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THE USE OF DEMOGRAPHIC CHARACTERISTICS HT PREDICTING 

LENGTH OF STAY IN A STATE MENTAL HOSPITAL

CHAPTER I

INTRODUCTION AND SUMMARY OF PREVIOUS WORK

Almost 300,000  p a t i e n t s  a re  ad m itted  a n n u a l ly  t o  s t a t e  m e n ta l 

h o s p i ta l s  in  th e  U n ited  S ta t e s  ( l ) .  These p a t i e n t s  rem ain  in  th e  h o s p i­

t a l  f o r  v a ry in g  le n g th s  o f t im e , from  a  few days t o  s e v e r a l  y e a r s .  In  

1961 , o f  333,696  p a t i e n t s  r e s id e n t  i n  s t a t e  and co u n ty  m en ta l h o s p i ta l s  

in  tw en ty  s t a t e s ,  1 49 ,838 , o r  f o r t y - f i v e  p e r  c e n t had  been  u nder th e  

c a re  o f  a  h o s p i t a l  f o r  te n  y e a rs  o r  more ( 2 ) .

Anker ( 3 ) has s a id  t h a t  n e u ro p s y c h ia tr ie  c h r o n ic i ty  has become 

a  m ajor problem  in  m en ta l h e a l th .  Lindemann, F a irw e a th e r ,  S to n e , Sm ith , 

and London (4 )  s h a re  t h i s  o p in io n  and c h a r a c te r iz e  th e  in c re a s in g  number 

o f  ch ro n ic  n e u ro p s y c h ia tr ie  p a t i e n t s  as " . . .p e rh ap s  th e  fo rem o st problem  

in  th e  f i e l d  o f  m e n ta l h e a l t h . . . "

Pugh ( 5 ) ,  lo o k in g  a t  th e  f u tu r e  number o f  m e n ta l h o s p i t a l  p a t i ­

e n ts  in  l i g h t  o f  th e  " p o p u la tio n  e x p lo s io n " , does n o t  f in d  f u tu r e  p ro s ­

p e c ts  v e ry  en co u ra g in g . He p o in ts  ou t t h a t  th e  in c re a s in g  s i z e  o f  th e  

p o p u la tio n  in  th e  f i f t e e n  t o  tw e n ty -fo u r  y e a r  age b ra c k e t, i n  M assachus- 

s e t t s  i s  r e s u l t i n g  in  an  in c re a s e  o f  f i r s t  ad m issio n s t o  p u b lic  and p r i ­

v a te  m en ta l h o s p i ta l s  i n  t h a t  age group in  M a s sa c h u s se t ts . He s t a t e s
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t h a t  in  th e  p a s t ,  p a t i e n t s  ad m itte d  t o  m en ta l h o s p i ta l s  i n  th e  f i f t e e n  

to  t h i r t y - f o u r  y e a r  age group p ro v id e d  th e  m a jo r i ty  o f th e  v e ry  lo n g ­

te rm  p a t i e n t s ;  an d , s in c e  t h i s  i s  th e  age group  o f th e  g e n e ra l  p o p u la ­

t i o n  t h a t  ■will e x p e rie n c e  a  d ram a tic  grow th  in  th e  coming decade , m en ta l 

h o s p i ta l s  fa c e  th e  p o s s i b i l i t y  of in c re a s in g  numbers o f lo n g -te rm  p a t i ­

e n ts  .

T h e re fo re , i t  would seem t h a t  som# method f o r  id e n t i f y in g  p o te n ­

t i a l  lo n g - s ta y  p a t i e n t s  a t  th e  tim e  o f  t h e i r  adm ission  t o  a  m en ta l h o s p i­

t a l  w ould be  a v a lu a b le  t o o l  i n  b o th  h o s p i t a l  a d m in is tr a t io n  and p a t i e n t  

r e h a b i l i t a t i o n .

The p u rp o se  o f  th e  p r e s e n t  s tu d y  i s  t o  in v e s t ig a t e  th e  u se  o f 

dem ographic and o th e r  r o u t in e ly  re c o rd e d  c h a r a c t e r i s t i c s  in  p r e d ic t in g  

th e  le n g th  o f  h o s p i t a l i z a t i o n  c a te g o ry  t h a t  w i l l  c h a r a c te r iz e  a  p e rso n  

ad m itted  t o  a  s t a t e  m e n ta l h o s p i t a l .  The c h a r a c t e r i s t i c s  u sed  in  th e  

s tu d y  a r e  th o s e  u s u a l ly  o b ta in e d  r o u t i n e ly  on p u b lic  m en ta l h o s p i t a l  

p a t i e n t s  a t  th e  tim e  o f t h e i r  ad m iss io n , o r s h o r t ly  t h e r e a f t e r .

Jo h n sto n  and McNeal (6 )  f e e l  t h a t  such  e a r ly  i d e n t i f i c a t i o n  of 

p o t e n t i a l l y  c h ro n ic  p a t i e n t s  i s  im p o rta n t so t h a t  s t a f f  e n e rg ie s  may be 

fo cu sed  upon them  and a p p ro p r ia te  tr e a tm e n t program s s t a r t e d .  T h is  f e e l ­

in g  i s  s h a re d  b y  Anker ( 3 ) ,  who hopes t h a t  e a r ly  i d e n t i f i c a t i o n  co u ld  

r e s u l t  i n  new o r  more in te n s iv e  tr e a tm e n t  p ro ced u re s  so  t h a t  t h i s  group 

co u ld  have sh o rte n e d  s ta y s .

S e v e ra l  p ro ced u res  d e s ig n ed  t o  answ er th e  q u e s tio n , " I f  a  p e r ­

son  i s  a d m itte d  t o  a m en ta l h o s p i t a l  how long  can he ex p ec t to  rem ain  

th e r e ? " ,  a r e  i n  th e  l i t e r a t u r e .  A ccording  t o  S ta u d t and Zubin (T ) th e  

b e g in n in g  o f  th e  tw e n t ie th  c e n tu ry  saw a  d i r e c t io n  o f  i n t e r e s t  tow ard
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th e 'e v a lu a t io n  o f th e  outcome o f m en ta l d is e a s e .  They p o in t  out t h a t  

m ost s tu d ie s  c o n s is te d  o f th e  fo llo w -u p  o f h o s p i t a l  p o p u la tio n s  o v er a 

p e r io d  o f  s e v e r a l  y e a rs  a f t e r  ad m issio n . The o b je c t iv e  o f such s tu d ie s  

was t o  d e te rm in e  th e  u l t im a te  d i s p o s i t i o n  o f th e  c a s e s . S ta u d t and Zubin 

r e f e r  t o  Bond and F u l le r  as p io n e e rs  i n  t h i s  r e s e a r c h ,  and rev iew  t h e i r  

work in  c o n s id e ra b le  d e t a i l .  In  one p a p e r  (8 )  Bond showed th e  le n g th  o f 

h o s p i t a l i z a t i o n  o f i n  fem ale  p a t i e n t s  ad m itted  t o  th e  departm ent f o r  

m e n ta l and nervous d is e a s e s  o f th e  P en n sy lv an ia  H o sp ita l  i n  l $ l 4 .  He 

fo llo w ed  th e  p a t ie n t s  f o r  f iv e  y e a rs  fo llo w in g  ad m issio n . I n  fo u r  o th e r  

p a p e rs  ( 9 ,  10 , 11 , 12 ) s t a t u s  a t  fo llo w -u p  was g iv e n  in  te rm s o f c o n d i­

t i o n ,  such  as re c o v e re d , im proved, and unim proved, r a th e r  th a n  in  te rm s 

o f  th e  number who had been  r e le a s e d  from  th e  h o s p i t a l .

F u l l e r  ( 1 3 ) a ttem p ted  t o  answ er th e  q u e s tio n , "What becomes o f 

a  group o f  m en ta l p a t i e n t s  w ith in  g iv e n  p e r io d s  o f t h e i r  f i r s t  adm ission  

t o  a  m e n ta l h o s p i t a l  system ?" He f e l t  t h a t  h i s  f in d in g s  th rew  l i g h t  on 

th e  l i k e l ih o o d  o f e v e n tu a l d is c h a rg e  from , w ith o u t read m issio n  t o ,  th e  

h o s p i t a l  system . He c a lc u la te d  th e  p e rc e n ta g e s  o f  p a t i e n t s  in  h o s p i t a l ,  

dead , and d isc h a rg e d  a t  th e  e x p i r a t io n  o f g iv e n  p e r io d s  a f t e r  f i r s t  adm is­

s io n  by d ia g n o s t ic  c a te g o r ie s  and se x .

I s r a e l  and Johnson (lA ) p re s e n te d  an a ttem p t t o  develop  a  method 

o f a n a ly z in g  a v a i la b le  s t a t i s t i c s  i n  o rd e r  "To d i l i n e a t e  th e  p ro g n o s is  

i n  th e  v a r io u s  ty p e s  o f m en ta l d is e a s e  w ith  such soundness t h a t  th e  p h y s i­

c ia n ,  th e  fa m ily  and th e  g e n e ra l  p u b lic  may have an a c c u ra te  b a s is  on 

w hich t o  develop  a t t i t u d e s  tow ard  th o s e  m en ta l d is e a s e s ."

T h e ir  method was t o  accoun t f o r  c o h o rts  o f adm ission  by  t a b u la ­

t i n g  th e  p e rc e n ta g e  r e le a s e d  w ith in  s p e c i f ie d  tim e in t e r v a l s  fo llo w in g
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ad m issio n . A ll  f i r s t  adm issio n s t o  th e  W arren (P e n n sy lv a n ia )  S ta te  Hos­

p i t a l  d u rin g  1$40, 1941, and 1942 w ere compared w ith  f i r s t  adm issions o f 

1930 , 1931 , and 1932 . The com parison was made by  s p e c i f i c  d ia g n o s t ic  

c a te g o ry  t o  d e te rm in e  w heth er any change i n  th e  r a t e  o f  d is c h a rg e  had 

o c c u rre d .

The a u th o rs  d em o n stra te  t h a t  th e  ty p e  o f s t a t i s t i c a l  fo llo w -u p  

th e y  employ can  b e  u sed  t o  s tu d y  th e  r a t e  a t  w hich p a t i e n t s  r e tu r n  f o r  

f u r th e r  h o s p i t a l  c a re .

Kramer, G o ld s te in , I s r a e l ,  and Johnson ( 1 5 ) i n  1954 used  a  l i f e  

t a b le  method f o r  fo llo w in g  c o h o r ts  o f  p a t i e n t s  t o  d e te ra iin e  th e  t r e n d  in  

th e  p r o b a b i l i t i e s  o f s e p a ra t io n  from  h o s p i t a l  w ith in  s p e c i f ie d  p e r io d s  

fo llo w in g  f i r s t  adm ission  f o r  p a t i e n t s  w ith  s p e c i f i c  c h a r a c t e r i s t i c s .

The method th e y  u sed  i s  t h a t  d e s c r ib e d  by  Dorn ( 1 6 ) f o r  d e te rm in in g  p ro b ­

a b i l i t i e s  o f  w ith d raw al f o r  a  p o p u la tio n  s u b je c te d  t o  m u l t ip le  causes o f 

decrem en t. They computed p r o b a b i l i t i e s  o f  r e l e a s e ,  d e a th , and r e t e n t io n  

i n  h o s p i t a l  a t  v a r io u s  i n t e r v a l s  fo llo w in g  ad m ission  f o r  a l l  f i r s t  adm is­

s io n s  t o  th e  W arren S ta te  H o s p i ta l ,  W arren, P e n n sy lv a n ia , betw een 1936 

and 1945 .

S ince  th e n  th e  a p p l ic a t io n  o f  K ram er's  method has  been r e p o r te d  

by  Kramer and o th e rs  i n  s e v e r a l  a r t i c l e s  ( iT ,  I 8 , 19 , 2 0 ) .

M alzberg (2 1 , 22, 23, 24, 25) u sed  a  method s im i la r  t o  t h a t  of 

Kramer t o  de te rm in e  th e  outcome o f ad m issio n  c o h o rts  a t  th e  end o f s p e c i­

f i e d  i n t e r v a l s .

A number o f  methods m o s tly  b ased  on p sy c h o lo g ic a l t e s t  s c o re s  

and o th e r  d a ta  n o t r o u t in e ly  c o l le c te d  on s t a t e  m e n ta l h o s p i t a l  p a t i e n t s ,  

have been  developed  in  an a tte m p t t o  p r e d ic t  how lo n g  a  g iv e n  p e rso n  w i l l
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rem ain  in  a  m e n ta l h o s p i t a l  once he  has been  a d m itte d . Anker ( 3 ) p o in ts  

o u t t h a t  such  s tu d ie s  g e n e r a l ly  have p roduced  r e s u l t s  o f low p r e d ic t iv e  

v a lu e .  He c i t e s  th e  s tu d ie s  o f Meeker ( 2 6 ) and Lindemann, e t  a l  (4 )  as 

o f f e r in g  more p ro m isin g  r e s u l t s .

Lindemann, e t  a l ,  s e le c te d  tw en ty -o n e  dem ographic v a r ia b le s  f o r  

s tu d y . !Their s u b je c t s ,  248 m ale n e u ro p s y c h ia tr ie  p a t ie n t s  a d m itte d  t o  a  

V eterans A d m in is tra tio n  h o s p i t a l ,  w ere d iv id e d  in to  two groups : ( l )  th o s e  

who w ere h o s p i ta l iz e d  f o r  90 days o r  l e s s ,  and (2 )  th o se  who w ere h o s p i­

t a l i z e d  f o r  91  d.ays o r lo n g e r .  The f i r s t  g ro u p , term ed th e  s h o r t - s t a y  

g ro u p , c o n s is te d  o f  120 p a t i e n t s ;  and th e  second group , th e  lo n g - s ta y  

g ro u p , was com prised  o f th e  rem ain in g  128 p a t i e n t s .  The s e le c t io n  o f 

90  days as a  c u t t in g  p o in t  was b ased  on th e  e x p e rien ce  o f G eid t and 

S c h lo s se r  (2% ), who, th e  a u th o rs  s t a t e ,  found  a  h ig h  freq u en cy  o f  d i s ­

charges  d u rin g  th e  f i r s t  90 days o f  h o s p i t a l i z a t i o n .  The a u th o rs  th e n  

exam ined th e  two g roups w ith  r e s p e c t  t o  th e  tw en ty -one v a r ia b le s  and 

t e s t e d  th e  d i f f e r e n c e s  betw een th e  g roups by. c h i- s q u a re .

They found  t h a t  f i v e  v a r i a b l e s ,  d ia g n o s is ,  deg ree  o f  in c a p a c i ty ,  

l e g a l  com petence, a lc o h o lism , and m a r i t a l  s t a t u s ,  s u f f i c i e n t l y  d i f f e r ­

e n t ia te d  th e  two g roups t o  be  in c lu d e d  i n  t h e i r  in d e x . A sc o re  f o r  each 

item  was computed by  a  method w hich th e  a u th o rs  a t t r i b u t e  to  Moran, 

F a irw e a th e r , M orton, and McGaughran ( 2 8 ) .  Moran’ s method c o n s is te d  o f 

re c o rd in g  item s  o f in fo rm a tio n  known a t  tim e  o f adm ission  and e v a lu a tin g  

th e  s ig n if ic a n c e  o f d i f f e r e n c e s  betw een  g roups by  c h i-s q u a re .  Each p a ­

t i e n t  was th e n  a s s ig n e d  a  w e ig h ted  sc o re  d e r iv e d  from th o se  item s  w hich 

d i f f e r e n t i a t e d  th e  g roups beyond th e  .05 l e v e l  o f s ig n i f ic a n c e .  W eights 

w ere computed by a s c e r ta in in g  th e  lo g a ri th m  o f ev ery  p r o b a b i l i t y  v a lu e
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d e r iv e d  from  th e  s ig n i f i c a n t  in fo rm a tio n  i te m s . P r o b a b i l i ty  v a lu e s  were 

d e f in e d  as th e  p ro p o r t io n  o f one g roup t o  row t o t a l s  i n  th e  c h i-s q u a re  

t a b l e s . A p a t i e n t ’ s s c o re  was d e te rm in ed  by summing th e  lo g a r i th m  v a lu e s  

t h a t  a p p l ie d  t o  him .

The index  developed  by  Lindemann, e t  a l ,  was found  to  be  cap ­

a b le  o f  p r e d ic t in g  long and s h o r t  s ta y  w ith  an o v e r a l l  a c c u ra c y  o f  77*2 

p e r  c e n t .

Meeker (2 6 ) th ro u g h  an a n a ly s i s  o f th e  M inneso ta  M u ltip h a s ic  

P e r s o n a l i ty  In v e n to ry  ( 2 9 ) ,  dev elo p ed  a  s c a le  f o r  p r e d ic t in g  le n g th  o f 

h o s p i t a l i z a t i o n .  He found t h a t  48 MMPI item s d i f f e r e n t i a t e d  betw een p a ­

t i e n t s  w ith  s h o r t  h o s p i t a l  s ta y s  and th o s e  w ith  long  h o s p i t a l  s t a y s . His 

s c a le  was developed  from  th e s e  48 ite m s . M eeker's  s u b je c t s  w ere a l l  

s c h iz o p h re n ic s .

Anker ( 3 ) developed  a  s c a le  b ased  on item s from  th e  M innesota 

M u ltip h a s ic  P e r s o n a l i ty  In v e n to ry  w hich he f e l t  cou ld  d is c r im in a te  mean­

in g f u l ly  f o r  d u ra tio n s  o f h o s p i t a l i z a t i o n  up to  18 m onths.

Jo h n sto n  and McNeal (6 )  r e p o r t  on an  index  w hich th e y  developed  

u s in g  b o th  dem ographic and M inneso ta  M u ltip h a s ic  P e r s o n a l i ty  In v e n to ry  

d a ta .  The p e rc e n ta g e  o f c o r r e c t  p r e d ic t io n s  u s in g  t h e i r  s c a le  ranged  

from  67.9  t o  7 4 .4 .

P a r n e l l  and Skottow e (3 0 ) developed  a  p ro g n o s tic  s c a le  b ased  on 

dem ographic and o th e r  c h a r a c t e r i s t i c s  o f  120 m ale s c h iz o p h re n ic s .  They 

found t h a t  s ix  f a c t o r s ,  age when se e n , age a t  f i r s t  m e n ta l h o s p i t a l  adm is­

s io n ,  o c c u p a tio n , som ato type, d ia g n o s is ,  and- p a r t i c u l a r  h o s p i t a l  where 

tre a tm e n t was re c e iv e d ,  showed s ig n i f i c a n t  s t a t i s t i c a l  a s s o c ia t io n  w ith  

le n g th  o f  s ta y .
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The a u th o rs  computed th e  p ro p o r t io n  o f p a t ie n t s  i n  each o f th e  

s ix  c a te g o r ie s ,  w ith  th e  e x c e p tio n  o f d ia g n o s is ,  who s ta y e d  in  th e  h o sp i­

t a l  l e s s  th a n  15O d ay s. A s c o re  f o r  in d ic a t in g  p r o b a b i l i t y  o f  a  s h o r t  

s ta y  was c o n s tru c te d  by  adding  th e  f i v e  p ro p o r tio n s  f o r  each  p a t i e n t .

The s c a le  l e d  t o  a  p r e d ic t io n  o f s h o r t - s t a y  cases  t h a t  was 69 p e r  c e n t 

c o r r e c t  and to  a  p r e d ic t io n  o f lo n g - s ta y  ca se s  t h a t  was 84 p e r  c e n t 

c o r r e c t .



CHAPTER I I  

CHARACTERISTICS OF PATIENTS STUDIED

The d a ta  f o r  t h i s  s tu d y  c o n s is t  o f In fo rm a tio n  on p a t i e n t s  added 

( h e r e a f t e r  r e f e r r e d  t o  as ad m iss io n s) t o  th e  in p a t i e n t  p o p u la tio n  o f th e  

fo u r  s t a t e  su p p o rted  m e n ta l h o s p i ta l s  o f  Oklahoma betw een Ja n u a ry  1 , 1955 

and December 31, 1959, and who w ere su b se q u e n tly  r e le a s e d  a l i v e  b e fo re ,  

o r w ere p re s e n t  in  th e  h o s p i t a l  on, J u ly  1 , 1964. Length  o f  h o s p i t a l i z a ­

t i o n  i s  d e f in e d  as th e  t o t a l  number o f days sp en t in  th e  h o s p i t a l  betw een 

f i r s t  adm ission  d a te  and l a s t  r e le a s e  d a te  o r J u ly  1 , 1964, w hichever 

came f i r s t .  T his a llo w s  f o r  a  fo llo w -u p  p e r io d  o f  a t  l e a s t  fo u r  and a 

h a l f  y e a rs  f o r  each  p a t i e n t  f i n a l l y  s e le c te d  f o r  s tu d y .

A dm issions t o  th e  in p a t i e n t  p o p u la tio n  o f  th e s e  h o s p i ta l s  i n ­

c lu d e  f i r s t  a d m iss io n s , ré a d m iss io n s , and r e tu r n s  to  th e  h o s p i t a l  from  

co n v a le sc e n t le a v e  o r  u n a u th o riz e d  ab sen ce . D e f in i t io n s  o f  f i r s t  adm is­

s io n  and re a d m iss io n  a r e  th o s e  u sed  by  th e  Model R ep o rtin g  A rea f o r  

M ental. H o sp ita l  S t a t i s t i c s  (17)* A f i r s t  adm ission  i s  d e f in e d  as an 

ad m ission  w ith  no p re v io u s  adm ission  t o  any p u b lic  o r  p r iv a t e  p s y c h ia t r ic  

h o s p i t a l .  A re a d m iss io n  i s  an ad m ission  w ith  one o r more p re v io u s  adm is­

s io n s  t o  any p u b lic  o r  p r iv a t e  p s y c h ia t r ic  h o s p i t a l .

The four state supported mental hospitals in Oklahoma are Central
State Hospital, Norman, located in the central region of the state;
Eastern State Hospital, Vinita, located in the northeast corner of the

8
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s t a t e ;  W estern  S ta te  H o s p i ta l ,  S upply , lo c a te d  in  th e  n o rth w est co rn e r  

o f  th e  s t a t e ;  and T a f t  S ta te  H o s p i ta l ,  T a f t ,  lo c a te d  in  th e  E as t c e n t r a l  

p a r t  o f th e  s t a t e .

C e n tra l  S ta te  H o s p ita l  adm its p a t i e n t s  from  t h a t  p o r t io n  o f cen ­

t r a l  Oklahoma hounded by  th e  c o u n tie s  o f J e f f e r s o n ,  S tep h e n s, C anadian, 

Logan, Payne, L in c o ln , O kfuskee, Hughes, C o a l, A toka, and Bryan and th e  

s t a t e  o f  T ex as . E a s te rn  S ta t e  H o s p ita l  r e c e iv e s  p a t i e n t s  from  th e  e a s t ­

e rn  p a r t  o f  th e  s t a t e  w hich i s  bounded on th e  w est by  Osage, C reek, 

Okmulgee, M cIn tosh , P i t t s b u r g ,  Pushm ataha, and Choctaw c o u n t ie s .  W estern 

S ta te  H o s p i ta l  adm its p a t i e n t s  from  th e  w e s te rn  s id e  o f  th e  s t a t e  bound­

ed on th e  e a s t  by  th e  c o u n tie s  o f Kay, N oble, G a r f ie ld ,  K in g f is h e r ,  

B la in e ,  Caddo, Comanche, and C o tto n . At th e  tim e  o f adm ission  o f th e  

p a t i e n t s  i n  th e  p r e s e n t  s tu d y  T a f t S ta te  H o s p ita l  a d m itte d  o n ly  Negro 

p a t i e n t s  and th e s e  came from  a l l  c o u n tie s  in  th e  s t a t e .

A ccording  t o  th e  Oklahoma D epartm ent o f  M en ta l H ea lth  P o lic y  

M anual ( 3 1 ) ,  p a t i e n t s  may be a d m itted  t o  a  m e n ta l h o s p i t a l  i n  Oklahoma 

on a  v o lu n ta ry  b a s i s ,  by  o rd e r  o f  a  County C o u rt, by  a  t r i a l  c o u r t ,  o r 

by  a  D i s t r i c t  o r  S u p e rio r  C ourt o rd e r .  P ro v is io n  i s  a l s o  made f o r  th e  

ad m issio n  o f  m inor drug a d d ic ts  and m e n ta lly  i l l  p r i s o n e r s .

When a p e rso n  i s  a d m itted  o r  re a d m itte d  t o  one o f th e  fo u r  

Oklahoma s t a t e  m e n ta l h o s p i t a l s ,  c e r t a in  dem ographic d a ta  r e l a t i n g  t o
4

t h i s  p e rso n  a re  c o l le c te d  and punched in t o  an IBM c a rd .  In  a d d i t io n  to  

th e  dem ographic c h a r a c t e r i s t i c s ,  d a ta  t h a t  w i l l  s e rv e  t o  id e n t i f y  i n d i v i ­

d u a l p a t i e n t s  a re  a ls o  c o l le c t e d .  These d a ta  c o n s is t  o f th e  p e rs o n ’s 

name, d a te  o f b i r t h ,  and h o s p i t a l  c ase  num ber. The d a ta  c o l le c te d  on 

each  p a t i e n t  and s to r e d  on punched c a rd s  a re  shown in  T able 1 .
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TABLE 1

DATA AVAILABLE FOR EACH PATIENT ADMITTED OR 
REAmiTTED TO THE STATE SUPPORTED 

MENTAL HOSPITALS OF OKLAHOMA

1 . Name
2 . Case Number
3 . H o s p i ta l  t o  w hich a d m itte d
4 . D ate o f adm ission
5 . Sex
6 . Race
7 . D ate o f  b i r t h
8 . Age
9 . O ccupation

10. M a r i ta l  S ta tu s
11 . D iag n o sis  (M ental)
12 . County from  w hich a d m itte d
1 3 . o f commitment (V o lu n ta ry , c o u r t o rd e r ,  e t c . )
14 . C rim in a l charges i f  any
1 5 . N a t iv i ty
1 6 . E du ca tio n
1 7 . C i t iz e n s h ip  (W hether b y  b i r t h ,  n a t u r a l i z a t i o n ,  e t c . )
1 8 . D u ra tio n  o f  Oklahoma re s id e n c e
1 9 . Economic c o n d itio n  (W hether dep en d en t, m a rg in a l, o r  co m fo rtab le )
20 . R e lig io n
21. C la ss  o f  adm ission  (W hether f i r s t  ad m ission  o r  re a d m iss io n )
22. V e te ran  s ta tu s
2 3 . P e rc e n t In d ia n  b lo o d  
2 k .  A d d ic tio n s
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The d a ta  on th e s e  p a t i e n t s  a re  on f i l e  in  th e  D iv is io n  o f  B io­

m e tr ic s  o f th e  Oklahoma S ta te  D epartm ent o f  M ental H e a lth . In  a d d i t io n  

t o  th e  d a ta  on adm issions and ré a d m iss io n s , a  punched ca rd  i s  p rep a red  

f o r  each  p a t i e n t  who i s  d is c h a rg e d , p la c e d  on c o n v a le sc e n t le av e  o r 

u n a u th o riz e d  ab sen ce , o r who d ie s .  This en ab le s  th e  B io m etrics  S e c tio n  

t o  have a  com plete re c o rd  o f th e  movement o f  each p a t i e n t  in  and ou t o f 

th e  h o s p i t a l .

In  th e  p re s e n t  s tu d y  some o f th e  p a t i e n t s  ad m itted  d u rin g  th e  

s tu d y  p e r io d  w ere excluded  from  th e  s tu d y  b e fo re  any a n a ly s is  was begun. 

P a t i e n ts  c l a s s i f i e d  under ra c e  as  O r ie n ta l ,  P o ly n e s ia n , and " o th e r  and 

unknown"; and th o se  c l a s s i f i e d  u nder r e l i g io n  as Hebrew, " o th e r " ,  and 

"unknown" w ere excluded  b ecau se  o f th e  r e l a t i v e l y  sm a ll number o f p a t ie n ts  

f a l l i n g  in t o  th e s e  c a te g o r ie s .  P a t ie n ts  c l a s s i f i e d  under d ia g n o s is  as 

"dead on ad m issio n " , " m a lin g e re r" , "no m en ta l d is o r d e r " ,  "und iagnosed", 

and "undiagnosed  m en ta l d is o rd e r"  w ere a ls o  excluded  f o r  th e  same re a so n .

P a t i e n ts  ad m itted  u n d er d i s t r i c t  c o u r t  o rd e rs  w ere excluded  in  

v iew  o f th e  f a c t  t h a t  th e y  a re  ad m itted  f o r  a  maximum p e r io d  o f 90  days 

f o r  o b s e rv a tio n . W ith in  th e  90 day p e r io d ,^ th o s e  found t o  b e  s u f f e r in g  

from  a m en ta l d is o rd e r  a re  a d m itte d  to  th e  h o s p i t a l  th ro u g h  o th e r  l e g a l  

p ro c e d u re s ; and th o se  found t o  be f r e e  o f m e n ta l d is o rd e r  a re  re le a s e d  

t o  th e  c o u r t s .

C e r ta in  o th e r  item s o f in fo rm a tio n  w ere n o t u sed  in  th e  a n a ly s is  

b ecau se  o f th e  su sp e c ted  low r e l i a b i l i t y  o f th e  in fo rm a tio n . These item s 

in c lu d e d  n a t i v i t y ,  c i t i z e n s h ip ,  d u ra tio n  o f Oklahoma re s id e n c e ,  economic 

c o n d i t io n ,  v e te ra n  s t a t u s  and p e rc e n t  o f In d ia n  b lo o d . The rem ain ing  

item s were c o n s id e re d  f o r  u s e ,  b u t  w ere reg rouped  as shown in  T able 2 .
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TABLE 2

ITEIVB OF INFOEMATIOÏÏ CONSIDERED FOR ANALYSIS 
AND CATBSORIBS INTO WHICH GROUPED

Item C atego ry

1 . H o sp ita l

2 . Sex

3 . Race

4 . Age

5* O ccupation

6 . M a r i ta l  S ta tu s

7 . D iag n o sis

i )  C e n tra l  
i i )  E a s te rn  

i i i )  W estern
iv )  T a f t

i )  Male 
i i )  Female

i )  W hite 
i i )  Negro 

i i i )  In d ia n

i )  Under 25 y e a rs
i i )  25-44

i i i )  45-64 
iv )  65 and over and unknown

i )  P ro fe s s io n a l ;  s e m i-p ro fe s s io n a l;  
m a n a g e ria l and o f f i c i a l

i i )  C le r i c a l  and s a le s  ; s e r v ic e ;  a g r i ­
c u l tu r e ;  ra n c h in g ; f i s h in g ;  
f o r e s t r y ;  e t c .

i i i )  D egree o f s k i l l  n o t  s t a t e d ;  m isc e l­
lan eo u s  

iv )  No o ccu p a tio n ; unknown

i )  S in g le
i i )  M arried

i i i )  D ivo rced ; s e p a ra te d
iv )  Widowed
v ) Unknown

i )  A cute b r a in  d is o r d e r s ;  ch ro n ic  b r a in  
d is o rd e r s

i i )  I n v o lu t io n a l  p s y c h o tic  r e a c t io n  
A ffe c tiv e  r e a c t io n s  
P a ran o id  r e a c t io n s  
P sy c h o tic  r e a c t io n s  w ith o u t c l e a r ly  
d e f in e d  s t r u c t u r a l  change o th e r  
th a n  above
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TABLE 2 -  COKTIMJED

Item C ategory

8 . G eographic Region

9 .  Type o f  Commitment

10 . C rim in a l Charges

11 . B iu c a tio n

i i i )  P sy c h o p h y s io lo g ic a l,  autonom ic and 
v i s c e r a l  d is o rd e r s  
P sy ch o n eu ro tic  d is o r d e r s  
P e r s o n a l i ty  d is o rd e r s

iv )  M ental d e f ic ie n c y
v )  S ch iz o p h re n ic  r e a c t io n s

i )  N orthw est Region
i i )  West C e n tra l  Region

i i i )  Southw est Region
iv )  S ou th  C e n tra l  Region
v )  C e n tra l  S o u th e a s t

v i )  S o u th e a s t 
v i i )  E a s t C e n tra l  

v i i i )  N orth  C e n tra l  
ix )  N o r th e a s t 
x )  C e n tra l

i )  V o lu n ta ry , v o lu n ta ry  fo llo w ed  hy 
c o u r t  c e r t i f i c a t i o n

i i )  P h y s ic ia n ’ s c e r t i f i c a t e ,  c o u r t  c e r t i ­
f i c a t i o n ,  p h y s ic ia n ’s c e r t i f i c a t e  
fo llo w e d  by  c o u r t  c e r t i f i c a t i o n ,  
em ergency, o th e r  (D e p o rte e s , t r a n s ­
f e r s  from  p e n a l i n s t i t u t i o n s )

i i i )  O rder o f  d e te n t io n  ( C rim in a l a c t )  
O rder o f  d e te n t io n  fo llo w e d  by 
c o u r t  c e r t i f i c a t i o n

iv )  D i s t r i c t  C ourt O rder

i )  No
i i )  Yes

i )  I l l i t e r a t e  -  r e a d ,  w r i te  o r  b o th  
no fo rm a l sch o o lin g

i i )  Com pleted from  one th ro u g h  e ig h t  
g ra d e s  o f  sc h o o l

i i i )  Completed from  n in e  th ro u g h  tw elve  
g ra d e s  o f  s c h o o l.
G raduate  o f a  t r a d e  o r  b u s in e s s  
sch o o l

iv )  Completed from  one th ro u g h  fo u r  
y e a rs  o f  c o l le g e
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TABLE 2 -  CONTINUED

Item C ategory

12. R e lig io n

t ) One o r  more y e a rs  o f g ra d u a te  
sch o o l

i )  P r o te s ta n t
i i )  C a th o lic

i i i )  None

1 3 . Number o f P rev io u s  
A dm issions

1 4 . A d d ic tio n s i )  None, o th e r ,  unknown
i i )  A lco h o l, n a r c o t i c s ,  b a r b i tu r a te s  

o r any com bination  o f th e  th r e e .



15

A t o t a l  o f 13,731  p a t i e n t s  were in  th e  group f i n a l l y  s e le c te d  

f o r  th e  s tu d y . Ih e  number and p e r  c e n t o f th e  s tu d y  p a t i e n t s  p o sse ss in g  

th e  c h a r a c t e r i s t i c s  c o n s id e re d  f o r  a n a ly s is  a re  shown in  Table 3*
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TABLE 3

CHAEACTERISTICS OP PATIENTS ADMITTED TO OKLAHOMA STATE 
MENTAL HOSPITALS, JANUARY 1 , 1955-DECMBEE 31, 

1959, WHO WEEIE SELECTED FOE STUDY

C h a r a c te r i s t ic Number Per Cent

H o s p ita l  t o  Which A dm itted 
C e n tra l 
E a s te rn  
W estern 
T a ft

6155
3832
2326
l4 l8

44 .8
27.9
16.9  
10 .3

Number o f P rev io u s  A dm issions 
0 
1 
2
3
4 o r more

5851
4433
1973

847
627

4 2 .6
32 .3
14 .4  

6.2 
4 .5

Sex
Male
Female

7374
6357

53 .7
4 6 .3

Race
White 
Negro 
In d ia n  
Not s ta te d

12006
I4 l8

293
l4

8 7 .4
1 0 .3

2.1
.2

O ccupation
P ro fe s s io n a l ,  e tc ,  
C le r ic a l ,  e t c .  
M isce llan eo u s 
None and Unknown

835
3866
7414
1616

6.1
2 8 .2
5 4 .0
11.8

D iagnosis
A cute and C hronic
B ra in  Syndrome 2915
P sy ch o tic  D iso rd e rs  o th e r  
th a n  S ch iz o p h re n ia  1504
P sy ch o n eu ro tic  D is o rd e rs , e t c .  2783
M ental D e f ic ie n c y  729
S ch iz o p h re n ia  5550
O ther 250

21.2

11.0
20.3  

5 .3
4 0 .4  

1.8
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TABLE 3 -  COÏÏTUJUED

C h a r a c te r i s t i c  Number P er Cent

M a r i ta l  S ta tu s
S in g le  3643 26 .5
M arried  5?69 4 2 .0
D ivorced  and S e p a ra te d  2794 20 .3
Widowed 1045 7-6
Unknown 395 2 .9
O ther 85 .6

iige ( i n  y e a r s )
< 25 1909 13.9
25-44  5877 4 2 .8
45-64  4 l 80  3 0 .4
65 and Over 1697 1 2 .4
Not s t a t e d  68 .5

C rim in a l Charges
No 12815 93 -3
Yes 916  6 .7

R e lig io n
P r o te s ta n t  10590 77-1
C a th o lic  778 5 .7
None 1511  1 1 .0
O ther and Unknown 852  6 .2

I ^ e  o f  Commitment
V o lu n ta ry  1048 7*6
P h y s ic ia n ’s C e r t i f i c a t e  and
C ourt C e r t i f i c a t i o n  11243 81.9
O rder o f  D e te n tio n  1376 1 0 .0
Not s t a t e d  64 .5

E d u ca tio n
None 701 5 *1
E lem entary  6154 4 4 .8
ELgh School and {Grade or
B u sin ess  S chool 4807 35*0
C o lleg e  1299 9 .4
Not s t a t e d  7?0 5*6

R egion from  w hich A dm itted
C e n tra l  4329 31 .5
N orthw est 8 ^  6 .0
West C e n tra l  718 5 .2
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TABLE 3 -  COETIEUED

C h a r a c te r i s t i c  Humber P er Cent

Southw est 103^ T • 5
S ou th  C e n tra l  925 è . J
C e n tra l  S o u th ea s t 771 5 -6
S o u th e a s t 8 l4  5 *9
E a s t C e n tra l 907 6 .6
N orth  C e n tra l  852 6 .2
N o rth e a s t 2552 I 8 .6

A d d ic tio n s
None 11694 8 5 .2
A lco h o l 1848 1 3 .5
O ther A d d ic tio n s  l8 4  I .3
Not s t a t e d  5 0 .0



CHAPTER I I I

PROPOSED METHOD FOR PREDICTIHG 

LENGTH OF HOSPITALIZATION

Tbe m a th em a tica l model employed in  th e  p re s e n t  a ttem p t t o  p r e ­

d i c t  th e  le n g th  o f  s t a y  i n  a  m en ta l h o s p i t a l  i s  one based  on B ayes ' 

Theorem ( 32) .  T his theorem  s t a t e s  t h a t  th e  c o n d i t io n a l  p r o b a b i l i t y  o f 

an ev e n t o c c u rr in g , g iv e n  t h a t  a s e t  o f o th e r  ev en ts  has o c c u rre d , can 

be  ex p re sse d  as a  fu n c t io n  o f  th e  c o n d i t io n a l  p r o b a b i l i t y  o f th e  second 

e v e n ts  g iv e n  th a t  th e  f i r s t  has o c c u rre d . In  th e  p re s e n t  a p p l ic a t io n  i t  

i s  d e s i r e d  t o  d e te rm in e  th e  c o n d i t io n a l  p r o b a b i l i t y ,  P , o f a  c e r t a i nV i
le n g th  o f h o s p i t a l i z a t i o n ,  ex p erien ced  b y  a  p a t i e n t  p o s se s s in g  a  s e t  

o f  c h a r a c t e r i s t i c s  x ,  as a  fu n c tio n  o f th e  c o n d i t io n a l  p r o b a b i l i t i e s  o f 

th e  c h a r a c t e r i s t i c s ,  g iv e n  th e  le n g th  o f h o s p i t a l i z a t io n  c a te g o r ie s .

The p r o b a b i l i t y  o f y ^ , P^ , i s  th e  p r o b a b i l i t y  o f a  c a te g o r iz e d  

le n g th  o f h o s p i t a l i z a t i o n ,  sa y  le s s  th a n  30 d ay s , among th e  13 ,7 3 1  s tu d y  

p a t i e n t s .  I t  i s  e s tim a te d  by  d iv id in g  th e  number o f p a t i e n t s ,  who

rem ain  in  th e  h o s p i t a l  th e  s p e c if ie d  le n g th  o f tim e , by  13,731*

The c o n d i t io n a l  p r o b a b i l i t y  o f  a  s e t  o f  c h a r a c t e r i s t i c s ,  x ,  

o c c u rr in g  in  a  p a t i e n t  whose le n g th  o f h o s p i t a l i z a t io n  i s  i s  g iv e n  

by  E qu a tio n  1

V i

19
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where i s  th e  number o f p a t i e n t s  whose le n g th  o f h o s p i t a l i z a t io n  i s

and who a l s o  have th e  s e t  o f c h a r a c t e r i s t i c s  x ,  and Ny.̂  i s  th e  t o t a l  

number o f  p a t i e n t s  whose le n g th  o f  h o s p i t a l i z a t i o n  i s  yj_. I f  th e  numer­

a to r  and denom inator o f th e  r i g h t  hand te rm  o f E q u a tio n  1 a re  d iv id e d  by

th e  t o t a l  number o f  p a t i e n t s ,  d eno ted  by  E,. „  , (k  i s  th e  t o t a l
y^l; yg ; ' ' yjt

number o f  le n g th  o f h o s p i t a l i z a t io n  c a t e g o r ie s ) E q u a tio n  2 r e s u l t s .

Yi

S im i la r ly ,  th e  p r o b a b i l i t y  o f le n g th  o f h o s p i t a l i z a t i o n  

o c c u rr in g  in  th e  p re sen ce  o f  th e  s e t  o f c h a r a c t e r i s t i c s  x may be w r i t t e n  

as i n  E q u a tio n  3

( 3 )

w here i s  th e  p r o b a b i l i t y  o f th e  s e t  o f c h a r a c t e r i s t i c s  x o c c u rr in g  in  

any p a t i e n t .  I f  th e  le n g th  o f h o s p i t a l i z a t io n  c a te g o r ie s  a re  c o n s id e re d  

m u tu a lly  e x c lu s iv e ,  th e  p r o b a b i l i t y  o f th e  s e t  o f  c h a r a c t e r i s t i c s  x  may 

be w r i t t e n  as in  E quation  4 .

"x  ' x  , y ,  W

From E quations 2 , 3 , and 4 , th e  p r o b a b i l i t y  o f le n g th  o f h o s p i­

t a l i z a t i o n ,  y ^ ,  g iv e n  th e  s e t  o f  c h a r a c t e r i s t i c s ,  x ,  may be ex p re ssed  as

E quation  5 i s  an e x p re s s io n  o f B ayes' r u l e  f o r  th e  p r o b a b i l i t y
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of c a u s e s .

I f  th e  in d iv id u a l  c h a r a c t e r i s t i c s  w hich make up th e  s e t  x a re  

in d e p e n d e n t, th e  c o n d i t io n a l  p r o b a b i l i t y  o f x g iv e n  y^ i s  th e  p ro d u c t o f  

th e  p r o b a b i l i t i e s  o f th e  in d iv id u a l  c h a r a c t e r i s t i c s  making up th e  s e t .  

T hat i s ,

^x I yj_ = ^X]_ I Yi %  I y^ I y i  '

U sing E qu a tio n  6 , E qu a tio n  5 may be r e w r i t t e n  i n  an expanded

form  as

(Pyi)(2xil yi ^X2iyi . . .  yi^ , ( j s
x i  X2, . .  .X , - ----------------------------------- -

W ith th e  u se  o f  E qu a tio n  J  i t  i s  p o s s ib le  t o  c a lc u la te  th e  p ro b ­

a b i l i t y  t h a t  a  p a t i e n t  w i l l  rem ain  i n  a  m e n ta l h o s p i t a l  a  s p e c if ie d  

le n g th  o f  tim e , s a y  l e s s  th a n  30 d ay s , g iv e n  t h a t  he has a  c e r t a in  s e t  

o f c h a r a c t e r i s t i c s  such  as m ale , l e s s  th a n  25 y e a rs  o ld ,  s in g le ,  w h ite ,  

e t c .

T here a re  th r e e  assum ptions b a s ic  t o  Bayes* Theorem. F i r s t , i t  

i s  n e c e s s a ry  t h a t  th e  p a t i e n t  c h a r a c t e r i s t i c s  u sed  in  th e  a n a ly s is  be  i n ­

d ep en d e n t. Second, i t  i s  n e c e s s a ry  t h a t  one know th e  t r u e  p r o b a b i l i t y  

o f  each  y^ in  th e  p o p u la t io n  u n d er s tu d y  and th e  c o n d i t io n a l  p r o b a b i l i t y  

o f  each  c h a r a c t e r i s t i c  i n  each  o f  th e  le n g th  o f  h o s p i t a l i z a t i o n  c a te g o r ie s ,  

T h ird , i t  i s  n e c e ss a ry  t h a t  th e  le n g th  o f  h o s p i t a l i z a t i o n  c a te g o r ie s  be  

m u tu a lly  e x c lu s iv e .  The l a t t e r  re q u ire m e n t i s  met s in c e  a  p a t i e n t  who i s  

r e le a s e d  from  th e  h o s p i t a l  w i th in ,  sa y  t h i r t y  d a y s , canno t have rem ained  

in  th e  h o s p i t a l  lo n g e r  th a n  t h i r t y  d a y s . However, i n  th e  p re s e n t  s tu d y
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th e  t r u e  p r o b a b i l i t i e s  a re  n o t  known. I n s te a d ,  p ro p o r tio n s  b ased  on th e

sam ple o f  13 ,731  p a t ie n ts  a r e  used  as e s tim a te s  o f  th e  t r u e  p r o b a b i l i t i e s .

The u se  o f  e s t im a te s ,  r a th e r  th a n  th e  t r u e  p r o b a b i l i t i e s ,  has n o t been  

in v e s t ig a te d  from  a  t h e o r e t i c a l  p o in t  o f v iew . On th e  o th e r  hand , o th e r  

re s e a rc h  has d em onstra ted  th e  u t i l i t y  o f B ayes' Theorem.

The s tu d ie s  r e f e r r e d  to  below  in d ic a te  t h a t  B ayes' Theorem has

been  u sed  w ith  c o n s id e ra b le  su ccess  in  d ia g n o sin g  p h y s ic a l  c o n d itio n s  

when th e  p r o b a b i l i t i e s  a s s o c ia te d  w ith  th e  symptoms and s ig n s  o f th e se  

c o n d itio n s  a re  e s tim a te d . The p re s e n t  s tu d y  in v e s t ig a te s  i t s  u s e fu ln e s s  

in  a  somewhat d i f f e r e n t  a r e a .  However, th e  co n cep ts  a re  th e  same; le n g th  

o f h o s p i t a l i z a t i o n  p la y s  th e  r o l e  o f th e  d is e a s e ,  and p a t i e n t  c h a r a c te r ­

i s t i c s  a re  u sed  in s te a d  o f  s ig n s  and symptoms. As w i l l  be d em onstra ted  

in  C hap ter V, th e  c h a r a c t e r i s t i c s  used  in  th e  p r e s e n t  s tu d y  a re  n o t in d e ­

p e n d e n t. I t  was f e l t  t h a t  i t  would be w orthw h ile  t o  in v e s t ig a te  th e  u s e ­

fu ln e s s  o f th e  model in  p r e d ic t in g  le n g th  o f h o s p i t a l i z a t i o n  c a te g o ry , 

even though  t h i s  b a s ic  assum ption  was n o t m et. To co n tin u e  seemed e sp e ­

c i a l l y  w a rra n te d  s in c e  o th e r  u s e r s  o f th e  method have met w ith  c o n s id e r ­

a b le  su ccess  w h ile  e x p re s s in g  r e s e rv a t io n s  as t o  w hether t h e i r  d a ta  f u l ­

f i l l e d  th e  assum ption  o f  independence.

Warner e t  a l  ( 33, 3^ ,  35) have used  Bayes* Theorem in  th e  d ia g ­

n o s is  o f c o n g e n ita l  h e a r t  d is e a s e  w ith  th e  a id  o f an e l e c t r o n ic  com puter. 

They u sed  a  t o t a l  o f f i f t y - t h r e e  symptoms i n  com puting th e  p r o b a b i l i t i e s  

a s s o c ia te d  w ith  each o f  t h i r t y - f i v e  d ia g n o se s . The a u th o rs  r e p o r t  t h a t  

t h e i r  e x p e rie n c e  w ith  c o n g e n i ta l  h e a r t  d is e a s e s  in d ic a te s  t h a t  th e s e  

d is e a s e s  can b e  d iag n o sed  w ith  an  acc u racy  e q u a l to  t h a t  o f  an e x p e r i­

enced s p e c i a l i s t  in  th e  f i e l d .  I n i t i a l l y ,  i n  t h e i r  p ap e r th e  accu racy
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o f th e  p h y s ic ia n  was compared w ith  t h a t  o b ta in ed  by  th e  u se  o f Bayes ' 

Theorem in  d ia g n o sin g  c o n g e n ita l  h e a r t  d is e a s e  in  4-3 p a t i e n t s . L a te r  an 

a d d i t io n a l  40 p a t i e n t s  were added to  th e  sam ple, and improvements were 

made in  th e  s t a t i s t i c a l  in fo rm a tio n  i n  th e  d a ta  m a tr ix  used  f o r  comput­

ing  th e  p r o b a b i l i t i e s .  The a u th o rs  r e p o r t  a  s ig n i f i c a n t  improvement in  

d ia g n o s t ic  acc u racy  u s in g  B ayes ' fo rm u la  w ith  th e  im proved d a ta  m a tr ix . 

W arner, e t  a l ,  ( 33) p o in t  o u t t h a t  a t  th e  tim e o f t h e i r  s tu d y  th e y  were 

u n ab le  t o  e v a lu a te  t h e i r  d a ta  m a tr ix  f o r  independence o f symptoms, b e ­

cause  much o f th e  d a ta  were g a th e re d  from  th e  l i t e r a t u r e . The au th o rs  

a n t i c ip a te  th e  p o s s i b i l i t y  o f  a n a ly z in g  each symptom f o r  independence as 

th e y  accum ula te  a d d i t io n a l  d a ta  from  t h e i r  own e x p e r ie n c e .

N ugent, W arner, Dunn, and T y le r  (36 ) have u sed  Bayes-’ Theorem 

in  th e  d ia g n o s is  o f C u sh in g 's  syndrome. The p r o b a b i l i t y  o f  C ush in g 's  

syndrome was computed in  111 p a t i e n t s  i n  whom t h i s  d ia g n o s is  was s u s ­

p e c te d . I t  was l a t e r  e s ta b l is h e d  t h a t  t h i r t y - e i g h t  of th e s e  p a t ie n ts  

d id  in  f a c t  have C u sh in g 's  syndrome and s e v e n ty - th re e  d id  n o t .  Of th e  

t h i r t y - e i g h t  p a t i e n t s  in  whom th e  d ia g n o s is  was con firm ed , th e  u se  of 

B ayes' Theorem le d  to  a  "v e ry  l i k e ly "  d ia g n o s is  (p  ê  .99 ) in  n in e  c a s e s ,  

a  " l ik e ly "  d ia g n o s is  (.99  >  P -  *9 ) in  e ig h t  case s  and an " u n lik e ly "  o r 

" u n c e r ta in "  d ia g n o s is  (.01  < p < .9 )  in  tw en ty -one  c a s e s .  In  none o f th e  

t h i r t y - e i g h t  c a se s  was a  p r o b a b i l i t y  o f .01 o r  l e s s  o b ta in e d . Taking th e  

73 p a t i e n t s  who were found t o  be  f r e e  o f C u sh in g 's  syndrpme, th e  u se  of 

B ayes' Theorem le d  to  a  "v e ry  u n l ik e ly "  d ia g n o s is  (p  g . 01) in  f o r ty - f iv e  

c a s e s ,  an  " u n lik e ly "  d ia g n o s is  ( .0 1  < p < . l )  in  fo u r te e n  c a s e s ,  and an 

" u n c e r ta in "  o r " l ik e ly "  d ia g n o s is  ( .1  ë p  < .9 )  in  fo u r te e n  c a s e s .  For 

none o f  th e  73 p a t i e n t s  was a  p r o b a b i l i t y  o f .99 o r  more c a lc u la te d .
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Combining th e  n in e  confirm ed ca se s  re c e iv in g  a p r o b a b i l i t y  o f .99 o r more 

by th e  fo rm u la , and th e  f o r t y - f i v e  synd rom e-free  ca se s  r e c e iv in g  a  p ro b ­

a b i l i t y  o f .01  o r  l e s s ,  th e  a u th o rs  conclude th a t  in  f i f t y - f o u r  o f th e  

111 c a se s  no d ia g n o s t ic  e r r o r s  w ere made. A t o t a l  o f  e le v e n  s ig n s  w ere 

u sed  in  c a lc u la t in g  th e  p r o b a b i l i t y  o f  C u sh in g 's  syndrom e.

R in a ld o , S cheinok , and Rupe ( 37) u sed  B ayes' Theorem f o r  d ia g ­

n o sin g  s ix  g a s t r o i n t e s t i n a l  d is e a s e s  w ith  th e  a id  o f  e ig h t  symptoms. The 

com puter c o r r e c t ly  d iagnosed  73 p e r  c e n t o f h ia tu s  h e r n ia  c a s e s ,  69 p e r  

c e n t o f  duo d en a l u lc e r  c a s e s ,  27 p e r  c e n t  o f g a s t r i c  u lc e r  c a s e s ,  75 p e r  

c e n t o f g a l l s to n e  c a s e s ,  38 p e r  c e n t o f f u n c t io n a l  c a s e s ,  and 33 p e r  cen t 

o f g a s t r i c  ca rc in o m as.

Mount and Evans (3 8 ) have re p o r te d  r e s u l t s  from  a  com puter sim u­

l a t i o n  f o r  th e  Bayes p ro c e ss  o f com puter d ia g n o s is .  By u se  o f a  com puter 

th e y  g e n e ra te d  com plete p r o b a b i l i s t i c  d e s c r ip t io n s  o f a  d isease-sym ptom  

u n iv e rs e  conform ing to  th e  h y p o th eses  o f  s t a t i s t i c a l  independence o f 

symptoms o c c u rr in g  in  a g iv e n  d is e a s e  and m u tual e x c lu s iv e n e s s  o f th e  

d is e a s e s .  T h e ir  n ex t s te p  was t o  g e n e ra te  a  group o f "p eo p le"  random ly 

acco rd in g  t o  t h i s  r e a l  d i s t r i b u t i o n .  Each "person" was r e p re s e n te d  by  

a  d is e a s e  code and a  s e r i e s  o f I ' s  and O 's  r e p re s e n t in g  th e  p re se n c e  o r 

absence o f  th e  symptoms. The a u th o rs  th e n  a ttem p ted  t o  s im u la te  th e  p ro ­

cess  w hich a  p h y s ic ia n  fa c e s  in  u s in g  B ayes ' fo rm u la . The "peop le" w hich 

th e y  had g e n e ra te d  were u sed  t o  c o n s tr u c t  a  c o n d i t io n a l  p r o b a b i l i t y  a r r a y  

and an i n i t i a l  d i s t r i b u t i o n  o f p r o b a b i l i t i e s .  F o llow ing  t h i s ,  a n o th e r 

group o f  "p eo p le"  w ere g e n e ra te d  i n  th e  same manner as  th e  f i r s t .  F or 

each "p erso n "  g e n e ra te d  in  t h i s  l a s t  s t e p ,  a  m a th em a tic a l d ia g n o s is  was 

d e r iv e d  u s in g  B ayes' fo rm u la . The in c id e n c e  o f th e  d is e a s e s  and symptoms
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o b ta in e d  from  th e  f i r s t  g roup  o f  "p eop le"  g e n e ra te d , se rv ed  as th e  in p u t 

f o r  th e  fo rm u la . The d is e a s e  w ith  th e  maximum p r o b a b i l i t y  b y  Bayes ' 

fo rm u la  was th e  one s e le c te d  as th e  d ia g n o s is  f o r  each  " p e rso n " . The 

m a th e m a tic a lly  m ost p ro b a b le  d ia g n o s is  was computed s e q u e n t i a l ly  f o r  each  

"p e rso n "  u s in g  new symptoms one a t  a  t im e . A f te r  each  new symptom was 

c o n s id e re d , th e  number o f  s u c c e s s e s ,  o u t o f th e  t o t a l  d iag n o ses  made, was 

u sed  t o  m easure th e  p e r  c e n t  o f  c o r r e c t .d ia g n o s e s . The a u th o rs  found 

t h a t  in c re a s in g  th e  sam ple s i z e  o f  "peop le"  from  w hich th e  d isease-sym ptom  

fre q u e n c y  a r r a y  was c o n s tru c te d ,  in  g e n e ra l ,  in c re a s e d  th e  acc u racy  o f 

th e  p r e d ic t io n  u s in g  B ay es ' fo rm u la . T h is  seems t o  be a  re a so n a b le  r e ­

s u l t  s in c e ,  as th e  sam ple s i z e  in c r e a s e s ,  th e  p ro p o r tio n s  u sed  as  e s t i ­

m ates o f th e  t r u e  p r o b a b i l i t i e s  become more s t a b l e .  They a l s o  found t h a t  

t h e r e  was a  s te a d y  im provem ent in  th e  p e rc e n ta g e  o f  c o r r e c t  d ia g n o ses  as 

th e  number o f  s t a t i s t i c a l l y  in d ep en d en t symptoms was in c re a s e d .



CHAPTER IV

TEîE STUDY OF SOME lETERîlECiATIOESHIPS AMOEG 

SELECTED CHARACTERISTICS

In  o rd e r  t o  g a in  some I n s ig h t  in to  th e  i n t e r r e l a t i o n s h ip s  among 

th e  c h a r a c t e r i s t i c s  s e le c te d  f o r  s tu d y ,a  number o f  s t a t i s t i c a l  a n a ly se s  

w ere u n d e r ta k e n . To a s c e r t a in  t o  w hat e x te n t  th e  v a r io u s  c h a r a c t e r i s t i c s  

w ere a s s o c ia te d  w ith  le n g th  o f  h o s p i t a l i z a t i o n ,  c h i-s q u a re  v a lu e s  were 

computed t o  t e s t  th e  n u l l  h y p o th e s is  o f no a s s o c ia t io n  betw een le n g th  o f 

h o s p i t a l i z a t i o n  and each  c h a r a c t e r i s t i c .  This was done f o r  th r e e  s e t s  o f  

le n g th  o f h o s p i t a l i z a t i o n  c a te g o r ie s ,  l e s s  th a n  t h i r t y  days and t h i r t y  

days o r more; l e s s  th a n  n in e ty  days and 90 days o r  more; and l e s s  th a n

30 d ay s , 30 th ro u g h  59 d a y s , 60 th ro u g h  89 d ay s , and 90 days o r m ore.

The c a lc u la te d  c h i-s q u a re  v a lu e s  f o r  each c h a r a c t e r i s t i c  f o r  each s e t  o f 

le n g th  o f  h o s p i t a l i z a t i o n  c a te g o r ie s  a re  d is p la y e d  in  T able 4 .

The a s s o c ia t io n  o f  c e r t a in  c h a r a c t e r i s t i c s  w ith  le n g th  o f  h o s p i­

t a l i z a t i o n ,  a t  d i f f e r e n t  " le v e ls "  o f  some o f th e  o th e r  c h a r a c t e r i s t i c s ,  

was in v e s t ig a t e d .  A f u r t h e r  breakdow n, in  some in s ta n c e s  by  sex  and in

o th e r  in s ta n c e s  by  r a c e ,  was a ls o  made. The c h i-s q u a re  t e s t  f o r  a s s o c ia ­

t i o n  w ith  le n g th  o f  h o s p i t a l i z a t i o n  was a p p lie d  t o  t h e ' r e s u l t in g  c o n t in ­

gency t a b l e s . The r e s u l t s  o f t h i s  a n a ly s is  a re  g iv e n  in  T ab les 8 th ro u g h

26 .

In  a d d i t io n  t o  making th e  o v e r a l l  c h i- s q u a re  t e s t ,  a  method due

26
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TABLE 4

CALCULATED CHI-SQUARE VALUES FOR SELECTED CHARACTERISTICS 
FOR EACH SET OF LENGTH OF HOSPITALIZATION CATEGORY

Length o f  H o s p i ta l iz a t io n  C a teg o rie s  ( I n  d ay s)

C h a r a c te r i s t ic

< 30 
30 o r more

<  90
90 o r more

< 30, 30 -59 ,
60-89 , 90 o r  
more

d . f . d . f . x" d . f .

H o sp ita l  to  w hich 
ad m itted 3 77.33 3 135.80 9 248.25

Number o f p re v io u s  
adm issions T 158.60 7 386.70 21 428.79

Sex 1 281.68 1 172.39 3 352.98
Race 2 7 .23 2 21.83 6 62 .37
O ccupation 3 11.76 3 24.50 9 55.95
D iagnosis 4 756.15 4 1257.42 12 1544.94
M a r i ta l  S ta tu s 4 38.09 4 200.38 12 243 .11
Age 3 137.45 3 75.95 9 159.47
C rim in a l Charges 1 • 628.08 1 416.30 3 738 .07
R e lig io n 3 41.68 3 3 .9 7 # 9 53.75
Type of 

Commitment 2 562.61 2 451 .51 6 718 .57
E ducation 4 27.11 4 52.58 12 71.29
Region o f s t a t e  

from  w hich 
ad m itted 9 125.28 9 150.04 27 249.65

A d d ic tio n s 2 158 .92 2 385.92 6 4 33 .81

^ o t  s ig n i f i c a n t  a t  .05 l e v e l .
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t o  Cochran ( 39, ^0 , 42) was u sed  f o r  t e s t i n g  f o r  l i n e a r  t r e n d  i n  th e

co n tin g en cy  t a b l e s .  C o ch ran 's  method i s  a p p l ic a b le  to  2 X c t a b le s  where 

th e  columns f a l l  i n  a  n a tu r a l  o rd e r .  S c o re s , z ^ ,  a re  a s s ig n e d  t o  th e  

column^ i n  an  e f f o r t  t o  c o n v e rt them  t o  v a lu e s  on a  co n tin u o u s s c a le .

The r e g r e s s io n  c o e f f i c i e n t ,  b , o f th e  e s t im a te  o f th e  column p r o b a b i l i t y  

p^ on i s  a  w eigh ted  r e g re s s io n  g iv e n  by  E quation  8 .

f  H i. (P i  -  P i )  (Z i - ^ )
b = -----------—------ — .

2 n . ( z .  -  z ^ ) ‘̂

/S
where p = Z n .p  /  Z n. ; z^ = Z n . z . /  Z n . , th e  w eigh ted  mean. 1 . l . X  . X.X X  X X

A ±
o f z^; and p̂  ̂ i s  g iv e n  w eig h t n i  /  p ( l  -  p ) .  The n o ta t io n  i s  t h a t  o f 

— ' 2s t e e l  and T o r r ie  ( 4l ) .  The % f o r  r e g r e s s io n  w ith  one d eg ree  o f  f r e e ­

dom i s  g iv e n  by  E quation  9 

2 [ 2  H i. ( ? i  -  5 ) -  \ )  Y

" °  ;-----------   (9)
p (1  -  p ) Z n i^  (z^  -  z^)

In  T ab le  5 a re  shown a l l  m ale p a t i e n t s  w ith  c o l le g e  t r a i n in g

and advanced d eg ree s  b roken  down by  age group and le n g th  o f h o s p i t a l i z a -
2

t i o n .  Cochran p re s e n ts  a  com puting fo rm u la  f o r  w hich , i n  th e  n o ta ­

t i o n  o f  S te e l  and T o r r ie ,  i s  g iv e n  in  E quation  10 .

i l  - "  '  '2 I i ^^2 = i -  %.2 (2 %i. 2i / % . . )  
X,

(1) [J  ^±, Zi  ̂ - (2 Hi  ̂ Zi)^/n.. ] (ÏÏ)(1-P)
( 10 )

U sing E quation  10 and th e  d a ta  o f  T able 5 , th e  fo llo w in g  c h i-  

sq u a re  v a lu e  f o r  th e  r e g re s s io n  o f  p^ on z^ was c a lc u la te d :
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TABLE 5

AGE AHD LENGTH OF HOSPITALIZATION, MALE 
PATIENTS WITH COLLEGE TRAINING AND 

ADVANCED DEGREES

Length o f  H o s p i t a l i ­
z a t io n  ( I n  D ays)

Age Group ( i n  Y ears)

< 25 1 25-44 1 45-64 I 65 and Over T o ta l
S core  2^

1 2 3 4

< 30 n^j_ 10 77 22 7 116 = n 2

30+ n^2 36 285 155 4l 517 = n 2

T o ta l  n^ 46 362 177 48 633 = n ^ _

.78 .79 .88 .85 p = .8167

”1 .  ^1 46 724 531 192 Zrii^ Z i= l493
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X = C 3 6 (1 ) + . . .  + 41( 4 ) - ($ 1 7 )(1 ^9 3 /6 3 3 ) f
[ 46(1) + . . .  + 48(16) - (l493)2/633](.8l6T)(.l833)

= 4 .8Y•

The t o t a l  can  be  p a r t i t i o n e d  as fo llo w s  :

2
Source D egrees o f  freedom  %

R eg ress io n  o f  on 1 4 . 8%

D e v ia tio n s  from  R e g re ss io n  2 2.15

T o ta l  3 7 .0 2
p

I t  i s  seen  t h a t  a lth o u g h  th e  o v e r a l l  x > w ith  3 d eg rees  o f f r e e ­

dom, i s  n o t s i g n i f i c a n t  a t  th e  .05 l e v e l ,  th e  v a lu e  due t o  r e g r e s s io n ,  

b ased  on o n ly  one d eg ree  o f  freedom , i s  s i g n i f i c a n t  a t  th e  .05 l e v e l .  

P a r t i t io n in g  th e  o v e r a l l  v a lu e  has in c re a s e d  th e  s e n s i t i v i t y  o f th e  t e s t  

and i t  i s  concluded  t h a t  th e r e  i s  a  s ig n i f i c a n t  in c re a s e  in  th e  p ro p o r tio n  

o f th e s e  p a t i e n t s  rem ain in g  in  th e  h o s p i t a l  30 days o r  lo n g e r  w ith  i n ­

c re a s in g  ag e . We may conclude f u r th e r  t h a t  th e  in c re a s e  i s  l i n e a r  r a th e r

th a n  c u r v i l in e a r  s in c e  th e  d e p a r tu re  from  l i n e a r  r e g re s s io n  i s  r e p re s e n te d  

b y  a  c h i-s q u a re  v a lu e  o f o n ly  2 .1 5 , b ased  on two d eg rees  o f freedom , w hich 

i s  n o t s i g n i f i c a n t .  The r e s u l t s  o f th e  t e s t s  f o r  l i n e a r  t r e n d  a re  g iv e n  

in  T ab les 8 th ro u g h  26.

In  th e  p r e s e n t  s tu d y , C och ran 's  method o f  t e s t i n g  f o r  l i n e a r  

t r e n d  i s  ex ten d ed  in  o rd e r  t o  t e s t  f o r  q u a d ra t ic  t r e n d  in  co n tin g en cy  

t a b l e s .  The e x te n s io n  i s  a ls o  a p p l ic a b le  t o  2 X c t a b le s  where th e  

columns f a l l  i n  a  n a t u r a l  o rd e r .  S c o re s , a re  a s s ig n e d  to  th e  columns 

as th e y  w ere in  th e  l i n e a r  c a s e . In  o rd e r  to  t e s t  f o r  q u a d ra t ic  t r e n d  

fo u r  columns a re  needed .

F o r e s t im a te s  o f th e  two p a r t i a l  r e g re s s io n  c o e f f i c i e n t s .
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d e s ig n a te d  by  a  and b ,  th e  norm al e q u a tio n s  a re  g iv e n  in  E quations  11 and

12. _
—  o — 2 2

a Z ^ i. (Z i -  z^ )  + bZn.^ ( z .  - z^ ) (z^  - z^ )

= (Z i - \ )  (P^ -  P ) ( l l )

aZ%i. ( z i  -  z^ ) (Zj_^ -  z^^) + bZn^^ (z ^ ^  -  z^ )^

= Z%i. (z^ ^  - Zy^) (p^ - p )  ( 12)

A
In  E quations  11 and 12, p and z^ a re  th e  same as in  E qu a tio n  8

— P  2  /and z^ = 2 n . z . /  2 n . . The w e ig h ts , n . , a re  th e  column t o t a l s .

The e q u a tio n s  a re  analogous t o  th o se  f o r  th e  m u lt ip le  r e g r e s s io n  ca se

w ith  th e  z^ p la y in g  th e  r o le  o f  th e  f i r s t  in d ependen t v a r ia b le  and th e  
2

Zĵ  ta k in g  th e  p la c e  o f th e  second dependen t v a r ia b le .

F or th e  q u a d ra tic  c a s e ,  e s tim a te s  o f th e  two p a r t i a l  r e g r e s s io n  

c o e f f i c i e n t s ,  d e s ig n a te d  by a  and b ,  a re  computed by  E quation  13 and l 4 .

[Z%i. ( z i  -  \ ) ( P i  - P )]  [ZBi. (% i^ -

a = ■ [ ^ i .  (= i^  - (^1 -  p ) ]  [ ^ i .  (Z i -

2 Ÿ ^ \ i 2
( 13)

[Znq. (z^  -  2̂ ) 2] [2%!, (z ^ ^  -  z^2 )2 j _ [2n i . ( Z i - z ^ ) ( z ^  -  z ^ ) ]

[ 2 n i .  (zj^ -  z^ )2 ]  [2n^^ (z^^ -  z^^) (g^ -  p ) ]

b =
-  ( z i  -  z%J(z^ -  Z . 2 ) ]  [Z n i,  (z^  -  z^) (g .  -  p ) ]

[Z"l. (Zi - z^)^] [Z^i, (z.^ - Zy^)^] - [ 2 n i / z . - i^ ) ( z f  - z ^ ^ ) f
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C h i-sq u a re  f o r  q u a d ra t ic  r e g r e s s io n ,  w ith  two d eg rees  o f f r e e ­

dom, i s  g iv e n  by E quation  15•

% ( 2 )  =  [ a  :  ^ i .  -  ^ ) ( ^ i  -  P )  +  t  Z  U i _  ( z .  -  z ^  )

(P^ -  P ) ] /  (p )  ( l  -  P)

T ab le  6 shows th e  breakdown o f a l l  p a t i e n t s  hav ing  th r e e  p re v io u s

adm issions by  le n g th  o f h o s p i t a l i z a t i o n  and age g ro u p . U sing E quation  15

and th e  d a ta  from  T able 6 th e  v a lu e  due t o  q u a d ra t ic  r e g re s s io n  may be 
2

com puted. The x v a lu e  f o r  l i n e a r  r e g r e s s io n  may be  computed a l s o .  The 
. 2

t o t a l  X > w ith  th r e e  d e g re e s  o f freedom , may b e  p a r t i t i o n e d  as fo llo w s  :

2
Source D egrees o f freedom  x

Q u ad ra tic  R eg ress io n  2 6.12

L in e a r R eg ress io n  1 3*58

Q u a d ra tic -L in e a r  1 2 . 5^

D ev ia tio n s  from  R e g re ss io n  1 1.06

T o ta l  3 7.18
p

A lthough th e  t o t a l  x v a lu e ,  w ith  th r e e  d eg rees  o f freedom , i s  

n o t s i g n i f i c a n t  a t  th e  .05 l e v e l ,  th e  component a t t r i b u t a b l e  to  q u a d ra t ic  

re g re s s io n  i s  s i g n i f i c a n t ,  w h ile  th e  component a t t r i b u t a b l e  t o  l i n e a r  

re g re s s io n  i s  n o t .  I t  i s  concluded  th a t  th e r e  i s  a  s ig n i f i c a n t  in c re a s e  

in  th e  p ro p o r tio n  o f  th e se  p a t i e n t s  rem ain in g  in  th e  h o s p i t a l  30 days o r  

lo n g e r  as age in c r e a s e s ,  b u t  t h a t  th e r e  i s  a  s ig n i f i c a n t  d e c re a se  f o r  

t h i s  group  o f p a t i e n t s  who a r e  65 y e a rs  o ld  o r  o ld e r .  The r e s u l t s  f o r  

a d d i t io n a l  t e s t s  f o r  q u a d ra t ic  t r e n d  a re  g iv e n  in  T ab les 8 th ro u g h  26 .

A f u r th e r  e x te n s io n  o f C o ch ran 's  method o f t e s t i n g  f o r  t r e n d  in  

co n tin g en cy  ta b le s  was made to  in c lu d e  th e  case  o f m u l t ip le  r e g re s s io n
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TABLE 6

AGE AKD LENGTH OF HOSPITALIZATIOlf, ALL PATIENTS 
HAVING THREE PREVIOUS ADMISSIONS

Age Group ( I n  T e a r s ,Length o f 
H o s p i ta l iz a t io n  
( i n  Days)

< 23 I 25-44 I 45-64 I 65 ana Over T o ta l
S core  zj

1 2 3 4

< 30 nj 2̂ 6 35 lit- 6 61 = n ^ i

30+ h i 371 304 TO 786 = n 2̂

T o ta l  n^ h-1 k o 6 318 76 847 = n

.81 •91 .96 .92 p = .9280

“ 1 . ^7 812 95^ 304 En^ z^ = 2117
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w ith  th r e e  v a r i a b l e s .

L et in d i c a te  th e  i^ ^  sc o re  a ss ig n e d  to  one o f  th e  in d ependen t 

v a r ia b le s ,  th e  s c o re  a s s ig n e d  to  th e  o th e r  in d ependen t v a r i a b le ,  

nj_j th e  t o t a l  number o f  p a t i e n t s  in  th e  i j ^ h  c e l l ,  Pj^j th e  p ro p o r tio n  o f 

th e  n . . p a t i e n t s  s ta y in g  in  th e  h o s p i t a l  30 days o r  more, p th e  p ro p o r t io n  

o f a l l  s tu d y  p a t i e n t s  s ta y in g  in  th e  h o s p i t a l  30 days o r more, x^  th e  

w eigh ted  mean x  sc o re  and y^ th e  w eigh ted  mean y s c o re .  The p a r t i a l  r e ­

g re s s io n  c o e f f i c i e n t s  b ^  and b ^  a re  o b ta in e d  by  so lv in g  E quations l 6 and

17.

where

b ^ Z 2X + bg Z xy = Z xp (1 6)

b ^ Z xy + bg Z y^ = Z yp (17)
Zx2 = z ^ij U i  -
2 xy = z (Xl - ^)(Tj - V

Z xp = z “ij - ^)(Pij
y\

- P)

= z (y, -

z yp = z “ij (yj - ÿ„)(Pij
A.

- P) .and

T able 7 shows th e  s tu d y  p a t i e n t s  b roken  down b y  number o f  p r e ­

v io u s adm issions by  age group and le n g th  o f  h o s p i t a l i z a t io n  c a te g o ry . 

The p ^ j 's  a re  shown in  p a re n th e s e s .  T able 7 c o n ta in s  a l l  th e  in fo rm a­

t i o n  n e c e ssa ry  f o r  o b ta in in g  th e  norm al e q u a t io n s .

Using th e  d a ta  from  Table 7 th e  fo llo w in g  q u a n t i t i e s  a re  com­

p u ted  .
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TABLE 7

STUDY PATIENTS CATSSORIZED BY NUMBER OF PREVIOUS 
ADMISSIONS, AGE GROUP, AND LENGTH 

OF HOSPITALIZATION

Number o f P rev io u s  A dm issions
Age
( In

Length o f 
H o s p i ta l i ­

y-j S cores

Y e a rs ) S cores z a t io n  ( i n  
Days) 0 1 2 3

4 o r 
More T o ta l

< 25 1
< 30 

30+
T o ta l

917 
256 

1173 
( .7 8 2 )

4l l
91

502
( .8 1 9 )

136
17

153
( . 889)

4l
6

47
(.8 7 2 )

33 
1

34 
( .971)

1538
371

1909

25-44 2
< 30

30+
T o ta l

1855
373

2228
( . 833)

1746
280

2026
( . 862)

843
83

926
(.9 1 0 )

371
35 

4o6 
( .914)

250
4l

291
( . 859)

5065
812

5877

45-64 3
< 30 

30+
T o ta l

1308
189

1497
(.874)

1301
105

l4o6
( . 925)

683 '
39

722
(.946)

304
14

318
( . 956)

212
25

237
(.895)

3808
372

4l 80

65 and 4 
Over

< 30 
30+

T o ta l

757
151
908

(.834)

442
34

476
( . 929)

160
12

172
( . 930)

70
6

'  76 
( .9 2 1 )

62
3

65
( . 954)

1491
206

1697
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p = (1538 + . . .  + 1491) / l 3 , 663 = .871 

^  = [ (1 9 0 9 X 1 ) f  . . .  + ( i 69T )(4 )J /  13 ,663 = 2.415 

= [(5 8 o 6 )(o )  + . . .  + (6 2 7 )(4 ) ]  /  13 ,663 = .981 

2 xp = ( 11T3 ) ( - 1 .415) ( - . o 89) + . . .  + ( 6 5 ) ( i .5 8 5 ) ( .0 8 3 )  = 316.763 

z yp = ( 1173) ( - . 98i ) ( - . 089) + . . .  + ( 65 ) ( 3 . 019) ( .o 83 ) = 451.044

2 xy  = (1 1 7 3 ) ( - .9 8 1 ) ( -1 .415) + . . .  + ( 65) ( 3 . 019) ( 1 . 585) = 724.973

2 x 2 = (1 1 7 3 ) ( -1 . 145)^ + . . .  + ( 6 5 ) ( l . 585)2 = 8 , 320.057

2 y2 = ( 1173) ( . 981)2 + . . .  + ( 65) ( 3 . 019)2 = 1 6 ,8 0 5 .1 2 8 .

ÎEbe norm al e q u a tio n s  a re  th e n

8 ,3 2 0 .0 5 7  \  + 724.973 bg = 316.763 

724.973 b^  + 16 ,805 .128  bg  = 451 .044 , 

th e  s o lu t io n  o f  w hich g iv e s  b^  = .036 and bg = .O25.

The %2 a t t r i b u t a b l e  t o  m u l t ip le  r e g re s s io n  (w ith  two d eg rees  o f

freedom ) i s  g iv e n  b y  E qu a tio n  I 8 .
9 -  -

%(g) = (bj_ 2 xp + bg  2 yp) / ( p )  ( l  -  p ) (1 8 )

S u b s t i tu t in g  th e  above v a lu e s  in to  E q u a tio n  I8  g iv e s  X^gj = 202.5 .

The t o t a l  c h i-s q u a re  v a lu e  may be su b d iv id e d  as fo l lo w s :

Source d . f .

M u ltip le  R eg re ss io n  2 202.5

D e v ia tio n s  from  R eg re ss io n  10 669.4

T o ta l  12 871.9

I t  i s  seen  t h a t ,  a lth o u g h  a  s ig n i f i c a n t  component o f  th e  t o t a l  

c h i-s q u a re  v a lu e  i s  accoun ted  f o r  by  m u l t ip le  r e g r e s s io n ,  th e  d e v ia t io n s  

from  r e g r e s s io n  component i s  a ls o  h ig h ly  s i g n i f i c a n t .
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A s im i la r  a n a ly s is  was made in  w hich th e  in d ependen t v a r ia b le s  

w ere number o f p re v io u s  adm issions and e d u c a tio n . The r e s u l t s  w ere as 

fo llo w s  :

2
S ource d . f .  x

M u ltip le  R eg re ss io n  2 124.6

D e v ia tio n s  from  R e g re ss io n  10 142.0

T o ta l  12 266.6

The r e s u l t s  o f  ap p ly in g  th e  a n a ly s is  t o  e d u c a tio n  b y  age by

le n g th  o f h o s p i t a l i z a t i o n  were as fo llo w s  :

2
Source d . f .  %

M u ltip le  R eg re ss io n  2 I 9 6 . I

D e v ia tio n s  from  R e g re ss io n  J  IO 89.9

T o ta l  9 1286 .0

Again a  s ig n i f i c a n t  component o f th e  t o t a l  % v a lu e  was acco u n ted  

f o r  by  m u l t ip le  r e g r e s s io n ,  b u t  th e  d e v ia t io n s  from  re g re s s io n  i s  a l s o  

s i g n i f i c a n t .



CHAPTER V

RESULTS

R e s u lts  o f C h i-S quare A n a ly s is  

T ab les 8 th ro u g h  10 summarize th e  r e s u l t s  o f t e s t i n g  f o r  l i n e a r  

and q u a d ra t ic  t r e n d  in  co n tin g en cy  t a b le s  u s in g  th e  methods d is c u s s e d  in  

th e  p re v io u s  c h a p te r .  The t o t a l  c h i-s q u a re  v a lu e  i s  l i s t e d  in  th e  r i g h t  

hand column o f th e  t a b l e s .  The f i r s t  two columns c o n ta in  th e  c h i-s q u a re  

v a lu e s  due to  q u a d ra t ic  and l i n e a r  r e g r e s s io n ,  and th e  q u a d ra t ic  compon­

e n t minus th e  l i n e a r  component and th e  d e v ia tio n s  from  r e g r e s s io n  com­

po nen t a re  g iv e n  in  th e  t h i r d  and f o u r th  colum ns. C h i-sq u a re  v a lu e s  

s i g n i f i c a n t  a t  th e  .05 l e v e l  a r e  in d ic a te d  by  an a s t e r i s k .

The com parisons r e p o r te d  in  th e s e  ta b le s  a re  n o t a l l  in d e p e n d e n t. 

However, s in c e  th e  n a tu re  o f  th e  i n t e r r e l a t i o n s h ip s  o f  th e  v a r ia b le s  

s tu d ie d  i s  o f i n t e r e s t  i t  was f e l t  t h a t  th e  a n a ly s is  as p re s e n te d  h e re  

would be  more h e lp f u l  th a n  m is le a d in g .

T ab le  shows t h a t  a l l  c h i- s q u a re  v a lu e s  a re  h ig h ly  s ig n i f i c a n t  

ex c e p t f o r  r e l i g i o n  v e rsu s  le n g th  o f  h o s p i t a l i z a t io n  in  th e  le s s  th a n  $0 

days and 90 days o r  over g ro u p . T ab les 8 th ro u g h  26 r e v e a l  t h a t  th e r e  

i s  a  g r e a t  d e a l  o f in te rd ep en d en c e  among th e  c h a r a c t e r i s t i c s . The t e s t s  

f o r  t r e n d s  in d ic a te  t h a t  in  many case s  th e  ap p a re n t a s s o c ia t io n  betw een 

a  c h a r a c t e r i s t i c  and le n g th  o f  h o s p i t a l i z a t i o n  i s  due t o  e i t h e r  a  l i n e a r  

o r  q u a d ra t ic  t r e n d  in  th e  p ro p o r tio n s  o f p a t i e n t s  f a l l i n g  in  a p a r t i c u l a r

38
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TABLE 8

CHI-SQ,UARE M ALÏSIS, MALE AND FÎMALE PATIENTS, AGE IN YEARS 
(<25, 25- 44, 45- 64, 65 AND OVER) BY LENGTH OF 

HOSPITALIZATION (<30 DAYS, 30 DAYS 
AND OVER) AND DIAGNOSIS#

Q uadratic L in ea r
Q u a d ra tic -  

L in ea r
D e v ia tio n s  from  

R eg ress io n T o ta l

A. A cute o r  Chronic B rain  Syndrome
Male .57 .22 .35 3 .6 0 4 .1 7
Female . l 4 .00 .14 3 .1 1 3 .25

B. P sy c h o tic  D iso rd e r  (E xclud ing  S c h iz o p h re n ia )
Male 13.08* 8 . 22* 4 . 86* .40 1 3 .48*
Female 9 •20* 3.41 5 .79* .02 9 .2 2 *

C. P sy ch o n eu ro tic  D iso rd er , e t c .
Male 36 .92* 24.65* 12 .27* 8 . 02* 44 .94*
Female 2.82 .88 1 .9 4 .54 3 .3 6

D. M ental D e fic ien cy
—

Male 1 .59 .50 1 .09 .72 2 .3 1
Fem ale 2.48 2.44 .04 .02 2 .5 0

E. S ch iz o p h re n ia
Male 21.52* 21.37* .15 2.00 23.52*
Female 5 •3^ 4 .9 4 * .42 .04 5 .4 0

# In  T ables 8 th ro u g h  l 4 , th e  number o f  d eg rees  o f freedom  i n ­
vo lv ed  a re  as fo llo w s : q u a d ra t ic ,  2 ; l i n e a r ,  1; q u a d r a t i c - l in e a r ,  I j  
d e v ia t io n s  from  re g re s s io n ,  I j  t o t a l ,  3 -

* In d ic a te s  s ig n if ic a n c e  a t  th e  .05 l e v e l .
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TABLE 9

CHE-SQUAEE ANALYSIS, MALE AHD FEMALE PATIENTS, AGE IN YEAES 
(<25, 25- 44, 45- 64, 65 AND OVER) BY LENGTH OF 

HOSPITALIZATION (<30 DAYS, 30 DAYS AND 
OVER) AND MARITAL STATUS

Quadratic Linear
Quadratic-
Linear

Deviations from 
Regression Total

A. Single
Male 4 .5 4 2.40 2.14 .52 5 .0 6
Female 52.65* 46 . 10* 6 .55* .04 52.69*

B. Married
Male 81 . 84* 60 .50* 21.34* 9 .2 0 * 9 1 .0 4 *
Female 24.83* .75 24.08* 1 .8 2 26 .65*

C. Divorced
Male

and Separated
41 . 66* 3 6 .29* 5 .37* .12 4 1 .78*

Female 28.95* 11 . 68* 17 .27* 7 .89* 3 6 .84*

D. Widowed
Male .27 .13 .14 1.64 1 .9 1
Female 10.40* 3 .9 9 * 6 .41* 3 .2 2 13 .62*

E. Unknown
Male 2.14 1 .8 7 .27 .02 2 .1 6
Female 3.03 .40 2 .63 .12 3 .15
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TABLE 10

CHI-SQUAEE ANALYSIS, MALE AMD EMALE PATIENTS, AGE IN YEARS 
(<25, 25-44, 45- 64, 65 AMD OVER) BY LENGTH OF 

HOSPITALIZATION (<30 DAYS, 30 DAYS AND
o v e r) a nd number of previous

ADMISSIONS

Quadratic Linear
Quadratic-
Linear

Deviations from 
Regression Total

A. None
Male 28.37* 2 2 .95* 5 .42* 3 .3 1 3 1 .68*
Female 10.44* .00 10. 44* .62 11 .06*

B. One
Male 47 .89* 4 7 .5 6 * .33 5 .07* 52 .96*
Female 12.81* 6 . 20* 6 .61* .83 13 . 64*

0 . Two
Male 8 .17* 8 . 11* .06 3 .1 7 1 1 .34*
Female 1 .77 .11 1.66 .34 2.11

D. Three
Male 2 .76 2 .55 .21 .97 3 .7 3
Female 3 .6 7 1.20 2 .47 .27 3 .9 4

E. Four or 
Male

More
4.86 2 .26 2 .60 1 .0 7 5 .9 3

Female 1 .77 .01 1 .7 6 • 25 2.02



k-2

TABLE 11

CHI-SQUAEE M A LÏSIS, MALE AND FEMALE PATIMTS, AGE HJ YEAES 
(<25, 25- 44, 45- 64, 65 AND OVER) BY LENGTH OF 

HOSPITALIZATION (<30 DAYS, 30 DAYS AND 
OVER) AND OCCUPATION

Q u ad ra tic L in ea r
Q u a d ra tic -
L in e a r

D e v ia tio n s  from  
R eg re ss io n T o ta l

A. P ro fe s s io n a l  
Male 8 .1 3 * 6 . 01* 2.12 .01 8 .14*
Female 3 «o6 .00 3 .0 6 .93 3 .99

B. C le r i c a l ,  e t c .
Male 61 .68 30 .91 3 0 .7 7 .88 62 .56
Female 11.49 5 .2 4  ■ 6 .25 2 .53 14.02

C. M isce llan eo u s 
Male 42 .55* 42.54* .01* 9 .2 4 51.79*
Female 22. 57* .76* 21 .81* 4.44 27.01*

D. Unemployed
Male 2 .15 2.14 .01 .42 2 .57
Fem ale 5 • 52 .45 5 .0 7 * 3 .26 8 .78

TABLE 12

CHI-SQUARE ANALYSIS, MALE AND FEMALE PATIENTS, AGE IN YEAES 
(<25, 25- 44, 45- 64, 65 AND OVER) BY LENGTH OF 

HOSPITALIZATION (<30 DAYS, 30 DAYS AND 
OVER) AND CRIMINAL CHARGES

Q u ad ra tic  L in ea r
Q u ad ra tic -

L in e a r
D e v ia tio n s  from  

R eg re ss io n T o ta l

A. W ithout C rim in a l Charges
Male 2 3 .86*  22 .58*  1 .2 8
Female 34 .91* 2.01 32 .90*

B. W ith C rim in a l Charges
Male 1 6 .6 9 *  16 .68*  .01
Female 1.21  I .1 3  .08

14 .74*
2 .18

1 .8 1
.31

38 .60*
37 .09*

18.50*
1 .5 2
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TABLE 13

CHI-SQUARE ANALYSIS, MALE AHD PIMALE PATIENTS, AGE IN YEARS 
(<25, 25- 44, 45- 64, 65 AND OVER) BY LENGTH OF 

HOSPITALIZATION (<30 DAYS, 3O DAYS AND 
OVER) AND EDUCATION

Q u ad ra tic L in ea r
Q u a d ra tic -  

L in e a r
D ev ia tio n s  from  

R eg ress io n T o ta l
A. No E ducation  

Male 2.22 -35 1 .8 7 .00 2.22
Female .17 .16 .01 -59 -76

B. E lem entary  School 
Male 22 .40* 18.79* 3 .6 1 9 .3 5 * 31-75*
Female 20 .90* -17 20.73* 1 .5 1 22. 41*

C. High School
Male 52 .30* 51-92* -38 2 .31 54 .61*
Female 25 .23* 5-51* 19-72* .48 25.71*

D. C o lleg e  T ra in in g  and Advanced Degrees 
Male 4 .9 0  4 .8 7 *  .03 2.12 7 .0 2
Female I .0 5 .00 1 .05 .02 1 .0 7

TABLE l 4

CHI-SQUARE ANALYSIS, MALE AND FMALE PATIENTS, AGE IN YEARS 
(<25, 25- 44, 45- 64, 65 AND OVER) BY LENGTH OF 

HOSPITALIZATION (<30 DAYS, 30 DAYS AND 
OVER) AND ADDICTIONS

Q u a d ra tic -  D ev ia tio n s  from  
__________________Q u ad ra tic  L in ear L in e a r   R eg ress io n__T o ta l
A. No A dd ic tio n s

Male 83 .6 3 *  62 .17*  21. 46* 11 . 31*  94 .94*
Female 31-72* 2.03 29 .69*  3-56 35-28*

B. A lcoho l
Male 18 .87*  18 .87*  .00 .07 18 .94*
Female 4.36 .76 3 .6 0  1.47 5 .83

O ther A d d ic tio n s
Male 8 .8 1 *  6 .23*  2 .5 8  2 .98  11.79^
Female 4.29 .18 4 . 11*  I .8 3  6.12



TABLE 15

CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, EDUCATION BY
LENGTH OF HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)

AND SEX#

Q u ad ra tic L in e a r
Q u a d ra tic -

L in ea r
D e v ia tio n s  from  

R eg ress io n T o ta l
A. M ales

W hite 36 .00* 30 .00* 6.00* 13 .53* 49 .5 3 *
Negro 5.93 .99 4 .9 4 * .00 5 .93

B. Fem ales
W hite 6 .77* 3 .5 2 3 .2 5 1.24 8 .0 1
Negro 1 .4 5  ■ . k l .04 .59 2.04

# In  T ab les 15 th ro u g h  26, th e  numbers o f  d eg rees  o f freedom  i n ­
v o lv e d  a r e  a s  fo llo w s : q u a d r a t ic ,  2 ; l i n e a r ,  1; q u a d r a t i c - l in e a r ,  1; 
d e v ia t io n s  from  r e g r e s s io n ,  2 ; t o t a l ,

# # ]h i- s q u a re  v a lu e s  f o r  th e s e  c a te g o r ie s  n o t c a lc u la te d  b eca u se  
o f th e  sm a ll number o f p a t i e n t s  f a l l i n g  in to  m ost o f th e  c e l l s .

TABLE l 6

CEE-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, EDUCATION BY 
LENGTH OF HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)

AND OCCUPATION

Q uadra tic L in e a r
Q u a d ra tic -

L in ea r
D ev ia tio n s  from  

R eg re ss io n T o ta l
A. P ro fe s s io n a l

W hite 2.88 l . l 4 1 .7 4 5.45 8 .3 3
Negro #

B. C le r i c a l ,  e t c .
W hite 7 .61* 3 .6 0 4 . 01* 1 .33 8 .9 4
Negro 1 .54 .19 .35 .00 1 .5 4

C. M isce llan eo u s
W hite .95 .14 .81 5 .30 6 .2 5
Negro 2 .1 2 1 .7 1 .41 .81 2 .9 3

D. Unemployed
W hite 5 .45 .17 5 .28* 7 .73* 13 .1 8 *
Negro 2 .38 .28 .10 1 .37 3 .7 5  '
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TABLE IT

CHI-SQUARE A N A L Y S IS , WHITE AND NS3R0 PATIENTS, EDUCATION BY
LENGTH OP HOSPITALIZATION (<30 DAYS, 30 DAIS OR MORE)

AND DIAGNOSIS

Q u ad ra tic L in e a r
Q u a d ra tic -  

L in e a r
D ev ia tio n s  from  

R eg ress io n T o ta l
A. A cute o r  C hronic B ra in  Syndrome

W hite 1 .8 3  .88 .95 3.35 5 .18
Negro 2.44 2 .1 1 .33 3.45 5.89

B. P sy c h o n e u ro tic , e t c .
W hite 3 .4 4 .72 2 .7 2 .63 4 .0 7
Negro 1 .5 4 .29 .25 .01 1 .55

C. S ch iz o p h re n ia
W hite .55 .21 .34 .06 .61
Negro .54 .50 .04 1 .38 1 .9 2

TABLE l 8

CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, EDUCATION BY 
LENGTH OF HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)

AND MARITAL STATUS

Q u ad ra tic  L in ea r
Q u a d ra tic -  D e v ia tio n s  from  

L in e a r______ R eg ress io n ______ T o ta l
A. S in g le  

W hite 
Negro

B. M arried  
W hite 
Negro

10 . 63*
3 .3 1

.36
3 .87

C. D ivorced and S e p a ra te d  
W hite 4 .0 3
Negro 2 .6 1

Widowed
W hite
Negro

3 .8 7
#

6 . 21*
.01

.29
1 .9 7

.55
1.42

1.66

4 . 42*
3 .3 0

.07
1 .9 0

3.48
1 .19

2.21

2.79
.01

11.10*
.00

.24

.94

.08

13 .42*
3 . 3 2

11 .46*
3 .8 7

4 .2 7
3 .55

3 .95



46

TABLE 19

CHE-SQUARE ANALYSIS, WHITE AND HEGRO PATIENTS, EDUCATION BY
LENGTH OP HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)

AND AGE (IN  YEARS)

Q u ad ra tic L in ea r
Q u ad ra tic -

L in ea r
D e v ia tio n s  from 

R eg re ss io n T o ta l
A. < 25

W hite 11 . 22* 3 .43 7 .79* .87 12.09*
Negro #

B. 25-44
W hite 1 .3 8 .63 .75 .03 1 .4l
Negro .49 .45 .04 .78 1 .2 7

C. 45-64
W hite 1 .3 4 .42 .92 .36 1 .7 0
Negro .63 .29 .34 .96 1 .59

D. 65 and O lder
W hite .68 .39 .29 .03 .71
Negro #

TABLE 20

CHE-SQUARE ANALYSIS, WHETE AND NEGRO PATIENTS, EDUCATION BY 
LENGTH OF HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)

AND ADDICTIONS

Q u ad ra tic  L in ea r
Q u ad ra tic - 

L in ea r
D e v ia tio n s  from 

R e g re ss io n T o ta l
A. No A d d ic tio n s

W hite T . i4*
Negro 2 .15

B. A lcoho l 
W hite 
Negro

2 . 35'
1.10

.35
1 .9 1

2 .3 0
.47

6 .79*
.24

.05

.63

11 .25*
.92

.22

.00

18.38*  
3 .0 7

2 .5 7
1.10
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TABLE 21

CHI-SQUARE ANAL2S IS , WHITE MD IÎEURO PATIENTS, HUMBER OP 
PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATION 

(<30 DAYS, 30 DAYS OR MORE) AND SEX

Q u ad ra tic L in e a r
Q u a d ra tic -

L in ea r
D ev ia tio n s  from  

R eg ress io n T o ta l
A. Males

W hite 58.88* 36 .79* 22.09* 3 .0 2 61 .90*
Negro 3 .44 2 .9 1 .53 2 .0 2 5.46

B. Fem ales
W hite 68 .63* 47 .47* 21.16* .95 69 .58*
Negro .96 .04 .92 4 .6 7 5 .6 3

TABLE 22

CHI-SQUARE ANALÏSIS, WHITE AND NEGRO PATIENTS, NUMBER OF 
PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATION 

(<30 DAIS, 30 DAIS OR MORE) AND OCCUPATION

Q u ad ra tic  L in e a r
Q u a d ra tic -  D e v ia tio n s  from  

L in e a r_______ R eg ress io n _____ T o ta l
A. P ro fe s s io n a l  

W hite 17 .84*
Negro # #

B. C le r i c a l ,  e t c .
W hite 31 .87*
Negro .36

C. M isce llan eo u s
W hite 102.49*
Negro 2.22

D. Unemployed
W hite 6 .90*
Negro 7 .37*

17 .56*  .28

17.75*
.32

73 .89*
.11

3.98*
6 . 42*

14 .12*
.04

28.60*
2.11

2 .9 2
.95

.33

.30

.47

3 .49
8 .0 5

1 .1 6
.44

18 .17*

3 2 .17*
3.83

105 .98*
1 0 .2 7

8 .0 6
7 .8 1
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TABLE 23

CHI-SQUARE ANALÏSIS, WHETE AND NE3R0 PATIENTS, NUMBER OF
PREVIOUS ADMISSIONS BÏ LMGTH OP HOSPITALIZATION

(<30 DAÏS, 30 DAYS OR MORE) AND DIAGNOSIS

Q u ad ra tic L in ea r
Q u a d ra tic - 

L in ea r
D e v ia tio n s  from  

R eg re ss io n T o ta l
A. A cute o r  C hronic B ra in  Syndrome

W hite 9 .2 2 * 7 .40* 1 .8 2 2.29 11 .51*
Negro 2 .3 1 1 .4 7 .84 1.44 3 .7 5

B. P sy c h o tic  D iso rd e r  (E x c lu d in g  S c h iz o p h re n ia )
W hite 2.17 1 .79 .38 2.19 4 .3 6
Negro 9 *82* 8 .1 9 * 1 .63 .83 1 0 .6 5 *

C. P sy c h o n e u ro tic , e t c .
W hite 11 . 88* 6 .71* 5.17* .47 1 2 .35*
Negro

D. M ental D e fic ie n c y
W hite 4 .0 7 3 .28 .79 1 .7 2 5 .79
Negro

E. S ch iz o p h re n ia
W hite 6 .79 .08 6 .71 6 .4 o * 13 .19*
N egro 3 .30 .01 3 .29 1 1 .30* l 4 . 60*

TABLE 24

CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, NUMBER OF 
PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATION 

(<30 DAYS, 30 DAYS OR MORE) AND MARITAL STATUS

Quadratic Linear
Quadratic-
Linear

Deviations from 
Regression Total

A. Single
White 4 7 .15* 13.89* 33 .26* 2.01 4 9 .1 6 *
Negro 3 .4 7 3.41 .06 1 .97 5 .4 4

B. Married
White 104. 28* 89 .35* 14.93* .44 104.72*
Negro 2 .74 .20 2 .54 4 .37 7 .1 1

C. Divorced and Separated
White 23 .01* 16.82* 6 .19* 2.25 2 5 .26*
Negro 3 .3 4 2 .79 .55 .51 3 .85
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TABLE 25

CHI-SQUARE MALYSIS, WHITE AND NBIRO PATIENTS, NUMBER OF 
PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATION 

(<30 DAYS, 30 DAYS OR MORE) AND EDUCATION

Quadratic
Quadratic- 

Linear Linear
Deviations from 
Regression Total

A. Elementary-
White 57.01* 32 .35*  24. 66* .32 57.33*
Negro .41 .40 .01 1 .8 1 2 .2 2

B. High School 
White 93 .4 4 * 73 .36*  20 .08* 1 .0 5 9 4 .49*
Negro 2.97 2 .6 0  .37 2 .9 4 5 .9 1

C. College Training and Advanced Degrees
White 18 .73* 10 .98*  7 .75* 1 .6 1 20.34*
Negro #

TABLE 26

CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, NUMBER OF 
PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATION 

(<30 DAYS, 30 DAYS OR MORE) AND ADDICTIONS

Q u ad ra tic  L in e a r
Q u a d ra tic -  D e v ia tio n s  from

L in ea r R e g re ss io n  T o ta l

A. No A d d ic tio n s
W hite 163 .19*  114 .19* 49 .00*
Negro 5 .55  .00 5 . 55*

B. A lcoho l
W hite 2 .13  2 .08  .05
Negro 7 .7 8 *  6 . 29* 1.49

.39
3 .9 5

5 .68
1.11

163.58*
9 .5 0

7 .8 1
8.89
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le n g th  o f  h o s p i t a l i z a t i o n  c a te g o ry  w ith  an in c re a s e  i n  th e  " le v e l"  o f  th e  

c h a r a c t e r i s t i c .

R e su lts  o f  A p p lic a tio n  o f B ayes' Theorem 

As th e  p re v io u s  s e c t io n  in d ic a te s  th e r e  i s  a  marked in te rd e p e n d ­

ence among th e  v a r ia b le s  s e le c te d  f o r  s tu d y . However, on ly  one item  of 

d a t a ,  h o s p i t a l  t o  w hich a d m itte d , was exclu d ed  from  a n a ly s is  a t  t h i s  s ta g e . 

As f a r  as th e  p a t i e n t s  o f t h i s  s tu d y  a re  co n ce rn ed , th e  h o s p i t a l  t o  w hich 

ad m itte d  i s  h ig h ly  dependen t on ra c e  and th e  re g io n  o f  th e  s t a t e  from  

w hich a d m itte d . The rem a in in g  ite m s , se x , r a c e ,  o c c u p a tio n , d ia g n o s is ,  

m a r i t a l  s t a t u s ,  ag e , c r im in a l  c h a rg e s , r e l i g i o n ,  ty p e  o f commitment, edu­

c a t io n ,  number o f  p re v io u s  ad m iss io n s , a d d ic t io n s ,  and re g io n  o f s t a t e  

from  w hich a d m itted  w ere r e ta in e d  f o r  in c lu s io n  in  th e  B ayes’ fo rm u la  

d e s p i te  t h e i r  in te rd e p e n d e n c e .

Eq.uation 7 was f i r s t  a p p lie d  t o  p r e d ic t  le n g th  o f  h o s p i t a l i z a ­

t i o n  by  u s in g  le s s  th a n  30 days and 30 days o r  more as th e  two le n g th  o f 

h o s p i t a l i z a t i o n  c a te g o r ie s ,  y ^ . The e q u a tio n  was l a t e r  a p p lie d  u s in g  

c a te g o r ie s  of l e s s  th a n  90  days and 90 days o r  m ore, l e s s  th a n  60 days 

and 60 days o r  m ore, and th e  c a te g o r ie s  l e s s  th a n  370 days and 370 days 

o r  m ore. Four  c a te g o r ie s  w ere a ls o  u sed , l e s s  th a n  30 d ay s , 30 th ro u g h  

59 d a y s , 60 th ro u g h  89 d a y s , and 90  days o r  lo n g e r .

The 30 day c u t t in g  p o in t  was s e le c te d  in  o rd e r  t o  d e te rm in e  how 

w e l l  th e  method cou ld  d is c r im in a te  betw een p a t i e n t s  who have a  r e l a t i v e l y  

s h o r t  s ta y  and th o s e  who s ta y  lo n g e r .  The 370 day c u t t in g  p o in t  was u sed  

to  se e  how w e ll  p r e d ic t io n  co u ld  be made when b o th  le n g th  o f  s ta y  c a t e ­

g o r ie s  w ere r e l a t i v e l y  lo n g . The o th e r  c u t t in g  p o in ts  w ere chosen a r b i ­

t r a r i l y  and se rv e  t o  in d i c a t e  th e  a b i l i t y  o f th e  method to  p r e d ic t
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in te rm e d ia te  le n g th s  o f  s ta y .

Kie p r o b a b i l i t y ,  P , o f  each  d u ra t io n  o f  h o s p i t a l i z a t io n  c a te -
y i

go ry  was computed by  d iv id in g  th e  number o f  s tu d y  p a t ie n ts  rem ain in g  in  

th e  h o s p i t a l  f o r  th e  le n g th  o f  tim e sp e c if ie d ^ b y  th e  t o t a l  number o f  s tu d y

p a t i e n t s .  The number o f  p a t i e n t s  i n  each  le n g th  o f  s ta y  c a te g o ry  and th e

c o rresp o n d in g  p r o b a b i l i t i e s  a re  g iv en  in  T ab le  27-

The p ro p o r tio n  o f  p a t i e n t s  w ith in  each  le n g th  o f  h o s p i t a l i z a t i o n  

c a te g o ry  p o s se s s in g  each o f  th e  s tu d y  c h a r a c t e r i s t i c s  was com puted. These 

p ro p o r tio n s  c o n s t i tu t e  th e  P_ , A le n g th  o f h o s p i ta l iz a t io n - c h a r a c -Xj I

t e r i s t i c  m a tr ix , d is p la y in g  th e  P and th e  P , ̂  , was c o n s tru c te d  f o r
y±  ' ^ i

each o f  th e  f iv e  s e ts  o f le n g th  o f  h o s p i t a l i z a t i o n  c a te g o r ie s .  The m a tr ix

f o r  th e  c a te g o r ie s  < 30 days and 30 days o r  more i s  shown in  T ab le  28.

The e n t r i e s  in  th e  t a b le  a re  th e  P„ , and a  decim al i s  u n d e rs to o d  toXj I y i
be t o  th e  l e f t  o f  each . For exam ple, a t  th e  i n t e r s e c t io n  o f  th e  column 

f o r  th e  c h a r a c t e r i s t i c  x^Q and th e  row f o r  le n g th  o f h o s p i t a l i z a t i o n  c a te ­

go ry  30 days o r  more, i t  i s  seen  t h a t  th e  p r o b a b i l i t y  o f  c h a r a c t e r i s t i c  

Xio g iv e n  a  le n g th  o f  s ta y  in  th e  h o s p i t a l  o f 30 days o r  more i s  .2 7 .

F o r each o f  th e  13,731 p a t i e n t s  in  th e  s tu d y , a  p r o b a b i l i t y  f o r  

each le n g th  o f s ta y  c a te g o ry  was c o i# u te d . T h is was done w ith  an IBM l 401 

com puter by d e te rm in in g  th e  p a t i e n t 's  c h a r a c t e r i s t i c s  from  h i s  re c o rd  

w hich was s to re d  on m agnetic  ta p e .  The p r o b a b i l i t i e s  a s s o c ia te d  w ith  

th e se  c h a r a c t e r i s t i c s  were e x t r a c te d  from  th e  le n g th  o f h o s p i t a l i z a t i o n -  

c h a r a c t e r i s t i c  m a tr ix  f o r  each  le n g th  o f  h o s p i t a l i z a t i o n  c a te g o ry . These 

v a lu e s  w ere th e n  u sed  in  Eq.uation 7 t o  compute th e  p r o b a b i l i t y  o f  th e  

p a t i e n t 's  s ta y in g  in  th e  h o s p i t a l  l e s s  th a n  30 days and th e  p r o b a b i l i t y  

o f  h i s  s ta y in g  30 days o r  m ore.
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TABLE 27

MMBER OF PATIENTS M D INCIDENCE, Py^, FOR EACH 
LENGTH OF HOSPITALIZATION CATIGORY

Length of Hospitalization 
Category (in Days)

Number of 
Patients

Incidence

< 30 1,773 .129

30+ 11,958 .871

< 90 5,550 .404

90+ 8,181 .596

<370 10,927 .796

370+ 2, 8o4 .204

< 30 1,773 .129

30-59 2,021 .147

60-89 1,756 .128

90+ 8 ,1 8 1 .596

< 60 3,794 .276

60 or More 9,937 .724
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TABLE 28

LENGTH OF HOSPITALIZATIOIT-CHAEACTERISTIC MATRIX

Length  o f  H o s p i ta l iz a t io n  and 
In c id e n c e , Py^

C h a r a c te r i s t i c < 30 days (y ^ )  
P y i = *129

30-f days (y g )
Py2 = .871

1
Sex
Male 72 51

2 Female 28 49 ,

3
Race
W hite 89 87

k E on-w hite 11 13

5
Age ( i n  y e a r s )
<  25 21 13

6 25-64 67 74
7 65 and over 12 12

8
O ccupation
P r o f e s s io n a l 08 06

9 N o n p ro fe ss io n a l 92 94

10
M a r i ta l  S ta tu s  
S in g le 25 27

11 M arried 44 42
12 O ther 30 31

13
D iag n o sis  
A cute and C hronic 

B ra in  Syndrome 22 21
lit- P sy c h o tic  ( Excluding  

S c h iz o p h re n ia ) 05 12
15 P sy ch o n eu ro tic 42 17
16 M en ta l D e f ic ie n c y o4 06
IT S ch iz o p h re n ia 21 43
18 Unknown 06 01

19
Type o f  Commitment 
V o lu n ta ry 12 07

20 P h y s ic ia n ’s C e r t i f i c a t e 63 85
21 O rder o f D e te n tio n 24 08



5^

TABLE 28 -  COUnmJED

Length o f  H o s p i ta l iz a t io n  and 
In c id e n c e , Pŷ ^

C h a r a c te r i s t i c < 30 days C yi)
P y i = "129

30+ days (yg ) 
Pyg = -871

22
C rim in a l Charges 
Yes 80 95

23 No 20 05

2k
E duca tion
None 04 05

25 E lem entary  and High School 80 79
26 C o lleg e  and Advanced 09 09
2T Unknown OT 07

28
R e lig io n
P r o te s ta n t 71 78

29 C a th o lic 06 06
30 O ther 08 06
31 None 15 10

32
P rev io u s  A dm issions 
None 55 4l

33 1 33
3k 2 08 15
35 3 o r more 07 10

36
A d d ic tio n s
None 75 87

37 A lcohol 23 12
38 O ther 02 01

39
Region
N orthw est, M orth C e n tra l ,  

N o rth e a s t 27 31
40 West C e n t r a l ,  E as t C e n tra l ,  

C e n tra l 52 42
4l S ou thw est, South  C e n tra l ,  

C e n tra l  S o u th e a s t ,  
S o u th ea s t 22 27
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T able 29 g iv e s  an example o f th e  c h a r a c t e r i s t i c s  p o sse ssed  by 

one o f th e  p a t ie n t s  in  th e  s tu d y . A lso shown i n  th e  t a b l e  a re  th e  con­

d i t i o n a l  p r o b a b i l i t i e s  a s s o c ia te d  w ith  th e s e  c h a r a c t e r i s t i c s  g iv en  th e  

two le n g th  o f h o s p i t a l i z a t io n  c a t e g o r ie s .

U sing E quation  J ,

•••  \ i  , 1, 1 , . . . h  ( 7 )

l i l  •••

and th e  p r o b a b i l i t i e s  o f T able 29, E quation  19 y ie ld s  a  p r o b a b i l i t y  o f 

.11 t h a t  th e  p a t i e n t  w i l l  rem ain  i n  th e  h o s p i t a l  l e s s  th a n  30 d ay s .

P ^ _ ( . 129) ( . 55) ( .T 2 ) . . .  ( . 75)___________________________
<30 days I X i,X 2 '''% m  ( . 129) 1 . 55)1 .72) . . .  ( . 75) + l .ü T l ) ( .4i ; ( . 5i ; . . . ( . ü T )

= .11 _ ( 19)

E quation  20 y ie ld s  a  p r o b a b i l i t y  o f .89 t h a t  th e  p a t i e n t  w i l l  

rem ain in  th e  h o s p i t a l  30 days o r  more.

30+ days 1 % i , X 2 , " [ . 1 2 9 . 5 5 II. 7 2 ) . . . ! .7 5 )+ ( .« 7 1 ) ( .4l ) ( . 5 1 ) . . . ( . 8 7 )

= .89 (2 0 )

On th e  b a s is  o f  t h i s  in fo rm a tio n  th e  p r e d ic t io n  would be t h a t  

th e  p a t i e n t  would rem ain  in  th e  h o s p i t a l  30 days o r  m ore. The p a t i e n t  was 

a c tu a l ly  i n  th e  h o s p i t a l  181 d ay s , so  t h a t  in  t h i s  ca se  th e  p r e d ic t io n  was 

c o r r e c t .

A p ro ced u re  l i k e  th e  one o u t l in e d  above was c a r r i e d  ou t f o r  each 

o f th e  13 ,731  p a t ie n ts  in  th e  s tu d y  f o r  each group o f le n g th  o f  s ta y  c a t e ­

g o r ie s  . In  each case  th e  p r e d ic te d  le n g th  of s ta y jw a s  compared w ith  th e  

p a t i e n t 's  a c tu a l  le n g th  o f s ta y ,  and a  re c o rd  was k e p t o f  th e  number o f
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TAELÆl 29

EXAMPLE OP PATIEm? 0SAEAGTERI8TIC8 MD  
AS80CIATED CONDITIONAL PR0BABILITIE8

P a t i e n t 's  C h a r a c te r i s t ic s C o n d itio n a l P r o b a b i l i ty  o f  th e  C h a ra c te r ­
i s t i c  G iven Length o f  H o s p i ta l iz a t io n  

C ategory
< 3 0  Days 30 Days o r More

1 . No p re v io u s  adm issions .55 .lj-1
2 . Male .72 .51
3 . W hite .89 .87
4 . C le r i c a l ,  e t c .

O ccupation .92 .94
5 - A cute o r C hronic B rain

Syndrome .22 .21
6 . M arried . k k . k 2
7 . 65 Years Old o r  Over .12 .12
8 . No C rim in a l Charges .80 .95
9 • P r o te s ta n t .71 .78

10 . Commitment by  P h y s ic ia n 's
C e r t i f i c a t e  o r  Court
C e r t i f i c a t i o n • 63 .85

11 . E lem en tary  School
E du ca tio n .80 .79

12 . A dm itted  from  West
C e n tra l  Region .22 .27

13 . No A d d ic tio n s .75 .87
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c a se s  w hich w ere c o r r e c t ly  and i n c o r r e c t l y  p r e d ic te d  in  each  le n g th  o f 

s t a y  c a te g o ry .



CHAPTER VI

DISCUSSION AND CONCLUSIONS

The m a th em a tic a l model employed t o  p r e d ic t  c a te g o ry  o f  le n g th  

o f  m en ta l h o s p i t a l i z a t i o n  assumes th r e e  c o n d i t io n s .  These c o n d itio n s  a r e  

l )  t h a t  th e  le n g th  o f  h o s p i t a l i z a t io n  c a te g o r ie s  he  in d e p en d en t, 2 ) t h a t  

th e  c h a r a c t e r i s t i c s  he  in d ep en d en t, and 3 ) t h a t  th e  p r o h a h i l i t i e s  u sed  in  

th e  p r e d ic t in g  fo rm u la  h e  th e  t r u e  p r o h a h i l i t i e s .  The f i r s t  assum ption  

was met i n  th e  p r e s e n t  s tu d y , h u t  i t  was found t h a t  th e  c h a r a c t e r i s t i c s  

were n o t  in d e p e n d e n t. A lso , t r u e  p r o h a h i l i t i e s  were n o t a v a i la b le ,  h u t  

e s t im a te s  h a sed  on a  sam ple o f 13 ,731 w ere u se d .

D e sp ite  th e  la c k  o f  independence among th e  c h a r a c t e r i s t i c s ,  th e  

model was employed w ith  v a ry in g  su c c e s s , depending  on th e  c u t t in g  p o in ts  

employed in  making th e  v a r io u s  le n g th  o f  h o s p i t a l i z a t i o n  c a te g o r ie s .

Table 30 shows th e  number o f  c o r r e c t  and in c o r r e c t  p r e d ic t io n s  and th e  

p e r  c e n t  o f  c o r r e c t  p r e d ic t io n s  for each  le n g th  o f  s ta y  c a te g o ry . When 

th e  le n g th  o f  h o s p i t a l i z a t i o n  c a te g o r ie s  < 30 days and 30 days o r  more 

w ere u se d , 11, 8^4 , o r  86 p e r  c e n t o f  th e  t o t a l  c a se s  w ere c o r r e c t ly  p r e ­

d ic te d  w ith  27 p e r  c e n t and 95 p e r  c e n t b e in g  c o r r e c t ly  p re d ic te d  i n  th e  

< 30 days group and th e  30 days o r  more group r e s p e c t iv e ly .

The o v e r a l l  p e rc e n ta g e  o f  c o r r e c t  p r e d ic t io n s  dropped to  75 when 

th e  l e s s  th a n  6o d ay s , 60 days o r  more c a te g o r ie s  w ere u se d . The p e r  c e n t 

c o r r e c t ly  p r e d ic te d  in  th e  le s s  th a n  60 days group was 40, w h ile  89 p e r

58
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TABLE 30

NUMBER OP CORRECT AND INCORRECT PREDICTIONS POR EACH 
LEISGTH OP HOSPITALIZATION CATH30RY

Length o f  H o s p i ta l­
i z a t io n  C ategory  

( I n  Days)

No. o f  
C o rrec t 
P re d ic ­
t io n s

No. o f  I n ­
c o r r e c t  
P re d ic ­
t io n s

T o ta l P e r Cent 
C o rre c t 
P re d ic ­
t io n s

Ovmral 1 
Per Cent 
C o rrec t 
P re d ic tio ]

<  30 476 1 ,297 1,773 27 86
30 o r More 11,378 580 11,958 95

< 60 1 ,5 1 2 2 ,282 3,794 40
So  o r More 8,841 1,095 9 ,9 3 6 * 89 75

< 90 2,665 2,885 5,550 48
90 o r  More 6 ,734 1,446 8 ,180* 82 68

< 370 8 ,1 7 2 2,755 10 ,927 75
370 o r  More 973 1 ,8 3 1 2,8o4 35 67

< 30 607 1 ,165 1 ,772* 34
30-59 24l 1 ,780 2,021 14
59-89 0 1 ,756 1 ,756 0 61
90 o r More 7,584 594 8 ,178* 93

*These t o t a l s  do n o t e q u a l t o t a l  r e p o r te d  in  T ab le 7 b ecau se  o f 
"No d e c is io n "  ca se s  i n  which a  p a t i e n t  was n o t p re d ic te d  t o  f a l l  i n  e i t h e r  
c a te g o ry  b ecause  o f  e q u a l p r o b a b i l i t i e s .



6o

c e n t w ere c o r r e c t ly  p r e d ic te d  i n  th e  60 days o r lo n g e r  c a te g o ry .

When th e  c a te g o r ie s  o f le n g th  o f  s t a y ,  < $0 days and $0 days o r 

lo n g e r  w ere u se d , o n ly  68 p e r  c e n t o f  th e  ca se s  w ere c o r r e c t ly  p r e d ic te d .  

The p e r  c e n t o f  c o r r e c t  p r e d ic t io n s  dropped t o  67 f o r  th e  l e s s  th a n  370 

days and 370 days o r more c a t e g o r ie s .

The p o o re s t  o v e r a l l  p r e d ic t io n  a b i l i t y  o c c u rre d  when fo u r  c a te ­

g o r ie s  o f le n g th  o f s ta y  w ere u se d . In  t h i s  ca se  th e  o v e r a l l  p e rc e n ta g e  

c o r r e c t ly  p r e d ic te d  was 61 . F or th e  l e s s  th a n  30 days group 3^ p e r  c e n t 

were c o r r e c t ly  p r e d ic te d  and th e  p e rc e n ta g e s  f o r  30-59 d a y s , 59-89 d ays, 

and 90 o r more days w ere l 4 , 0 , and 93 r e s p e c t iv e ly .

I t  i s  seen  t h a t  th e  o v e r a l l  p e r  c e n t o f c o r r e c t  p r e d ic t io n s  de­

c re a se  as th e  d iv i s io n  p o in t  betw een th e  two le n g th  o f  h o s p i t a l i z a t i o n  

c a te g o r ie s  i s  r a i s e d .  This may be e x p la in e d  by  th e  f a c t  t h a t  th e  d i f f e r ­

ence betw een th e  p r o b a b i l i t i e s  a s s o c ia te d  w ith  a  g iv e n  c h a r a c t e r i s t i c  i s  

g r e a te r  i n  th e  c a se  o f th e  l e s s  th a n  30 d ay s , 30 days o r more c a te g o r ie s .  

The p r o b a b i l i t i e s  a s s o c ia te d  w ith  a  g iv e n  c h a r a c t e r i s t i c  te n d  t o  be  c lo s e r  

to g e th e r  f o r  th e  o th e r  le n g th  o f  h o s p i t a l i z a t i o n  c a t e g o r i e s . For exam ple, 

th e  p r o b a b i l i t y  o f  b e in g  m ale, g iv e n  le n g th  o f  h o s p i t a l i z a t i o n  c a te g o ry , 

l e s s  th a n  30 d a y s , i s  .72  and f o r  30 days o r  more i s  .5 1 , a  d if f e r e n c e  o f 

. 21. By com parison , th e  p r o b a b i l i t y  o f  b e in g  m ale g iv e n  le n g th  o f h o s p i­

t a l i z a t i o n  c a te g o ry  l e s s  th a n  90 days and g iv e n  90 days o r  more i s  .60 

and .49 r e s p e c t iv e ly ,  a  d i f f e r e n c e  o f . 11 . The p r o b a b i l i t y  o f  b e in g  m ale 

g iv en  th e  c a te g o ry  l e s s  th a n  370 days d rops t o  . 54, and g iv e n  th e  c a te ­

g o ry  370 days o r  more th e  p r o b a b i l i t y  o f b e in g  m ale d rops t o  . 46 . The 

d i f f e r e n c e  betw een th e  two p r o b a b i l i t i e s  i n  t h i s  c a se  i s  o n ly  . 08 . This 

i s  a n o th e r  way o f  say in g  t h a t  th e  d i f f e r e n c e  betw een p a t i e n t s  rem ain ing
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i n  th e  h o s p i t a l  l e s s  th a n  30 days and p a t i e n t s  rem ain ing  30 days o r more 

i s  g r e a t e r  th a n  th e  d i f f e r e n c e  betw een  p a t i e n t s  rem ain in g  in  th e  h o s p i t a l  

l e s s  th a n  90 days and th o se  rem a in in g  90 days o r  m ore. The d if f e r e n c e  

betw een p a t i e n t s  becomes l e s s  pronounced as  th e  c u t t in g  p o in t  betw een 

c a te g o r ie s  i s  r a i s e d .  In  g e n e ra l ,  to o ,  th e  p r o b a b i l i t i e s  a s s o c ia te d  w ith  

th e  le n g th  o f  h o s p i t a l i z a t i o n  c a te g o r ie s  a r e  more d is c re p a n t  f o r  th e  l e s s  

th a n  30 d ay s , 30 days o r more c a te g o r ie s  th a n  f o r  any o th e r  s e t  o f c a t e ­

g o r ie s  u se d .

T ab le 30 a l s o  r e v e a ls  t h a t  th e  h ig h e s t  ac c u ra c y  o f p r e d ic t io n  

o ccu rs  i n  th o s e  ca se s  w ith  th e  l a r g e s t  sam ple s i z e s .  F o r exa tip le , i n  th e  

< 30 d a y s , 30 days o r  more c a te g o r ie s  p r e d ic t io n  was made w ith  95 p e r  c e n t 

ac c u ra c y  f o r  th e  group w ith  th e  l a r g e s t  number o f p a t i e n t s ,  11, 958. On 

th e  o th e r  h an d , th e  group w ith  o n ly  1,773 p a t i e n t s  was p r e d ic te d  w ith  an 

a c c u ra c y  o f o n ly  27 p e r  c e n t .  T h is f e a t u r e  h o ld s  t r u c  f o r  th e  o th e r  groups 

o f c a te g o r ie s  l i s t e d  i n  T ab le 30, and seems to  co n firm  t h a t  sample s iz e  

p la y s  an im p o rta n t p a r t  in  th e  a c c u ra c y  o f p r e d ic t io n .  The r e la t io n s h ip  

b e in g , o f c o u rse , t h a t  as th e  sam ple s iz e  from  w hich th e  e s tim a te s  o f th e  

t r u e  p r o b a b i l i t i e s  a re  d e r iv e d  in c r e a s e s ,  th e  e s t im a te s  become more s t a b l e .

The r e s u l t s  o f  th e  p r e s e n t  s tu d y  may be  compared w ith  th o s e  o f 

Lindem ann, e t  a l  ( 4 ) who w ere a b le  t o  p r e d ic t  w ith  an o v e r a l l  acc u racy  

o f 77 p e r  c e n t ,  Jo h n sto n  and McWeal ( 6 ) who w ere a b le  t o  p r e d ic t  a c c u ra te ly  

up t o  74 p e r  c e n t o f  t h e i r  c a s e s ,  and P a r n e l l  and Skottow e ( 30) who p r e ­

d ic te d  s h o r t  and long  s ta y  c a se s  w ith  69 and 84 p e r  c e n t accu racy  re s p e c ­

t i v e l y .

I t  has been  d em o n stra ted  t h a t  dem ographic d a ta  r o u t in e ly  c o l le c te d  

on a  g roup  o f p a t i e n t s  ad m itte d  t o  th e  s t a t e  su p p o rted  m en ta l h o s p i ta l s  o f
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Oklahoma can b e  u sed  t o  p r e d ic t  th e  le n g th  o f t h e i r  h o s p i t a l i z a t io n .  

A lthough th e  m a th em a tica l model employed assumes t h a t  th e  c h a r a c t e r i s t i c s  

used  f o r  p r e d ic t in g  a re  in d e p en d en t, i t s  u s e ,  u t i l i z i n g  n on -independen t 

c h a r a c t e r i s t i c s ,  a f fo rd e d  a  means o f p r e d ic t in g  w ith  an  acc u racy  eq u a l 

t o  o r  b e t t e r  th a n  any method found re p o r te d  in  th e  l i t e r a t u r e .

One o f  th e  c h ie f  advan tages o f th e  method u sed  in  t h i s  s tu d y  i s  

t h a t  d a ta  a l re a d y  b e in g  c o l le c te d  and s to r e d  on punched ca rd s  a re  u se d .

No a d d i t io n a l  e f f o r t  i s  n e c e ssa ry  on th e  p a r t  o f  th e  h o s p i t a l  i n  o rd e r  to  

p ro c u re  th e  in fo rm a tio n  needed f o r  c o n s tru c t in g  a  le n g th  o f h o s p i t a l i z a ­

t i o n - c h a r a c t e r i s t i c  m a tr ix .  A lso a v a i la b le  w ith o u t e x t r a  e f f o r t  a re  th e  

d a ta  needed f o r  d e te rm in in g  th e  p r o b a b i l i t i e s  a s s o c ia te d  w ith  each  le n g th  

o f h o s p i t a l i z a t i o n  c a te g o ry  f o r  in d iv id u a l  p a t i e n t s .  Most o f  th e  o th e r  

s tu d ie s  concerned  w ith  p r e d ic t in g  le n g th  o f  h o s p i t a l i z a t io n  have r e l i e d  

on p s y c h o lo g ic a l  t e s t  sco re s  and o th e r  d a ta  n o t u s u a l ly  c o l le c te d  on a  

ro u t in e  b a s i s  (3 ,  6 , 26, 3 0 ) . A method o f p r e d ic t in g  le n g th  o f h o s p i t a l i ­

z a t io n  t h a t  does n o t r e q u ire  a d d i t io n a l  work a t  th e  d a ta  c o l le c t io n  l e v ê l  

shou ld  be  more a t t r a c t i v e  to  h o s p i t a l  o f f i c i a l s  and t h e i r  overworked s t a f f s  

th a n  one r e q u ir in g  a d d i t io n a l  e f f o r t  in  o rd e r  t o  o b ta in  th e  in fo rm a tio n  

r e q u i r e d .

However, i f  i t  were su sp e c te d  t h a t  some c h a r a c t e r i s t i c ,  n o t 

c u r r e n t ly  b e in g  c o l le c te d ,  would s u b s t a n t i a l l y  improve th e  acc u racy  o f  

p r e d ic t io n ,  d a ta  on t h i s  c h a r a c t e r i s t i c  cou ld  be  c o l le c te d  on a  sa tiç le  of 

p a t i e n t s  and i t s  u s e fu ln e s s  i n  th e  p r e d ic t io n  e q u a tio n  a c tu a l ly  t e s t e d .

I t  i s  c o n c e iv a b le  t h a t  many item s o f in fo rm a tio n  now b e in g  c o l le c te d  and 

co n s id e re d  o f  dub ious v a lu e  m ight b e  e l im in a te d  from  th e  d a ta  c o l le c t io n  

sch ed u le  and r e p la c e d  w ith  an e q u a l number o f item s w hich would be  o f
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g r e a t  v a lu e  in  p r e d ic t in g  a  p a t i e n t 's  le n g th  o f  h o s p i t a l i z a t i o n  c a te g o ry .

A second advan tage o f  th e  method d e s c r ib e d  in  t h i s  s tu d y  i s  th e  

r a p i d i t y  w ith  w hich th e  r e s u l t s  o f p r e d ic t io n  can  be  made a v a i la b le  to  

h o s p i t a l  a d m in is tr a to r s  o r  m e n ta l h e a l th  d i r e c t o r s .  T h is second advan­

ta g e  i s  a  d i r e c t  r e s u l t  o f th e  f i r s t .

Because o f  th e  la p g e  number o f  c a lc u la t io n s  n e c e s sa ry  f o r  a r r i v ­

in g  a t  th e  p r o b a b i l i t i e s  a s s o c ia te d  w ith  each  le n g th  o f  h o s p i t a l i z a t io n  

c a te g o ry  f o r  each  p a t i e n t ,  an e l e c t r o n ic  com puter i s  n e c e ssa ry  f o r  s o lv ­

in g  E quation  J .  I f  c o n s id e ra b ly  few er c h a r a c t e r i s t i c s ,  say  f iv e  o r  l e s s ,  

cou ld  be  found w hich p r e d ic te d  w ith  th e  d e s i r e d  a c c u ra c y . E quation  7 , 

co u ld  be  so lv ed  u s in g  a  desk  c a l c u la to r .  T h is would be  p r a c t i c a l  i f ,  i n  

a d d i t io n  to  u s in g  a  sm a ll number o f c h a r a c t e r i s t i c s ,  o n ly  a  few p a t i e n t s  

had  t o  be  p ro c e sse d  each day .

When an e le c t r o n ic  com puter i s  u sed  th e  le n g th  o f h o s p i t a l i z a ­

t i o n - c h a r a c t e r i s t i c  m a tr ix ,  a long  w ith  program  c a rd s  t e l l i n g  th e  m achine 

w hat c a lc u la t io n s  t o  p e rfo rm , can be s to re d  in  th e  m a ch in e 's  memory u n i t .  

The le n g th  o f  h o s p i t a l i z a t i o n - c h a r a c t e r i s t i c  m a tr ix  may be  u p d a ted  from  

tim e t o  tim e as more in fo rm a tio n  on p a t i e n t  c h a r a c t e r i s t i c s  i s  accum ula ted . 

In  o rd e r  to  c a lc u la te  th e  p r o b a b i l i t i e s  a s s o c ia te d  w ith  each  le n g th  o f 

h o s p i t a l i z a t i o n  c a te g o ry  f o r  each  p a t i e n t ,  a  c a rd  f o r  each p a t i e n t  can be 

fe d  in to  th e  m achine. The program  can  be so ad ap ted  t h a t  th e  ca rd s  punched 

r o u t in e ly  can be  used  f o r  t h i s  p u rp o se . The m achine can be in s t r u c te d  to  

d e te rm in e  th e  c h a r a c t e r i s t i c s  o f each p a t i e n t  from  h is  c a rd , and c o n s u lt  

th e  m a tr ix  s to r e d  in  memory t o  f in d  th e  c o n d i t io n a l  p r o b a b i l i t i e s  a s s o c i ­

a te d  w ith  each  one f o r  each  le n g th  o f  h o s p i t a l i z a t i o n  c a te g o ry . The p ro b ­

a b i l i t i e s  can th e n  be  c a lc u la te d  by  th e  m achine and p r in te d  ou t a long
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w ith  th e  name o f th e  p a t i e n t .  !The le n g th  o f h o s p i t a l i z a t i o n  c a te g o ry  

f o r  each  p a t i e n t ,  r e c e iv in g  th e  h ig h e s t  p r o b a b i l i t y  w i l l  be  th e  p r e ­

d ic te d  le n g th  o f h o s p i t a l i z a t i o n  f o r  t h a t  p a t i e n t .

I f  th e  d a ta  p ro c e s s in g  equipm ent w ere lo c a te d  a t  th e  h o s p i t a l ,  

each  d a y 's  adm issions co u ld  be  p ro c e s se d  a t  th e  end o f  th e  day  o r on th e  

fo llo w in g  d ay . (This would make a v a i la b le  a t  a  v e ry  e a r ly  d a te  th e  p r e ­

d ic te d  le n g th  o f h o s p i t a l i z a t i o n  f o r  each  p a t i e n t .  In  m ost s t a t e s  d a ta  

p ro c e s s in g  equipm ent, when a v a i l a b l e ,  i s  lo c a te d  in  a  c e n t r a l  o f f ic e  

w hich s e rv e s  a l l  h o s p i ta l s  in  th e  system . In  th e s e  c a se s  th e  feed b ack  

o f in fo rm a tio n  would p ro b a b ly  b e  a  l i t t l e  s lo w e r, b u t  a  sch ed u le  co u ld  

be  developed  w hereby th e  in fo rm a tio n  cou ld  be  r e la y e d  b ack  t o  th e  h o s p i­

t a l  i n  am ple tim e  f o r  i t  t o  s e rv e  i t s  pu rpose  i n  a d m in is t r a t io n  and t r e a t ­

ment .



CHAPTER VII

SUMMARY

This study has been concerned with investigating the feasibility 

of using routinely collected demographic data for predicting length of 
hospitalization of patients admitted to state mental hospitals• The 
literature was reviewed, and, although several studies on predicting 

length of mental hospitalization were found, most of them made use of 
psychological test scores and other data not usually available on a rou­

tine basis.
The s tu d y  m a te r ia l  c o n s is te d  o f 13,731 p a t i e n t s  ad m itted  t o  th e  

s t a t e  su p p o rte d  m en ta l h o s p i ta l s  o f Oklahoma. The s tu d y  p a t i e n t s  w ere 

d e s c r ib e d  in  c o n s id e ra b le  d e t a i l .  The in t e r r e l a t i o n s h ip s  o f th e  c h a ra c ­

t e r i s t i c s  o f th e  p a t i e n t s  and th e  a s s o c ia t io n s  betw een th e  c h a r a c t e r i s t i c s  

and le n g th  o f h o s p i t a l i z a t i o n  w ere in v e s t ig a te d .  The te c h n iq u e s  employed 

i n  t h i s  phase  o f th e  s tu d y  w ere c h i-s q u a re  a n a ly s e s , t e s t s  f o r  l i n e a r  

and q u a d ra t ic  t r e n d  in  co n tin g en cy  ta b le s  and t e s t s  f o r  m u l t ip le  r e g r e s ­

s io n  in  c o n tin g en cy  t a b l e s .  The t e s t  f o r  l i n e a r  t r e n d  i s  due t o  Cochran 

{ 39 } ^0 , 4l ,  k-2 ) . The t e s t s  f o r  q u a d ra t ic  and m u l t ip le  r e g re s s io n  w ere 

developed  as  l o g i c a l  e x te n s io n s  o f  C o ch ran 's  m ethod. These a n a ly se s  r e ­

v e a le d  t h a t  a l l  o f  th e  c h a r a c t e r i s t i c s  w ere a s s o c ia te d  w ith  le n g th  o f 

h o s p i t a l i z a t i o n  and th a t  th e r e  was a  g r e a t  d e a l  o f  in te rd ep en d en c e  among 

th e  c h a r a c t e r i s t i c s . The t e s t s  f o r  tr e n d s  in d ic a te d  t h a t  in  many case s
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th e  a p p a re n t a s s o c ia t io n  betw een a  c h a r a c t e r i s t i c  and le n g th  o f h o s p i t a l i ­

z a t io n  was due t o  a  l i n e a r  o r q u a d ra t ic  t r e n d  in  th e  p ro p o r tio n s  o f p a ­

t i e n t s  f a l l i n g  in  a  p a r t i c u l a r  le n g th  o f  h o s p i t a l i z a t io n  c a te g o ry  w ith  

an in c re a s e  i n  th e  " le v e l"  o f  th e  c h a r a c t e r i s t i c .

The c h a r a c t e r i s t i c s  s e le c te d  f o r  s tu d y  were t e s t e d  f o r  in d e ­

pendence and found  t o  b e ,  in  g e n e ra l ,  h ig h ly  dependent on each  o th e r .

The m a th em a tic a l m odel f o r  th e  method o f p r e d ic t io n  s e le c te d  

f o r  in v e s t ig a t io n  was B ayes' theo rem . T h is  te c h n iq u e  makes p o s s ib le  th e  

c a lc u la t io n  o f  th e  p r o b a b i l i t y  o f a  p a t i e n t ' s  rem ain ing  in  a  h o s p i t a l  a 

c e r t a in  le n g th  o f  tim e  g iv e n  th a t  he p o s se sse s  c e r t a in  dem ographic c h a r­

a c t e r i s t i c s  . The u se s  o f B ayes ' theorem  in  th e  com puter d ia g n o s is  o f 

p h y s ic a l  c o n d i tio n s  such  as c o n g e n i ta l  h e a r t  d is e a s e  and C u sh in g 's  syn­

drome w ere rev ie w e d . I t  was found th a t  th e  te c h n iq u e  has  b een  u sed  w ith  

c o n s id e ra b le  su c c e ss  in  th e s e  a r e a s .

When th e  Bayes ' theorem  approach  was a p p lie d  u s in g  th e  d a ta  o f 

th e  p r e s e n t  s tu d y  i t  was found to  be  cap a b le  o f p r e d ic t in g  le n g th  o f 

h o s p i t a l i z a t i o n  w ith  v a ry in g  d eg rees  o f  a cc u racy  depending on. th e  c u t t in g  

p o in ts  em ployed in  making th e  v a r io u s  le n g th  o f h o s p i t a l i z a t i o n  c a te g o r ie s .  

The method p r e d ic te d  w ith  an o v e r a l l  a c c u ra c y  o f 86 p e r  c e n t when th e  

le n g th  o f h o s p i t a l i z a t i o n  c a te g o r ie s  w ere l e s s  th a n  30 days and 30 days 

o r m ore. For th e  c a te g o r ie s  l e s s  th a n  60 days and 60 days o r m ore, p r e ­

d ic t io n  was made w ith  an o v e r a l l  a cc u racy  o f 75 p e r  c e n t .  The o v e r a l l  

a cc u racy  f ig u r e s  f o r  th e  c a te g o r ie s  l e s s  th a n  90 days and 90 days o r  more 

and l e s s  th a n  370 days and 370 days o r more w ere 68 and 67 p e r  c e n t r e ­

s p e c t iv e ly .  When fo u r  le n g th  o f h o s p i t a l i z a t i o n  c a te g o r ie s ,  l e s s  th a n  

30 d ay s , 30 th ro u g h  59j 60 th ro u g h  89 , and 90 days o r m ore, w ere u sed  th e
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method p re d ic te d  w ith  an o v e r a l l  a ccu racy  o f 6l  p e r  c e n t .

I t  was p o in te d  o u t t h a t  th e s e  f ig u r e s  compare fa v o ra b ly  w ith  

o th e r  p r e d ic t io n  s tu d ie s  found i n  th e  l i t e r a t u r e .  I t  was a l s o  p o in te d  

ou t t h a t  th e  advan tages o f  u s in g  th e  method o f t h i s  s tu d y  a re  th e  f a c t  

t h a t  u se  i s  made o f  d a ta  a l re a d y  b e in g  c o l le c te d  r o u t in e ly  and th e  speed  

w ith  w hich th e  r e s u l t s  can be  o b ta in ed  as  a r e s u l t  o f  u s in g  d a ta  a v a i l ­

a b le  a t  th e  tim e o f th e  p a t i e n t ’ s adm ission .
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