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This r e p o r t i s concerned w i t h a methodologic problem i n the analysis of 

data from a current l o n g i t u d i n a l study of the health of people changing jobs. 

The o b j e c t i v e s of t h i s study are t w o f o l d , t o describe the e f f e c t s of the sudden 

t e r m i n a t i o n of employment i n middle l i f e on physical h e a l t h , mental h e a l t h and 

i l l n e s s behavior, and to study the i n t e r r e l a t i o n s h i p of psychological and 

p h y s i o l o g i c a l v a r i a b l e s as people move through a c r i s i s i n t h e i r l i v e s . 

The data a v a i l a b l e f o r p r e l i m i n a r y a n a l y s i s i n v o l v e 66 men who have been 

observed on f i v e occasions from before the pl a n t c l o s i n g t o one year a f t e r the 

c l o s i n g . I n t h i s analysis we are concerned only w i t h continuous v a r i a b l e s 

c o l l e c t e d i n i d e n t i c a l fashion, once at each time period. As might be expected, 

we have to deal w i t h a c e r t a i n amount of missing data because some of the men 

were unavailable or refused at c e r t a i n of the time periods. F o r g e t t i n g about the 

miss i n g data, we can v i s u a l i z e the m a t e r i a l as containi n g f i v e observations on 

66 men or 5 x 66 - 330 data p o i n t s . Because of missing data, we are i n a c t u a l i t y 

d e a l i n g w i t h about 250 data p o i n t s . 

I n analyzing the r e l a t i o n s h i p between any two v a r i a b l e s we might simply 

c a l c u l a t e the c o r r e l a t i o n c o e f f i c i e n t f o r those two v a r i a b l e s over a l l those,-

d ata p o i n t s . However, i t i s of considerably more i n t e r e s t t o know i f the 

r e l a t i o n s h i p between the two v a r i a b l e s i s due to the f a c t t h a t they are associated 
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c h a r a c t e r i s t i c s o f i n d i v i d u a l s a t any one t i m e or t h i n g s t h a t move t o g e t h e r 

t h r o u g h t i m e w i t h i n i n d i v i d u a l s o r b o t h . 

L e t us l o o k a t the f i r s t l i n e o f t h e t a b l e . Here we see the r e l a t i o n s h i p 

b etween our 7-item s e l f r e p o r t measure o f d e p r e s s i o n and our 5- i t e m s e l f r e p o r t 

measure o f a n x i e t y . When we use a l l t h e d a t a p o i n t s i n our c o r r e l a t i o n , 

we g e t what we c a l l a raw c o r r e l a t i o n . T h i s i s shown i n the f i r s t column 

and f o r t h i s p a i r o f v a r i a b l e s i t i s 0.66. I n o r d e r t o see i f t h i s c o r r e l a t i o n 

w o u l d h o l d up i n a s i m p l e c r o s s s e c t i o n a l s u r v e y , we t o o k t he mean o f the f i v e 

o b s e r v a t i o n s on each man so t h a t we had a mean d e p r e s s i o n score and a mean 

a n x i e t y s c o r e f o r each man. When these were c o r r e l a t e d we g o t 0.72 which 

appears i n t h e second column headed Means. 

Next we too k the mean d e p r e s s i o n s c o r e and s u b t r a c t e d i t f r o m each o f the 

f i v e o b s e r v a t i o n s on t h a t man so t h a t we had a d e p r e s s i o n d i f f e r e n c e s c o r e . 

S i m i l a r l y , we o b t a i n e d an a n x i e t y d i f f e r e n c e s c o r e . When these two were 

c o r r e l a t e d , we o b t a i n e d a c o r r e l a t i o n o f 0.60 w h i c h appears i n the l a s t column 

under t h e heading D i f f e r e n c e Scores. By s u b t r a c t i n g o u t t h a t p a r t o f each 

v a l u e w h i c h i s c h a r a c t e r i s t i c o f the man, we have l e f t o n l y t h e changes over time 

w i t h i n men. This c o r r e l a t i o n i n d i c a t e s t h e degree t o wh i c h changes over time 

a r e c o r r e l a t e d . 

I n t h e f i r s t row o f the t a b l e we have seen a p a i r o f v a r i a b l e s t h a t have 

h i g h c o r r e l a t i o n s b o t h i n the Means and i n t h e D i f f e r e n c e Scores. The next 

p a i r o f v a r i a b l e s , t h e s e l f r e p o r t o f a n x i e t y w i t h the nurses e v a l u a t i o n o f the 

man's a n x i e t y shows a s t r o n g c o r r e l a t i o n i n t h e Means and no c o r r e l a t i o n i n 

t h e D i f f e r e n c e Scores. A p o s s i b l e i n t e r p r e t a t i o n o f t h i s f i n d i n g i s t h a t 

t h e nurse i s w e l l a b l e t o d i s t i n g u i s h t h e g e n e r a l l y a n x i o u s f r o m t h e normal 

man b u t i s not a b l e t o d i s c r i m i n a t e t h e s m a l l changes i n h i s a n x i e t y w h i c h 

t a k e p l a c e f r o m t i m e t o t i m e . 
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On the t h i r d l i n e of the t a b l e are the same three c o r r e l a t i o n s between 

serum u r i c acid and serum c r e a t i n i n e . Here only the D i f f e r e n c e Scores are 

s u b s t a n t i a l l y c o r r e l a t e d , This means th a t u r i c acid and c r e a t i n i n e have a 

tendency to go up and down together w i t h i n men over time but have no 

a s s o c i a t i o n across men. This p a t t e r n i s r a r e i n our m a t e r i a l . 

We have pointed out three p a t t e r n s of a s s o c i a t i o n . The f i r s t i s i l l u s t r a t e d 

by Depression and Anxiety and involves strong c o r r e l a t i o n i n both the Means 

and the Difference Scores. These are then two v a r i a b l e s t h a t are w e l l r e l a t e d 

across men and across time. The.next p a i r , s e l f r e p o r t and nurse r e p o r t of 

A n x i e t y , are c o r r e l a t e d i n the means, i . e . across men but not i n the d i f f e r e n c e 

scores. The t h i r d p a i r , Uric Acid and C r e a t i n i n e , are not c o r r e l a t e d across 

men but are c o r r e l a t e d across time w i t h i n men. 

There are a v a r i e t y of other ways t h i s problem might be t a c k l e d . I n one 

model each time period and each person, w i t h o u t i n t e r a c t i o n , was allowed to 

have an a d d i t i v e e f f e c t on the slope and the i n t e r c e p t i n a regression equation 

r e l a t i n g two v a r i a b l e s . I t turned out t h a t we d i d n ' t have enough w i t h values 

w i t h adequate spread to get reasonable estimates of a l l the slopes and that the 

m a t r i x inversions required would be very expensive.. Another procedure, f o r m a l l y 

e q u i v a l e n t to the regression approach, uses what the s t a t i s t i c i a n c a l l s " i n d i c a t o r 

v a r i a b l e s " and the econometrician c a l l s "dummy v a r i a b l e s " f o r time and f o r 

person. This would give some computational advantages but s t i l l regression 

c o e f f i c i e n t s are not as e a s i l y i n t e r p r e t e d as c o r r e l a t i o n c o e f f i c i e n t s , unless 

one has an e x p l i c i t causal hypothesis about which v a r i a b l e depends on the other. 

A somewhat weaker model i s two-way a n a l y s i s of covariance using time and person 

simultaneously as c l a s s i f i c a t i o n v a r i a b l e s . We also might t h i n k of the problem 

as an analysis of variance w i t h repeated measures i n which we would p a r t i t i o n not 

o n l y the v a r i a t i o n i n the several dependent v a r i a b l e s but also the c o v a r i a t i o n 

between p a i r s of v a r i a b l e s . To date we have shied away from these approaches 



because of the missing data problem. 

F i n a l l y , we might have t r i e d t o be symmetrical i n our c o r r e l a t i o n approach. 

For the means t h i s would have been r i d i c u l o u s f o r c o r r e l a t i n g the means across 

time periods where the number of periods i s only f i v e would have no meaning. 

For the d i f f e r e n c e scores, i t would be possi b l e t o be symmetrical working f i r s t 

w i t h the means f o r each time period subtracted out and then w i t h the means 

f o r each man removed. This has the disadvantage of being much more work and 

o f being less i n t u i t i v e l y r e l a t e d to the across men and across times concepts 

w i t h which we s t a r t e d . With these thoughts i n mind, we plan to pursue our 

a n a l y s i s always studying the i n t e r r e l a t i o n s h i p between v a r i a b l e s both i n the 

Means and i n the Difference Scores. 

Before c l o s i n g we would l i k e to remind ourselves t h a t other v a r i a b l e s 

may obscure or suppress a r e l a t i o n s h i p or an important r e l a t i o n s h i p may be 

v i s i b l e only i n a p a r t i c u l a r subset of the population. Line four i n the 

t a b l e i l l u s t r a t e s a case i n p o i n t . Here Serum Uric Acid and Sadness as 

evaluated by the nurse appear unrelated u n t i l we d i v i d e the men i n t o those 

who are f l e x i b l e and those who are r i g i d . Among the f l e x i b l e s there are 

s t r o n g negative r e l a t i o n s h i p s between the v a r i a b l e s but among the r i g i d s 

t h e r e i s a p o s i t i v e r e l a t i o n s h i p i n the Dif f e r e n c e Scores and a t r i v i a l 

p o s i t i v e r e l a t i o n s h i p among the Means. 

We must conclude w i t h the o f t f o r g o t t e n p l a t i t u d e t h a t patience and 

thoroughness i n the analysis of complex data w i l l pay o f f i n the long run. 

(Prepared May 28, 1968, f o r presentation t o the F i f t h S c i e n t i f i c Meeting of 
the I n t e r n a t i o n a l Epidemiological A s s o c i a t i o n , August 1968.) 



The c o r r e l a t i o n c o e f f i c i e n t s f o r the raw scores, the means 
and the d i f f e r e n c e scores f o r the s p e c i f i e d p a i r s of va r i a b l e s 
from a l o n g i t u d i n a l study of people changing jobs. 

Raw Means 
Difference 

Scores 

1 Depression Self Report vs. Anxiety Self Report .66 .72 .60 

2 Anxiety Self Report vs. Anxiety Nurse Report .43 .60 ,07 

3 Serum U r i c Acid vs. Serum Creatinine .12 .08 .33 

4 Serum Uric Acid vs. Sadness Nurse Report -,07 -.13 .09 

Same f o r f l e x i b l e men - -.58 -.25 

Same f o r r i g i d men - .19 .32 



6 f 




