
DESCRIPTION AND EVALUATION 

of  t h e  

NEISS REPORTING SYSTE?4 

as  R e l a t e d  t o  

BICYCLE-ASSOCIATED ACCIDEIJTS 

INTERIM REPORT 

t o  

B i c y c l e  Manufac tu re r s  A s s o c i a t i o n  

1 Februa ry  1975 

J a i r u s  D. F l o r a ,  P r i n c i p a l  I n v e s t i g a t o r  
R i c h a r d  J. Kaplan 
~ l i z a b e t h  Margoshes 

Prepared By 

Highway S a f e t y  Research  I n s t i t u t e  
The U n i v e r s i t y  of ~ i c h i g a n  
Huron Parkway & B a x t e r  R d .  
Ann Arbor ,  Michigan 48105 



The National  E l ec t ron i c  Injury  Surve i l l ance  System (NEISS) 

is reviewed and. evaluated w i t h  r e spec t  t o  the  sampling methodology, 

employed, t h e  c o l l e c t i o n  and management of t h e  d a t a ,  and the  

u se s  t o  which t h e  r e s u l t s  a r e  pu t .  Regarding b i cyc l e s  s p e c i f i c a l l y ,  

previous  s t u d i e s  i n  t h e  a m a  a r e  reviewed, and t h e  t rea tment  of 

t h e  NEISS r epo r t i ng  of b icyc le - re la ted  acc iden t s  is  d i scussed .  

Recommendations are made concern ing ' the  work t o  be done during 

t h e  remaining e i g h t  months of t he  con t r ac t  per iod .  
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Evaluat ion of NEISS d a t a  c o l l e c t i o n  system 

A. Sampling 

The demographic d a t a  upon which t h e  sampling p l a n  i s  based were drawn 

from t h e  1960 U.S. census .  I n  view of t h e  t ime dur ing  which t h e  planning 

was done, t h i s  i s  q u i t e  understandable.  However, t h e r e  was a  13.3% i n c r e a s e  

i n  populat ion i n  t h e  U.S. from t h e  1960 t o  1970 census. F u r t h e r ,  and perhaps 

more important ,  t h e r e  were g e o g r a p h i c a 1 , s h i f t s  of t h e  popula t ion  and a l s o  

s h i f t s  from r u r a l  and c e n t r a l  c i t y  to  suburban dwel l ing,  S ince  t h e  p l a c e  

where a  person l i v e s  w i l l  i n f luence  t o  some e x t e n t  t h e  products  he u s e s ,  

t h e s e  d i f f e r e n c e s  may be important.  An a d d i t i o n a l  e f f e c t  on t h e  NEISS d a t a  

i s  t h a t  t h e  weights f o r  t h e  s t r a t a  a r e  no longer  c o r r e c t .  This  means t h a t  

e s t i n a t e s  formed from t h e  d a t a  w i l l  be b i a s e d .  The d i r e c t i o n  and ~nagni tude 

of t h i s  b i a s  i s  unknown; i t  may no t  be a  major problem. However, f o r  a 

system which emphasizes "real-t ime" d a t a ,  i t  does seem t h a t  by now t h e  

more up-to-date census information should have been included.  Some compromise 

betireen updating and mainta ining t h e  system needs t o  be reached. The sample 

cannot be changed too f r e q u e n t l y ,  due t o  t h e  time and e f f o r t  involved i n  

such a  change. Nei ther  can i t  remain t h e  same i n d e f i n i t e l y ,  however, s i n c e  

populat ion s h i f t s  w i l l  even tua l ly  a f f e c t  t h e  product-associa ted i n j u r i e s  

t o  t h e  e x t e n t  t h a t  any i n £  erences  drawn would no longer  be d e f e n s i b l e .  The 

use  of t h e  1960 census i n  t h e  o r i g i n a l  p lan  does n o t  appear t o  be a  major 

drawback, bu t  i t  does in t roduce  some b i a s  i n t o  t h e  es t imates .  

The use  of h o s p i t a l  emergency rooms as t h e  d a t a  c o l l e c t i o n  sources  

has  some obvious drawbacks: n o t  a l l  persons i n j u r e d  a r e  t r e a t e d  t h e r e ,  and 

those  who a r e  a r e  l i k e l y  t o  d i f f e r  from those  who a r e  no t .  CPSC e s t i m a t e s  



t h a t  about 40% of i n j u r i e s  a r e  t rea ted  i n  ER,  the o thers  being t rea ted  i n  

physicians'  o f f i c e s ,  a t  home, or  elsewhere, To the extent  t h a t  the socio- 

economic va r i ab l e s  of t h e  group t rea ted  a t  emergency rooms d i f f e r  from the  

o t h e r s ,  and t o  the extent  t h a t  these d i f fe rences  inf luence these persons' 

uses  of products, the da ta  obtained from NEISS w i l l  be i n  e r r o r .  On the  

other  hand, ER's represent  a good s t a r t i n g  point  f o r  the  co l l ec t ion  of such 

da t a ,  However, these da ta  cannot be blfndly accepted a s  representa t ive .  

The design of the sampling plan seems to be unnecessarily complex. 

(See Appendix I f o r  a de ta i led  descr ip t ion  of the  sampling procedure.) 

The reasons which may have ca l led  fo r  such a plan a r e  not ev ident .  I would 

have suggested s t r a t i f y i n g  the U.S .  geographical loca t ion  to ensure coverage 

of the e n t i r e  U.S. (s ince product use and hence i n j u r i e s  a r e  associated 

with geographical region and cl imate,  and s ince  the surve i l lance  nature 

of the  da ta  desired would make i t  des i rab le  to ensure coverage of products 

with only l o c a l  d i s t r i bu t ions )  and s t r a t i f i c a t i o n  by s i z e  of the  i n s t i t u t i o n s  

t o  improve prec is ion .  The plan cur ren t ly  used seems t o  r e f l e c t  a misunderstanding 

of s t r a t i f i c a t i o n :  one samples from defined s t r a t a ;  one does not s e l e c t  

s t r a t a  a t  random and then sample from them. The implementation of the  plan 

appears t o  have resu l ted  i n  a subset of the U.S. having been se lec ted  a s  

t he  population t o  which general izat ions could be made, This subset  was 

se lec ted  with p r o b a b i l i t i e s  proport ional  t o  population, so there  is incomplete 

coverage on a geographical b a s i s ;  the  high-population a reas  were more l i k e l y  

t o  have been selected.  Within t h i s  s e t ,  i n s t i t u t i o n s  were s t r a t i f i e d  with 

respect  to  s i z e  and loca t ion  and were then sampled with p r o b a b i l i t i e s  r e l a t ed  

t o  the  s i z e  of the i n s t i t u t i o n .  Thus, high population was i n  a sense given 



a  weight twice,  making i t  un l ike ly  t h a t  low-density a r eas  would be represented.  

The ne t  e f f e c t  has been to  e l imina te  l a r g e  geographical a r eas  from the  sampling 

and t o  concent ra te  da t a  c o l l e c t i o n  mostly i n  densely populated a reas .  

The a c t u a l  p r o b a b i l i t i e s  with which each i n s t i t u t i o n  (of t he  2300 l e f t  

i n  t he  subse t  of the  U.S. t o  be sampled) was se l ec t ed  a r e  extremely complicated 

and can only be computed with a  g rea t  dea l  of e f f o r t  and computer time. One 

severe drawback of t h i s  i s  t h a t  r ev i s ion  of these  p r o b a b i l i t i e s  becomes very 

d i f f i c u l t .  I n  the  design of the  sampling plan no cons idera t ion  was given 

t o  t he  p r a c t i c a l  problem t h a t  not  a l l  of the  i n s t i t u t i o n s  se l ec t ed  might 

agree  to  p a r t i c i p a t e ,  o r  t h a t  some of the  i n s t i t u t i o n s  might subsequently 

drop out .  I n  a c t u a l  p r a c t i c e ,  only about 60% of the h o s p i t a l s  s e l ec t ed  by 

the  sample agreed t o  p a r t i c i p a t e .  The o the r  40% represent  second, t h i r d ,  

o r  f u r t h e r  choice replacements. Further ,  a  number of i n s t i t u t i o n s  have 

dropped o u t ,  reducing the  proport ion of t he  o r i g i n a l  sample. The r e s u l t  

of the  nonpar t ic ipa t ion  problem i s  t h a t  the  weights ca l cu la t ed  f o r  the 

i n s t i t u t i o n s  i n  the  sample a r e  not  c o r r e c t .  This does not  seem t o  have been 

r ea l i zed  by the  CPSC, Fur ther ,  t he re  seems no way of c a l c u l a t i n g  the  co r r ec t  

weights.  A s  a  r e s u l t ,  a l l  of the  pro jec t ions  t o  n a t i o n a l  es t imates  a r e  i n  

e r r o r .  The magnitude of the e r r o r s  i s  unknown. However, basing pol icy  

dec is ions  on data  which a r e  known t o  be erroneous, without a  s o l i d  es t imate  

of t he  amount o r  d i r e c t i o n  of e r r o r ,  i s  c e r t a i n l y  undes i rab le  and should be 

co r r ec t ed .  



B. Data Management 

Even i f  the  sampling plan used by NEISS were sound, t h e  c o l l e c t i o n  

and management of the  d a t a  leaves  much t o  be des i red .  The b a s i c  da t a  a r e  

obtained from the ind iv idua l  ER records.  Although t h i s  does e n t a i l  t he  use 

of s eve ra l  d i f f e r e n t  forms, t h i s  is not a  s e r ious  problem so long a s  a l l  

of t he  forms conta in  the  necessary information and so  long a s  a l l  a r e  

accura te ly  recorded. However, t he  person who i s  respons ib le  f o r  ob ta in ing  

t h e  da ta  i s  usua l ly  the  admit t ing c l e r k  i n  t he  ER. This  i s  a  low-ski l l  

pos i t i on  with a  l a r g e  turnover r a t e .  Fur ther ,  t hese  persons have had l i t t l e  

i f  any i n s t r u c t i o n  from NEISS. Yet a l l  t he  d a t a  t o  be obtained depends 

upon them. The da ta  t h a t  they record on the ER form a r e  t he  only da ta  

ava i l ab l e  to  code and send to  the NEISS computer. 

ER personnel i n  genera l  tend t o  be pr imar i ly  i n t e r e s t e d  i n  t r e a t i n g  

the  p a t i e n t s ,  p a r t i c u l a r l y  i f  the i n j u r y  is  a t  a l l  s e r i o u s .  Consequently, 

i t  i s  easy t o  imagine t h a t  i f  t he re  i s  any rush a t  a l l ,  t h e  determinat ion 

of product information--which does not appear t o  be immediately r e l a t e d  t o  

t h e  treatment--may be s l i g h t e d ,  To the ex ten t  t h a t  t h i s  occu r s ,  d a t a  a r e  

of poor, perhaps unusable,  q u a l i t y .  

It i s  a l s o  poss ib le  f o r  var ious  b i a ses  t o  a r i s e  through t h i s  method 

of da t a  generat ion.  The CPSC has over 900 ca t egor i e s  of products .  Few 

persons could remember a l l  of these  with equal  f a c i l i t y ,  The products  

which a r e  most f a m i l i a r  w i l l  g e t  t h e  most a t t e n t i o n  i n  determining whether 

an in ju ry  was product-associated; a l s o ,  any products i d e n t i f i e d  by NEISS 

f o r  s p e c i a l  cons idera t ion  w i l l  l i k e l y  t u r n  up more f r equen t ly  than they 

would had they not  been s ingled  out  f o r  a t t e n t i o n .  



Assuming t h a t  t h e r e  a r e  no conscious b i a s e s  on t h e  p a r t  of those  who 

f i l l  ou t  the  ER records ,  t h e r e  s t i l l  remains t h e  s t r o n g  p o s s i b i l i t y  of 

unconscious b i a s  t o  record some products  more f r e q u e n t l y  than  o t h e r s .  A t  

t h e  very b e s t ,  the  b a s i c ,  primary d a t a  c o l l e c t i o n  i s  inadequate ly  c o n t r o l l e d ,  

and can be  expected t o  r e s u l t  i n  d i f f e r e n t  p r a c t i c e s  a t  t h e  d i f f e r e n t  i n s t i t u -  

t i o n s .  

Once t h e  ER records  have been completed, once a day, a  person--di f ferent  

from t h e  one who f i l l e d  o u t  t h e  records  i n i t i a l l y - - c o d e s  them and prepares  

them f o r  t r ansmiss ion  t o  t h e  computer i n  Bethesda. The p o s i t i o n  of t h e  

person who does t h e  coding v a r i e s  from i n s t i t u t i o n  t o  i n s t i t u t i o n ,  from 

a  j u n i o r  c l e r k  t o  a h o s p i t a l  admin i s t ra to r .  The q u a l i t y  of t h e  p r e p a r a t i o n  

is  n o t  i.n q u e s t i o n .  However, i n  t h e  c a s e  of s e v e r e ,  l i f e - t h r e a t e n i n g  i n j u r i e s ,  

t h e  person doing the  coding may r e c a l l  t h e  outcome of a case  whose s t a t u s  

has  changed from t h e  ER. For example, a  s e v e r e l y  i n j u r e d  person may have 

d i e d ,  o r  some one who was t r e a t e d  and r e l e a s e d  may have re tu rned  and been 

admit ted.  I f  such knowledge is used i n  t h e  coding,  t h e  d a t a  on i n j u r y .  

s e v e r i t y  w i l l  be  changed. 

The i n t e r a c t i v e  d a t a  management v i a  computer messages appears  t o  be 

q u i t e  good. However, t h i s  merely prevents  inaccurac ies  from e n t e r i n g  t h e  

d a t a  dur ing t h e  coding o r  computerizing s tages .  It cannot he lp  d a t a  which 

were wrong o r  miss ing t o  begin wi th .  

The s e t  of d a t a  elements which is  c o l l e c t e d  is  q u i t e  s h o r t .  Consequently 

if does n o t  inc lude  a s  much informat ion a s  would be d e s i r a b l e .  One such 

major gap i s  i n  t h e  d e t a i l s  of t h e  i n j u r y .  I n j u r y  i s  coded on ly  i n  t h e  

NEISS matr ix  (see  Appendix 11). Fur ther ,  only  such i n j u r y  informat ion a s  



is  a v a i l a b l e  i n  t h e  ER i s  u s u a l l y  included.  L a t e r  d iagnoses  o r  developments 

a r e  not  included i n  tile r c c o r d  u n l e s s  by chance t h e  coder happens t o  know 

of t h a t  p a r t i c u l a r  c a s e  and changes the  ER r ecord .  Th i s  makes i t  impossible  

t o  determine how a  product may have caused a n  i n j u r y ,  o r  which i n j u r i e s  were 

a s s o c i a t e d  wi th  which products  i n  t h e  c a s e  of m u l t i p l e  product involvement. 

The most c r u c i a l  gap i n  t h e  in fo rmat ion ,  however, i s  t h e  complete absence 

of any informat ion on how t h e  product was r e l a t e d  t o  t h e  i n j u r y .  I f  such 

i n j u r y  informat ion i s  t o  be  used t o  determine t h e  r e l a t i v e  s a f e t y  of a  p roduc t ,  

then ,  l o g i c a l l y ,  t h e  i n j u r i e s  t o  look a t  a r e  those  which a r e  i n  some way 

product-caused. I n j u r i e s  caused by d e f e c t s  i n  des ign  o r  cons t ruc t io t l  would 

c l e a r l y  c a l l  f o r  renledial a c t i o n  on t h e  p a r t  of manufacturer.  I n j u r i e s  

caused by misuse,  o r  improper u s e ,  o r  inadequate  maintenance might helve been 

prevented by s a f e t y  in fo rmat ion  warning a g a i n s t  t h e  hazards  of such misuse 

o r  mis-maintenance. There i s  a  need f o r  d a t a  which would r e l a t e  a n  i n j u r y  

t o  t h e  mechanism which caused i t ,  so  t h a t  p r e v e n t i v e  measures might be 

devised.  

A f i n a l  c r u c i a l  element miss ing from t h e  d a t a  s e t  i s  informat ion on 

exposure.  The more persons  who use  a  product ,  and t h e  more t h a t  they use  

i t ,  t h e  more persons  who w i l l  have a c c i d e n t s  whi le  us ing t h a t  product .  

Thus, t h e  more popular and u s e f u l  a  product ,  t h e  h igher  i t s  raw frequency 

of  "associa ted"  i n j u r i e s  w i l l  be. An i n v e s t i g a t i o n  would probably show 

t h a t  80% o r  more of a l l  i n j u r i e s  a r e  "assoc ia ted"  w i t h  t h e  underwear of 

t h e  i n j u r e d  person,  s i n c e  probably a t  l e a s t  t h i s  h igh  a p ropor t ion  of 

i n d i v i d u a l s  were wearing underwear a t  t h e  t ime of t h e i r  a c c i d e n t .  I n  

o rde r  f o r  meaningful 'comparisons t o  be made, a  measure of  r i s k  i n c o r p o r a t i n g  



exposure  must be  used i n  a d d i t i o n  t o  t h e  f r e q u e n c i e s  and s e v e r i t i e s  of 

i n j u r i e s  a s s o c i a t e d  w i t h  p roduc t s .  F u r t h e r ,  t h e  a s s o c i a t i o n  must n o t  simply 

b e  a  t r i v i a l  one. 

One o t h e r  p o t e n t i a l  b i a s  i n  t h e  d a t a  c o l l e c t i o n  methods needs t o  b e  

p o i n t e d  o u t .  For a  g iven  i n j u r y ,  young c h i l d r e n  a r e  more l i k e l y  t o  b e  

brought  t o  a n  ER f o r  t r e a t m e n t  than  a r e  o l d e r  c h i l d r e n  o r  a d u l t s .  F u r t h e r ,  

a  p a r e n t  o r  guard ian  b r i n g i n g  a  smal l  c h i l d  i n  f o r  t r ea tment  is  more l i k e l y  

t o  g i v e  adequa te  in fo rmat ion  on t h e  t o y  o r  product  a s s o c i a t e d  w i t h  a n  i n j u r y  

t h a n  is  a n  i n j u r e d  person h i m s e l f .  Consequently,  u n l e s s  some measures have 

been t aken  t o  c o r r e c t  f o r  o r  remove t h e s e  b i a s e s ,  one would tend t o  f i n d  

young c h i l d r e n  over- represented i n  t h e  ER p o p u l a t i o n .  Also ,  i f  t h i s  i s  

t r u e ,  one could  expect  t h e  product  a s s o c i a t i o n  t o  be  more r e l i a b l e  f o r  

t h e  younger c h i l d r e n .  One would tend t o  s e e  fewer product  a s s o c i a t i o n s  

among o l d e r  p e r s o n s .  One would a l s o  s e e  a  more s e v e r e  d i s t r i b u t i o n  of 

i n j u r i e s  among o l d e r  pe r sons .  



11. Use of NEISS Data 

The NEISS d a t a ,  a s  desc r ibed  i n  t h e  fo rego ing  s e c t i o n s  of t h i s  r e p o r t ,  

a r e  used by CPSC a s  a n  i n d i c a t o r  of t h e  s a f e t y  performance of t h e  p roduc t s  

under t h e i r  j u r i s d i c t i o n .  The Commission main ta ins  t h a t  t h e  f u n c t i o n  of 

t h e s e  d a t a  i s  l i m i t e d  t o  t h i s  i n d i c a t o r  r o l e ,  i n  t h a t  t h e  d a t a  on ly  p rov ide  

a d i r e c t i o n  f o r  f u r t h e r ,  more d e t a i l e d  i n v e s t i g a t i o n s  on t h e i r  p a r t .  The 

p u b l i c a t i o n  of t h e  r e s u l t s  of t h i s  d a t a  c o l l e c t i o n  e f f o r t ,  however, t ends  

t o  p r e s e n t  them more w i t h  t h e  s t a t u s  of " f a c t s "  r a t h e r  than  i n d i c e s  f o r  

i n t e r n a l  consumption, and might be  const rued a s  somewhat of an  i n f l a t i o n  

of t h e  meaningfulness of the  system o u t p u t .  The remainder of t h i s  s e c t i o n  

d i s c u s s e s  t h e  process  by whi.ch t h e  repor ted  s t a t i s t i c s  a r e  de r ived .  

A .  Frequency-Severity Est imates  

CPSC deemed i t  necessa ry ,  f o r  purposes of cross-product  comparisons, 

t o  have a s i n g l e  number r e p r e s e n t  t h e  degree  t o  which a s p e c i f i c  product 

was respons ib le  f o r  t h e  cause  of i n j u r y  i n  t h e  popu la t ion .  The r e s u l t  of 

this assumption is  t h e  product ion of  a f requency-sever i ty  index--that  i s ,  

t h e  sum f o r  each product of t h e  number of i n j u r i e s ,  each m u l t i p l i e d  by i t s  

s e v e r i t y .  Expressed i n  more mathematical  terms: 

where I i s  t h e  f requency-sever i ty  index f o r  a s p e c i f i c  product .  S .  i s  
F S 1 

t h  t h e  s e v e r i t y  a t t a c h e d  t o  t h e  i i n j u r y ,  and n i s  t h e  number of r epor ted  

i n j u r i e s  f o r  t h e  product.  

While having a c o n s i d e r a b l e  amount of f a c e  v a l i d i t y ,  such a n  index h a s  



obvious l i m i t a t i o n s .  F i r s t ,  t h e  frequency involved i s  used t o  genera te  

a n  e s t i m a t e  of t h e  nationwide index f o r  t h e  occurrence of such i n j u r i e s  

and is ,  t h e r e f o r e ,  s u b j e c t  t o  t h e  e f f e c t i v e n e s s  of t h e  sampling plan i n  

achieving represen ta t iveness .  This  has been discussed above. Secondly, 

a s  w i l l  be discussed below, t h e  s e v e r i t y  index i t s e l f  i s  an  a r b i t r a r y  one, 

and t h e r e  i s  no apparent j u s t i f i c a t i o n  i n  combining these  i n  t h e  form of 

a l i n e a r  a d d i t i v e  model. The presumption, f o r  example, t h a t  an i n j u r y  a t  

l e v a 1  4 i s  t h r e e  t imes a s  bad a s  an  i n j u r y  a t  l e v e l  1 cannot be  accept.ed 

wi thout  some r a t i o n a l e  i n  terms of such v a r i a b l e s  a s  c o s t ,  d iscomfor t ,  

d i s a b i l i t y  ovex def ined t i n e  per iods ,  days of l o s t  work o r  lessened 

e f f i c i e n c y ,  and the  l i k e .  Toward t h e  higher  end of t h e  i n j u r y  spectrum, 

t h e  l i n e a r  a d d i t i v e  assumption i n  combining t h e  d a t a  elements appears even 

more tenuous. 

B. Age "Adjustment" 

The CPSC, f e e l i n g ,  and probably c o r r e c t l y  so ,  t h a t  t h e  same e x t e n t  

of i n j u r y  a f f e c t s  v a r i o u s  age groups d i f f e r e n t i a l l y ,  thought it  wise  

t h a t  t h e  i n d i c e s  produced by NEISS be ad jus ted  o r  weighted f o r  age.  The 

o r i g i n a l  dec i s ion  was t o  g ive  a weighting f a c t o r  of two t o  i n j u r i e s  occurr ing 

t o  i n d i v i d u a l s  t e n  years  o ld  o r  younger and t o  those  s i x t y - f i v e  y e a r s  of 

age and o l d e r .  The weighting has  subsequently been removed from t h e  d a t a  

p e r t a i n i n g  t o  t h e  e l d e r  of t h e s e  two groups ,  

This weighting scheme is a r b i t r a r y ;  no r a t i o n a l e  i s  given f o r  us ing 

i t  o t h e r  than some obvious common-sense c r i t e r i a .  A s  t o  t h e  younger group, 

i t  is assumed t h a t  CPSC i s  concerned, a s  i s  our s o c i e t y  i n  g e n e r a l ,  wi th  



adequa te ly  p r o t e c t i n g  c h i l d r e n .  The weight then  i s  p r e s e n t  t o  h e l p  i d e n t i -  

f i c a t i o n  of p roduc t s  which a r e  more dangerous t o  c h i l d r e n .  It  is w e l l  known, 

however, t h a t  t h e  younger group w i l l  s u f f e r  l e s s  i n j u r y  and recover  f a s t e r  

from t h e  same trauma than will a n  o l d e r  group,  and i t  i s  nowhere e v i d e n t  

t h a t  a  weight based on n z e  a l o n e ,  r a t h e r  than a  comjinat ion o f  age and type  

of i n j u r y ,  w i l l  do anything toward maki.ng a  u s e f u l  adjus tment .  I n  t h e  c a s e  

of t h e  o l d e r  v i c t i m s ,  t h e  r e v e r s e  i s  t r u e .  The same trauma may w e l l  produce 

i n j u r i e s  which a r e  bo th  more s e v e r e  and more c o s t l y  t o  t h e  i n d i v i d u a l  and 

t o  s o c i e t y ,  and y e t  t h e  a t t empt  t o  g e t  a t  t h i s  phenomenon by a n  i n c r e a s e d  

weight was d i s c a r d e d ,  

To t h e  c r e d i t  of CPSC, we must say t h a t  they  a r e  w e l l  aware of t h e  

inadequac ies  of t h e  scheme c u r r e n t l y  i n  u s e  w i t h  regard  t o  weight .  The i r  

s t a f f  is p r e s e n t l y  a t  work on new and hopefu l ly  b e t t e r  p rocedures ,  and t h e  

above c r i t i q u e  is intended t o  emphasize t h e  complexity of t h e  problems they 

f a c e ,  

C.  Scheme f o r  Weighting S e v e r i t y  

The o p e r a t o r s  of NEISS a r e  a l s o  t h e  prime u s e r s  of t h e  system, and 

one of t h e i r  ch ie f  o b j e c t i v e s  i s  t o  d e t e c t  problems w i t h  s p e c i f i c  p roduc t s .  

The f requency of a s s o c i a t i o n s  of p roduc t s  w i t h  i n j u r i e s  is n o t  considered 

a l o n e  t o  be a  good enough i n d i c a t o r  of a  problem a r e a .  The s e v e r i t y  of 

i n j u r y  would a f f e c t  t h e i r  c o n s i d e r a t i o n ,  and s i n c e  more s e v e r e  i n j u r i e s  

would i n d i c a t e  more s e v e r e  problems, i t  was dec ided  t o  weight t h e  s e v e r e  

i n j u r i e s  more h e a v i l y  t h a n  l e s s  s e v e r e  ones .  The weight ing scheme used 

i s  p u r e l y  a r b i t r a r y ,  and t h e  NEISS people  a r e  quoted a s  s a y i n g  t h a t  it 



1 I has an a lgebra ic  r a t i o n a l e  but  not  a  r e a l - l i f e  r a t i ona l . "  It seems unl ike ly  

t h a t  an a r b i t r a r y  weighting schec~e ca-i be s a i d  t o  have an "a lgebra ic  r a t i ona le , "  

bu t  what t h i s  is  intended to  imply is t h a t  t h e  formula f o r  ca l cu la t ing  the  

weights is  constant .  After a r b i t r a r i l y  assigning a  weight of t en  t o  a  

s e v e r i t y  des igna t ion  of 1, the o ther  weights a r e  ca lcu la ted  by: 

where W .  i s  the weight of the  ith s e v e r i t y  index. This  formula produces 
1 

t h e  following tab le :  

The l a s t  en t ry  i n  t he  t a b l e  has r ecen t ly  been rev ised ,  and the  weight f o r  

t h e  h ighes t  s e v e r i t y  index has been assigned,  aga in  a r b i t r a r i l y ,  the  va lue  

of 2516. 

Without a  g r e a t  d e a l  of f u r t h e r  research  on t h e  t o p i c ,  nothing s u b s t a n t i a l  

can be sa id  i n  defense of o r  i n  opposi t ion to  t h e  s e v e r i t y  weighting cu r ren t ly  

i n  use. It is  simply one of an i n f i n i t e  number of such schemes. It  is  n o t ,  

however, a t  a l l  obvious t o  t h e  general  reader  of the  NEISS s t a t i s t i c s  how 

t h e  weighting may have a f f ec t ed  the numbers presented. We in tend ,  i n  a  

l a t e r  por t ion  of t h i s  program, t o  develop a l t e r n a t i v e  weighting schemes, 

each based on a  s.et of de f inab le  c r i t e r i a ,  and r e c a l c u l a t e  what t h e  NEISS 



outpu t  would b e ,  g iven  each of t h e s e .  We would hope thereby t o  g a i n  some 

i n s i g h t  i n t o  t h e  complexity of t h e  problem and i n t o  t h e  s e n s i t i v i t y  of t h e  

ou tpu t  t o  weight ing d i f f e r e n c e s .  

D. In-Depth S tud ies  

Although t h i s  r e p o r t  d e a l s  very  h e a v i l y  w i t h  t h e  NEISS d a t a  c o l l e c t i o n  

and r e p o r t i n g  system,, i t  must be recognized t h a t  t h i s  system r e p r e s e n t s  on ly  

t h e  f i r s t  s t e p  i n  t h e  p rocess  of performing CPSC'S f u n c t i o n , .  No d e c i s i o n s  

a s  t o  r e g u l a t o r y  a c t i o n s  t h e  commission i s  empowered t o  t a k e  would be made 

on t h e  b a s i s  of NEISS d a t a  a lone.  NEISS has t h e  f u n c t i o n  of s e n s i t i z i n g  

t h e  conunission s t a f f  t o  problems which may e x i s t .  F u r t h e r  s t e p s  taken 

b e f o r e  t h e  i n s t i t u t i o n  of any r e g u l a t o r y  a c t i v i t y  i n c l u d e :  (1) product 

t e s t i n g  i n  e i t h e r  t h e i r  own o r  independently operated l a b o r a t o r i e s ;  

( 2 )  c o n s u l t a t i o n  and d i s c u s s i o n  w i t h  t h e  product  manufacturers ;  and (3)  

more d e t a i l e d  s t u d i e s  of s p e c i f i c  cases  i d e n t i f i e d  by NEISS a s  p o t e n t i a l l y  

important  , 

The l a s t  of t h e s e ,  t h e  so-cal led  "In-Depth" s t u d i e s ,  s i n c e  they a r e  

a s u b s e t  of t h e  c a s e s  occur r ing  i n  t h e  NEISS d a t a  set,  a r e  r e s t r i c t e d  i n  

t h e i r  e f f i c i e n c y  by t h e  l i m i t a t i o n s  of NEISS i t s e l f ,  They a r e  considered 

necessa ry ,  however, because it  is only  by such s t u d i e s  t h a t  t h e  a c t u a l  causes  

of a c c i d e n t s  can be determined. Among t h e  causes  of product-associa ted 

a c c i d e n t s  a r e  d e f e c t s  i n  des ign  o r  manufacture,  inadequa te  o r  mis lead ing  

in format ion  on product use ,  improper o r  non-intended use  of t h e  product ,  

o r  merely t h e  proximity  of t h e  product a t  t h e  t ime of t h e  a c c i d e n t .  Each 

of t h e s e  p o s s i b i l i t i e s ,  o r  a combination of t h e m ,  i m p l i e s  a d i f f e r e n t  type  



of ac t ion  t o  be considered on the  p a r t  of t h e  commission, and t h i s  information 

a s  t o  causa l i t y  i s  considered v i t a l  t o  t h e i r  de l ibe ra t ions .  

Any evidence acquired through in-depth s t u d i e s  of NEISS cases ,  while 

u se fu l  f o r  producing i n s i g h t s  i n t o  poss ib le  problems, must a t  t h i s  time be 

viewed a s  r a t h e r  weak from the  s t a t i s t i c a l  point  of view. The reason f o r  

t h i s  i s ,  f i r s t  of a l l ,  the  sampling de f i c i enc i e s  of t h e  NEISS system i t s e l f ,  

Beyond t h a t ,  however, t he re  appears t o  be no systematic  procedure defined 

f o r  t he  s e l e c t i o n  of cases  t o  be s tudied i n  depth, and the  s t u d i e s  a r e  

r e s t r i c t e d  t o  those where the voluntary cooperation of t he  acc ident  vi.ctims 

i s  r ead i ly  ava i lab le .  Time and budget con t r a in t s  make i t  d i f f i c u l t  f o r  CPSC 

t o  do otherwise a t  t h i s  time, but  i f  t h i s  c l a s s  of a c t i v i t y  i s  to  a t t a i n  a  

s t a t u s  o ther  than a s  a  s t imula tor  to  i n t u i t i o n ,  considerable  thought must 

be give11 t o  i t s  proper design and execution. 



111. Appl ica t ions  of NEISS Data t o  Bicyc le  S a f e t y  

Severa l  d e f i c i e n c i e s  i n  t h e  sample des ign  and t h e  d a t a  c o l l e c t i o n  

and management of NEISS by t h e  CPSC have been d i scussed  i n  t h e  preceding 

s e c t i o n s .  A number of t h e s e  d e f i c i e n c i e s  seem t o  apply  wi th  p a r t i c u l a r  

f o r c e  t o  uses  of t h e  SEISS d a t a  i n  cons ider ing  b i c y c l e  a c c i d e n t s .  

A s  mentioned before ,  t h e  e r r o r  i n  t h e  sampling scheme r e s u l t e d  i n  t h e  

s e l e c t i o n  of a  complicated geograph ica l  s u b s e t  o f  t h e  U.S. a s  t h e  popula t ion  

t h a t  was i n  f a c t  sampled. Th is  s u b s e t  i s  roughly t h e  drawing a r e a s  f o r  t h e  

2300 h o s p i t a l s  which were no t  e l iminated a t  t h e  f i r s t  s t a g e .  S ince  t h e  

e l imina t ion  was based on p r o b a b i l i t i e s  which were p r o p o r t i o n a l  t o  p o p u l a t i o n ,  

t h e  chosen s u b s e t  i s  presumably of h igher  popula t ion  d e n s i t y  t h a n  t h a t  of 

t h e  U.S. a s  a whole. I n  viewing a map w i t h  t h e  NEISS h o s p i t a l s  l o c a t e d  on 

i t ,  i t  can be seen t h a t  l a r g e  reg ions  of t h e  Midwest and West ( o t h e r  than 

t h e  West Coast)  have been excluded, Thus t h e  r e g i o n s  which were i n  f a c t  

sampled would have been those  wi th  high t r a f f i c  d e n s i t y ,  and could be expected 

t o  have r a t h e r  more b i c y c l e - t r a f f i c  a c c i d e n t s  than  t h e  more r u r a l ,  small- 

town a r e a s .  

A g r e a t  d e a l  of t h e  b i c y c l e  use  i n  t h i s  country  i s  by c h i l d r e n .  Accidents 

which r e s u l t  i n  minor i n j u r i e s  t o  c h i l d r e n  a r e  more l i k e l y  t o  r e s u l t  i n  medical  

a t t e n t i o n  than  a r e  t h e  same i n j u r i e s  t o  a d u l t s .  As a  consequence t h e  ER r a t e s  

w i l l  t y p i c a l l y  be more complete f o r  younger c h i l d r e n  than  f o r  a d u l t s .  Hence 

products  which a r e  used more by c h i l d r e n  than by a d u l t s  may be expected t o  

appear i n  somewhat excess ive  p ropor t ions  . When coupled w i t h  "age-ad j ustment" 

t o  s e v e r i t y  suggested by CPSC, t h i s  appears  t o  p r e s e n t  a  s t r o n g  b i a s  toward 

over - represen ta t ion  of young groups.  



The c a l c u l a t i o n  of t h e  so-call-cd "consumer p roduc t  hazard index" and 

i t s  p u b l i c a t i o n  by t h e  CPSC does  n o t  appear  t o  be  a n  a p p r o p r i a t e  use  of 

t h e  s u r v e i l l a n c e  d a t a  from NEISS. F i r s t ,  t h e  NEISS d a t a  do n o t  appear  t o  

b e  s u f f i c i e n t l y  r e l i a b l e  f o r  such u s e  t o  b e  made of them, due t o  t h e  sampling 

and d a t a  c o l l e c t i o n  inadequac ies ,  Second, t h e  index  i s  based on an  e n t i r e l y  

a r b i t r a r y  i n j u r y  s e v e r i t y  s c a l e .  Th i rd ,  t h e  index  i s  based on mere a s s o c i a t i o n - -  

t h e r e  a r e  no d a t a  t o  i n d i c a t e  t h e  p resence  o r  d e g r e e  of p roduc t  f a u l t  i n  

any of t h e  i n j u r i e s .  Four th ,  t h e  index i s  simply a  sum of raw d a t a ;  t h e  

more popular  and widely  used a product  i s ,  t h e  l a r g e r  i t s  s c o r e  on t h i s  

index  will be. I n  o r d e r  t o  c o n s t r u c t  a  "hazard index" one must have and 

i n c o r p o r a t e  some s o r t  of exposure d a t a  t o  i n d i c a t e  any s o r t  of r e l a t i v e  

r i s k s  of p r o d u c t s .  

An index of t h e  s o r t  used by t h e  CPSC can be  u s e f u l  a s  a n  i n t e r n a l  

d e v i c e  t o  a l e r t  t h e  CPSC t o  a r e a s  where t h e r e  a r e  s u b s t a n t i a l  numbers of 

a c c i d e n t a l  i n j u r i e s .  However, t o  some e x t e n t  i t  does  t h i s  by p i n p o i n t i n g  

p r o d u c t s  which a r e  widely  u s e d .  It does no t  p i n p o i n t  p r o d u c t s  which a r e  

p a r t i c u l a r l y  hazardous t o  t h e  u s e r .  I n  o r d e r  t o  a s s e s s  t h e  hazard of a  

p roduc t ,  more in format ion  i s  needed. F i r s t ,  t h e r e  i s  a need f o r  exposure  

d a t a .  T h i s  need seems t o  have been somewhat s l i g h t e d  by CPSC. Secondly,  

t h e r e  i s  a  need f o r  a d d i t i o n a l  in fo rmat ion  on t h e  t y p e s  of i n j u r i e s  and 

t h e i r  r e l a t i o n  t o  t h e  product  i n  ques t ion .  It i s  c r u c i a l  t o  de te rmine  

whether t h e  a c c i d e n t  and /or  r e s u l t i n g  i n j u r i e s  were  t h e  r e s u l t  of some cause  

u n r e l a t e d  t o  t h e  product  i n  q u e s t i o n ,  o r  were i n  f a c t  t h e  r e s u l t  of t h e  

product .  If they were a c t u a l l y  r e l a t e d  t o  t h e  p roduc t ,  t h e n  t h e  p o s s i b i l i t y  



of some a c t i o n  t o  reduce t h e  r i s k  o r  s e v e r i t y  of such i n j u r i e s  is  p r e s e n t ,  

However, t h e r e  i s  a  need f o r  s u f f i c i e n t  informat ion t o  determine whether 

t h e  cause  was due t o  a d e f e c t  i n  des ign  o r  c o n s t r u c t i o n ,  which would c a l l  

f o r  a  c o n s t r u c t i o n  s tandard ; o r  t o  inadequate  maintenance, which might c a l l  

f o r  an educa t iona l  s t andard ;  o r  due t o  i n t e n t i o n a l  misuse of t h e  product ,  

which might c a l l  f o r  a warning s tandard ,  o r  perhaps f o r  l e g i s l a t i o n  dea l ing  

w i t h  t h e  use  of t h e  product ( enforce  t h e  p r o h i b i t i o n  a g a i n s t  r i d i n g  a  b i c y c l e  

t h e  wrong way on a  one-way s t r e e t ,  f o r  example) . 
I n  o rder  t o  o b t a i n  d a t a  of s u f f i c i e n t  d e t a i l  t o  use  i n  t h e s e  a s p e c t s  

of t h e  CPSC, i.n-depth i n v e s t i g a t i o n s  a r e  necessary .  The c a s e s  f o r  such 

i n v e s t i g a t i o n s  must be s e l e c t e d  and pursued i n  such a  manner t h a t  t h e  r e s u l t s  

can be r e l a t e d  t o  t h e  frequency es t imates  f o r  t h e  whole set of a c c i d e n t s .  

Thus, i n  o rder  t o  recommend a  b i c y c l e  s t andard ,  informat ion should be a v a i l a b l e  

t o  i n d i c a t e  how i t  would he lp  prevent i n j u r i e s  i n  c e r t a i n  types  of a c c i d e n t s ,  

and a l s o  what t h e  frequency of such a c c i d e n t s  is .  It is  i m p r a c t i c a l  t o  w r i t e  

a  s tandard which could apply ,  on t h e  average,  t o  on ly  one acc iden t  a  y e a r .  



IV. L i t e r ~ t u r e  Resu l t s  

Several  s tud ie s  i n  the  last: f i v ?  t o  s i x  I J C J ~ S  have attt.r,ipted t o  draw 

conclusions about t he  na ture  of b icyc le  acc idents  occurr ing,  t he  c h a r a c t e r i s t i c s  

of t he  population to  which they occur,  and/or t h e  p rope r t i e s  of b icyc les  

involved i n  acc idents .  They have ranged i n  scope from a s i n g l e  c i t y ' s  

ch i ldren  to  a  s t a t e ' s  bicycle-motor vehic le  acc idents  over t h ree  years  

involving ch i ldren  i n  f i v e  na t iona l ly  d i s t r i b u t e d  semi-urban a r e a s .  F.J .  Vilardo 

and J.H. Anderson (1969) gathered exposure and acc ident  da t a  on 20,000-plus 

ch i ld ren  i n  grades 2 through 8 in  Arl ington Heights,  I l l i n o i s ;  Ann Arbor, 

Michigan; East Baton Rouge Pa r i sh ,  Louisiana; Los Angeles, Ca l i fo rn i a ;  and 

t h e  S t a t e  of Delaware. The sex and age d i s t r i b u t i o n s  of a l l  b i c y c l i s t s  

and the approximately 4,000 experiencers of b i cyc l e  acc idents  were f a i r l y  

s imi l a r .  The per cent  d i s t r i b u t i o n  of o s t ens ib l e  accident  causes i s  shown 

i n  Table (a)-2. Vilardo and Anderson observed t h a t  boys had more motor-vehicle- 

involved acc idents  and g i r l s  more f a l l s  ( r i d e r s  of g i r l ' s  b icyc les  experienced 

II  s i g n i f i c a n t l y  more knee i n j u r i e s " ) .  I n  approximately 70 per  cent  of ' the 

acc idents  t he  b i cyc l e  had been used a s  a  t oy ,  i n  23 per  cent  a s  a  general  

t r anspor t a t ion  veh ic l e ,  and i n  7 per cent  a s  a  t r anspor t a t ion  v e h i c l e  spec i f i -  

c a l l y  t o  o r  from school.  While 38 per  cent  of exposure respondents claimed 

night-time r i d i n g ,  3 per  cent  of acc idents  occurred then. 

E. Brezina and M. Kramer (October 1970) looked a t  275 b i c y c l i s t s  (5-14 

years ,  93% males) i n  repor tab le  bicycle/motor-vehicle c o l l i s i o n s  i n  the  10- 

month school 1969-70 and a  randomly chosen comparison group of 1,000-plus 8- t o  

13-year-old male b i cyc l e  owners. According t o  t h e  i n v e s t i g a t o r s ,  r i s k  f a c t o r s  



" re l a t ed  pr imar i ly  to  t h e  b i c y c l i s t ' s  comprehension of r i s k  inherent  i n  

d i f f e r e n t  roadway environments, p red ic t ion  of t r a f f i c  movement, and con t ro l  

of the  b i cyc l e  .... Among the  b i cyc le  f a c t o r s  examined, t h e  adjustment of 

t h e  b icyc le  t o  t he  r i d e r  has the most s i g n i f i c a n t  in f luence  on the  r i s k  of 

c o l l i s i o n ,  e spec i a l ly  among young r i d e r s  ," Rela t ive  r i s k  of c o l l i s i o n  

involvement increased a s  b i c y c l i s t  ground-level c learance increased.  

Approximately ha l f .  the c o l l i s i o n s  involved s tandard conf igura t ion  b icyc les ,  

while 35 per cent  of the  comparison group owned such b i c y c l e s ,  The inves t i -  

ga to r s ,  lacking use  information by configurat ion type ,  were r e l u c t a n t  t o  

draw f i rm conclusions regarding r e l a t i v e  r i s k  but  they suggested "among 

11- t o  13-year-olds a  lower c o l l i s i o n  involvement r a t e . . .  i s  found f o r  

high-r ise  bicycles ' '  compared with standard conf igura t ion  b icyc les .  Fur ther ,  

they suggested younger r i d e r s  of hand-brake-equipped b i cyc le s  a r e  more a t  

r i s k  than those of b icyc les  with f o o t  brakes [note t h a t  Rice and Roland 

(Apri l  1970))  studying the dynamics of b i cyc l e  design,  suggest  f r o n t  wheel 

(hand) brakes have "hazard po ten t i a l t ' ] .  55 per cent  of 259 c o l l i s i o n s  

involved b icyc les  crossing some flow of t r a f f i c ;  57 per  cen t  occurred wi th in  

one block of home. 

I n  February, 1969, P. A ,  Waller and D .  W .  Re infur t  published an inves t i -  

ga t ion  of some 2,400 f a t a l  and non-fatal  bicycle/motor-vehicle acc idents  

reported i n  North Carolina J u l y  1965 t o  June 1968 r e l a t i v e  t o  1966 motor 

veh ic l e  acc iden t s ,  They analyzed the physical  circumstances surrounding 

t h e  acc ident ,  d r i v e r  and b i c y c l i s t  c h a r a c t e r i s t i c s ,  and v e h i c l e  (car )  and 

road c h a r a c t e r i s t i c s .  The authors  summarize : "It appears t h a t  t he  t y p i c a l  

b icyc le  accident  occurs  i n  c l e a r  dry weather during day l igh t  hours. . . . .The 



c y c l i s t  i s  u s u a l l y  a  young male between 10  and 14 y e a r s  of age  who apparen t ly  

emerges unexpectedly from.. . . [an]  i n t e r s e c t i o n  of  some s o r t .  F a t a l  b i c y c l e  

a c c i d e n t s  appear t o  be  a s s o c i a t e d  w i t h  t h e  o l d e r  b i c y c l e  r i d e r . "  About 25 

p e r  c e n t  of b i c y c l e  f a t a l i t i e s  occurred a t  n i g h t  on un l igh ted  r o a d s ,  bu t  

on ly  6 per c e n t  of a l l  b i c y c l e  a c c i d e n t s  occurred under such c o n d i t i o n s .  

A four-month s tudy  of ownership, use ,  and i n j u r y  p a t t e r n s  among 3- t o  

12-year-olds i n  t h e  Bur l ington,  Vermont a r e a  (J. A. Waller ,  1970) was in tended 

t o  determine i f  s t andard  and h igh- r i se  b i c y c l e s  d i f f e r  i n  a s s o c i a t e d  r a t e  

and/or s e v e r i t y  of i n j u r i e s .  With 104 i n j u r i e s  (97% of a l l  occur r ing)  and 

6,200 comparison c a s e s ,  no d i f f e r e n c e s  were observed between t h e  two b i c y c l e  

s t y l e s .  A pe r  c e n t  d i s t r i b u t i o n  of  acc iden t  causes  i s  shown i n  Table (a)-3. 

While about 30 pe r  cent  of owners s t a t e d  they rode a f t e r  d a r k ,  no a c c i d e n t s  

occurred then.  Eight a c c i d e n t s  involved contact: w i t h  a n  automobi le ;  69 p e r  

c e n t  occurred w i t h i n  one block of home. I n  t h e  range 5 t o  1 2  y e a r s ,  of 

6,185 owners a  four-month i n j u r y  r a t e  of 11.2 pe r  1 ,000 owners (based on a  

t o t a l  of 69 i n j u r i e s )  was c a l c u l a t e d .  

During approximately t h e  same per iod a s  t h e  Vermont s t u d y ,  exposure and 

a c c i d e n t  d a t a  ( t h e  former from a  school  sample, t h e  l a t t e r  from t h e  sample 

p l u s  emergency room and p o l i c e  department r ecords )  f o r  c h i l d r e n  5 t o  1 8  

were gathered i n  Raleigh,  North Caro l ina .  E . A .  P a s c a r e l l a  (1971) found 

no r e a l  d i f f e r e n c e s  i n  frequency o r  ca tegory of a c c i d e n t  a s s o c i a t e d  wi th  

b i c y c l e  s t y l e  [a breakdown of the  l a t t e r  may be found i n  Tab le  (a)-11. 

Accident s u b j e c t s  tended t o  be  younger and t o  have fewer y e a r s  r i d i n g  

exper ience  than  those  wi thou t  a c c i d e n t s .  B icyc le  age  and c o n d i t i o n  and 

passenger-carrying s t a t u s  d i d  no t  appear t o  i n f l u e n c e  r i s k .  .. An o v e r a l l  

2i.i i d .  ~t r a t e  of 1 .58 pcr 1 ,000 mil(.<; (bnscd on 60,109 m i l e s ,  95 a c c i d c n t s  ----- -- - 



and 397 owners) was ca l cu la t ed ,  It  was f u r t h e r  est imated t h a t  15.7  per  cen t  

of  2ccidcnts would r e s u l t  i n  no in ju ry ,  76.3 per  cent  i n  mild i n j u r y  ( f i r s t  

a i d  only) ,  and 8 per cent  i n  physician-, emergency room-, o r  o t h e r  h o s p i t a l -  

t r ea t ed  in ju ry .  [Contrast  t h i s  d i s t r i b u t i o n  t o  t he  Market Fac ts ,  I n c .  survey 

(1970) c i t e d  by NEISS t h a t  says 82 per  cent  of i n j u r i e s  a r e  t r e a t e d  p ro fe s s iona l ly . ]  

Pasca re l l a  uses  ownership, mileage, and acc ident  r a t e s  t o  p r o j e c t  approximately 

9.46 m i l l i o n  acc idents  occurr ing annually i n  t he  United S t a t e s ,  with about 

760,000  r equ i r ing  medical a t t e n t i o n .  Note t h a t  t h i s  es t imate ,  made i n  1971, 

i s  nearly twice t h a t  made by NEISS (403,000) i n  1973. 

NEISS conclusions about t h e  a s soc i a t ion  of acc idents  wi th  any p a r t i c u l a r  

aspec t  of b i cyc l e  s t y l e ,  s t r u c t u r e ,  o r  condi t ion  i s  made pr imar i ly  from t h e i r  

"in-depth" inves t iga t ions  r a t h e r  than r e p o r t s  on a l l  acc ident  cases  a r r i v i n g  

a t  emergency rooms. These in-depth cases  have included r e f e r r e d  dea th  c e r t i -  

f i c a t e  information a s  wel l  a s  any very severe (category 6 ,  7 o r  8) i n j u r i e s  

and cases  t h a t  look i n t e r e s t i n g  o r  a r e  c a l l e d  t o  someone's a t t e n t i o n .  The 

su rve i l l ance  da t a  g ive  frequencies  of i n j u r y  types and t o  which age and sex 

groups. For example, of 11,403 i n j u r i e s  during t h e  period J u l y  1972 - March 

1973, 13  per  cent  were f r a c t u r e s  (J. A .  Waller repor ted  20 per  cent  f r a c t u r e s  

ou t  of 104 i n j u r i e s  i n  Vermont). Using NEISS in-depth cases ,  a per  cen t  

d i s t r i b u t i o n  of acc ident  causes i s  shown i n  Table (a)-4. The age and sex 

d i s t r i b u t i o n s  of non-fatal  cases  and of t o t a l  input  records  from the  May, 

1973, S taf f  Analysis a r e  v i r t u a l l y  the same. 



Table  (a)  

N 
A l l  Types 
Bicyc le  S t r u c k  Car 
Car S t r u c k  Bicyc le  
B icyc le  S t r u c k  

Fixed Ob j e c t  
B icyc le  S t r u c k  

Bicyc le  
F a l l  
Other  

N 
A l l  t y p e s  
Car Involvcd 
H i t  Obs t ruc t ion  
Loss of Cont ro l  
Foot Caught 
Bike Broke 
Rode t o o  c l o s e  t o  

S t a t i o n e r y  Obj e c t  
Other  

1. P a s c a r e l l a  

All High- 
t y p e s  r i s e  Std 

3 .  J .  A. Waller  

A l l  High- 
types  r i s e  S t d  

2 .  Vila rdo  

All Middle- High- 
t y p e s  weight  r i s e  

4 ,  NEISS 

A 1 1  types  

loe8 ( ~ o d ~  Entanglement 

)16.7 { Mechanical  and 

J 
9.2 

S t r u c t u r a l  

Table  (b) 

A 

- - -  - 

- Breakdown of "Mechanical and S t r u c t u r a l "  - 
NEISS 

P. 

2 0 
100.0% 

35.0 

35.0 
30.0  

N 
A l l  t y p e s  
Brake F a i l u r e  
Wheel and/or  Handlebars 

Uns tab le  o r  Disengaged 
0  t h e r  

I 

P a s c a r e l l a  

3  0  
100.0% 

20.0 

50.0 
30 .O 





V. Discussion and Recommendations f o r  Fur ther  Analyses 

The au thors  met with the  managers of t he  NEISS system a t  CPSC i n  

October of 1974 and a t  t h a t  time requested t h a t  t h e i r  d a t a  tapes  be made 

a v a i l a b l e  t o  HSRI. The tapes  f o r  1972 through 1974 a r e  now i n  hand and 

a r e  i n  the process  of be ing  readied f o r  use with lfTS ( t h e  blichigan Terminal 

System opera t ing  on an IBM 3701168 computer). 

We propose t o  u se  the  NEISS da t a  i n  four  bas i c  research  a reas  a s  

fol lows : 

(1) Ext rac t  da ta  on ind iv idua l  products i n  a manner which decomposes 

t h e  frequency-severity index i n t o  i t s  component pa r t s .  This w i l l  a l low us  

an unweighted view of the accident  d i s t r i b u t i o n  over products  f o r  each l e v e l  

of s e v e r i t y  coded and provide the  b a s i s  f o r  t h e  next s t e p .  

(2) Determine the  s e n s i t i v i t y  of the  NEISS output  t o  d i f f e r ences  

i n  both age and s e v e r i t y  weighting schemes. We w i l l  cons t ruc t  a number 

of reasonable weighting schemes f o r  both age and i n j u r y  s e v e r i t y  and genera te  

f o r  a s e l ec t ed  l i s t  of products t he  r e s u l t i n g  frequency-severi ty  i nd ices .  

Th i s  w i l l  a l low us  t o  determine the  e f f e c t  of t hese  weights a s  an inf luence  

i n  the  poss ib l e  reordering of p r i o r i t i e s  which a r e  designated by the  r e s u l t s .  

(3)  Es tab l i sh  the  inf luence  of e r r o r s  i n  sampling on t h e  p ro j ec t ion  

of nationwide es t imates .  By a reassignment of t he  p robab i l i t y  f r a c t i o n s  

assoc ia ted  with t h e  d i f f e r e n t  sampling u n i t s  we can i n v e s t i g a t e  t h e  e f f e c t  

of taking i n t o  account,  f o r  example, changes i n  t h e  census d a t a  from 1960 

t o  1970. 

( 4 )  Calcula te  the estimated var iance  i n  t he  f requencies  of acc idents  

est imated f o r  a s e l ec t ed  l i s t  of products .  With t h i s  var iance  es t imate  and 



t he  b ias  est imate discussed i n  ( 3 ) ,  we can est imate the mean square e r r o r  

i n  the frequency project ions.  Such information is  necessary, s ince  i t  

r e f l e c t s  the adequacy of the da t a  and the magnitude of e r r o r s  which may 

r e s u l t  i f  po l i c i e s  a r e  based on the data .  

I iSRI has and rnaintzins a l a r g e  s e t  of  data  f i l e s  covering highway 

accidents  over a l a rge  geographical area and a subs t an t i a l  time period. 

It is  our in ten t ion  t o  search these f i l e s  with respect  t o  automobile/bicycle 

accidents  to  e s t ab l i sh  a bas i s  fo r  comparison with b icyc le  accidents  alone. 

We w i l l  seek a l so  t o  determine i f  other data  s e t s  e x i s t  which w i l l  help 

us i n  any way i n  es tab l i sh ing  the nature and extent  of the  b icyc le  accident  

problem. 
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1 .  'Pnc put-pose of t h i s  Cocuccnt i s  t o  po r t r ay  Ync ~ a t . ? c c a t i c a l  
* 

equatio:ir, f3r na t iona l  e s  t i r - ~ t c s  of consumer product  i n j u r i e s ,  based on 

IGEISS Systcn  A doL2, 

!be p r i i x l y  r e sgo . - s i b i l i t j  of the  ~ i v i s i d n  of  Consu::?r Qoduct Safe ty  i s  

t o  p r ~ t c c i ;  t h e  / . . x r i t a : ~  c ~ E u : : L ' ~  a g z l n s t  unzuly hazal.dous or  p o t e n t i a l l y  
A '  

liazar23us precincts uscd i n  snd 3row.d tke  ho-2 o r  i n  ~ ~ e c r e a t i c n a l  areas ,  

To fu l . f i l . 1  t h i s  1 -~:?ons ib i l i ty  thc  91vision of C=nsur.e;. Produc t  Znfcty 

mst fi:.s?; ?et?r:.;i::c hc.2 t-.21;jp of such i n j u r i c s  occur, t h e  s e v e r i t i e c  of 

these  i n j u r i e s ,  anti ?;hc t j ~ ~ s  of prs5ccts 5wol:rcii. Tae c s t i i x t o r  ccLuua- 

t i o n s  pr.rr5.t r,stic:,al c : ; t j ~ ? , t ~ ~  of \ ' ? ~ i a ~ s   it^:;^ of i l ~ t ~ y ~ ~ t ,  ~ 1 : ~ h  ~3 t?ie 

n ~ n h : '  of i3j::ric.s of a s g c c l f i c  n s t u ~ c ,  ??~csc na';io!:a1 csti;:?tes, i n  
.. . . C '. tlirn, r:?.j 52 cr -2  -:3 gi.s-:i?2 ;:.s;y-: c;r,ztj.sn, 5-c:; 3 s :  - 

1. Ic icn t i fy  the E ~ S ~ . ~ X ~ C S  o? thesn  i r ~ j u r y  p r ~ b l c ~ s ,  

2. Idcntif; .? s g c c i f i c  consus.2r prc2l.i.cts di:.ectly ~ c l a - t t d  

t o  such i n j u r i e s .  
. .  

3. Sucgnst t h e  nccd for  shndark, s a f c t y  ac t ions ,  o r  

.. r c ~ e d i n l  ac t ions .  
-.. 

4. Provide nccecsm-y 6ata  f o r  evalunt ing t h e  c f f cc t i venes s  

of those i t c n s  i n  3, ~r!lere ac t ion  h n s  been t3ken. 

5 ,  Assist i n  plnnnini; f u t ~ i r c  i n g r o v c ~ x n t s  t o  the  JFISS 

R e .  91e  Division of C O I ~ G I I : ~ ~  P r ~ d ~ ~ c t  Safety is  c c r r c n t l y  i n l c - ,  -- 
~ c l l t i i ~ i  n 1:a tie-21. !( lactronic i n  j u ry  Purvc i l lo r~cc  S y s l c n  ( ; ~ i s ~ ) .  Z?lc 

I 



. .  h b s i t a l  cmt2rccncy u n i t s  I s  desicnntcd 3 s  Svs tcm A w i t h i n  NZISS. The - 
(HIS),  which i t s e l f  i n  siir.il~r t o  t h a t  of the Current Fo?ulntii.n Survey 

-I 

For cncgl ing  p c r p c c s  the CTCI c o n s t ~ ~ ~ c t e d  the  f0110i:ing h i e r a r ch i  c n l  

~ t r u c t u r a  f o ~  the U : l i t t C  S t3 tcs :  R e r e  a r c  soap 31C3 c o u n t i e s  and i n -  

depcr12r:it c i t i e s  i n  the U.S.. Tncze ve rc  c c ~ 3 i n e d  i n  v&ious ways t o  

f o n  lgCG c c n t i s o u n  u n i t s  c a l l e d  prir.sry s a ~ l i n y ,  un i t s .  Tnesc 1900 

were sctsequcntly ccr5 iwd t o  Corn 357 s t r a t a .  F i n a l l y ,  t h e  357 s t r a t a  

verc co:ilned t o  for:. 103 s~: . )c rs t re ts .  'in.. s a i ~ l i r g  plen of t h e  CP3 (end 

. a l s o  t h c  B?S) is b u i l t  crou11d -this h i e r ~ : . s h i c s l  s t r u c t u r e .  A sc!~enatic 

repre~en'cat ion 0:' t!:~: s t r u c t - ~ r c  i s  given b ~ l o - ~ ~ :  

3. 
U.S. Burcac of  tlic Consus: X!c Current Poplllntion Survey-- 

A i!,>port 011 I>tIis?~lo;:i. * ' ~ c ; i i l i ~ o l  Taper. iio. 7. I ? a s l i i n ~ t o i ~ ,  D.C. 



( 1  . 
. I  ' 

4 

1 I .  2. EiU" SAbTLXI!G PLIIJ 
8 

I 

f '  ' 91c X2lSS Sys lce~~ 1, sa:n;llinc - f r a r c  cons is t s  of those hosp i ta l s  i n  the U.S. 

which had err-.rccnc:; un i t s  i:i 1365, as  determined by thc  Amxican  Hospital  
0 

Association a t  t h a t  t i n ? .  T,onc-tern h o s p i t a l s  and feeera1 penal  hospi t .a ls  

are cxclc2ed f r a n  t hc  f~ .n r~e .  After tlncsz exclusions, therc  r c ~ a i n  4706 

hospj t s l s  wit:] c::.:crt;cncy us i t s ,  an2 it i s  from t3ese 5306 t h a t  t h e  s c n l e  

of hos?i ta ls  is t o  bc draun. 
* 

Tn; sa?.~l.:nz o c c u r s  i n  2 c+.ges, St2;~ 1 c c c s i s t r ,  cf s c l c c t i ~ g  on? stl-8,. 

turn f ra ;~  each of the 1CC) s ' c r p r s t r a t ~ .  Tais y i e ld s  1 C G  s t r a t a ,  and S " i p  I1 

c o n s i s t s  af sc?!:r;7ling fro3 :!ii!~in tht?se 100 s t y e t a  the  a c t u a l  i n d i v i z u e l  

hospi t31s  t o  i ) ~  inc11;citc? i n  the survey.  

- IJSISS: S t  I. :or ezch  of the 100 s u p e r s t r a t a ,  the s.1;~nt-m chcscn t o  -- 

- 
basis.  ' i i l e  pro : j zb i l i ty  of s e i c c t i n g  a p n ~ t i c u l z r  strc?i.c?j viJ:'::in a sup r -  

For e x a q l e ,  i f  o supcrsJ~rntun co~ i s i s t s  of 3 s tmi3 whose p c ~ u l a t i o n s  cre 
<. 

1003, ::COO, and 3000, t hen  the p r o b s b i l i t i e s  t h a t  the first, seco1;8, o r  

t h i r d  of these uou3.d be sc1cct:d t o  rcprcsc:?t t he  superstratum r!oul.d bc 

JC 

IIutxn pcpulation is based on t h e  1960 U.S. Census 



. . 
/. clir2inntcd by St?"; I, nnri t5c r e r a i n i r ~ ~  2300 qIpc>r i n  t h e  1CC) s t r a t a  . , 
t 

.. . 

'. . 
detcmlncd by S a g ,  I. Subsc~ucn t  s a q l i n ~  ( s t a g e  11) is  confined t o  s a w  , . 

,' 

I 

plinc from these 2300 h ~ s p i t a l s .  A schenstic prcscnts t ion of Stage I is 
- .  

given below: 

hosp i t a l s  

c ... A u s c t f ~ l  ~ t h o d  of incrczs i :~;  t.:?~. prclcision 97' i:!jur;/ es'vi::atcs i s  t o  

'. . ,  . r3-?1s f y ~ : : : . ~  I-,-;..; ,r-.o;,,2,-r.v--" 7 , -  2-,. ' s'i.ra',i?_':,r t?!.:: 'nczniJ~als in t:!c L,,,,.. L....* d d a  d.,i t . 2  :zLlc!J 

strat.. %en r t  ' l e a s t  tb;:, kzsp i t z l s  a r e  sz.! .~lcd fro:n each s t -c tun .  For 

. . KZISS Systcn .:!- s t r a 5 i f  i c a t i ~ : ~  ;;as dori.:! 011 a C C . O Z ~ C ~ > ! ~ ~ .  c a l  0112. h ~ 5 ? l t 2 1 -  

s ize  bas i s .  This process y l e l d c d  39 s t r a t a  i n t c r n z l l y  hoaogcncous u l t 4  

regard t o  ~eo&rspl-,icol l o c a t i o n  and hospit.1 s i ze ,  
.- '. . 

Tfic &co;ra~hical  por t ion of the strs'iificaJcion was 2cilc by c c ~ 5 i n i n g  

100 s t r a t 2  dctcl-t.-tincd by St2r,c I i n t o  13 313~1 :s  of r;.p?:.o::i~atcty cquel  

hilsan pspuI.ntion. Thc Dloc!:~ ore r e l a t i v e l y  ho~o:cno3us & o o ~ m ? h i c a l l y .  

Each 3310cIi i s  co rp lc tc ly  co:ltsined i n  one of the four  regions of t h e  U.S. 

( ~ o r t . h c a s t ,  ilorYn C ~ n t r a l ,  South,  of i !cst) .  

~ I C  s t rn t i f l .c? , t icn  1):f hosri t n l - s i z e  *;as done by ur,ir:[; thc nu!.>~cr' of err.2r- 
I - 

eency room v is i t s  (:c~;Y ' t i )  i l l  I . c / ~ O  iicross i i o s i > i t : ~ l ~ .  TD t h i s  c:ld, tlic 



-so g q s o l q q ~ g  pue ( 5  30 $oh) s 1 J s3unossc ;: yjop.qnng c ( O < ' ~ o  

C qsas urqlrn n-[u$rdsorl U J : ~  *sa lnx  pa!:?jsp 07 ~ ~ ~ ; p . x o s s u  p a j u l q s e  sux '1 
, -1 



. . 
. . * 

. /?'/ * . . 
. . . . GI?+ , c. I /y  .,- ( J2;< :;:.: 

/C; 1 . . 
j 

. . ::( $3 '; j CL ! >  a Subjlock 
B~OC:; . . 1 ':I 2 r z .  3 y', :. i  TO^ 1 
1 I !  . 22 -- 5 >, 1 1  , , ., . 

(' : ..: 2w 
2. I ?  3 9 .  - 51 ,-UO- 199 
3 13 2 1. 28 95 111 5 

4 2 1 32. .- 55 130 218 
' 5 22 10 30 89 137 
-. . 6 23 19 27 1x9 155 

7 2?1 21 30 112 163 
8 .  31 16 22 63. 101 
9 5 %  5 16 103 I:? 9 

3.6 C l o  0 3  33 311. 160 . 
11 r. ;; 16 $6 5 2 27 
12 4 i 2-p,. - 56 174 - .. . 2.ji.- 1;7 2 57 13. 47.- - 115 - 

's'otal 
191 ------ . ~a~ I . , ?  ,, S" ,- -:I,L 5 L J  I ,  2363. 

I sC'/o. 7 %  2 : / b  
n :i r, b,\-.' 
t 

c, xi.' rh Ca 
d 

c -' 

51 
.. 

. . 
. . 



a ,  '6. i n  , 

' . .  11li.l 39 cells i n  Table 1 arc. thc f i ~ a l  s t r a t a  uccd fo r  1F;ISS S;r.stem A,  
# 

A l l  cst i rc tcs  nr4: 3 3 ~ ~ 4  09 ~ I I C Z C  39 5:r;ltn. 
' 

* 

It rerains t o  dctcrmine thc! nunbcr of hosp i t s l s  t o  be s a q l c d  w i t h i n  each 
0 

stratum, nnd t o  s p c c i f y  t'ne r;:etho5s f o r  s e l e c t i n g  t!~em. %e sampling 

, rates are ,  f o r  enct: block,  aLout I?/,$ for  S ~ b S l o c k  1, 7;; f o r  Subblock 2, T 

( 1  

c l~d 2; fo r  Su';Slozk 3. S ~ b h l c c k s  1:lth l o r ~ e r  hospi ta l s  a r c  s a ~ l z c !  a t  , \ > A ,  

r - __/- . I  I 

* C 
I 

gr~9etel' ra tes  EL?C~:USC the l a r ~ e r  hcspi  t a l s  hove core vcria'iion. me I ,  

I ) ' ,  

p e r c c n t  of t o t n l  i:::i"s z a q l l c i i  :]ill be' about 11;-$ f o r  the  2300 h o s p i t z l ~ , :  

The t o t a l  n u ~ , ~ x r  of h o s p i t ~ l s  s z q l c d  i s  119, 2:ld t h e i r  dis ' ir i 'cution, Sy 

Uloc!: sni i  SckSlocl:, I s  given in %5le  2. . ' 

Tnc 5 h o s p i t a l s  s5c~:n i n  % ~ : ' ~ ; l c t  2 for S~-a ' a lo s :~  1, !!!.ocl; 1, for i n s t z n c c ,  

s are  r:;r!62::ly ~ c l c c + ~ r _ . d  wf t,hcl::t ren lzcr .~~: : ; t  f r ~ m  i ? , ~  28 k~spi';.:,ls f o r  

' t ion  a r e  populatiori p ~ o g o r t i o . ~ a l  on a 1963 E?,V h s i s .  



Mctr ibu t ion  of t h e  119 Hosp i t a l s  sa~z-plcd i n  St-age 11, 

by Block and Subblock 

*. Subblock .' 



. . ' 

I .  .. . 3. Pl:O2.)3ILT?f . . cC:',LC~!.'lnOlIs,. .. , . . . . .  . . a  

. . . . , . 
. t < I h t - 9  %;uircO. Co:lsiic1. an z ~ b i t r 2 r y  c e l l  f raa  tLic jg co1l.s i n ' % b l c  2, ' 

nnd an a r b i t r a r y  hocp i ta l ,  i n  t h a t  cell. A general  expression 1 1 1 1 1  

be dcrivcd for  the p robab i l i ty ,  , ~ ( i i : ~ ) ,  t h a t  t h i s  h o s p i t a l  i s  included i n  

. . , :  t h e  s n h l c  of 119 h o q i t a l s .  Tfiis general expression m y  then be used, 
I 

. .  c t  l e a s t  i n  theory, t o  cn1,culate such p r o b a b i l i t i e s  f o r  cnch of the  119 

h o s 2 i h l s  i n  Chc smp lc .  To ca lcu lz te  P(I?,) ve requirg: 0 

I) s z t h c  1960 h x x n  p p u l n t i o n  of tfie CPS Stratum I 
I '  

containing Ex. 

2) S:S*c 1965 h u r s n  po;i:ilation of t h e  CP5 superstratum 

containing lix. 

3) ~ : r t i ~ e  n~::>-r of h o s 9 i t n l s  ('Table 1) i n  the c e l l  

5) A rank order ing  of t h e  n hospi ta ls  by n u ~ b e ?  of E R V t 6 :  

Hospi ta l :  \ ? 7 , , b b . ,  1\13 r 

IGo. of Em's: n, 2 prL :; ,,. 7. lira, , 
. . 

Items '3)) 4) alld 5 )  a re  co;1.:-3n t o  every h o s p i t a l  i n  t h c  sam c e l l  of 

Tablc 2, b u t  i t ens  1) and 2) are not  n e c c s s r i l y  so.  

P robzb i l i tv  Forru1.a~.  i!ith t h e  above riotation, r hoap i t3 l s  a re  randonly 

celected, vit 'nout r e p l a c c ~ c n t ,  f r oo  the  rn l lospi to ls  i n  the  c e l l ,  these 

m hospitals hcing dctcrniiled by St:;. I. 'he  ? robab i l i t y  t h a t  & i s  

sc lectcd i s  t h e  p ~ o d u c t  of a )  t h e  p r o b n b i l i t y  t i i n t  thc. CPS s t ra tun  con- 

< t n i l i i n ~  i s  ::cl.ccted in S t a ~ c  I, ni l3  b )  '$he ~ w o b ~ b i l i t y  t h a t  I!% is 
'..- 

cel.cctcd ne o r : ~  oC Chc r ho:.pital.s i n  Sts(;c 11, ~ i v c n  t h a t  Cllc CFS r , t r a tun  

conttlining IIx wns s c l ~ c t c d  i n  S t n ~ c  I. 



* 

( S C C O ~ I ~ ,  . . .) o r  l a s t .  kt p1 bc t l : ~ r o S n ? i i l i t ~  t h a t  ilx i s  selcctcd 

f i r o t ,  p2 t?ie pro3abili ty iIx i s  sclccted second, e tc .  t o  pr being t h e  

pro5ab i l i t y  l i  i s  s e l e c t e d  l a s t .  me p robnb i l i t y  f 0 r . b )  i s  then p p : ' ~ ~ + '  
.. 

..,+pr, and thus 

: p ( \J, ;;) = ( +cz+.,. S C ~ ) .  . ( 0 )  

I&. n=nl+np  . . .+n be t.1:- toL%l nurber  of ERV's for  t h e  n h o ~ p i t a l s  i n  
I?. . . 

t h e  c e l l .  Tncn tkc  prs>- .bi l i ty  %I-t !!, i s  choscn f i r s t .  ic p -n /n. ?he 
1" x 

pro>&il:ty t i n t  i$ is chosen second >s 
t> 

" I  I I C.  \. \\ ; ,  , . ).IG *it:b!.\\51':i:.),g p ,  z >i r ( h  : , ' \ i . r~<~fi  i 3 1 

. .t!!!erc tk-3 * i r : < i ~ c ? t c ~  t:y S S ~ ; ~ Z : , ~ ~ . ~ C I ; I  is t o  be Cone over a1.1 h o q i t a l s  ex- 

cept TI,, sir.cc Ex i s  t o  bc chosen r e c o r d  an6 s n n l i n c  is do:~e v i t 5 0 u t  . . 

Si~:.ilarlj-,  t3n r,:.~'aa3i!.i',y ';:?a'; !Ix i s  chosen t h i r d  is 
'? f\; 0 ts ~~~ c-- *---- -==- -- ps 2 -- ,> 2- nu\-,; i,- <,;- c,; 9 

t b c  sucxstlcn being o\:er a l l  i and j '(from I. 'LO r.1) f o r  r!lxi.c'n i $x ,  J:,?l:) 

and ii:j. Tlnlus there  a re  ( n - l ) ( n - 2 )  terss t o  be sur;.xed, no b o  of the 

ind ices  i, 3,): being cqt:zl i n  2ny tcrm. 
. .- 

\.. 

.Accordin[: t o  %blc  2 r i s  a t  cast 6, so only pl, pp, ..., p6 require 

b~il lz ; r .n ' i ical  cxprcss.ion, n e s e  forr:ulas a re :  



. . . . \' 
ench surrr,ation bein2 o-:cr all p o s s i b l e  percuta.kotions of  t h e  i n d i c e s .  . \ ;  I 

( \I 

Thus p h a s  3. tcl-I: 
*2 

h a s  n-1, p 33s (m-l)(n-2), pjb 113s (n-l}(m-2) \ I  ,\, 1 3 ," . , h' 
(13-3)) p5 h n s  ( - ) ( - ( m - ( I ) ,  and p~ h a s  (n-l)(m-3)(ri-3)(m-l1)(n-5) \!i I, 

0 \ J' 

t c ~ * ~ ! ; s .  Equations (? )  t h r o q h  ( 6 )  ahovc ho ld  f o r  c71crc\r c e l l  of Tablc 2, 

rcy,a~illcss of u h n t  r is. For any p a r t i c u l a r  c e l l  o f  Table 2 t l ~ o u ; ~ ) ~ ,  

where r ho;pit;lls *II-C c?rpi'lcd, o:ll:i pl t1lrou;J pr nccd h c  co lcu la tcd ,  
<- 

~ I S  pcr e q u a t i o n  ( 0 ) .  
5 



1 
* . 
: \ .  ----. 1 ,  . ,,uppo;q f o r  slnllici'q: . . t h a t ,  . . .  tircrc. orc n=h j locpi , tals  i .n a ccr- . . , , ..... . . .  . . .' I . . . . . 

4 hospi ta l s  a rc  os  f o l l o - ~ s :  
. 

Hospital  

6 3 11 5 6 

S 10 20 30 'to 

t:e sf1011 f i n d  the pro 'ccSi l i ty ,  P(!lX), t5st Hx is i n  the s o q l e  ;:l:en >:di: 
, , 

. . .  i 



. . ,  .. * 0 . 13 . .  ( . . . .  . . a .  . .. . . . . .  . .  . .. . . 
8 ..I , . . , I  *.., , .. .., .. '. I . .  . ,  . , * . .  .. . . .  . "  
. . '. . . I  4 

, ~h r ; .~u tc r  Cn?culatio:~c,. 151c r~um'ocr of terms sucxcd i n  t!~c ca1c:ilntion of 
[- 
I 

pr, for o h o s p i t a l  iix i n  a c e l l  of h S l c  1 wi th  n h o s p i t a l s ,  i s  (n-1)(m-2) . . 

. . , ( r )  This i s  t h c  n11r.15cr o i  pcrnutat ior ls  of r c - 1  th ings  taken r-1 
* 

at n t i cc ,  ond i s  appr3ximtcl ; i  n t o  t h e  povcr r-1. 'his nunbcr can be 

reduced b;r c fcc tor  of  ( r -1) : r -2) .  . .3.2.1 by c q ; c s s i : ~ f l o r m l o s  (1) . . 

throucb ( 6 )  a s  r;~txrat.ioris over cozbiza t ions  rat?,tr t h a n  p e r ~ u t a t i o n s .  me 

/ ' 
cpprc2ri.t. fsr7-, .E8r13~,, (1' ) t o  (U  . ), . nrc @veil belo>, and t h e i r  der i -  

vut ions op7cgr i n  the opc: ldix.  A cd.zp:tcr proGram was t!ri t t en  t o  cnlcu- 

ln te  pl t h r o c ~ h  pF and t h i s ,  to~et!:er v i t h  a Bocurrntotion f o r  it, a160 
A 

a p p a r s  i n  tkc cp?c!;Zix, Tqe co:p.itcr FroCraci wns cl!ecl:cd 03 a h;pothct- , 

i c a l  c e l l  of %Sle 2 :1!1cre rz20, 735, and the  nur;'3ers of El??,''s for the 20 

hospi'bls ;!ere i n  t h e  r a t i o s  

l : z : 3 : k : .  . . :19:2.9:20 

f A scco-l c'icc': ;!as do:~c ;,it3 r:-?O nnd r t s  al.::~, 'cut T~i'k i::e h o q i k l  i3?':, , 
\. 

now i n  '&he r a t i o s  - 
21:22:23:2!:. . .:38::9:40 . . . . 

,- 

Tie proGrnn 110s vr i t t en  i n  Fortran I\' and r a n  on a S i c ~ ~ . ,  Five d i g i t n l  con- 

putcr .  Tot21 c o s ~ u t n t i o n  t i r . e  f o r  the t v o  checks ,!as s l i ~ h t l y  un2cr one 

tninutc, or s3. ight ly u u d e ~  half a minuJ;e f o r  czch. 

The b i c ~ e s t  c ~ ~ p u t a t i o ~ i c i l  p roblc l ;~~  will occur in B~oc!~ 2, Subblocl; 1 uherc 

rn i s  about  1rO nnd r i s  6, 8113. i n  3lock 12, SuSblocl: 3 11hcr.c n Is about 200 

5 5 .. and r is 4. Tnc f irst  of these requires abollt 110 , o r  2 t i l ses  as  rany 

5 tcrnls a s  t!:c cllc:c!< run. Sir,clc 2 r j? ti.,c pl-o;!abiliiies f o r  this cr:ll can 



n;, -i- , . . + I'C 

..... , the sun bein;: over a l l  (*;I) i of i i d i r e s  i i t i lka l  from k 

the  f i r s t  b u t  



Wotntjon. 1.ct sot;? c h a r a c t e r i s t i c  of interest ,  C, be ~ i v c n .  For ex- 

C n o rr.:!lc Sctwren 1,C) orid 50 ;rears of nge 
~ o i n ~  t o  a hospi t s l  e x r c e n c y  u n i t  t o  
obtn;n lrt:2t: 2 : l t  far i : l  ciccicic!~t.nl i n -  
j u ry  nssocictci i  v i t i l  a po:icr lawn nwcr, 
- .  s 

It is assu::,?d thst each  E3'? incluclcd i n  the s a p l e  cad be c l o r s i f i ed  os 

4 

cithc:' !;s.:ir.;, o r  r.ot h ? v i n s ,  thr- c i ~ u ~ , ? c t c r i s t i c  C. kt 

Y , t o t a l  l:~:!:ixr of ??,'J1 s i : ~  the  IJ .S. over 
a one ; , 1 e 2 ~  ~ ) c l ' r i ~ d  ;:!iS.c11 have the chcr-  
a c t c r i s t i c  C. 

. Y is the q2r.n.Fui.t- t o  hc  cs.tirj2tcC. Lct 

~i = n u k e r  or  hcspi tn ls  s 3 q l e r l  i n  t he  ( h i ) t h  c e l l  
. (T~\ble 2); 

t h  n h i j ~ : i \ \ ? : b ~ ?  of SFLi,;'s .r.i!hin t?.c j i :ospits l  of 
t he  ( h i ) i i  c e l l  fo r  the  oac year  period i n  - 

quest ion;  ,- .. .. _ . , 

:Q,. . . '. . . - , . 
: '. . 

\''. lf*ii - .- -reciprocal of the p-0Y2Sllj.t:;~ (sC . . . i p ?  ) S/S,  • . . hi t i lot  t!:c jth i iosp i tn l  of the ( h i )  L" c e l l  -,:ill 
: . .. . 

I . .  . be i n c l u d e d  i n  t.hc s a q l e ;  

qll i j  = mciprccnl ( 1 )  of the p1-6xb5 lit;., p], t h a t  
t h i s  1~o:;pitel  1 : ~ s  se lcctcd firs.t; f o r  $ 1 1 ~  (hi)Jc!l 
cell. j.n Stngc 11'. 

Final ly ,  l c t  - . .  
. .. 

1, i f  t l lc  kt'' E R * ~ ~  rs- ~ h c  j i t h  

1iot;pitnl. of t ! ! c  ( h i )  th c c l l  has  
''lijl' l i ; c  ci : r . : - :~chr j  s t i c  C. 

0,  if' no t .  
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1 * . 7de i:stj p7,t.o: I , ,C : I?  t ioiis : T;lc number of ~ i ' d ~  n ' hn\r int :  :he c!lnroctcristic $ 

(--- 
d 

t h  t l l  
C f o r  t h e  j hospi  t o 1  of tirc (hi) c e l l  is 

t h  
clnd t2;e est irxJied D U ~ ~ C ~  of Ei iV1s  with C fo r  the  ( h i )  c e l l  i s  c uei f i ted  

sun of t h c s c  acr3ss the  r h o s p i t a l s  c a ~ l c d  i n  t h e  c e l l ,  tile ~reiG)lts 
h i  

beins the rec iprocals ,  uhi;: * 
I 

h h , . 
Final ly ,  t h e  es t im tc  'i of Y i s  the s u n  of the  over a l l  c e l l s :  'hi 

Ib 
C u n ~ S l n i n ~  t h e  i c s t  t;:a cg~a'i.j.o:ls, t ke  e s t i c ~ t c  Y o r  t h e  tc~';.sl nur3er of 

(- t:3V1s i n  tile U.S. w r c r  a cze ycsr nc r i cd  rl3j ch hsve tbi. cha?-nctcris: . ic C 

is giveq;hy ' J . -  .:'J i! 

/a 

!This i s  the  equctiori f o r  n c t u e l  caicu1atio;l of Y. It i s  calculnJc,cd from 

2 sets of 119 nu~ '3crs  cnch. The first set,  '?hij, ~ o x i s t s  of the recip- 
-... '.. 

rocnls  of t h e  probc':)ilit.ics of se lect ion f o r  t he  h o s p i t a l s .  Tne ~ c c o n d  
A 

set ,  Yhi j ,  c o x i c t s  of the  t o t a l  counts  of Il3Ir's htlving tile c h ~ r a c t e r i s t i c  

Varicnce - :Cstis?i;ion. Sociplinc of h o s p i h l s  w i t h i n  a given c e l l  i s  indc-  -- 
A ,  

pcndcnt of cacgl ing  witll in oi.hcr ccl . ls ,  so  the  v n r i n ~ c e  of Y i s  the sun 

l b  m 
of the variances of t h e  Yhi ~ C Y O S S  a 1 1  33 ce l l s .  91c vnr inncc  of 'Ihi 

,. . .- ~ 

t l l  
. . d c p c ~ d c  o ~ l y  on bctvccn ? , r ~ ~ , ~ ) i ? . n l .  ~ : ~ ~ . i n t ; i o n  ui','nin thc  ( h i  ) cc1.l. 'Illclrc 
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5 .  A?PZ!JDIX * 

C,' ' I 

D,rl\rnt!on of Fq?~ntic:,s (1. ) '2ntsoufl:? ((6). For rhlla ffollovs l e t  __ - 

N;l n-n; , ~;i= fi-n;-fii , E.\L., 

, n'ijs n\ tn; , n;;\i= nr?n; .i nh , ~ Y L .  
. . .  . . 

and l e t  

vhcrc t h c  svos a rc  cver  ti11 2crr; i tot iozs of the  i nd i ce s  excluding x .  
, , 

Tncn f r o 1  e g ~ a t i o n s  ( 1 ,  and (1) tllroilrjl (6)) plcnx/n and  

c luding x. F i n c l l y ,  def ine  

. . 
~rhe re  nail the  curs a r e  o - ~ e r  all cor,;binations of t he   indict?^ o:clu?ing x ,  

.' n s  dcnoted by the c i r c l e s  above the su~=.3tion s i g n s .  Iknoie by F: t h e  , * 

nunSer of p e r m t a t i o n s  of  a t h i n g s  take2  b a t  a tin:e: . 

I 
Tnc dcrivction of (1') - (6  ) cons i s t s  of shouing t h a t  .. . 



- 
S u b c t i t u t i n ~  ( h 7 )  in equations (AG) ,  rd l t ip l : r ing  cnch t i de  of the  re- . 

t 

- - s by n,/n, ~ . n d  using (A>) yields t he  desired eqnnt iono  

n c  2crivntio:l of equat ions (AG)   ill bc l imi ted  t o  shoui'ng t h e t  I I 
i 1 

n-2 I1  
T "-S -P 1 

3 3 S2 
. 1he others  a r e  derived sibilarly. ' Tnus, p s i n ~  t h c  f a c t  i l 

C) 

rs; 
b 

so t h a t  

and  t h e  su:~ i s  over a l l  p z ~ n u t ~ t i o ; i s  of i, j,k cxclucii~:i?, x .  But fo r  fixcil 

i, j ,  e q w n t i t y  ni jk/l!i jk i s  i n v a r i a n t  u t k r  Che 3 pern:utstions of 

I I t h e  d c r i v n t i o n  of cc,::al,io::s (1 ) t h ro~G:?  (6 ) ,  
fCC  




