h a t the prob lem o u t l i n e d above i s b a s i c a l l y unchanged by 

the a d d i t i o n o f the same a r b i t r a r y c o n s t a n t to e a c h x . I t may thus be assumed 

w i t h o u t l o s s of g e n e r a l i t y t h a t 

x ^ ^ . . .>^>0 ( 2 ) 

F u r t h e r m o r e , i t i s e a s i l y s e e n t h a t m a x i m i z i n g (1 ) by c h o i c e of I i s e q u i v a l e n t 

to m a x i m i z i n g 

(N x ) 2 ( N ? x 7 ) 2 

f C l i E — — — + — — — (31 

4 . A N e g a t i v e R e s u l t 

The f o l l o w i n g a l g o r i t h m was s u g g e s t e d f o r f i n d i n g I and i t s complement , 

I , w h i c h m a x i m i z e s ( 3 ) : 

a ) Compute f ( l ) f o r I t a k e n , i n t u r n to be 
{ 1 } , { 2 } , { k } . 

b) P i c k the maximum f ( I ) o v e r t h e s e I ' s . 
Suppose , e . g . , I = { a } m a x i m i z e s f ( I ) 
o v e r the I ' s c o n s i d e r e d i n ( a ) . 

c ) Compute f ( I ) f o r I t ak en i n t u r n to be 
{ a , l } , { a , a - 1 } , { a , a + 1 } , 
. . . { a , k } . 

d) Choose t h a t I , among t h o s e c o n s i d e r e d i n ( c ) 
w h i c h m a x i m i z e s f ( I ) , s a y I = { a , b } . I f 
f ( { a } ) > f ( { a , b } ) , s t o p and a s s e r t I = { a } 
y i e l d s maximum v a l u e o f ( 3 ) , o t h e r w i s e c o n t i n u e 
the p r o c e s s , l o o k i n g n e x t a t f ( I ) f o r I ' s of 
the form { a , b , i } , i / a , i 4- b , r e p e a t i n g 
s t e p s ( c ) and (d ) above . 

T h i s p r o c e d u r e does n o t l e a d i n v a r i a b l y to the optimum o r m a x i m i z i n g p a r ­

t i t i o n , I . T h a t t h i s i s so i s d e m o n s t r a t e d by the f o l l o w i n g c o u n t e r e x a m p l e : 

Suppose k = 5 and the d a t a a r e as shown b e l o w : 
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1 2 3 4 5 

x . : 3 . 1 3 . 0 2 . 0 2 . 0 1 .0 
I 

N . : 1 2 3 1 3 x 

I t i s e a s i l y v e r i f i e d t h a t 

_ _ I , 1 f ( I ) 

{ 1 } { 2 , 3 , 4 , 5 } 41 .72111 

{ 2 } { 1 , 3 , 4 , 5 } 42 .85125 

{ 3 } { 1 , 2 , 4 , 5 } 4 0 . 4 0 1 4 2 

{ 4 } { 1 , 2 , 3 , 5 } 39 .31764 

{ 5 } { 1 , 2 , 3 , 4 } 44 .77285 

F o l l o w i n g t h e s u g g e s t e d a l g o r i t h m we n e x t l o o k a t I = ( 5 , 1 ) , 

i = 1 , 2 , 3 , 4 , and o b t a i n the f o l l o w i n g : 

_ i I t i n 

{ 5 , 1 } { 2 , 3 , 4 } 41 .96916 

{ 5 , 2 } { 1 , 3 , 4 } 4 0 . 8 4 2 0 0 

{ 5 , 3 } { 1 , 2 , 4 } 4 4 . 3 0 2 5 0 

{ 5 , 4 } { 1 , 2 , 3 } 44 .25166 

E a c h of t h e s e v a l u e s o f f ( I ) b e i n g l e s s t h a n f ( { 5 } ) , we c o n c l u d e , a s p e r the 

s u g g e s t e d a l g o r i t h m , t h a t I = { 5 } m a x i m i z e s ( 3 ) . T h i s i s n o t t r u e s i n c e i t i s 

e a s i l y shown t h a t 

f ( { 1 , 2 } ) = 4 4 . 8 8 9 0 4 > f ( { 5 } ) = 44 .77285 

5 . The B a s i c R e s u l t 

I t w i l l be p r o v e d i n t h i s s e c t i o n t h a t ( 3 ) i s max imized o v e r a l l p o s s i b l e 

I ' s by I * where I * i s t h a t s e t I = { 1 , 2 , m} , l<m<k f o r w h i c h 

f ( I * ) > f ( I m ) f o r a l l m. Thus to f i n d the m a x i m i z i n g p a r t i t i o n one need o n l y com­

p u t e f ( I ) f o r the k -1 s e t s 1^ and choose the maximum. Furthermore^, I * , 

o b t a i n e d i n t h i s f a s h i o n , m a x i m i z e s ( 3 ) o v e r any p a r t i t i o n o f the N = Z N l n d i -
1 1 

v i d u a l o b s e r v a t i o n s i n t o two s e t s ( a s s u m i n g e a c h i n d i v i d u a l o b s e r v a t i o n w i t h i n 

any s e t e q u a l s the s e t mean x_̂  s a y ) . 

The p r e s e n t p r o o f of t h e s e a s s e r t i o n s , w h i l e s t r a i g h t f o r w a r d , I n v o l v e s c o n ­

s i d e r a b l e t e d i o u s a l g e b r a . F u r t h e r s t u d y may y i e l d more s u c c i n c t and more t i d y 

d e m o n s t r a t i o n s . The p r e s e n t p r o o f i s g i v e n i n two p a r t s . We f i r s t s t a t e and 

p r o v e t h e t h e o r e t i c a l r e s u l t s , i n some degree of g e n e r a l i t y and then make the 
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n e c e s s a r y i d e n t i f i c a t i o n s to the p r o b l e m s t a t e d i n § 1 by w h i c h the a s s e r t i o n s 

s t a t e d above become e s t a b l i s h e d . 

We a d o p t the f o l l o w i n g n o t a t i o n : l e t 

» 1 > » 2 > » 3 > - " > " H ( * ) 

be any n o n i n c r e a s i n g s e q u e n c e o f r e a l p o s i t i v e numbers . L e t P and P be any 
m n —"L-

p a r t i t i o n o f the N a . ' s , i . e . , P i s any s e t of m o f t h e a / s and P i s 
i m i n 

the s e t of the r e m a i n i n g n = N - m a . ' s . F u r t h e r , l e t H , L and M be r e -
i m m 

s p e c t i v e l y the s e t of the l a r g e s t m a ^ ' s , the s e t of the s m a l l e s t m a

i ' s > and 

the n - m m i d d l e a , ' s . ( I t i s assumed t h a t n>m, hence M i s n u l l i f n = m, 

o t h e r w i s e n o t . ) Thus 

H = { a , , a } 
m 1 m 

L m = { a N - m + l J V 

M = { £ W a N-m } 

The f i r s t r e s u l t may then be s t a t e d a s 

Theorem A: At l e a s t one of the f o l l o w i n g i s t r u e : 

( Z ( H ) ) 2 (E(M) + I ( L ) ) 2 ( 2 ( P ) ) 2 < £ ( P > ) 2 

a) ^ + = S > 2 + 2 
m n - m n 

( £ ( L ) ) 2 (Z(M) + 2 ( H ) ) 2 < 2 ( p

m ) ) 2 ( ^ ( P n ) ) 2 

b) ^ + * > * + s 

where £ (H ) = J!. . aJ , e t c . 
m a . e n i 

i m 

T P r o o f : The theorem i s o b v i o u s l y t r u e i f e i t h e r £ ( L ) = £ ( P ) o r £(H ) = £ ( P ) 
m m m m 

We then c o n s i d e r the o t h e r c a s e s , i . e . , £ ( H ) > £ ( P ) > £ ( L ) , and show t h a t i f 
m m m 

( a ) f a i l s t h e n (b) h o l d s . • S t r a i g h t f o r w a r d a l g e b r a ^ shows t h a t i f ( a ) i s f a l s e , 

then 

[ra£(P ) + m ( £ ( L ) + Z(M)) - n ( £ ( H ) + Z(P ) ) ] > 0 . (5 ) 
n m m m 

"^The m a j o r h i n t needed i n g o i n g from ( a ) and (b ) to ( 5 ) and ( 6 ) i s to re ­
p l a c e 

and to r e p l a c e 

[Z(m) + £ ( L ) T by [ £ ( m ) + Z ( L ) ] [ £ ( P ) + £ (P ) - 2 ( H ) ] 
m m n n m 

[Z(P ) ] 2 by [ £ ( P ) ] [E(m) + Z(L ) + 1 ( H ) - E (P J ] e t c . n n m m m 
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S i m i l a r l y , ( b ) i s t r u e i f 

[mE(P ) + m(Z (M) + Z(H ) ) - n ( Z ( L ) + Z (P ) ) ] > 0 . ( 6 ) 
n m m m — 

T h a t (5 ) i m p l i e s (6 ) I s o b v i o u s , s i n c e the l e f t s i d e of (6 ) i s g r e a t e r t h a n o r 

e q u a l to t h e l e f t s i d e of ( 5 ) . A 

The s e c o n d main r e s u l t i s g i v e n by the f o l l o w i n g : 

Theorem B: Suppose 

a . > . . . > a > a = . . . = a , 1 - - m m+1 m+n 

a m+n+l ' * * am+n-rX > a m + n + £ + l - * ' * - am+n+JH-r 

where m + n + £ + r = N, m > 0 , n > 0 , £ > 0, r > 0 , and m + r > 1. Then a t 

l e a s t one o f the f o l l o w i n g s t a t e m e n t s I s d e f i n e d and t r u e : 

d) - ( I ) 2 + * ( ( n + £ ) a + E ) 2 > ~ — ( £ + n a ) 2 + ~ - (la + Z ) 2 

m m n + £ + r ^ r - m+n m SL+x r 

o r 

d) r ^ i . 0 + ( n + £ ) a ) 2 + - (Z ) 2 > (Z + n a ) 2 + - r ^ 0>a + Z ) 2 , m+n+Jl m r r - m+n m £ + r r ' 
m 

where a = a . , i = m + l , . . . , m + n + £ , Z E- Z.. a , , 
i ' m 1=1 i ' 

r 
E r = i = l am+n+Jl+l 

T P r o o f : I f m - 0 , i t i s I m m e d i a t e l y v e r i f i a b l e t h a t (d ) i s t r u e . L i k e w i s e , i f 

r = 0 , t h e n ( c ) i s t r u e . Suppose t h e n t h a t m, n , r , and I a r e a l l p o s i t i v e . 

S t r a i g h t f o r w a r d a l g e b r a shows t h a t ( c ) i s e q u i v a l e n t to 

c M A - ( E ) 2 - 2ma E > m ^ m + n ) f r ) 2 - 2 m r -y 
c ; A _ C Z m ) Zma Z m > ( n + ^ + r ) ( J j + r ) ( Z r ) ( n + J l + r ) ( £ + r )

 a £

r 

m [(m+n)& - U + r ) n ] 2 - m[(m+n)& 2 + ( £ + r ) n 2 ] 2 _ 
n (n+A+r) U + r ) a = X 

and (d) i s e q u i v a l e n t t o : 

d*) A = (Z ) 2 - 2ma < ( Z ) 2 _ 2(m+n+A) (m+n) 
d ; A " C V ^ m a - r U + r ) ( E r } U + r ) a r 

_ {[(m+n)& - U + r ) n j 2 - r [ ( m + n ) £ 2 + ( f c + r ) n 2 ] } 2 
£ ( J t + r ) a _ L . 
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To show t h a t e i t h e r ( c ) o r (d ) i s t r u e ( o r b o t h ) i t s u f f i c e s t h e n to show t h a t i f 

( c 1 ) i s f a l s e t h e n ( d ' ) must be t r u e . T h i s i s c l e a r l y e s t a b l i s h e d I f t h e r i g h t 

s i d e of t h e i n e q u a l i t y i n ( c ' ) i s l e s s t h a n or e q u a l to t h e r i g h t s i d e of the i n ­

e q u a l i t y i n ( d 1 ) , i . e . , i f C - B > 0 . B u t some s i m p l e b u t t e d i o u s a l g e b r a shows 

t h a t 

(m+n) [(n+fc+r) (m+n+&) - mr] . , 2 
C ~ B r ( n + £ + r ) U + r ) L r r a J 

w h i c h i s o b v i o u s l y n o n n e g a t i v e . A 

To u s e t h e s e r e s u l t s f o r the p r o b l e m s t a t e d i n § 1 above and to e s t a b l i s h 

the a s s e r t i o n s a t the b e g i n n i n g o f t h e p r e s e n t s e c t i o n one need o n l y i d e n t i f y the 

f o l l o w i n g n o n i n c r e a s i n g s e que nc e w i t h t h o s e s e q u e n c e s of a

i ' s r e f e r r e d to above : 

x l ' * * * * x j _ * X 2 * * * * * X 2 * x 3 * • • * * x ^ » * • *» • • • » x^ • 

N l N 2 N 3 N k 

Then i t i s c l e a r t h a t Theorem A e s t a b l i s h e s the f a c t t h a t f o r any p a r t i t i o n o f 
k _ 

t h e s e N = E N, x . ' s i n t o two s e t s of m and n = N - m e l e m e n t s r e s p e c t i v e l y 
1 i i 

w i l l y i e l d a v a l u e of "between sum o f s q u a r e s , " ( 3 ) , no l a r g e r than t h a t f o r e i ­

t h e r the p a r t i t i o n c o n s i s t i n g o f the m l a r g e s t x ^ s a n ^ the N-m r e m a i n i n g 

or the m s m a l l e s t x ^ ' s a n ^ the N-m r e m a i n i n g . T h i s r e s u l t c l e a r l y i n c l u d e s the 

c a s e where f o r e v e r y i = 1, k a l l N^ x i ' s a r e P u t i-n t-^e s a m e o n e ° f the 

two s e t s f o r m i n g the p a r t i t i o n , i . e . , the c a s e where t h e p a r t i t i o n i s o f the k 

s e t s o f means r a t h e r than of the N i n d i v i d u a l means. 

Theorem B t h e n c l o s e s the r e m a i n i n g l o o p h o l e , v i z . , i t may be t h a t some 

p a r t i t i o n , I . I , o f the k s e t s of means i n t o N T = . E _ N . and N= = N - N_ r I l e i i l l 

o b s e r v a t i o n s , r e s p e c t i v e l y , has a sum o f s q u a r e s , ( 3 ) , w h i c h i s no l a r g e r t h a n 

t h a t f o r t h e p a r t i t i o n c o n s i s t i n g , s a y , o f the l a r g e s t i n d i v i d u a l x ^ ' s and 

the N - r e m a i n i n g x ^ ' s . However, t h i s l a t t e r p a r t i t i o n may v e r y e a s i l y s p l i t 

one s e t o f VI i d e n t i c a l x ^ ' s . Theorem B then s a y s t h a t f o r any p a r t i t i o n of 

the N i n d i v i d u a l x ^ ' s i n t o the m l a r g e s t and N - m r e m a i n i n g and where the 

p a r t i o n i n g p o i n t o c c u r s w i t h i n one o f the k s e t s of o b s e r v a t i o n s t h e n t h e r e 

i s a n o t h e r p a r t i t i o n i n t o l a r g e s t and s m a l l e s t x ^ ' s where t h e p a r t i t i o n i n g p o i n t 

o c c u r s be tween two o f the k s e t s o f x . ' s and w h i c h h a s a between sum o f s q u a r e s 

no s m a l l e r t h a n the o r i g i n a l p a r t i t i o n . 

Theorems A and B then t o g e t h e r d e m o n s t r a t e t h a t to f i n d the p a r t i t i o n w h i c h 

m a x i m i z e s ( 3 ) one need o n l y l o o k a t the k - 1 p a r t i t i o n s , 1^, where 
I = { 1 , 2 , . . . , m} , 1 < m < k , and choose t h a t one y i e l d i n g t h e l a r g e s t v a l u e 

m -
of ( 3 ) . 
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6 . A F i n a l N e g a t i v e R e s u l t 

I t was f u r t h e r c o n j e c t u r e d t h a t perhaps ( 3 ) , f C d ^ } ) , m = 1 , 2 , k - 1 

t r e a t e d as a f u n c t i o n of ra was w e l l - b e h a v e d i n the s e n s e of say c o n c a v i t y and 

t h a t , e . g . , i f f ( { I ^ } ) > f C d ^ } ) then one might be a b l e to s top and a s s e r t 

k - 1 I ' s . T h i s i s not the c a s e , however , m 
a s w i t n e s s e d by the f o l l o w i n g c o u n t e r example: 

I * = 1^, a n d thus n o t l o o k a t a l l 

N, 

1 2 3 4 5 

3 .000 2 . 0 1 0 0 0 2 .0010 2 .0001 1 .0000 

1 1 1 1 2 

h e r e one f i n d s the f o l l o w i n g v a l u e s f o r f ( { l m } ) , m = 1, 2 , 3 , 4: 

I 

{ 1 } 

{ 1 , 2 } 

{ 1 , 2 , 3 } 

{ 1 , 2 , 3 , 4 } 

f ( t I

m

} ) m 

2 1 . 8 4 

2 1 . 5 5 

2 1 . 7 2 

2 2 . 3 0 

7. C o n c l u s i o n s 

The above r e s u l t s i n d i c a t e t h a t to f i n d the p a r t i t i o n which m a x i m i z e s the 

between sum of s q u a r e s , ( 3 ) , one need o n l y compute ( 3 ) f o r the k - 1 p a r t i t i o n s 

c o n s i s t i n g of the f i r s t s e t of s i z e N^ and a l l the r e s t , the f i r s t two s e t s o f 

s i z e N^ + and a l l the r e m a i n i n g , e t c . , and c h o o s i n g t h a t one w h i c h m a x i m i z e s 

( 3 ) . F u r t h e r the p a r t i t i o n f o u n d i n t h i s manner m a x i m i z e s (3) o v e r a l l p a r t i ­

t i o n s of t h e N = E N. i n d i v i d u a l o b s e r v a t i o n s ( a s s u m i n g e a c h o b s e r v a t i o n w i t h -

i n any one of the k s e t s e q u a l s the mean of t h a t s e t ) . F i n a l l y i t does n o t 

seem p o s s i b l e to improve on t h i s t e c h n i q u e , i n the s e n s e of r e d u c i n g the compu­

t a t i o n a l b u r d e n . 
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PROBLEMS I N T H E A N A L Y S I S OF SURVEY D A T A , 
A N D A PROPOSAL 

JAMES N . MORGAN AND J O H N A . SONQUIST* 

University of Michigan 

Most of the problems of analyzing survey data have been reasonably 
well handled, except those revolving around the existence of interaction 
effects. Indeed, increased efficiency in handling multivariate analyses 
even with non-numerical variables, has been achieved largely by 

* i - % a s s u m i n g additivity. An approach to Biirvcy data is proposed which 
A p p © n O l X V l l imposes no restrictions on interaction effects, focuses on importance 

in reducing predictive error, operates sequentially, and is independent 
of the extent of linearity in the classifications or the order in which 
the explanatory factors are introduced. 

A. N A T U R E O F T H E DATA AND T H E "WORLD FROM WHICH T H E Y COME 

TH E increasing availability of rich data f rom cross section surveys calls for 
more efficient methods of data scanning and data reduction in the process 

of analysis. The purpose of this paper is to spell out some of the problems arising 
f r o m the nature of the data and the nature of the theories which are being 
tested wi th the data, to show that present methods of dealing w i t h these 
problems are often inadequate, and to propose a radical new method for 
analyzing survey data. There are seven things about the data or about the 
world f rom which they come which need to be kept in mind. 

First, there is a wide variety of information about each person interviewed 
in a survey. This is good, because human behavior is motivated by more than 
one thing. But the very richness of the data creates some problems of how to 
handle them. 

Second, we are dealing not wi th variables for the most part, but wi th classi­
fications. These vary all the way f rom age, which can be thought of as a 
variable put into classes, to occupation or the answers to att i tudinal questions, 
which may not even have a rank order in any meaningful sense. Even when 
measures seem to be continuous variables, such as age or income, there is good 
reason to believe that their effects are not linear. For instance, people earn 
their highest incomes in the middle age ranges. Expenditures do not change 
uniformly wi th changes in income at either extreme of the income scale. 

Third, there are errors in all the measures, not just in the dependent variable, 
and there is l i t t le evidence as to the size of these errors, or as to the extent to 
which they are random. 

Fourth, the data come f rom a sample and generally a complex one at that. 
Hence, there is sample variability piled on top of measurement error. The 
fact that almost all survey samples are clustered and stratified leads to prob­
lems of the proper application of statistical techniques. Statistical tests usually 
assume simple random samples rather than probability samples. More ap-

* The authors are indebted to many individuals for advice and improvements. ID particular, Professor L . J . 
Savage notioed that some interactions would remain hidden, and Professor William Ericson proved that locating 
the beat combination of subclasses of a einffle code was simple enough to incorporate into the program. A Ford 
Foundation grant to the Department of Economics of the University of Michigan supported the author's work on 
some substantive problems which led to the present focus on methods. Support from the Rookefoiler Foundation 
is also gratefully acknowledged. 

R e p r i n t e d by p e r m i s s i o n o f the J o u r n a l of the A m e r i c a n S t a t i s t i c a l A s s o c i a t i o n , 
58 (June 1 9 6 3 ) , pp . 4 1 5 - 3 5 . 
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propriate tests have been developed for simple statistics such as proportions, 
means, and a few others. 

F i f th , and extremely important, there are intercorrelations between many 
of the explanatory factors to be used in the analysis—high income goes along 
wi th middle age, wi th advanced education, wi th being white, w i t h not being 
a farmer, and so for th . This makes i t difficult to assess the relative importance 
of different factors, since their intercorrelations get i n the way. Since many of 
them are classifications rather than continuous variables, i t is not even easy to 
measure the extent of the intercorrelation. Measures of association for cross 
classification raise notoriously difficult problems which have not really been 
solved in any satisfactory way. 1 

Sixth, there is the problem of interaction effects. Particularly in the social 
sciences, there are two powerful reasons for believing that i t is a mistake to 
assume tha t the various influences are additive. I n the first place, there are 
already many instances known of powerful interaction effects:—advanced 
education helps a man more than i t does a woman when i t comes to making 
money; and i t does a white man more good than a Negro. The effect of a decline 
in income on spending depends on whether the family has any liquid assets 
which i t can use up. Women have their hospitalizations at different ages than 
men. Second, the measured classifications are only proxy variables for other 
things and are frequently proxies for more than one construct. Several of the 
measured factors may joint ly represent a theoretical construct. We may have 
interaction effects not because the world is f u l l of interactions, but because our 
variables have to interact to produce the theoretical constructs that really 
matter. The idea of a family life cycle, unless arbitrarily created out of i ts 
components in advance, is a set of interactions between age, marital status, 
presence, and age of children. 2 I t is therefore often misleading to look at the 
over-all gross effects of age or level of education. Where interaction effects 
exist, the concept of a main effect is meaningless, and i t is our belief that i n 
human behavior there are so many interaction effects that we must change our 
approach to the problems of analysis. 

Another example of interaction effects appeared in the attempt to build 
equivalent adult scales to represent the differences in living expenses of families 
of different types. Af te r many years of analysis, one of the most recent studies 
in this field has concluded "when its size changes, families' tastes appear to 
change in more complicated ways than visualized by our hypothesis."3 More 

1 One seemingly appropriate measure for two classifications both being used to predict the same variable is one 
called lambda suggested by Goodman and Kruskal. With many kinds of survey data this measure, which assumes 
that an absolute prediction has to be made for each individual, is too insensitive to deal with situations where each 
class on the predicting characteristic has the same modal class on the other characteristic that is to be predicted. 
An effective and properly stochastic measure would be derived by assigning a one-Jtero dummy variable to belonging 
to eaoh class of each of the two characteristics and then computing the canonical correlation between the two sets 
of dummy variables. 

Sec Leo A. Goodman and William H. Kruskal, "Measures of association for cross classifications," Journal of 
the American Statistical Aeeociation, 49 (December, 1954), 732-64. 

1 John B. Lansing and James N. Morgan, "Consumer finances over the life cycle," in Consumer Behavior, 
Volume II , L. Clark (Editor) (New York: New York University Press, 1955). 

See also Leslie Kish and John B. Lansing, "Family life oycle as an independent variable,* American Sociological 
Renew, X X I I (October, 1957), 512-9. 

• In other words family composition had different effects on different expenditures. F . O. Forsythe, "The rela­
tionship between family size and family expenditure," Journal of the Royal Statistical Society, Series A, vol. 123 
(1961), 307-97, quote from p. 886. 
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recently in analyzing factors affecting spending unit income, i t has become 
obvious that age and education cannot operate additively with race, retired 
status, and whether the individual is a farmer. The attached table illustrates 
this wi th actual average incomes for a set of nonsymmetrical groups. The 
twenty-one groups account for two-thirds of the variance of individual spend­
ing unit incomes, whereas assuming additivity for race and labor force status 
even wi th joint age-education variables produces a regression which wi th 30 
variables accounts for only 36 per cent of the variance. A second column in the 

TABLE 1. SPENDING UNIT INCOME AND THE NUMBER I N THE 
UNIT WITHIN VARIOUS SUBGROUPS 

Group 
Spending unit 
average (1958) 

income 

Number 
in 

unit 

Number 
of 

cases 

Nonwhite, did not finish high school $ 2489 3.3 191 
Nonwhite, did finish high school 5005 3.4 67 

White, retired, did not finish high school 2217 1.7 272 
White, retired, did finish high school 4520 1.7 72 

White, nonretired farmers, did not finish 
high school 3950 3.6 87 

White nonretired farmers, did finish high 
school 6750 3.6 24 

The Remainder 
0-8 grades of school 

18-34 years old 4150 3.8 72 
35-54 years old 4670 3.8 240 
55 and older—not retired 4846 2.2 208 

9-11 grades of school 
18-34 years old 5032 3.7 112 
35-54 years old 6223 3.4 202 
55 and older—not retired 4720 2.1 63 

12 grades of school 
18-34 years old 5458 3.3 193 
35-54 years old 7765 3.8 291 
55 and older—not retired 6850 2.0 46 

Some college 
18-34 years old 5378 3.0 102 
35-54 years old 7930 3.8 112 
55 and older—not retired 8530 2.0 36 

College graduates 
18-34 years old 7520 3.8 80 
35-54 years old 8866 2.9 150 
55 and older1—not retired 10879 1.8 34 

So urea: 1969 Surrey of Consumer Finances. 
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table gives the average number of people in the unit, and i t can be seen that 
this particular breakdown is not particularly useful for analyzing the number 
of people in a unit. On the other hand, if each group were to be used to analyze 
expenditure behavior, income, and family size are likely to operate joint ly 
rather than additively. 

I n view of the fact that intercorrelation among the predictors on the one 
hand and interaction effects on the other are frequently confused, i t seems 
useful to give a pictorial example indicating both the differences between them 
and the way in which they operate when both are present. Our concern is not 
with statistical tests to distinguish between them, but wi th the effects of 
ignoring their presence. 

Chart I shows pictorially three cases, real but exaggerated. First, there is a 
case where the two explanatory factors, income and education, are correlated 
with one another, but do not interact. Second, a case where income and being 
self-employed interact wi th one another but are not correlated, and third, a 
situation where income and asset holdings are correlated w i t h one another and 
also interact in their effect on saving. The ellipsoids represent the area where 
most of the dots on a scatter diagram would appear. I n the first case, i t is 
clear that a simple relation between income and saving would exaggerate the 
effect of income on saving by failing to allow for the fact that high income 
people have more education, and that highly educational people also save more. 
An ordinary multiple regression, however, using a dummy variable representing 
high education would adequately handle this difficulty. I n the second case 
there is no particular correlation, we assume, between income and being self-
employed, but the self-employed have a much higher marginal propensity to 
save than other people. Here, the simple relationship between income and 
saving becomes a weighted compromise between the two different effects that 
really exist. A multiple correlation would show no effect of being self-employed 
and the same compromise effect of income. Only a separate analysis for the 
self-employed and the others would reveal the real state of the world. I n the 
third case, not only do the high-asset people have a higher marginal propensity 
to save, but they also tend to have a higher income. Mult iple correlation clearly 
wi l l not take care of this situation in any adequate way. I t will produce an 
"income effect" which can be added to an "asset effect" to produce an es­
timate of saving. Here the income effect is an average of two different income 
effects. The estimated asset effect is likely to come out closer to zero than 
if income had been ignored. Of course, where interactions exist, there is li t t le 
use in attempting to measure separate effects. 

Finally, there are logical priorities and chains of causation in the real world. 
Some of the predicting characteristics are logically prior to others in the sense 
that they can cause them but cannot be affected by them. For instance, where 
a man grows up may affect how much education he gets, but his education 
cannot change where he grew up. We are not discussing here the quite different 
analysis problem where the purpose is not to explain one dependent variable 
but to untangle the essential connections in a network of relations. 

I n dealing wi th a single dependent variable representing some human be­
havior, we might end up w i t h at least three stages in the causal process—early 
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childhood and parental factors, actions and events during the lifetime, and 
current situational and atti tudinal variables. I f this were the end of the prob­
lem we could simply run three separate analyses. The first would analyze the 
effects of early childhood and parental factors. The second would take the 
residuals f rom this analysis and analyze them against events during a man's 
lifetime up unt i l the present, and the third would take the residuals f rom the 

Education SAVING 
High Education 

Low Education 
Muticollinearity, i .e . , correlation 
between income and education 
but no interaction 

/ 
INCOME 

Interaction, but no multicollinearlty 
(no correlation between income and 
self -employment) 

Self - Employed SAVING 

Others 

INCOME 

High Assets 
SAVING 

Both 

Low Assets 

Regression with pooled data 
Separate regressions 
Concentration of data 

INCOME 

C H A R T I . Combinations of Multicollinearity and Interaction and Their Effects. 
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second analysis and analyze them against current situational and atti tudinal 
variables. Bu t the real world is not even that simple, because some of the same 
variables which are logically prior i n their direct effects may also tend to me­
diate the effect of later variables. For instance, a man's race has a kind of 
logical pr iori ty to i t , but at the same time i t may affect the way other things 
such as the level of his education operate to determine his income. 

This is an impressive array of problems. Before we turn to a discussion of 
current attempts, to solve these'problems and to our own suggestions, i t is 
essential to ask first what kind of theoretical structure is being applied and 
what the purposes of analysis are. 

B . N A T U R E OF T H E T H E O R Y AND P U R P O S E S OF A N A L Y S I S 

Perhaps the most important thing to keep in mind about survey data in 
the social sciences is that the theoretical constructs in most theory are not 
identical w i t h the factors we can measure in the survey. The simple economic 
idea of abil i ty to pay for any particular commodity is certainly a function not 
only of income but of family size, other resources, expected future income, 
economic security, and even extended family obligations. A man's expecta­
tions about his own economic future, which we may theorize wi l l affect his 
current behavior, might be measured by a battery of att i tudinal and expecta-
tional questions or by looking at his education, occupation, age, and the ex­
perience of others in the same occupation and education group who are already 
older. The fact that the theoretical constructs i n which we are interested are 
not the same as the factors we can measure, nor even simply related to them, 
should affect our analysis techniques and focus attention on creating or locating 
important interaction effects to represent these constructs. 

Second, there are numerous hypotheses among which a selection is to be 
made. Even if the researcher preferred to restrict himself to a single hypoth­
esis and test i t , the intercorrelations among the various explanatory factors 
mean that the same result might support any one of several hypotheses.4 Hence, 
comparisons of relative importance of predictors, and selecting those which 
reduce predictive errors most, are required. 

When we remember that there are also variable errors of measurement, the 
problem of selecting between alternative hypotheses becomes doubly difficult, 
and ultimately requires the use of discretion on the part of the researcher. 
Better measurement of a factor might increase its revealed importance. 

Finally, researchers may have different reasons why they wish to predict 
individual behavior. Most wi l l want to predict behavior of individuals in the 
population, not just i n the sample, which makes the statistical problem some­
what more complicated. But some may also want to focus on the behavior of 
some crucial individuals by assigning more weight to the behavior of some 
rather than others. Others may want to test some explanatory factors, how­
ever small their apparent effect, because they are important. They may be 
important because they are subject to public policy influences or because they 

* For an excellent statement of the application of this problem to the economists' concern with the permanent 
income hypothesis versus the relative income hypothesis, see Jean Crockett, "Liquid assets and the theory of con­
sumption' (New York: National Bureau of Economic Research, 1962) (mimeographed). 
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are likely to change over time, or because they are crucial to some larger 
theoretical edifice. The nature of these research purposes thus combines wi th 
the nature of the data and their characteristics to make up the problem of how 
to analyze the data. 

C. T H E S T R A T E G Y C H O I C E I N A N A L Y S I S 

One can think of a series of strategies ranging f rom taking account of only 
the main effects of each explanatory classification separately or joint ly, to 
t rying to take account of all possible combinations of all the classifications at 
once. Even if there were enough data to allow the last, however, i t would not 
be of much use. The essence of research strategy then consists of put t ing some 
restrictions on the process in order to make i t manageable. One possibility is to 
cut the number of explanatory factors utilized, and another is to restrict the 
freedom wi th which we allow them to operate.6 One might assume away most 
or all interaction effects, for instance, and keep a very large number of ex­
planatory classifications. Still further reduction in the number of variables is 
possible, if one assumes linearity for measured variables or, what amounts to 
the same thing builds arbitrary scales, incestuously derived out of the same data 
in order to convert each classification into a numerical variable. Clearly, the 
more theoretical or statistical assumptions one is willing to impose on the data, 
the more he can reduce the complexity of the analysis. A diff icul ty is that 
restrictions imposed in advance cannot be tested. There seems some reason to 
argue that i t would be better to use an approach which developed its restric­
tions as i t went along. I n any case keeping these problems in mind we turn now 
to a summary of how analysis problems in using survey data are currently being 
handled and some of the difficulties that present methods still leave unsolved. 

D. HOW P R O B L E M S I N A N A L Y S I S A R E C U R R E N T L Y B E I N G H A N D L E D — A N A P P R A I S A L 

We take the seven problems in section A in the same order in which they are 
presented there plus the major problem in section B, that of theoretical con­
structs not measured directly by the factors on which we have data. The first 
problem was the existence of many factors. The simplest procedure has been 
to look at them one at a time always keeping in mind the extent to which one 
factors is intercorrelated wi th others. Another technique, particularly w i t h 
attitudes, has been to build indexes or combinations of factors either arbi­
trari ly or wi th the use of some sort of factor analysis technique.8 The diff icul ty 
is that the first of these is quite arbitrary, and the second is arbitrary in a dif­
ferent sense, in that most mechanical methods of combining factors are based 
on the intercorrelations between the factors themselves and not i n the way i n 
which they may affect the dependent variable. I t is quite possible for two 
highly correlated factors to influence the dependent variable in opposite ways. 
Building a combination of the two only on the basis of their intercorrelation 
would create a factor which would have no correlation at all wi th the dependent 

1 For a discussion of alternative strategies made while commenting on a series of papers, see James Morgan, 
•Comments,' in Consumption and Saving, Volume I , I . Friend and R. Jones (Editors.) (Philadelphia: University of 
Pennsylvania Press, 1080), pp. 276-84. 

• Charles Westoff and others, Family Planning in Metropolitan America (Princeton: Princeton University Press, 
1S61). 
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variable. W i t h highly correlated attitudes, however, some such reduction to a 
few factors may be required and meaningful. 

W i t h the advent of better computing machinery, the problem of multiple 
factors has frequently been handled by using multiple correlation techniques. 
The use of these techniques, of course, required solving the second problem, 
that arising f rom the fact that in many cases we have classifications rather 
than continuous variables. This has been done in two ways, first, by building 
arbitrary scales. For instance, one could assign the numbers one, two, three, 
four, five, and six to the six age groups in order. Or if age were being used to 
predict income, one could assign a set of numbers representing the average 
income of people in those age groups. 7 But unless machine capacity is ex­
tremely limited, a far more flexible method which is coming into favor is to 
use what have been called dummy variables. 8 The essence of this technique is 
to assign a dummy variable to each class of a characteristic except one. I t is 
called a dummy variable because i t takes the value one i f the individual belongs 
in that subclass or a zero if he does not. I f ordinary regression procedures are 
to be used, of course, dummy variables cannot be assigned to every subclass of 
any characteristic, since this would overdetermine the system. However, at 
the Survey Research Center we have developed an iterative program for the 
I B M 7090, the output of which consists of coefficients for each subclass of 
each characteristic, the set for each characteristic having a weighted mean of 
zero. This means that the predicting equation has the over-all mean as its 
constant term, and an additive adjustment for each characteristic, depending 
on the subclass into which the individual falls on that characteristic. This is 
the standard analysis of variance formulation when all interactions are as­
sumed to be zero. Of course, the coefficients of dummy variables using a regular 
matrix inversion routine can easily be converted into sets of this sort. There 
remain two difficulties wi th this technique. One is the problem of interaction 
effects, which are either assumed away or have to be built in at the beginning 
in the creation of the classes. A second arises f rom the nature of the classifica­
tions frequently used in survey data. Even though association between, say, 
occupation and the incidence of unemployment faced by an individual is not 
terribly high, the occupation code generally includes one or two categories such 
as the farmers and the retired who, by definition, cannot be unemployed at all. 
When dummy variables are assigned to these classes, i t may easily occur that 
there is a perfect association between a dummy variable representing one of 
these peculiar (not applicable) groups in one code and a dummy variable 
representing something else in another classification (not unemployed). I f the 
researcher omits one of each such pair of dummy variables in a regression 
routine, he is all right. 

A third problem, that of errors i n the data, is generally handled by not re-

* For an example aee Jerry Miner, "Consumer Personal Debt—An Intertemporal Analysis," in Consumption 
and Saving, Volume II , I. Friend and R. Jones (Editors) (Philadelphia: University of Pennsylvania Press, 1960), 
400-61. 

8 Daniel Suits, The Use of Dummy Variables in Regression Equations," Journal of (As American Statistical 
Aaeoeiaiion, 52 (December, 1957), 548-51. 

T. P. Hill, "An Analysis of the Distribution of Wages and Salaries In Great Britain." Bconometrica. 27 (July. 
1959), 355-81. 
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jecting hypotheses too easily and by attempting to use some judgment in the 
assessment of relative importance of different factors or different hypotheses 
keeping in mind the accuracy wi th which the variables have probably been 
measured. 

The fact that the data come f rom a sample has frequently been ignored. 
As the analysis techniques become more complicated, i t becomes almost i m ­
possible to keep the structure of the sample in mind too. However, there is some 
reason to believe that the clustering and stratification of the sample become 
less and less important the more complex and more multivariate the analysis 
being undertaken. 9 

What about intercorrelations among the predictors? The main advantage 
of multivariate techniques like multiple regression is that they take care of 
these intercorrelations among the predictors, at least in a crude sense. Indeed, 
i f one compares an ordinary subclass mean wi th the multivariate coefficient of 
the dummy variable associated with belonging to that subclass, the difference 
between the two is the result of adjustments for intercorrelations. Where these 
differences seem likely to be the result of a few major interrelations, some 
statement as to the factors correlated wi th the one in question (and responsible 
for the attenuation of its effect on the multivariate analysis) are often given to 
the reader. I t is, of course, true that where intercorrelations between two pre­
dictors are too high, no analysis can handle this problem, and i t becomes 
necessary to remove one of them f rom the analysis. 

Perhaps the most neglected of the problems of analysis has been the problem 
of interaction effects. The reason is very simple. The assumption that no 
interactions exist generally leads to an extremely efficient analysis procedure 
and a great reduction in the complexity of the computing problem. Those of us 
who have looked closely at the nature of survey data, however, have become 
increasingly impressed w i t h the importance of interaction effects and the 
useful way in which allowing for interactions between measured factors gets 
us closer to the effects of more basic theoretical constructs. Where interac­
t ion effects have not been ignored entirely, they have been handled in a number 
of ways. They can be handled by building combination predictors in the first 
place, such as combinations of age and education or the combination of age, 
marital status, and children known as the family life cycle. 1 0 Sometimes where 
almost all the interactions involve the same dichotomy, two separate analyses 
are called for . 1 1 Interactions are also handled by rerunning the analysis for 

1 Actually there are no formulas available for sampling errors of many of the statistics from complex prob­
ability samples. Properly selected part-samples can be used to estimate them by a kind of h&mmer-and-tongs 
procedure, but this is expensive. See Leslie Kish, "Confidence intervals for clustered samples,* American Sociological 
Review, 22 (April, 1957), 154-65. So long as the samples are representative of a whole population the basic 
statistical model is presumably the "fixed" one, see M. B. Wilk and O. Kempthorne, "Fixed, mixed, and random 
models," Journal of the American Statistical Association, 50 (December, 1955), 1144-67. 

See also L . Klein and J. Morgan, "Results of alternative statistical treatments of sample survey data," Journal 
of the American Statistical Association, 48 (December, 1951), 442-60. 

1 8 Guy Orcuttand others, Microanalysis of Socioeconomic Systems (New York: Harper and Brothers, 1961). 
» For instance, hospital utilization was studied separately for men and women in Grover Wirick, Robin Barlow, 

and James Morgan, "Population survey: Health care and its financing," Hospital and Medical Economics, Volume I, 
Walter McNerney (Editor) (Chicago: American Hospital Association, 1962). 

Participation in recreation was studied separately for those with and without paid vacations; see Eva Mueller 
and Gerald Gurin, Participation in Outdoor Recreation: Factors Affecting Demand Among American Adults (U.S. 
(U.S.G.P.O., ORRRC Study Report 20, 1962.) 
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some subgroup of the population. I n a recent study of factors affecting hourly 
earnings, for instance, the analysis was rerun for the white, nonfarmer males 
only, to test the hypothesis that some of the effects like that of education were 
different for the non-whites, women, and farmers. 1 2 A difficulty wi th this 
technique, of course, is that if one merely wants to see whether the interaction 
biases the estimates for the whole population seriously, one reruns the analysis 
wi th the group that makes up the largest part of the sample. But i f one wants 
to know whether there are different patterns of effects for some small sub­
group, the analysis must be run for that small subgroup. 

Another method of dealing wi th interaction effects is to look at two- and 
three-way tables of residuals f rom an additive multivariate analysis. This 
requires the process, often rather complicated and expensive, of creating the 
residuals f r o m the multivariate analysis and then analyzing them separately.1 3 

Where some particular interaction is under investigation, an effective alterna­
tive is to isolate some subgroup on a combination of characteristics such as the 
young, white, college graduates. I t is then possible to derive an estimate of the 
expected average of that subgroup on the dependent variable by summing the 
multivariate coefficients multiplied by the subgroup distributions over each 
of the predictors. Comparing this expected value w i t h the actual average for 
that subgroup indicates whether there is something more than additive effect. 
I t is only feasible to do this wi th a few interactions, just as i t is possible to put 
in cross product terms in multiple regressions in only a few of the total possible 
cases. Consequently, most of these methods of dealing wi th interaction effects 
are either l imited, or expensive and time-consuming. 

Still another technique for finding interactions is to restrict the total number 
of predictors, use cell means as basic data, and use a variance analysis looking 
directly for interaction effects. 1 4 Aside f rom the various statistical assumptions 
that have to be made, this turns out to be a relatively cumbersome method of 
dealing wi th the data. I t requires a good deal of judgment in the selecting of 
the classes to avoid getting empty cells or cells wi th very small numbers of cases, 

» James Morgan, Martin David, Wilbur Cohen, and Harvey Brazer, Income and Welfare in the United State* 
(New York: McGraw-Hill, 19B2). 

Malcolm R. Fiaher, "Exploration in savings behavior," Bulletin of the Oxford University Institute of Statistics, 
18 (August, 1956), 201-77. 

1 1 James Morgan, "An analysis of residuals from 'normal' regressions," in Contributions of Survey Methods to 
Economics, L . Klein (Editor) (New York: Columbia University Press, 1954). 

u F . Gerald Adams, Some Aspects of the Income Sire Distribution (unpublished Ph.D. dissertation. The Uni­
versity of Michigan, 1956); and a summary, "The site of individual incomes: Socio-economic variables and chance 
variation," Review of Economics and Statistics, X L (November, 1958), 394-8. 

James Morgan, "Factors related to consumer savings" in Contributions of Survey Methods to Economics, L. Klein 
(Editor) (New York: Columbia University Press, 1954). 

Mordschai Kreinin, "Faotors associated with stock ownership,'' Review of Economics and Statistics, X L I 
(February, 1959), 12-23; "Analysis of liquid asset ownership,* Review of Economics and Statistics, X L I 11 (February, 
1961), 76-80. 

M. Kreinin, J. Lansing, J . Morgan, "Analysis of life insurance premiums, * Review of Economics and Statistics, 
XXXTX (February, 1967), 46-54. 

Robert Ferber has pointed out that using the highest order interaction as "error" may hide significant main 
effects or lower-order interaction effects, and that the heteroscedasticity of means based on subcells of different 
sizes may make the tests nonconservative. He has made use of the more complex method of fitting constants which 
provides an exact test foe interactions but assumes that the individual observations are all independent. Since this 
assumption is not correct for most multistage samples the results of this method are also nonconservative. See 
Robert Ferber, "Service expenditures at mid-century, * in Consumption and Saving, Volume I, I. Friend andR. Jones 
(Editors) (Philadelphia: University of Pennsylvania Press, 1960), pp. 436-60. 
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and the unequal cell frequencies lead to heterogeneity of variances which makes 
the F-test nonconservative. Sometimes interaction effects are considered i m ­
portant only when they involve one extremely important variable. I n the case 
of much economic behavior, current income appears to be such a variable. I n 
this case one can rely on covariance techniques, but these techniques tend to 
become far too complex when a large number of other factors are involved. 
Also, as more and more questions arise about the meaning of current income 
as a measure of ability to pay, the separation of current income for special 
treatment becomes more doubtful . 

Finally, i t is also true that if we restrict the number of variables, multiple 
regression techniques, particularly using dummy variables, can build in almost 
a l l feasible interaction effects. One way to restrict the number of variables is to 
make an analysis with an ini t ia l set and run the residuals against a second set 
of variables. However, unless there is some logical reason why one set takes 
precedence over another, this is treacherous since the explanatory classifications 
used in the second set wi l l have a downward bias in their coefficients if they 
are at all associated wi th the explanatory classifications used in the first set.1 6 

A l l these methods for dealing wi th interaction effects require building them 
i n somehow without knowing how many cases there are for which each inter­
action effect could be relevant. The more complex the interaction, the more 
diff icul t i t is to tell, of course. 

The problem of logical priorities in the data and chains of causation can be 
handled either by restricting the analysis to one level or by conducting the 
analysis sequentially, always keeping in mind that the logically prior variables 
may have to be reintroduced in later analyses on the chance that they may 
mediate the effects of other variables. I n practice, very l i t t le analysis of survey 
data has paid much attention to this problem. Perhaps the reason is that only 
recently has anyone been able to handle the other problems so that a t ru ly mul­
tivariate analysis was possible. And i t is only when many variables begin to be 
used simultaneously that the problem of their position in a causal structure 
becomes crucial. 

Finally, there is the problem remaining f rom section B that the constructs of 
theories do not have any one-to-one correspondence wi th the measures f r o m 
the survey. Sometimes this problem is handled by building complex variables 
tha t hopefully represent the theoretical construct. The life cycle concept, for 
instance, has been used this way. I n a recent study, a series of questions that 
seemed to be asking evaluations of occupations were translated into a measure 
which was (hopefully) an index measure of achievement motivation. 1* More 
commonly, the analyst has been constrained to interpret each of the measured 
characteristics in terms of some theoretical meaning which i t hopefully has. 
This is often not very satisfactory. I n the case of l iquid assets, the amount of 

u James Morgan, "Consumer investment expenditures," American Economic Review, X L V I I I (December, 
1968), 874-902, Appendix, 898-901. 

Arthur S. Goldberger and D. B. Jocbems, "A note on stepwise least squares," Journal of the American Statittical 
Association, 56 (March, 1961), 105-11. 

1 1 Morgan, David, Cohen, and Brazer, Income and Welfare in the United States. (New York: McGraw-Uill 
Book Company, Inc., 1962). 
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these assets a man has represents both his past propensity to save and his 
present abi l i ty to dissave, two effects which could be expected to operate i n 
opposite directions. I n general, the analysis of survey data has been much 
better than this summary of problems would indicate. Varied approaches have 
been ingeniously used, and cautiously interpreted. 

E . P R O P O S A L F O R A P R O C E S S F O R A N A L Y Z I N G D A T A 

One way to focus on the problems of analyzing data is to propose a better 
procedure. The proposal made here is essentially a formalization of what a good 
researcher does slowly and ineffectively, but insightfully on an I B M sorter. 
W i t h large masses of data, weighted samples, and a desire for estimates of 
the reduction in error, however, we need to be able to simulate this process on 
large scale computing equipment. The basic idea is the sequential identification 
and segregation of subgroups one at a time, nonsymmetrically, so as to select 
the set of subgroups which wil l reduce the error in predicting the dependent 
variable as much as possible relative to the number of groups. A subgroup 
may be defined as membership in one or more subclasses of one or more char­
acteristics. I f more than one characteristic is used, the membership is joint , 
not alternative. 

I t is assumed that where the problem of chains of causation and logical prior­
i ty of one variable over another exists, that this problem wi l l be handled by 
dividing the explanatory variables or predictors into sets. One then takes the 
pooled residuals f rom an analysis using the first set of predictors and analyses 
these residuals against the second set of predictors. The residuals f rom the 
analysis using this second set could then be run against a th i rd set. I n practice, 
we might easily end up wi th three states—early childhood or parental factors, 
actions and events during the lifetime, and current situational and att i tudinal 
variables. 

The possibilities of interactions between variables i n different stages can be 
handled by reintroducing in the second or th i rd analyses, factors whose simple 
effects have already been removed, but which may also mediate the effects 
of factors at one of the later stages, that is, nonwhites may have their income 
affected by education differently f rom whites. 

Temporarily setting aside these complications, we turn now to a description 
of the process of analysis using the variables f rom any one stage of the causal 
process. Since even the best measured variable may actually have nonlinear 
effects on the dependent variable, we treat each of the explanatory factors as a 
set of classifications. As we said, our purpose is to identify and segregate a set 
of subgroups which are the best we can find for maximizing our abili ty to pre­
dict the dependent variable. We mean maximum relative to the number of 
groups used, since an indefinitely large number of subgroups would "explain" 
everything i n the sample. To be more sophisticated, if we use a model based on 
the assumption that we want to predict back to the population, there is an 
optimal number of subgroups. However, as an approximation we propose that 
wi th samples of two to three thousand we arbitrarily segregate only those 
groups, the separation of which wi l l reduce the total error sum of squares by at 
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least one per cent and do not even attempt further subdivision unless the 
group to be divided has a residual error (within group sum of squares) of at 
least two per cent of the total sum of squares. This restricts us to a maxiwium 
of fifty-one groups. I t is just as arbitrary as the use of the 5 per cent level in 
significance tests and perhaps should be subject to later revision on the basis of 
experience. 

We now describe the process of analysis in the form of a series of decision 
rules and instructions. We think of the sample in the beginning as a single 
group. The first decision is what single division of the parent group into two 
w i l l do the most good. A second decision has then to be made: Which of the two 
groups we now have has the largest remaining error sum of squares, and hence 
should be investigated next for possible further subdivision? Whenever a further 
subdivision-of a group wi l l not reduce the unexplained sum of squares by at 
least one per cent of the total original sum of squares, we pay no further atten­
t ion to that subgroup. Whenever there is no subgroup accounting for at least 
two per cent of the original sum of squares, we have finished our job. We turn 
now to a more orderly description of this process. . 

1) Considering all feasible divisions of the group of observations on the basis 
of each explanatory factor to be included (but not combinations of factors) find 
the division of the classes of any characteristic such that the partitioning of this 
group into two subgroups on this basis provides the largest reduction in the un­
explained sum of squares. 

Starting wi th any given group, and considering the various possible ways of 
splitting i t into two groups, i t turns out that a quick examination of any 
possible subgroup provides a rapid estimate of how much the error variance 
would be reduced by segregating i t : 

The reduction in error sum of squares is the same size (opposite sign) as the 
increase in the explained sum of squares. 

For the group as a whole, the sum of squares explained by the mean is 

N X 2 = (1) 
N 

and the total sum of squares (unexplained by the mean) is 

£ ( x - x ) * = Z i 1 - ^ • (2) 
N 

I f we now divide the group into two groups of size Ni and Ni and means ^ 1 
and X2, what happens to the explained sum of squares? 

Explained sum of squares = N\X\ + N-Jlt. (3) 

The division which increases this expression most over NlC1 clearly does us 
the most good in improving our ability to predict individuals in the sample. 

Fortunately we do not even need to calculate anything more than a term 
involving the subgroup under inspection, since N and ^X remain known and 
constant throughout this search process. 
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N.2 = N - N x (4) 

E x ^ E ^ - E ^ i (5) 

2 * i V . , „ „ . / E * s .'. explained sum of squares = A^i I ) + (TV — Ni) I J 
\ Ni / \ N — N i / 

( E * 0 2 ( E * - E * o ; 

iVi N — Ni 

The number of cases (or proportion of sample) and the sum of the dependent 
variable for any subgroup are enough to estimate how much reduction in error 
sum of squares would result f rom separating i t f rom the parent group. 

I f i t seems desirable, a variance components model which takes account of 
the fact that we really want optimal prediction of members of the population 
not merely of the sample, can be used. Indeed, the expression for the estimate 
of the explained, or "between" component of variance in the population turns 
out to be 

& - i r ( E ^ i ) 2 ( E * - E ^ ) 2 i E x * \ / * - 0 -

2 \ i V - 2 L . N — Ni J N — 2 \ 
&B = / (7) 

iVY + N t 
N 

N 

which, though i t looks formidable, contains only one new element and that is 
a term f r o m the total sum of squares of the original group which is constant and 
can be ignored in selecting the best split. The expression in the brackets is the 
explained sum of squares already derived. N, E - ^ J A N A " E ^ 2 a r e known and 
constant. The denominator is an adjustment developed by Ganguli for a bias 
arising f rom unequal iV"s. Where Ni equals NZ) the denominator becomes equal 
to iVi. The more unequal the N's, the smaller the denominator, relative to an 
arithmetic mean of the N's. The ratio of the explained component of variance 
to the total is rho, the intraclass correlation coefficient. Hence, i n using a popu­
lation model, we are searching for the particular division of a group into two 
that wi l l provide the largest rho.17 Computing formulas for weighted data or a 
dummy (one or zero) dependent variable can be derived easily. 

(2) Make sure that the actual reduction in error sum of squares is larger than 
one percent of the total sum of squares for the whole sample, i.e., > .01 ( E - ^ A > 

—NH.1) ( I f not select the next most promising group for search for possible 
subdivision, etc.) 

(3) Among the groups so segregated, including the parent, or bereft ones, we 
now select a group for a further search for another subgroup to be split off. 
The selection of the group to t r y is on the basis of the size of the unexplained 

1 1 R. L . Anderson and T. A. Bancroft, Statistical Theory in Research (New York: McGraw-Hill Book Company, 
1962). 

M. Ganguli, *A note on nested sampling," Sankkya'5 (1941), 449-62. 
For an example of the use of rho in anatyais see Leslie Kish and John Lansing, "The family life cycle as an in­

dependent variable," American Sociclooical Review, X X I I (October, 1957), 612-4. 
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sum of squares within the group, or the heterogeneity of the group times its 
size, which comes to the same thing. I t may well not be the group wi th the 
most deviant mean. 

I n other words, among the groups, select the one where 

j 2 
2_, Xij — NiXi is largest. 

I f i t is less than two per cent of the total sum of squares for the whole sample, 
stop, because no further subdivision could reduce the error sum of squares by 
more than two per cent. I f i t is more than two per cent, repeat Step 1. 

Note that the process stops when no group accounts for more than two per 
cent of the error sum of squares. I f a group being searched allows no further 
segregation that wil l account for one per cent, the next most promising group 
is searched, because i t may still be possible that another group with a smaller 
sum of squares within i t can be profitably subdivided. 

Since only a single group is split off at a time, the order of scanning to select 
that one should not affect the results. Since an independent scanning is done 
each time, the order i n which groups are selected for further investigation 
should not matter either, hence our criterion is a pure efficiency one. 

Chart I I shows how the process suggested might arrive at a set of groups 
approaching those given earlier in Table 1. The numbers are rough estimates 
f r o m Table 1. 

Note on Amount of Detail in the Codes 

The search for the best single subgroup .which can be split off involves a 
complete scanning at each stage of each of the explanatory classifications, 
and within each classification of all the feasible splits. This is not so difficult 
as i t seems, for within any classification not all possible combinations of codes 
are feasible. I f one orders the subclasses in ascending sequence according to 
their means (on the dependent variable), then i t can be shown that the best 
single division—the one which maximizes the explained sum of squares—will 
never combine noncontiguous groups. 

Hence, starting at either end of the ordered subgroups, the computer wi l l 
sequentially add one subgroup after another to that side and subtract i t f r om 
the other side, always recomputing the explained sum of squares. By "ex­
plained" we mean that the means of the two halves are used for predicting 
rather than the over-all mean. Whenever the new division has a higher ex­
plained sum of squares, i t is retained, otherwise the previous division is re­
membered. But in any case, the process is continued unti l there is only one 
subgroup left on the other side, to allow for the possibility of "local maxima." 

The machine then remembers the best split, and the explained sum of squares 
associated wi th i t , and proceeds to the next explanatory characteristic. I f upon 
repeating this procedure w i t h the subclasses of that characteristic, a still larger 
explained sum of squares is discovered, the new split on the new characteristic 
is retained and the less adequate one dropped. 

The final result wi l l thus be the best single split, allowing any reasonable 
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Previous Work of a Similar Nature 

One can never be sure that there does not exist previous work relevant to 
any "new" idea. Wil l iam Belson has suggested a sequential, nonsymmetrical 
division of the sample which he calls "biological classification," for a different 
purpose, that of matching two groups on other characteristics used as controls 
so that they can be compared. 1 8 His procedure is restricted to the case where the 
criterion can be converted to a one-zero division, and the criterion for sub­
division is the best improvement in discrimination. The method takes account 
of the number of cases, i.e., focuses on improvement in prediction, not on levels 
of significance. We have proposed this same focus. No rules are provided as to 
when to stop, or in what order to keep searching, though an intelligent re­
searcher would intuit ively follow the rules suggested here. 

Another approach to the problem as been suggested and tried by Andre* 
Daniere and Elizabeth Gilboy. Their approach attempts to keep numerical 
variables whenever there appears to be linearity, at least wi thin ranges, and to 
repool groups whenever there does not appear any substantial nonlinearity or 
interaction effect. The method is feasible only where the number of factors is 
limited. The pooling both of groups and of ranges of "variables" makes i t com­
plicated. 1 9 I n practice, they found i t useful to restrict the number of allowable 
interaction effects. 

There are also studies going on in the selection of test items to get the best 
prediction wi th a limited set of predictors. But the prediction equation in these 
analyses always seems to be multiple regression without any interaction ef­
fects. 2 0 Group-screening methods have been suggested whereby a set of factors 
is lumped and tested and the individual components checked only if the group 
seems to have an effect. These procedures, however, require knowledge of the 
direction of each effect and again assume no interaction effects. 2 1 These group-
screening methods are largely used in experimental designs and quality control 
procedures. I t is interesting, however, that they usually end up w i t h two-level 
designs, and our suggested procedure of isolating one subgroup at a time has 
some similarity to this search for simplicity. 

The approach suggested here bears a striking resemblance to Sewall Wright 's 
path coefficients, and to procedures informally called "pattern analysis." The 
justification for i t , however, comes not f ron any complicated statistical theory, 
nor f rom some enticing title, but f rom a calculated belief that for a large range 
of problems, the real world is such that the proposed procedure wi l l facilitate 
understanding i t , and foster the development of better connections between 
theoretical constructs and the things we can measure. 

One possible outcome, for those who want precise measurement and testing, 

1 1 William A. Belson, '•Matching and prediction on the principle of biological classification," Applied Statistics, 
VIII (1959), 66-75. 

'» Andre" Daniere and Elizabeth Gilboy, "The specification of empirical consumption structures, in Consumption 
and Saving, Volume I, I . Friend and R. Jones (Editors) (Philadelphia: University of Pennsylvania Press, 1960), 
pp. 93-136. 

1 9 Paid Horst and Charlotte MacEwan, "Optimal test-length for multiple prediction, the general case," 
Psychometrika, 22 (December, 1957), 311-24 and references cited therein. 

« G. S. Watson, "A. Study of the group-ecreeQing method," Technometrics, 3 (August, 1961), 371-88. 
G. E . P, Box, "Integration of techniques for process control," Transactions of the Eleventh Annual Convention 

of the A merican Society for Quality Control, 1968. 
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is the development of new constructs, as combinations of the measured "vari­
ables," which are then created immediately in new studies and used in the 
analysis. The family life cycle was partly theoretical, partly empirical in its 
development. Other such constructs may appear f rom our analysis, and then 
acquire theoretical interpretation. 

F . WHAT N E E D S TO B E DONE? 

I t may seem that the procedure proposed here is actually relatively simple. 
Each stage involves a simple search of groups defined as a subclass of any one 
classification and a selection of one wi th a maximum of a certain expression 
which is easily computed. I t turns out, however, that the computer implica­
tions of this approach are dramatic. The approach, if i t is to use the computer 
efficiently requires a large amount of immediate access storage which does no t i 
exist on many present-day computers. Our traditional procedures for mul t i ­
variate analysis involve storing information in the computer in the form of a 
series of two-way tables, or cross-product moments. This throws away most of 
the interesting and potentially f r u i t f u l interconnectedness of survey data, and 
we only recapture part of i t by multivariate processes which assume addit ivi ty. 
The implications of the proposed procedure are that we need to be able to keep 
track of all the relevant information about each individual in the computer as 
we proceed with the analysis. 

Only an examination of the pedigree of the groups selected by the machine 
w i l l tell whether they reveal things about the real world, or lead to intuit ively 
meaningful theoretical constructs, which had not already come out of earlier 
"multivariate" analyses of the same data. 

I t may prove necessary to add constraints to induce more symmetry, such 
as giving priori ty to seriatim splits on the same characteristic, since this might 
make the interpretation easier. Or we may want to introduce an arbitrary 
first split, say on sex, to see whether offsetting interactions previously hidden 
could be uncovered in this way. 

Most statistical estimates carry wi th them procedures for estimating their 
sampling variability. Sampling stability wi th the proposed program would 
mean that using a different sample, one would end up wi th the same complex 
groups segregated. No simple quantitative measure of similarity seems possible, 
nor any way of deriving its sampling properties. The only practical solution 
would seem to be to t ry the program out on some properly designed half-
samples, taking account of the original sample stratification and controls, 
and to describe the extent of similarity of the pedigrees of the groups so isolated. 
Since the program "tries" an almost unlimited number of things, no signif­
icance tests are appropriate, and i n any case the concern is wi th discovering a 
l imited number of "indexes" or complex constructs which wi l l explain more 
than other possible sets. 

I t seems clear that the procedure takes care of most of the problems dis­
cussed earlier in this paper. I t takes care of any number of explanatory factors, 
giving them all an equal chance to come in. I t uses classifications, and indeed 
only those sets of subclasses which i t actually proves important to distinguish. 
The results still depend on the detail wi th which the original data were coded. 
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Differential quality of the measures used remains a problem. Sample complexi­
ties are relatively unimportant since measures of importance in reducing pre­
dictive error aie involved rather than tests of significance, and one can restrict 
the objective to predicting the sample rather than the population. Intercorrela­
tions among the predictors are adequately handled, and logical priorities i n 
causation can be. 

Most important, however, the interaction effects which would otherwise be 
ignored, or specified in advance arbitrarily f rom among a large possible set, 
are allowed to appear i f they are important. 

There is theory built into this apparently empiristic process, partly in the 
selection of the explanatory characteristics introduced, but more so in the rules 
of the procedures. Where there is one factor of supreme theoretical interest, i t 
Can be held back and used to explain the differences remaining within the 
homogeneous groups developed by the program. This is a severe test both for 
the effect of this factor and for possible first-order interaction effects between 
i t and any of the other factors used in defining the groups. 

Finally, where i t is desired to create an index of several related measures, 
such as at t i tudinal questions in the same general area, the program can be re­
stricted to these factors and to five or ten groups, and wi l l create a complex 
index with maximal predictive power. 

Reprinted from the JOURNAL OP T H E AMERICAN STATISTICAL ASSOCIATION 
June, Vol. 58 
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