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BACKGROUND 

The a c c i d e n t  h i s t o r y  a t  a p a r t i c u l a r  s i t e  i s  o f t e n  t h e  o n l y  bas i s  for 

measuring t h e  e f f e c t i v e n e s s  of a s a f e t y  improvement- The number of 

a c c i d e n t s  observed during equal  per iods  of t i m e  b e f o r e  and a f t e r  the 

improvement was implemented a r e  compared t o  determine whether  or not a 

r e d u c t i o n  can be a t t r i b u t e d  t o  something o t h e r  t h a n  random chance. This 

same approach may a l s o  be used t o  judge whether o r  not  an hcrease in 

a c c i d e n t  f requency a t  a s i t e  warran ts  remedia l  a c t i o n -  Although i t  is 

h i g h l y  d e s i r a b l e  t o  i n c o r p o r a t e  c o n t r o l  s izes i n t o  such analyses t o  screen 

o u t  the effects o f  time, t r a f f i c  volume, o r  o t h e r  ex t raneous  factors, this 

is n o t  always p o s s i b l e .  Consequently,  d e c i s i o n s  must o f t e n  be b a s e d  s o l e l y  

on t h e  "before" and "af ter"  a c c i d e n t  c o ' a t s  a t  a p a r t i c u l a r  l o c a t i o n .  

Because t h e  t y p i c a l  t ime and exposwe condi t ions  a s s o c i a t e d  with the 

occurrence o f  a c c i d e n t s  c l o s e l y  approximate the  t h e o r e t i c a l  conditions t h a t  

g ive  r ise t o  t h e  Poisson  d i s t r i b u t i o n ,  it is usual ly .  assumed that a c c i d e n t s  

a r e  Poisson d i s t r i b u t e d  f o r  a n a l y t i c a l  p u q o s e s .  One method o f  a n a l y s i s ,  

p resented  i n  g r a p h i c a l  form i n  t h e  Highway S a f e t y  Evaluation (BE) 

Procedura l  Gcide  (1, p .  1141, t r e a t s  the 'Tbefore" count as a known Poisson 

mean and i n d i c a t e s  t h e  p e r c e n t  change i n  t h e  " a f t e r "  c o u n t  that must be 

observed t o  b e  judged s t a t i s t i c a l l y  s i g n i f i c t n t  a t  f o u r  s e l e c t e d  c o n f i d e n c e  

levels .  T h i s  graph is reproduced i n  Figure 1. 

There a r e  a t  l e a s t  t h r e e  t h i n g s  wrong with t h e  method in t h e  HSE 

Procedura i  Guide: 

1. Unless t h e  "before" p e r i o d  i s  q c i t e  long, which u s u a l l y  is not 

the c a s e ,  it is no: t 2 p r o p r i a t e  t o  t r e a t  the  a c c i d e n t  count as a known 
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c o n s t a n t .  To b e  p r o p e r l y  eva lua ted ,  it m u s t  be  regarded a s  a random 

v a r i a b l e  t h a t  provides  a n  e s t i m a t e  of t h e  underlying a c c i d e n t  p o t e n t i a l  f o r  

t h a t  p a r t i c u l a r  s i te .  

2 .  T h i s  conceptual  e r r o r  leads t o  a second one, the assumption t h a t  

t h e  same d e c i s i o n  c r i t e r i a  can be used t o  t e s t  f o r  e i t h e r  s i g n i f i c a n t  

d e c r e a s e s  o r  s i g n i f i c a n t  i n c r e a s e s  i n  acc ident  f requency .  This is 

approximate ly  c o r r e c t  when t h e  "before" count is t r u l y  known b u t  is n o t  

c o r r e c t  when it must be t r e a t e d  as a random v a r i a b l e .  

3 .  The Accident Research Yznual (2, p .  39)  s t a t e s  t h a t  one of t h e  

most important  causes of e r r o n e o w  conclusions i n  h ighb-ay- re la ted  

e v a l u a t i o n s  is t h e  " regress ion  t o  the  mean" phenomenon. To i l l u s t r a t e  th i s  

e f f e c t  by example, t h e  p r a c t i c e  of applying s a f e t y  improvements o n l y  t o  

t h o s e  l o c a t i o n s  having t h e  h ighes t  acc ident  f requencies  -- s o m e  o f  which 

a r e  due in p a r t  t o  random chance and which vould have appeared  to improve 

even if nothing were done -- tends t o  f a l s e l y  i n f l a t e  the level  of 

s i g n i f i c a n c e  a t t r i b u t e d  t o  t h e  var ious improvements. That t h i s  is not a 

problem t o  be c a s u a l l y  disregarded i s  evidenced i n  a s t t t e m e n t  by P e r s a u d  

and Hauer (2, p .  4 4 )  t h a t  t h i s  e f f e c t  i s  "Consis tent ,  r e z l ,  and  n o t h i n g  

s h o r t  of dramatic".  Because t h e  method i n  t h e  KSE Procedura l  Guide t rea t s  

t h e  "before" observa t ion  as  a known, r a t h e r  than recognizing it as a random 

v a r i a b l e ,  it s u f f e r s  from t h i s  common shortcoming. 
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CORRECTIVE MEASl2RE.S 

There a r e  several methods by which t h e  "before" count can be t r e a t e d  

a s  a random v a r i a b l e .  Three specific methods t h a t  are o f f e r e d  in l i e u  of 

t h a t  i n  t h e  B E  Procedural  Guide w i l l  be referred to as the chi-square, 

b inomia l ,  and modified binomial methods, r e s p e c t i v e l y .  An outline of a l l  

f o u r  methods fo l lows .  

Method in HSE Procedural Guide 

The "before" count is taken to be a known Poisson  mean. For a series 

of p o s s i b l e  "before" counts ,  terms of t h e  Poisson  d i s t r i b u t i o n  are summed 

a s  i n d i c a t e d  in Equation 1 t o  determine t h e  " a f t e r "  counts necessary t o  be 

judged s t a t i s t i c z l l y  s i g n i f i c a n t  a t  (or  above) t h e  d e s i r e d  levels of 

c o n f i d e r c e .  ( A l t e r n a t i v e l y ,  very  n e a r l y  t h e  same r e s u l t s  can be o b t z i n e d  by 

approximating t h e  Poisson d i s t r i b u t i o n  with a normal d i s t r i b u t i o n  having 

p = 8 = Poisson mean.) These r e s u l t s  a r e  t h e n  conver ted  to p e r c e n t a g e s  

and used t o  plot t h e  curves i n  F igure  1. 

i n  vhich  

a 

x = Poisson mean (zssumed equal  t o  "before" count) 

= p r o b a b i l i t y  t h a t  XI 5 x f X2, s i g n i f i c a n c e  l e v e l  of test 

e = base o f  n a t u r a l  logari thms (2 .71628. .  .) 

XI' x2 = summation l i m i t s  
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L e t  t h e  number of " a f t e r "  events  be designated by X. To d e t e r m i n e  

whether o r  n o t  X r e p r e s e n t s  a s i g n i f i c a n t  d e p a r t u r e  from t h e  (assumed) true 

mean v a l u e  of L, t h e  a p p r o p r i a t e  a rea  under  t h e  P o i s s o n  d i s t r i b u t i o n  

computed. I f  X i s  less t h a n  X so t h a t  a p o s s i b l e  d e c r e a s e  i n  the number 

e v e n t s  i s  under  t e s t ,  t h e  summation limits a r e  X If X = 0 and X2 = X. 1 

is 

of 

is 

g r e a t e r  t h a n  A, the l i m i t s  a r e  X = X and X2 = 00. (For p r a c t i c a l  

p u r p o s e s ,  the  computat ional  procedure is t e rmina ted  whenever subsequent 

terms become i n s i g n i f i c a n t . )  The value of a obtained i n  t h i s  manner 

r e p r e s e n t s  t h e  s i n g l e - t a i l e d  s i g n i f i c a n c e  l e v e l  a t  which the o b s e r v e d  

1 

" a f t e r "  coilnt of X can be judged to be s i g n i f i c a n t l y  dif ferent  from the 

(assumed knom) "before" co=t of 1. To p l o t  the curves shown in F i g u r e  1, 

each X v r l u e  is  converted t o  a percent  change and t h e  c o n f i d e n c e  level is 

taker? t o  be 1 - a. 
€ o r  example, suppose t h a t  during t h e  two y e a r s  p r e c e d i n g  t h e  

i n s t a l l a t i o n  of a s k i d - r e s i s t a n t  over lay ,  t h e r e  were 10 accidents i n  w h i c h  

s l i p p e r i n e s s  was a f a c t o r .  I n  t h e  two y e a r s  fo l lowing  t h e  i n s t a l l a t i o n ,  

t h e r e  were 5 such a c c i d e n t s .  I t  i s  d e s i r e d  t o  know a t  w h a t  level of 

confidpnce t h i s  degree of  reduct ion  can b e  a t t r i b u t e d  to a n y t h i n g  other  

t h a n  random chance. (It i s  assumed t h a t  t r a f f i c  volume, a n  i n d i c a t o r  of 

exposure  r e y r e s e n t i n g  t h e  oppor tua i ty  €or a c c i d e n t s  t o  o c c u r ,  has remained 

e s s e n t i a l i y  c o n s t a n t  and t h a t  no o t h e r  p e r t i n e n t  f a c t o r s  have changed. The 

count  v a l u e s  used i n  t h i s  example have been chosen to be qui te  l o w  t o  

s i m p l i f y  t h e  i l l u s t r a t i o n . )  The va lues  computed w i t h  E q u a t i o n  1 are  

p r e s e n t e d  ic Table 1. 

Because a c c i d e n t  count  i s  a d i s c r e t e  v a r i a b l e ,  i t  u s u a l l y  is n o t  

p o s s i b l e  to miich t h e  d e s i r e d  confidence l e v e l s  i=1 F i g u r e  1 e x a c t l y .  To be 
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Table 1. Il lustration of method used in KSE Procedurzl Guide. 

"AFTER" 
COUNT 
0 

0 

1 

2 

3 

4 

5 

6 

7 

PERCENT CHANGE" 
FROM "BEFORE" 

COUNT O F  X = l O  

100 

90 

80 

70 

60 

50 

40 

30 

CUMULATIVE PROBABI L I T Y ~  
( S I G N I F I C A K C E  LEVEL, a) 

0.00004 5 

0.000499 

0.0027~1 la 5 0.01) 

0.010336 

0.029253 (a 6 0.05) 

0.067086 ( a =  0.10) 

0.130142 - (a 5 0.20) 

0.220221 

'COMPUTED M I T E  EQUATION 1 U S I G  "BEFORE" COUNT OF X = 10 



Weed 

conservat ive,  t he  c r i t i c a l  "af ter"  co;mts a r e  s e l e c t e d  SO t h a t  their 

computed s igni f icance  l eve l s  (a) are  l e s s  t han  O K  equa l  to t h o s e  a s s o c i a t e d  

with t h e  s t a t ed  confidence levels ( - a). Although t h e  r e s u l t i n g  curves 

a r e  no t  s t r i c t l y  continuous, it is 2 p r a t t i c z l  expedient  t o  p l o t  them as 

such i n  Figure 1. 

The previocsly s t a t e d  e x w l e ,  i 0  which the re  were 10 a c c i d e n t s  b e f o r e  

and 5 accidents  a f t e r  a s a f e t y  iq rovemen t  was i n s t a l l e d ,  may now be 

analyzed. Under t h e  assumption t h a t  t h e  "before" coun t  is a known 

cons tan t ,  it i s  observed from Table 1 t h a t  th i s  p a r t i c u l a r  coun t  

combination corresponds t o  a s ign i f i cznce  l e v e l  of Q = 0 . 0 6 7 .  If Figure 1 

i s  used, t h i s  po in t  f a l l s  between t h e  0 . 9 0  2nd 0.95 confidence l i n e s ,  a 

r e s u l t  t h a t  might lead the highway 2 g s c y  ZO conclude t h a t  the s a f e t y  

improvement i s  responsible  for 2 s i g n i f i c m t  reduction i n  a c c i d e n t s .  

Chi-square Method 

Of the  various methods by which t h e  "befoze" count DZY b e  t r e a t e d  as a 

v a r i a b l e ,  the  - s imples t  (but not necessa r i ly  che b e s t )  is based on the 

chi-squqre d i s t r ibu t ion .  I t  i s  wel l  kn0k-n t h a t  a v a r i a b l e  that can be 

expressed i n  the  form given by Equation 2 i s  approximately ch i - squa re  

d i s t r i b u t e d  ( 4 ,  p .  238) with k - 1 degrees of freedom. 

i = k  
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i n  which 

2 = chi-square s t a t i s t i c  

0 = observed count 

E = t h e o r e t i c a l l y  expected count 

k 

For the  p re sen t  app l i ca t ion ,  there  a r e  only two p o s s i b l e  c a t e g o r i e s ,  

the "before" and "af ter"  counts which w i l l  be d e s i g n a t e d  Y and X, 

r e spec t ive ly .  Under the  null hypothesis t h a t  X znd Y are both e s t i m a t e s  of 

t h e  same underlying Poisson mean, the  b e s t  es t imate  of t he  t h e o r e t i c a l l y  

expected count is  t h e  average of  t h e  two. Therefore, El = E2 = (X + Y)/2. 

Equation 2 then  reduces t o  

= number of d i f f e r e n t  ca tegor ies  

( 3 )  

i n  which 

X = "a f t e r "  count 

F = "before" count 

with one degree of freedom. Since there  is some d i f f e rence  of opin ion  in 

t h e  l i t e r a t u r e  concerning whether or not t cont inui ty  c o r r e c t i o n  should be 

app l i ed ,  no such adjustment has been .make. 

Using t h e  same example with a "before" count of Y = 10 and an "after" 

coust  o f  X = 5 ,  Tzble 2 hzs been prepared. These r e s u l t s  a re  s u b s t a n t i a l l y  

d i f f e r e r t  f r o m  those  i n  T z b l e  1 where, btsed on t h e  assumption t h a t  t h e  

"before" COLK; can be taken a s  a known cor s t an t ,  a reduczioa of 50 p e r c e n t  

;;as rec_-ired t o  achieve s c a t i s t i c a l  s ign i f icance  a t  the  a = 0.10 l e v e l .  In 
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Table  2. I l l u s t r a t i o n  of chi-square methoc.. 

I' AFTER 'I 
COUNT 

( X I  

PERCENT CHANGE 
F ROF: "8 E F 0 R E  I' 

COUNT OF Y = 10 

CHI-SQUARE 
 VALUE^ 

(X2 1 
CUMULATIVE PROBAB I L ITY 
( S I G N I F I C A N C E  LEVEL,  a) 

100 

$0 

E.3 

73 

60 

50 

LO 

10.00 

7.36 

5.33 

3.77 

2.57 

1.67 

1.00 

0.002 

0.007 (a 5 0.m) 

0.021 (a f 0.05) 

0.052 (or f 0.10) 

0.109 

0.196 (0: 5 0.20) 

0.317 

COMPUTED R I T E  EQL'ATION 3 U S I N G  "BEFORE" COUET OF Y = 10 a 

b~~~~~~~~ FROM CHI-SQUARE TABLE ( O R  SUITRLE CONPUTER ALGORITHM) 
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Table 2 ,  using the  chi-square method t o  t r e a t  t h e  "before" count as a 

random va r i ab le ,  a reduct ion of 70 pe rcen t  i s  required to a c h i e v e  

e s s e n t i a l l y  the  same l e v e l  of s igni f icance .  By this procedure ,  a reduction 

i n  acc ident  count from Y = 10 down to X = 5 would not be l i k e l y  t o  be 

judged s t a t i s t i c a l l y  s i g n i f i c a n t .  

Binomial Method 

A s t a t i s t i c a l l y  more e f f i c i e n t  method t o  perform this analysis is 

based on the  b ino r i z l  d i s t r i b u t i o n  (5 ,  p .  140).  Under the null hypothesis 

t h a t  t h e r e  has truly been no change, t h i s  procedure assumes that a g i v e n  

t o t 2 1  number of evznts w i l l  be d i s t r ibu ted  between t h e  *'before" and " a f t e r "  

ca t egor i e s  2s a binomial  var i ab le  k-ith p = 0.5. The fo l lowing e q u a t i o n  

app l i e s  : 

N! 
a = 0.3 - N  \ / x ! ( K  - x ) !  

i n  which 

= probab i l i t y  t h a t  X 1 a 

h' = t c t z l  count = x + T 

x = "zf te r"  count 

P 

6 x f X2, s i g n i i i c a n c e  level  of t e s t  

count - - ? I j e f o r e 9 t  
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I f  X i s  l ess  t h a n  Y ,  t h e  appropr ia te  summation l i m i t s  a re  X = 0 a n d  

When X i s  g r e a t e r  than  S ,  the summation limits are  X = X and 
1 

X2 = X. I 
x2 = x + Y = N. 

F o r  t h e  example t h a t  has been used t h u s  f a r ,  t h e  "before"  and " a f t e r "  

counts  a re  Y = 10 and X = 5 ,  r e s p e c t i v e l y .  Using Equat ion  4, t h e  v a l u e s  in  

Table 3 a r e  obta ined .  Although t h i s  K i l l  n o t  always be the case, it is 

seen  i n  t h i s  example t h a t  t h i s  method produces s l i g h t l y  d i f f e r e n t  c r i t i c a l  

v a l u e s  t h a n  those  obta ined  by t h e  chi-square method i n  Table 2. It will b e  

dernonstrzted i n  a subsequent s e c t i o n  t h a t ,  i n  t h e  long run, t h i s  p r o c e d u r e  

tends  t o  produce a s l i g h t l y  g r e a t e r  percentage o f  c o r r e c t  decisions t h a n  

t h e  ch i -square  method. 

Yodifled Binomial Method 

Because t h e s e  methods 

t o  c o n t r o l  t h e  confidence 

d e a l  with d i s c r e t e  d z t a ,  it is s e l d o m  p o s s i b l e  

level (1 - a) a t  p r e c i s e l y  t h e  d e s i r e d  v a l u e .  

Consequently,  it is customary t o  s e t  up d e c i s i o n  c r i t e r i a  t h a t  a r e  

c o n s e r v a t i v e  so t h a t  t h e  a c t u a l  confidence l e v e l  w i l l  n e v e r  be less t h a n  

t h e  i r d i c a t e d  va lue .  If it were d e s i r e d  t o  have d e c i s i o n  criteria t h a t  

would produce very  n e a r l y  t h e  s t a t e d  confidence levels in the long run, a 

s l i g h t  m o d i f i c a t i o n  o f  t h e  binomial method may be made. R a t h e r  t h a n  

s e l e c t i n g  t h e  c r i t i c r l  t ' a f te r ' '  counts SO t h a t  t h e  conf idence  l eve l s  a r e  

always g r e a t e r  than  o r  equal  t o  t h e  s t a t e d  v a l u e s ,  t h e y  can be c h o s e n  on 

t h e  b a s i s  of  being c l o s e s t  t o  t h e  s t a t e d  v a l u e s ,  whether l a r g e r  or smaller. 

By t h i s  procedure,  t h e  d e c i s i o n  c r i t e r i a  ( t a b l e s  o r  graphs)  would c a u s e  

i n d i v i d u a l  d e c i s i o n s  t o  be made a t  c m f i d e n c e  l e v e l s  slightly l a r g e r  o r  

s m a l l e r  than t h e  l e s i r e d  v a l u e s  b u t  i n  a raedoa f a s h i o n  such t h a t  t h e  
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Table 3 .  I l l u s t r a t i o n  of binomial mezhod. 

"AFTER" 
COUNT 
0 

0 

1 

2 

3 

4 

5 

6 

P E R C E N T  CHANGE 
FROM "BEFORE" 

COUNT OF Y = 10 

100 

90 

a0 

70 

60 

50 

40 

CUMULATIVE PROBABILITY a 
( S I G C I F I C A N C E  LEVEL, a) 

0.000977 

0.005859 (a' 0.01) 

0.019287 

0.046143 (a 0.05) 

0 . 0 3 5  23 (a- f 0.20) 

0. i53a79 (a f 0.20) 

0.227249 

COMPUTED X I T H  EQUATION 4 VSIh'E "SIFORE" CDUfI'T OF Y = 10 2 
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averages would tend t o  be c l o s e  t o  t h e  d e s i r e d  v a l u e s  i n  tbe long run. If 

t h i s  approach were appl ied t o  the va lues  in Table 3 ,  the  first three 

c r i t i c a l  va lues  would remain unchanged b u t ,  a t  a = 0 . 2 0 ,  the c r i t i ca l  

" a f t e r "  count would be taken t o  be 6 ,  r e p r e s e n t i n g  a 40 percent reduction. 

This procedure w i l l  be included among those t e s t e d  i n  a s u b s e q u e n t  sect ion.  

Summary of  t h e  Four Examples 

Based on a hypothe t ica l  s i t u a t i o n  i n  which t h e r e  was a "before" c o u n t  

of 10 , t h e  p e r c e n t  changes required t o  achieve s t a t i s t i c a l  s i g n i f i c a n c e  at 

t h e  s e l e c t e d  confidence l e v e l s  a r e  given i n  Table 4 .  For these e x a m p l e s ,  

t h e  t h r e e  a l t e r n a t e  procedures a l l  r e q z l r e  l a r g e r  p e r c e n t  c h a n g e s  t h a n  the 

ESE method before  s t a t i s t i c a l  s i g n i f i c z n c e  can be c la imed-  T o  p r o v i d e  a 

b e t t e r  izpression of t h e  magnitude of zhe d i f f e r e n c e  o v e r  a k-ide range of 

p o s s i b l e  i n p u t  d a t a ,  t h e  1 - a = 0 . 9 5  curves a r e  p l o t t e d  for the HSE and 

binomial  methods i n  Figure 2 .  I t  can be seen  from this f i g u r e  t h a t  the 

l i f f e r e n c e  i s  g r e a t e r  when t h e  t e s t  concerns an i n c r e a s e  r a t h e r  t h a n  a 

decrease  i n  t h e  counted d a t a ,  t h a t  t h e r e  i s  a l a r g e r  d i f f e r e n c e  i n  the 

realm of smal le r  counts f o r  bo th  decreases  and i n c r e a s e s ,  and that the 

d i f f e r e n c e  i s  s t i l l  f a i r l y  s u b s t a n t i a l  even f o r  l a r g e  c o u n t s -  

Like t h e  binomial method: t h e  chi-square and modif ied b i n o m i a l  methods  

e x h i b i z  v e r y  nezr ly  t h e  same behzvior  as t h a t  s h o m  i n  F i g u r e  2 .  I n  order 

t o  judge vhich  o f  t h e  t h r e e  a l t e r n a t e  re thods  i s  b e s t ,  it is necessary to 

test t h e i r  performance in s i t u t t i o n s  i z  Khich t h e  n u l l  h y p o t h e s i s  i s  true 

and also xhen it i s  f a l s e .  
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Tab le  4 .  Summary o f  examples. 

PERCENT REDUCTION' R E Q U I R E D  FO;! STATISTICAL 
S I G N I F I C A N C E  AT S E L E C T E D  C0NF:DENCE LEVELS 

A N A L Y S I S  METHOD 0.99 0.?5 0.90 0.80 

HSE Procedural Guide 80 60 50 40 

C h i - s q u a r e  90 80 70 50 

B i nomi a1 90 70 60 50 

i4o a i f i eci B i nomi a 1 90 72 65 40 

%BASED ON " B E F O R E "  COUNT O f  10 
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100 

90 

80 

70 

60 

50 

SG 

30 

20 

10 

0 

I i i 

i i ! 

I 1 1  i I i 
i I t 

1 

I 

I 1 

I. 
! I I 

I 

BIt;!OX!.!kL METHOD (a = 0.95) 

%SE KET4OD (a = 0.C5) 

- .  - . l gu re  2 .  C o q a r i s o n  o f  b i n o m i a l  me:hcd *--ith method i n  BSE P r o c e d u r a l  
Guide .  
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h'ULL AKD POWER TESTS 

Computer s i m u l a t i o n  tes ts  were run t o  e v a l u a t e  t h e  p e r f o r m a n c e  of the 

t h r e e  a l t e r n a t e  methods and t o  compare t h e i r  perfozmznce w i t h  that of the 

HSE method. The f i r s t ,  shown i n  Figure 3, i s  a null t e s t  but was run 

p r i m a r i l y  t o  demonstrate t h a t  t h e  Poisson random g e n e r a t o r  was w o r k i n g  

p r o p e r l y .  With t h e  p o s s i b l e  except ion of t h e  k u r t o s i s ,  the p a r a m e t e r s  of 

t h e  randomly generated d i s t r i b u t i o n  a r e  seen t o  agree  v e r y  c l o s e l y  with the 

d e s i r e d  t h e o r e t i c a l  va lues .  

For t h i s  p a r t i c u l a r  run, t h e  f o u r  a n a l y s i s  methods w e r e  a p p l i e d  to 

1000 d i f f e r e n t  p a i r s  of random Poisson v a r i a t e s  and the results ( a c c e p t  or 

r e j e c t  t h e  null hypothesis  o f  no d i f f e r e n c e )  counted. S i n c e  t he  n u l l  

h5Tothes is  was t r u e  ( t h e  means of t h e  "before" and " a f t e r "  p o p u l a t i o n s  were 

b o t h  equal  t o  10) and t h e  t e s t  was run  at t h e  0. = G.05 s i g n i f i c a n c e  l eve l ,  

it wouid be considered a d e s i r a b l e  r e s u l t  i f  t h e  t e s t s  f a l s e l y  r e j e c t e d  the 

n u l l  hypothes is  approximately 5 percent  of t h e  t i m e .  I t  i s  seen  from 

F i g u r e  3 t h a t  t h e  r e j e c t i o n  r a t e  f o r  t h e  HSE method is c o n s i d e r a b l y  more 

t h a n  5 p e r c e n t .  This i s  t h e  r e s u l t  of t r e a t i n g  t h e  "before" c o u n t  a s  a 

c o n s t a n t  r a t h e r  t h a n  a random v a r i a b l e .  The r e j e c t i o n  r a t e s  f o r  the 

c h i - s q u a r e  and binomial methods a r e  both  l e s s  t h a n  5 p e r c e n t ,  an expected 

r e s u l t  because t h e s e  methods a r e  knob-n t o  be c o n s e r v a t i v e .  The m o d i f i e d  

binomial  method produces a r e j e c t i o n  r z t e  q u i t e  c l o s e  t o  5 p e r c e n t ,  as 

in tended .  

A more coroplete s e r i e s  of n u l l  t e s t s  i s  shown i n  F i g u r e  4. The same 

s i m u l z t i o a  proce5ure has been ssed except  t h a t ,  i n  a d d i t i o n  t o  t he  

e m p i r i c a l l y  der ived  r e j e c t i o n  r a t e s ,  lower and upper c o n f i d e n c e  l i m i t s  h a v e  

been  pricted io pzrentheses  t o  provide z a  impression o f  t h e  r e l i a b i l i t y  of 
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run v o i s t e s t  
E X E C U T I O N  B E G I N S . . .  

ENTER S I G N I F I C A N C E  L E V E L ?  P O I S S O N  i lEANr NUHBER O F  R E P L I C A T I O N S p  
ANIi R A N D O H  GENERATOR S E E D  rrUnBEF: 
I 

0 . C ;  10 1000 7654321 

f lEAN 1 0 . 0 0  10.21 

V A R I A N C E  10 .00  9.86 

SKEU 0 . 3 2  0 . 3 6  

K U R T O S I S  0 . 1 0  0 .35  

F 'A IRWlSE CORRELATIOf4 0 . G  0 . 0 3  

HSE P w c E r u R A L  GUIDE 0 . 0 5 0  0.125 

C H I - S Q U A R E  0 .050  0.021 

B I tdonr AL 0 . 0 5 G  0 . 0 2 8  

f i O L l 1 F I E D  B I t ~ O t l I A L  0 . C 5 C  0.043 

F i g u r e  3. F i r s t  computer run to aezons=ri:e sirr,illa:ion concep t  
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run nulltest 
E X E C U T I O N  H E G I N S . . .  

ENTER NUHBER O f  R E P L I C A T I O N S  AND RAHilOR GENERATOR S E E D  NUPtBER 
? 
1000 9876543 

DESIRED 
R E L A T I V E  
FREOUENCY 
OF F A L S E  
R E J E C T I O N  --------- 

0.01 

0.01 

0.01 

0.05 

0.05 

0.05 

T R U E  

HEAN 
Po1 s s o ~  
------- 

lo 

20 

50 

10 

20 

50 

0.10 10 

0.10 20 

0.10 50 

HSE 
PROCEDURAL 

G U I D E  ---------- 

( 0.056 I 

(0.063) 

( G . 0 4 8 )  
C.062 

( C - C i S )  

(0.041) 
c.  054 
(0.070) 

0.048 

(0.129) 
0.151 
(0.175) 

(0.126) 

(0.171) 
0.147 

(0.113) 
0.133 
(0.156) 

(0.173) 
0.107 
(C.223) 

(0.101) 
0.216 
0.243) 

( 9. i87) 
0.212 
(0.239) 

cii~ - s o u a R E  --------- 

( 0  .OOO) 
0.003 
(0.009) 

(0.000) 
c.003 

( 3 . 0 0 7 )  

!C, .OOl)  
c. 005 

( O . C i 3 )  

(0.014) 
C.022 
(0.033) 

(0.013) 
0.021 
(0.032) 

(0.019) 
0. C28 
(0.040) 

(0.035) 
0.947 
(0.062) 

(3.335) 
c . 0 4 7  

‘ 0 . 3 6 3 )  

(0.036) 
‘j. 249 
! 3 . 3 6 4  1 

B I N O t t I A L  ------ 

( 0.001 > 
0.004 
(0.010> 

(0. OOi 3 
0.004 

( O . O l t i >  

( 0 . 0 0 2  > 
c.005 
(0.013) 

(0.017.) 

(0.038) 

(0.020 t 
0.030 
(0 .OS3) 

0.026 

(0.02) 
0.038 

( O.OS2) 

(0.046) 

(0.07?> 

(G.06’2) 
0 .076  

( 0 . 0 9 9 )  

( 0.064 > 

(0.099) 

0 060 

0. as0 

HOD I F I Ur 
BINOWXAL ------- 

(0.003) 
0.008 
(0.016) 

(0.003) 
0.007 
(0.314 1 

(C.003) 
0.007 
(0.014; 

(0-031) 
0.043 

( 0 . 0 5 8 )  

(0.032) 
0.044 

(0 .0591  

(0.033) 
0.045 

( 0  -060) 

(0.073) 
0.090 
(0.109) 

( G . O Y 7 )  
0.105 
(0.126) 

(0.078) 
0.096 
(0.116) 

Figure b .  Series of n u l l  t e s t s .  
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t h e  r e s u l t s .  The confidence limits E r e  o f  t h e  e q u a l - l i k e l i h o o d  type 

( 6 ,  - p .  4 5 3 )  and a r e  unsymmetrical. 

F i g u r e  4 inc ludes  s e v e r a l  combinations of s i g n i f i c a n c e  l eve l  and 

Poisson mean and produces e s s e n t i a l l y  t h e  same r e s u l t s  a s  w e r e  observed in 

F i g u r e  3 .  The FIE method f a l s e l y  r e j e c t s  t h e  n u l l  h y p o t h e s i s  much too 

o f t e n  while  t h e  chi-square and b i n o m i d  methods r e j e c t  i t  somewhat less 

o f t e n  t h a n  probably could be t o l e r a t e d .  The modified binomial method has 

r e j e c t i o n  r a t e s  very  c l o s e  t o  the s i g n i f i c a n c e  levels a t  which t h e  t e s t s  

w e r e  run.  

F i g u r e  5 p r e s e n t s  a series of power t e s t s ,  a l l  run at a significance 

l e v e l  o f  a = 0.C5. For t h e s e  t e s t s ,  n r i o u s  combinations of  t rue P o i s s o n  

means have been used. I n  every c a s e ,  t h e  t r u e  p o p u l a t i o n  means a r e  

& i f f e r e n =  and it i s  d e s i r e d  t h a t  :he a n a l y s i s  methods be c a p a b l e  of 

recogniz ing  these d i f f e r e n c e s  by r e j e c t i n g  t h e  n u l l  h y p o t h e s i s  a l a r g e  

p e r c e n t a g e  of t h e  t ime.  Obviously, the more pronounced d i f f e r e n c e s  ~ 5 1 1  

produce h i g h e r  r e j e c t i o n  r a t e s .  

A t  f i r s t  g l a n c e ,  it might appezr t h a t  t h e  ESE method is s u p e r i o r  

because i s  has h igher  r e j e c t i o n  r a t e s  than t h e  o t h e r  three methods. It 

m u i t  be  recognized, however, t h a t  t h i s  i s  l a r g e l y  the resul t  o f  i t s  

tendency t o  r e j e c t  t o o  o f t e n ,  as denonstrzted in Figure  4. Its use would 

b e  accepzable  only i f  t h e r e  were l i t t l e  o r  no concera about t h e  many times 

it falsely r e j e c t s  t h e  n u l l  hypothesis .  Between the c h i - s q u a r e  and 

binomia l  methods, t h e  l a t t e r  appears t o  be t h e  b e t t e r  procedure.  Although 

t h e  d i f f e r e n c e s  a r e  s m a l l ,  i t  c o n s i s t e n t l y  outpeiforms t h e  c h i - s q u a r e  

method i n  both t i e  n u l l  t e s t s  and the  ;sxer tes:s. Fcr  the u s e r  w i l l i n g  to 

~ z c e p t  ~ 5 a t  t h e  modified binomial ne:i2d will faLse ly  r e j e c t  t h e  null 
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run rovrtest 
EXECUTION B E G I N S . . .  

ENTER NUHPER OF REPLICATIONS, SIGNIFICkNCE LEVEL O F  T E S T S r  nNn R a N W H  
GENERATOR SEED NUflBER 
? 
1000 0.05 1234567 

RELATIVE FRERUENCY OF CORRECT REJECTION fiT CILPHA 
OF 0.090 UITW ALPHA/:! 0 .025  CONFIIlEFICE L I K i T S  _---__ -------------------------------------- 

10 5 

10 3 

10 A 

20 15 

20 10 

20 5 

50 45 

50 40 

25 50 

HSE 
PROCEDURAL 

GUIDE ---------_ 

(0.434) 
0.465 
(0.496) 

(0.6?5) 
0.724 

(0 .752)  

( 0 . 9 3 2 )  
0.948 
(0.061) 

(0.291) 
o.x?o 
(0.350) 

(0.647) 
0. C77 
(0.706) 

( 0.956 ) 
0.969 

( 0.979 ) 

(0.242) 
0.169 
(0.798 ) 

(C.380) 
c.411 

( c. 4 4 2 )  

(0.623) 
0.653 
(0.663) 

(0.258 1 
0 286 
(0.315) 

(0.492) 
0.524 
(0.555) 

(0. e12)  
0 * 636 
(0. e 5 8 )  

(0.131) 
0.153 
(0.177) 

(0.458) 
0.489 

( 0 . 5 2 0 )  

( 0 . 8 8 5 )  
0.905 
(0.922) 

(0.089) 
0.108 
(0.129) 

(0.2i6) 
0.242 
(0.270) 

( 0 . 4 2 2 )  
0 .452 

< 0.4YZ? 

(0 -342)  
0-372 
(0.403) 

( 0 . 5 9 2 )  
0.623 

C 0 -653 1 

( o . e t 2 )  
0.884 
(0.903) 

(0.172) 
0 I96 
CO.222) 

<0.524) 
0.=5 

C 0 - SS6) 

(0.020) 
0 .  F37 
(0.951) 

F i g u r e  5. Series of power tests. 
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hypothes is  a b o c t  t h e  proper  percentage of  t i m e  i n  t h e  long run, still 

g r e a t e r  power can be o b t a i n e d ,  2s see2 i n  t h e  l a s t  column of F i g u r e  5 .  

REVISED D X I S I O Y  CRITERIA 

S u i t a b l e  d e c i s i o n  c r i t e r i a  t o  jcdge t h e  s i g n i f i c a n c e  o f  c h a n g e s  

between "before" and " a f t e r "  counts EZT be der ived  by any o f  t h e  three 

a l t e r n a t e  methods -- chi -square ,  b i n o n i i l ,  or modif ied binomizf -- and m a y  

be p u t  i n  e i t h e r  t a b u l a r  or g r a p h i c a l  form.  The c r i t i c a l  " a f t e r "  values 

may be presented  a s  p e r c e n t  changes from t h e  "before" c o u n t s  (as is 

p r e s e n t l y  done i n  the HSE Procedura l  Guide) o r  a s  d i r e c t  counts. Because 

t h i s  i s  be l ieved  t o  have t h e  greates:  p o t e n t i a l  u s e f u l n e s s ,  the  revised 

d e c i s i o i  c r i t e r t a  presented  i n  Figure € a r e  based on the b i n o m i a l  m e t h o d  

2nd have been p ' l t  i n  t a b u l a r  fom L-iLk :he c r i t i c a l  " a f t e r "  v a l u e s  listed 

as p e r c e n t  changes. 

S L ? Y  X3D COKCLCSIOKS 

I t  i s  o f t e n  necessary  t o  use t h e  simple b e f o r e / a f t e r  analysis of 

counted ecents  zo  analyze  a c c i d e n t  r a t e s  o r  o t h e r  phenomena- By failing to 

recognize  t h e  "before" count as a random v a r i a b l e ,  v a r i o u s  safety 

improveoerts rna-j- be i n c o r r e c t l y  judged t o  be s i g n i f i c z n t l y  b e n e f i c i a l  w h e n ,  

i n  f a c t ,  t h e  a p s a r e n t  b e n e f i t  may be due o n l y  t o  random chance.  The d e g r e e  

to whick- such mLsa?pl icat ions u l t i m a t e l y  z f  f e c t  t h e  c o n c l u s i o n s  of research 

s t u d i e s  o r  infl-ierce p o l i c y  d e c i s i o n s  i s  n o t  known, b u t  t h e  p o t e n t i a l  harm 

of  s p e c i f y i n g  the  wrong m a t e r i a l  o r  p r o d u c t ,  oz of e s t a b l i s h i n g  a 

less-:hzz-optinrl  p o l i c y  o r  des ign ,  I s  recognized t o  be s u b s t a n t i a l .  .4n 
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e r r o r  of t h i s  type w i l l  seldom be an i s o l i t e d  case; i t  F i l l  be r e p e a t e d  

w i t h  each subsequent  a p p l i c a t i o n  of  t h e  product  or d e s i g n  s t a n d a r d .  

In t h e  case of simple b e f o r e / a f t e r  ana lyses ,  t h i s  problem can b e  

avoided by p r o p e r l y  t r e a t i n g  t h e  "before" count  as a random v a r i a b l e .  

Three methods f o r  doing t h i s  were presented  and one of  them, a procedure 

t h a t  uses t h e  binomial d i s t r i b u t i o n  t o  perform a h j T o t h e s i s  t e s t  of t h e  

e q u a l i t y  o f  two Poisson popula t ions ,  was used t o  develop t a b l e s  of revised 

d e c i s i o n  c r i t e r i a  s u i t a b l e  f o r  a p p l i c a t i o n s  of th i s  type. 

The major impact of t h e  new t a b l e s  i s  t h a t  it will be more d i f f i c u l t  

t o  demonstrate  t h a t  a s a f e t y  improvement i s  s i g n i f i c a n t l y  b e n e f i c i a l .  

S i m i l a r l y ,  it w i l l  a l s o  be less l i k e l y  t h a t  an zpparent i n c r e a s e  i n  

a c c i d e n t  f requency w i l l  i n c o r r e c t l y  be i n t e r p r e t e d  t o  be real k-hen, i n  

f a c t ,  i t  i s  due only t o  chan:e. I n  e i t h e r  czse,  i t  i s  i m p o r t a n t  t o  'zse t h e  

most a p p r o p r i a t e  a n a l y t i c 2 1  t o o l s  a v a i l z b l e .  TO q u o t e  a g a i n  f r o m  t h e  

Accident  Research Manual (2, p .  27),  ''only with informat ion  5rom rigorous 

e v a l u a t i o n s  can sound a d m i n i s t r a t i v e  d e c i s i o n s  be made". 
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75.0 
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69.4 

65.0 
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-3= 

c- 
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5 6 . 3  
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11.7 
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66.7 
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58.3 

60.0 
57.7 
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48.5 
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45.0 
44.7 
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43.9 
42.9 
41.0 
40.9 

43.1 - -  .3 
4C. 4 
35. & 
38.6 

c c  

C .  

LlECREkSE ------ 
60 .C  
63.6 
58.3 
53.E 
50.t 

53.2 
50.0 
47.1 
44.4 
47.9 

45.G 
42.9 
40.9 
39.1 
37.5 

40.G 
36.5 
37.e 
35.: 
3 4 . E  

36.7 
35.5 
34.4 
33.3 
32.4 

31 . 4  
33.3 
32.4 
31.6 
30.E: 

30.0 
2 9 . 3  
28.6 
30.' 
29.5 

26.9 
18.3 
27.7 
17.i 
' 5 . 5  

I NCREGSE --- 
80.0 
81.8 
7s. 0 
6 9 . 2  
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60-0 
t2.5 
58.8 
55.6  
52.6 

55.0 
52.4 
50.0 
47 .8  
4 5 - 8  

48.0 
46.2 
4 4 - 4  
42.5' 
41 .4  

4 0 . 0  
41.9 
13.6 
35.4 
38.2 

37.2 
36.1 
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36.E 
3 5 . 9  

35.0 
34.1 
33.3 

31.6 

33.3 
32.6 
31 -9 
2 1  *I 
3G.6 

32.6 

- 
I i g u r e  6 .  Revise< d r c i s i ? r ;  c r i t e r i r  . 
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CONFIDENCE >/= 0.99 ------------------- 
DECREASE -------- 

44.0 
43.1 
42.3 
43.4 
42.6 

41.8 
41.1 
42.1 
41.4 
40.7 

40.0 
39.3 
40.3 
39.7 
39.1 

38.5 
37.9 
38.8 
38.2 
37.7 

37.1 
36.6 
37.5 
37.0 
36.5 

36.0 
35.5 
36.4 
35.9 
35.4 

' 35.0 
34.6 
35.4 
34.0 
34.5 

34.1 
33.7 
33.3 
34.1 
33.7 

INCREASE -------- 
56.0 
54.9 
53.8 
52.8 
53.7 

52.7 
51.8 
50.9 
50.0 
50 .8  

50.0 
49.3 
48.4 
47.6 
46.4 

47.7 
47.0 
46.3 
45.6 
46.4 

45.7 
45.1 
44.4 
53.E 
44.6 

44.0 
43.4 
42.9 
42.3 
4Z.O 

42.5 
42.0 
41.5 
41.0 
41.7 

41.2 
40.7 
4G.l 
39.8 
39.3 

K C R E  6s E -------- 
34.0 
33.3 
32.7 
32.1 
31.5 

30.9 
31,. 1 
31.6 
31.0 
30.5 

30.0 
29.5 
29.0 
30.2 
29.7 

29.2 
26.E 
2E.L 
2 7 . 9  
2 7 . 5  

28.6 
2 8 . 1  
27.e 
27.r 
27.0 

16.7 
16.3 
27.3 
26.9 
26.6 

26.3 
25.9 
15.6 
25.3 
2 5 . 0  

25.9 
- J .  t 
25.3 
25 .C  
2 4 . 7  

INCREASE -------- 
36.0 
30.2 
38.5 
37.7 
37.0 

36.4 
35.7 
36.8 
36.2 
35.6 

35.0 
34.4 
33.0 
33.3 
34.4 

33.8 
33.3 
32.f 
32.4 
3i.Y 

31.4 
32.4 
31.9 
31.5 
31.1 

30.7 
30.3 
"-9 
19.5 
30.4 

30.0 
10.6 
2c.3 

38.6 

26.2 
2 F . I  
28.7 
26.4  
25.1 

28.9 

DECREASE ------- 
26.0 
27.5 
26.? 
26.4 
i d . 9  

2J.S 
25.0 
24.6 
24 .l 
25.4 

25.0 

24.2 
23.9 
23.4 

23.1 
21.7 

23.5 
23.2 

22,s 
22.5 
22.1 
Zl.? 
21 - 6  

21 . j  
21.1 

L1.E 
21 .s 
21 .r 
21 .O  
20.7 
20.5 
20.2 

20.0 
10.E 
20.7 
2o.z  

. 2v., 

-= 

24.6 

-- - 
-A. - 

31 . 
-A. - 

INCREaSE 
---I--_ 

30.0 
29.4 
28.8 
30.2 
29.6 

19. I 
18.6 
28.1 
27.6 
27.1 

26.7 
27.9 
17.4 
27.0 
26.6 

26.2 
Z5.8 
--I. 4 
25.0 
li.a 

25.7 
35.4 
25.0 
2S.? 
14.3 

34.0 
23.7 
-a. 4 
23. x 
22.S 

2'3.8 
23.5 
23.2 
21.9 
22.6 

22.4 
21.1 
21 .S 

21.3 

CIC 

*- 

-- -A r &  

Figure 6 .  Revlsed dec ls ion  c r i t e r i a  (ccn:inued) . 
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33.6 
32.3 
33.0 
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33.0 
31.6 
31.3 
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31.1 
30.8 
30.6 
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1 9 . 7  
30.4 
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29.8 

19.6 
39.3 
29.1 
19.7 
29.4 
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26.9 
38.7 
28.5 
26.1 
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38.6 
38.3 
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31.7 

31.1 
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38.3 
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37.8 
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36.6 
37.3 
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35.5 
36.1 
35 .8  
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35.1 
35.e 
34.5 
34.2 

34.8 
34.5 
34.2 
33.9 
33.6 

33.3 
33.9 
33.6 
33.3 
33.1 

33.6 
32.5 
32.3 
32.E 
31. e 

IIECREASE ------- 
2 r . 4  
24.3 
fZ.9 
2 4 . 7  
34.5 

24.3 
34.0 
23.7 
23.5 
23.2 

23.0 
22.8 
23.5 
23.3 
23.1 

22.9 
22.6 
2 2 . 4  
22.2 -- . 0 
2z.7 
2f.5 
21.' 
12.1 
2: -9 

21.7 
21 -6 
2: - 4  
2:  .2 
21 -0 

2i.7 
2: . 5  
3L.3 
2:. 1 
21.0 

2 C . 8  
20.6 
30.5 
35.3 
3C ." 

--,- 

I NCREGSE -----_-- 
2 7 . 8  
27.5 
27.2 
26.9 
2 6 . 6  

27.4 
27.1 
26.8  
26.5 
26.3 

26.0 
25.7 
25.5 
26.2 
26.0 

2 5 . 7  
3 5 . 5  
2 5 . 2  
2 5 . 0  
24.e 

2 4 . 5  
14.3 
2 5 . 0  
2 5 . 8  
2 4 . 6  

14.3 
34.1 
1 3 , ?  
23.7 
1 3 . 5  

23.3 
24.0 
23.8 
23.6 
23.4 

23.1 
23.0 
2 2 . 8  
23.7 
32.5 

CDNFIDENCE ;>/= 0.90 --------------- 
DECREASE ------ 
30.0 
19.8 
19.6 
29.4 
19.1 

i8.9 
18.8 
18.4 
19.4 
19.2 

19.0 
18.8 
18.6 
18.4 
19.3 

l a .  i 
:7.9 
17.8 
17.6 
i8.3 

i 8 . 2  
10.0 
:7 .  F 
17.7 
17.5 

17.4 
17.2 
17.1 
i6.9 
i6.8 

17.5 
i7.4 
i7.2 
17.1 
16.5' 

16.8 
16.7 
io.5 
i6.4 
*I. 3 .- 

I KCR E fi SE ---___ -- 
22.2 
22.0 
21.7 
21.5 
21.3 

21.1 
20.8 
2 0 . 6  
2 0 . 4  
? 0 . 2  

21 -0 
20.8  
20.6 
20.4 
-%. 2 

2 0 . 0  
1 9 - 6  
3 4 . 6  
1 0 . 4  
1p.3 

x 9 . 1  
IS.? 
1P.t 
19-5 
1$-3 

19-1 
Z9.0 
16.8 
18.6 
16-5 

18.3 
18.2 
18.0 
17.9 
18.5 

18.4  
1b.3 
IS. 1 

17.Y 
1 a . G  

Figure  6 .  Revised decision c r l i e r i i  ( c o r z i n c e d )  . 
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DECRERSE __------ 
27.7 
27.5 
28.0 
27.8 
27.6 

27.4 
z7.2 
27.0 
26.8 
27.3 

27.1 
27.0 
26 .8  
26.6 
26.4 

26.2 
20.7 
2 5 . 5  
T5.5 
26.2 

Zc.0 
25.8 
25.7 
25.5 
Z6.0 

2 5 . 8  
2 5 . 6  
-d .5  
25.3 
25.2 

25.0 
25.5 
25.3 
2 5 . 2  
25.0 

24.8 
24.7 
24.6 
Z 4 . i  
f5.9 

-'z 

INCREASE -____--- 
32.3 
32.1 
31.8 
31 -6 
31.3 

31.9 
31.6 
31.4 
31.2 
30.9 

30.7 
30.5 

30.8 
30.6 

30.3 
30.1 
29.9 
29.7 
30.2 

32.0 

30.0 
29.8 
29.6 
29.4 
29.2  

29.0 
28.8 
20.3 
29.1 
28.9 

28.8  
28.6 
28.4 
28.2 
28.0 

28 .5  
29.3 
29. I 
28.0 
27.8 

CONFIDENCE >/= 0.95 ------------------- 
DECREASE --____-- 

20.8 
20.6 
2 0 . 5  
20.: 
20.1 

2c.c 
10.9 
19.7 
19.6 
20.1 

20.0 
19.9 
19.7 
19.6 
19.4 

19.3 
: 9 . 2  
19.0 
1e.7 
1@.5 

1 0 . 3  
17.2 

19.0 
16.S 

18.7 
:8.6 
18.5 
18.4 
18.2 

18.8 
l a . 6  
18.5 
18.4 
18.3 

16.2 
13. i 
:S.G 
17.9 
17.6 

19.1 

INCREASE -------- 
22.3 
22 .9  
21.7 
2 2 . 6  
22.4 

22.2 
21.1 
21.9 
2 i . 7  
21.6 

21.4 
22.0 
21 .E 
21.7 
21.5 

21 . 4  
21.2 
21.1 
20.9 
20.8 

20.7 
21.2 
21.1 
20.9 
2 0 . 8  

20.6 
20.5 
20.4 
20.3 
20.1 

20.0 
I?.? 
20.4 
10.2 
20.1 

20.0 
10.9 
1U.Y 
i?.o 
19.5 

CONFIDENCE >/= 0.90 ------------_----- 
DECREASE -------- 

16.2 
16.0 
15.0 
16.5 
16.4 

16.3 
16.2 
16. I 
15.9 
i 5 . e  

15.7 
15.6 
15.; 
15.2 
15.z 

15.2 

15.6 
15.5 
15.4 

15.7 
15.2 
15.: 
IS.@ 
14.9 

14.8 
14.7 
1 4 . 6  
14.6 
15.: 

15.0 
14.9 
14.8  
14.7 

i5.e 

14.6 

1 4 . 5  
14.5 
1 i . r  
14.3 
14.2 

17.7 
17.6 
17.4 
17.3 
17.2 

17-0 
17.6  
17.5 

17 .3  

17.2 
17.0 
16.5' 
10.8 
16.7 

16.6 
16 -4  
16-3 
14.2 
16.1 

: 4 . 7  
14.6 
16.4 
16.3 
1t.Z 

36.1 
10.0 
15.9 
15.5 
15.7 

17.4 

15.6 
15.5 
15.4 
13.0 
15.0 

15.8 
:5.7 
15.6 
15.5 
15.4 

F i g u r e  6 .  Rev i sec  d e c i s i o n  c r i t e r i a  ( c o n t i n u e d ) .  
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BEFORE -----_ 
170 
171 
i 71 
173 
i74 

178 
176 
177 
178 
174 

180 

182 

164 

165 
1 S6 
187 

169 

i ?Q 
i5'1 
i PZ 
193 
194 

195 
196  
197  
198 
1 ?? 

-100 
201  
2 G 2  
103 
304 

-1C5 
L'Ot 
1G7 
"08 
2 C C  

l e i  
1 e3 

1 8 6  

IIECREFISE -------- 
2 4 . 7  
2 4 . 6  
2 4 . 4  
24.3 
25.1 

24.0 
2 3 . 9  
2 4 . 3  
2 4 . 2  
2 5 . 0  

2 3 . 9  
2 3 . 8  
23.6 
2 3 . 5  
23.4 

2 3 . 8  
1 3 . 7  
1 3 . 5  
2 3 . 4  
2 3 . 3  

-7 9 
-I. - -- -3 * 0 
2 2 . 9  
2 3 . 3  
2 3 . 2  

23.1 
2 3 . 0  
22.8 
2 2 . 7  
2 1 . 6  

2 2 . 5  
2 1 . 4  
2 1 . 8  
2 2 . 7  
2 2 . 5  

2 2 . 4  
2 2 . 3  
2 1 . 2  
22.1 
2 . 0  

INCREASE ------- 
2 7 . 6  
2 7 . 5  
37 .3  
1 ? . 7  
27 .6  

2 7 . 4  
27 .3  
27.1 
27 .0  
26.8 

26 .7  
27 .1  
26 .9  
26.8 
26 .6  

26 .5  

26.2 
1 0 .  : 
26 .5  

1.5.2 
20.2 
26.0 
1 5 . 9  
1 5 . 8  

1 5 . 8  

25 .6  
3 5 . 5  
35.4 
25.8  
25.6 

1 5 . 5  
25 .4  
35.2 
1 5 . 1  
1 5 . 0  

14 .9  
35.' 
2 5 . 1  
25 .0  
2 4 . P  

IlECREASE ------- 
17.6 
16.1 
18 .0  
1 7 . 9  
1 7 . 8  

1 7 . 7  
17 .6  
i 7 . 5  
1 7 . 4  
1 7 . 3  

17.2 

17-6 
1 7 . 5  
1 7 . 4  

17.3 
1 7 . 2  
17.:  
1 7 . 0  
2: .2 

i 6 . S  
1 6 . E  
i 6 . 7  
1 6 . 6  
17.0 

1 6 . 9  
16 .8  
1 6 . 8  
16.7 
16.6 

1 6 . 5  
1 6 . 4  
1 6 . 3  
1 6 . 3  
1 6 . 2  

1 6 . 1  
1 6 . 5  
16.4 
1 6 . 3  
1 6 . 3  

1 7 . 1  

I GCKEASE -------- 
1 9 . 4  
1 9 . 3  
1 9 . 2  
19.7 
1 9 . 5  

19.4 
19 .3  
1 9 . 2  

19 .0  

18 .9  
18.0 
1 8 . 7  
18.6 
1 8 . 5  

1 6 . 9  
1S.8 
1 1 . 7  
:b.6 
iS.5 

1 1 . 4  
18.3 
l S . 2  
16.1 
1 8 . 0  

17 .9  
1 7 . 9  
1 8 . 3  
18.2 

19 .1  

18.1 

1 8 . 0  
17.0 
1 7 . 6  
1 7 . 7  
17 .6  

1 7 . 6  
1 7 . 5  
* I  . 4  
:7.3 
17.; 

- 7  

OE CRERSE ------ 
1 4 . 1  
1 4 . 0  
1 4 . 0  
lS.9 
14.4 

14.3 
14.2 
14 .1  
1 4 . 0  
1 4 . 0  

1 3 . 9  
1 3 . 8  
13 .7  
1 3 . 7  
13.6 

L 3 . 5  
L 3 . 4  
1 3 . 4  
I s . E  
:3.e 

i3.7 
ZS.6 
i3.5 
12.5 
13 .4  

13 .3  
1 3 . 3  
1 3 . 2  
13.1 
13.1 

13.0 
1 2 . 9  
:2.9 
1 2 . 8  
1 3 . 1  

- -  

i3-2 
: 3 . 3  
13.G 
'3.0 
: 2 . 0  

INCREASE ------- 
3 5 - 3  
1 5 . 2  
15 .1  
15.0 
1 4 . 9  

14.9 
14.8 
1 4 . 7  
15 .2  
15.1 

15 .0  
14 .? 

3 4 . 8  
1 4 . 7  

1 4 . 6  
14.5 
14 .4  
1 4 . 4  
14.3 

14.2  
14.1 
14 . :  
1 4 . 5  
1 4 . 4  

1 4 . 4  

1 4 . 8  

1 4 . 3  
14.2 
14.1 
14.1 

1 4 . 0  
1 3 . 9  
13.9 
13.8 
1 3 . 7  

13.7 
1 3 . 6  
1 3 . 5  
1 3 . 5  
:3.c 

____________------_-------------------------------------------------------- 
T H I S  TABLE ki'F'LIES T O  EVSNTS THAT ARE POISSON DISTRIBUTEXI. EACH CONFIDENCE -- 1 'UEL KEPF:ESENTS THE ZNE-TAiLED PROHkbILITY T S k T  PEFiCEGT CHANGES AS EXTREHE 
f i C  THOSE L i S T E D  WOULD h'OT BE EXCEEDED IlUE JUST TO CHirr*'CE- 

F i g u r e  6 .  Revised d e c i s i o n  c r i t e r i a  ( con t inued) .  


