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The Wi lcoxon  and Related T e s t s  of S ignif icance  

VAN DER VAART 1 has  g iven  e x a c t  express ions  for t he  
p r o b a b i l i t y  of o b t a i n i n g  a r e su l t  in t h e  "Wilcoxon two-  
sample  t e s t  d e v i a t i n g  b y  a g iven  a m o u n t  or  more  f rom 
t h a t  e x p e c t e d ,  w h e n  t h e  t w o  samples  are d r a w n  f rom 
the  same  popu la t ion .  In  his t e rmino logy ,  if nl  and  nz are  
the  n u m b e r s  in  t h e  two  samples ,  a n d  U12 is t he  n u m b e r  
of pa i r s  of ind iv idua l s ,  in w h i c h  t h e  va lue  o b s e r v e d  for  
t he  m e m b e r  of  t h e  f i r s t  s a m p l e  exceeds  t h e  va lue  obse rv -  
ed for  t h e  second ,  he f inds  t he  e x a c t  p r o b a b i l i t y  t h a t  
U~z < u, whe re  u is t h e  obse rved  value.  To do so, i t  is 
necessa ry  to  eva lua t e  t w o  d e t e r m i n a n t s  of degree  u, I f  
u is fa i r ly  large,  for  e x a m p l e  23 in one  of his examples ,  
" t h e  c a l c u l a t i o n s "  he  wr i t e s  " m a y  t u r n  o u t  t o  be 
somewhat cumbersome". 

HALDANE and SMITH 2 have solved this problem ap- 
proximately. But as their work.was concerned with a 
ques t ion  of h u m a n  genet ics ,  i t  seems to  h a v e  e scaped  t h e  
not ice  of some s ta t i s t i c ians .  In  VAN DER VAART'S te r -  
minology,  a n d  choos ing  n, < n  1, t he i r  equa t i ons  (10) a n d  
(11) b e c o m e :  

In  t h e  f i rs t  case only  one t e r m  of t h e  ser ies  was  re-  
qui red ,  in  t h e  second  two.  The ca lcu la t ion  t a k e s  a b o u t  
5 rain. W e  also gave  m e t h o d s  for c o m b i n i n g  t h e  r e s u l t s  
of  severa l  pa i r s  of samples ,  for  deal ing  w i t h  " t i e s " ,  or  
e q u a l i t y  b e t w e e n  m e m b e r s  of t h e  two samples ,  a n d  so on.  
VAN DER VAART'S m e t h o d ,  be ing  exac t ,  is p e r h a p s  p re -  
fe rab le  to  ours  for  values  of u up  to  4 or  5, b u t  I t h i n k  
t h a t  a t  h ighe r  va lues  t he  s impl ic i ty  of our  m e t h o d  m a k e s  
up  for  i ts  s l igh t  inaccuracy .  

J. B. S. HALDANE 

Department o/ Biometry, University College, London, 
February 23, 1956. 

Rdsumd 

U n e  fo rmule  assez s imple  p e r m e t  le calcul r ap ide  des  
p robabi l i t4s  dans  le t e s t  de WlLCOXON et  d ' a u t r e s  m4-  
t h o d e s  semb[ables .  Sans  fourn i r  des  r6sul ta t s  exac t s ,  elle 
donne ,  d a n s  les exempla i r e s  choisis, des chiff res  qu i  se 
r a p p r o c h e n t  de  la fo rmule  exac te  de VAN DER VAART, 
avec  des  e r reurs  inf6rieures £ 1%. 

X = ½n2+ (u+ ~ - -  1/2ulna) [nl(ni+n2+ 1)]-½ 

and  

X% (X- l )  n , (X-2) ", 
P(U12 < U) - -  + - -  ne ! 0 ! ( n f l )  ! 1 ! (n~-2) ! 2 ! 

(-1), (x-r)- ,  
+ 

(n~-r) ! r t 

where  r is t h e  g r e a t e s t  i n t ege r  n o t  exceed ing  X .  This  
express ion  is n o t  v e r y  accu ra t e  w h e n  n~ is less t h a n  
a b o u t  4, no r  for  v e r y  smal l  va lues  of P .  Bu t ,  as t h e  
following e x a m p l e s  show,  i t  is good enough  for  p rac t i ca l  
purposes  over  t h e  r ange  of va lues  of P wh ich  are  usua l ly  
t aken  as cr i t ica l  in t e s t s  of s ignif icance.  VAN DER VAART 
gives two  numer i ca l  examples .  

Fo r  n 1 = 49, n~ ~ 2, u = 7, he  f inds  

P ( U I , <  7) = 0.015686. 

Our fo rmula  gives  X = 0.17784, P = 0-01581. 

Fo r  n I = 21, n 2 = 5, u = 23, he  f inds  

The  Structure of I sothebaine  

The  alkaloid i so thebaine ,  i so la ted  b y  GADAMER 1 f r o m  
the  roo ts  of Papaver orientale d u r i n g  t h e  pe r iod  of 
w i the r ing  a n d  res t  of t h e  p lan t ,  was  e x a m i n e d  in  de ta i l  b y  
KLEE ~, w h o  d eg rad ed  t h e  m e t h y l  e t h e r  t h r o u g h  a t r i -  
m e t h o x y v i n y l p h e n a n t h r e n e  to  a t r i m e t h o x y p h e n a n -  
t h r e n e  ca rboxy l ic  acid, w h i c h  on  d e c a r b o x y l a t i o n  af-  
fo rded  3 : 4 : 5 - t r i m e t h o x y p h e n a n t h r e n e  (I); t he  w o r k  
was r ep ea t ed  and  the  i d e n t i t y  of t h e  f inal  p r o d u c t  con-  
f i rmed  by. SCHLITTLER a n d  1VIOLLER 3. I n  v i ew of t h e  
a g r e e m e n t  of  t hese  i n d e p e n d e n t  worke r s  t h e  c o n t e n t i o n  
of KISELEV a n d  KONOVALOVA 4 t h a t  t h e  e n d - p r o d u c t  of  
t he  d e g r a d a t i o n  is n o t  iden t ica l  w i t h  3 : 4 : 5 - t r i m e t h o x y -  
p h e n a n t h r e n e  m a y  be d i s coun ted .  On t h e  bas is  of t h i s  
d e g r a d a t i o n  i so theba ine  m e t h y l  e t h e r  has  been  h i t h e r t o  
a l lo t t ed  the  s t r u c t u r e  (II, R = Me) 5, b u t  a t t e m p t s  to  

P (Ule < 23) = 0.028717. 

Our fo rmu la  gives X = 1-2821, 2 ° ~ 0-02863. 

1 H. R. VAN DER VAART, Exper. 12, 14 (I956). 
z j .  B. S. HALDA~E and C. A. B. S:alTtb Ann. Eugen. 14, 117 

(19-t8). 

1 j .  GADAMER, Arch. Pharm. 249, 41 (1911). 
2 W. KLEE, Arch. Pharm. 252, 211 (1914). 
3 E, SCHLITTLER and J. MILLER, Heir. chim. Acta 31, 1119 

(1948). 
4 V. V. KISELEV and R. A. KOI~OVALOVA, J. gen. Chem. (USSR.) 

t9, 148 (1949). 
s W. KLEE, Arch. Pharm. 25Z, 2tl  (191.1). - E. SCHLITTLER and 

J. MOLLER, Helv. chim. Acta ,~1, II19 (1948). 


