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A NOTE ON RIDIT ANALYSIS 

J a i r u s  D ,  F lora ,  J r .  

Department of B i o s t a t i s t i c s ,  School of  Public Health 
and Highway Safety Research I n s t i t u t e ,  

Universi ty  of  Michigan, Ann Arbor, Michigan 48104, U.S.A. 

SUMMARY 

Ridi t  ana lys i s  a s  described by Bross [1958] may depend on an 

a r b i t r a r y  choice of a reference population. Further ,  i n  t h e  frequent ly 

occurring s i t u a t i o n  i n  which two populations a r e  sampled f o r  comparison, 

t h e  r i d i t  ana lys i s  ignores t he  e s s e n t i a l  two-sample nature of t h e  problem. 

Thus, although the  mean r i d i t  i s  a useful  point  es t imate of P (XIY) , t e s t s  

of hypotheses o r  ca l cu la t ion  of confidence i n t e r v a l s  may be misleading. A 

modified procedure i s  proposed which removes the  d i f f i c u l t i e s  i n  t e s t i n g  

o r  forming confidence i n t e r v a l s ,  and r e s u l t s  i n  a more informative summary 

of t he  da ta .  The procedure i s  i l l u s t r a t e d  on a s e t  of accident in jury  

da t a  and compared with t h e  r i d i t  ana lys i s .  Some simulation comparisons a re  

a l so  reported.  



1, INTRODUCTION 

Bross [1958] has suggested the  use of Rid i t  ana lys i s  f o r  da ta  which 

a re  ordered, but a r e  not on an in t e rva l  s c a l e ,  such as  i n ju ry  ca tegor ies .  

The procedure i s  a s  fol lows,  From a reference population with t h e  same 

ca tegor ies  (of i n ju ry ,  say) one determines a " r i d i t "  o r  score f o r  each 

category. This score  f o r  each category i s  t he  pe rcen t i l e  rank of an item 

i n  the reference population and i s  equal t o  t he  number of items i n  a l l  

lower ca tegor ies  p lus  one-half t he  number of items in  t he  subject  category, 

a l l  divided by t h e  population s i z e .  Once t h e  r i d i t s  f o r  each category 

have been determined, they  a re  taken as  values of a dependent var iab le  f o r  

the o the r  (comparison) groups and t h e  usual  normal d i s t r i b u t i o n  family of 

s t a t i s t i c s  i s  appl ied (e .g . ,  means, standard deviation, e t c . )  . The mean 

r i d i t s  ca lcu la ted  i n  t h i s  way w i l l  be approximately normal f o r  reasonable 

sample s i z e s .  

The i n t e r p r e t a t i o n  of t he  mean r i d i t  f o r  the  comparison group i s  as  

follows. If  an item, Y, i s  se lec ted  a t  random from the  reference population 

and an item X, i s  se lec ted  a t  random from the  comparison group, then the 

mean r i d i t  i s  an est imate of P(YsX), t h a t  i s ,  of the  p robab i l i t y  t h a t  Y i s  

no more ser ious ly  in jured  than X .  The mean r i d i t  ca lcu la ted  f o r  t h e  

reference population w i l l  always be 0.5 by i t s  d e f i n i t i o n .  The variance of 

t he  r i d i t  scores  i n  the reference population w i l l  depend on the  shape of t h e  

d i s t r i b u t i o n ,  being a t  most 1/4,  about 1/12 f o r  approximately equal numbers 

i n  the  categories,  and q u i t e  a b i t  l e s s  f o r  extremely skewed d i s t r i b u t i o n s .  

The maximum variance of t he  mean r i d i t  i n  the  comparison group i s  1/4m. 

This f a c t  can be used t o  give a conservative t e s t  of whether the  mean r i d i t  

d i f f e r s  from t h a t  of t he  reference population based on 



t f  (i - o . s ) / J W  

= 2&(X - 0.5) 

This t e s t  i s  usua l ly  u l t r a  conservative and the  t t e s t  based on 

i s  u sua l ly  used. Typical values f o r  s 2  f o r  accident i n ju ry  da ta  have been 

on the  order  of .17 a s  compared t o  .5  f o r  t h e  upper bound and -28 f o r  the  

uniform approximat ion. 

Implici t  i n  Bross 's  work i s  t h e  assumption t h a t  the  reference group 

i s  a populat ion.  He mentions the  d i f f i c u l t y  i n  s e l ec t ing  an appropriate  

reference group, but does not e x p l i c i t l y  suggest an appropriate  procedure 

when e i t h e r  of two groups t o  be compared might serve a s  a reference group. 

In appl ica t ions  of  r i d i t  ana lys i s  t o  da te  t he  reference group has been the  

same general s i z e  as  t h e  comparison group and i s  genera l ly  not a population. 

I f  t he  reference group i s  much l a rge r  than t h e  comparison group, Bross 's  

procedure i s  s t i l l  appropr ia te ;  however, t h i s  i s  t y p i c a l l y  not t he  case.  

The d i f f i c u l t y  i s  caused by the  problem of determining an appropriate  

standard devia t ion  t o  use i n  t he  denominator of t he  t s t a t i s t i c .  In t e r -  

changing the ro l e s  of t h e  reference and comparison groups merely interchanges 

the  X and Y .  The mean r i d i t  s t i l l  es t imates  a usefu l  p robab i l i t y .  However, 

t h e  choice of which population i s  t o  be t h e  reference group a f f e c t s  t he  

2 value of s and hence the  r e s u l t  of a t e s t  of hypothesis o r  .the length of a 

confidence i n t e r v a l .  Further ,  i f  both groups a re  regarded as samples from 

t h e i r  respec t ive  populat ions,  an addi t iona l  source o f  v a r i a b i i i t y  i s  i n t r o -  

duced; t he  r i d i t  scores  a r e  subjec t  t o  va r i a t i on  themselves. Monte 

Carlo inves t iga t ions  (presented i n  Section 4 )  i nd i ca t e  t h a t  t h i s  v a r i a b i l i t y  



makes a l l  of t h e  es t imates  o f  t h e  s tandard devia t ion  suggested by Bross 

inappropr ia te .  

In t h e  following sec t ion  we o u t l i n e  a procedure which i s  s imi l a r  t o  

r i d i t  ana lys i s  i n  i n t e r p r e t a t i o n ,  but  which makes t h e  e x p l i c i t  assumption 

t h a t  t h e  da t a  a r e  t o  be regarded a s  samples from both populat ions.  This 

procedilre i s  based on the  Wilcoxon-Mann-Whitney t e s t .  Recent work by 

Conover [I9721 provides a t h e o r e t i c a l  b a s i s .  This  procedure and r i d i t  

ana lys i s  a r e  compared i n  Sect ion 3 using accident  i n j u r y  da t a  from an 

inves t iga t ion  of side-door-beam e f f ec t iveness .  Sect ion 4 presents  some 

simulat ion r e s u l t s .  

2 .  THE PROPOSED PROCEDURE 

Let one group of observat ions be represented by Yi (Bross t s  re ference  

group) and t h e  o the r  group by X .  ( the  comparison group),  
1 

Define 

f o r  i= l ,  . S O ,  n ;  j = l ,  . . .  , m .  Here n i s  t h e  s i z e  of t h e  "Ytt sample, m 

i s  t h e  s i z e  of t he  I1X" sample. The t e s t  i s  based on t h e  s f a t i s t i c  



Let 

t 
n = P[Y>X] 

0 
n = P[Y = XI 

IT- = P[YcX] 

denote t he  p robab i l i t y  t h a t  a member of the  reference group i s  worse o f f ,  

as  well o f f ,  o r  b e t t e r  o f f ,  respec t ive ly  than a member of the comparison 

group. (Bross I s  mean r i d i t  es t imates  rt t 1/2n0.) We then have 

so t h a t  W / m n  es t imates  nt - IT-. 

t - 
With very l i t t l e  addi t iona l  e f f o r t  we can get est imates  of IT , n , and no 

ind iv idua l ly .  The da t a  w i l l  be described by t h e  following t a b l e .  

TABLE 1 

DATA FORMAT 

Thus the  k ca tegor ies  a r e  denoted C1, * * . ,  Ck,  say, ranging from l e a s t  

t o  most severe in jury .  The observed frequencies of the Y group a r e  fi and 

of  t he  X group a r e  gi and the  t o t a l s  f o r  each category a r e  r i .  

-. 

Total 

n 

m 

N = mtn 

-- - 

Ordered ca tegor ies  : 

Group Y 
(reference) 

Group X 
 son) 

Total 

1 C2 
. . . 

Ck 

1 2 
. . I 

fk 

81 g2 
I . .  

k 

T2 
. . a 

Tk 



Then the  variance of W i s  given by 

Further ,  W i s  approximately normally d i s t r i b u t e d  f o r  l a rge  m and n .  This 

follows from Theorem 4 .1  of Conover 119721 o r  from Theorem 29C of ~ a j e k  

[1969]. The goodness of t h e  normal approximation depends on the  sample 

s i z e s  and a l s o  the  r i ,  but f o r  sample s i z e s  usua l ly  encountered with t h i s  

s o r t  of da t a ,  t he  approximation should be s a t i s f a c t o r y .  From da ta  i n  t he  

form of Table 1, W i s  most e a s i l y  computed by the  formula 

- m ( N + l I  Var (W) - 
3 

The quan t i t y  

3 

1 - 
i=l ( T ~  - T ~ )  

N3 ; 
\ J 

0 
serves a s  an es t imate  of ll . Note t h a t  

Thus 



I f  the  two groups came from the  same population Iit = Ii- so the  

expected value of W i s  zero. This f a c t  i s  used t o  t e s t  the hypothesis t h a t  

the  two populations being sampled a r e  equivalent with respect  t o  in jury  

seve r i ty .  For example, i f  the  addi t ion of a s i d e  door beam does not  change 

the  chance of i n ju ry  i n  a s ide  c o l l i s i o n ,  t he  probabi l i ty  t h a t  a person 

with a s ide  door beam w i l l  be more ser ious ly  in jured  than a person without 

a s ide  beam would be the same a s  the probabi l i ty  t h a t  he w i l l  be l e s s  

se r ious ly  injured with than without.  

Thus the  t e s t  s t a t i s t i c  f o r  the  hypothesis t h a t  the two populations 

+ 
a r e  t he  same (II = II-) i s  based on 

The value of Z thus ca lcu la ted  i s  compared t o  the  standard normal t ab l e  t o  

obta in  the  s igni f icance .  

A confidence i n t e r v a l  f o r  the  difference (IIt i7-) may be ca lcu la ted  

a s  follows. From the  normal t a b l e  obtain the value Z f o r  a two-sided 
a/  2 

l eve l  of a .  The confidence coe f f i c i en t  w i l l  be 1 - a .  Then the  i n t e r v a l  i s  

ca lcu la ted  a s  

W - Var (W) 1 / 2  

m - zn/2 [TI m n 

I f  the i n t e r v a l  includes zero, the two sided t e s t  of the  hypothesis t h a t  

II' = Il' i s  accepted. I f  the i n t e rva l  does not  include zero, t h i s  h s o t h e s i s  

i s  r e j ec t ed .  



3. EXAMPLES AND ILLUSTRATIVE CALCULATIONS 

Two examples a r e  worked i n  d e t a i l .  The f i r s t  uses t he  d a t a  i n  Table 2 ,  

which a r e  from a study by Preston and Shortridge [I9731 aimed a t  inves t iga t ing  

the e f fec t iveness  of a s i d e  door beam i n  reducing i n j u r y  t o  occupants i n  

s i d e  co l l e s ions .  The second s e t  of da t a  i s  from a s imi l a r  s tudy by McLean 

[1973] and i s  presented i n  Table 3. If t he  "no injury" category of the  

second da t a  s e t  were omitted, t he  two s e t s  would seem t o  be comparable. 

TABLE 2 

INJURY SEVERITY BY GROUP 
(DRIVERS IN LEFT SIDE IMPACT) 

Sever i ty  
Group Pain Minor Carried ~ i l l e q  Total 

No Beam 

3.1. A RIDIT ANALYSIS 

Be am 

Total 

Following Bross El9581 one ca l cu la t e s  the  r i d i t  scores  f o r  each group 

( f i r s t  using the  "No Beam" group a s  the reference group).  We have: 

79 5 9 40 0 

"Pain" : - 79/2 = ,2219 
(178) 

178 

15 10 5 0 

94 69 45 0 

"Minor" : 79 + 59/2 
178 = ,6095 

3 0 

208 



79 + 59 + 4 0 / 2  = -8876 "Carried" : 178 

ItKilled": 1 .0 

(Notice t h a t  s ince  there  were no f a t a l i t i e s  i n  e i t h e r  group, the  t tKi l led t t  

category does not e n t e r  i n t o  the  ca l cu la t ions . )  From the  r i d i t  scores  we 

ca l cu la t e  t he  mean r i d i t  

and the standard deviat ion of 1, 

from which 

This corresponds t o  a  two-sided s igni f icance  leve l  of 0.43, ind ica t ing  

t h a t  the  d i f fe rences  a r e  l i k e l y  due t o  chance. Thus the r i d i t  ana lys i s  

est imates  t h a t  the p robab i l i t y  t h a t  an individual  with the  door beam i s  a s  

severely in jured  o r  more severely in jured  than one without i s  ,462, o r  i n  

terms of odds, the odds of a ser ious  in ju ry  a r e  1.00 t o  .8587 i n  favor 

of the  s i d e  door beam. 

I f  the  s ide  door beam group were se lec ted  a s  the  reference group 

ins tead ,  the r i d i t  scores  would be: 

"Pain" : ,250 

"Minor" : ,667 



giving a mean r i d i t  f o r  t he  "no s i d e  door beamf1 group of = ,538.  

This value i s  simply one minus the  meim r i d i t  obtained using the  o the r  

group a s  t he  re ference  group. This corresponds t o  t h e  f a c t  t h a t  a com- 

plementary p robab i l i t y  i s  being estimated. However the  e f f e c t  on the  

s tandard devia t ion  of  t he  mean can be se r ious .  With these  da t a ,  we c a l c u l a t e  

leading t o  

The magnitude and d i r e c t i o n  of t h e  estimated e f f e c t  a r e  the  same, but t h e  

change i n  choice of the re ference  group has r e su l t ed  i n  a two sided s i g -  

n i f icance  of 0.064. The inference  drawn could e a s i l y  have changed from no 

e f f e c t  t o  one of p r o t e c t i v e  e f f e c t  f o r  t he  s i d e  door beams. 

2 . 2 .  A MODIFIED ANALYSIS 

Consider t he  s t a t i s t i c  W.  I t  i s  e a s i l y  computed from the  da t a  i n  

Table 2 using (6) a s  



Hence 

To est imate 11° we use (it): 

Using (8) we f ind  i' = ,3530.  

Thus, it = ,3530 

Thus the  ana lys is  est imates  t h a t  i f  a  d r ive r  of a  ca r  with a  s ide  door 

beam i s  involved i n  an accident  involving a  l e f t  s i d e  impact, the  p robab i l i t y  

i s  ,2771 t h a t  he would have been l e s s  severely in jured  without the  beam; 
\ 

.3699 t h a t  he would have sustained the  same seve r i ty  i n ju ry ;  and the  

p robab i l i t y  i s  0.3530 t h a t  he would have been more severely in jured  with- 

out t he  beam. Notice t h a t  

except f o r  rounding. The d i f fe rence  i n  analyses thus f a r  i s  t h a t  the  

p robab i l i t y  of sus ta in ing  the  same i n j u r y  has been estimated separa te ly .  



With some da t a  s e t s  t h i s  i s  important add i t i ona l  information a s  i s  seen 

i n  the  next  example. 

The variance of W i s  ca lcu la ted  from (5) .  I t  i s  convienient t o  ca l cu la t e  

the  cubes i n  t he  l a s t  term.: 

Thus 

and 

Z = ,716, which i s  not  s i g n i f i c a n t .  

+ - 
Using (9),  we can ca l cu la t e  a 95% confidence i n t e r v a l  f o r  ll - ll . 

The i n t e r v a l  becomes (-,132, . 2 8 4 ) .  

If one were t o  interchange the  groups with the  W procedure, the  only 

changes a r e :  1 )  t he  s ign  of W changes, 2 )  h' and i- a r e  interchanged, 



3) t he  confidence limits a r e  mul t ip l ied  by minus one. The s igni f icance  

l eve l  of t he  t e s t  s t a t i s t i c  remains t h e  same. 

3 . 3  A SECOND EXAMPLE 

For t he  second example we use t h e  da t a  from Table 48 of McLean 1973 . 

TABLE 3 

No Beam / 731 41 28 72 9 1 881 

. -- - . - . .- . 
INJURY SEVERITY BY GROUP: DRIVERS IN LEFT SIDE IElPACTS 

Beam 

Total  1 1 0 1 7  55 38 89 11 1 1210 
I 

Total  Group 

These da t a  w i l l  be analyzed twice by each method. The f i r s t  ana lys i s  omits 

t he  ItNonel1 category t o  make the  da t a  comparable t o  those of Table 2 .  The 

second ana lys i s  includes a l l  ca tegor ies  t o  i l l u s t r a t e  t he  e f f e c t  of 

inc lus ion  of a l a rge  group of uninjureds on the  r i d i t  and W s t a t i s t i c s .  

The "No Beam" group is se l ec t ed  a s  the  re ference  group s ince  t h a t  was the  

s tandard design a t  t he  time t h e  s tudy was done and s ince  the re  a r e  more 

cases  i n  t h a t  group. Table 4 summarizes t he  r e s u l t s  of  t he  various analyses  

and includes the  r e s u l t s  of  revers ing  t h e  r o l e  of t he  reference and coniparison 

groups f o r  t h e  d a t a  i n  Table 3 .  As before,  t he  l eve l  of s ign i f icance  i s  

d r a s t i c a l l y  a f f ec t ed  by the change. 

Omitting t h e  "Nonet1 category,  the  r i d i t  scores  become 

t 

Injury Sever i ty  - 
None C B A K 



from which = ,4517 and S- z.0481, yielding t = -1.176. Thus the 
X 

direction of change is the same as in the data of Table 1, indicating a 

slight advantage for drivers with the side door beam. The difference does 

not attain significance, however. 

Using the modified analysis, one has W = 624, from which 

The standard deviation is 602.74, leading to t = 1.04, again indicating 

nonsignificance. The estimated probabilities are 

corresponding to probabilities of greater, less, or equal severity of injury, 

respectively, without the side door beam. The results are quite similar to 

those from Table 1. 

If the uninjured category is included, the sample size will increase 

noticeably. By far,most of the drivers in both groups fell in this category. 

The ridit scores now become 

None C B A K 

,4149 ,8530 ,8992 ,9489 ,9449 , 

from which 

f = ,4792, 

and 



leading to 

which indicates significance at the 5% level. Notice that although the 

mean ridit is closer to one-half, indicating a smaller magnitude of change, 

the significance has increased due to the increase in sample size. The 

interpretation would be that the probability of being more severely injured 

with a beam than without is only ,4792 or in terms of odds, the odds are 

-92 to 1.0 in favor of the driver with the side door beam. 

We find that W = 12,109 and the standard deviation of W is 6887.99, 

leading to Z = 1.76, not significant at the 5% level. Further, W/mn = ,0418, 

and 

estimating the probabilities of greater, less, or equal severity injury, 

respectively, without the side door beam. From these it is evident (in this 

set of accidents at least) that one is most likely to sustain the same injury 

with or without a side-door beam. The estimated difference in probabilities 

of a more or less severe injury is only ,0418. Thus the possible effect is 

quite small, and does not reach statistical significance at the 5% level. 

+ - 
The estimation of II , il , and 11° separately provides more information and 

aids in determining whether an effect (statistically significant or not) is 

large enough to be of practical significance. 

Table 4 summarizes the results of the analyses on these two sets of 

data. Some general conclusions are apparent. First of all, the group with 



TABLE 4 

COMPARISON OF ANALYSES 

R id i t s  Proposed Procedure 
r I 

Data Set  
A 

s i g  . II O Z Sig.  , 
1 

Table 2 (B) 

Table 3 (b) 

. 538  1 . 8 5  ,064  

,277  , 370  , 3 5 3  -. 72 ,472 

, 386  ,325  , 2 8 9  1 . 0 4  .298 

I 

Table 2 ( i )  ' , 462  - . 7 9  , 430  
! 

Table 3 (b) 
(None omitted) 

1 
The l e t t e r  i n  paranthes is  denotes t h e  group used a s  t he  re ference  group: 
B = Beam, B No Beam. 

, 3 5 3  . 370  , 277  . 7 2  .472 

Table 3 (B) 
(None omitted) 

, 4 5 2  -1 .18  , 238  1 , 289  3 2 5  , 3 8 6  - 1 . 0 4  .298  

, 548  2 . 1 6  , 0 3 0  

1 I 



t he  s i d e  door beam i s  cons i s t en t ly  s l i g h t l y  b e t t e r  o f f  than the  group 

without t he  door beam. The p ro t ec t ive  e f f e c t  i s  probably r e a l ,  but appears 

t o  be q u i t e  small .  ( I t  i s  poss ib le ,  of course t h a t  it might be g rea t e r  f o r  

o the r  occupants, say f o r  those s i t ua t ed  on the  opposite s i d e  of t he  c a r  

from the  impact. See Preston and Shortridge [1973] o r  McLean [I9731 f o r  

comments on t h i s  p o s s i b i l i t y . )  In each case,  interchanging the  reference 

and comparison groups has a marked e f f e c t  on the  r i d i t  ana lys i s ,  changing 

the  a t t a ined  s igni f icance  d r a s t i c a l l y .  The change merely r e s u l t s  i n  a 

change i n  s ign  f o r  t he  proposed proceddre. The l eve l  a t t a ined  by the  r i d i t  

procedure appears t o  be lower than f o r  the proposed procedure, even when 

the  more conservative group i s  chosen a s  the  reference group. From simulation 

r e s u l t s  t o  be presented i n  the  next sec t ion  t h i s  appears t o  be due t o  the  

r i d i t  procedure being an t i -conserva t ive ;  t h a t  i s ,  i t s  ac tua l  a i s  l a r g e r  

than the  nominal value. 

4 .  SOME SIMULATION RESULTS 

As mentioned by Bross [1958], s e l ec t ion  of  t he  reference group 

r equ i r e s  considerable care .  The examples of t he  preceeding sec t ion  emphasize 

t h i s ,  showing a r a t h e r  d r a s t i c  e f f e c t  on inference i f  t he  smaller  group were 

chosen a s  the  reference group. In t he  examples presented,  the "no beam" 

group was se l ec t ed  a s  the  reference group. This was na tu ra l  s ince  a t  t h a t  

time s i d e  door beams were an inovation and the bulk of ca r s  did not have them. 

Thus, i n  addi t ion  t o  represent ing a change from the  s t a t u s  quo, mosr accidents  

could be expected t o  involve ca r s  without s ide  door beams, making the  sample 

s i z e  f o r  the re ference  group l a rge r  than f o r  t he  comparison group. However, 

t h i s  need not have been the  case .  The sample s i z e s  might e a s i l y  have been 

near ly  equal .  Further ,  s i d e  door beams a r e  now i n s t a l l e d  i n  near ly  a l l  new 



cars. Consequently, the llnaturalfl reference group might be different today. 

Thus it is desirable to have a procedure which is not sensitive to what 

could be an arbitrary choice of a reference group. The simulations 

indicate that when both groups represent samples, the choice of the larger 

sample size as the reference group is not sufficient to guarantee a valid 

significance level with the ridit procedure, even when the ratio of sample 

sizes is about 4 to 1. Of course, when one group is a population, the 

ridit procedure is valid and would be preferable on the basis of power. 

The basic problem inherent in the ridit analysis as exemplified 

above, is that ridit analysis treats the ridit scores as known and only 

the experimental group as a sample, In most applications both the 

experimental group and the reference group are represented by samples and 

the problem is of the "two-sampleIf type rather than of the "one-sample" 

type. As a result the standard error of the mean ridit as usually 

estimated is too small. 

To verify this empirically a simulation was conducted. The 

populations being sampled were taken to consist of five categories, each 

with probability 0.2. Both the reference group and the experimental group 

were drawn from this population, so that the null hypothesis that both 

groups came from the same population is known to hold. Samples of 200 

were drawn for each group and the mean ridit and various estimates 

(dm, Jm, s/&) were calculated for Sx. The experiment was replicated 

250 times. It was found that s/& and Jm both underestimated the 
standard deviation of 1 by about 40%, while overestimated the standard 

deviation of by about 20%. The detailed results are presented in Table 

5. The observed Type I error rates for nominal a = lo%, a = 5% and a = 1% 

are also presented. The last line of the table presents the results of 

using W. 



TABLE 5 

RESULTS OF THE SIMULATION 

Met hod Ratio of  s tandard Errors Nominal 10% 5 % 1 % 

I t  can be seen from Table 5 t h a t  the  use of i s  too conservat ive,  

r e s u l t i n g  i n  smaller  than nominal p r o b a b i l i t i e s  of Type I e r r o r .  On the  

o the r  hand the  use of e i t h e r  of the  o ther  suggestions f o r  the  standard 

e r r o r  i s  an t i -conserva t ive ,  r e s u l t i n g  i n  f a r  too l a rge  p r o b a b i l i t i e s  of 

Type I e r r o r .  

This po in t  i s  f u r t h e r  i l l u s t r a t e d  by two addi t iona l  s imulat ions.  In 

these ,  t he  n u l l  hypothesis no longer holds; the experimental group has 

been s h i f t e d  by 20%. Hence, comparison of p r o b a b i l i t i e s  of Type I e r r o r s  i s  

not  va l id .  However, the  r a t i o  of the  empirical standard e r r o r s  t o  the  

est imates  s t i l l  gives an ind ica t ion  of the  d i f f i c u l t y .  In t he  f i r s t  of 

these  s imulat ions,  t he  population described before was s h i f t e d  t o  the l e f t  

by 20% f o r  the  experimental group. In the  second s imulat ion,  the  category 

p r o b a b i l i t i e s  were (.6, -15,  .1, .05, . l )  f o r  t he  reference group and 

( . 6 3 ,  .14, .09, -06,  .08) f o r  t he  experimental group, again represent ing 

a 20% s h i f t .  The sample s i z e s  were 200 each and the  number o r  r e p l i c a t i o n s  

remained a t  250. Again, r e s u l t s  f o r  W a r e  reported i n  the . .. . l a s t  l i n e .  



TABLE 6 

RESULTS OF SIMULATIONS UNDER ALTERNATIVES 

A. Simulation Cell Probabilities: Uniform with a 20% Shift 

Estimate for Ratio of Empirical to Empirical Power for a of 
Standard Error Estimated Standard Error .1 .05 .01 

S= dm ,782  ,132 ,092 ,012 

B. Simulation Cell Probabilities (.6, .15, .1, -05, -1) and a 20% Shift 

Estimate for Ratio of Empirical to Empirical Power for a of 
Standard Error Estimated Standard Error .1 -05 .01 

S= 4- 1.237 ... . . .  . , 

Since the nominal values for a are wrong, power results are reported only 

for s = v ' ~  and for W. The larger power for W results from the fact that 

the level for W is the nominal a ,  while the level for the approximation is 

somewhat smaller, due to its conservative nature. 

We conclude that the modified statistic should be preferred to the 

earlier ridit analysis in the cases where both groups are represented by 

samples. If the ridit analysis is to be used, the approximation of 



s = J ~  is recommended for the standard deviation. This is conserva.tive; 

the other suggestions appear to be considerably anticonservative. The use 

of the sample standard deviation of in testing is valid only when one 

of the groups is a population, or when the sample sizes are so disparate 

that one group may be considered a population. In this case, the larger 

group must be taken as the reference group. 

It should be noted that the statistics involved in the comparisons 

use the same information, The only point at issue is the appropriate 

standard deviation to use in the normal approximation. Consequently, for 

the same a level, the asymptotic relative efficiency of each to the other 

would be one. The modified procedure can easily be extended to the k- 

sample situation, In this case it would be essentially a Kruskal-Wal1.i~ 

test with many ties, Adaptations of the multiple comparisons methods 

associated with rank tests should also be relatively simple. 

The author wishes to thank Mr. Robert Scott of the Highway Safety 

Research Institute, University of Michigan for posing the initial question 

regarding the validity of ridit analysis and Mr. Hank Goloumb, also of 

HSRI , for programing the simulations. 
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