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SEQUENTIAL ANALYSIS IN MEDICAL RESEARCH 

CHAPTER I  

INTRODUCTION

S e q u e n t ia l  a n a ly s i s  h a s  been found u s e f u l  as  a s t a t i s t i c a l  te c h ­

n iq u e  fo r  th e  i n t e r p r e t a t i o n  o f  v a r io u s  b io l o g ic a l  and m ed ica l e x p e r i ­

m en ts. O r ig in a l ly  d ev e lo p ed  by W ald, and ex ten d ed  by th e  Colum bia 

U n iv e r s i ty  S t a t i s t i c a l  R e se a rc h  g ro u p , i t  s e rv e s  as  an  e f f i c i e n t  s t a ­

t i s t i c a l  t o o l  f o r  q u a l i t y  c o n t r o l  i n  in d u s t r y  ( 1 ,2 ) .  O ak land , F i s h e r ,  

B ross and A rm itage  w ere among th e  e a r l i e r  w o rk e rs  who a p p a r e n t ly  p e rc e iv e d  

i t s  p o t e n t i a l  and a c t u a l  v a lu e  t o  th e  a re a  o f  b io l o g ic a l  and m ed ica l 

s c ie n c e  ( 3 , 4 , 5 , 7 ) .  B u rin g to n  and  May d e s c r ib e d  th e  m a th e m a tic a l th e o ry  

and developm ent i n  a s  e le m e n ta ry  and lu c id  a way a s  i s  a p p a re n t ly  p o s s i ­

b l e  (6 ) .  D uring  th e  n e x t f i v e  y e a r s  m u l t ip le  r e p o r t s  d e s c r ib in g  i t s  

u se s  i n  b io lo g y  and m e d ic in e  have  a p p e a re d  (8 -2 3 ,2 9 ) .

The p r e s e n t  d i s s e r t a t i o n  co n c e rn s  i t s e l f  p r im a r i ly  w ith  th e  ad a p ­

t a t i o n  o f  s e q u e n t i a l  te c h n iq u e s  o f  s t a t i s t i c a l  a n a ly s i s  to  th e  a re a  o f  

m e d ica l r e s e a r c h .  The f i e l d  o f  m e d ic a l e x p e r im e n ta tio n  has c e r t a i n  p ro b ­

lem s and p e c u l i a r i t i e s  w h ich , i f  n o t e n t i r e l y  u n ique  to  m e d ic in e , a t  

l e a s t  a r e  s u f f i c i e n t l y  d e v ia n t  from  th e  u s u a l  problem s o f - q u a l i t y  c o n t r o l  

i n  in d u s t r y  to  be c o n s id e re d  w o rth y  o f  s e p a r a t e  c o n s id e r a t io n .  As a 

g e n e r a l i z a t i o n ,  th e  m ajor p rob lem s may be  s t a t e d  to  b e  in  th e  rea lm  o f
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in c o m p le te  d a t a ,  n o n n o rm ally  d i s t r i b u t e d  d a ta  and m arked l i m i t a t i o n s  a s  

to  th e  number o f  e x p e r im e n ta l s u b je c t s  a v a i l a b l e .

In co m p le te  d a ta  fa c e s  th e  m e d ica l r e s e a r c h e r  and  m a n ife s ts  i t s e l f  

i n  s e v e r a l  w ays. F i r s t ,  t h e r e  i s  o f t e n  no la rg e  b ack lo g  o f  r e a d i l y  a v a i l ­

a b le  d a t a ,  c o l l e c t e d  on s u b je c t s  and  in  a s i t u a t i o n  com parab le  t o  t h a t  o f  

th e  p lan n ed  e x p e r im e n ta t io n ,  w hich  can  be  u sed  a s  a  " s ta n d a rd "  o r  "co n ­

t r o l . "  In  o th e r  w o rd s, a t  th e  o n s e t  o f  th e  ex p erim en t th e  r e s e a r c h e r  

o f t e n  does n o t  have a s a t i s f a c t o r y  e s t im a te  o f  ( th e  t r u e  mean) or 

( th e  t r u e  s ta n d a rd  d e v ia t io n )  fo r  th e  s ta n d a rd  o r  c o n t r o l  p o p u la tio n . He 

may, o f  c o u r s e ,  make an ed u c a te d  g u ess  a s  to  th e s e  q u a n t i t i e s .  Those 

f a m i l i a r  w ith  th e  f i e l d  w i l l  re c o g n iz e  o n ly  to o  w e l l  th e  l i m i t a t i o n s  o f  

t h i s  m ethod. He may a l s o  a c c e p t  d a ta  from  a n o th e r  la b o ra to r y  i n  a n o th e r  

s e c t i o n  o f  th e  c o u n try  o r  w o rld  fo r  h is  s ta n d a rd  o r  c o n t r o l  p u rp o se s .

T h is ,  to o ,  le a v e s  much to  be d e s i r e d .  He o f te n  h as  no good n o t io n  as to

th e  n a tu r e  o f  th e  d i s t r i b u t i o n  o f  h i s  d a t a ,  o r h e  nay know w ith  f a i r  

c e r t a i n t y  t h a t  th e y  a r e  n o t from  a norm al d i s t r i b u t i o n .  F u r th e r ,  he i s  

o f te n  a t  a lo s s  to  s a y  e x a c t ly  w hat m agnitude o f  change from  th e  s ta n d a rd

o r  c o n t r o l  would be b i o l o g i c a l l y  o r  m e d ic a l ly  d e s i r a b l e .  I n  b r i e f ,  he

can  answ er o n ly  p a r t i a l l y ,  i f  a t  a l l ,  th e  m ajo r q u e s t io n s  such a s :  A re

th e  d a ta  from  a norm al d i s t r i b u t i o n ?  What a r e  th e  v a lu e s  o f  and o f  

th e  s ta n d a rd  o r  c o n t r o l  group? In  e x a c t ly  w hat m ag n itu d e  o f  change from  

t h e o f  th e  s ta n d a rd  o r  c o n t r o l  g roup  a r e  you in t e r e s te d ?  Y e t, i n  o rd e r  

to  employ th e  more commonly d e s c r ib e d  m ethods o f  s e q u e n t i a l  a n a ly s i s  th e s e  

p e r t i n e n t  q u e s tio n s  m ust be  answ ered . T h is  a lo n e  h as  s e rv e d  to  ca u se  many 

m e d ica l r e s e a r c h e r s  to  a v o id  th e  u s e  o f  c u r r e n t ly  a v a i l a b l e  m odels o f  

s e q u e n t i a l  a n a l y s i s .  Y et th e  te c h n iq u e s  o f  s e q u e n t i a l  a n a ly s i s  have  much



3
to  o f f e r  th e  s c i e n t i f i c  e x p e rim e n te r  i n  m e d ica l r e s e a r c h .  P a r t i c u l a r l y  

i s  t h i s  t r u e  w ith  re g a rd  to  re d u c in g  th e  a v e ra g e  number o f  o b s e rv a tio n s  

needed  to  r e a c h  a g iv e n  d e c i s io n  a t  a g iv e n  l e v e l  o f  c o n f id e n c e .

Were i t  p o s s ib le  fo r  th e  m e d ic a l b i o s t a t i s t i c i a n  t o  sa y  to  th e  

m e d ica l r e s e a r c h  w orker: "T h ere  i s  a v a i l a b l e  an  e x p e r im e n ta l p la n  w hich

does n o t r e q u i r e  t h a t  th e  sam ples come from  a norm al d i s t r i b u t i o n ,  does 

n o t r e q u i r e  t h a t  one g iv e  an  e s t im a te  o f  and o f  th e  s ta n d a rd  o r 

c o n t r o l  g roup  b e fo re  one b eg in s  th e  e x p e r im e n ta t io n ,  and does n o t r e ­

q u i r e  t h a t  one s e t  in  advance th e  m agn itude o f  th e  s i g n i f i c a n t  d i f f e r e n c e  

f o r  w hich  one i s  s e a rc h in g ,  and y e t  w i l l  p e rm it one to  draw in f e r e n c e s  

w ith  re a s o n a b ly  sm a ll numbers o f  o b s e rv a t io n s  and w ith  a p p ro x im a te ly  

c o r r e c t  p r o b a b i l i t i e s  a t  w ha tev e r l e v e l  o f  c o n f id e n c e  l e s s  th a n  .0 5  one 

w ish e s"  — th e n  th e  m ed ica l s c i e n t i s t  sh o u ld  in d e e d  be i n t e r e s t e d  in  

su ch  a te c h n iq u e . B a s ic a l ly ,  i t  i s  th e  p u rp o se  o f  t h i s  d i s s e r t a t i o n  to  

d e s c r ib e  th e  developm ent o f  su ch  a te c h n iq u e  and i l l u s t r a t e  i t s  u s e f u l ­

n e s s  by v a r io u s  e m p ir ic a l  sam pling  m ethods a p p l ie d  to  v a r io u s  known 

d i s t r i b u t i o n s .  T here  i s  a c e r t a i n  g r a t i f y i n g  c o n f id e n c e  g a in e d  by 

a p p ly in g  a te c h n iq u e  to  s i t u a t i o n s  w here th e  answ ers a r e  known in  ad ­

v a n c e  and in  r e p e a te d ly  o b ta in in g  th e  c o r r e c t  answ er by th a t  te c h n iq u e  

in  th e s e  v a r io u s  s i t u a t i o n s .  C o n s id e ra b le  e m p ir ic a l  e v id e n c e  i s  th e n  

a t  hand to  s u p p o r t th e  c o n te n t io n  o f  th e  u s e fu ln e s s  o f  th e  te c h n iq u e  

in  th e  s o lu t io n  o f  e x p e rim e n ta l p ro b lem s.

S e v e ra l p o in ts  p erh ap s  n eed  c l a r i f i c a t i o n  b e fo re  p ro c e e d in g  

f u r t h e r .  I t  i s  n o t t o  be c o n s tru e d  from  th e  above t h a t  th e  m ed ica l 

r e s e a r c h e r  w i l l  p la y  no p a r t  in  th e  d e te rm in a t io n  o f  th e  s i z e  o f  th e  

d i f f e r e n c e  from  th e  s ta n d a rd  o r c o n t r o l  i n  w hich  he  i s  i n t e r e s t e d .



4
He need  n o t ,  how ever, make t h i s  d e c i s io n  i n  advance o f  th e  e x p e r im e n ta ­

t i o n .  The d e c i s io n  i s  t o  rem a in  a j o i n t  o n e  betw een th e  m e d ic a l b io ­

s t a t i s t i c i a n  and th e  m e d ic a l r e s e a r c h e r  and  i s  to  be re a c h e d  d u r in g  th e  

c o u rs e  o f  th e  e x p e r im e n ta t io n ,  making u se  o f  th e  know ledge g a in e d  con­

c e rn in g  JH  ̂ i n  th e  s ta n d a r d  o r  c o n t r o l  g ro u p  and i n  th e  s ta n d a rd  o r  

c o n t r o l  and th e  t r e a tm e n t  g ro u p s . The d e s i r a b i l i t y  o f  c o l l e c t i n g  d a ta  

on th e  s ta n d a rd  o r  c o n t r o l  g ro u p  s im u l ta n e o u s ly ,  a t  random  and u n d er th e  

same e x p e r im e n ta l c o n d i t io n s  a s  th e  d a ta  on th e  t r e a tm e n t  g roup  a r e  

c o l l e c t e d ,  i s  o b v io u s .

In  o rd e r  to  p r e p a re  th e  r e a d e r  f o r  th e  s u b je c t  m a tte r  o f  t h i s  

d i s s e r t a t i o n ,  th e  fo l lo w in g  o u t l i n e  i s  p re s e n te d :

C h ap te r I I .  An exam ple o f  th e  a p p l i c a t i o n  o f  a c l a s s i c a l  model 

o f  s e q u e n t i a l  a n a l y s i s  i n  m e d ic a l r e s e a r c h :  m easured d a t a ,  n o rm a lly

d i s t r i b u t e d ,  o n e - s id e d  a l t e r n a t i v e .  Venous b lood  g lu c o s e  d a ta  a r e  u se d .

C h ap te r I I I .  C o n s id e ra t io n  i s  g iv e n  to  th e  p rob lem  o f  d a ta  n o t 

n o rm a lly  d i s t r i b u t e d .  C o n s id e ra t io n  i s  g iv e n  to  a method fo r  o b ta in in g  

e v id e n c e  th a t  means o f  s i z e  n from  such  nonnorm al d i s t r i b u t i o n s  w i l l  be 

a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d .  C o n s id e ra t io n  i s  g iv e n  a l s o  to  th e  

com parison  o f  means o f  a p p r o p r ia te  s i z e  n from  th e  t r e a tm e n t g ro u p  to  

th o s e  from th e  s ta n d a rd  o r  c o n t r o l  g roup  by th e  m ethod o f  s e q u e n t i a l  

a n a l y s i s .

C h ap te r IV . C o n s id e ra t io n  i s  g iv e n  to  th e  tw o -s id e d  a l t e r n a t i v e  

i n  m e d ica l r e s e a r c h .  H e re , th e  need  e x i s t s  fo r  know ing n o t  o n ly  i f  th e  

o b s e rv a t io n s  i n  th e  e x p e r im e n ta l g roup  ex ceed  th e  l i m i t s  s e t  a b o u t th e  

c o n t r o l  a s  i n  W a ld 's  c l a s s i c a l  tw o -s id e d  a l t e r n a t i v e  m odel, b u t  a l s o  

f o r  knowing i f  th e  e x p e r im e n ta l g ro u p  mean i s  h ig h e r ,  i f  i t  i s  lo w e r , o r
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i f  i t  i s  a p p ro x im a te ly  th e  same a s  th e  s ta n d a rd  o r  c o n t r o l  mean.

1. A rm itag e  was a p p a r e n t ly  th e  f i r s t  to  r e c o g n iz e  t h i s  need  in  

m e d ica l r e s e a r c h .

2. An exam ple i s  ta k e n  from  th e  more r e c e n t  l i t e r a t u r e .

3. E m p ir ic a l  e v id e n c e  i s  p re s e n te d  t h a t  th e  m ethod d e s c r ib e d  in  

2 above may le a d  one to  f re q u e n t im p ro b ab le  c o n c lu s io n s .

4 . E m p ir ic a l  e v id e n c e  i s  p re s e n te d  and  s u g g e s ts  t h a t  th e  m odel 

o f  A rm itage  i s  a more d e s i r a b l e  method fo r  s o lu t i o n  o f  su c h  tw o -s id e d  

a l t e r n a t i v e  p ro b lem s.

C h a p te r  V. An a p p ro x im a tio n  te c h n iq u e  o f  s e q u e n t i a l  a n a l y s i s  i s  

d e s c r ib e d  I n c o r p o r a t in g  th e  id e a s  i n  C h a p te rs  I I I  and IV ab o v e . I n  

e s s e n c e ; th e  tw o -s id e d  a l t e r n a t i v e  i n  m e d ica l ( b io l o g ic a l )  r e s e a r c h  

w here one has n o t  an  e x te n s iv e  p a s t  e x p e r ie n c e  w ith  d a ta  c o l l e c t i o n  i n  

th e  c u r r e n t  a r e a  o f  p la n n e d  r e s e a r c h ,  does n o t know w h e th e r o r  n o t th e  

d a ta  a r e  from a  n o rm al d i s t r i b u t i o n ,  and w ould a c c e p t s e v e r a l  d i f f e r e n t  

v a lu e s  o f  th e  d i f f e r e n c e  (gf) from  th e  s ta n d a rd  o r  c o n t r o l  mean as  b io ­

l o g i c a l l y  s i g n i f i c a n t .  In  s h o r t ,  th e  e x p e rim e n te r  and  b i o s t a t i s t i c i a n  

must work to g e th e r  and  e s t im a te  and o j  o f  t h e  s ta n d a rd  o r  c o n t r o l  

g roup  and  d e c id e  upon a s a t i s f a c t o r y  d i f f e r e n c e  f o r  w hich  t o  t e s t  ( ta k in g  

in t o  acco u n t t h e  know ledge g a in e d  o f  th e  v a r i a t i o n  p r e s e n t  i n  t h e i r  c o l ­

le c te d  d a ta  a s  th e  e x p e rim e n t p r o g r e s s e s ) .

1. E m p ir ic a l  e v id e n c e  i s  p re s e n te d  t h a t  su ch  a model o f  a n a l y s i s  

sh o u ld  b e  u s e f u l ,  u s in g  sam ples from  known d i s t r i b u t i o n s  (n o rm a l, r e c t a n ­

g u la r ,  lo g a r i th m ic ) .

2. F u r th e r  e m p ir ic a l  e v id e n c e  i s  p re s e n te d  t h a t  su ch  a m odel o f  

a n a ly s i s  s h o u ld  b e  u s e f u l ,  u s in g  a c t u a l  m e d ic a l r e s e a r c h  d a ta  p r e v io u s ly
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c o l l e c t e d  and a l r e a d y  a n a ly z e d  by  more s ta n d a rd  s t a t i s t i c a l  te c h n iq u e s  

u s in g  l a r g e r  num bers o f  o b s e rv a t io n s  th a n  th o s e  r e q u ir e d  by th e  d e s c r ib e d  

model o f  s e q u e n t i a l  a n a l y s i s .

C h ap te r VI. Summary and C o n c lu s io n s .

B ib lio g ra p h y .

A ppendix . T a b le s  and f ig u r e s .

B r ie f  D e s c r ip t io n  o f  M a te r ia l  and Methods

T hree  ty p e s  o f  d i s t r i b u t i o n  have been  s e le c te d  fo r  e m p ir ic a l  

sam p lin g : (1) an  a p p ro x im a te ly  no rm al d i s t r i b u t i o n  o f  s i z e  100 e s ta b ­

l i s h e d  and used  by S nedecor (2 7 ) ;  (2 ) an a p p ro x im a te ly  r e c ta n g u la r  

d i s t r i b u t i o n  o f  s i z e  100 o b ta in e d  by u s in g  th e  fo u r th  p la c e  num bers from 

a f iv e  p la c e  t a b l e  o f  Common L og arith m s from  A rk in  and C o lto n  (2 8 ) ;

(3 ) an  a p p ro x im a te ly  lo g a r i th m ic  d i s t r i b u t i o n  o f  s i z e  100 o b ta in e d  by 

r e c o rd in g  th e  a n t i lo g a r i th m s  o f  th e  numbers in  th e  a p p ro x im a te ly  norm al 

d i s t r i b u t i o n  from  S nedecor in  (1) above , tra n s fo rm e d  f i r s t  by d iv id in g  

each number i n  S n e d e c o r 's  d i s t r i b u t i o n  by 100. T ab le  1 , T ab le  2 and 

T ab le  3 ,  r e s p e c t iv e l y ,  p r e s e n t  th e s e  th r e e  d i s t r i b u t i o n s .

D ata from  f iv e  s e p a r a te  com ple ted  m e d ica l ex p erim en ts  p r e v io u s ly  

a n a ly z e d  by more s ta n d a rd  s t a t i s t i c a l  p ro c e d u re s  a re  a ls o  used  f o r  em­

p i r i c a l  i l l u s t r a t i o n s .

T ab le  4 p r e s e n ts  th e  r e s u l t s  o f  th e  2 4 -hou r e x c r e t io n  o f  u r in e  

Na ( in  mEq. p e r  l i t e r )  from  s u b je c t s  random ly g iv e n  e i t h e r  a p la c e b o  o r 

two i n j e c t i o n s  o f  M ercuhydrin  (1 .0  c c . a t  8 :0 0  a.m . and 1 .0  c c . a t  4 :00  

p .m .)  (3 0 ) .

T a b le  5 p r e s e n ts  th e  r e s u l t s  o f  th e  2 4 -hou r e x c r e t io n  o f  u r in e
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K ( in  mEq. p e r l i t e r )  from s u b je c t s  random ly  g iv e n  e i t h e r  a p la c e b o  o r  a 

d o se  o f  250 mg. o f  Diamax fo u r tim e s  d a i l y  by  m outh (3 0 ).

T ab le  6 p r e s e n ts  th e  change i n  g a s t r i c  f r e e  HCl o b se rv ed  in  sub ­

j e c t s  a f t e r  th e y  w ere  random ly g iv e n  a  dose  p e r L ev ine  tu b e  o f  a s o lu t io n  

c o n ta in in g  a p la ceb o  o r  2 .5  mg. o f R e s e rp in e  (1 6 ) .

T a b le  7 p r e s e n ts  th e  r e s u l t s  o f  a  serum  c h o le s t e r o l  ex p erim en t 

r e p o r te d  by D r o le t t e  and H egsted  (23) .

T a b le s  8 and 9 p re s e n t  th e  r e s u l t s  o f  th e  b lood  g lu c o se  e x p e r i ­

m ents g iv e n  to  th e  a u th o r  by p e rs o n a l com m unication  from  D o cto r K e lly  M. 

W est (2 4 ).



CHAPTER II

AN EXAMPLE OF THE APPLICATION OF A CLASSICAL MODEL OF 

SEQUENTIAL ANALYSIS IN MEDICAL RESEARCH

An exam ple o f  th e  u se  o f  a c l a s s i c a l  m odel o f  s e q u e n t i a l  a n a ly s i s

fo r  th e  i n t e r p r e t a t i o n  o f  a m e d ic a l ex p erim en t fo l lo w s . W a ld 's  s ta n d a rd
2

n o ta t io n  i s  u sed : mg and  ( th e  c o n t r o l  g roup  mean and v a r i a n c e ) , m^

( th e  mean d e s i r e d  in  t h e  t r e a tm e n t  g roup  to  be  c o n s id e re d  s i g n i f i c a n t l y  

d i f f e r e n t  from  th e  c o n t r o l  g ro u p  me a n ) , and ^  ( th e  p r o b a b i l i t y  r i s k s  

o f  wrong d e c i s i o n s ) ,  a and b ,  a s  w e ll  a s  hg and hj  ̂ ( th e  i n t e r c e p t s ) ,  S 

( th e  s lo p e )  and n ^  and n^^ ( th e  a v e ra g e  sam ple num bers) ( 1 ) .

From p re v io u s  e x p e rim e n ts  on s e v e r a l  hundred  h e a l th y  young m ale 

s u b je c t s  betw een  th e  a g e s  o f  20 and 30 y e a rs  s tu d ie d  in  t h e i r  l a b o r a to r y ,  

th e  i n v e s t i g a t o r s  knew t h a t  th e  a v e ra g e  change in  b lood  su g a r o b se rv e d  

th r e e  h o u rs  a f t e r  a d m in is t r a t io n  o f  a p la ceb o  and fo llo w in g  a 1 2 -hou r 

f a s t  was - 3 .4  mg. p e r  c e n t  + 7 .4 1  mg. p e r  c e n t  (m o d ified  Symogi m e th o d ). 

They w ish ed  to  e v a lu a te  th e  hypog lycem ic e f f e c t s  o f  a new o r a l  a g e n t 

(c h lo rp ro p a m id e )  in  h e a l th y  young m ale s u b je c t s ,  and th e y  w an ted  to  

answ er th e  q u e s t io n :  Does th e  a g e n t c a u se  a d rop  o f  -15  iqg. p e r  c e n t

o r  m ore i n  th e  b lo o d  g lu c o se  l e v e l  th r e e  h o u rs  a f t e r  o r a l  a d m in is t r a t io n  

o f  1 .0  gram  o f  c h lo rp ro p a m id e , o r  i s  i t  accom panied by a change o f  - 3 .4  

mg. p e r  c e n t o r  le s s ?  I t  was d e c id e d  t h a t  th e  r i s k  fo r  making an

8
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e rro n e o u s  d e c is io n  in  e i t h e r  d i r e c t i o n  sh o u ld  b e  1 i n  100. W ith  t h i s  

much in fo rm a t io n ,  and b e f o r e  s t a r t i n g  th e  e x p e r im e n t, one may c o n s t r u c t  

th e  s e q u e n t i a l  g ra p h  upon w hich th e  a n a l y s i s  can  be p e rfo rm ed  as  fo llo w s : 

mg = mean o f  c o n t r o l  g ro u p  = - 3 .4

= v a r ia n c e  o f  c o n t r o l  group = 5 4 .9 3 ; = 7 .4 1

m^ = a r b i t r a r i l y  s e le c te d  mean c o n s id e re d  by th e  e x p e r im e n te r s  to  be  a

s a t i s f a c t o r y  i n d i c a t i o n  o f  a d e s i r a b l e  e f f e c t  from  t h e  d ru g  =

-15  ng . p e r  c e n t .

o( = p r o b a b i l i t y  o f  b e in g  wrong abou t mg (h e re  «< = .0 1 ) .

^  = p r o b a b i l i t y  o f  b e in g  wrong ab o u t m̂  ̂(h e re  = .0 1 ) .

a = logg (l-$)/6< = 4.595 

b = lo g g  ( l-® 0 /^  = 4.595 

Upper I n t e r c e p t  = h^ = (a^y-^)/ (m^-mg) = (4.595 x  5 4 .9 3 )/ |j -1 5  -  ( -3 .4 ) J  

= 2 5 2 .4 0 /4 1 .6  =-21.76  

Lower I n t e r c e p t  = hg = (-b<j-^)/(m ^-njQ ) = (-4 .595  x 5 4 . 9 3 ) / |^15  -  ( - 3 . 4 ^

= +21.76 

(N ote: h e re  |hj^j = (hQ j = )21.76/)

S lo p e  = S = [ - 3 .4  + ( -1 5 ^  /2  = - 1 8 .4 /2  = - 9 .2

rijj,, = [ ( 1 - p ) a - p ^  /  |j(m]^-mQ)^/2 c7^  = a v e ra g e  number o f  o b s e r v a t io n s  r e q u ir e d  

to  a c c e p t th e  mean o f  th e  e x p e r im e n ta l g roup  (mg) ^  m^ i f  t h i s  i s  

t r u e .

n ^  = [(l-odb-«s<aJ/[(m j^-m Q )^/2 d " ^ =  a v e ra g e  number o f  o b s e r v a t io n s  r e q u ir e d  

to  a c c e p t th e  mean o f  th e  e x p e r im e n ta l g roup  (m^) ^  idq i f  t h i s  i s  

t r u e .

(N ote: h e re  = a p p ro x im a te ly  4 . )
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The e q u a tio n  f o r  th e  upper l i n e  o f  th e  s e q u e n t i a l  g raph  i s :  

hj^ +  Sn, and  fo r  th e  low er l i n e  i s :  hg + Sn. By s u b s t i t u t i n g  i n  v a r io u s

c o n v e n ie n t v a lu e s  o f  n ( i . e . ,  a s  h e re  n = 0 ,  n  = 5 , n «= 10) one o b ta in s  

t h r e e  p o in t s  fo r  th e  u p p e r l i n e  and th r e e  p o in t s  fo r  th e  low er l i n e  as  

fo l lo w s :

n  = Lower L in e  Upper L ine

0 2 1 .7 6  -2 1 .7 6

5 -2 4 .2 4  -6 7 .7 6

10 -7 0 .2 4  -1 1 3 .7 6

An o r d in a r y  s h e e t  o f  g rap h  p ap er i s  u sed  and on th e  a b s c is s a  one 

in d i c a t e s  n ( th e  number o f  o b s e r v a t io n s )  and on th e  o rd in a te  one in d ic a te s  

th e  sum o f  X (h e re  X = b lo o d  g lu c o se  t h r e e  h o u rs  a f t e r  ch lo rp ro p am id e  

m inus c o n t r o l  b lo o d  g lu c o se  i n  mg. p e r  c e n t  f o r  each  s u b je c t  t e s t e d ) .  The 

r e s u l t s  a r e  shown on th e  g rap h  p re s e n te d  i n  F ig u re  1.

The r e s u l t s  o f  th e  f i r s t  10 ch lo rp ro p a m id e  t e s t s  perform ed a t  

random on h e a l th y  m ale s u b je c t s  betw een 20 and 30 y e a rs  o f  age a r e  p r e ­

s e n te d  i n  T a b le  9.

The a v e ra g e  change in  b lo o d  su g a r was - 1 7 .7  mg. p e r  c e n t fo r  th e  

10 s u b je c t s .  The a n a l y s i s  on th e  s e q u e n t i a l  g ra p h  i s  made by p lo t t i n g  

th e  f ig u r e s  i n  Column V o f  T ab le  9 w hich a r e  -2 2 ,  th e n  -4 4 , th e n  -4 6 , th e n  

- 6 9 ,  e t c .  u n t i l  a d e c i s io n  i s  re a c h e d  ( i . e . ,  u n t i l  th e  upper o r  low er l i n e  

i s  c r o s s e d ) .  In  t h i s  e x p e r im e n t, th e  r e s u l t  o f  th e  second o b s e rv a t io n  le d  

to  c r o s s in g  o f  th e  low er l i n e  and th e  ex p e rim e n t co u ld  have been te rm in a te d  

a t  t h a t  p o in t  and th e  d e c i s io n  re a c h e d  t h a t  th e  mean o f  th e  e x p e rim e n ta l 

g ro u p  (m^) w ould be  e q u iv a le n t  to  -15  mg. p e r  c e n t  o r more ( i . e . ,  a c c e p t 

g ^  m^). S in c e  more o b s e rv a t io n s  w ere a l r e a d y  a v a i l a b l e  i n  t h i sm
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e x p e rim e n t, th e  a n a ly s i s  was c o n tin u e d  by b e g in n in g  a g a in  a t  z e ro  and 

ta k in g  th e  t h i r d  s u b je c t  a s  i f  h e  w ere th e  f i r s t  s u b je c t  and p l o t t i n g  

th e  sum o f  X from t h a t  p o in t  on u n t i l  a d e c is io n  was reac h ed  a g a in  ( i . e . ,  

p lo t  th e  f ig u r e s  i n  Column VI o f  T a b le  9 w hich a r e  - 2 ,  -2 5 , -5 1 , -6 8 , 

e t c . ) .  T h is  i s  r e p re s e n te d  by th e  b la c k  t r i a n g l e  p lo t s  in  F ig u re  1.

T h is  second  t r i a l  le d  to  th e  same d e c is io n  on th e  t h i r d  o b s e r v a t io n ,  

nam ely , to  a c c e p t t h a t  th e  mean o f  th e  e x p e r im e n ta l group i s  e q u iv a le n t  

to  -15 mg. p e r  c e n t  o r  m ore. F o r i n t e r e s t ,  one co u ld  ru n  a t h i r d  t r i a l  

s in c e  th e r e  seem to  b e  s u f f i c i e n t  o b s e rv a t io n s  l e f t  unused . T h is  tim e  

one would b eg in  w ith  th e  s i x t h  o b s e rv a t io n  a s  though  i t  w ere th e  f i r s t ,  

and b e g in n in g  a g a in  a t  z e ro  on th e  g ra p h , p lo t  th e  f ig u re s  i n  Column V II 

w hich a r e  - 1 7 ,  -3 7 , -4 6 , - 5 9 ,  and -82  u n t i l  a d e c is io n  i s  re a c h e d . T h is  

i s  r e p r e s e n te d  by t h e  s t a r  p lo t s  in  F ig u re  1, and h e re  i t  to o k  f i v e  ob­

s e r v a t io n s  t o  re a c h  th e  same d e c is io n .  I t  i s  to  b e  em phasized t h a t  th e  

second and t h i r d  t r i a l s  w ere  u n n e c e ssa ry  and w ere perform ed h e re  s im p ly  

fo r  i n t e r e s t  b ecau se  th e  o b s e rv a t io n s  w ere a l r e a d y  a v a i la b le  and to  

i l l u s t r a t e  th e  c o n s is te n c y  o f  th e  d e c is io n  made.

The e x p e rim e n te r  co u ld  have s to p p ed  h is  experim en t h e re  a f t e r  

th e  second  t e s t  w ith  ch lo rp ro p a m id e , o r ,  i f  he w ere  d i s s a t i s f i e d  w ith  

t h i s  s m a ll  g ro u p , he  c o u ld  have begun th e  a n a ly s i s  a g a in  and s to p p ed  th e  

ex p erim en t a f t e r  th e  t h i r d  t e s t  (a  t o t a l  o f  f iv e  t e s t s  in  a l l ) .  I f  he 

w ere s t i l l  d i s s a t i s f i e d ,  h e  c o u ld  have  c o n tin u e d  th e  e x p e rim en t, a s  he 

d id  i n  t h i s  c a s e ,  and  begun th e  a n a ly s i s  a t h i r d  tim e  and s to p p ed  a f t e r  

th e  f i f t h  t e s t  (a  t o t a l  o f  10 t e s t s  i n  a l l ,  now w ith  th r e e  d e c i s io n s  

a l l  th e  sam e).



CHAPTER I I I

A METHOD FOR OBTAINING EVIDENCE THAT MEANS OF SAMPLES OF SIZE n 

WILL BE APPROXIMATELY NORMALLY DISTRIBUTED

G iven th e  e x p e r im e n ta l s i t u a t i o n  w here  one w ishes  to  com pare a  

mean o f  a  t r e a tm e n t  o r  e x p e r im e n ta l  g roup  to  a  mean o f  a s ta n d a rd  o r  

c o n t r o l  g ro u p , b u t h as  n o t e x te n s iv e  p a s t  d a ta  u n d er s im i la r  e x p e r im e n ta l 

c o n d i t io n s  a v a i l a b l e :  i t  i s  s u g g e s te d  th a t  by random  p ro c e d u re  one o b ­

t a i n  n in e  c o n t r o l  and n in e  t r e a tm e n t  o b s e r v a t io n s .  T h is  w i l l  p e rm it th e  

o b ta in in g  o f  fo u r  means o f  s i z e  n  = 2 from  th e  c o n t r o l  and fo u r  from th e  

e x p e r im e n ta l g ro u p , t h r e e  from  eac h  group  o f  s i z e  n = 3 and two from  ea c h  

group  o f  s i z e  n  = 4 . From p a i r s  o f  th e s e  sam p les o f  s i z e  n (p a ir e d  w i th in  

e i t h e r  th e  t r e a tm e n t  o r  th e  c o n t r o l  g ro u p ) one may p roceed  to  e s t im a te

( th e  s ta n d a rd  e r r o r  o f  th e  mean o f  sam ples o f  s i z e  n) by th r e e  m ethods:

(1 ) E s tim a te  o f  C j  = R ange/C onst a n t  ( s e e  r e f e r e n c e  2 5 ) .

(2) E s tim a te  o f  CT= = ^ ( x £ - x ) 0 ^ - l )

(3 ) E s tim a te  o f  <7̂  = / s T ^ / n
X  J S p

One may th e n  com pare th e s e  t h r e e  e s t im a te s  o f  from  a p a i r  o f  

th e  above sam ples to  s e e  i f  th e y  re a s o n a b ly  a g re e  o r  n o t ( th e  p a i r in g  

sh o u ld  n o t b e  betw een th e  c o n t r o l  and th e  t r e a tm e n t  g ro u p s , a s  h e re  t h e  

two sam ples may n o t come from  a  p o p u la tio n  w i th  t h e  same a lth o u g h  

p resu m ab ly  th e y  a r e  from  a p o p u la t io n  w ith  a common ^y^). I d e a l l y ,  one

12
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sh o u ld  t e s t  t h i s  p resu m ab le  hom ogeneity  o f  v a r ia n c e s  by th e  a p p r o p r ia te  

F r a t i o .  T h is  h a s  b een  done f o r  a l l  th e  d a ta  p re s e n te d  l a t e r  and  i s  

sum m arized i n  T ab le  10. One sh o u ld  be w i l l i n g  t o  a c c e p t hom ogeneity  

u n le s s  p = .0 1  o r  l e s s .

A d e t a i l e d  exam ple o f  th e  above o u t l in e d  p ro c e d u re  fo llo w s  to  

i l l u s t r a t e  s t e p - b y - s t e p  th e  m ethodology em ployed; one o b ta in s  from  

T a b le  1 ( th e  Normal D i s t r i b u t io n )  two random  sam ples (u s in g  a t a b l e  o f  

random num bers) w i th  n in e  o b s e rv a t io n s  i n  each  sam ple. The f i r s t  sam ple 

w i l l  be c a l l e d  t h e  c o n t r o l  and th e  second  sam ple th e  t r e a tm e n t  g ro u p .

The u l t im a te  p u rp o se  i s  to  d e te rm in e  i f  t h e  two sam ples came from  a 

p o p u la tio n  w i th  a com m ony^ o r n o t .  The im m ediate o b j e c t iv e  i s  to  d e t e r ­

mine w hat s i z e  sam ple  ( i . e . ,  n = ? )  w i l l  y i e ld  means a p p ro x im a te ly  n o r ­

m a lly  d i s t r i b u t e d .

The r e s u l t s  o f  th e  sam p lin g  w ere a s  fo llo w s :

C o n tro l  Group T rea tm en t Group

36 27

33 36

34 14

32 42

27 17

36 23

25 26

27 11

11 11

B eg in n in g  w i th  sam ples o f  s i z e  n = 2 , one has  im m e d ia te ly  two 

s e t s  o f  p a i r s  from  eac h  g roup  a s  fo llo w s :
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From th e  C o n tro l  Group;

P a i r  1: 36  3 4
33 32

P a i r  2 :  27  25
3 6  2 7

From .th e  T rea tm en t G roup;

P a i r  1: 27 14
36 42

P a i r  2: 17 26
23 11

B eg in n in g  w ith  th e  f i r s t  p a i r  o f  th e  c o n t r o l  g ro u p , one p ro ceed s  

a s  fo llo w s ;

36 34
33 32
69 66

(1 ) = 3 4 .5  “  3 3 .0 0

(2 ) Range: X^ -  X^ = 3 4 .5  -  33 = 1 .5

(3) CSSi = 2385 .0  -  2380 .5  = 4 .5  CSS2  = 2 1 8 0 .0  -  2178 .0  = 2 .0

(4 ) s j  = (4 .5 + 2 ) /(1 + 1 )  = 6 .5 /2  = 3 .2 5
S poo led

(5) S | = :5 % x i - x )2 / ( n - l )  = ^ X i - C 2 5 c i ) ^ /n J / ( n - l )  = (2 2 7 9 .2 5 -2 2 7 6 .1 2 5 )/ I

= 1 .125

W ith  ( 2 ) ,  (4) and (5 ) above one may r e a d i l  o b ta in  th r e e  e s t i ­

m a tes  o f f o r  means o f  sam ples o f  s i z e  n = 2 . T hese  e s t im a te s  a r e :

(1 ) S- = R/C = 1 .5 /1 .1 3  = 1 ,3 2 7  ( s e e  r e f e r e n c e  25)

(2 ) S- = ^ ^ ^  = >/T7Î25 = 1 .060

(3 ) S- / n  = /3 .2 5 /2  = / l .  125 = 1 .060

An ap p ro x im a te  95 p e r  c e n t c o n f id e n c e  i n t e r v a l  i s  o b ta in e d  on S j  a s  

fo l lo w s :  SE o f  S j  = S^/V2n = 1 .060 /V 4 (under th e  a ssu m p tio n  o f  n o rm a li ty ) .
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H ere , th e  a p p ro x im a te  95 p e r c e n t  C l ”  S j + 2 S-A/2n = 1 .0 6 0  +  2(1 .06Q )/> /4

= 1 .060  +  1 .060 = 0 to  2 .1 2 0 .

The o th e r  two e s t im a te s  o f  S- (1 .0 6 0  and 1 .3 2 7 ) f a l l  w e l l  w i th in  t h i s  

ra n g e .

The n e x t p a i r  o f  sam ples from  th e  c o n t ro l  group i s  th e n  t e s t e d

s i m i l a r l y ,  th e n  th e  n e x t p a i r  (w hich h e re  comes from  th e  t r e a tm e n t  g ro u p ) ,

e t c .  The r e s u l t s  o f  t e s t i n g  o f  a l l  fo u r  p a i r s  a r e  sum m arized i n  T ab le  I I  

and one a c c e p ts  t h a t  means o f  s i z e  n  = 2 sh o u ld  b e  a p p ro x im a te ly  n o rm ally  

d i s t r i b u t e d .  The same p ro c e d u re  was a p p l ie d  t o  th e  r e c ta n g u la r  d i s t r i b u ­

t i o n  and th e  lo g a r i th m ic  d i s t r i b u t i o n ,  and th e  r e s u l t s  a r e  a l s o  summarized 

in  T a b le  11. I f  th e  th r e e  S- e s t im a te d  from  each  s e t  o f  p a i r s  o f  sam ples 

o f  s i z e  n = 2 do n o t a g re e ,  one sh o u ld  p roceed  to  t e s t i n g  sam p les s i z e  

n  = 3. T h is  o c c u r re d  in  th e  lo g a r i th m ic  d i s t r i b u t i o n  (T ab le  1 1 ) . Should 

th e y  n o t a g re e  i n  th e  sam ples o f  s i z e  n = 3 ,  one sh o u ld  p ro cee d  to  sam ples 

s i z e  n = 4 ,  e t c .  u n t i l  agreem ent i s  re a c h e d  in  a t  l e a s t  two s e t s  o f  p a i r s  

o f  sam p les . T h is  o c c a s io n a l ly  o c c u rre d  in  th e  exam ples o f  m e d ic a l r e s e a r c h  

d a ta  p re s e n te d  l a t e r .

A lth o u g h  no such  d a ta  o c c u rre d  in  t h i s  p r e s e n ta t io n ,  i t  i s  p o s s ib le  

t h a t  som etim es by in s p e c t io n  o f  th e  r e s u l t s  o f  sam pling  o f  n in e  c o n t r o l  and 

n in e  e x p e r im e n ta l s u b je c t s  th e r e  w i l l  be  in te rn a i l  e v id e n c e  s u g g e s tin g  o u t ­

l i e r s  o r  b a d ly  skewed d i s t r i b u t i o n s .  In  some in s ta n c e s  t h e  e x p e r im e n te r  

may know from  p re v io u s  work o f  h i s  own o r o f  o th e r s  t h a t  th e  p o p u la t io n  

from  w hich h i s  sam p les came i s  p ro b a b ly  s e v e re ly  skewed. In  th e s e  s p e c ia l  

in s t a n c e s ,  i t  i s  p ro b a b ly  d e s i r a b l e  to  se e k  some n o rm a liz in g  t r a n s fo rm a t io n  

o f  th e  d a ta  (a s  ta k in g  lo g a r i th m s ,  sq u a re  o r  cube r o o t s ,  e t c . )  b e fo re  p ro ­

ce e d in g  to  t h e  above d e s c r ib e d  m ethod. E very  e f f o r t  sh o u ld  be made to
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n o rm a liz e  th e  d a ta  i n  a s p e c i f i c  in s ta n c e  by w h a tev e r means a r e  re a s o n a b ly  

and p e rm is s ib ly  a v a i l a b l e .  I n  g e n e r a l ,  t h i s  sh o u ld  p e rm it one to  work 

w i th  th e  means o f  sm a ll sam ple s i z e s  ( i . e . ,  n  ^  5 ) .



CHAPTER 17

CONSIDERATION OF THE TWO-SIDED ALTERNATIVE 

IN MEDICAL RESEARCH

The tw o -s id e d  a l t e r n a t i v -  i s  f r e q u e n t ly  o f  ex trem e i n t e r e s t  to  

th e  m e d ic a l r e s e a r c h e r .  W a ld 's  o r i g i n a l  d e s c r ip t i o n  o f  i t  was d e s ig n e d  

to  m eet th e  need s  o f  q u a l i t y  c o n t r o l ,  and th u s  le d  to  a c c e p t in g  a p ro ­

d u c t w hich  d id  n o t v a ry  more th a n  a s p e c i f i e d  amount in  e i t h e r  d i r e c t i o n  

(up o r  down) from  th e  c o n t r o l  o r  s ta n d a rd  p ro d u c t ,  o r  t o  r e j e c t i n g  i t  

a s  v a ry in g  m ore th a n  th e  d e s i r e d  am ount. The s ig n  o f  t h e  v a r i a t i o n  

(+ o r  - )  from  th e  c o n t r o l  mean i s  th u s  i n  e s s e n c e  ig n o re d  (1 ) .  T h is  

model may have  some a p p l i c a t i o n s  i n  e x p e r im e n ta l m e d ic in e , b u t much more 

commonly th e  e x p e r im e n te r  w ish es  t o  answ er th e  q u e s t io n :  I s  th e  mean

o f  t h e  e x p e r im e n ta l g ro u p  e s s e n t i a l l y  th e  same as  th e  mean o f  th e  c o n t ro l  

g ro u p  o r  n o t ,  and i f  n o t ,  i s  th e  mean o f  th e  e x p e r im e n ta l  g roup  h ig h e r  

o r  i s  i t  low er?

A rm itage  was a p p a r e n t ly  th e  f i r s t  to  r e c o g n iz e  and a t te m p t to  

s o lv e  t h i s  need  i n  th e  a r e a  o f  m e d ic a l r e s e a r c h .  He d e s c r ib e d  a  model 

f o r  b in o m ia l ly  d i s t r i b u t e d  d a t a ,  w hich  p e rm i t te d  a n sw erin g  th e  q u e s tio n :

I s  th e  p e rc e n ta g e  o f  s u c c e s s e s  i n  th e  t r e a tm e n t  g roup  e s s e n t i a l l y  th e  

same a s  i n  th e  s ta n d a rd  g ro u p , o r  i s  i t  s i g n i f i c a n t l y  g r e a t e r ,  o r  s i g n i f i ­

c a n t ly  le s s ?  The same id e a  can  o f  c o u rse  b e  ex te n d e d  to  th e  s i t u a t i o n

17
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w ith  r e g a rd  to  t h e  m easured  v a r i a b l e .  The problem  o f  th e  com parison  o f  

m u l t ip le  t r e a tm e n t  g ro u p s  t o  a s i n g l e  s ta n d a rd  o r  c o n t r o l  a r i s e s ,  b u t 

w i l l  n o t be c o n s id e re d  i n  t h i s  d i s s e r t a t i o n .  I t  i s  th e  s u b je c t  o f  a 

s e p a r a te  r e p o r t  to  be made a t  a  l a t e r  d a te .

The m ost i n t r i g u i n g  id e a  t h a t  comes im m ed ia te ly  to  mind i s :  

in s te a d  o f  ii?q = mean o f  c o n t r o l ,  m^ = d e s i r e d  mean o f  t r e a tm e n t  g ro u p , 

why n o t l e t  = d e s i r e d  mean o f  t r e a tm e n t  g ro u p  to  be re g a rd e d  a s  

s i g n i f i c a n t l y  lo w er th a n  mean o f  c o n t r o l ,  and m^ = d e s i r e d  mean o f  

tr e a tm e n t  g roup  t o  be re g a rd e d  as s i g n i f i c a n t l y  h ig h e r  th a n  mean o f  

c o n tro l?  T h is ,  i n  e f f e c t ,  a llo w s  th e  mean o f  th e  c o n t r o l  to  fo llo w  a 

c e n te r  p a th  be tw een  th e  two p a r a l l e l  l i n e s  o f  th e  s e q u e n t i a l  g ra p h . I t  

a l s o  d o u b le s  th e  u s u a l  /  ( i . e . ,  m^-mg) and  th u s  a f f e c t s  b o th  th e  s lo p e  

( i . e . ,  (m2+mQ)/2 ) and th e  i n t e r c e p t s  j i . e . , a g -^ /  (m^^-mg]^ a s  w e l l  a s  th e  

av e ra g e  number ( i . e . ,  ^ l - « r ) b - ^ a j / (m j^-n^)^ /2çp2). D r o l e t t e  and H eg sted

have r e c e n t ly  r e p o r te d  an  a p p l i c a t i o n  o f  t h i s  te c h n iq u e ,  i n  w hich  th e y  

c a r r i e d  o u t  m u l t i p l e  co m p ariso n s  o f  s e v e r a l  t r e a tm e n t g ro u p s  a g a in s t  a 

s in g le  c o n t r o l  ( s t a t i n g  no s p e c ia l  a llo w an ce  fo r  t h i s  l a t t e r  was n e c e s ­

s a ry )  (2 3 ) .  H a p p ily , b e c a u se  th e  ^  th e y  s e le c te d  was s m a ll  i n  r e g a rd  to  

th e y  a p p a r e n t ly  a v o id e d  t r o u b le .  E m p ir ic a l e v id e n c e  w i l l  b e  p r e ­

s e n te d  below  to  i l l u s t r a t e  t h a t  t h i s  ty p e  o f  a n a ly s i s  c o n ta in s  a h ig h ly  

p ro b a b le  e r r o r  and can  le a d  one i n t o  d i f f i c u l t y ,  p a r t i c u l a r l y  i f  th e  <T 

s e le c te d  le a d s  to  an  a v e ra g e  number l e s s  th a n  1 (w hich i t  w i l l  o f te n  

do i f  £  i s  2or- o r  m o re ) . I n  t h e i r  a p p l i c a t io n  t h e i r  a v e ra g e  number was 

s ix  o r s e v e n , and i t  p ro b a b ly  sh o u ld  have  been 25 o r  26 ( e x p la n a t io n  

l a t e r  i n  c h a p t e r ) . The model o f  A rm itag e  would have in  e s s e n c e  l e t  

rem ain  t h e  mean o f  th e  c o n t r o l  g ro u p , s e t  m̂  ̂ a s  th e  d e s i r e d  mean o f  th e
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t r e a tm e n t  g roup  t o  have b een  c o n s id e re d  s ig n i f i c a n t l y  h ig h e r  th a n  mg, and 

m2 a s  th e  d e s i r e d  mean o f  th e  t r e a tm e n t  group to  be c o n s id e re d  s i g n i f i c a n t ­

l y  low er th a n  mg.

R e s u l t s  o f  sam p lin g  and t e s t i n g  w i l l  now be c i t e d  to  le n d  e m p ir ic a l  

e v id e n c e  to  s u p p o r t t h a t  D r o le t t e  and H e g s te d 's  method i s  p ro b a b ly  i n  e r r o r  

and th a t  th e  method o f  A rm itag e  i s  p ro b a b ly  more d e s i r a b l e .  I f  one sam ples 

from  S n e d e c o r 's  norm al d i s t r i b u t i o n  w here i t  i s  known th a t  ^  = 30 and

= 10, one sh o u ld  e x p e c t n o t v e ry  o f t e n  to  c ro s s  th e  l i n e s  o f  th e  g raph

le a d in g  to  th e  c o n c lu s io n  t h a t  th e  sam ple d id  n o t come from  a  d i s t r i b u t i o n

w i th ^ j^  = 30.

F i r s t ,  u s in g  th e  m ethod o f  D r o le t t e  and H eg s ted , one h a s : = 30

and 0^  = 10; mg i s  a r b i t r a r i l y  s e le c te d  a s  10 and mĵ  a s  5 0 ,  th u s  a ap­

p ro x im a te ly  2 (j-^ on e i t h e r  s id e  o f  >4^ (a n o t u n re a so n a b le  d i f f e r e n c e  to  be 

s e a rc h in g  f o r  i n  m e d ica l e x p e r im e n ta l w o rk ). A lso , «ai i s  a r b i t r a r i l y  

s e le c te d  a s  . 0 1  and (3 a s  . 0 1 .  One th e n  has  th e  n e c e s s a ry  b a s ic  in fo rm a­

t i o n  f o r  c o n s t r u c t io n  o f  t h e  s e q u e n t i a l  g raph :

b g  =  - b c r ^ / ( m j ^ - n ^ )  = ( - 4 . 5 9 5  x  1 0 0 ) / ( 5 0 - 1 0 )  = - 4 5 9 . 5 / 4 0  =  - 1 1 . 4 8 7  = - 1 1 . 5

h^ = a o — /  (m ^-mg) = + 1 1 . 5  

S = (m ^+ m g)/2  = ( 5 0 + 1 0 ) / 2  =  6 0 / 2  = 3 0 .

P o in ts  fo r  p l o t t i n g  th e  g ra p h  may now be d e term ined  a s  fo l lo w s : 

n  = Upper L in e  Lower L in e

0 1 1 . 5  - 1 1 . 5

5 1 6 1 . 5  1 3 8 . 5

1 0  3 1 1 . 5  2 8 8 . 5

2 0  6 1 1 . 5  5 8 8 . 5

4 0  1 2 1 1 . 5  1 1 8 8 . 5
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< ^ /(m i-m o )^ /2 c r^

= [ ( 1 - . 0 1 )4 .5 9 5  -  .0 1  ( 4 .5 9 5 ) ] / (5 0 -1 0 )2 / [2 (1 0 0 ) ]

= (4 ,5 4 9  -  .0 4 5 9 )/1 6 0 0 /2 0 0  = 4 .5 0 3 /8  = 0 .5 6 2  ( i . e . ,  <  1 !)

Random sam ples from  S n e d e c o r 's  d a ta  f o l lo w ;

n ■= X S X Upper L in e Lower L:

F i r s t  sam ple: 1 36 36 4 1 .5 18 .5
2 33 69 7 1 .5 4 8 .5
3 34 103 101.5 7 8 .5

Second sam ple: 1 3 3 4 1 .5 1 8 .5

T h ird  sam ple: 1 26 26 4 1 .5 18 .5
2 17 43 7 1 .5 4 8 .5

F o u r th  sam ple: 1 49 49 4 1 .5 18 .5

F i f t h  sam ple: 1 27 27 4 1 .5 18 .5
2 30 57 71 .5 4 8 .5
3 44 101 101.5 7 8 .5
4 41 142 131.5 108 .5

S u re ly  th e r e  a r e  to o  many e rro n e o u s  r e s u l t s .  In  f iv e  sam p les  o f  s i z e  

n  =■ 1 to  n ■= 4 ,  f iv e  c o n c lu s io n s  have been  reac h ed  t h a t  th e  mean o f  th e  

p o p u la t io n  from  w hich t h e  sam ples came was n o t e q u iv a le n t  to  30 ( i . e . ,  

r e j e c t  m^ = 3 0 ) .  T hree  tim e s  t h e  c o n c lu s io n  was re a c h e d  to  a c c e p t i t  

e q u iv a le n t  t o  o r  g r e a t e r  th a n  m^ ( i . e . ,  ^  50) and tw ic e  t o  a c c e p t  i t  

e q u iv a le n t  to  o r  l e s s  th a n  iqQ ( i . e .  , ^  10)1 Y et i t  i s  known th a t  a l l  o f  

th e s e  d e c is io n s  a r e  h ig h ly  im p ro b ab le . E v id e n t ly ,  th e r e  i s  a  h ig h ly  

p ro b a b le  e r r o r  i n  t h i s  m ethod, and i t  i s  more s u b t l e  and r e q u i r e s  l a r g e r  

and  l a r g e r  sam ples to  d e m o n s tra te  when é  i s  s e le c te d  so  t h a t  th e  a v e ra g e  

number i s  g r e a t e r  th a n  1 . Thus th e  re a s o n  fo r  th e  i l l u s t r a t i v e  exam ple 

p r e s e n te d .

A ccord ing  to  t h e  method o f  A rm itag e , an  a p p a r e n t ly  more a p p ro ­

p r i a t e  a n a ly s i s  o f  th e  above  p ro b lem  w ould have been ;
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L e t idq = 30 

<7% = 10 

= 50 

m2 = 10 

o< = .01 

^ = .01

Hq = -b o -^ /  = ( -4 .5 9 5  x  1 0 0 ) /(5 0 -3 0 )  = -4 5 9 .5 /2 0  = -2 2 .9 7 5  ~ -23

b j  = a (j-^ / "= 23

S i = (mj^+n^)/2 = (50+ 30)/2  = 8 0 /2  40 .

F o r th e  low er p o r t i o n  o f  th e  g ra p h , u s in g  m2 , th e  i n t e r c e p t s  

rem ain  unchanged b u t ;

$2 = (m2+mo)/2 = (10+ 30)/2  = 4 0 /2  = 20.

^ I s o :  S2  = -  (m ^-m 2)/2 = 40 -  4 0 /2  = 20J .

P o in ts  f o r  p l o t t i n g  th e  g ra p h  may now be d e te rm in e d  a s fo llo w s :

m]̂  and mo and m2

n  = Upper L in e  Lower L in e Upper L in e Lower L in e

0 23 -23 23 -23

5 223 177 123 77

10 423 377 223 177

e t c .

H ere , = n^^ = = 4 .5 6 3 /4 0 0 /2 0 0  = 4 .5 6 3 /2  = 2 .2 8 1 5  ^  2 o r  3 .

The s e q u e n t i a l  a n a l y s i s  o f  th e random sam ples from  S n e d e c o r 's  d a ta  fo llow s:

mĵ  and mg and m2

n = X UL LL UL LL

F i r s t  sam ple: 1 36 36 63 17 43 -3
2 33 69 103 57 63 17
3 34 103 143 97 83 37
4 3 106 183 137 103 57
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Random sam ples from  S n e d e c o r 's  d a ta  c o n tin u e d ;

Second sam ple:

T h ird  sam ple:

mi and  ioq m^ and “ 2
n = JÇ UL LL UL LL

1 26 26 63 17 43 -3
2 17 43 103 57 63 17
3 49 92 143 97 83 37
4 27 119 183 137 103 57

1 30 30 63 17 43 -3
2 44 74 103 57 63 17
3 41 115 143 97 83 37
4 31 146 183 137 103 59
5 33 179 223 177 123 77
6 30 209 263 217 143 97

H ere one r e p e a te d ly  o b ta in s  th e  more p ro b a b le  a n sw e r, t h a t  i s ,  t h a t  th e  

sam ples came from  a  p o p u la t io n  w hich h a s  a mean = 3 0 , an d  n o t ^  50 or 

^  10. The s i z e  sam ple fo r  d e c i s io n  v a r i e d  from  n = 4 t o  n = 6 . I t  i s  to  

be n o te d  t h a t  i t  w i l l  a lw ays r e q u i r e  a t  l e a s t  one more th a n  th e  av e ra g e  

sam ple s i z e  (n ^ ^ ) t o  o b ta in  th e  d e c i s io n  o f  no d i f f e r e n c e  from  th e  c o n t ro l  

mean, u n le s s  on e  e x te n d s  t h e  low er l i n e  o f  th e  u p p er p o r t i o n  o f  th e  g rap h

and th e  u p p e r l i n e  o f  th e  low er p o r t io n  o f  th e  g ra p h  to  th e  l e f t  p a s t  th e

p o in t  w here th e y  i n t e r s e c t .  I t  i s  p r e f e r r e d  n o t t o  do t h i s ,  b u t r a th e r  to  

r e q u i r e  a few e x t r a  o b s e rv a t io n s  to  re a c h  th e  d e c i s io n  o f  a c c e p t no s i g ­

n i f i c a n t  d i f f e r e n c e  from th e  c o n t r o l .  T h is  i s  an  added p r e c a u t io n  in  

o rd e r  n o t to  r e a c h  t h i s  d e c i s io n  p re m a tu re ly . H owever, when th e  t r e a t ­

ment g ro u p  mean i s  more l i k e  50 o r  10 th a n  30, th e s e  d e c i s io n s  w i l l  be

re a c h e d  on th e  a v e ra g e  w ith  th e  a v e ra g e  sam ple s i z e s  (ng,^ o r  Sijjj^).

T h is  can  be  r e a d i ly  d e m o n stra te d  by  add ing  20 to  each  random 

o b s e rv a t io n  o b ta in e d  p r e v io u s ly ,  th e n  a g a in ,  by s u b t r a c t in g  20 as 

fo llo w s :
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20 added 20 s u b t r a c te d “ 1 and mg mg and ®2

n = X S x X UL LL UL LL

F i r s t  sam ple; 1 56 56 16 16 63 17 43 -3
2 53 109 13 29 103 57 63 17
3 14 43 83 37
4 -17 26 103 57

Second sam ple: 1 46 46 6 6 63 17 43 -3
2 37 83 -3 3 103 57 63 17
3 69 152 143 97

T h ird  sam ple: 1 47 47 7 7 63 17 43 -3
2 50 97 10 17* 103 57 63 17*
3 64 161 24 41 143 97 83 37
4 21 62 103 57
5 11 73 123 77

* P r e f e r n o t to c o n s id e r  on th e l i n e a s  a d e c i s io n .

One r e p e a te d ly comes to  a c o r r e c t d e c is io n i n  a (sm all number o f  obseirva-

t io i i s  (on th e  a v e ra g e  (2+4+3+2-r3+5)/ô = 1 9 /6  = 3 .1 6 6 )  w h ich  i s  a re a s o n ­

a b le  a p p ro x im a tio n  to  th e  e s t im a te d  a v e ra g e  sam ple s i z e  o f  2 to  3 .

D r o le t t e  and H eg sted  d e s c r ib e d  a method o f  a n a l y s i s  r e f e r r i n g  to  

R o s a n d e r 's  t e x t ,  b u t su ch  an a n a l y s i s  a s  th e y  p r e s e n te d  was n o t found 

(2 6 ) . A cco rd ing  to  t h i s  m ethod o f  D r o le t t e  and H e g s te d , th e  fo llo w in g  

sh o u ld  be done:

Mean o f  c o n t r o l  =■ 240

<7x = 48

mg = 215 

mĵ  = 265 

X  = .0 2  

#  = .02  

"mg °  0*1 = 6-44 ^ 6  or 7.

I f  one a l t e r s  t h i s  to :
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Mean o f  c o n t r o l  = 240

(TS" = 48 

ihq = 215 

“  265 

of = .0 1  

^  = .0 1

One o b ta in s :

hg = -bcr^/(m j^-nio) = -1 0 5 8 6 .88^265-215 )=  -2 1 1 .7 3 7  S ' -2 1 1 .7  

h i  = + 211 .7

S = (265+ 215)/2  = 480 /2  = 240

= 4 .5 6 3 /2 5 0 0 /4 6 0 8  -  4 .5 6 3 /.5 4 2  = 8 .4 1 8  ^  8 o r  9 . 

The a n a ly s i s  o f  t h e i r  d a ta  by t h i s  model i s  p re s e n te d  in  T a b le  12.

As p o in te d  o u t p r e v io u s ly ,  when and a r e  g r e a t e r  th a n  1 , 

th e  p ro b a b le  e r r o r  i s  more d i f f i c u l t ,  t o  i l l u s t r a t e  e m p i r ic a l ly ,  a s  can  

be seen  in  T ab le  12. H owever, c o n tin u e d  p l o t t i n g ,  i f  a d d i t i o n a l  o b s e r ­

v a t io n s  w ere a v a i l a b l e ,  w ould p ro b a b ly  le a d  to  t h e  c o n c lu s io n  t h a t  one 

shou ld  a c c e p t m^ m^ o r  m^ & m^, e i t h e r  o f  w hich w ould be an  im p ro b ab le  

c o n c lu s io n .

I f  one now a p p l i e s  th e  model o f  A rm itage to  th e s e  d a t a ,  one 

p ro ceed s  a s  fo llo w s :

njQ = 240 (a c c e p te d  as  o f  c o n t r o l  p o p u la tio n )

çjjf = 48 (a c c e p te d  a s  o f  c o n t ro l  p o p u la t io n )

mĵ  = 265 ( a r b i t r a r y ,  from  D r o le t t e  and  H eg sted ) 

m2  = 215 ( a r b i t r a r y ,  from  D r o le t t e  and  H egsted )

= .0 1  

^ =  .0 1
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One th e n  h a s :

hg = -bcr^/(m j^-n-o) = -1 0 ,5 8 6 .8 8 /2 5  = -4 2 3 .4 7 5  = -4 2 3 .5  

h i  'S' 4 2 3 .5

S i = (240+ 265)/2  = 505 /2  = 252 .5

$2 = (215+ 240)/2  = 455 /2  = 227 .5

" œq “  ”mi “  “ nj2 “  4 .5 6 3 /6 2 5 /4 6 0 8  = 4 .5 0 3 / .  135 = 33 .355

T h is  l a t t e r  i s  r e a s o n a b le ,  as  th e  (m i-n^ o r  mQ-ni2 ) i s  a p p ro x i­

m a te ly  1 /2  — a v e ry  s h o r t  d i s ta n c e  away. I t  sh o u ld  th u s

r e q u i r e  a l a r g e r  sam ple  s i z e  t o  make su ch  a  d e c i s io n ,  s in c e  S  i s  so 

s m a ll .  The a n a l y s i s  o f  t h e i r  d a ta  by t h i s  model i s  shown i n  T a b le  13.

By t h i s  m odel o f  a n a l y s i s ,  n o t ta k in g  in to  ac c o u n t th e  p roblem  

o f  m u l t ip le  co m p ariso n s  i n  o rd e r  t o  rem a in  c o n s i s t e n t  w ith  D r o l e t t e  and 

H eg sted , th e  d e c i s io n s  a r e :

1 . E th io p ia n s  have a s i g n i f i c a n t l y  low er c h o l e s t e r o l  (d e c is io n  

re a c h e d  a t  n = 5 a t  th e  .0 1  l e v e l ) .

2 . Boys h ave  a s i g n i f i c a n t l y  low er c h o l e s t e r o l  ( d e c i s io n  re a c h e d

a t  n = 12 a t  th e  .0 1  l e v e l ) .

3 . No d e c i s io n  on a d u l t  men was made. One w ould n eed  a t  l e a s t  

34 o r  35 o b s e r v a t io n s  to  r e a c h  a d e c i s io n  o f  no s i g n i f i c a n t  d i f f e r e n c e  

from  c o n t r o l ,  and th e r e  w ere  o n ly  24 o b s e rv a t io n s  a v a i l a b l e .

4 .  C a rd ia c s  have a s i g n i f i c a n t l y  h ig h e r  c h o l e s t e r o l  ( d e c is io n  

re a c h e d  a t  n = 15 a t  th e  .0 1  l e v e l ) .

I f  e v e ry th in g  i s  r e c a l c u l a t e d  u s in g  th e  model p a t te r n e d  a f t e r  

A rm itag e , b u t  s e t t in g * *  = 6 =  .0 2  (a s  d id  D r o le t t e  and  H e g s te d ) ,  th e  

a v e ra g e  number f o r  d e c i s io n  i s  now 2 5 .7 6  25 o r  26 . E s s e n t i a l l y  th e

same d e c is io n s  a s  above a r e  r e a c h e d , and  a summary c h a r t  f o l lo w s ,  show ing
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th e  a c t u a l  number o f  o b s e rv a t io n s  o b se rv e d  to  b e  r e q u i r e d  fo r  a d e c i s io n  

i n  ea c h  c a s e :
Model o f

D r o le t t e  and H egsted  tfo d e l o f  A rm itage
°  = . 02 .0 2  .0 1

E th io p ia n s  3 5 5
Boys 7 12 12
C a rd ia c s  9 15 15
A d u lt men (d e c is io n  im p o s s ib le  (a )  (b )

on s e q u e n t i a l  g rap h )

®Need a t  l e a s t  26 o r  27 o b s e rv a t io n s  f o r  a d e c i s io n  o f  no s i g ­
n i f i c a n t  d i f f e r e n c e  ( i . e . ,  a c c e p t nig = m ^).

^Need a t  l e a s t  34 o r  35 o b s e rv a t io n s  f o r  a d e c i s io n  o f  no s i g ­
n i f i c a n t  d i f f e r e n c e  ( i . e . ,  a c c e p t mg = n ^ ) .

A lthough  i t  to o k  two more o b s e rv a t io n s  i n  E th io p ia n s  and  f i v e  more 

i n  boys and s i x  more i n  c a r d ia c s  to  re a c h  s im i l a r  d e c i s io n s  t o  th o s e  

re a c h e d  by D r o le t t e  and H eg s ted , i t  i s  f e l t  t h a t  th e  d e c i s io n s  re a c h e d  

h e re  by t h i s  te c h n iq u e  a r e  more m ean in g fu l fo r  th e  re a s o n s  a l re a d y  p r e ­

s e n te d .

I n  summary, th e  model o f  s e q u e n t i a l  a n a l y s i s  f o r  th e  tw o -s id e d -  

a l t e r n a t i v e  p rob lem  in  m e d ica l r e s e a r c h  p r e s e n te d  h e re  i s  p r e f e r r e d  to  th e  

model o f  W ald b e c a u se  i t  p e rm its  a d e c i s io n  a s  t o  w h eth er th e  mean o f  th e  

t r e a tm e n t  g roup  i s  h ig h e r  th a n ,  e s s e n t i a l l y  th e  same a s  o r low er th a n  th e  

mean o f  th e  c o n t r o l  g ro u p , and i t  i s  p r e f e r r e d  to  th e  m odel o f  D r o le t t e  

and H eg sted  b e c a u se  one i s  l e s s  l i k e l y  to  re a c h  im p ro b ab le  d e c is io n s  o f  

r e j e c t i n g  m^ = mg when i n  t r u t h  mg = m^; and one c a n , on  th e  s e q u e n t i a l  

g ra p h , re a c h  th e  d e c i s io n  mg = and th u s  know when to  s to p  sam p lin g  from 

a p o p u la t io n  w hose mean does n o t d i f f e r  from  th e  c o n t r o l  mean by a  s i g ­

n i f i c a n t  am ount, w ith o u t  r e s o r t i n g  to  t r u n c a t io n  te c h n iq u e s ,  o r  o th e r  

com plex p ro c e d u re s  r e q u i r i n g  a d d i t io n a l  c a l c u l a t i o n s .



CHAPTER V

AN APPROXIMATION MODEL OF SEQUENTIAL ANALYSIS THAT SHOULD 

BE OF INTEREST TO THE MEDICAL RESEARCH WORKER

M aking u se  o f  th e  p r i n c i p l e s  d is c u s s e d  and o u t l in e d  in  th e  p re ­

v io u s  s e c t i o n s ,  i t  sh o u ld  b e  p o s s ib le  to  d ev e lo p  an a p p ro x im a tio n  model 

o f  s e q u e n t i a l  a n a ly s i s  f o r  u se  i n  th e  fo llo w in g  s i t u a t i o n s  i n  m e d ic a l 

e x p e r im e n ta t io n :

1 . T h e re  is  n o t e x te n s iv e  p a s t  e x p e r ie n c e  o r  th e r e  a r e  n o t  ex­

t e n s iv e  d a ta  p re v io u s ly  c o l l e c t e d  under s im i la r  e x p e r im e n ta l c irc u m ­

s ta n c e s  from  w hich  one c o u ld  o b ta in  s a t i s f a c t o r y  e s t im a te s  o f  and

o f  th e  c o n t r o l  o r  s ta n d a rd  g ro u p .

2 . The e x p e rim e n te r  does n o t know th e  d i s t r i b u t i o n  o f  d a ta  in  

th e  p o p u la t io n  from  w h ich  h i s  sam ples o f  d a ta  came.

3 . The e x p e rim e n te r  i s  n o t c e r t a i n  o f  an  e x a c t v a lu e  o f  d i f ­

f e re n c e  from  th e  (unknown) s ta n d a rd  o r  c o n t r o l  mean t h a t  h e  w ould d e f i ­

n i t e l y  a c c e p t  a s  b io l o g ic a l ly  (m e d ic a lly )  s i g n i f i c a n t .  He w ould b e  

w i l l i n g ,  p e rh a p s ,  to  a c c e p t  s e v e r a l  d i f f e r e n t  v a lu e s  o f  a s i g n i f i c a n t  

d i f f e r e n c e  ( i . e . ,  s e v e r a l  d i f f e r e n t  t f ' a ) . The e x p e r im e n te r  i s  w i l l i n g  

to  d e c id e  upon th e  a p p r o p r ia te  f f  i n  c o n ju n c tio n  w ith  th e  a d v ic e  o f  th e  

s t a t i s t i c i a n ,  ta k in g  i n t o  a c c o u n t th e  e s t im a te s  o f  o f  th e  c o n t r o l  

g ro u p , and  o f  in  a l l  o f  th e  e x p e r im e n ta l g ro u p s , t h a t  a r e  o b ta in e d

27
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from  th e  ex p erim en t a s  i t  p r o g re s s e s .

4 . The e x p e rim e n te r  i s  n o t d is tu rb e d  by o p e ra t in g  a t  an  a p p ro x i­

m ate le v e l  o f  c o n f id e n c e  ( i . e . ,  i f  he o p e ra te s  a t  th e  .01 l e v e l ,  i t  may 

a c t u a l l y  on o c c a s io n  be .02  o r  .0 3 )  b ecau se  he w i l l  n e a r ly  a lw ays o p e ra te  

a t  l e v e l s  a t  l e a s t  p resu m ab ly  s m a lle r  th a n  .0 5 .

The A p p ro x im atio n  Model o f  S e q u e n tia l  A n a ly s is  
A p p lie d  to  E x p e rim e n ta l Sam pling D ata

The fo llo w in g  th r e e  exam ples a r e  o f f e r e d  a s  e m p ir ic a l  ev id en ce  

th a t  such an  ap p ro ach  sh o u ld  be u s e f u l  to  th e  m ed ical r e s e a r c h e r .  The 

g e n e ra l  sam pling  s i t u a t i o n  f o r  each  o f  th e  th r e e  exam ples w i l l  be th e  

same.

Two random sam ples o f  s i z e  n  = 9 each  w i l l  be drawn from  a known 

d i s t r i b u t i o n  m aking u s e  o f  a t a b l e  o f  random  num bers. Means o f  th e  

a p p ro p r ia te  s i z e  w i l l  be com pared by th e  s e q u e n t ia l  a n a l y s i s ,  under th e  

assum ption  o f  th e  ap p ro x im a te  n o rm a li ty  o f  th e  d i s t r i b u t i o n  o f  th e  m eans.

The f i r s t . s a m p l e s  from  th e  norm al d i s t r i b u t i o n  a r e  a l r e a d y  a v a i l ­

a b le  from C h a p te r  I I I .  They a r e :

C o n tro l Group T rea tm en t Group

36 27
33 36
34 14
32 42
27 17
36 23
25 26
27 11
11 35

I t  h a s  a l r e a d y  been d e te rm in e d  t h a t  means o f  sam ples o f  s iz e  

n = 2 sh o u ld  be  a p p ro x im a te ly  n o rm ally  d i s t r i b u t e d  (C h ap te r I I I ) .  T h ere  

a re  fo u r sam ples o f  s i z e  2 i n  th e  c o n t r o l  g roup  and fo u r  i n  th e  t r e a tm e n t 

g ro u p .
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From th e s e  fo u r p a i r s  o f  sam ples i n  th e  c o n t r o l  g ro u p , one e s t i ­

m ates th e  mean o f  th e  c o n t r o l  g ro u p  a s  fo llo w s :

( 3 6 + 3 3 + 3 4 + 3 2 + 2 7 + 3 6 + 2 5 + 2 7 ) / 8  = 2 1 6 / 8  = 2 7 . 0 .

T h is  i s  th e  e s t im a te  oi. o f  t h e  c o n t r o l  g roup  p o p u la t io n .  F o r th e

e s t im a te  o £ o f  th e  c o n t r o l  and  t r e a tm e n t  p o p u la t io n s  ( f o r  i t  i s  assum ed

t h a t  ( j -  = o r  ) , one p o o ls  th e  e s t im a te s  from  each  o f  th e
c o n t r o l  tre a tm e n t

e ig h t  sam ples o f  s i z e  n  = 2.

CSS^ = 2 3 8 5  -  2 3 8 0 . 5  =  4 . 5

CSSg = 2 1 8 0  -  2 1 7 8  =  2 . 0

CSS3 = 2 0 2 5  -  1 9 8 4 . 5  =  4 0 . 5

CSS4  = 1 3 5 4  -  1 3 5 2  = 2 . 0

CSS5 = 2 0 2 5  -  1 9 8 4 . 5  =  4 0 . 5

CSSg = 1 9 6 0  -  1 5 6 8  = 3 9 2 . 0

CSSy = 8 1 8  -  8 1 0  =  1 8 . Ô

CSSg = 7 9 7  -  6 8 4 . 5  = 1 1 2 . 5

s j  = ( 4 . 5 + 2 . 0 + 4 0 . 5 + 2 . 0 + 4 0 . 5 + 3  9 2 . 0 + 1 8 + 1 1 2 . 5 )  /  8 = 6 1 2 / 8  = 7 6 . 5 ,
poo led

S„ S ' 8 . 7 5

T h is  i s  th e  e s t im a te  o f  The fo u r  means i n  th e  tr e a tm e n t  g ro u p , from

th é  fo u r  p a i r s  o f  sam p le s , a r e  a s  fo llo w s :

1 .  ( 2 7 + 3 6 ) / 2  = 6 3 / 2  = 3 1 . 5

2 .  ( 1 4 + 4 2 ) / 2  = 5 6 / 2  =  2 8 . 0

3 .  ( 1 7 + 2 3 ) / 2  =  4 0 / 2  =  2 0 . 0

4 .  ( 2 6 + l l ) / 2  =  3 7 / 2  =  1 8 . 5 .

2 Z2From S„ one e s t im a te s  <7^ a s /S _  / n  f o r  means o f  s i z e  n = 2:
S poo led  ^  V ^p

S- = Z 76 .5 /2  = V38.25 = 6.185
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W ith  th e  e s t im a te  o f  ^  f o r  th e  c o n t r o l  as  27 and th e  e s t im a te  o f  

0 ^  (mean o f  sam p les o f  s i z e  n  = 2 )  a s  6 .1 8 5 , one ap p ro ach es  th e  e x p e r i ­

m en ter and  a s k s  i f  th e  low er and up p er l i m i t s  o f  s i g n i f i c a n t  change  ( i . e . ,  

mg and mj )̂ w ould be  r e a s o n a b le  a t  27 + 1 .9 6  (6 .1 8 5 ) = 27 + 12 .12  = 14 .88  

(m2 ) to  3 9 .1 2  (m ^). A g ro u p  t h a t  g a in e d  ap p ro x im a te ly  15 pounds in s te a d  

o f  2 7  pounds w ould be c o n s id e re d  to  have  g a in e d  s i g n i f i c a n t l y  l e s s  w e ig h t ;  

an d , one t h a t  g a in e d  39 pounds i n s t e a d  o f  27 pounds w ould be  c o n s id e re d  to  

have g a in e d  s i g n i f i c a n t l y  more w e ig h t .  T hese  a r e  c o n s id e re d  b i o l o g i c a l l y  

re a s o n a b le  and S  h a s  b een  s e t  a s  1 .9 6  S - , w hich i s  a r e a s o n a b le  d i f f e r e n c e  

to  look  f o r  i n  te rm s o f  w hat h a s  been  le a rn e d  abou t th e  v a r i a t i o n  from  th e  

e x p e r im e n ta l d a ta .  T h is  i s  e q u iv a le n t  to  s e t t i n g  as  (1 .9 6 )^  S -^ :

0^^ = 3 .8 4 1  X 3 8 .2 5  = 1 4 6 .9 1 8 ; <f = 1 2 . 1 ^ .  I t  i s  a l s o  e q u iv a le n t  t o  t e s t ­

in g  27 +  1 .9 6  (8 .7 5 )  i n  th e  o r i g i n a l  d i s t r i b u t i o n  o f  th e  v a r i a b l e .  I n  th e  

s e q u e n t i a l  model t h i s  f i x e s  th e  d en o m in a to r o f  th e  a v e ra g e  sam ple s i z e  = 

1.9205 ( i . e . ,  c/^/2<f-^ = 3 . 8 4 1 o ^ / 2 o ^  = 1 .9 2 0 5 ) , th u s  th e  s o lu t i o n  o f  

^ - o ^ b - o R ^ / l .  92 ^  th e  a v e ra g e  sam ple  s i z e  n e c e ss a ry  fo r  d e c i s io n .  W ith 

t h i s  m odel, i f  one s e l e c t s  @ = k ,  one has th e  a v e ra g e  sam ple  s i z e s  

re c o rd e d  i n  th e  fo llo w in g  t a b l e :

When k = A verage Sample S iz e  i s :

.02  1 .9 8 6 ....................... (1 o r  2)

.0 1  2 .2 7 ......................... (2 o r  3)

.0 0 1  3 .5 9 ......................... (3 o r  4)

A r b i t r a r i l y ,  i t  i s  e l e c te d  to  p e rfo rm  an a n a ly s i s  a t  th e  .0 1  

le v e l  o f  c o n f id e n c e  h e r e .

One th u s  h a s :
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E s tim a te  o f  = 27

E s tim a te  o f  çj» = 6 .1 8 5 ,  = 38.25

m  ̂ = 3 9 .12  

m2 = 1 4 .8 8  

= ^  = .01  

a = b = 4 . 5 9 5 I

hg = - b ( r ^ / ( m j^ - n ^ )  = (-4 .5 9 5  X 3 8 .2 5 ) /1 2 .1 2  = -1 7 5 .7 6 /1 2 .1 2  = -1 4 .5 0  

= 1 4 .50

= (n^+mj^)/2 = (27+39.12)/2  = 66 .12 /2  = 3 3 .0 6  

$2 = (m2+n^)/2 = (14.88+27)/2 = 4 1 .8 8 /2  = 20 .94

The s e q u e n t i a l a n a ly s i s

,27 = 

th u s

2 o r  3 . 

becomes :

T re a tm e n t X mĵ  and mo mg and m2

N = X S x UL LL UL LL

1 3 1 .5 3 1 .5 4 7 .5 6 1 8 .56 3 5 .4 4 6 .4 4

2 2 8 .0 5 9 .5 80 .62 51 .62 5 6 .3 8 2 7 .3 8

3 2 0 .0 79 .5 113.68 8 4 .6 8 77 .32 4 8 .3 2

^Under th e  c o n d i t io n s  o f c < > O ,0 > O  and <  1 .0 ,  Wald has
d e f in e d  a = In  (l-(8)/3( and b = In  ( l -< ^ / f i .  Thus;

ofe^  a  1 -  ^  = 1
Gy = e"® - ^ e “® «Y »  1 - 0 e

e - a  _ ^ e -a  = 1 -  ^ e ^
( l - ^ a ) / [ e ^ ( l - e - a e - b 3  

= e - b j k l _ e - a ) / ( i _ e - a e - D ) (  
i, B  ap p ro ach es  e"b a s  a o r  a +  bT h e re fo re ,  ap p ro ach es  e"b a s  a o r  a +  b  in c r e a s e .

S im i la r ly ,  cy ap p ro ach es  e~a a s  b o r  a +  b i n c r e a s e .
For th e  s p e c i a l  c a s e  w hereof = ̂  = y  and a » b = k ,  one may sa y  y  ap p ro ach es  
e“^ a s  k  in c r e a s e s .  The above a p p ro x im a tio n s  a r e  q u i t e  s a t i s f a c t o r y  i n  
p r a c t i c a l  a p p l i c a t i o n s ,  e s p e c i a l l y  when of = .0 5  o r l e s s  and (S = .05  o r
l e s s .  An exam ple o f  th e  s p e c ia l  c a s e ,  s e l e c t i n g  a = b = 4 , and r e f e r r i n g
to  an e x p o n e n t ia l  t a b l e  y ie ld s  e"^  = 0 .0 1 8 3 , when t h e  t r u e  p r o b a b i l i t y  
o b ta in e d  from  ( e ^ - l ) / ( e ® e ^ - l )  i s  0 .01798  = 0 .0 1 8 0 .
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On p lo t t i n g  th e  t h i r d  mean, one e n te r s  th e  a c c e p t as  no d i f f e r e n t  

from  th e  s ta n d a rd  o r  c o n t r o l  ( i . e . ,  a c c e p t mg = mQ = 2 7 ) ,  ( i . e . ,  r e j e c t  

iDg ^  14 .88  and r e j e c t  mg ^  3 9 .1 2 ) .  S in ce  i n  t h i s  in s ta n c e  th e  t r e a tm e n t  

o r  e x p e r im e n ta l g roup  was a random  sam ple from  th e  same i d e n t i c a l  u n iv e rs e  

a s  was th e  c o n t ro l  o r  s ta n d a rd  g ro u p , i t  i s  r e a s s u r in g  t h a t  i t  was acc ep ted  

a s  such  by t h i s  a p p ro x im a tio n  m odel o f  a n a l y s i s .

P ro ceed in g  now to  th e  d a ta  from th e  r e c ta n g u la r  d i s t r i b u t i o n  from  

T a b le  2 , th e  r e s u l t s  o f  random  sam pling  a r e :

C o n tro l Group T rea tm e n t Group

7 8
2 5
2 8
6 6
8 4
1 1
4 3
2 3

-3 4

E v idence h a s  a l r e a d y  b een  e s ta b l i s h e d  th a t  means o f  sam p les o f  

s i z e  n = 2 shou ld  b e  a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d .  The s i t u a t i o n  

i s  th u s  th e  same a s  in  ou r f i r s t  exam ple, and th e  r e s u l t s  a r e  sum m arized 

a s  fo llo w s :

E s tim a te  o f  J4^ o f  c o n t r o l  p o p u la t io n :

= (7+2+2+6+8+l+4+2)/8 = 4 .0  

E s tim a te  o f  o f  c o n t r o l  p o p u la t io n :

= (1 3 .5 + 8 .0 + 2 4 .5 + 7 .0 4 4 .5 + 2 .0 + 4 .5 + 0 )7 8  = 6 4 /8  = 8 ,
poo led

Sx = y/8~ = 2 .8 2 8  = 2 .8 3  
P

The fo u r means in  th e  t r e a tm e n t  g roup  a re :

1. (8+5)72 = 13/2  = 6 .5

2 . (8+6)72 = 1472 = 7 . 0
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3 . ( 4 + l ) /2  = 5 /2  = 2 .5

4 . (3 + 3 )/2  = 6 /2  = 3 .0
2

From one e s t im a te s  <TH a s  fo llo w s :
p   _

S- = J s ^ / n  = v /8 /2  = V4 = 2 . 0  

To o b ta in  mĵ  and m2 , one ta k e s  4 .0  +  1 .96  (2) = 4 + 3 .9 2  = 0 .0 8  (m2 ) to  

7 .92 (m i) .

I t  i s  th u s  g o in g  to  b e  d e te rm in ed  i f  th e  mean o f  th e  t r e a tm e n t  

o r e x p e r im e n ta l p o p u la t io n  i s  th e  same as  t h a t  o f  th e  c o n t r o l  ( i . e . ,

™e “  mg) o r  i s  .0 8  o r l e s s  (m^ ^  m2 ) o r  7 .9 2  o r more (m^ ^  m i) .  H ere 

one c a n n o t c o n s u l t  th e  b io l o g ic a l  o r  m ed ica l e x p e rim e n te r  f o r  th e  

re a s o n a b le n e s s  o f  t h i s  t e s t ,  a s  i t  i s  no t m e an in g fu l d a ta  i n  t h a t  f i e l d .  

One th u s  a c c e p ts  t h i s  a s  a t  l e a s t  a s  r e a s o n a b le  a s  any o th e r  a r b i t r a r y  

<f s e l e c t e d ,  and more r e a s o n a b le  th a n  many, f o r  i t  h as  ta k e n  i n t o  acc o u n t 

th e  v a r i a t i o n  in h e r e n t  i n  th e  e x p e r im e n ta l d a ta .  The a v e ra g e  sam ple 

s iz e s  f o r  v a r io u s  v a lu e s  o f  a f  = () = k h e re  w i l l  b e  th e  same as  in  th e  

p re v io u s  exam ple. A g a in , th e  a n a ly s i s  i s  a r b i t r a r i l y  co n d u c ted  a t  th e  

.01  l e v e l  o f  c o n f id e n c e .

One th u s  h a s :

E s tim a te  of. = 4 

E s tim a te  ofC Tj = 2 .0  

mi = 7. 92 

m2  = 0 .0 8  

^  = .01

hg = -b  J ^ ^ /(m i-m g )  = (-4 .5 9 5  x  4 ) /3 .9 2  = 4 .6 8 8  - 4 .7

h i  ^ 4 . 7



34
= (7 .9 2  X 4 ) /2  = 1 1 .9 2 /2  = 5 .9 6  

Sg = ( .0 8 + 4 .0 0 )7 2  = 4 .0 8 /2  = 2 .0 4  

%  = = "œ2  = 2 .2 7  ar 2 o r  3 .

N = X Z x

m^ and 

UL
%0

LL

mg

UL

and m2

LL

1 6 .5 6 . 5 10 .66 1 .2 6 6 .7 4 -2 .6 6
2 7 .0 13 .5 16.62 7 .2 2 8 .7 8 -0 .6 2
3 2 .5 1 6 .0 2 2 .5 8 13 .18 10.82 1.42
4 3 .0 1 9 .0 2 8 .5 4 19 .14 12 .86 3 .4 6

On p l o t t i n g  th e  f o u r th  mean h e r e  one e n t e r s  th e  a c c e p t = mg 

zone and th u s  r e j e c t s  m^ ^  m̂  ̂ (7 .9 2 )  and  nig ^  m2  ( 0 .0 8 ) .  S in c e  a g a in  th e  

t r e a tm e n t  o r  e x p e r im e n ta l g roup  was a random sam ple from  th e  same ( o r i g i ­

n a l l y  r e c t a n g u la r )  u n iv e r s e  a s  was th e  c o n t r o l  g ro u p , i t  i s  r e a s s u r in g  

t h a t  i t  was a c c e p te d  a s  su ch  by t h i s  te c h n iq u e  o f  s e q u e n t i a l  a n a l y s i s .

P ro c e e d in g  now to  th e  d a ta  from  th e  lo g a r i th m ic  d i s t r i b u t i o n  from 

T a b le  3 ,  i t  h a s  a l r e a d y  b een  le a rn e d  t h a t  one sh o u ld  w ork w ith  sam ples o f  

s i z e  n = 3 in  o rd e r  f o r  t h e  means to  ap p ro x im a te  n o r m a l i ty .  The p ro c e ­

d u re  i s  much th e  sam e, b u t  h e r e  t h e r e  a r e  few er sam ples o f  s i z e  n i n  th e  

o r i g i n a l  n in e  o b s e rv a t io n s  i n  th e  c o n t r o l  and e x p e r im e n ta l  g ro u p .

The r e s u l t s  o f  th e  random  sam p lin g  a r e  a s  fo llo w s ;

C o n tro l Group T rea tm en t Group

1 .9955  2 .0895
2 .3 4 4 5  1 .2885
2 .0 4 1 5  1 .5485
2 .5 1 1 5  2 .1 3 7 5
1 .9495 1 .9955
1 .6215  2 .6 9 1 5
1 .9955  1 .9955
1 .6985 1 .4125
2 .1 8 7 5  1 .0715
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The e s t im a te  o f  o f  th e  c o n t r o l  p o p u la tio n  i s :

(1 .9 9 5 5 + 2 .3 4 4 5 + .. .+ .. .2 .1 8 7 5 )7 9  •= 1 8 .3 4 5 5 /9  = 2 .0383  

The e s t im a te  o f  g — o f  th e  c o n t r o l  p o p u la t io n  i s :

Sv . . = (.O 719+.4O 52+.3339+ .4366+ .2705+ .1215)/(2+2+2+2+2+2) 

= 1 .6 3 9 6 /1 2  = 0 .1366
Spooled

= V .1 3 6 6  = .3696 

The th r e e  means i n  t h e  t r e a tm e n t  group a r e :

1 . 4 .9 2 6 5 /3  »  1 .6421

2 . 6 .8 2 4 5 /3  = 2 .2 7 4 8

3 . 4 .4 7 9 5 /3  = 1 .4931
2 ___

From S„ one e s t im a te s  <7="as:
p r — ______ ____

S- = y s ^ / 3  » >/. 1366 /3  = V .0455 = .213

To o b ta in  mĵ  and m£, one ta k e s  2 .038  + 1 .9 6  ( .2 1 3 )  = 2 .0 3 8  +  .4 1 7  =

1 .621  (m2 ) t o  2 .4 5 5  (mj^).

The t e s t  w i l l  now be made to  d e te rm in e  i f  th e  mean o f  th e  t r e a t ­

ment o r  e x p e r im e n ta l p o p u la t io n  i s  e s s e n t i a l l y  t h e  same a s  t h a t  o f  th e

c o n t r o l  (mg * n^) o r  i s  1 .6 2 1  o r l e s s  (m^ ^  mg) o r  2 .455  o r  more (m^ ^  m ^).

One now h a s :

E s tim a te  o f  ^  = idq = 2 .0 3 8

E s tim a te  o f  ( j j  = Sg = 0 .213

mĵ  => 2 .455

mg = 1 .621

=  =  .01

ho = = [ -4 .5 9 5  ( .0 4 5 5 ) ] / .4 1 7  = - .2 0 9 1 / .4 1 7  = -0 .5 0 1 4

^  -0 .5 0 1  

hj^ 0 .5 0 1
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= (2 .4 5 5 + 2 .0 3 8 )/2  = 4 .4 9 3 /2  = 2 .2465  

Sg = (2 .0 3 8 + 1 .6 2 l ) / 2  = 3 .6 5 9 /2  = 1 .8295 

= 2 .2 7

The s e q u e n t i a l  a n a ly s i s  i s ;

and mg voq and m2

N = X 2 x UL LL UL LL

1 1.6421 1.6421 2 .7 4 7 9 1.7451 2 .3 3 0 9 1,3281
2 2 .2 7 4 8 3 .9169 4 .9 9 4 4 3 ,9944 4 .1 6 0 4 3 .1576
3 1 .4931 5 .4100 7 .2409 6 .2381 5 .9 8 9 9 4 .9 8 7 1

R e s u l t s  o f  th e  n e c e s s a ry  a d d i t io n a l  sam p lin g :

4 2 .2 2 8 1 7 .6381 9 .4874 8 .4846 7 .8 1 9 4 6 .8166
5 2 .1985 9.8366 11.7339 10.7311 9 .6 4 8 9 8 .6461
6 13.9804 12.9796 11 .4784 10.4756

N ote: H ere , w ith  th e  o r i g i n a l  th r e e  means i n  th e  t r e a tm e n t  group

no d e c is io n  was reac h ed  ( i . e . ,  rem ained  in  th e  zone o f  i n d e c i s io n ) .  I t  

was th u s  n e c e s s a ry  to  o b ta in  a n o th e r  random sam ple o f  s i z e  n = 3 fo r  th e  

tre a tm e n t g ro u p , and i t  s t i l l  rem ained  in  th e  zone o f  in d e c i s io n .  A no ther 

random sam ple o f  s i z e  n = 3 was o b ta in e d  from  th e  lo g a r i th m ic  d i s t r i b u ­

t i o n ,  and w ith  t h i s  mean o f  th e  f i f t h  sam ple o f  s i z e  n  = 3 i t  e n te re d  th e  

zone o f  a c c e p t  th u s  one r e j e c t s  m^ ^  m2  and m^ ^  mj .̂ T h is  i s

a g a in  r e a s s u r in g  a s  a l l  th e s e  sam ples i n  th e  t r e a tm e n t  g roup  came from  th e  

same o r i g i n a l l y  lo g a r i th m ic  d i s t r i b u t i o n  a s  d id  th e  c o n t r o l  g ro u p  sam ple.

The exam ples w hich have  been  p re s e n te d  above a r e  n o t s e le c te d  fo r  

t h e i r  c l a r i t y  o r  b ecau se  th e y  w orked o u t w e l l ,  bu t a r e  th e  r e s u l t s  o f  

random sam p lin g  a s  i t  a c t u a l l y  o c c u r re d .  The im p l ic a t io n  i s  n o t  in te n d e d  

t h a t  o c c a s io n a l ly  a wrong d e c i s io n  w i l l  n o t be  made, f o r  s u r e ly  i t  w i l l .

I t  so happens none w ere o b ta in e d  h e r e .  Wrong o r im p ro b a b le  answ ers may 

r e s u l t  from  a poor e s t im a te  o f > ^ ,  o r  o f  0 ^  o r  an  u n f o r tu n a te  s e r i e s  o f
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a p p a r e n t ly  b ia s e d  sam p les  i n  th e  tre a tm e n t g ro u p , th u s  a poo r e s t im a te  o f  

nig. I t  has been s t r e s s e d  t h a t  a lth o u g h  i t  i s  s e t  t h a t  o( = = .0 1 ,  th e

p r o b a b i l i t y  l e v e l s  a r e  n o t e x a c t ly  .0 1 , b u t a p p ro x im a te ly  so . E v ery  

e f f o r t  h as  been  made to  o b ta in  a good e s t im a te  o f  and  m^, a s  w e l l

a s  to  a s s u r e  r e a s o n a b le  a p p ro x im a tio n  to  n o rm a li ty  o f  th e  d i s t r i b u t i o n  

o f  means to  be com pared . The assu m p tio n  t h a t  th e  c o n t r o l  and t r e a tm e n t  

sam ples came from  p o p u la t io n s  w ith  e s s e n t i a l l y  homogeneous v a r ia n c e s  i s  

a l s o  n e c e s s a ry  and sh o u ld  be t e s t e d  by th e  F r a t i o ,  b e c a u se  one p o o ls  t h e  

e s t im a te  o f  from  b o th  t h e  c o n t r o l  and th e  t r e a tm e n t  group sam p le s .

The A p p ro x im atio n  Model o f  S e q u e n t ia l  A n a ly s is  A p p lie d  
to  A c tu a l  M ed ica l R esearch  D ata

H aving d e m o n s tra te d  e m p ir ic a l ly  by random sam p lin g  th a t  t h i s  

model o f  a n a ly s i s  i s  u s e f u l  i n  t e s t i n g  random sam ples from  a known popu­

l a t i o n  such  a s  a n o rm a l, a r e c ta n g u la r  and a lo g a r i th m ic  d i s t r i b u t i o n ,  

i t s  u se  w i l l  be exam ined now in  some a c tu a l  e x p e r im e n ta l s i t u a t i o n s  i n  

m e d ica l r e s e a r c h .

The exam ple o f  D r o le t t e  and H egsted  has a l r e a d y  been  c i t e d ,  b u t 

i t  i s  n o t  q u i t e  th e  sam e, a s  h e re  one had a  good e s t im a te  ofAA^  and  

b e fo re  th e  ex p e rim e n t was begun. A lso , th e  was s e l e c t e d  in  a n o th e r  

more a r b i t r a r y  way, n o t ta k in g  in t o  a cc o u n t th e  v a r i a t i o n  in  th e  d a t a ,  

b u t u s in g  o th e r  e x p e r t  o p in io n  m ethods. T h ere  a r e  th o s e  who m ig h t c h a l ­

le n g e  th a t  a b lo o d  c h o l e s t e r o l  o f  265 was much d i f f e r e n t  from  one o f  2 4 0 , 

o r  th a t  one o f  215 w as much d i f f e r e n t  from one o f  240 . However, ta k in g  

240 + 1 .9 6  (48) = 240 + 9 4 .0 8  g iv e s  145.92 fo r  m2  and  3 3 4 .0 8  fo r  m%.

T h ere  a r e  few , i f  a n y , who w ould c h a l le n g e  th e  b io l o g ic a l  o r  m e d ic a l 

s ig n i f i c a n c e  o f  a c h o l e s t e r o l  o f  145.92 compared to  2 40 , o r  one o f  3 3 4 .0 8
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com pared to  240 — m ost would r e g a rd  th e  fo rm er a s  h y p o c h o le s te ro le m ic  

and th e  l a t t e r  a s  h y p e rc h o le s te ro le m L c , and th e  240 a s  e s s e n t i a l l y  a 

"norm al"  v a lu e .  One co u ld  r e a n a ly z e  D r o le t t e  and H e g s te d 's  d a ta  from  

th e  above p o in t  o f  v ie w , and i n  a d d i t io n  ig n o re  th e  p re v io u s  w ork o f  

o th e r s  done i n  d i f f e r e n t  l a b o r a to r i e s  a t  d i f f e r e n t  t im e s .  To a v o id  th e  

m u l t ip le  com parison  i s s u e  h e r e ,  one m ight w ish  o n ly  to  com pare th e  a d u l t  

men in  t h e  U n ite d  S ta te s  (a s  th e  c o n t r o l )  to  th e  E th io p ia n s .  A ssum ing 

th e  sam ples a r e  random ( f o r  th e y  a r e  u sed  a s  such  by D r o l e t t e  and H eg sted )

^ h e  p ro c e d u re s  p r e v io u s ly  o u t l in e d  in  t h i s  d i s s e r t a t i o n  w i l l  b e  fo llo w e d , 

d e s ig n a t in g  th e  a d u lt men i n  th e  U n ite d  S ta t e s  a s  th e  c o n t r o l  g ro u p  and 

th e  E th io p ia n s  a s  the  t r e a tm e n t  g ro u p .

C o n tro l G roup T rea tm en t Group

(A du lt Men in  U .S .A .) (E th io p ia n s )

255 227
189 103
272 163
308 134
248 93
279  153
230 129
238 163
267 227

The p a i r s  of sam p les  o f  s i z e  n = 2 th u s  become:

From t h e  C o n t r o l  Group:

P a i r  1: 255 272
189 308

P a i r  2: 248 230
278 238

From th e  T rea tm e n t G roup;

P a i r  1: 227 163
103 134

P a i r  2: 93 129
153 163
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The r e s u l t s  o f  th e  t e s t i n g  o f  t h e  c h o l e s t e r o l  d a ta  t o  s e e  i f  th e  

means o f  sam ples o f  s i z e  n  = 2 w i l l  be a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d  

a r e  p re s e n te d  i n  th e  fo llo w in g  t a b l e :
2

S - from  Range S- from  Two Means from S%

f i r s t  sam ple p a i r ;  6 0 .1 8  4 8 .0 8  26 .58
(ap p ro x im a te  95% C l = 0 to  5 3 ,1 6 )

I t  i s  n e c e s s a ry  to  p ro cee d  t o  th e  t e s t i n g  o f  means o f  sam ples o f  s iz e

n = 3 :

F i r s t  sam ple p a i r ;  2 3 .4 3  2 8 .0 0  21 .69
(ap p ro x im a te  95% C l = 3 .9 9  to  3 9 .3 9 )

Second sam ple p a i r :  2 2 .2 5  2 6 .5 9  28 .24
(ap p ro x im a te  95% C l = 5 .1 8  to  5 1 .3 0 )

T h e re fo re ,  a c c e p t  means o f  sam ple  s i z e  n  = 3 to  be a p p ro x im a te ly  n o rm ally

d i s t r i b u t e d .

The e s t im a te  o f  f o r  th e  c o n t r o l  g ro u p  i s ;

(255+189H -...+ . . .2 3 8 + 2 6 7 ) /9  = 2 2 8 6 /9  = 2 5 4 .0  
2

The e s t im a te  o f  f o r  th e  c o n t r o l  g ro u p  i s ;

= (3844 .7+ 1800 .7+ 7690 .7+ 1880 .7+ 758+ 4952)/(2+2+2+2+2+2)
,2

Spooled
= 2 0 ,8 4 6 .8 /1 2  = 1737.23

= 41 .68

The t h r e e  means i n  th e  t r e a tm e n t  g roup  a r e :

1. 493 /3  = 164.3

2 . 380/3  = 126.7

3 . 519/3  = 173.0
2

From one e s t im a te s  a s  b e f o r e :
P

Sx = V 1737.23/3  = V 579.08 = 24 .06  

To o b ta in  m̂  ̂ and  m2 , one p ro c e e d s  as fo llo w s ;
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254 + 1 .9 6  (2 4 .0 6 )  = 254 + 4 7 .16  

One now h a s : 2 0 6 .8 4  (m2 ) t o  3 0 1 .1 6  (mj^).

I t  w i l l  b e  t e s t e d  t o  d e te rm in e  i f  th e  mean o f  th e  t r e a tm e n t  g roup  

i s  e s s e n t i a l l y  th e  same a s  t h a t  o f  th e  c o n t r o l  g roup  (m^ = mg) o r  more 

( i . e . ,  mg = 3 0 1 .1 6 ) o r  l e s s  ( i . e . ,  ^  = 2 0 6 .8 4 ) ,  t e s t i n g  means

o f  sam ples o f  s i z e  n = 3.

One th u s  h as :

E s tim a te  o f  = m^ = 254

E s tim a te  o f  = S- = 2 4 .0 6

= 3 0 1 .1 6  

m2 = 2 0 6 .8 4  

o( = /3 = .01

hg = -b<^^/(m ]^-m Q ) = (-4 .5 9 5  x 5 7 9 .0 8 ) / 4 7 . 16 

= -2 6 6 0 .8 7 2 6 /4 7 .1 6  = -5 6 .4 2 2  

h i = 5 6 .4 2

51 = (3 0 1 .1 6 + 2 5 4 )/2  = 5 5 5 .1 6 /2  = 27 7 .5 8

52  = (2 5 4 + 2 0 6 .8 4 )/2  = 4 6 0 .8 4 /2  = 230 .42

%  = ^ 1  = ^ 2  "

The s e q u e n t i a l  a n a ly s i s  w ith  re g a rd  to  E th io p ia n s  i s  a s  f o l lo w s :

m. and idq mg and m2

N = X ^  UL IX  IE._____ LL

1 164.3  164 .3  334 .00  2 2 1 .1 6  2 8 6 .8 4  174 .0
2 126 .7  2 9 1 .0  611 .58  4 9 8 .7 4  5 1 7 .2 6  40 4 .4 2
3 1 73 .0  4 6 4 .0  889 .16  776 .32  74 7 .6 8  634 .84

I t  i s  s e e n  a t  once t h a t  th e  E th io p ia n s  h av e  a s i g n i f i c a n t l y  low er 

serum  c h o l e s t e r o l  th a n  th e  a d u l t  men o f  th e  U n ited  S t a t e s .  As o c c u rre d  

h e r e ,  when a d e c i s io n  i s  re a c h e d  on th e  f i r s t  p lo t t e d  mean, i t  i s  f e l t  to



41
be d e s i r a b l e  to  c o n t in u e  to  p lo t  a t  l e a s t  two more means to  in s u r e  t h a t  

th e  d e c i s io n  i s  n o t a l t e r e d  ( i . e . ,  t h a t  one has  n o t o b ta in e d  a r a r e  o r 

f r e a k  random  sam ple on th e  f i r s t  t r i a l  i n  th e  t r e a tm e n t  g ro u p ).

F o r c o m p le te n e s s , i f  one ig n o re s  th e  p rob lem s in h e re n t  i n  m u l t ip l e  

co m p ariso n s  a s  D r o le t t e  and H egsted  have d o n e , one may com pare th e  o th e r  

g roups a s  fo l lo w s :

Boys C a rd ia c s  mi and mg mg and m2

N = X X S x UL LL UL LL

1 2 4 2 .7 2 4 2 .7 2 8 1 .7 2 81 .7 33 4 .0 0 2 2 1 .1 6 286 .84 174 .0
2 1 6 7 .0 4 0 9 .7 2 6 6 .0 547 .7 611 .58 4 9 8 .7 4 517 .26 404 .42
3 1 69 .3 5 7 9 .0 2 5 3 .0 800 .7 88 9 .1 6 776.32 747 ,68 634 .84
4 2 8 2 .7 1083 .4 1166.74 1053 .9 978.10 865 .26
5 295 .3 1378.7 1444,32 1331.48 1208.52 1095.68
6 1721.90 1609.06 1438.94 1326.10
7 1999.48 1886 .64 1669,36 1556.52

W ith  t h i s  method o f  a n a l y s i s ,  one may c o n c lu d e  th a t  E th io p ia n s  

have a s i g n i f i c a n t l y  low er serum  c h o l e s t e r o l  th a n  do a d u lt  men o f  th e  

U n ited  S ta t e s  (one mean o f  sam ple s i z e  n = 3 n e e d e d ) , th a t  boys have a 

s i g n i f i c a n t l y  low er serum  c h o l e s t e r o l  th a n  do a d u l t  men ( th r e e  means o f  

sam ple s i z e  n = 3 n e e d e d ) , and no d e c i s io n  i s  as y e t  reac h ed  w ith  th e  

c a r d ia c  g roup  ( f i v e  means o f  sam ple s i z e  n = 3 ) .  One would need to  con­

t i n u e  sam p lin g  in  t h i s  g ro u p , b u t from  th e  t r e n d  in d ic a te d  from  th e  f i r s t  

f iv e  sam ple  m eans, one may a n t i c i p a t e  t h a t  in  n o t to o  many m ore sam ples 

i t  w i l l  be d e m o n stra te d  t h a t  th e  mean o f  th e  c a r d ia c  group w i l l  be  s i g ­

n i f i c a n t l y  h ig h e r  th a n  th a t  o f  th e  a d u l t  m ale c o n t r o l s  o f  th e  U n ited  

S t a t e s .  The d e c is io n s  re a c h e d  by t h i s  model o f  s e q u e n t i a l  a n a l y s i s  on 

th e s e  d a ta  a r e  p ro b a b ly  m ore m e an in g fu l to  th e  c l i n i c i a n  i n t e r e s t e d  in  

serum  c h o l e s t e r o l  l e v e ls  in  v a r io u s  p o p u la t io n  g ro u p s  than  a r e  th o se  

o f f e r e d  by D r o le t t e  and H e g s te d .
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F u r th e r  exam ples w i l l  now be c i t e d  from  d a ta  l o c a l l y  c o l le c t e d  

a t  th e  U n iv e r s i ty  o f  Oklahoma M edica l C e n te r . D ata  from  fo u r  ex p e rim e n ts  

a r e  c i t e d  and r e p o r te d  in  T a b le s  4 , 5 ,  6 and 8 r e s p e c t iv e l y .  B ecause th e  

f a s t i n g  l e v e l s  o f  th e  p la c e b o  and R e se rp in e  g ro u p s  d i f f e r  somewhat i n  

T a b le  6, th e  d i f f e r e n c e s  a r e  ta k e n  a s  th e  t r e a tm e n t  re sp o n se  v a lu e s  to  

be com pared h e re .

E s s e n t i a l l y  th e  same p ro c e d u re  w i l l  be u sed  in  th e  fo llo w in g  

a n a ly s e s ,  bu t i t  w i l l  n o t be d e s c r ib e d  in  th e  same d e t a i l .  O nly p e r t i ­

n e n t r e s u l t s  w i l l  be l i s t e d .  The c o n t r o l  (p la c e b o )  and tr e a tm e n t group 

d a ta  p re s e n te d  have been  a n a ly z e d  by th e  more s ta n d a rd  a p p r o p r ia te  t -  

t e s t ,  and in  each  in s ta n c e  t h e  t r e a tm e n t group  was found to  d i f f e r  s i g ­

n i f i c a n t l y  s t a t i s t i c a l l y  from  th e  c o n t ro l  g roup  ( i . e . ,  p <  .0 5 ) .  One 

w ould hope t h a t  th e  c o n c lu s io n s  from th e  a p p ro x im a tio n  model o f  seq u en ­

t i a l  a n a ly s i s  w ould be s im i l a r .

D ata from  T ab le  4 ;

C o n tro l Group

217
144
148
178
141
161
131
163
139

D ata  from  T ab le  5 ;

C o n tro l Group
55
76
72
45
51
61
86

105
67

T rea tm en t Group

251 
355 
311 
228 
229 
256 
292 
296
252

T rea tm en t Group
249
100
143
106
180
128
154
196
161
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Data from Table 6:

C o n tro l  Group

-  4 
+ 4 
+ 3
-  3 
+ 8
-  6 
-  6 
+ 6 
-12

D ata  from  T ab le  8:

C o n tro l  Group

-  4
-  1 
+ 1 
-12  
-  2 
-  1 
-  2̂
-14 
-  9

T rea tm en t Group

+45
+38
+26
+30
+68
+30
+34
+53
+19

T rea tm en t Group

-22 
-22  
-  2 
-23 
-26  
-17 
-20  
-  9 
-13

T ab le  14 p r e s e n ts  th e  e v id e n c e  su gge s t in g  t h a t  th e  means o f 

sam ples o f  s i z e  n = 4 fo r  th e  d a ta  In  T a b le  4 ,  s i z e  n = 3 fo r  th e  d a ta  

In  T ab le  5 ,  s i z e  n = 5 f o r  th e  d a ta  I n  T ab le  6 , and s i z e  n = 3 fo r  th e  

d a ta  I n  T ab le  8 sh o u ld  be a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d .

F or c l a r i t y ,  b e fo re  p ro c e e d in g  to  th e  s e q u e n t i a l  a n a l y s i s ,  th e  

d a ta  from  T a b le s  4 ,  5 and 6 a r e  p r e s e n te d  a g a in  In  l i g h t  o f  th e  above. 

D ata from  T ab le  4 ;

C o n t r o l  Group T rea tm en t Group

217 251 224
144 355 332
148 311 141
178 228 333
141 229 280
161 256 223
131 292 293
163 296 248

252 219
212
242
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Data from Table 5:
C o n tro l Group T rea tm e n t Group

55 249 188
76 100 143
72 143 87
45 106 150
51 180 78
61 128 92
86 154 178

105 196 149
67 161 158

173 117
98

D ata  from  T a b le  6 ;

C o n tro l Group

- 4 
+ 4 
+ 3
- 3 
+ 8
-  6 
-  6 
+ 6 
-12  
+ 6

P ro c e e d in g  now to  employ 

a n a l y s i s  a s  d e s c r ib e d  e a r l i e r  in  

T a b le  4;

E s tim a te  o f o f  c o n t r o l  g roup  =

= 1283/8 = 160.4 
2

E s tim a te  o t  o f  c o n t ro l  group

(3+3+3+3) = 17,148.25/12

S„ = 37.8 
P

The means i n  th e  t r e a tm e n t  group

1. 1145/4 = 286.3

2. 1073/4 = 268.3

T re a tm e n t Group

445 4-56
4-38 4- 2
4-26 4-12
4-30 +24
4-68 +52
+30
+34
+53
+19
442

th e  a p p ro x im a tio n  model o f  s e q u e n t i a l  

t h i s  s e c t i o n ,  one has from  th e  d a ta  i n

mo = (217+144+............ + 131+ 1 6 3 )/8

= (3420 .75+ 728+ 9974 .75+ 3024 .75 )/
P

1429.02

a r e :
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3 . 930 /4  = 2 3 2 .5

4 . 1086/4  = 2 7 1 .5

5 . 983 /4  = 2 4 5 .8
9

From one o b ta in s  th e  e s t im a te  o f
*P     *

S- = s /1 4 2 9 .0 2 /4  = ^ 3 5 7 .2 6  = 1 8 .9 0

To o b ta in  and m2 , one ta k e s ;

16 0 .4  ±  1 .9 6  (1 8 .9 )

= 1 6 0 .4  +  3 7 .0

= 1 2 3 .4  (m2 ) to  197 .4  (m^)

S e t t in g  o< = p  = .0 1 ,  one now h as  th e  n e c e s s a ry  m a te r i a l  to  p e rfo rm  th e

a n a l y s i s :

E s tim a te  o f = 160 .4  

E s tim a te  o f  = s -  = 1 8 .9

« ( a  P = .01

m  ̂ = 197 .4  

mg “  123 .4

ho = -b < rx ^ /(m i-m o ) = [ - 4 .5 9 5 ( 3 5 7 .2 6 ) j /3 7  = -1 6 4 1 .6 /3 7  = -4 4 .3 7  

hi 444.37

S i = (m^+niQ)/2 = (160.,4+197.4 ) /2 = 3 5 7 .8 /2  == 178 .9

^2 ^ (n^"H02 ) ^ (123.,4 + 1 6 0 .4 )/2 = 2 8 3 .8 /2  = 141 .9

"mg = *m^ = 5*2 = 2 .2 7

#1 )and mg and mg

N = X 2 x UL LL UL LL

1 2 8 6 .3  286. 3 223 .6 0 134.53 182.27 97 .53
2 2 6 8 .3  554. 6 4 0 2 .5 313 .43 328 .17 23 9 .4 3
3 2 3 2 .5  787.,1 5 8 1 .4 492 .33 470.07 3 8 1 .3 3

The d e c i s io n  i s  re a c h e d  on p l o t t i n g  th e  f i r s t  t r e a tm e n t mean and
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re c o n f irm e d  by p l o t t i n g  th e  n e x t two tre a tm e n t means to  a c c e p t m^ ^  m-ĵ , 

th u s  r e j e c t  m^ = mg and mg -  m^.

From th e  d a ta  i n  T a b le  5 ;

E s tim a te  o f o f  c o n t r o l  g ro u p  = nyj = (55+76+.............105+67)/9  => 6 1 8 /9  = 6 8 .7

E s tim a te  o f  o f  c o n t r o l  g roup  = =(248.7+130.7+722+1176.2+2888+1012.7)/
P

(2+2+2+2+2+2) = 1 6 ,7 6 4 .1 /1 2  = 1397.0  

= 3 7 .3 8

The means i n  th e  tr e a tm e n t g ro u p  a r e :

1. 492 /3 = 164 .0

2 . 414 /3 138.0

3 . 511/3 170.3

4 . 459 /3 153.0

5 . 380 /3 126.7

6 . 348 /3 = 116 .0

7. 424 /3 s 141.3
O __

From one o b ta in s  th e  e s t im a te  o f  0"=";Xp X

S- = V1397/3 = V465.7 = 21.58 

To o b ta in  mĵ  and m2  one ta k e s :

6 8 .7  +  1 .9 6  (2 1 .5 8 )

= 6 8 .7  + 4 2 .3  

= 2 6 .4  (mg) to  111 .0  (m i)

S e t t in g  o< = (J = .0 1 ,  one now h a s  th e  n e c e s s a ry  m a te r ia l  to  p e rfo rm  th e  

a n a l y s i s :

E s tim a te  o f  = ny = 68 .7  

E s tim a te  o f  CTj = S- = 2 1 .5 8  

m̂  = 1 1 1 .0
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ni2 =» 2 6 .4

«3̂  = = .01

hg = [^ -4 .5 9 5 (4 6 5 .7 )J /4 2 .3  = -2 1 3 9 .8 9 /4 2 .3  ^  -5 0 .5  

h i  ^  + 50 .5

S i = ( 6 8 .7 + l l l ) / 2  = 1 7 9 .7 /2  = 89 .85  

Sg = (2 6 .4 + 6 8 .7 ) /2  = 9 5 .1 /2  = 47 .55  

= i ^ l  = ^  = 2 .2 7

mi and mg idq and mg
N =______ _X___________ 2 x  UL__________ LL UL__________ LL

1 164 164 140 .45  39 .25  98 .15  -  3 .0 5
2 138 302 2 3 0 .3 0  129 .10  145 .70  + 44 .50
3 170 .3  4 7 2 .3  320 .15  218 .95  193.25 92 .05

The d e c is io n  i s  re a c h e d  a g a in  on p l o t t i n g  th e  f i r s t  t r e a tm e n t  mean 

and co n firm ed  by p l o t t i n g  th e  n e x t two t r e a tm e n t  means to  a c c e p t ^  m i, 

th u s  r e j e c t  m^ = mg and m^ mg.

From th e  d a ta  in  T ab le  6 :

E s tim a te  o f  o f  c o n t r o l  g roup  = mg = ( - 4 + 4 + 3 .. . - 1 - + 6 ) / 10 = (+ 2 7 -3 1 )/1 0  

= -4 /1 0  = -0 .4 0

E s tim a te  o f  o f  c o n t r o l  g roup  = = (1 0 1 .2 + 2 5 9 .2 + 1 0 9 9 .2 + 6 0 3 .2 ) /(4+4+4+4)

= 2 0 6 2 .8 /1 6  = 128 .93

S_ = 11.35 
P

The means i n  t h e  t r e a tm e n t  g roup  a r e :

1 . 207 /5  = + 4 1 .4

2 . 178/5  = + 3 5 .6

3 . 146/5  = + 29 .2

From $2 one o b ta in s  th e  e s t im a te  o f
P _________  ______ *

S- = 7 1 2 8 .9 3 /5  = 7 2 5 .7 9  = 5 .0 8
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To o b ta in  and m2 , one ta k e s :

- 0 .4 0  + 1 .9 6  (5 .0 8 )

= - 0 .4 0  +  9 .9 6  

= -1 0 .3 6  (m2 ) to  + 9 .5 6  (m^)

S e t t i n g = /^ = .0 1 ,  one now h a s  th e  n e c e s s a ry  m a te r i a l  t o  p e rfo rm  th e  

a n a l y s i s :

E s tim a te  o f  = mg = -0 .4 0

E s tim a te  o f  = S% = 5 .0 8

mĵ  = + 9 .5 6  

m2  = -1 0 .3 6

= /S = .0 1

ho =■ [ -4 .5 9 5 (2 5 .7 9 ) J /9 .9 6  = -1 1 8 .5 0 5 /9 .9 6  = -1 1 .8 9  

h i '2  + 11 .89

S i = (-0 .4 0 + 9 .5 6 )7 2  = 9 .4 6 /2  = 4 .5 8  

Sg = -1 0 .3 6  + ( - 0 .4 )  = - 1 0 .7 6 /2  = - 5 .3 8

mi and mg and  m2

N =  X___________ S .X  UL LL UL LL

1 + 4 1 .4  + 4 1 . 4  + 16 .62  -7 .1 6  + 6 .5 1  -1 7 .2 7
2 + 3 5 .6  + 7 7 .0  + 2 1 .35  -2 .4 3  + 1 .1 3  -2 2 .6 5
3 + 2 9 ,2  +106 .2  + 2 6 .0 8  + 2 .3 0  - 4 .2 5  -2 8 .0 3

The d e c i s io n  i s  re a c h e d  on p l o t t i n g  th e  f i r s t  t r e a tm e n t  mean and 

co n firm ed  by p l o t t i n g  th e  n e x t two tr e a tm e n t  means to  a c c e p t  m^ ^  m i, 

th u s  r e j e c t  mg = niQ and m^ ^  m2 .

From th e  d a t a  i n  T a b le  8 :

E s tim a te  o f o f  c o n t r o l  g roup  = mg = ( - 4 - 1 + 1 . ............ - 1 4 - 9 ) /9  = -4 4 /9

= -4.89
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E s tim a te  o f  (jr^ o f  p la c e b o  c o n t r o l  g ro u p :

s i  = (12 . 7+74+266.7+42+72.7+62)7(2+2+2+2+2+2) = 5 3 0 .1 /1 2  = 4 4 .1 8
*P ________  ______

E s tim a te  o f  = S - = > /44 .18 /3  = n/1 4 .7 3  = 3 .8 4

The means i n  th e  t r e a tm e n t  g roup  a r e :

1. -4 6 /3  = - 1 5 .3

2. -6 6 /3  = - 2 2 .0

3 . -4 2 /3  = - 1 4 .0

To o b ta in  m̂  ̂ ^nd m2 , one ta k e s :

-4 .8 9  + 1.96 (3.84)

= -1 2 .5 7  (m2 ) to  + 2 .79  (m^)

S e t t in g  of = ^  = .0 1 ,  one h as :

E s tim a te  o f  ^  = mg = -4 .8 9

E s tim a te  o f  = S -  = 3 .8 4

m^ = + 2 .7 9

m2  = -1 2 .5 7

«y = ^  = .01

hg = 1 ^ 4 .5 9 5 (1 4 .7 3 ) ] / 7 . 68 = -6 7 .6 8 /7 .6 8  « '- 8 .8 1  

h]^ = 8 .8 1

= |2 .7 9 + (-4 .8 9 )j /2  = -2 .10/2  = -1 .05  

S2 ■= |^-4.89+(-12.57)j/2 = -17 .46 /2  = -8 .73

and mg qg and m2

N = _X___________ S x  UL__________ LL UL  LL
1 -1 5 .3  - 1 5 .3  + 7 .7 6  -  9 .8 6  +  0 .08  -1 7 .5 4
2 -2 2 .0  - 3 7 .3  + 6 .71  7 0 .9 1  -  8.65 -2 6 .2 7
3 + 5 .0 6  -1 1 .9 6  -1 7 .3 8  -3 5 .0 0

Upon p l o t t i n g  t h e  second mean from  th e  t r e a tm e n t  g ro u p , th e
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d e c i s io n  i s  re a c h e d  to  a c c e p t nig e q u iv a le n t  to  o r  l e s s  th a n  m2 , th u s  

r e j e c t  n% e q u iv a le n t  to  mg and e q u iv a le n t  to  o r  g r e a t e r  th a n  mj .̂



CHAPTER VI 

SUMMARY AND CONCLUSIONS

The m odels o f  s e q u e n t i a l  a n a ly s i s  w ere o r i g i n a l l y  d ev e lo p ed  fo r  

q u a l i t y  c o n t r o l  p u rp o s e s . In co m p le te  d a ta  and unknown o r  nonnorm al d i s ­

t r i b u t i o n s  i n  m e d ic a l r e s e a r c h  c r e a t e  p rob lem s w h ich  d i f f e r  s u f f i c i e n t l y  

from  th o s e  o f  i n d u s t r i a l  q u a l i t y  c o n t r o l  a s  to  r e q u i r e  s p e c ia l  c o n s id e r a ­

t i o n .

A tw o -s id e d  a l t e r n a t i v e  ap p ro x im a tio n  m odel o f  s e q u e n t i a l  a n a ly s i s  

h as  been  d e v e lo p ed  f o r  m easured  d a ta  n o rm a lly  d i s t r i b u t e d  a s  d e s c r ib e d  by 

Arm ita g e . I t  makes u se  o f  th e  ap p ro ach  to  n o r m a l i ty  a c h ie v e d  by th e  

means o f  random sam ples o f  a p p r o p r ia te  s i z e  n ( c e n t r a l  l i m i t  th e o re m ).

E m p ir ic a l  e v id e n c e  o f  th e  m o d e l 's  u s e f u ln e s s  h as  been p re s e n te d  

by i t s  a p p l i c a t i o n ,  n o t o n ly  t o  random sam ples from  known d i s t r i b u t i o n s  

(n o rm a l, r e c t a n g u la r  and lo g a r i th m ic ) ,  b u t a l s o  to  f iv e  s e t s  o f  d a ta  from  

m e d ica l r e s e a r c h .

T h e re  i s  need  fo r  developm ent o f  a model o f  s e q u e n t i a l  a n a ly s i s  

p e r m i t t in g  c o r r e c t io n  fo r  i n i t i a l  v a lu e  e f f e c t s  and  m u l t ip le  co m p ariso n s.
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TABLE 1

AN APPROXIMATELY NORMAL DISTRIBUTION®

Number R e s u lt Number R e s u lt Number R e su lt Number R e s u l t

1 3 26 24 51 30 76 37
2 7 27 24 52 30 77 37
3 11 28 24 53 30 78 38
4 12 29 25 54 30 79 38
5 13 30 25 55 30 80 39
6 14 31 25 56 31 81 39
7 15 32 26 57 31 82 39
8 16 33 26 58 31 83 40
9 17 34 26 59 31 84 40

10 17 35 26 60 32 85 41
11 18 36 27 61 32 86 41
12 18 37 27 62 33 87 41
13 18 38 27 63 33 88 42
14 19 39 28 64 33 89 42
15 19 40 28 65 33 90 42
16 19 41 28 66 33 91 43
17 20 42 29 67 34 92 43
18 20 43 29 68 34 93 44
19 21 44 29 69 34 94 45
20 21 45 29 70 35 95 46
21 21 46 30 71 35 96 47
22 22 47 30 72 35 97 48
23 22 48 30 73 36 98 49
24 23 49 30 74 36 99 53
25 23 50 30 75 36 100 57

®From Snedecor (2 7 ) .
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TABLE 2

AN APPROXIMATELY RECTANGULAR DISTRIBUTION*

Number R e s u lt Number R e s u lt Number R e su lt Number R e s u l t

1 0 26 1 51 4 76 9
2 4 27 5 52 8 77 2
3 8 28 9 53 2 78 5
4 3 29 2 54 6 79 9
5 7 30 6 55 0 80 2
6 0 31 4 56 1 81 3
7 4 32 7 57 5 82 7
8 8 33 1 58 9 83 1
9 2 34 4 59 3 84 6

10 7 35 8 60 6 85 0
11 4 36 2 61 3 86 1
12 8 37 5 62 7 87 6
13 2 38 8 63 0 88 0
14 6 39 2 64 4 89 4
15 0 40 5 65 8 90 8
16 2 41 1 66 9 91 4
17 6 42 6 67 3 92 8
18 9 43 0 68 7 93 2
19 3 44 4 69 0 94 6
20 7 45 8 70 4 95 0
21 4 46 1 71 1 96 0
22 8 47 5 72 5 97 4
23 2 48 9 73 8 98 8
24 5 49 3 74 2 99 2
25 9 50 7 75 5 100 6

R e su lt O bserved  f T h e o r e t ic a l  f

0 11 10
L 8 10
Z 13 10
Î 7 10
It 13 10
1 9 10
(3 10 10
7 8 10
8 13 10
(9 8 10

(28),
From A rk in  and C o lto n ; F iv e  p la c e  t a b l e s  o f common lo g a r i th m s
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TABLE 3

AN APPROXIMATELY LOGARITHMIC DISTRIBUTION^

Number R e su lt Number R e s u lt Number R e s u lt Number R e su lt
1 1 .0715 26 1.7375 51 1.9955 76 2.3445
2 1.1745 27 1.7375 52 1.9955 77 2.3445
3 1.2885 28 1.7375 53 1 .9955 78 2.3985
4 1.3185 29 1.7785 54 1.9955 79 2.3985
5 1.3485 30 1.7785 55 1.9955 80 2.4545
6 1.3805 31 1.7785 56 2 .0415 81 2.4545
7 1.4125 32 1.8195 57 2 .0415 82 2.4545
8 1.4455 33 1.8195 58 2 .0415 83 2.5115
9 1.4795 34 1.8195 59 2 ,0415 84 2.5115

10 1.4795 35 1.8195 60 2 .0895 85 2.5705
11 1.5135 36 1.8625 61 2 .0 8 9 5 86 2.5705
12 1.5135 37 1.8625 62 2.1375 87 2.5705
13 1.5135 38 1 .8625 63 2 .1375 88 2.6305
14 1.5485 39 1.9055 64 2 .1375 89 2.6305
15 1.5485 40 1.9055 65 2 .1375 90 2.6305
16 1.5485 41 1.9055 66 2 .1375 91 2.6915
17 1.6845 42 1.9495 67 2.1875 92 2.6915
18 1.5845 43 1.9495 68 2 .1875 93 2.7545
19 1.6215 44 1.9495 69 2 .1875 94 2.8185
20 1.6215 45 1.9495 70 2 .2385 95 2.8835
21 1.6215 46 1.9955 71 2 .2385 96 2.9515
22 1.6595 47 1.9955 72 2 .2385 97 3.0195
23 1.6595 48 1.9955 73 2 .2905 98 3.0905
24 1.6985 49 1.9955 74 2 .2905 99 3.3785
25 1.6985 50 1.9955 75 2 .2905 100 3.7155

^T ransfo rm ed  from  S n e d e c o r 's  d a ta  (T ab le  1),
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TABLE 4

TWENTY-FOUR HOUR EXCRETION OF URINE NA (MEQ/LITER) 
FROM DIURETIC EXPERIMENT®

A f te r  P laceb o  
S u b ie c t Number R e su lt

A f te r  M ercuhydrin  
S u b ie c t Number R e s u lt

1 217 1 251
2 144 2 355
3 148 3 311
4 178 4 228
5 141 5 229
6 161 6 256
7 131 7 292
8 163 8 296
9 139 9 252

10 160 10 212
11 187 11 242
12 206 12 224
13 163 13 332
14 158 14 141
15 142 15 333
16 200 16 280
17 192 17 223
18 171 18 293

19 248
20 219

®See R e fe re n c e  30.
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TABLE 5

TWENTY-FOUR HOUR EXCRETION OF URINE K (MEQ/LITER) 
FROM DIURETIC EXPERIMENT^

A f te r  P laceb o  
S u b je c t Number R e s u l t

A f te r  Dlamox 
S u b je c t Number R e s u l t

1 55 1 249
2 76 2 100
3 72 3 143
4 45 4 106
5 51 5 180
6 51 6 128
7 86 7 154
8 103 8 196
9 67 9 161

10 85 10 173
11 68 11 98
12 86 12 188
13 88 13 143
14 77 14 87
15 59 15 150
16 82 16 78
17 98 17 92
18 71 18 178
19 84 19 149
20 81 20 158
21 94 21 117

22 135

See R e fe re n c e  30 .



61

TABLE 6

CHANGE IN GASTRIC FREE HCl FROM RESERPINE EXPERIMENT^

A f te r  A d m in is t r a t io n  o f ;
P la c e b o R e se rp in e

S u b je c t
Number B efo re A f te r Change

Sub j  ec t  
Number B e fo re A f te r Change

1 40 36 -  4 1 15 60 445
2 52 56 + 4 2 17 55 4-38
3 55 58 4 3 13 39 4-26
4 73 70 -  3 4 15 45 4-30
5 34 42 4- 8 5 11 79 4-68
6 17 11 -  6 6 42 72 4-30
7 48 42 - 6 7 42 76 4-34
8 51 57 4- 6 8 50 103 4-53
9 51 39 -12 9 50 69 4-1910 60 66 4- 6 10 25 67 442

11 8 11 4- 3 11 35 91 4-56
12 2 16 4-14 12 52 54 4- 213 5 0 - 5 13 27 39 4-1214 10 39 4-29 14 68 92 4-24
15 25 26 + 1 15 18 70 4-5216 42 42 0 16 18 60 44217 42 53 4-11 17 50 41 -  918 7 28 4-21
19 10 34 4-24
20 45 49 4- 4
21 45 51 4- 6

^Those s u b je c t s  whose b e fo re  ( i . e . ,  f a s t i n g )  v a lu e  was z e ro  a r e  
o m itte d . From p r e v io u s ly  p u b lish e d  d a ta  (1 6 ) .
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TABLE 7 

SERUM CHOLESTEROL DATA^

E th io p ia n s  
Number R e s u lt

Boys
Number R e s u lt

A du lt
Number

Men
R e s u lt

C a rd ia c s  
Number R e s u lt

1 227 1 187 1 255 1 258
2 103 2 196 2 189 2 338
3 163 3 345 3 272 3 249
4 134 4 145 4 308 4 298
5 93 5 199 5 248 5 307
6 153 6 157 6 279 6 193
7 129 7 179 7 230 7 236
8 163 8 126 8 238 8 248
9 227 9 203 9 267 9 275

10 122 10 185 10 169 10 355
11 155 11 171 11 222 11 214

12 137 12 206 12 279
13 122 13 254 13 179

14 247 14 428
15 183 15 424
16 228 16 389
17 230
18 187
19 340
20 160
21 246
22 245
23 195
24 193

See R e fe re n c e  23 .
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TABLE 8

CHANGE IN FASTING VENOUS BLOOD GLUCOSE IN MG. PER CENT 
THREE HOURS AFTER ORAL MEDICATION

S u b je c t Number P laceb o 1 .0  Gram 
C hlo rp ropam ide

1 -  4 -22

2 - 1 -22

3 + 1 -  2

4 -12 -23

5 - 2 -2 6

6 - 1 -17

7 -  2 -20

8 -14 -  9

9 -  9 -13

See R e fe re n ce  24.



TABLE 9

TRIALS USING THE RESULTS OF THE CHLORPROPAMIDE-BLOOD GLUCOSE DATA^

I

S u b je c t
Number

I I
F a s tin g

Blood
G lucose

mg%

I I I
Blood G lucose 
3 h o u rs  a f t e r  

1 .0  gram o f  
C hlorpropam ide 

mg%

IV

X = 
( I I I - I I )

mg%

V

F i r s t  T r i a l  
S X
mg%

VI

Second T r i a l  
2 x
n@7.

V II

T h ird  T r i a l  
S X

1 72 50 -22 1 = -  22 —0— -0 -

2 77 55 -22 2 = -  44 -0 - -0 -

3 73 71 -  2 3 = - 46 1 = -  2 -0 -

4 82 59 -23 4 = -  69 2 = -  25 -0 -

5 85 59 -26 5 =■ -  95 3 = -  51 -0 -

6 73 56 -17 6 = -112 4 = -  68 1 = -17

7 72 52 -20 7 = -132 5 = -  88 2 = -37

8 69 60 -  9 8 o -141 6 = -  97 3 = -46

9 75 62 -13 9 = -154 7 = -110 4 => -59

10 82 59 -23 10 =  -177 8 =  -133 5 =  -82

*See R e fe re n ce  24.
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TABLE 10

SUMMARY OF F TESTS FOR HOMOGENEITY OF S*‘
POOLED

IN CONTROL AND TREATMENT GROUPS

S ource  o f  Sam ples S^
^ c o n tr o l

S^
^ tre a tm e n t

d f F P

Normal D i s t r i b u t i o n 12 .25 140.75 (4 ,4 ) 11 .49 b

R e c ta n g u la r  D i s t r i b u t i o n 13 .25 2 .7 5 (4 ,4 ) 4 .8 2 a

L o g a rith m ic  D i s t r i b u t io n 0 .1 3 5 0 .1 3 8 (6 ,6 ) 1.02 a

C h o le s te r o l  D ata 2222 .68 1265.12 (6 ,6 ) 1 .76 a

U rin e  Na D ata 699 .79 2166 .58 (6 ,6 ) 3 .1 0 a

U rin e  K D ata 183.57 846.15 (6 ,6 ) 4 .6 1 b

G a s t r ic  J u ic e  F re e  
HCl D ata 4 5 .0 3 212 .85 (8 ,8 ) 4 .7 3 b

B lood G lucose  D ata 5 8 .9 0 29 .45 (6 ,6 ) 2 .0 0 a

a = p >  .0 5  (n o t s i g n i f i c a n t ) .
b = p <  .0 5  and ^  .0 1  ( b o r d e r l i n e  s i g n i f i c a n c e ) ,
c = p <  .0 1  ( s i g n i f i c a n t ) .  S ig n i f i c a n t  h e te r o g e n e i ty  d id  no t

o c c u r.
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TABLE 11

RESULTS OF TESTING FOR APPROPRIATE SAMPLE SIZE (n) 
ON data FROM TABLES 1 , 2 AND 3

S^ from Range S^ from  Two Means Sjc from S ^

Normal D i s t r i b u t i o n ;
1.327 1 .060  1.060 

(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  «= 0 t o  2 .1 2 0 )
n = 2 F i r s t  p a i r  

Second p a i r  

T h ird  p a i r  

F o u r th  p a i r

a c c e p t means (S . S. n = 2 ) to  be  a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d

4 .8 6 7  3 .8 8 9  3 .260
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  = 0 to  6 .520 )

3.097  2 .5 0 0  10.397
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  = 0 to  20 .794 )

1.327 0 .935  6.134
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  = 0 to  12 .268)

R e c ta n g u la r  D i s t r i b u t i o n ;

n = 2 F i r s t  p a i r  

Second p a i r  

T h i rd  p a i r  

F o u r th  p a i r

a c c e p t means (S .S . n = 2 ) to  be  a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d

0 .442  0 .3 5 4  2 .318
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  = 0 to  4 .6 3 6 )

1.327  1 .606  2 .806
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  = 0 to  5 .612 )

0 .442  0 .3 5 4  1.225
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  = 0 to  2 .4 5 0 )

0 .442  .125  1.060
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  = 0 to  2 .1 2 )

L o g a rith m ic  D i s t r i b u t i o n :

n = 2 F i r s t  p a i r  

n  = 3 F i r s t  p a i r

Second p a i r

0 .813  0 ,2055  0 .0160
(A pproxim ate 95% C o n fid e n c e  I n t e r v a l  = 0 to  0 .3 2 )

0 .088  0 .0 7 0 4  0 .1993
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  = 0 .0365  to  
0 .3621 )

0 .132  0 .1 0 5 7  0 .2534
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  = 0 .0 4 7 4  to  
0 .4594 )

• • a c c e p t  means (S . S. n «= 3 ) to  be a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d .
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TABLE 12

ONE ANALYSIS OF THE CHOLESTEROL DATA WITH REGARD TO ADULT MEN

n = X S X UL LL

1 255 255 4 5 1 .7 2 8 .3
2 189 444 69 1 .7 26 8 .3
3 272 716 931 .7 50 8 .3
4 308 1024 1171.7 748 .3
5 248 1272 1411.7 988 .3
6 279 1551 1651.7 1228 .3
7 230 1781 1891.7 1468.3
8 238 2019 2131 .7 1708.3
9 267 2286 2371 .7 1948.3

10 269 2555 2611 .7 2 188 .3
11 222 2761 2851 .7 2 428 .3
12 206 2967 3091 .7 2 668 .3
13 254 3221 3331 .7 2 908 .3
14 247 3468 3571 .7 3 148 .3
15 183 3651 3811 .7 3388 .3
16 228 3879 4 0 51 .7 3 628 .3
17 230 4109 4 2 9 1 .7 3 868 .3
18 187 4296 4 531 .7 4 1 0 8 .3
19 340 4636 4 771 .7 4 3 4 8 .3
20 160 4796 5011 .7 45 8 8 .3
21 246 5042 5251 .7 4 8 2 8 .3
22 245 5287 5491 .7 5068 .3
23 195 5482 5731 .7 5 308 .3
24 193 5675 5971 .7 5 548 .3
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TABLE 13
RESULTS AND SEQUENTIAL ANALYSIS OF THE CHOLESTEROL DATA 

REPORTED BY DROLETTE AND HEGSTED, IGNORING 
THE MULTIPLE COMPARISONS PROBLEM

n = E th io ­
p ia n s Boys Men C a rd ia c s

and n ĵ 
UL LL

and m2  

UL LL

1 227 187 255 258 676 -1 7 1 .0 6 5 1 .0 -1 9 6 .0
2 330 383 444 596 928 .5 8 1 .5 8 7 8 .5 31 .5
3 393 728 716 845 1181 .0 3 3 4 .0 1106 .0 259 .0
4 527 873 1024 1143 1433 .5 586 .5 1333 .5 48 6 .5
5 620 1072 1272 1450 1686 .0 83 9 .0 714 .0
6 1229 1551 1643 1938 .5 1091.5 941.5
7 1408 1781 1879 2 1 9 1 .0 1344 .0 1169.0
8 1534 2019 2127 2 4 4 3 .5 1596.5 1396.5
9 1737 2282 2402 2 6 9 6 .0 1849 .0 1624.0

10 1922 2555 2757 29 48 .5 2101 .5 1851.5
11 2093 2761 2971 3 2 0 1 .0 2354 .0 2079 .0
12 2230 2967 3250 34 53 .5 2306 .5
13 3221 3429 37 0 6 .0 2534 .0
14 3468 3857 3 9 58 .5 2761.5
15 3651 4281 4 2 1 1 .0 2989 .0
16 3879 4 4 6 3 .0 3216 .5
17 4109 4 7 1 6 .0 3444 .0
18 4296 4 9 6 8 .5 3671.5
19 4636 5 2 2 1 .0 3899 .0
20 4796 5473 .5 4126 .5
21 5042 5 7 2 6 .0 4354 .0
22 5287 5 978 ,5 4581 .5
23 5482 6231 .0 48 07 .0
24 5675 6483 .5 5636.5 5 8 83 .5 5036 .5
25
26
27
28
29
30
31
32
33
34
35 9008 .5 8161 .5 8158 .5 7311.5
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TABLE 14

RESULTS OF TESTING FOR APPROPRIATE SAMPLE SIZE (n)
ON DATA FROM TABLES 4 ,  5 ,  6 AND 8

'  ̂ '    - ' ' ' L ■ - - “ ' ' ‘ '   " ' '    2
Sg from  Range Sg from  Two Means S^ from

T a b le  4 :

n = 4 F i r s t  p a i r  11 .0 7  1 6 ,1 2  13 .15
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  on  Sjj: 3 .8 5  to  2 2 .4 5 )

Second p a i r  8 .7 9  1 2 .7 9  2 8 .5 0
(A pproxim ate 95% C o n fid en ce  I n t e r v a l  on S -: 8 .3 6  to  4 8 .6 4 )

.*• a c c e p t  means (S . S . n = 4 ) to  b e  a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d .

T a b le  5 ;

n = 3 F i r s t  p a i r  9 .1 1  1 0 .1 8  5 .6 2
(A pproxim ate 95% C o n fid en ce  I n t e r v a l  on S^: 1 .0 4  to  1 0 .28 )

Second p a i r  1 5 .3 8  1 8 .3 8  3 4 .9 4
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  on S^: 6 .4 2  to  6 3 .4 6 )

a c c e p t means (S . S. n  = 3) t o  b e  a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d .

T a b le  6 ;

n = 5 F i r s t  p a i r  1 .8 0  2 .1 2  2 .5 8
(A pproxim ate 95% C o n fid en ce  I n t e r v a l  on S j: 0 .9 8  to  4 .1 8 )

Second p a i r  2 .4 8  4 .0 9  6 .62
(A pproxim ate 95% C o n fid en ce  I n t e r v a l  on S j: 0 .7 6  to  12 .48 )

. . a c c e p t  means ( 8 . S. n = 5) to  be  a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d .

T a b le  8 ;

n = 3 F i r s t  p a i r  1 .0 1  1 .2 0  2 .6 9
(A pprox im ate 95% C o n fid e n ce  I n t e r v a l  on Sg: 0 .4 9  to  4 .8 9

Second p a i r  3 .9 6  4 .7 4  5 .0 7
(A pproxim ate 95% C o n fid e n ce  I n t e r v a l  on S -; 0 .9 3  to  9 .2 1 )

a c c e p t means (S .S . n  = 3) to  be a p p ro x im a te ly  n o rm a lly  d i s t r i b u t e d .
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SUM OF

ACCEPT m •  m+20

T h erefo re  R e jec t ■ m.

-2 0

1 s t T r la

2nd T r ia l

—60

ZONE

OF
3rd T r i a l

INDECISION

ACCEPT m_ •  Oi-1 0 0

T h e re fo re  R e je c t

-1 2 0

4 9 102 3 6 7 8 111 5

OBSERVATION NUMBER

F ig u re  1. The s e q u e n t i a l  g ra p h  p r e s e n t in g  th e  r e s u l t s  
o f  th e  th r e e  c o n s e c u t iv e  t r i a l s  w i th  ch lo rp ro p a m id e . The 
a b s c is s a  r e p r e s e n t s  n ( th e  number o f  o b s e r v a t io n s )  and th e  
o r d in a te  r e p r e s e n t s  th e  sum o f  X (w here X = b lo o d  g lu c o se  th r e e  
h o u rs  a f t e r  c h lo rp ro p a m id e  m inus th e  f a s t i n g  b lo o d  g lu c o se  In  

% fo r  each  s u b je c t  t e s t e d ) .


