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SUMMARY 

D e s c r i p t i o n  o f  P r o j e c t  

Th is  i s  a  r e p o r t  on an e v a l u a t i o n  o f  t h e  e f f e c t i v e n e s s  o f  

t h e  occupant r e s t r a i n t  system used i n  1974 and 1975 American 

passenger c a r s .  I n  e a r l y  1973, t h e  o b j e c t i v e s  o f  t h e  i n - d e p t h  

acc iden t  i n v e s t i g a t i o n  programs a t  t h e  Highway S a f e t y  

Research I n s t i t u t e  and CALSPAN Corpo ra t i on  were r e d e f i n e d  

t o  c o l l e c t  da ta  f o r  e v a l u a t i o n  o f  t h e  1974 r e s t r a i n t  systems. The 
da ta  c o l l  e c t i o n  was designed t o  e s t a b l  i s h  whether f r o n t - s e a t  occupants 

were u s i n g  t h e  r e s t r a i n t  system a t  t h e  t i m e  o f  t h e  crash,  and what 

s e v e r i t i e s  o f  i n j u r i e s  t h e  occupants i n c u r r e d .  

The i n t r o d u c t i o n  o f  t h e  s e q u e n t i a l - i g n i t i o n  i n t e r l o c k  i n  

1974 c a r s  was expected t o  g r e a t l y  i nc rease  t h e  use o f  f u l l  

r e s t r a i n t s ,  i .e., b o t h  t h e  l a p  and upper - to rso  be1 t s ,  ove r  t h e i r  

v e r y  smal l  use i n  t h e  p a s t .  T h i s  would p r o v i d e  t h e  f i r s t  

o p p o r t u n i t y  t o  observe t h e  b e n e f i t s  o f  t h e  complete r e s t r a i n t  

system i n  a  l a r g e  number o f  r e a l  t r a f f i c  acc iden ts ,  and t h e  n e t  

b e n e f i t  i n  a  s p e c i f i c  model yea r .  S ince t h e  beg inn ing  o f  d a t a  

c o l l e c t i o n  we have seen t h e  e l i m i n a t i o n  o f  t h e  i g n i t i o n - i n t e r l o c k  

i n  new c a r s ,  and t h e  i n t r o d u c t i o n  o f  models w i t h  o the rw ise  

s i m i l a r  r e s t r a i n t  systems (1975 c a r s ) .  These changes were n o t  

a n t i c i p a t e d  a t  t he  s t a r t ,  b u t  t h e y  have a c t u a l l y  enhanced our  

a b i l i t y  t o  examine c e r t a i n  f e a t u r e s  o f  usage p a t t e r n s ,  and have 

n o t  d e t r a c t e d  f rom our  a b i l i t y  t o  assess r e s t r a i n t  system 

e f f i c a c y .  

To meet t h e  o b j e c t i v e s  r a p i d l y  and a t  reasonab le  cos t ,  t h e  

e x i s t i n g  a c c i d e n t  i n v e s t i g a t i o n  programs o f  HSRI i n  Oak1 and and 

Washtenaw Count ies,  Mich igan,  and o f  CALSPAN i n  t h e  e i g h t  western 

c o u n t i e s  o f  New York were r e d i r e c t e d  t o  t h e  t a s k .  The N a t i o n a l  



Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n  (NHTSA) a l s o  requested t h e  

mu1 t i d i s c i p l  i n a r y  a c c i d e n t  i n v e s t i g a t i o n  team a t  t h e  Southwest 

Research I n s t i t u t e  (SwRI) t o  c o l l  e c t  compa t ib le  d a t a  i n  t h e  seven 

c o u n t i e s  f rom San An ton io  t o  A u s t i n ,  Texas. The d a t a  f rom a1 1  

t h r e e  teams were made a v a i l a b l e  t o  HSRI f o r  a n a l y s i s  and eva lua-  

t i o n .  

The s p e c i f i c  g o a l s  and measures o f  performance f o r  t h e  

e v a l u a t i o n  were s e l e c t e d  i n  c l o s e  consul  t a t i o n  w i t h  s t a f f  members 

and an Ad Hoc comrni t t e e  o f  t h e  MVMA. The goa ls  e s t a b l i s h e d  

were t o  compare t h e  r e d u c t i o n  o f  t h e  r a t e  o f  

i n c i d e n c e  o f  A 1 9 2  - i n j u r i e s  t o  o u t b o a r d - f r o n t - s e a t  occupants o f  

1973 and 1974 ca rs ,  and t o  des ign t h e  program so as t o  assure  

d e t e c t i o n  o f  an a c t u a l  r e l a t i v e  r e d u c t i o n  o f  as l o w  as twen ty  * 
pe rcen t .  The s tudy  o r i g i n a l l y  was t o  have been based on one y e a r  

o f  a c c i d e n t  d a t a  t o  m in im ize  t h e  i n t r o d u c t i o n  o f  seasonal b iases.  

F o l l o w i n g  t h e  l e g i s l a t i v e  e l i m i n a t i o n  o f  t h e  i n t e r l o c k ,  t h e  

d a t a  c o l l e c t i o n  was extended th rough  e igh teen  months, p r o v i d i n g  

more d a t a  and hence more p r e c i s i o n  i n  t h e  measurement o f  r e s t r a i n t  

performance.  

Because n e i t h e r  t h e  case s e l e c t i o n  c r i t e r i a  n o r  t h e  observa- 

t i o n s  o r  documentat ion p r e v i o u s l y  used were s u i t a b l e  f o r  these 

o b j e c t i v e s ,  e x t e n s i v e  changes i n  t h e  p r o j e c t  were r e q u i r e d .  

Th is ,  coupled w i t h  a  w e l l - d e f i n e d  mandate l i m i t e d  t o  a  r a t h e r  

s p e c i f i c  research  ques t i on ,  p rov ided  a  un ique o p p o r t u n i t y  t o  

deve lop a  p r o j e c t  based on t h e  p r i n c i p l e s  o f  exper imenta l  des ign.  

The des ign  adopted a t  HSRI, and which  l a t e r  became a  model 

f o r  o t h e r  teams, was t o  i n v e s t i g a t e  a  sample o f  crashes drawn 

f rom t h e  p o p u l a t i o n  o f  1973 and 1974 c a r s  towed f rom t h e  scene 

o f  an a c c i d e n t .  The sampl ing p l a n  was designed t o  maximize t h e  

p r e c i s i o n  o f  t h e  measurement o f  r e d u c t i o n  o f  severe i n j u r y  t o  

occupants o f  1974 ca rs ,  and t o  m in im ize  t h e  p o s s i b i l i t y  o f  i n t r o -  

duc ing  b i a s  e r r o r s  f rom m i s s i n g  d a t a  under t h e  c o n s t r a i n t s  imposed 

* 
The Abbrev ia ted  I n j u r y  Sca le  (AIS) i s  desc r ibed  b r i e f l y  i n  
S e c t i o n  5.2 and i n  d e t a i l  i n  Reference 4 .  



by 1  i m i t a t i o n s  o f  a v a i l a b l e  resources.  A s t r a t i f i e d  sampl ing p l a n  

was sb lec ted ,  w i t h  i n v e s t i g a t i o n  o f  a1 1  a c c i d e n t  v e h i c l e s  f rom 

which an occupant was taken t o  a  h o s p i t a l .  For  v e h i c l e s  f rom 

which an occupant was n o t  t aken  t o  a  h o s p i t a l ,  a  sampl ing r a t e  

o f  o n e - t h i r d  was used f o r  1973 c a r s  and a  r a t e  o f  o n e - h a l f  f o r  

1974 and 1975 c a r s  a f t e r  t h e  l a t t e r  appeared i n  t h e  a c c i d e n t  

p o p u l a t i o n .  

Data C o l l e c t i o n  

The procedures used f o r  d a t a  c o l l e c t i o n  i n  t h e  f i e l d  were 

examined and comp le te l y  r e d e f i n e d  f o r  t h i s  p r o j e c t .  A f t e r  

development o f  t h e  exper imen ta l  des ign,  t h e  v a r i a b l e s  necessary 

f o r  a n a l y s i s  were i d e n t i f i e d  and a l l  p o s s i b l e  sources o f  t h e  

necessary d a t a  wh ich  would be a v a i  1 a b l e  t o  t h e  i n v e s t i g a t o r s  were 

cons idered.  The emphasis on r e s t r a i n t  usage and i n c l u s i o n  o f  

m ino r  crashes r e q u i r e d  t h a t  occupants f rom a1 1  crashes be i n t e r -  

viewed, a  s u b s t a n t i a l  change f rom p a s t  programs. Great  emphasis 

was a l s o  p laced  on t h e  need t o  i n v e s t i g a t e  a l l  v e h i c l e s  i n  t h e  

sample, r e g a r d l e s s  o f  t h e  e f f o r t  r e q u i r e d  t o  l o c a t e  t h e  occupants 

and v e h i c l e s .  Our o b j e c t i v e  was t o  s u c c e s s f u l l y  i n v e s t i g a t e  a t  

l e a s t  n i n e t y  pe rcen t  o f  a l l  cases and keep t h e  m i s s i n g  d a t a  r a t e  

t o  l e s s  than  t e n  pe rcen t .  By choos ing a p p r o p r i a t e  sampl ing p ro -  

cedures and r a t e s ,  t h i s  o b j e c t i v e  was met. The f i e l d  o p e r a t i o n  

was mon i to red  by  a  da ta  management system t o  assure adherence 

t o  t h e  sampl i n g  p l a n ,  e v a l u a t e  t h e  n o t i f i c a t i o n  process,  and 

thus  assure t h e  i n t e g r i t y  o f  t h e  sample and t h e  c r e d i b i l i t y  o f  

t h e  f i n d i n g s .  The management system was imp1 emented th rough  

i n c l u s i o n  of  s p e c i f i c  procedures i n  t h e  f i e l d  i n v e s t i g a t i o n s ,  

documentat ion,  and da ta  p rocess ing .  

A f t e r  a  two-week p i l o t  t e s t  o f  o p e r a t i n g  procedures and 

documentat ion,  t h e  a c t u a l  d a t a  c o l l e c t i o n  s t a r t e d  on March 1, 1974, 

a t  HSRI. CALSPAN and SwRI s t a r t e d  on A p r i l  1, 1974. The d a t a  

c o l l e c t i o n  was l a t e r  extended th rough  August 1975 f o r  HSRI and 

l o n g e r  f o r  CALSPAN and SwRI. T h i s  r e p o r t  i s  based on e i g h t e e n  

months o f  d a t a  f rom each team. 



After eighteen months, the number of cars of American 
manufacture investigated by HSRI was 1,814. An additional 2,668 
American passenger cars were investigated by CALSPAN, whi 1 e SwRI 
investigated 2,247. Thus, data on a total of 6,729 vehicles 
were available for the study, containing 9,186 outboard-front- 
seat occupants. 

Analysis Method01 ogy 

The objective of the analysis presented in th is  report i s  
t o  evaluate the relative reduction in injury of A192 - t o  outboard- 
front-seat occupants of 1974 cars compared t o  1973 cars. I n  

addition t o  this  primary goal, the changes in restraint  usage 
rates following the introduction of the s ta r te r  interlock are 
examined, and the benefits of the lap be1 t and of lap and upper 
torso restraints are eval uated. 

Two analytic techniques were used t o  estimate a rate for 
the proportion of occupants using restraints  and the proportion 
suffering overall injury severit ies of AIS level 2 or greater. 
The f i r s t  technique used was a straightforward computation of 
crude rates,  weighting cases in each s t rata  appropriately t o  
represent the target popul a t  ion of towaways. Confidence interval s 
and tes t s  of s ta t i s t ica l  significance were obtained for rates 
derived from s t ra t i f ied  samples. 

A large number of variables could be defined from the data 
collected during the project. Several of these are known or 
suspected of influencing injury rate. Many, such as the 
Coll ision Deformation Classification (CDC), size of vehicle, 
occupant descriptors, e t c . ,  were coll ected for this  very reason. 
Variation in these variables between compared populations can 
confound the comparisons. Any thorough evaluation must account 
for the effects of these variations or control for the effects.  
Many of the potential ly confounding parameters are measured on 
ordinal or nominal scales (e.g. ,  CDC extent, collision con- 
figuration, sex). The number of analytical tools for s t a t i s -  
t ical  ly  control 1 ing for these categorical variables i s  more 
1 imi ted than for interval variables. 



A mu1 t i  v a r i a t e  techn ique  f o r  genera l  i z e d  a n a l y s i s  o f  

c a t e g o r i c a l  da ta ,  u s i n g  a  we ighted l e a s t  squares 1  i n e a r  model , 
was employed i n  t h i s  s tudy  t o  c o n t r o l  f o r  t h e  e f f e c t s  o f  con- 

found ing  v a r i a b l e s .  The program used a1 so p rov ides  r a t e s  

a d j u s t e d  t o  a s tandard  p o p u l a t i o n  ( d i s t r i b u t i o n )  o f  t h e  c o n t r o l  

v a r i a b l e s .  Whi le  seve ra l  cand ida te  c o n t r o l  v a r i a b l e s  were 

examined, t h e  model used i n  t h e  f i n a l  ana lyses c o n t r o l  1  ed on a  

measure o f  damage s e v e r i t y ,  Con t ro l  on a  measure o f  c rash  

s e v e r i t y  would be more d e s i r a b l e ,  Such a  v a r i a b l e ,  e,g, , hV 

o r  energy was n o t  a v a i l a b l e .  In 1  i e u  o f  a  t r u e  c r a s h  s e v e r i t y  

measure, a  s c a l e  was developed u s i n g  a l l  elements o f  t h e  C o l l i s i o n  

Deformat ion  C l a s s i f i c a t i o n .  The r e s u l t i n g  v a r i a b l e  i s  a  measure 

o f  damage s e v e r i t y  r a t h e r  than  c rash  s e v e r i t y ,  However, i t  does 

have m e r i t  as a  usefu l  s u r r o g a t e  f o r  c rash  s e v e r i t y ,  and i n c o r -  

p o r a t e s  c o n s i d e r a b l y  more i n f o r m a t i o n  than  i s  p r o v i d e d  by t h e  CDC 

e x t e n t  code a lone .  Whi le  i t  has been used s u c c e s s f u l l y  i n  t h i s  s tudy,  

t h e  u t i l i t y  and a p p l i c a b i l i t y  o f  t h i s  s c a l e  t o  o t h e r  d a t a  s e t s  has 

n o t  been demonstrated. The s tandard  p o p u l a t i o n  o f  damage s e v e r i t y  

used i n  t h e  a n a l y s i s  i s  t h e  aggregate  d i s t r i b u t i o n  o f  t h e  s e v e r i t y  

across  a l l  t h r e e  teams and a l l  t h r e e  model y e a r s .  T h i s  a d j u s t -  

ment p rov ides  s tandard i zed  r a t e s  f o r  i n d i v i d u a l  r e s t r a i n t s ,  model 

yea rs ,  and teams, computed f o r  a  common-base1 i n e  a c c i d e n t  p o p u l a t i o n .  
- .  

The r e s u l t s  presented he re  a r e  i n  genera l  g i v e n  

s e p a r a t e l y  f o r  each team. S t r i c t l y  speaking, t h e  r e s u l t s  f o r  

each team f a i t h f u l l y  r e p r e s e n t  o n l y  t h a t  a rea i n  which t h e  d a t a  

were c o l l  ected. C e r t a i n  d e s c r i p t i v e  s t a t i s t i c s  such as con- 

f i d e n c e  i n t e r v a l s  and s tandard  e r r o r s  a r e  smal l  because o f  t h e  

l a r g e  number o f  cases a v a i l a b l e ,  and one i s  tempted t o  i n t e r -  

p r e t  t h e  r e s u l t s  as r e p r e s e n t a t i v e  o f  a  much l a r g e r  p o p u l a t i o n  

o f  a c c i d e n t s .  The d e s i r e  t o  have a  n a t i o n a l  r e s u l t  makes t h i s  

a t t r a c t i v e .  However, t h e  smal l  sampl ing  e r r o r s  r e s u l t i n g  f rom 

t h e  r i g i d  sampl i n g  procedures t h a t  have been used i n  t h i s  program 



do n o t  i n c l u d e  a  measure o f  any b iases t h a t  t he  areas p r o v i d i n g  

t he  da ta  may have, Thus, t he re  i s  no i n f o rma t i on  inc luded  i n  

t h e  s tudy t h a t  j u s t i f i e s  an assumption t h a t  t he  t h ree  areas 

toge ther  represen t  t h e  na t i on .  

On t he  o t h e r  hand, i f  r e s u l t s  f rom t h e  t h ree  teams were 

uni form and cons i s t en t ,  one would be tempted t o  i n t e r p r e t  t h e  

s t a b i l i t y  as an i n d i c a t i o n  t h a t  t h e  r e s u l t s  probably  represent  

a  much l a r g e r  popu la t ion .  D i f f e rences  between teams have been 

observed and, i n  general ,  t he  r e s u l t s  should n o t  be cons idered 

" n a t i o n a l .  " For tuna te ly ,  t he  f i n a l  r e s u l t  f o r  r e s t r a i n t  
performance-- t he  re1 a t i v e  r educ t i on  i n  severe i n j u r y - - i s  ve ry  

s i m i l a r  f o r  t h e  t h r e e  teams. Th i s  e f f ec t i veness  measure has 

been combined f o r  t he  teams and an average va lue i s  prov ided i n  

t h e  concl  us ions.  

F ind ings and Conclusions 

1. R e s t r a i n t  Usage. Use o f  t h e  f u l l  r e s t r a i n t ,  i . e . ,  both  

t h e  l a p  and upper- torso be1 t s ,  i s  much g rea te r  i n  1974 cars  than 

i n  1973 cars- -by a  f a c t o r  of e i g h t  t o  t e n  t imes. 

The f u l l  r e s t r a i n t  i s  used l e s s  f r e q u e n t l y  i n  1975 cars  

than i n  t he  1974 models, b u t  s t i l l  more than seven t imes as 

f r e q u e n t l y  as i n  1973 models. 

More occupants a re  r es t r a i ned - -by  e i t h e r  t he  l a p  b e l t  a lone 

o r  f u l l y  r e s t r a i n e d - - i n  bo th  1974 and 1975 cars  than i n  1973 cars .  

The use o f  r e s t r a i n t s  by crash v i c t i m s  i n  1973-1975 model 

ca rs  o f  American manufacture i s  shown i n  Table 1 .  

2. Decrease o f  Use o f  F u l l  R e s t r a i n t s  i n  1974 Cars. Use 

o f  t he  f u l l  r e s t r a i n t s  i n  1974 cars  dec l ined  d u r i n g  t h e  pe r i od  

o f  da ta  c o l l e c t i o n .  E a r l y  i n  t he  program 1974 f u l l  r e s t r a i n t  

usage was high--about f i f t y  percent .  From t h i s  l e v e l  t he re  was 

a  gradual  d e ~ l  i n e  i n  usage, s t a r t i n g  e a r l y  i n  t he  program, even 

be fo re  Congressional a c t i o n  on t h e  i n t e r l o c k ,  u n t i l ,  a t  t h e  end, 

t h e  usage was about t h e  same as t h a t  shown f o r  1975 cars  i n  

Table  1.  The inducement o f  t he  i n t e r l o c k  l a r g e l y  disappeared 

by t he  end o f  the  p r o j e c t .  



T a b l e  1 

RESTRAINT USAGE 
BY OUTBOARD-FRONT-SEAT OCCUPANTS 

P e r c e n t  o f  Occupan t s  
CALSPAN HSRI SwRI 

1973  Models 
No R e s t r a i n t  70 69 60 
Lap Bel t  Only 2 6  2 7  37 
F u l l  R e s t r a i n t  4 4 3 

1974 Models 
No R e s t r a i n t  59 56 50 
Lap Belt  Only 8 5 5 
F u l l  R e s t r a i n t  33 39 45 

1975 Models 
No R e s t r a i n t  6 4 66 58 
Lap Belt  Only 5 4 2 
F u l l  R e s t r a i n t  3 1  30 40 

Occupants of cars  w i t h  t h e  i n t e g r a t e d  b e l t  c o n f i g u r a t i o n  

o f  1974 and 1975 cars ,  b u t  w i t h o u t  a  sequen t ia l  i n t e r l o c k ,  use 

f u l l  r e s t r a i n t s  w i t h  t h e  same frequency t h a t  a l l  r e s t r a i n t s  were - 
used i n  1973 ca rs .  E v i d e n t l y ,  people who would have used o n l y  

t h e  l a p  be1 t i n  t h e  former models used t h e  f u l l  r e s t r a i n t  i n  c a r s  

w i t h  t h e  l a t t e r  c o n f i g u r a t i o n .  

( S e c t i o n  5.1) 

3. Comparison o f  I n j u r y  Rates i n  1973 and 1974 Cars. The 

o v e r a l l  i n j u r y  r a t e s - - p r o p o r t i o n  o f  ou tboard - f ron t - sea t  occupants 

w i t h  i n j u r i e s  of AIS>2--do - n o t  d i f f e r  among t h e  t h r e e  model yea rs  

Even though t h e  use o f  r e s t r a i n t s  i s  q u i t e  d i f f e r e n t  i n  t h e  t h r e e  

model years ,  t h e  p r o p o r t i o n s  w i t h  moderate o r  worse i n j u r y  a r e  

n e a r l y  t h e  same f o r  a1 1  t h r e e  yea rs  f o r  a1 1  t h r e e  teams. The 

smal l  d i f f e r e n c e s  t h a t  do e x i s t  a r e  o f  l i t t l e  consequence and 

a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

(Sec t i ons  5.2.1 and 5.2.3) 



4. I n j u r y  Rates f o r  Rest ra ined Occupants. When adjustments 

have been made f o r  d i f f e r e n c e s  i n  t h e  s e v e r i t y  o f  the  crashes, 

occupants us i ng  r e s t r a i n t s  a re  s u b s t a n t i a l l y  l e s s  l i k e l y  t o  have 

i n j u r i e s  o f  AIS>2. Furthermore, f u l l y  r e s t r a i n e d  occupants - 
f a r e  b e t t e r  than those us ing  o n l y  a  l a p  b e l t .  The r a t e s  o f  
moderate and worse i n j u r y  are shown i n  Table 2  f o r  each team. 

- - 

Table 2  

PERCENT OF OUTBOARD-FRONT-SEAT OCCUPANTS 
RECEIVING INJURIES OF AI92,ADJUSTED - FOR CRASH SEVERITY 

R e s t r a i n t  Team 

None 

CALSPAN HSRI - SwRI - 

Lap Only 10.6 6.1 8.4 

F u l l  7.9 4.5 7.5 

A1 though t he re  a re  d i  f fe rences  between teams , a1 1  t h r e e  show 

subs tan t i  a1 and cons i s t en t  reduc t ions  w i t h  r e s t r a i n t s  . 
(Sect ion 5 . 2 , 3 )  

5. E f fec t i veness  o f  Res t ra i n t s  i n  Reducing I n j u r y .  The 

e f fec t i veness  o f  r e s t r a i n t s - - t h e  re1 a t i v e  r educ t i on  i n  t h e  i n c i -  

dence o f  moderate and worse i n j u r y - - i s  bo th  s u b s t a n t i a l  and con- 

s i s t e n t  i n  a l l  t h ree  teams. The average e f f ec t i veness  f i g u r e s  

f o r  t h e  t h ree  teams i s  shown i n  Table 3 a long w i t h  t he  standard 

e r r o r s  of t h e  est imates.  

The l a p  be1 t reduces t he  inc idence  o f  moderate and worse 
i n j u r i e s  about one-quarter , compared t o  unres t ra ined  occupants. 



Tab le  3 

Comparison 

EFFECTIVENESS OF RESTRAINTS 
I N  REDUCING THE LIKELIHOOD OF 
RECEIVING AN INJURY OF A 1 9 2  - 

-Averages f o r  t h r e e  teams- 

E f f e c t i v e n e s s  Standard E r r o r  
i n  Percent  i n  Percent  

Lap vs.  None 26.7 9.7 

F u l l  vs.  Lap 20.9 12.2 

F u l l  vs, None 42.1 6.8 

The f u l l  r e s t r a i n t  reduces t h e  i n c i d e n c e  o n e - f i f t h  below t h a t  

f o r  t h e  l a p  be1 t, f o r  a  t o t a l  r e d u c t i o n  o f  f o r t y - t w o  p e r c e n t  

be1 ow t h e  r a t e  f o r  u n r e s t r a i n e d  occupants.  

( S e c t i o n  5.2.3) 

These b e n e f i t s  o f  r e s t r a i n t s  a r e  a v a i l a b l e  t o  occupants who 

a r e  n o t  e j e c t e d .  They a r e  n o t  an a r t i f a c t  o f  conta inment .  Nor 

a r e  t h e y  r e s t r i c t e d  t o  a  narrow range o f  c o l l i s i o n  types o r  

c o n f i g u r a t i o n s  . Both r e s t r a i n t s  p r o v i d e  s u b s t a n t i a l  p r o t e c t i o n - -  

even i n  n o n - f r o n t a l  impacts .  

( S e c t i o n  5.2.1 ) 

6. I n j u r y  P a t t e r n s .  Res t ra ined  occupants r e c e i v e  fewer  

spec i  f i c  i n j u r i e s  ( p e r  person)  than  u n r e s t r a i n e d  occupants,  and 

f u l  l y  r e s t r a i n e d  occupants r e c e i v e  fewer than  those  u s i n g  o n l y  

t h e  l a p  b e l t .  

R e s t r a i n t  systems a r e  more e f f e c t i v e  i n  e l i m i n a t i n g  moderate 

o r  worse i n j u r i e s  than  t h e y  a r e  i n  p r e v e n t i n g  m i n o r  i n j u r i e s .  

The head, face,  e x t r e m i t i e s ,  and c h e s t  r e g i o n s  o f  r e s t r a i n e d  

occupants a r e  i n j u r e d  l e s s  f r e q u e n t l y ,  w h i l e  t h e i r  neck, abdominal , 
and p e l v i c  r e g i o n s  s u s t a i n  more m ino r  i n j u r i e s .  

F u l l  r e s t r a i n t s  reduce t h e  f requency o f  occupants s u s t a i n i n g  

an i n j u r y  f rom t h e  s t e e r i n g  assembly (wheel and column) and f r o n t  

i n t e r i o r ,  b u t  do n o t  e l i m i n a t e  them. 

Moderate o r  worse i n j u r i e s  a t t r i b u t e d  t o  t h e  r e s t r a i n t  

system a r e  ex t reme ly  r a r e .  



1 . 0  INTRODUCTION 

The  q u e s t i o n  o r i g i n a l l y  a d d r e s s e d  i n  t h i s  i n v e s t i g a t i o n  

was " A r e  t h e  i g n i t i o n  i n t e r l o c k  r e s t r a i n t  s y s t e m s  i n  t h e  

1 9 7 4  p a s s e n g e r  c a r s  r e d u c i n g  i n j u r y  t o  o c c u p a n t s  o f  

t h o s e  v e h i c l e s  when t h e y  a r e  i n v o l v e d  i n  c r a s h e s ,  r e -  

l a t i v e  t o  t h e  s y s t e m s  i n  1 9 7 3  p a s s e n g e r  c a r s ? "  A  

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

q u a n t i t a t i v e  m e a s u r e  o f  a n y  o b s e r v e d  r e d u c t i o n .  

S e c o n d a r y  o b j e c t i v e s  w e r e  t o  m e a s u r e  t h e  e f f i c a c y  

o f  t h e  p r o d u c t i o n  r e s t r a i n t  s y s t e m s  i n  r e d u c i n g  t h e  

s e v e r i t y  o f  i n j u r i e s .  S i n c e  b e g i n n i n g  t h i s  w o r k  we 

h a v e  s e e n ,  o f  c o u r s e ,  t h e  d i s a p p e a r a n c e  o f  t h e  i g n i t i o n  

i n t e r l o c k .  T h u s  t h e  o r i g i n a l  p r i m a r y  o b j e c t i v e  i s  c o n -  

s i d e r a b l y  l e s s  r e l e v a n t  t h a n  i t  was e a r l y  i n  t h e  p r o -  

j e c t ,  a n d  some may t a k e  t h e  v i e w  t h a t  t h e  e n t i r e  s t u d y  

h a s  b e e n  m o r e  o f  a n  a c a d e m i c  e x e r c i s e  t h a n  was o r i -  

g i n a l l y  i n t e n d e d .  I n t e r e s t  i n  m e a s u r i n g  t h e  p e r f o r m a n c e  

o f  t h e  r e s t r a i n t s  o n  t h e  r o a d  t o d a y  h a s  n o t  l e s s e n e d ,  

h o w e v e r ,  a n d  t h e  i m p o r t a n c e  o f  t h e  s e c o n d a r y  o b j e c t i v e s  

h a s  i n c r e a s e d .  T h e  p r o j e c t  p r o v i d e s  c o n s i d e r a b l e  i n -  

f o r m a t i o n  o n  t h e  e f f i c a c y  o f  b e l t  s y s t e m s - - k n o w l e d g e  

we h o p e  w i l l  b e  o f  v a l u e  t o  b o t h  r u l e m a k e r s  a n d  

p r a c t i t i o n e r s .  

I t  w o u l d  b e  d e s i r a b l e  t o  a n s w e r  s u c h  q u e s t i o n s  

n a t i o n a l l y - - e . g . ,  t o  b e  a b l e  t o  s a y  t h a t ,  f o r  t h e  U . S .  

a s  a  w h o l e ,  t h e  i n t r o d u c t i o n  o f  a  new s y s t e m  t o  e n h a n c e  

r e s t r a i n t  u s a g e  r e d u c e d  t h e  l i k e l i h o o d  o f  i n j u r y  i n  some 



m e a s u r a b l e  way.  The  t e c h n i q u e s  d e v e l o p e d  o v e r  a  p e r i o d  

o f  y e a r s  o f  i n - d e p t h  a c c i d e n t  i n v e s t i g a t i o n  h a v e  p r o -  

v i d e d  t h e  t o o l s  a n d  s c a l e s  f o r  s u c h  a  p r o g r a m - - t h e  

A b b r e v i a t e d  I n j u r y  S c a l e  i s  w e l l  d e f i n e d ,  t h e  C o l -  

l i s i o n  D e f o r m a t i o n  C l a s s i f i c a t i o n  c a n  p r o v i d e  a n  i n d e -  

p e n d e n t  m e a s u r e  o f  c r a s h  s e v e r i t y ,  a n d  a  c a d r e  o f  

i n v e s t i g a t o r s  e x i s t s  w i t h  t h e  c a p a b i l i t y  t o  r e p o r t  

a c c u r a t e l y  o n  i n v e s t i g a t e d  c r a s h e s .  B u t  a p p l y i n g  t h i s  

c a p a b i l i t y  t o  a  p o p u l a t i o n  o f  a c c i d e n t s  s e l e c t e d  t o  

r e l i a b l y  r e p r e s e n t  n a t i o n a l  e x p e r i e n c e  i s  n o t  d o n e  

q u i c k l y .  

The  M o t o r  V e h i c l e  M a n u f a c t u r e r s  A s s o c i a t i o n  (MVMA) 

f o r  a  n u m b e r  o f  y e a r s  h a s  s u p p o r t e d  a c c i d e n t  i n v e s t i -  

g a t i o n  a c t i v i t i e s  b o t h  a t  The U n i v e r s i t y  o f  M i c h i g a n  

a n d  a t  CALSPAN C o r p o r a t i o n ,  a n d  i n  l i e u  o f  a  m o r e  

n a t i o n a l  p o p u l a t i o n  t h e  p r o g r a m s  a t  t h e s e  t w o  l o -  

c a t i o n s  w e r e  r e d i r e c t e d  t o  a d d r e s s  t h e  s p e c i f i c  p r o -  

b l e m s  d e f i n e d  a b o v e .  I t  i s  c l e a r  t h a t  t h e s e  t w o  a r e a s  

do  n o t  n e c e s s a r i l y  r e p r e s e n t  t h e  n a t i o n ,  b u t  i f  

s i m i l a r  r e s u l t s  a r e  f o u n d  i n  b o t h  a r e a s  t h e r e  s h o u l d  

b e  some s u p p o r t  f o r  t h e  s a m p l e  b e i n g  t r u e  o f  l a r g e r  

p o p u l a t i o n s .  F u r t h e r ,  t h e  NHTSA o f f e r e d  t h e  d a t a  

b e i n g  c o l l e c t e d  b y  t h e  S o u t h w e s t  R e s e a r c h  I n s t i t u t e  

( S w R I )  u n d e r  a  p a r a l l e l  D O T - s p o n s o r e d  p r o g r a m .  A g a i n ,  

i f  t h e  r e s u l t s  a r e  s i m i l a r  now i n  a l l  t h r e e  r e g i o n s ,  

o n e  w o u l d  b e  t e m p t e d  t o  d e f e n d  i n f e r e n c e s  d r a w n  t o  a  

n a t i o n a l  p o p u l a t i o n .  

F o r t u n a t e l y ,  i n  t h i s  a s  i n  many e x p e r i m e n t s ,  i n f o r -  

m a t i o n  h a s  b e e n  a c q u i r e d  w h i c h  a n s w e r s  some i n t e r e s t -  

i n g  q u e s t i o n s  o t h e r  t h a n  t h e  p r i m a r y  o n e .  F o r  e x a m p l e ,  
w i t h  t h e  p r e s e n t  d a t a  we c a n  o b t a i n  m o r e  p r e c i s e  e s t i m a t e s  

o f  t h e  v a l u e  o f  r e s t r a i n t  s y s t e m s  o f  v a r i o u s  t y p e s  ( r e -  

g a r d l e s s  o f  t h e  m o d e l  y e a r  o f  t h e  c a r ) ,  a n d  some 



s t a t i s t i c s  o n  t h e  u s a g e  o f  r e s t r a i n t  s y s t e m s ,  t h e  d e f e a t  

o f  t h e  mechan i sms  w h i c h  w e r e  s u p p o s e d  t o  i n d u c e  w e a r i n g ,  

e t c .  I n d e e d ,  some o f  t h e s e  q u e s t i o n s  c a n  b e  a n s w e r e d  

w i t h  m o r e  a s s u r a n c e  t h a n  t h e  o r i g i n a l  p r o b l e m  and  h a v e  

a c t u a l l y  become t h e  p r i n c i p a l  f o c u s .  

T h i s  r e p o r t  i s  b a s e d  on  t h e  e i g h t e e n  m o n t h s  o f  

d a t a  c o l l e c t e d  b y  e a c h  o f  t h e  t h r e e  t e a m s .  F i e l d  w o r k  

a t  HSRI s t a r t e d  o n  M a r c h  1 ,  1 9 7 4 ,  and  on  A p r i l  1 ,  1 9 7 4 ,  a t  

C A L S P A N  a n d  SwRI.  Thus ,  w h i l e  t h e  same e i g h t e e n  m o n t h s  

w e r e  n o t  c o v e r e d  b y  e a c h  t eam,  t h e y  d i f f e r  b y  o n l y  o n e  

m o n t h .  W h i l e  t h e  p r o j e c t  was i n i t i a l l y  t o  h a v e  b e e n  a  

o n e - y e a r  p r o g r a m ,  d a t a  c o l l e c t i o n  was l a t e r  e x t e n d e d  

t h r o u g h  t h e  end  o f  A u g u s t ,  1 9 7 5 .  B e c a u s e  o f  t h e  e x t e n -  

s i o n  o f  t h e  f i e l d  e f f o r t ,  1 9 7 5  c a r s  w e r e  i n c l u d e d  a f t e r  

t h e i r  i n t r o d u c t i o n  i n  l a t e  1 9 7 4 .  The 1 9 7 5  c a r s  p r o v i d e  

a d d i t i o n a l  d a t a  on  t h e  p e r f o r m a n c e  o f  f u l l  r e s t r a i n t s ,  

i . e . ,  t h e  u p p e r - t o r s o  b e l t  w o r n  w i t h  a  l a p  b e l t .  I n  

a d d i t i o n ,  t h e y  p r o v i d e  i n s i g h t  o n  t h e  u s a g e  t h a t  c a n  

b e  e x p e c t e d  w i t h  c u r r e n t  b e l t  s y s t e m s .  

I n  a n y  r e a l - w o r l d  d a t a - c o l l e c t i o n  e f f o r t ,  many 

f a c t o r s  may a f f e c t  t h e  m e a s u r e  o f  e f f e c t i v e n e s s .  I n  

t h i s  e x p e r i m e n t ,  we h a v e  a t t e m p t e d  t o  t a k e  i n t o  a c c o u n t  

t h e  p r i n c i p a l  o n e s .  F o r  e x a m p l e ,  we know p a s t  o b s e r -  

v a t i o n s  h a v e  i n d i c a t e d  t h a t  o l d e r  p e r s o n s  a r e  m o r e  

l i k e l y  t o  i n c u r  i n j u r y  i n  t h e  same c r a s h  t h a n  y o u n g e r  

p e r s o n s - - a n d  if t h e r e  i s  a  s u b s t a n t i a l  d i f f e r e n c e  i n  

t h e  a g e  o f  t h e  v a r i o u s  p o p u l a t i o n s  we w i s h  t o  c o m p a r e  

( e . g . ,  b e l t e d  v s .  u n b e l  t e d ,  1 9 7 3  c a r  o c c u p a n t s  v s .  1974 ,  

e t c . )  we m u s t  t a k e  t h i s  v a r i a t i o n  i n t o  a c c o u n t  i n  t h e  

a n a l y s i s  ( 1 2 )  We know,  t o o ,  t h a t  c a r s  o f  d i f f e r e n t  s i z e  

o f f e r  d i f f e r i n g  d e g r e e s  o f  p r o t e c t i o n ,  a n d  t h a t  a n y  

v a r i a t i o n  h e r e  s h o u l d  b e  a c c o u n t e d  f o r .  The d a t a  c o l -  

l e c t e d  i n c l u d e  e n o u g h  d e t a i l  t o  do  t h i s .  



T h e  a n a l y t i c a l  t e c h n i q u e  w h i c h  h a s  b e e n  u s e d  t o  

a d j u s t  f o r  c o n f o u n d i n g  f a c t o r s  s u c h  a s  t h e  s i z e  o f  t h e  

c a r ,  t y p e  a n d  s e v e r i t y  o f  c r a s h ,  a n d  o c c u p a n t  a g e  i s  

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

d a t a .  T h e s e  m e t h o d s  w i l l  b e  d i s c u s s e d  i n  t h e  s e c t i o n  

o n  a n a l y t i c a l  m e t h o d s .  

T h e  r e p o r t  c o n s i s t s  o f  f i v e  c h a p t e r s ,  I n  a d d i t i o n  

t o  t h e  Summary  a n d  I n t r o d u c t i o n  t h e y  a r e  ( 2 )  P r o j e c t  

D e s i g n ,  ( 3 )  I m p l e m e n t a t i o n  a n d  M o n i t o r i n g  o f  F i e l d  

O p e r a t i o n s ,  ( 4 )  D a t a  P r o c e s s i n g  a n d  A n a l y s i s  M e t h o d s ,  

a n d  ( 5 )  R e s u l t s .  T h e  l a s t  s e c t i o n  i n c l u d e s  a  d i s c u s s i o n  

o f  t h e  i n c i d e n c e  o f  i n j u r y  b y  m o d e l  y e a r  a n d  r e s t r a i n t ,  

a n d  a n  e x a m i n a t i o n  o f  i n j u r y  p a t t e r n s  b y  n u m b e r  a n d  l o c a -  

t i o n .  

T h e  p r o j e c t  was n o t  a d d r e s s e d  t o  a  m e a s u r e m e n t  o f  

f a t a l i t y  r a t e s ,  E v e n  b y  p o o l i n g  t h e  d a t a  f r o m  t h e  t h r e e  

t e a m s ,  t h e  n u m b e r  o f  f a t a l i t i e s  i s  f a r  t o o  s m a l l  t o  p e r m i t  

many v a l  i d  s t a t i s t i c a l  i n f e r e n c e s .  N e v e r t h e l e s s ,  a  n u m b e r  

o f  f a t a l i t i e s  d i d  o c c u r  i n  v e h i c l e s  i n v e s t i g a t e d ,  W h i l e  

n o  s t a t i s t i c a l  c o n c l u s i o n s  s h o u l d  b e  d r a w n  f r o m  t h e s e  

c a s e s ,  t h e  s u b j e c t  i s  o f  s u c h  i m p o r t a n c e  t h a t  t h e y  a r e  

s u m m a r i z e d  o n  a  " c a s e  s t u d y "  b a s i s  i n  S e c t i o n  5 . 4 .  

T h e  m a i n  b o d y  o f  t h e  r e p o r t  i s  i n t e n d e d  t o  b e  s e l f -  

s u f f i c i e n t ,  y e t  some d e t a i l s  w h i c h  a r e  n o t  e s s e n t i a l  t o  

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

c l a r i t y .  T h e s e  n o n - e s s e n t i a l  b u t  p e r t i n e n t  d e t a i l s  a r e  

i n c l  u d e d  i n  a p p e n d i c e s .  



2 . 0  PROJECT DESIGN 

T h i s  c h a p t e r  p r e s e n t s  t h e  d e v e l o p m e n t  o f  t h e  p r o -  

j e c t  d e s i g n  i m p l e m e n t e d  a t  H S R I .  The  m o s t  i m p o r t a n t  

p r o j e c t  q u e s t i o n s  now c o n c e r n  t h e  e f f i c a c y  o f  t h e  

v a r i o u s  r e s t r a i n t  c o n f i g u r a t i o n s ;  m o s t  o f  t h e  r e p o r t  

i s  a d d r e s s e d  t o  t h e s e  q u e s t i o n s .  N e v e r t h e l e s s ,  t h e  

o r i g i n a l  g o a l  t o  w h i c h  t h e  d e s i g n  was a d d r e s s e d  was a  

c o m p a r i s o n  o f  r e s u l t s  i n  1 9 7 3  a n d  1 9 7 4  c a r s ,  a n d  t h e  

p r o j e c t  d e s i g n  c a n  b e s t  b e  p r e s e n t e d  i n  t h e  c o n t e x t  o f  

i t s  o r i g i n a l  o b j e c t i v e .  I t  i s  n o t  c o i n c i d e n t a l ,  h o e r b r t ,  

t h a t  t h e  p r o j e c t  s o  d e s i g n e d  i s  a l s o  a p p r o p r i a t e  f o r  

e v a l u a t i n g  r e s t r a i n t s .  

T h e  g o a l  o f  t h e  s p o n s o r s  was t o  o b t a i n  a  m e a n i n g -  

f u l  m e a s u r e  o f  e f f e c t i v e n e s s  o f  t h e  1 9 7 4  s y s t e m s , c o m -  

p a r e d  t o  t h a t  o f  t h e  1 9 7 3  s y s t e m s ,  u s i n g  e s s e n t i a l l y  t h e  

same l e v e l  o f  f i e l d  e f f o r t  t h a t  h a d  p r e v i o u s l y  b e e n  

a l l o c a t e d  t o  i n - d e p t h  a c c i d e n t  i n v e s t i g a t i o n .  T h e  c o n -  

s t r a i n t s  o n  t i m e  a n d  r e s o u r c e s  d i c t a t e d  t h e  u s e  o f  e x i s t -  

i n g  i n - d e p t h  t e a m s ,  i . e . ,  t h o s e  a t  CALSPAN a n d  HSRI .  

T h e s e  o r g a n i z a t i o n s  a r e  t w o  o f  a b o u t  20 t e a m s  t h a t  h a v e  

o p e r a t e d  a t  o n e  t i m e  o r  a n o t h e r  s i n c e  1 9 6 9  u n d e r  s u p p o r t  

o f  e i t h e r  t h e  MVMA o r  NHTSA. A l t h o u g h  some o f  t h e  

t e a m s  h a v e  o p e r a t e d  c o n s i d e r a b l y  l o n g e r ,  o n l y  s i n c e  

a b o u t  1 9 6 9  h a v e  t h e y  b e e n  f o r m a l i z e d  b y  NHTSA a n d  

a d o p t e d  s i m i l a r  r e p o r t i n g  p r a c t i c e s ,  u s i n g  t h e  C o l l i s i o n  

P e r f o r m a n c e  a n d  I n j u r y  R e p o r t ,  c o m m o n l y  k n o w n  a s  t h e  

G e n e r a l  M o t o r s  L o n g  Form.  



T h e s e  t e a m s  h a v e  d e v e l o p e d  c o n s i d e r a b l e  e x p e r i e n c e  

a n d  s e t  some p r e c e d e n t s  f o r  i n - d e p t h  a c c i d e n t  i n v e s t i -  

g a t i o n s  s u i t e d  t o  m e e t i n g  t h e  o b j e c t i v e s  o f  t h i s  p r o -  

j e c t .  H o w e v e r ,  a l l  o f  t h e  p r e v i o u s  p r o g r a m s ,  i n c l u d i n g  

t h o s e  o f  CALSPAN a n d  HSRI ,  h a d  c e r t a i n  c h a r a c t e r i s t i c s  

n o t  w h o l l y  s u i t a b l e  t o  t h e  c u r r e n t  o b j e c t i v e s .  Some 

o f  t h e  t e a m s  w e r e  i n t e r e s t e d  i n  a  p a r t i c u l a r  s u b j e c t  

a n d  c o n c e n t r a t e d  o n  s u c h  c a s e s .  Many, i n c l u d i n g  

s e v e r a l  a t  HSRI a n d  CALSPAN, c o n c e n t r a t e d  o n  v e h i c l e s  

i n  w h i c h  o c c u p a n t s  s u s t a i n e d  s u b s t a n t i a l  i n j u r y .  S u c h  

p r o g r a m s  w e r e  q u i t e  s u i t a b l e  f o r  d e t e r m i n i n g  a n d  

m o n i t o r i n g  t h e  c a u s e s  o f  i n j u r y - - t h e  o r i g i n a l  o b j e c t i v e  

o f  many o f  t h e  p r o g r a m s .  C o n c e n t r a t i o n  o n  a  s p e c i f i c  

s u b j e c t  o r  r e s t r i c t i o n  t o  s e v e r e  i n j u r y  e x c l u d e s  t h e  

" s u c c e s s e s "  a n d  t h u s  d o e s  n o t  a l l o w  m e a s u r e m e n t  o f  

r a t e s  o f  o c c u r r e n c e  i n  t h e  a c c i d e n t  p o p u l a t i o n .  S u c h  a  

m e a s u r e m e n t  i s  f u n d a m e n t a l  t o  t h e  g o a l s  o f  t h i s  p r o j e c t .  

B e c a u s e  n e i t h e r  t h e  c a s e  s e l e c t i o n  c r i t e r i a  n o r  

t h e  o b s e r v a t i o n s  a n d  d o c u m e n t a t i o n  p r e v i o u s l y  u s e d  w e r e  

s u i t a b l e  f o r  t h e  new o b j e c t i v e s ,  e x t e n s i v e  c h a n g e s  i n  

t h e  p r o j e c t  w e r e  r e q u i r e d .  R e c o g n i t i o n  o f  t h e s e  p r o -  

b l e m s ,  c o u p l e d  w i t h  a  w e l l - d e f i n e d  m a n d a t e  l i m i t e d  t o  a  

r a t h e r  s p e c i f i c  r e s e a r c h  q u e s t i o n ,  p r o v i d e d  a n  o p p o r -  

t u n i t y  t o  d e v e l o p  a  p r o j e c t  b a s e d  o n  t h e  p r i n c i p l e s  o f  

e x p e r i m e n t a l  d e s i g n .  T h i s  h a s  s e l d o m  b e e n  d o n e  f o r  i n -  

d e p t h  a c c i d e n t  i n v e s t i g a t i o n  p r o j e c t s .  

The  p r o j e c t  p l a n  p r e s e n t e d  h e r e  was d e v e l o p e d  a n d  

i m p l e m e n t e d  a t  HSRI .  S i m i l a r  p r o c e d u r e s  a r e  u s e d  b y  

s e v e r a l  o t h e r  t e a m s ,  a l t h o u g h  t h e y  d i f f e r  i n  d e t a i l .  

The  p r o j e c t  d e s i g n  d e v e l o p e d  h e r e  i s  b a s e d  i n  p a r t  o n  

c h a r a c t e r i s t i c s  o f  t h e  l o c a l  a r e a  i n  w h i c h  t h e  HSRI 

t e a m s  o p e r a t e  a n d  o n  t h e  r e p o r t i n g  p r o t o c o l  u s e d  b y  



p o l i c e  i n  M i c h i g a n .  I d e n t i c a l  p r o c e d u r e s  a r e  n o t  

n e c e s s a r i l y  a p p r o p r i a t e  o r  e v e n  p o s s i b l e  i n  o t h e r  

r e g i o n s .  

The  m a j o r  d i f f e r e n c e s  i n  t h e  f i e l d  p r o g r a m s  u s e d  

a t  CALSPAN a n d  SwRI w i l l  b e  d e s c r i b e d  l a t e r .  As s t a t e d  

e a r l i e r ,  t h e  p r i m a r y  o b j e c t i v e  o f  t h i s  s t u d y  was t o  

m e a s u r e  t h e  r e d u c t i o n  i n  t h e  i n c i d e n c e  o f  s e v e r e  i n j u r y  

among f r o n t - o u t b o a r d - s e a t  o c c u p a n t s  o f  1974  A m e r i c a n  

p a s s e n g e r  c a r s , c o m p a r e d  w i t h  t h o s e  o f  1 9 7 3  c a r s .  The 

g o a l  o f  t h e  p r o j e c t  d e s i g n  was t o  p r o v i d e  a  r e l i a b l e  

a n s w e r  t o  t h i s  q u e s t i o n  w i t h i n  t h e  r e g i o n  c o v e r e d  b y  

t h e  HSRI t e a m s .  The p o p u l a t i o n  o f  c a r s  o f  i n t e r e s t  
was 1 9 7 3  and  1 9 7 4  p a s s e n g e r  c a r s  o f  A m e r i c a n ' m a n u -  

f a c t u r e  t h a t  w e r e  t o w e d  f r o m  t h e  s c e n e  o f  t h e  a c c i d e n t .  

A l t h o u g h  t h e  r e s t r i c t i o n  t o  t owaways  was somewhat  

a r b i t r a r y ,  c o n s i d e r a b l e  j u s t i f i c a t i o n  c a n  b e  g i v e n  f o r  

e l i m i n a t i n g  t h e  l a r g e  number  o f  v e h i c l e s  d r i v e n  f r o m  

t h e  s c e n e  w i t h o u t  c o m p r o m i s i n g  t h e  f i n d i n g s .  

An o b v i o u s  m e t h o d  o f  m e e t i n g  t h e  o b j e c t i v e s  w o u l d  

h a v e  b e e n  t o  i n v e s t i g a t e  a  c e n s u s  o f  a l l  v e h i c l e s  i n  

t h e  t a r g e t  p o p u l a t i o n .  C o n d u c t i n g  a  c e n s u s  has  t w o  

p o t e n t i a l  p r o b l e m s  t h a t  a r e  r e l a t e d .  The f i r s t  i s  

c o s t .  A t r u e  c e n s u s ,  i . e . ,  i n v e s t i g a t i n g  e v e r y  s i n g l e  

c a s e ,  c a n  b e  v e r y  c o s t l y  a n d  may n o t  b e  c o s t - e f f e c t i v e .  

I n  t h e  p r e s e n t  p r o j e c t ,  we d e c i d e d  t h a t  a t  HSRI we c o u l d  

n o t  a c c o m p l i s h  s u c h  a  c e n s u s  w i t h  t h e  r e s o u r c e s  a v a i l -  

a b l e .  The s e c o n d  p r o b l e m  i s  t h a t  a n  a t t e m p t e d  c e n s u s  

may n o t  i n  f a c t  b e  c o m p l e t e .  F o r  a  v a r i e t y  o f  r e a s o n s  

some o f  t h e  c a s e s  may n o t  b e  i n c l u d e d  o r  c e r t a i n  k e y  

v a r i a b l e s  may b e  m i s s e d  on  s e v e r a l  c a s e s .  T h i s  r e s u l t s  

i n  m i s s i n g  d a t a ,  w h i c h  c a n  l e a d  t o  e r r o n e o u s  r e s u l t s .  

C o n c l u s i o n s  r e g a r d i n g  t h e  a p p a r e n t  e f f i c a c y  o f  



r e s t r a i n t s  c a n  b e  v e r y  s e n s i t i v e  t o  a  r e l a t i v e l y  

s m a l l  a m o u n t  o f  m i s s i n g  d a t a .  O b v i o u s l y ,  i f  i n j u r y  

a n d  r e s t r a i n t  u s a g e  i n  t h e  m i s s i n g  c a s e s  d o  n o t  d i f f e r  

f r o m  t h o s e  i n v e s t i g a t e d ,  t h e  r e s u l t s  a r e  n o t  b i a s e d .  

H o w e v e r ,  t h e  r e s u l t s  c a n  b e  d e f e n d e d  o n l y  t o  t h e  e x -  

t e n t  t h a t  l a c k  o f  b i a s  i n  t h e  m i s s i n g  d a t a  c a n  b e  

b o u n d e d ,  a n d  t h i s  i s  u s u a l l y  i m p o s s i b l e  t o  a s s e s s .  

P a s t  a t t e m p t s  t o  c o n d u c t  i n - d e p t h  i n v e s t i g a t i o n s  

o n  a  c e n s u s  o f  v e h i c l e s  h a v e  r e s u l t e d  i n  s u b s t a n t i a l  

m i s s i n g  d a t a .  As a n  e x a m p l e ,  f o r  s e v e r a l  y e a r s  we 

c o n d u c t e d  i n v e s t i g a t i o n s  o n  " a 1  1 "  n e w - c a r  i n v o l v e m e n t s  

i n  W a s h t e n a w  C o u n t y .  S u b s e q u e n t  r e c o r d  c h e c k s  h a v e  

i n d i c a t e d  t h a t  Ne m i s s e d  n e a r l y  h a l f  o f  t h e  c a s e s .  

S o m e t i m e s  t h e  v e h i c l e s  o r  o c c u p a n t s  c a n n o t  b e  l o c a t e d  

w i t h o u t  a  g r e a t  d e a l  o f  e f f o r t ,  o r  a  v e h i c l e  may d i s -  

a p p e a r  b e f o r e  we g e t  t o  i t .  T h e  r e s u l t  h a s  b e e n  i n  

f a c t  a  s a m p l e ,  b u t  a  s a m p l e  o f  c o n v e n i e n c e .  S u c h  a n  

u n c o n t r o l l e d  s a m p l e  i s  l i k e l y  t o  b e  s e r i o u s l y  b i a s e d .  

T h e  p r o p o r t i o n  o f  o c c u p a n t s  w i t h  i n j u r y  o f  A I S  

> 2 e s t i m a t e d  f r o m  t h e  p r e v i o u s  HSRI  p r o g r a m s  i n  - 
W a s h t e n a w  C o u n t y  was 1 3  p e r c e n t .  The  e x p e r i e n c e  o f  t h e  

p r e s e n t  p r o g r a m  i s  8 p e r c e n t .  T h i s  s u g g e s t s  t h a t  t h e  

e a r l i e r  a t t e m p t  t o  a c h i e v e  a  c e n s u s  p r o d u c e d  b i a s e d  d a t a - -  

b y  o v e r - r e p r e s e n t a t i o n  o f  m o d e r a t e  a n d  m o r e  s e r i o u s  i n j u r y  

c a s e s  

An a l t e r n a t i v e  t o  a  c e n s u s  i s  t h e  u s e  o f  w e l l -  

e s t a b l i s h e d  s a m p l i n g  t e c h n i q u e s .  I f  a  s u i t a b l y  d r a w n  

s a m p l e  i s  u s e d ,  o f  a  s i z e  s m a l l  e n o u g h  t o  p e r m i t  d e v o t -  

i n g  e n o u g h  e f f o r t  t o  c o m p l e t e  e a c h  c a s e  i n  t h e  s a m p l e ,  
b i a s e s  f r o m  m i s s i n g  d a t a  c a n  b e  k e p t  a r b i t r a r i l y  s m a l l .  

T h e  q u e s t i o n  t h e n  i s  t o  f i n d  i f  a  s a m p l e  c a n  b e  d r a w n  

s m a l l  e n o u g h  t o  a l l o w  n e a r - c o m p l e t e  c o v e r a g e ,  y e t  

l a r g e  e n o u g h  t o  a s s u r e  a n  a c c e p t a b l y  s m a l l  s a m p l i n g  
e r r o r .  T h e  t o t a l  e r r o r  o f  a  s u r v e y  c a n  b e  r e p r e s e n t e d  b y  



rmS  = [ ( s a m p l i n g  e r r o r ) '  + ( b i a s  e r r o r )  ] e r r o r  * ( 1 )  

w h e r e  t h e  b i a s  e r r o r  i n  t h e  m e a s u r e m e n t  o f  a  p r o p o r t i o n  

P i s  

w h e r e  W i s  t h e  f r a c t i o n  o f  m i s s i n g  d a t a  i n  t h e  s a m p l e ,  

P i s  t h e  p r o p o r t i o n  i n  t h e  s a m p l e  g r o u p  w i t h o u t  
s a m ~ l  e  

m i s s i n g  d a t a ,  a n d  P m i s s i n g  d a t a  i s  t h e  p r o p o r t i o n  i n  t h e  

s a m p l e  g r o u p  f o r  w h i c h  d a t a  a r e  m i s s i n g .  S a m p l i n g  e r r o r  

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

i n  a  t r u e  c e n s u s  b o t h  t e r m s  become z e r o .  I n  t h e  i n -  

c o m p l e t e  c e n s u s e s  w i t h  u n c o n t r o l l e d  m i s s i n g  d a t a  

t y p i c a l  o f  p a s t  e f f o r t s ,  n e i t h e r  t h e  p r o p o r t i o n  o f  m i s s -  

i n g  c a s e s  ( W )  o r  t h e  b i a s  among t h e  m i s s i n g  c a s e s  w e r e  

c o n t r o l l e d ,  a n d  c o u l d  l e a d  t o  c o n s i d e r a b l e  e r r o r .  If 

a  s a m p l i n g  t e c h n i q u e  i s  u s e d  w i t h  a n  a p p r o p r i a t e l y  

d r a w n  s a m p l e ,  t h e  s a m p l e  p r o p e r l y  r e p r e s e n t s  t h e  p o p u -  

l a t i o n  f r o m  w h i c h  i t  i s  d r a w n  w i t h o u t  b i a s .  B i a s  f r o m  

m i s s i n g  d a t a  i s  t h e n  i n t r o d u c e d  o n l y  b y  c a s e s  i n  t h e  

s a m p l e  w h i c h  a r e  n o t  c o m p l e t e d .  

T h i s  a p p r o a c h - - s a m p l i n g  f r o m  t h e  t a r g e t  

p o p u l a t i o n - - w a s  t h e  m e t h o d  s e l e c t e d  f o r  m e a s u r i n g  t h e  

e f f i c a c y  o f  t h e  r e s t r a i n t  s y s t e m s  u s e d  i n  1 9 7 4  c a r s .  

T h e r e  a r e  many e x a m p l e s  o f  s u c c e s s f u l  m e a s u r e m e n t s  

u s i n g  s a m p l i n g  t e c h n i q u e s  w i t h  s a m p l e s  o f  v e r y  m o d e s t  

s i z e s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  U.S.  B u r e a u  

o f  t h e  Census  c o n t i n u a l l y  c o n d u c t s  a n  e v a l u a t i o n  o f  

t h e  m o s t  r e c e n t  n a t i o n a l  c e n s u s  ( 3 ) .  By  e m p l o y i n g  a  

c o m p o s i t e  o f  t e c h n i q u e s ,  t h e  Census  B u r e a u  e s t i m a t e s  

t h a t  t h e  1 9 7 0  c e n s u s  u n d e r c o u n t e d  t h e  N e g r o  p o p u l a t i o n  



b y  7 . 7  p e r c e n t .  T h u s  we h a v e  t h e  i n t e r e s t i n g  s i t u -  

a t i o n  o f  a  c e n s u s  b e i n g  c o r r e c t e d  b y  a  r a n d o m  s a m p l e .  

The  m e a s u r e s  o f  e f f e c t i v e n e s s  f o r  t h e  s t u d y  w e r e  

s e l e c t e d  b y  a n  Ad Hoc c o m m i t t e e  c o n s i s t i n g  o f  members 

o f  t h e  s t a f f s  o f  MVMA, member c o m p a n i e s ,  a n d  t h e  HSRI .  

The  m e a s u r e  s e l e c t e d  was t h e  r e d u c t i o n  o f  t h e  i n c i d e n c e  

o f  i n j u r y  o f  A I S  - > 2 t o  t h e  o u t b o a r d - f r o n t - s e a t  o c c u -  

p a n t s  o f  1 9 7 4  c a r s , c o m p a r e d  t o  t h e  o c c u p a n t s  o f  1 9 7 3  

c a r s  ( 4 ) .  The  a d  h o c  c o m m i t t e e  d e c i d e d  t h a t  o n l y  a  

r e d u c t i o n  o f  a t  l e a s t  20 p e r c e n t  ( r e l a t i v e  t o  t h e  

i n c i d e n c e  i n  1 9 7 3  c a r s )  was s u f f i c i e n t l y  m e a n i n g f u l  t o  

w a r r a n t  m e a s u r e m e n t ,  b u t  t h a t  i f  s u c h  a  r e d u c t i o n  

e x i s t e d ,  i t  s h o u l d  b e  d e t e c t e d  w i t h  a  p r o b a b i l i t y  o f  

9 0  p e r c e n t .  F u r t h e r m o r e ,  i f  no  d i f f e r e n c e s  b e t w e e n  

m o d e l  y e a r s  a c t u a l l y  e x i s t ,  t h e  p r o b a b i l i t y  t h a t  t h e  

s a m p l e  w o u l d  i n d i c a t e  a  c h a n g e  o f  a t  l e a s t  20 p e r c e n t  

s h o u l d  b e  l e s s  t h a n  1 0  p e r c e n t .  T h e s e  r e q u i r e m e n t s  

d i c t a t e d  a  p o w e r  o f  0 . 9  ( 6  = 0 . 1 ) ,  a n  a o f  0 . 1 ,  a n d  

t o g e t h e r  w i t h  t h e  p r i m a r y  m e a s u r e  o f  e f f e c t i v e n e s s ,  

d e f i n e d  t h e  o b j e c t i v e s  o f  t h e  s a m p l e  d e s i g n .  

A s t r a t i f i e d  p r o b a b i l i t y  s a m p l e  was u s e d  b e c a u s e  

s u c h  a  t e c h n i q u e  c a n  i n c r e a s e  t h e  p r e c i s i o n  o f  t h e  

e s t i m a t e ,  c o m p a r e d  t o  t h a t  p o s s i b l e  w i t h  a  s i m p l e  r a n -  

dom s a m p l e  o f  t h e  same s i z e ,  i f  a n  a  p r i o r i  s t r a t i -  

f i c a t i o n  c a n  b e  made w i t h  a  s u b s t a n t i a l  d i f f e r e n c e  i n  

p  b e t w e e n  s t r a t a .  The  M i c h i g a n  a c c i d e n t  r e p o r t  i n -  

c l u d e s  a  n o t a t i o n  on  w h e t h e r  a n  o c c u p a n t  was c o n v e y e d  

t o  a  h o s p i t a l .  S i n c e  t h e r e  i s  c o n s i d e r a b l y  i n c r e a s e d  

p r o b a b i l i t y  o f  s e v e r e  i n j u r y  among t h i s  g r o u p ,  a n  

e f f e c t i v e  a  p r i o r i  s t r a t i f i c a t i o n  c a n  b e  b a s e d  o n  t h e  

h o s p i t a l  n o t a t i o n  o n  t h e  p o l i c e  r e p o r t .  

The  t h e o r y  o f  s t r a t i f i e d  r a n d o m  s a m p l i n g  f o r  

e s t i m a t i n g  p r o p o r t i o n s  i s  c o v e r e d  i n  many s t a n d a r d  



r e f e r e n c e s  (5,6). D e s i g n i n g  a  s a m p l i n g  p l a n  f o r  

e s t i m a t i n g  t h e  d i f f e r e n c e  b e t w e e n  p r o p o r t i o n s  c a n  b e  

a  r a t h e r  c o m p l e x  i t e r a t i v e  t a s k  i n v o l v i n g  p i l o t  s u r -  

v e y s  t o  e s t i m a t e  p a r a m e t e r s  o f  t h e  t a r g e t  p o p u l a t i o n .  

The  a v a i l a b i l i t y  o f  s e v e r a l  y e a r s  o f  a c c i d e n t  d a t a  

f r o m  p o l i c e  a n d  i n - d e p t h  i n v e s t i g a t i o n  e x p e r i e n c e  i n  

Wash tenaw a n d  O a k l a n d  C o u n t y  s i m p l i f i e d  t h e  t a s k  c o n -  

s i d e r a b l y .  We e s t i m a t e d  t h a t  w i t h  t h e  r e s o u r c e s  

a v a i l a b l e  we c o u l d  i n v e s t i g a t e  a b o u t  1 2 0 0  a c c i d e n t s  

p e r  y e a r  i n  t h e  t w o  c o u n t i e s  a n d  y e t  b e  a b l e  t o  com- 

p l e t e  t h e  i n v e s t i g a t i o n s  o n  o v e r  9 0  p e r c e n t  o f  t h e  

s a m p l e .  The  d e s i g n  s e q u e n c e ,  t h e n ,  was t o  d e t e r m i n e  

t h e  a p p r o p r i a t e  s i z e  f o r  e a c h  o f  t h e  f o u r  s t r a t a  

( h o s p i t a l  a n d  n o n - h o s p i t a l  f o r  e a c h  o f  t h e  t w o  m o d e l  

y e a r s ) ,  w i t h  t h e  t o t a l  e q u a l  t o  1 2 0 0 .  T h e  s t r a t a  

d e s c r i p t i o n s ,  t o g e t h e r  w i t h  e s t i m a t e s  o f  t h e  p r o -  

b a b i l i t y  o f  a  s e r i o u s  i n j u r y  i n  e a c h  s t r a t a ,  a n d  t h e  

e x p e c t e d  t o t a l  p o p u l a t i o n  o f  1 9 7 3  a n d  1 9 7 4  t o w a w a y s ,  

w e r e  u s e d  t o  c o m p u t e  e x p e c t e d  a a n d  B r a t e s .  T h e  

t o t a l  a c c i d e n t  p o p u l a t i o n  f o r  1 9 7 3  c a r s  i n  1 9 7 4  was 

e s t i m a t e d  f r o m  p o l i c e  r e c o r d s  o f  1 9 7 1  c a r s  i n  a c c i -  

d e n t s  i n  1 9 7 2 .  T h e  p o p u l a t i o n  o f  1 9 7 4  c a r s  was 

e s t i m a t e d  t o  b e  3 0  p e r c e n t  l e s s  t h a n  t h a t  o f  1 9 7 3  c a r s .  

P r e v i o u s  i n - d e p t h  a c c i d e n t  i n v e s t i g a t i o n s  i n  Wash tenaw 

a n d  O a k l a n d  C o u n t y  i n d i c a t e d  t h a t  t h e  p r o b a b i l i t y  o f  

m o d e r a t e  o r  m o r e  s e r i o u s  i n j u r y  ( A I S 5 2 )  among t h e  1 9 7 3  

c a r s  w o u l d  b e  a b o u t  1 3  p e r c e n t .  

T h e s e  e s t i m a t e s  a l l o w  a  c o m p u t a t i o n  o f  a n  o p t i m a l  

a l l o c a t i o n  among s t r a t a - - o p t i m a l  i n  t h e  s e n s e  t h a t  t h e  

v a r i a n c e  i n  t h e  e s t i m a t e  o f  t h e  d i f f e r e n c e  i n  p r o -  

p o r t i o n s  o f  s e r i o u s  i n j u r i e s  i n  t h e  t w o  m o d e l  y e a r s  i s  

m i n i m i z e d  f o r  a  g i v e n  t o t a l  s a m p l e .  The  o p t i m a l  a l -  

l o c a t i o n  i s  o f  a p p r o x i m a t e l y  e q u a l  s a m p l e  s i z e s  f o r  



e a c h  s t r a t a ,  o r  a b o u t  300  e a c h ,  a  number  l a r g e r  t h a n  

t h e  e x p e c t e d  number  o f  c a s e s  i n  e a c h  h o s p i t a l  s t r a t a .  

The s a m p l i n g  p l a n  a d o p t e d  was t o  i n c l u d e  1 0 0  p e r c e n t  

o f  a l l  h o s p i t a l  c a s e s ,  w i t h  t h e  r e m a i n d e r  d i v i d e d  

e v e n l y  b e t w e e n  t h e  t w o  n o n - h o s p i t a l  s t r a t a .  D e s i g n  

e s t i m a t e s  o f  t h e  s a m p l e  s t r a t i f i c a t i o n  a r e  g i v e n  i n  

t h e  f i r s t  c o l u m n  o f  T a b l e  4 .  The i m p l i e d  s a m p l i n g  

f r a c t i o n s  f o r  t h e  n o n - h o s p i t a l  c a s e s  o f  e a c h  mode l  

y e a r  a r e  a l s o  g i v e n .  

The s a m p l e  i n c l u d e s  a  s u b s t a n t i a l  p o r t i o n  o f  a l l  

t h e  c a s e s  i n  t h e  r e g i o n  f r o m  w h i c h  t h e  s a m p l e  i s  

d r a w n .  L a r g e  s a m p l i n g  f r a c t i o n s  l e a d  t o  e s t i m a t e s  

t h a t  a r e  m o r e  p r e c i s e  t h a n  t h o s e  o b t a i n e d  f r o m  t h e  

same s i z e  s a m p l e  f r o m  a  l a r g e r  p o p u l a t i o n .  T h i s  

i m p r o v e m e n t  f a c t o r  i s  g i v e n  b y  t h e  f i n i t e  p o p u l a t i o n  

c o r r e c t i o n .  S i n c e  t h e  o b j e c t i v e  was t o  p r o p e r l y  r e -  

p r e s e n t  r e s t r a i n t  e f f i c a c y  i n  t h e  Washtenaw and  Oak- 

l a n d  C o u n t y  p o p u l a t i o n s ,  t h e  e x p e c t e d  a a n d  B r a t e s  

i n c l u d e d  t h e  f i n i t e  p o p u l a t i o n  c o r r e c t i o n .  The p r e -  

c i s i o n  o f  t h e  d i f f e r e n c e  o f  p r o b a b i l i t y  o f  i n j u r y  o f  

A I S > 2  - f o r  t h e  t w o  mode l  y e a r s  

i s  g i v e n  b y  t h e  s a m p l i n g  v a r i a n c e  o f  A w h i c h  i s  

w h e r e  t h e  s u b s c r i p t  i d e n o t e s  t h e  mode l  y e a r ,  j = l  i s  

f o r  n o n - h o s p i t a l  c a s e s ,  and  j = 2  i s  f o r  t h e  h o s p i t a l  

c a s e s .  



Table 4 

HSRI SAMPLE STRATIFICATION 

Design Twelve Eighteen 
~stimates' Month Month 
(12 mo.) Results Results 

Population of 1973 Cars 
Population of 1974 CarsZ 
Population of 1975 Cars 

Proportion of towaways 3 

in hospital strata 

Hospital Strata 
(sampled at 100%) 

1973 
1974 
1975 

Non-Hospital Strata 
1973 

Total Sample 

Non-Hospital Sampling 
fraction 

'The original plan for twelve months of data collection 
did not include 1975 cars. Therefore the design estimates, 
and twelve month results for comparison, are shown 
excluding 1975 cars. 

*The figure for 1975 cars in the eighteen month period 
includes 101 which were investigated during the first 
twelve months. 

 he proportions do not include 1975 cars. The corresponding 
figure for 1975's is 0.231. 

'Until June 1, 1975, all 1975's were sampled at 100%. 
After June 1, 1975,the non-hospital cases were sampled at 50%. 

5 ~ h e  sampling fraction given for 1975's is the fraction 
achieved while the non-hospital cases were sampled at 50%. 

2 2 



= number  o f  v e h i c l e s  o f  mode l  y e a r  i i n  
Nij s t r a t u m  j i n  t h e  s a m p l e  f r a m e  

Ni = t o t a l  number  o f  v e h i c l e s  o f  mode l  y e a r  
i i n  t h e  s a m p l i n g  f r a m e  

= s i z e  o f  s a m p l e  o f  mode l  y e a r  i i n  t h e  
nij s t r a t u m  j 

P i j  = o b s e r v e d  p r o b a b i l i t y  o f  s e v e r e  i n j u r y  
f o r  o c c u p a n t s  o f  v e h i c l e s  o f  s t r a t u m  j 
o f  mode l  y e a r  i 

fi j = f i n i t e  p o p u l a t i o n  c o r r e c t i o n .  

The f i n i t e  p o p u l a t i o n  c o r r e c t i o n  i s :  

S a m p l i n g  100 p e r c e n t  o f  t h e  h o s p i t a l  c a s e s  h a s  t w o  

i m p o r t a n t  i m p l i c a t i o n s .  The n u m e r a t o r  o f  t h e  f i n i t e  

p o p u l a t i o n  c o r r e c t i o n  i s  z e r o  f o r  t h e  h o s p i t a l  s t r a t u m  

o f  e a c h  mode l  y e a r .  Thus  t h e  v a r i a n c e  o f  t h e  e s t i m a t e  

h a s  o n l y  t w o  t e r m s ,  o n e  f o r  e a c h  o f  t h e  n o n - h o s p i t a l  

s t r a t a ,  and  i s  i n d e p e n d e n t  o f  t h e  m a g n i t u d e  o f  t h e  p r o -  

b a b i l i t y  o f  i n j u r y  i n  t h e  h o s p i t a l  s t r a t a .  F u r t h e r -  

mo re ,  P ( l - P )  f o r  t h e  n o n - h o s p i t a l  s t r a t a  becomes s m a l l  

i f  t h e  p r o b a b i l i t y  o f  s e v e r e  i n j u r y  i n  t h e s e  s t r a t a  i s  

s m a l l .  Thus ,  s t r a t i f y i n g  o n  a  v a r i a b l e  h i g h l y  a s s o -  

c i a t e d  w i t h  t h e  i n c i d e n c e  o f  s e v e r e  i n j u r y ,  a n d  s a m p l i n g  

1 0 0  p e r c e n t  o f  t h e  c a s e s  i n  t h e  s t r a t a  w i t h  a  h i g h  

l i k e l i h o o d  o f  i n j u r y ,  c o n s i d e r a b l y  i m p r o v e s  t h e  p r e c i s i o n  

o f  m e a s u r e m e n t ;  t h e  v a r i a n c e  e s t i m a t e s  a r e  a  f u n c t i o n  

o f  o n l y  t h e  s a m p l e  s i z e s  and  t h e , p r o b a b i l i t y  o f  s e v e r e  

i n j u r y  i n  t h e  n o n - h o s p i t a l  s t r a t a .  

W i t h  t h e  d e s i g n  e s t i m a t e  g i v e n  i n  T a b l e  4 ,  and  

a s s u m i n g  t h e  i n c i d e n c e  o f  s e v e r e  i n j u r y  i n  1 9 7 3  c a r s  i s  

1 3  p e r c e n t ,  a  20  p e r c e n t  r e d u c t i o n  i n  1 9 7 4  c a r s  c a n  b e  

d e t e c t e d  w i t h  a = 0 . 0 5  and  a  p o w e r  o f  0 . 9  i f  t h e  p r o b a b i l i t y  



o f  s e v e r e  i n j u r y  among n o n - h o s p i t a l  c a s e s  i s  4 p e r c e n t  

o r  1  e s s .  

T h u s ,  a  s a m p l i n g  p l a n  i n c l u d i n g  a l l  t h e  h o s p i t a l  

c a s e s  a n d  u s i n g  t h e  s a m p l i n g  r a t e s  shown i n  T a b l e  4 

f o r  t h e  n o n - h o s p i t a l  c a s e s , a n d  w i t h  i n j u r y  e x p e r i e n c e  

i n  1 9 7 3  c a r s  e q u i v a l e n t  t o  t h a t  w h i c h  h a s  b e e n  o b -  

s e r v e d  p r e v i o u s l y  i n  Wash tenaw C o u n t y ,  w i l l  p r o v i d e  a  

s a m p l e  i n  w h i c h  t h e  b i a s  f r o m  m i s s i n g  d a t a  c a n  b e  

h e l d  t o  a n  a c c e p t a b l e  l e v e l ,  w i t h  a  s a m p l i n g  e r r o r  

s m a l l  e n o u g h  t o  m e e t  t h e  p r i m a r y  o b j e c t i v e s  o f  t h e  

p r o j e c t .  

F o r  o p e r a t i o n a l  r e a s o n s ,  we a d o p t e d  n o n - h o s p i t a l  

s a m p l i n g  f r a c t i o n s  o f  o n e - t h i r d  a n d  o n e - h a l f  f o r  1 9 7 3  

a n d  1 9 7 4  c a r s ,  r e s p e c t i v e l y ,  r a t h e r  t h a n  t h e  a w k w a r d  

d e s i g n  f r a c t i o n s  g i v e n  i n  T a b l e  4. The  s i z e s  o f  e a c h  

s t r a t u m  a f t e r  o n e  y e a r  a n d  a f t e r  1 8  m o n t h s  o f  d a t a  

c o l l e c t i o n  a t  H S R I  a r e  i n c l u d e d  i n  T a b l e  4 .  

The  a c t u a l  number  o f  c a s e s  i n v e s t i g a t e d  i s  v e r y  

c l o s e  t o  t h e  o r i g i n a l  e s t i m a t e .  The  a c t u a l  p e r c e n t a g e  

o f  t h e  t o w a w a y  p o p u l a t i o n  w h i c h  i s  i n  t h e  h o s p i t a l  

s t r a t a  i s  s l i g h t l y  h i g h e r  t h a n  a n t i c i p a t e d ,  b u t  t h i s  

h a s  r e s u l t e d  i n  a  m o r e  n e a r l y  o p t i m a l  d i s t r i b u t i o n  o f  

c a s e s  among t h e  i n d i v i d u a l  s t r a t a .  W h i l e  t h e  d e s i g n  

was b a s e d  o n  a n  e x p e c t e d  p r o p o r t i o n  o f  o c c u p a n t s  w i t h  

s e v e r e  i n j u r y  o f  1 3  p e r c e n t  i n  1 9 7 3  c a r s ,  t h e  o b s e r v e d  

p r o p o r t i o n  h a s  b e e n  o n l y  7 . 7  p e r c e n t .  The  p r o p o r t i o n  

o f  s e v e r e  i n j u r i e s  i n  t h e  1 9 7 3  n o n - h o s p i t a l  s t r a t u m  

i s  o n l y  1 . 6  p e r c e n t ,  t h u s  p r o v i d i n g  a  p o w e r  o f  o v e r  

0 . 9  w i t h  a = 0 . 1 .  

S e v e r a l  g e n e r a l  comments  r e g a r d i n g  t h e  e x p e r i -  

m e n t a l  d e s i g n  s h o u l d  b e  made. The  d e s i g n  p r o v i d e s  

r e 1  i a b l  e  r e p r e s e n t a t i o n  o f  t h e  t a r g e t  p o p u l a t i o n  i n  

t h e  r e g i o n  c o v e r e d  b y  t h e  H S R I  t e a m s .  T h e r e  i s  



c o n s i d e r a b l e  i n t e r e s t  i n  e x t r a p o l a t i n g  t h e  r e s u l t s  t o  

a  much l a r g e r  p o p u l a t i o n ,  e v e n  t o  a  n a t i o n a l  e s t i m a t e .  

F o r  t h i s  p u r p o s e ,  t h e  f i n i t e  p o p u l a t i o n  c o r r e c t i o n  

a p p r o a c h e s  1  a n d  s h o u l d  b e  n e g l e c t e d ,  t h u s  i n c r e a s i n g  

t h e  v a r i a n c e  o f  t h e  e s t i m a t e d  d i f f e r e n c e  i n  t h e  mea- 

s u r e d  p r o p o r t i o n s .  W i t h  o t h e r  p a r a m e t e r s  u n c h a n g e d ,  

t h e  p o w e r  i s  r e d u c e d  t o  a p p r o x i m a t e l y  t w o - t h i r d s - - c o n -  

s i d e r a b l y  l o w e r  t h a n  t h e  l e v e l  d e s i r e d  f o r  t h i s  s t u d y .  

T h i s  p r o b l e m  w o u l d  b e  l a r g e l y  o f f s e t  b y  t h e  i n c l u s i o n  

o f  d a t a  c o l l e c t e d  b y  CALSPAN a n d  SwRI i f  t h e  d a t a  f r o m  

a l l  t h r e e  t e a m s  c o u l d  b e  c o m b i n e d .  The  e x p e c t e d  t o t a l  

q u a n t i t y  w o u l d  r a i s e  t h e  p o w e r  b a c k  t o  a c c e p t a b l e  

l e v e l s  o f  b e t w e e n  0 . 8 5  a n d  0 . 9 .  I t  m u s t  b e  e m p h a s i z e d ,  

h o w e v e r ,  t h a t  w h i l e  t h e  s a m p l i n g  e r r o r  u s i n g  a l l  t h r e e  

t e a m s  may b e  a c c e p t a b l y  l o w  f o r  n a t i o n a l  i n f e r e n c e s ,  

t h e  d a t a  f r o m  t h e  t h r e e  s p e c i f i c  l o c a l  a r e a s  d o  n o t  

c o m p r i s e  a  p r o b a b i l i t y  s a m p l e  f r o m  t h e  n a t i o n  a n d  d o  

n o t  n e c e s s a r i l y  p r o v i d e  a n  u n b i a s e d  e s t i m a t e .  S i m p l y  

i n c r e a s i n g  t h e  s i z e  o f  t h e  s a m p l e  w i t h i n  e a c h  a r e a  

d o e s  n o t  r e d u c e  b i a s  i n  a  n a t i o n a l  e s t i m a t e .  Any c o n -  

f i d e n c e  i n  a  n a t i o n a l  e x t r a p o l a t i o n  e n g e n d e r e d  b y  

s e e m i n g l y  a c c e p t a b l e  s a m p l e  s t a t i s t i c s  may b e  ill u s o r y .  

N e v e r t h e l e s s ,  o n e  m i g h t  b e  t e m p t e d  t o  d r a w  a  c a u t i o u s  

i n f e r e n c e  r e g a r d i n g  q u e s t i o n s  f o r  w h i c h  r e s u l t s  f r o m  

t h e  t h r e e  a r e a s  a r e  u n i f o r m  a n d  c o n s i s t e n t .  



3.0 FIELD OPERATIONS 

The f i e l d  ope ra t i ons  rep resen ted  a  r e d i r e c t i o n  o f  two 

programs t h a t  have been conduct ing  i n -dep th  i n v e s t i g a t i o n s  i n  

Washtenaw and Oakland Count ies f o r  seve ra l  yea rs .  The geo- 

g raph ic  areas and t o t a l  l e v e l  o f  f i e l d  e f f o r t  have n o t  changed. 

A l l  i n v e s t i g a t i o n s  were done o f f -scene,  u s u a l l y  w i t h i n  one o r  

two days o f  t h e  a c c i d e n t .  

N o t i f i c a t i o n  was through d a i l y  c o n t a c t  w i t h  n i n e  p o l i c e  

departments i n  t h e  two areas.  The o n l y  change i n  t h e  n o t i f i -  

c a t i o n  procedure o f  t h e  e a r l  i e r  programs was expansion o f  t h e  

cand ida te  v e h i c l e  c r i t e r i a  t o  i n c l  ude a1 1  towaways. 

From t h e  i n i t i a l  p l a n n i n g  o f  t h e  program t h e  ph i l osophy  

o f  c o l l e c t i n g  o n l y  t h e  da ta  r e q u i r e d  t o  meet t h e  p r o j e c t  ob- 

j e c t i v e s  on a  s u i t a b l y  s e l e c t e d  sample was adopted. Thus t h e  

number o f  da ta  elements was min imized so t h a t  t h e  number o f  

cases c o u l d  be increased w i t h o u t  compromising t h e  i n t e g r i t y  

o f  t h e  sample. The p r i n c i p a l  d a t a  c o l l e c t e d  were: 

1 )  V e h i c l e  I d e n t i f i c a t i o n  (VIN make and model) 
2 )  C o l l i s i o n  t ype  and o b j e c t  s t r u c k  
3 )  V e h i c l e  Damage ( C o l l  i s i o n  Deformat ion  

C l a s s i f i c a t i o n  and c rush )  
4 )  I n j u r y  d e s c r i p t i o n  u s i n g  t h e  Occupant 

I n j u r y  C l a s s i f i c a t i o n s ( 7 )  
5 )  Occupant d e s c r i p t i o n  
6 )  R e s t r a i n t  usage 

6a) R e s t r a i n t  system d e f e c t  o r  d e f e a t  
mechanisms 

The l a s t  i tem, r e s t r a i n t  system de fea t ,  was c o l l e c t e d  as 

m a t e r i a l  ev idence r e g a r d i n g  r e s t r a i n t  usage and was o f  va lue  i n  



making a  r e l i a b l e  assessment o f  usage. No d e t a i l  on s t r u c t u r a l  

performance o f  t h e  v e h i c l e  o r  occupant c o n t a c t  (excep t  t o  

a s s i s t  i n  r e s t r a i n t  usage assessment) was c o l l e c t e d ,  n o r  was 

t h e  scene o f  t h e  a c c i d e n t  v i s i t e d .  I n  general  o n l y  a  

f r a c t i o n  o f  t h e  i n f o r m a t i o n  i n c l u d e d  i n  t h e  General Motors Long 

Form was c o l l e c t e d .  T h i s  s i m p l i f i e d  t h e  f i e l d  e f f o r t  cons i -  

de rab ly .  On t h e  o t h e r  hand, cons ide rab le  c a r e  and e f f o r t  was 

devoted t o  assessment o f  r e s t r a i n t  usage and i n j u r y .  The 

l a r g e  p r o p o r t i o n  o f  minor  c o l l i s i o n s  meant t h a t  p h y s i c a l  

ev idence on r e s t r a i n t  usage through occupant c o n t a c t  and 

k inemat i cs  r e c o n s t r u c t i o n  was o f t e n  n o t  p resen t .  Therefore,  

an occupant i n t e r v i e w  was r e q u i r e d  i n  n e a r l y  eve ry  case. Such 

i n t e r v i e w s  were a l s o  t h e  p r i n c i p a l  source o f  i n j u r y  i n f o r -  

mat ion  f o r  occupants who d i d  n o t  go t o  a  h o s p i t a l .  

The documentat ion used i n  a  1  arge data-co l  1  e c t i o n  e f f o r t  

i s  i m p o r t a n t  t o  t h e  success o f  t h e  p r o j e c t .  T h i s  i s  par -  

t i c u l a r l y  t r u e  i f  a  r i g o r o u s  fo rmal  sampl ing techn ique i s  

used. A  fo rm f o r  f i e l d  use was developed s p e c i f i c a l l y  f o r  

t h i s  p r o j e c t .  The form i s  i n tended  t o  be s imp le  and con- 

v e n i e n t  f o r  f i e l d  use, and i s  s t r u c t u r e d  f o r  d i r e c t  keypunch- 

i ng w i t h o u t  a  separa te  cod ing  o r  t r a n s c r i p t i o n  opera t i on .  

Cons iderab le  d e t a i  1  was devoted t o  r e c o r d i n g  i n f o r m a t i o n  

r e l e v a n t  t o  t h e  assessment o f  r e s t r a i n t  usage, s i n c e  t h i s  i s  

one o f  t h e  most i m p o r t a n t  y e t  most d i f f i c u l t  v a r i a b l e s  t o  

assess r e l i a b l y .  I n  a d d i t i o n  t o  t h e  f i n a l  conc lus ion  on 

usage, i n f o r m a t i o n  was p rov ided  on t h e  i n v e s t i g a t o r ' s  con- 

f i d e n c e  i n  t h e  conc lus ions .  Data were a l s o  i n c l u d e d  on t h e  

sources o f  i n f o r m a t i o n  re1  evant  t o  usage d e t e r m i n a t i o n  and 

t h e  i n d i c a t i o n s  from each source.  Th is  d e t a i l  was p rov ided  

as much t o  s t r u c t u r e  t h e  usage e v a l u a t i o n  and a s s i s t  t he  

i n v e s t i g a t o r  as t o  p r o v i d e  da ta  f o r  a n a l y s i s .  A d d i t i o n a l  da ta  

were i n c l u d e d  i n  each r e p o r t  f o r  purposes o f  da ta  management 

and c o n t r o l .  A copy o f  t h e  fo rm i s  i n c l u d e d  i n  Appendix A. 



Rigorous conformity with the sampling plan was cr i t ical  

t o  the success of this  restraint system evaluation. The re- 
sul ts  are credible only t o  the extent that the sample i s  a 
probabil i ty sample representing the target population without 
biases introduced through inappropriate sampl i ng or incom- 
pl  ete coverage. Considerabl e effor t  was devoted t o  maintain- 
ing the integrity of the sampling procedures. The f i r s t  re- 
qui rement was to keep the sampl i ng process from being in- 

fluenced by the investigator's judgment. To keep the total 
process efficient and to provide pre-investigation s t r a t i -  
fication, we decided t o  select the sample solely on the basis 
of the police report. Stratification was based on the l is t ing 
of where the injured were taken. This item i s  included in 
the police report. If any occupant of a candidate vehicle 
was taken t o  a hospital, the case was investigated and was 
denoted by an "H", indicting a unit of a hospital stratum. 
If a hospital was n o t  l is ted,  the case was included in the 
sample on the basis of the l a s t  two digits of the license 
plate as l isted on the police report, accepting a l l  1974 

cars with an odd digi t  and al l  1973 cars whose las t  two 
digits are divisible by 3. Such cases were denoted by a 
" G o ,  indicating units in the non-hospi tal s t rata .  Vehicles 
which failed the l a t t e r  check were denoted " N "  and were n o t  
i ncl uded i n the sample. 

A rather compl ex procedure was es tab1 ished for hand1 i ng 

the data, b o t h  pol ice reports and field reports, t o  permit 
monitoring of the sampling procedure. The methods used t o  
monitor and  maintain qua1 i ty  control, and t o  assure adherence 
to the project design, were incorporated within the protocol 
used for data management and control. The specific ob- 
jectives of the procedures used were to :  



1 )  Eventually generate a f i l e  of case investi-  
gations for  analysis .  

2 )  Allow monitoring of the application of the 
sample selection techniques. 

3) A1 low checking the completeness of the 
sampl e frame (reports  forwarded by pol i c e ) .  

4 )  A1  low measurement of actual s t r a t a  sampling 
f ract ions .  

5 )  Allow measurement of missing data within the 
sampl e frame. 

6 )  A 1  low examination of character is t ics  of miss- 
ing data cases and omissions from the sample 
frame based on pol ice-report data. 

The methods used to  achieve these objectives can best be 
explained by reference to the flow chart  fo r  project data 
shown in Figure 1 . A1 1 pol ice reports forwarded to  the project 
l i s t i ng  a vehicle which meets the acceptable c r i t e r i a  on the 
basis of the original report were used to  create a "police 
report f i l e .  " The en t i re  report was not keypunched. Only 
those en t r i es  which re la te  to the vehicle acceptabil i ty c r i -  
t e r i a  and those related to accident ident i f ica t ion (date,  time, 
location, e t c . )  and to sample selection were coded. In 
addition, the sample resu l t s  ( H ,  G ,  N )  and case report number 
were i ncl uded. 

This f i l e  was l a t e r  matched against a f i l e  of a l l  candi- 
date vehicles in the project areas derived from tapes provided 
monthly by the Michigan Sta te  Police. This match ident i f ies  
candidate vehicles in the State f i l e s  which were not forwarded 
t o  the project through the notif icat ion scheme. An attempt 
was made t o  find the police report for  the "missing" cases, 
e i the r  from the local police department or from the Sta te  
police f i l e s ,  and to investigate the cases even though they 
were old. 

Occasionally errors are  made on police reports, and some 
apparent candidate cases in f a c t  did not meet our vehicle 
c r i t e r i a .  Examples are  1973 cars that  turned out to be 1972 
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models. I f  these cases were n o t  i n c l u d e d  i n  t h e  p o l i c e -  

r e p o r t  f i l e ,  t hey  would i n c o r r e c t l y  be i d e n t i f i e d  as m i s s i n g  

data  cases i n  t h e  s t a t e  f i l e .  On t h e  o t h e r  hand, they  shou ld  

be d e l e t e d  f rom t h e  f i n a l  a n a l y s i s .  Th i s  i s  t h e  reason t h e y  

were c a r r i e d  as cases and i d e n t i f i e d  on t h e  r e p o r t  form. 

Other  procedures f o r  accompl i s h i n g  t h e  same o b j e c t i v e  a r e  

p o s s i b l e ,  b u t  t h i s  was s e l e c t e d  as conven ien t  b o t h  i n  t h e  

f i e l d  and f o r  au tomat i c  data  process ing.  

The sampl i ng procedures used i n  t h e  f i e 1  d  were mon i to red  

by  mechanized d u p l i c a t i o n  o f  t h e  process i n  t h e  p o l i c e  r e p o r t  

f i l e  and comparison o f  r e s u l t  w i t h  t h e  cod ing  o f  H, G, o r  N  

ass igned by t h e  i n v e s t i g a t o r s  . The ach ieved sampl i ng r a t i o s  

were a l s o  a v a i l a b l e  f rom t h e  po l  i c e  r e p o r t  f i l e .  

The v a l i d  cases were used t o  c o n s t r u c t  t h e  a n a l y s i s  f i l e ,  

a f t e r  automated e r r o r  checks a r e  made. 

The procedure desc r ibed  above may appear t o  be complex, 

b u t  i n  f a c t  i s  r a t h e r  e f f i c i e n t  and accomplishes a l l  t h e  

l i s t e d  o b j e c t i v e s .  Th is  a s s i s t e d  g r e a t l y  i n  p r o v i d i n g  good 

qua1 i t y  c o n t r o l  and a s s u r i n g  t h a t  t h e  r e s u l t s  o f  t h e  s tudy  

would be c r e d i b l e .  

The procedures t h a t  have been desc r ibed  above were used 

a t  HSRI. CALSPAN and SwRI used procedures wh ich  by  n e c e s s i t y  

were somewhat d i f f e r e n t .  CALSPAN i n v e s t i g a t e d  a1 1  cases t h a t  

met t h e  v e h i c l e  c r i t e r i a ,  and thus  p rov ided  a  census o f  t h e  

e i g h t  western  c o u n t i e s  o f  New York. One r e s u l t  o f  t h e  census 

i s  t h a t  t h e  f i n i t e  p o p u l a t i o n  c o r r e c t i o n  f o r  t h e  area covered 

i s  zero .  Thus t h e  CALSPAN data  r e p r e s e n t  t h e  New York 

c o u n t i e s  w i t h o u t  sampl ing e r r o r ,  t h e  o n l y  e r r o r s  be ing  ob- 

s e r v a t i o n a l  e r r o r s  and e r r o r s  f rom m i s s i n g  da ta  w i t h i n  t h e  

census. SwRI used a  r a t h e r  complex s t r a t i f i e d  sampl ing proce- 

dure .  E i g h t  s t r a t a  were d e f i n e d  on t h e  b a s i s  o f  whether t h e  

w o r s t  i n j u r y  was o f  AIS=2 o r  g r e a t e r ,  an occupant was conveyed 

t o  a  h o s p i t a l ,  and t h e  h i g h e s t  p o l i c e  i n j u r y  code on t h e  a c c i -  

den t  r e p o r t .  



I n c l u s i o n  o f  t h e  AIS o f  t h e  w o r s t  i n j u r y  as a  s t r a t i -  

f i c a t i o n  v a r i a b l e  cons ide rab ly  compl i c a t e s  s t a t i s t i c a l  i n -  

fe rence and c o u l d  r e s u l t  i n  some b i a s  s i n c e  f o r  these occupants 

t h e  s t r a t i f i c a t i o n  i s  based on t h e  dependent v a r i a b l e .  Except 

f o r  one s t r a t u m  which i n c l u d e d  o n l y  3.5 percent  o f  t h e  

v e h i c l e s ,  t h e  s t r a t a  c o n s i s t  o f  subsets o f  cases which were 

" h o s p i t a l  " cases sampled a t  100 pe rcen t  and "non-hospi t a l  " 
cases sampled a t  50 pe rcen t .  The excep t ion  was a  s t r a t a  o f  

AIS>2, - no-hosp i ta l  ,and an i n j u r y  i n d i c a t e d  on t h e  po l  i c e  r e -  

p o r t .  These cases were sampled a t  100 percent  by SwRI b u t  

were i n f r e q u e n t  because o f  t h e  d iscrepancy between t h e  AIS 

and "no h o s p i t a l  " requ i rement .  

SwRI s e l e c t e d  cases sampled a t  50 pe rcen t  by  a  1  i cense  

p l a t e  c r i t e r i a  s i m i l a r  t o  t h e  method used a t  HSRI. The 

l i c e n s e  p l a t e  t e s t  was a p p l i e d  t o  a l l  cases and t h e  r e s u l t s  

were i n c l u d e d  w i t h  t h e  d i g i t a l  i n f o r m a t i o n  s e n t  t o  HSRI. We 

were thus  a b l e  t o  sample t h i s  s t r a t a *  by t h e  same 1  i cense  

p l a t e  t e s t  used a t  SwRI, and d e r i v e  a  post -exper imenta l  

s t r a t i f i c a t i o n  which was 100 pe rcen t  o f  a l l  " h o s p i t a l  cases" 

and 50 pe rcen t  o f  a l l  o the rs ,  s i m i l a r  t o  t h e  method used a t  

HSRI. T h i s  l a t t e r  s t r a t i f i c a t i o n  avo ids  t h e  use o f  t h e  

dependent v a r i a b l e  and was used f o r  t h e  a n a l y s i s  r e p o r t e d  

here.  Only 35 (1  p e r c e n t )  cases were dropped f rom t h e  

eighteen-month sampl e  by u s i n g  t h i s  procedure. 

*The s t r a t a  w i t h  "non-hospi t a l " ,  AIS>2, - and i n j u r y  i n d i c a t e d  
on t h e  p o l  i c e  r e p o r t .  



4.0 DATA PROCESSING AND ANALYSIS 

4.1 Data Processing 

The data  acqu i red  i n  t h e  f i e l d  f o r  t h i s  program rep resen t  

a  compromise f rom t h e  usual  i n -dep th  a c c i d e n t  i n v e s t i g a t i o n  

da ta  r e p o r t e d  on t h e  C o l l i s i o n  Performance and I n j u r y  Report  

(GM Long Form). Th is  compromise r e s u l t e d  f rom t h e  r e q u i r e -  

ment f o r  m i n i m i z i n g  m i s s i n g  data, produc ing an adequate sample, 

and s t a y i n g  w i t h i n  a  g i v e n  budget. 

The f i e l d  form as used i n  Washtenaw and Oakland Count ies 

was developed as a  keypunching f o r m 4  . e n ,  t h e  i n f o r m a t i o n  was 

recorded i n  such a  way t h a t  a  keypuncher c o u l d  work d i r e c t l y  

f rom t h e  form, r a t h e r  than go ing  through an i n t e r m e d i a t e  s t e p  

o f  t r a n s c r i b i n g .  There was, however, a  manual e d i t i n g  s t e p  t o  

ensure t h a t  t h e  da ta  elements a r e  c o n s i s t e n t l y  and p r o p e r l y  

coded, p r i o r  t o  keypunching. The punched cards were then  read 

month ly  by a  p r e - f i l e  b u i l d  program t h a t  checked aga in  f o r  

cod ing  e r r o r s  and composed one-page summaries i n  t e x t  fo rm 

( F i g u r e  2 ) .  

The f i e l d  i n v e s t i g a t i o n  da ta  were then b u i l t  i n t o  bo th  

v e h i c l e  and occupant a n a l y s i s  f i l e s ,  u s i n g  t h e  OSIRIS format .  

The f i n a l  s t e p  o f  each month ly  f i l e  update was t h e  p r e p a r a t i o n  

o f  severa l  dozen b i v a r i a t e  t a b l e s  t o  check t h e  f i l e  con ten ts  

and recompute r o u t i n e  a n a l y s i s  r e s u l t s .  

The f i l e  o f  sampled v e h i c l e s ,  then, c o n t a i n s  a l l  o f  t h e  

d e t a i l e d  i n f o r m a t i o n  of t h e  f i e 1  d  r e p o r t ,  e.g., t h e  C o l l  i s i o n  

Deformat ion C l a s s i f i c a t i o n  (CDC) f o r  t h e  v e h i c l e ,  t h e  i n j u r y  

codes f o r  t h e  occupants, and a  v a r i e t y  o f  o t h e r  i n f o r m a t i o n  





such as v e h i c l e  weight,  number o f  veh ic les  i n  t he  acc ident ,  

crash type, ob jec t s  s t ruck ,  age-weight-height-sex o f  occu- 

pants,  be1 t usage in fo rmat ion ,  e t c .  I n  a d d i t i o n  t o  t he  

i n f o rma t i on  repor ted  on t h e  f i e l d  form, severa l  de r i ved  

va r i ab l es  were created i n  t h i s  f i l e  f o r  convenience i n  

ana l ys i s .  These inc lude,  f o r  example, t h e  J u l i a n  day o f  t he  

c o l l i s i o n ,  t he  sampling r a t i o  used f o r  t h i s  p a r t i c u l a r  case, 

and bracketed age and weight  i n f o rma t i on .  

CALSPAN Corporat ion prov ided t h e  R e s t r a i n t  System Evalu- 

a t i o n  Study data c o l l e c t e d  i n  t he  e igh t -coun ty  Bu f f a l o ,  New 

York, area t o  H S R I  i n  a  format  i d e n t i c a l  t o  t h e  Oakland and 

Washtenaw County f i e l d  form. Consequently, t h e  data c o l -  

l e c t e d  by CALSPAN were sub jec t  t o  t he  same code checks and 

f i l  e - b u i l d  process as t he  data co l  l e c t e d  by HSRI. Both se ts  

o f  data shared a  common ana l ys i s  f i l e  format.  The data 

c o l l e c t e d  by S w R I  i n  a  seven-county area s t r e t c h i n g  f r o n  San 

Antonio t o  Aust in ,  Texas, was prov ided t o  HSRI i n  SwRI's own 

format.  Whi le t he  r e s u l t a n t  f i l e  format  d i f f e r s ,  many o f  

t he  data elements a re  common t o  t he  CALSPAN and HSRI data.  

Two o t h e r  f i l e s  o f  po l  i ce - repo r t ed  data were const ructed:  

po l  i c e  r e p o r t s  c o l l e c t e d  by HSRI i n  the  n o t i f i c a t i o n  process, 

and s ta te -po l  ice-processed po l  i c e  r e p o r t s .  The f i r s t  o f  

these i s  t h e  s e t  o f  a l l  candidate veh ic les  c o l l e c t e d  from 

p a r t i c i p a t i n g  po l  i c e  agencies. The i n f o rma t i on  coded i n t o  

the  f i l e  was taken from t h e  p o l i c e  r epo r t ,  and serves t o  

i d e n t i f y  the  t o t a l  popu la t ion  from which t h e  sample i s  drawn-- 

t he  sample frame. I n  t h i s  f i l e  we no te  t he  r e p o r t i n g  agency, 

date and t ime, make and model, year  o f  veh ic le ,  whether o r  

n o t  the  v e h i c l e  was towed, t h e  1  icense p l a t e  number, l o c a t i o n  

t o  which the  i n j u r e d  were taken, as w e l l  as severa l  o t he r  f a c t o r s .  

However, we d i d  no t  i nc l ude  a l l  t he  i n f o rma t i on  on t he  p o l i c e  

r e p o r t .  Since the  bas ic  s e l e c t i o n  and sampling was done 

us ing these data elements, t he re  i s  enough i n f o rma t i on  here 



t o  p e r m i t  comparison w i t h  t h e  sampled v e h i c l e  f i e l d  da ta  f i l e  

desc r ibed  above f o r  t h e  c o n f i r m a t i o n  o f  sampl i n g  procedures.  

The second p o l i c e  f i l e  was one d e r i v e d  f rom Mich igan 

S t a t e  P o l i c e  Department tapes.  These were acqu i red  on 

a  r e g u l a r  p e r i o d i c  schedule approx ima te l y  t h r e e  months a f t e r  

t h e  acc iden t ,  and i s  t h e  d i g i t a l  r e c o r d  prepared by  t h e  s t a t e  

p o l i c e  f rom forms forwarded t o  them by t h e  v a r i o u s  r e p o r t i n g  

p o l i c e  departments.  For  a  v a r i e t y  o f  reasons, t h e  s t a t e  

po l  i c e  f i l e s  may c o n t a i n  r e p o r t s  o f  accep tab le  v e h i c l e s  wh ich  

were n o t  o b t a i n e d  by  t h e  i n v e s t i g a t o r s ,  and t h e  i n v e s t i g a t o r s  

may have o b t a i n e d  r e p o r t s  which t h e  s t a t e  p o l i c e  never r e -  

ce i ve .  It would be i d e a l  i f  t h e r e  were no d i sc repanc ies  

between these two s e t s  o f  da ta .  

One cannot  compare t h e  data  i n  t h e  two f i l e s  on t h e  b a s i s  

o f  an ass igned a c c i d e n t  r e p o r t  number, because t h e  o n l y  i d e n t i -  

f y i n g  number i n  t h e  s t a t e  p o l i c e  f i l e  i s  ass igned a t  t h e  t i m e  

i t  i s  encoded by t h a t  agency. A  comparison was made between 

t h e  f i l e s  by  match ing on t e n  v a r i a b l e s  and f o l l o w i n g  up on 

any cases t h a t  were o r i g i n a l l y  o m i t t e d  f r o m  t h e  sample form.* 

Note t h a t  t h e  data  p rocess ing  i s  n o t  an end i n  i t s e l f ,  

b u t  s i m p l y  a  procedure  t h a t  makes t h e  da ta  ready f o r  a n a l y s i s .  

As a  m a t t e r  o f  convenience, numerous d e r i v e d  v a r i a b l e s  were 

added. The b a s i c  a n a l y s i s  f i l e  i s  a  c o m p i l a t i o n  o f  a1 1  o f  t h e  

f u l l y  i n v e s t i g a t e d  cases a long  w i t h  c e r t a i n  i n f o r m a t i o n  about  

t h e  sampl ing r a t i o s ,  so t h a t  t h e  e n t i r e  p o p u l a t i o n  can be 

r e c o n s t r u c t e d  a n a l y t i c a l  l y  as r e q u i r e d .  

A l though t h e  e n t i r e  d a t a - t a k i n g  program covered a  p e r i o d  

o f  18 months, da ta  f i l e s  were b u i l t  a f t e r  t h e  f i r s t  s i x  months 

on a  month ly  b a s i s - - p e r m i t t i n g  p r e l i m i n a r y  a n a l y t i c  a c t i v i t i e s  

t o  t a k e  p l a c e  on a  s u b s t a n t i a l  p o r t i o n  o f  t h e  f u l l  da ta .  

*The t e n  v a r i a b l e s  were p o l i c e  codes f o r  county,  c i t y ,  p o l i c -  
i n g  agency, date,  hour, d r i v e r  age, v e h i c l e  type-make-model 
year ,  and "towed f rom scene. " 



4.2 Summary o f  Data C o l l e c t i o n  

The t o t a l  number o f  cases i n v e s t i g a t e d  and a v a i l a b l e  f o r  

t h i s  r e p o r t  f rom t h e  e igh teen  month p e r i o d  f o r  each team i s  

shown i n  Table 5 .  Not a l l  o f  t h e  cases shown were used f o r  

ana lys i s ,  because a  c e r t a i n  number f rom each team were m iss ing  

data  on a  v a r i a b l e  o f  i n t e r e s t .  

Since m i s s i n g  data  was a  f a c t o r  o f  g r e a t  importance t o  

t h e  study,  i t  i s  wor thwh i le  t o  rev iew t h e  success o f  t h e  teams 

i n  c o n t r o l  1  i n g  and m i n i m i z i n g  m i s s i n g  data.  

A t  HSRI we have no measure o f  t h e  completeness o f  t h e  

CALSPAN o r  SwRI sampl i n g  frames, i .e., we cannot d e t e c t  a c c i -  

dents t h a t  were n o t  i n c l u d e d  i n  t h e  frame. The comparisons 

o f  t h e  f i l e s  o f  t h e  Mich igan S t a t e  Pol i c e  and t h e  a c c i d e n t  r e -  

p o r t s  c o l l e c t e d  i n  Oakland and Washtenaw Count ies p e r m i t  a  

check as descr ibed e a r l i e r .  The comparisons o f  t h e  two p o l i c e  

r e p o r t  f i l e s  d i d  present  some d i f f i c u l t i e s ,  apparen t l y  because 

t h e  cod ing and keypunching done by two separate  o r g a n i z a t i o n s  

were n o t  always i d e n t i c a l  . Using severa l  v a r i a b l e s  compounded 

t h e  problems, w h i l e  us ing  fewer produced an unacceptably l a r g e  

number o f  non-uni que, ambiguous "matches. " Computer matches 

f o r  b o t h  coun t ies  i n d i c a t e d  t h a t  we were m iss ing  about 18 per -  

c e n t  o f  t h e  a c c i d e n t  r e p o r t s  t h a t  shou ld  have been i n  t h e  

sample frame. However, upon a t t e m p t i n g  t o  f i n d  and i n v e s t i -  

gate  t h e  m i s s i n g  r e p o r t s  we found t h a t  many had been rece ived  

b u t  d i d  n o t  meet t h e  case c r i t e r i a  based on t h e  i n f o r m a t i o n  

on t h e  o r i g i n a l  copy. There were a  number o f  v a l i d  r e p o r t s  

t h a t  were missed i n  t h e  o r i g i n a l  n o t i f i c a t i o n  procedure. I n  

general  we were s u c c e s s f u l l y  f i n d i n g  and i n v e s t i g a t i n g  o n l y  a  

ve ry  smal l  number o f  these cases, a1 though t h e  procedure d i d  

l e a d  t o  m o d i f i c a t i o n  o f  t h e  n o t i f i c a t i o n  method used a t  one 

p o l i c e  department. A f t e r  account ing f o r  t h e  apparen t l y  miss-  

i n g  cases t h a t  were known t o  be n o t  w i t h i n  t h e  sample frame, 

and those t h a t  were l a t e r  i n v e s t i g a t e d ,  t h e  p r o p o r t i o n  o f  t h e  



Table 5 

NUMBER OF CASES I N V E S T I G A T E D  

AMERICAN PASSENGER CARS 

Team 
CAPS PAN HSRI - SwRI - Total - 

Number of Vehicles 

1 9 7 3  

1374 

1 9 7 5  

Total  

Number of Outboard 
Front Seat Occupants 

Total 3 6 6 1  2 4 7 4  3051 9186 



t a r g e t  p o p u l a t i o n  o f  HSRI t h a t  was f i n a l l y  m i s s i n g  f rom t h e  

sample frame was about  n i n e  pe rcen t .  

M i s s i n g  data  w i t h i n  t h e  sample cases can be determined 

d i r e c t l y  f rom t h e  data  f i l e s .  The m i s s i n g  da ta  r a t e s  on key 

v a r i a b l e s  a r e  shown f o r  each team i n  Tab le  6 .  The r a t e s  a r e  

low f o r  HSRI and SwRI on a l l  t h e  v a r i a b l e s  shown, and par -  

t i c u l a r l y  f o r  t h e  key CDC ex ten t ,  AIS, and r e s t r a i n t  usage 

v a r i a b l e s .  The CDC e x t e n t  code f o r  m i s s i n g  data  i s  ambiguous. 

The s c a l e  i s  f rom zero  t o  n ine,  w i t h  no p r o v i s i o n  f o r  a  code 

f o r  m i s s i n g  data .  CALSPAN and SwRI i n v e s t i g a t e d  o n l y  ca rs  

towed f o r  damage. There fore ,  a l l  zero  codes were i n t e r p r e t e d  

as m i s s i n g  data,  and t h i s  i n t e r p r e t a t i o n  i s  c o n s i s t e n t  w i t h  

t h e  c rush  data .  HSRI i n v e s t i g a t e d  cases t h a t  were i n d i c a t e d  

on t h e  p o l i c e  r e p o r t  t o  have been towed. A number o f  these 

ca rs  were n o t  a c t u a l l y  towed o r  were towed f o r  reasons o t h e r  

than  damage, e.g., t h e  d r i v e r  was apprehended f o r  d r i n k i n g .  

Consequently, t h e  ze ro  e x t e n t  code f o r  HSRI i n c l u d e s  b o t h  

m i s s i n g  data  and no-damage cases. The two can be d i f f e r e n t -  

i a t e d  by examinat ion  o f  t h e  v a r i a b l e  f o r  inches o f  c rush.  

Thus, o f  t h e  3.3 pe rcen t  t h a t  were ze ro  e x t e n t ,  2.9 pe rcen t  

were m i s s i n g  data  and 0 .4  pe rcen t  (11 cases) were ze ro  damage. 

The h i g h  m i s s i n g  da ta  r a t e s  f o r  t h e  CDC e x t e n t  and occu- 

pan t  h e i g h t / w e i g h t  v a r i a b l e s  deserve exp lana t ion .  The m i s s i n g  

CDC e x t e n t  da ta  l a r g e l y  r e p r e s e n t  v e h i c l e s  which were n o t  

examined by  p r o j e c t  i n v e s t i g a t o r s .  I n  some o f  these cases 

o t h e r  elements o f  t h e  CDC were p rov ided  f rom p o l i c e  r e p o r t  

da ta .  The m i s s i n g  da ta  on h e i g h t  and w e i g h t  r e p r e s e n t  occu- 

pants who were n o t  i n te rv iewed .  The p r a c t i c e  used by CALSPAN 

i n  t h e  absence o f  an i n t e r v i e w  was t o  o b t a i n  i n j u r y  da ta  f rom 

medical  reco rds  f o r  occupants taken  t o  a  h o s p i t a l .  Apparen t l y  

t h i s  was done f o r  578, o r  15.8 pe rcen t  o f  t h e  t o t a l  number of 

o u t b o a r d - f r o n t - s e a t  occupants.  I f  t h e  occupant d i d  n o t  go t o  

a  h o s p i t a l ,  an AIS o f  0 was assigned, i f  t h e  p o l i c e  r e p o r t e d  



Table 6 

MISSING DATA RATES 

Miss ing  Data i n  Percent*  
CALSPAN HSRI - SwRI 

Veh ic le  Data: 

Case Veh ic le  Body Type 
CDC-extent 

Outboard F r o n t  Seat 
Occupants 

Age 
Hei ght /Weight  
Overa l l  AIS 
R e s t r a i n t  Usage 



no i n j u r y ,  and an AIS o f  1  i f  t h e  r e p o r t  i n d i c a t e d  an i n j u r y .  

The procedure was e v i d e n t l y  based on t h e  assumption t h a t  

peop le  w i t h  an i n j u r y  as severe as AIS=2 would have been taken 

t o  a  h o s p i t a l  . The number o f  occupants w i t h  t h e  AIS d e t e r -  

mined by t h i s  procedure was e v i d e n t l y  944, o r  25.8 pe rcen t  o f  

a1 1  occupants.  

The HSRI i n v e s t i g a t i o n s  i n c l u d e  14 occupants w i t h  an 

A 1 9 2  - who d i d  n o t  go t o  a  h o s p i t a l  . Th is  i s  4.7 pe rcen t  o f  

those w i t h  AIS>2. - The SwRI data  i n d i c a t e  t h a t  9.2 pe rcen t  

(39 )  o f  t h e  occupants w i t h  i n j u r i e s  o f  A 1 9 2  - d i d  n o t  go t o  a  

h o s p i t a l .  Thus t h e  data  o f  b o t h  HSRI and SwRI suggest  t h a t  

a  modest b i a s  i n  i n j u r y  s e v e r i t y  c o u l d  r e s u l t  f rom u s i n g  t h e  

CALSPAN r a t i o n a l e .  

The r e s t r a i n t  da ta  f o r  t h e  45 pe rcen t  o f  t h e  CALSPAN 

occupants who were n o t  i n t e r v i e w e d  were ob ta ined  f rom t h e  

po l  i c e  r e p o r t .  R e s t r a i n t  usage i s  g i ven  on t h e  New York 

s t a t e  a c c i d e n t  r e p o r t  f o rm f o r  each occupant.* I n  such 

cases t h e  re1  i a b i l  i ty  o f  t h e  assessment was never coded as 

d e f i n i t e .  Occupant age was a l s o  o b t a i n e d  f rom t h e  p o l i c e  

r e p o r t  f o r  these cases. 

One o t h e r  aspect  o f  t h e  data  i s  wor thy  o f  n o t e  i n  t h i s  

s e c t i o n .  The des ign  o f  t h e  program i n  each area had t o  be 

based on es t ima tes  o f  t h e  s e v e r i t y  o f  i n j u r y  taken f rom pre-  

v ious  s t u d i e s .  No p r e v i o u s l y  a v a i l a b l e  data ,  however, have 

p rov ided  an unbiased d i s t r i b u t i o n  o f  i n j u r y  on t h e  AIS f o r  a  

general  p o p u l a t i o n  o f  crashes.  Th is  p r o j e c t ,  which rep re -  

sents  v e h i c l e s  towed f rom t h e  scene, i s  t h e  f i r s t  t o  g i v e  t h i s  

i n f o r m a t i o n .  

The d i s t r i b u t i o n  o f  AIS f o r  t h e  r e c o n s t r u c t e d  p o p u l a t i o n  

i s  g i v e n  f o r  each team by model y e a r  i n  Tab le  C-1 o f  Appendix C.**  

*Pol i c e  Acc iden t  Report,  S t a t e  o f  New York, Department o f  
Motor  Veh ic les ,  f o rm MV-104A 1/74. 

**The f i g u r e s  f o r  t h e  r e c o n s t r u c t e d  p o p u l a t i o n  were d e r i v e d  
by w e i g h t i n g  each case by t h e  i n v e r s e  o f  t h e  sample r a t i o .  



The d i s t r i b u t i o n  f o r  a l l  t h r e e  teams and bo th  model years i s  

shown i n  F igu re  3. The r e s u l t s  shown a re  f o r  t h e  recon- 

s t r u c t e d  popu la t i on  w i t h  t h e  t h r e e  teams pooled. No weight -  

i n g  was a p p l i e d  t o  the  i n d i v i d u a l  teams o t h e r  than t h a t  

i n h e r e n t  i n  the  number o f  occupants represented i n  each sample. 

The most s u r p r i s i n g  r e s u l t  i s  the  low inc idence  o f  i n j u r y  o f  

AIS>2. - Nine ty  percent  o f  t h e  occupants were e i t h e r  n o t  i n -  

j u r e d  (48 percent )  o r  had i n j u r i e s  o f  AIS=l .  There were d i f -  

ferences between teams which w i l l  be discussed l a t e r ,  b u t  the  

p r o p o r t i o n  o f  AIS=O-1 v a r i e d  o n l y  f rom 87.4 percent  f o r  

CALSPAN t o  92.5 percent  f o r  HSRI. Correspondingly, t h e  i n c i -  

dence o f  A I D 2  - was o n l y  10.1 percent ,  and o n l y  2.7 percent  f o r  

AIS>3. - It should a l s o  be noted t h a t  t h e  frequency o f  f a t a l i t y  

(0.48 percent )  i s  g r e a t e r  than the  f requency o f  A I S  4 and 5  

(0.33 percent )  . 
Th is  d i s t r i b u t i o n  i s  s i g n i f i c a n t  t o  the  measure o f  

e f f e c t i v e n e s s  se lec ted  f o r  t h e  s tudy.  The dichotomy formed 

by s p l i t t i n g  a t  AIS>2 - was se lec ted  l a r g e l y  because i t  was 

des i red  t o  l o o k  a t  t h e  r e d u c t i o n  o f  n o n - t r i v i a l  i n j u r i e s ,  and 

an A I S r l  i n j u r y  was considered a  t o l e r a b l e  consequence even 

when r e s t r a i n e d .  I t  would be reasonable t o  increase t h e  th res -  

h o l d  t o  AIS=3, and o r i g i n a l l y  we had planned t o  a l s o  l o o k  a t  

t h i s  s p l  i t . However, t h e  1  ower -than -expected frequency o f  i n -  

j u r i e s  o f  A 1 9 3  - and g r e a t e r  prevents any meaningful i n fe rences  

a t  l e v e l s  h igher  than AIS22. C lea r l y ,  when we a r e  d e a l i n g  

w i t h  a  b road ly  de f ined  spectrum o f  acc idents  such as a l l  

towaways, severe i n j u r i e s  o f  A 1 9 3  - a r e  i n f r e q u e n t  events. 

F igu re  3 has been presented here because the  d i s t r i b u t i o n  i s  
s i g n i f i c a n t  t o  the  exper imental  design.  It i s  o f  general 

importance, however, because i t  i s  t h e  f i r s t  such data a v a i l -  

a b l e  and c o n s t i t u t e s  a  noteworthy f i n d i n g .  



FIGURE 3 

DISTRIBUTION OF AIS 

Outboard-front-seat occupants 

CALSPAN, HSRI, SwRI 

Based on 12,996 cases (weighted) 
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4.3 Methods o f  A n a l y s i s  

The analyses presented i n  t h i s  r e p o r t  a r e  d i r e c t e d  t o  

t h r e e  p r i n c i p a l  ques t i ons :  ( 1 )  What i s  t h e  f requency o f  r e -  

s t r a i n t  usage? ( 2 )  Are occupants o f  1973 c a r s  i n j u r e d  l e s s  

s e v e r e l y  than  t h e  occupants o f  1974 o r  1975 c a r s ?  ( 3 )  How 

does t h e  r e l a t i v e  frequency o f  severe i n j u r y  v a r y  w i t h  t h e  

r e s t r a i n t  used? S ince t h e  p r i m a r y  i n t e r e s t  i s  i n  t h e  e f f e c t  

o f  r e s t r a i n t s ,  o n l y  occupants w i t h  an o p t i o n  f o r  u s i n g  t h e  

f u l l  range of r e s t r a i n t s  a r e  i nc luded .  Thus t h e  a n a l y s i s  i s  

r e s t r i c t e d  t o  o u t b o a r d - f r o n t - s e a t  occupants s i t t i n g  i n  a  

normal p o s i t i o n .  A1 1  s t a t i s t i c s  and t a b l e s  a r e  r e s t r i c t e d  

t o  these occupants un less  o t h e r w i s e  i n d i c a t e d .  A t t e n t i o n  i s  

f u r t h e r  r e s t r i c t e d  t o  those  i n  American c a r s .  For  purposes 

o f  t h i s  s tudy  American ca rs  i n c l u d e  those manufactured by  

American c o r p o r a t i o n s ,  and those s o l d  i n  t h i s  c o u n t r y  by  

American manufac turers .  Th is  i n c l  udes t h e  domest ic  models 

and ca rs  such as Opels, Capr is ,  and C o l t s .  

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

e n t i r e  s tudy  would be an e s t i m a t e  o f  t h e  e f f e c t i v e n e s s  o f  

r e s t r a i n t  systems i n  reduc ing  i n j u r i e s  i n  automot ive  crashes 

i n  t h e  nation,: There a r e  a  number o f  problems i n  g e t t i n g  t o  

t h a t .  F i r s t ,  w h i l e  we have a c q u i r e d  ve ry  c a r e f u l l y  d e f i n e d  

samples o f  da ta  ( p e r m i t t i n g  t h e  use o f  s t a t i s t i c a l  methods i n  

e s t i m a t i n g  t h e  e f f e c t  on a  l a r g e r  p o p u l a t i o n ) ,  we do n o t  have 

a  t r u l y  random sample o f  c o l l i s i o n s  i n  t h e  n a t i o n .  The r e s u l t s  

are,  s t r i c t l y  speaking, o n l y  appl  i c a b l e  t o  t h e  reg ions  s t u d i e d .  

Secondly, t h e r e  may w e l l  be some i n t e r a c t i n g  f a c t o r s  i n  t h e  

data  which mask o r  enchance t h e  expected change i n  i n j u r y  

p roduc t i on ;  and t h e  data  acqu i red  a r e  n o t  e x t e n s i v e  enough t o  

take  o u t  a l l  o f  those f a c t o r s  by  post -exper imenta l  s t r a t i -  

f i c a t i o n .  The a n a l y s i s  o f  t h e  data ,  then, must account  f o r  

such in t ' e rac t i ons  and must p r o v i d e  a  d e f e n s i b l e  conc lus ion  i n  

s p i t e  o f  such unwanted v a r i a t i o n s  i n  t h e  sample p o p u l a t i o n .  



Because o f  t h e  f i r s t  problem, l a c k  o f  a  n a t i o n a l l y  r e p r e -  

s e n t a t i v e  sampl e, t h e  ana lyses were conducted s e p a r a t e l y  f o r  

each team. The r e s u l t s  show t h a t  t h e r e  a r e  d i f f e r e n c e s  between 

teams--di f f e r e n c e s  which  a r e  n o t  necessa r i  1  y  geograph ic .  

Because o f  t hese  d i f f e r e n c e s ,  t h e  da ta  f r o m  t h e  t h r e e  teams 

have n o t  been combined. I t  would be p o s s i b l e  t o  combine t h e  

data ,  o r  a1 t e r n a t i v e l y ,  t o  combine t h e  r e s u l  t s  r e p o r t e d  here .  

Such a  combinat ion  c o u l d  be done w i t h  a  v a r i e t y  o f  s t r a t e g i e s  

f o r  w e i g h t i n g  t h e  c o n t r i b u t i o n  o f  each team. I n  t h i s  way one 

c o u l d  c o n c e p t u a l l y  produce a  combined r e s u l t  t h a t  i n  some way 

o p t i m a l l y  uses t h e  t h r e e  d a t a  s e t s  t o  r e p r e s e n t  t h e  n a t i o n .  

For example, t h e y  c o u l d  be combined on t h e  b a s i s  o f  p o p u l a t i o n  

o f  t h e  geographic areas covered by  t h e  teams, o r  on t h e  b a s i s  

o f  t h e i r  r e l a t i v e  u r b a n - r u r a l  d i s t r i b u t i o n  compared t o  t h e  

n a t i o n ,  o r  by a  v a r i e t y  o f  o t h e r  approaches. I n  any case, 

t h e i r  b a s i c  d i f f e r e n c e s  and t h e  reasons f o r  t h e  d i f f e r e n c e s  

would be l o s t  and t h e  l a r g e r  t o t a l  sample would i n f e r  a  smal l  

sampl ing  e r r o r  and an a c c u r a t e  es t ima te .  T h i s  would be mis-  

l e a d i n g  because t h e  v e r y  r e a l  p o s s i b i l i t y  o f  a  b i a s  s t i l l  

would e x i s t  and m i g h t  be unrecognized.  The d i f f e r e n c e s  

between teams t h a t  a r e  e v i d e n t  when t h e  r e s u l t s  a r e  d e r i v e d  

s e p a r a t e l y  themselves p r o v i d e  a  c a u t i o n  a g a i n s t  unwarranted 

e x t r a p o l a t i o n  t o  a  much l a r g e r  p o p u l a t i o n .  

The s t a t i s t i c a l  a n a l y s i s  presented i n  t h e  r e p o r t  i s  

b a s i c a l l y  i n  f o u r  p a r t s .  These a r e  ( 1 )  examina t ion  o f  r e -  

s t r a i n t  usage, ( 2 )  raw (c rude)  i n j u r y  r a t e s  f o r  A 1 9 2  - by 

model y e a r  and r e s t r a i n t  usage, ( 3 )  i n j u r y  r a t e s  c o n t r o l 1  i n g  

f o r  confound ing v a r i a b l e s  u s i n g  mu1 t i v a r i a t e  con t ingency  

t a b l e  techn iques,  and ( 4 )  i n j u r y  p a t t e r n s . *  Both t h e  exami- 

n a t i o n  o f  r e s t r a i n t  usage and raw i n j u r y  r a t e s  a r e  b a s i c a l l y  

*The r e s u l t s  f o r  these f o u r  p a r t s  a r e  g i v e n  i n  Sec t i ons  5.1, 
5.2.1, 5.2.2,5.2.3, and 5.3, r e s p e c t i v e l y .  



b i v a r i a t e  analyses. The raw i n j u r y  r a t e s  p rov ide  resu l  t s  

t h a t  were observed i n  t he  f i e l d  w i t hou t  a d j u s t i n g  

on o t h e r  va r i ab l es .  As such they p rov ide  a  p i c t u r e  o f  what 

a c t u a l l y  occurred. The o b j e c t i v e  o f  these analyses i s  the  

es t ima t i on  o f  r a t e s  ( p ropo r t i on ) ,  i .e., t he  p ropo r t i on  o f  

occupants w i t h  AIS>2, - us ing  f u l l  r e s t r a i n t s ,  e t c .  Confidence 

i n t e r va l s ,  and t e s t s  o f  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  between 

two p ropo r t i ons  us ing  the  Z s t a t i s t i c ,  have been computed us ing  

t he  normal approx imat ion t o  the  b inomia l  d i s t r i b u t i o n .  I n  

the  est imates o f  raw p ropor t ions  o f  occupants w i t h  A 1 9 2  - by 

model year ,  and o f  r e s t r a i n t  usage by model year,  t he  sample 

var iances o f  the  s t r a t i f i e d  samples were computed us ing  t h e  

terms o f  Equat ion 4, page 21, represen t ing  t he  app rop r i a t e  

s t r a t a  ( 5 ,  p. 106).  The var iance  thus computed inc ludes  t h e  

e f f e c t  o f  s t r a t i f i c a t i o n .  For t he  p ropor t ions  o f  r e s t r a i n t  

usage, t h e  s t r a t i f i c a t i o n  does n o t  necessa r i l y  reduce t h e  

var iance,  because usage i s  n o t  p o s i t i v e l y  assoc ia ted w i t h  t he  

sampl i n g  r a t e s  used. However, i t  may i n  f a c t  a f f e c t  t h e  

var iances and thus should be i nc l  uded. 

The var iances, and i n  t u r n  t he  t e s t  o f  s i g n i f i c a n c e  

and conf idence i n t e r v a l s ,  have been computed bo th  w i t h  t he  

f i n i t e  popu la t i on  c o r r e c t i o n  ( f p c )  and w i t h o u t  t h e  co r -  

r e c t i o n  ( fpc= l  ) . With t he  c o r r e c t i o n ,  t h e  r esu l  t s  descr ibe  

the  p r e c i s i o n  o f  r ep resen ta t i on  o f  t he  areas from which t h e  

samples were drawn. The r e s u l  t s  w i t hou t  t he  f pc  descr ibe  t he  

sampling e r r o r  o f  t he  sample as drawn f rom a  much l a r g e r  

popu la t ion .  They do not ,  however, p rov ide  a  measure o f  any 

biases t h a t  t he  sample m igh t  have as a  r ep resen ta t i on  o f  a  

l a r g e r  o r  d i f f e r e n t  popu la t ion .  I n  a s t r i c t  sense, t h e  r e -  

su l  t s  can be o f f e r e d  as r ep resen ta t i ve  o f  o n l y  the  areas from 

which they were drawn, and f o r  these areas t he  use o f  t h e  f pc  

i s  appropr ia te .  



In addition t o  analysis of the raw proportions in the 
reconstructed populations, s t a t i s t i ca l  models were used t o  
investigate the re1 ationshi ps between the proportion of occu- 
pants with an injury of AIS12 and damage severity or demographic 
variables. Since different distributions of type of crash or 
of occupants involved in crashes would generally affect the 
injury rates ,  i t  was important t o  understand--and be able to 
control for--the influence of  these potentially explanatory 
variables when drawing conclusions about injury rates by restaint  
use or by model year. 

Two types of s ta t i s t ica l  models were considered. I n  the 
f i r s t ,  the proportion of persons with an injury of A192 - was ex- 
pressed as a linear function of effects of controlling variable. 
For example , 

would represent the predicted probability of an A192 - injury for 
an occupant using the i th level of res t ra in t ,  who was involved 
in a crash of severity type j I n  this  model , u represents an 
estimate of the mean probability of an injury of - i f  a1 1 
other effects are zero. The parameters r l  and s .  represent the 

J 
estimated effects of restraint  usage and damage severity j .  

To c i t e  a specific example, for th is  model, using the HSRI data, 
the parameters were estimated to be 



Thus t h e  model p r e d i c t s  t h a t  t h e  p r o b a b i l i t y  t h a t  an u n r e s t r a i n e d  

occupant i n  a  c rash  o f  s e v e r i t y  l e v e l  3 w i l l  have an A 1 9 2  - i n j u r y  

i s  P ,1011 + ,0183 - ,0522 = 0.0672, w h i l e  t h i s  same proba- 

b i l  i t y  f o r  a  f u l l y  b e l t e d  occupant i s  o n l y  0.0318. 

The second t y p e  o f  s t a t i s t i c a l  model employed i s  s i m i l a r  

i n  form except  t h a t  t h e  l o g a r i t h m  o f  t h e  odds r a t i o  i s  used as 

t h e  dependent v a r i a b l  e r a t h e r  than  t h e  p r o p o r t i o n s  themselves. 

That  i s ,  

P l o g  a 
1-P..  

1J 
' p t r i t S  j 

would be t h e  model cor respond ing t o  t h e  prevdous one. T h i s  i s  

e q u i v a l e n t  t o  p r e d i c t i n g  t h e  p r o p o r t i o n s  by  a  l o g i s t i c  f o m :  

P.. = I 

I J  I t exp[$tF\.+S.] 
' I J  

I n  genera l ,  t hese  models d i d  n o t  p r o v i d e  a  b e t t e r  d e s c r i p t i o n  

o f  t h e  d a t a  than  d i d  t h e  l i n e a r  ones. They a r e  a l s o  somewhat 

more d i f f i c u l t  t o  i n t e r p r e t  and e x p l a i n .  They were used p r i m a r i l y  

i n  e a r l y  s e l e c t i o n  o f  v a r i a b l e s  t o  be i n c l u d e d  s i n c e  i t  was 

p o s s i b l e  t o  i n v e s t i g a t e  a  l a r g e r  number o f  v a r i a b l e s  s imu l -  

t aneous ly  u s i n g  them. The f i n a l  models used and presented i n  

t h e  a n a l y s i s  a r e  l i n e a r  ones (eq. 6 ) .  The parameters were e s t i -  

mated u s i n g  t h e  we ighted l e a s t  squares techn ique  i n  t h e  program 

CENCAT ( 9 ) .  
When t h e  models f i t t e d  by  t h i s  techn ique  were ob ta ined ,  t h e  

p r e d i c t e d  va lues were combined w i t h  s tandard  d i s t r i b u t i o n s  o f  

s e v e r i t y  v a r i a b l e s  t o  c a l  c u l  a t e  a d j u s t e d  r a t e s  f o r  comparison. 

There a r e  seve ra l  reasons f o r  u s i n g  t h i s  method o f  ad jus tment  

r a t h e r  than  one based d i r e c t l y  on observed r a t e s .  The f i t t e d  

o r  p r e d i c t e d  i n j u r y  r a t e s  a r e  smoothed, so t h a t  some o f  t h e  

sampl ing v a r i a b i l i t y  i s  removed. T h i s  a l s o  p rov ides  a  u s e f u l  

summarizat ion o f  t h e  data.  I f  a  p a r t i c u l a r  c o n f i g u r a t i o n  o f  

v a r i a b l e s  happens t o  be m i s s i n g  i n  one sample, t h e  model s t i l l  



p r o v i d e s  an e s t i m a t e  o f  what t h a t  p r o p o r t i o n  would be, W i thou t  

t h e  model, such cases must  be e l  im ina ted .  The models do n o t  

e s t i m a t e  ze ro  r a t e s  o f  i n j u r y  f o r  any c o n f i g u r a t i o n .  That  i s ,  

even though, say, no occupants o u t  o f  twen ty  i n  a  c e r t a i n  c l a s s  

r e c e i v e d  an A 1 9 2  - i n j u r y ,  one would be r e l u c t a n t  t o  e s t i m a t e  

t h i s  p r o b a b i l i t y  t o  be zero .  F i n a l l y ,  use o f  an a d d i t i o n a l  

model o r  one which i n c l u d e s  o n l y  some o f  t h e  i n t e r a c t i o n s  gener-  

a l l y  r e s u l t s  i n  a  s m a l l e r  s tandard  e r r o r  f o r  t h e  p r e d i c t e d  

p r o p o r t i o n s  than  t h a t  based on t h e  raw p r o p o r t i o n s .  Consequently, 

t h e  p r e c i s i o n  o f  r e s u l t i n g  s tandard  e r r o r s  o f  t h e  a d j u s t e d  r a t e s  

and t h e  es t ima tes  o f  e f f e c t i v e n e s s  a r e  improved. 

Whi le  t h e  a n a l y s i s  o f  s p e c i f i c  i n j u r y  p a t t e r n s  was n o t  

o r i g i n a l l y  an o b j e c t i v e  o f  t h e  s tudy,  t h e  s p e c i f i c  i n j u r i e s  each 

occupant s u s t a i n e d  were reco rded  by a1 1  teams u s i n g  t h e  Occupant 

I n j u r y  C l a s s i f i c a t i o n  (OIC) system ( 5 ) .  The O I C  c o n t a i n s  f o u r  

l e t t e r s ,  d e n o t i n g  Body Region, Aspect, Les ion/D iagnos i  s, and 

Body System/Organ, f o l l o w e d  by  t h e  numeric Abbrev ia ted  I n j u r y  

Sca le  (AIS) .  The O I C  i s  used t o  r e c o r d  occupant trauma i n  a  

manner s i m i l a r  t o  t h e  way t h e  C o l l i s i o n  Deformat ion  C l a s s i f i -  

c a t i o n  r e c o r d s  v e h i c l e  damage. The computer f i l e - b u i l d i n g  

programs then  c r e a t e d  seve ra l  occupant i n j u r y  summary v a r i a b l e s ,  

such as t h e  h i g h e s t  AIS sus ta ined  by t h e  head, 

The i n j u r y  sources ( u s u a l l y  v e h i c l e  c o n t a c t  p o i n t s )  were 

reco rded  u n i q u e l y  f o r  each O I C  o n l y  i n  t h e  SwRI da ta ,  Thus, f o r  

example, s teer ing-wheel  n o s e - f r a c t u r e s  and w i n d s h i e l d  forehead- 

1  a c e r a t i o n s  c o u l d  be u n i q u e l y  recorded as separa te  f a c i a l  i n j u r y  

sources.  SwRI recorded up t o  two i n j u r y  sources f o r  each o f  

t h e  f i r s t  O I C  r e p o r t e d .  S p e c i f i c  c o n t a c t  p o i n t s  were n o t  

recorded by Cal span o r  HSRI. Consequent ly ,  d a t a  f rom a1 1  t h r e e  

teams were used i n  t h e  a n a l y s i s  o f  body r e g i o n  p a t t e r n s  and t h e  

p a t t e r n  of  i n j u r y  sources was ana lyzed i n  t h e  SwRI d a t a .  

The a n a l y s i s  o f  i n j u r y  p a t t e r n s  was performed i n  terms o f  

t h e  percentage o f  occupants i n  each r e s t r a i n t  c l a s s  who sus- 

t a i n e d  an i n j u r y  t o  a  p a r t i c u l a r  body r e g i o n .  The h i g h e s t  AIS 
f o r  each body r e g i o n  was used as t h e  o v e r a l l  AIS f o r  t h a t  r e g i o n .  



Unless o the rw ise  noted, a1 1  o f  t h e  es t ima ted  p r o p o r t i o n s  

presented i n  t h e  r e p o r t  have been computed t o  r e p r e s e n t  t h e  

p o p u l a t i o n s  f r o m  which t h e  s t r a t i f i e d  sample was drawn, by 

w e i g h t i n g  each o b s e r v a t i o n  by t h e  i n v e r s e  o f  t h e  sampl ing 

r a t i o .  The manner i n  wh ich t h e  w e i g h t i n g  was mechanized 

r e s u l t s  i n  an i n d i c a t e d  number o f  cases which i s  s i m i l a r l y  

weighted and l a r g e r  than t h e  a c t u a l  number o f  observa t ions .  

The sample s i z e ,  n, g i v e n  i n  t a b l e s  i s  a l s o  t h e  weighted 

r e s u l t  un less  o the rw ise  i n d i c a t e d .  



5.0 RESULTS 

5.1 R e s t r a i n t  Usage 

De te rm ina t i on  o f  r e s t r a i n t  usage was n o t  one o f  t h e  p r i m a r y  

o b j e c t i v e s  o f  t h e  s tudy .  Never the less ,  i t  i s  one o f  t h e  p r i n -  

c i p a l  f a c t o r s  o f  t h e  b a s i c  hypo thes i s  o f  t h e  s tudy ,  and as such 

i s  o f  cons ide rab l  e  impor tance.  Acc iden t  da ta  a r e  n o t  necessar i  l y  

t h e  b e s t  and c e r t a i n l y  n o t  t h e  most e f f i c i e n t  source o f  i n f o r -  

ma t ion  on r e s t r a i n t  use i n  t h e  genera l  d r i v i n g  p o p u l a t i o n .  How- 

eve r ,  s i n c e  t h e  major  b e n e f i t s  o f  r e s t r a i n t s  r e s u l t  f rom t h e i r  

r o l e  i n  impacts one m i g h t  argue t h a t  measurement o f  t h e i r  use 

i n  t h e  a c c i d e n t  p o p u l a t i o n  i s  as r e l e v a n t  as measurement i n  t h e  

genera l  d r i v i n g  p o p u l a t i o n .  

Three changes were i n c o r p o r a t e d  i n  t h e  r e s t r a i n t  systems 

i n  1974 model c a r s .  Probab ly  most i m p o r t a n t  was t h e  i n t r o d u c t i o n  

o f  t h e  i n t e r l o c k  wh ich  was i n tended  t o  p r e v e n t  s t a r t i n g  un less  

t h e  o u t b o a r d - f r o n t - s e a t  occupants a r e  be1 t e d .  Secondly, t h e  

i n e r t i a l  -1 ock ing  r e t r a c t o r  on t h e  upper t o r s o  became a  s tanda rd  

i tern on a1 1  c a r s .  T h i r d l y ,  t h e  i n t e g r a t e d  t h r e e - p o i n t  system * 
f i r s t  came i n t o  genera l  use i n  American c a r s  i n  1974. Each 

o f  these changes c o u l d  reasonab ly  be expected t o  i n c r e a s e  t h e  

use o f  t h e  f u l l  r e s t r a i n t  system. 

R e s t r a i n t  usage, o f  a l l  t h e  v a r i a b l e s  fundamental t o  t h e  

s tudy ,  i s  t h e  most d i f f i c u l t  t o  de termine.  A l l  sources o f  

ev idence r e g a r d i n g  usage were i n c l u d e d  i n  t h e  i n v e s t i g a t i o n s ,  

and were cons idered by t h e  i n v e s t i g a t o r s  i n  reach ing  t h e i r  

f i n a l  c o n c l u s i o n .  Then t h e y  s u b j e c t i v e l y  ass igned a  code f rom 

a  t h r e e - l e v e l  s c a l e  d e n o t i n g  t h e i r  con f i dence  i n  t h e  assessment 

o f  usage. Many o f  t h e  crashes a r e  m ino r  w i t h  1 i t t l e  o r  no 
---------------- 

* 
The 1  ap and upper - to rso  r e s t r a i n t s  a r e  permanent ly  

j o i n e d  a t  t h e i r  i n b o a r d  end. 



p h y s i c a l  ev idence i n  t h e  fo rm o f  i n t e r i o r  v e h i c l e  damage o r  

i n j u r y  p a t t e r n s  t o  i n d i c a t e  i f  r e s t r a i n t s  were used o r  n o t .  

For  these cases, d e t e r m i n a t i o n  o f  r e s t r a i n t  usage was ob ta ined  

p r i m a r i l y  f rom an i n t e r v i e w  w i t h  t h e  occupant.  

I n  c o n t r a s t  t o  these somewhat p e s s i m i s t i c  concerns f o r  

de termi  n a t i o n  o f  r e s t r a i n t  usage, many occupants openly 

admi t ted  they  d i d  n o t  use r e s t r a i n t s .  Such statements were 

o f t e n  taken a t  f ace  value,  and occu r red  f r e q u e n t l y  enough t o  

g i v e  t h e  i n v e s t i g a t o r s  cons ide rab le  con f idence  i n  t h e i r  con- 

c l u s i o n s .  The inc idence  o f  obvious o r  suspected f a l s e  s t a t e -  

ments by respondents was l e s s  than  had been a n t i c i p a t e d .  

The i n t e r l o c k  i n  a l l  ca rs  can be defeated w i t h  some 

e f f o r t .  I t  m i g h t  be expected t h a t  r e s t r a i n t  usage would 

i nc rease  s h a r p l y  i n  1974 ca rs  when they  were f i r s t  i n t roduced ,  

and then g r a d u a l l y  decrease as owners became more f a m i l i a r  

w i t h  t h e  systems and l e a r n e d  how they  m i g h t  be defeated.  S ince 

t h e  data  c o l l e c t i o n  d i d  n o t  s t a r t  u n t i l  about  s i x  months a f t e r  

t h e  i n t r o d u c t i o n  o f  t h e  1974 models, t h e  e a r l y  p a r t  o f  t h e  
l e a r n i n g  c u r v e - - i f  i t  existed--was n o t  observed. 

The use o f  an i n t e r l o c k  t o  encourage r e s t r a i n t  use was 

e l i m i n a t e d  by  l e g i s l a t i v e  a c t i o n  d u r i n g  t h e  p r o j e c t . 1  Sub- 

sequen t l y ,  on October 29, 1974, NHTSA amended Motor V e h i c l e  

S a f e t y  Standard 208 t o  remove t h e  requ i rement  f o r  i n t e r 1  ocks . 2 

These changes were enacted t o o  l a t e  t o  d i r e c t l y  a f f e c t  t h e  

1974 ca rs  i n c l u d e d  i n  t h e  s tudy .  Th is  a c t i o n ,  th rough t h e  

I t t # o t o r  V e h i c l e  and School Bus Sa fe ty  Amendments o f  1974" 
P u b l i c  Law 93-492 S e c t i o n  109, 93rd  Congress, S. 355, 
October 27, 1974. 

' ~ e d e r a l  R e g i s t e r ,  Vo l .  39, No. 211, Oct .  31, 1974, 
p .  38380. 



a t t e n d a n t  p u b l i c i t y ,  may have p rov ided  an aura o f  " s o c i a l  

a c c e p t a b i l i t y "  t o  d e f e a t i n g  t h e  i n t e r l o c k .  I f  t h i s  phenomenon 

occur red,  i t  c o u l d  have r e s u l t e d  i n  a  f u r t h e r  d e c l i n e  i n  usage 

a f t e r  about  t h e  e i g h t h  month o f  s tudy.  

These statements d e s c r i b e  f a c t o r s  wh ich  may have a f f e c t e d  

usage d u r i n g  t h e  p e r i o d  o f  da ta  c o l l e c t i o n .  They do n o t  r e p r e s e n t  

f i n d i n g s .  A t t i t u d e s  o r  s o c i a l  f a c t o r s  r e l a t i n g  t o  t h e  use o f  

occupant r e s t r a i n t s  were n o t  addressed i n  t h e  program. 

R e s t r a i n t  usage as measured i n  t h e  s tudy  i s  shown i n  Tab le  

7 .  Several  obse rva t i ons  a r e  apparent .  The use of f u l l  r e s t r a i n t s  

( b o t h  t h e  l a p  and upper - to rso  be1 t s )  i s  g r e a t l y  i nc reased  i n  

1974 c a r s  f o r  a l l  t h r e e  teams, by  a  f a c t o r  o f  e i g h t  o r  more. 

Furthermore,  t h e r e  a r e  more f u l l y  r e s t r a i n e d  occupants i n  1974 

ca rs  than  r e s t r a i n e d  occupants ( l a p  o r  l a p  and upper t o r s o  

b e l t )  i n  1973 ca rs .  The use o f  f u l l  r e s t r a i n t s  i n  t h e  1975 

ca rs  i s  somewhat l ower  than  i n  1974 ca rs  f o r  each team, about  

t h e  same as t h e  use o f  r e s t r a i n t s  o f  e i t h e r  t y p e  i n  1973 c a r s .  

The p r o p o r t i o n  o f  occupants u s i n g  o n l y  t h e  l a p  be1 t i n  1974 

o r  1975 ca rs  i s  sma l l ,  5  pe rcen t  o r  l e s s ,  and t h e  p r o p o r t i o n  

of  1973 occupants u s i n g  f u l l  r e s t r a i n t s  i s  even s m a l l e r .  

There a r e  d i f f e r e n c e s  between teams, b u t  t hey  a r e  n o t  

1  arge.  The CALSPAN and H S R I  r e s u l  t s  a r e  s i m i  1  a r ,  whi 1 e  SwRI shows 

somewhat g r e a t e r  usage, b o t h  o f  l a p  b e l t s  o n l y  i n  1973 c a r s  and 

f u l l  r e s t r a i n t s  i n  1974 and 1975 ca rs .  

The 95 pe rcen t  conf idence i n t e r v a l s  f o r  each o f  t h e  

measured usage r a t e s  o f  Tab le  7 a r e  g i v e n  i n  Tab1 e  8 .  The 

t a b u l a t e d  va lues a r e  o n e - h a l f  t h e  95% con f idence  i n t e r v a l s  

based on t h e  va r iance  o f  a  s t r a t i f i e d  sample, and a r e  g i v e n  

b o t h  w i t h  and w i t h o u t  t h e  f i n i t e  p o p u l a t i o n  c o r r e c t i o n .  

The commonly used r e s t r a i n t s  were t h e  l a p  b e l t  o n l y  i n  

1973 's  and t h e  l a p  and upper t o r s o  i n  1974 's  and 1975 's .  The 

usage o f  these r e s t r a i n t s  i s  shown i n  F i g u r e  4 f o r  each team 

a long  w i t h  t h e  95 pe rcen t  conf idence i n t e r v a l  computed w i t h o u t  

t h e  fi n i  te -popu l  a t i o n  c o r r e c t i o n .  The 95 pe rcen t  conf idence 

i n t e r v a l  w i t h  t h e  f i n i t e  p o p u l a t i o n  c o r r e c t i o n  i s  i n d i c a t e d  

by  t h e  broken 1  i nes .  The inc rease  o f  f u l l y  be1 t e d  occupants 
53 



T a b l e  7 

RESTRAINT USAGE 

Team 

CAL SPAN -- 

(Data weighted on i n v e r s e  of sampling f r a c t i o n ;  
occupants  w i t h  o t h e r  and unknown r e s t r a i n t  usage 

a r e  omi t t ed  from t h e  t a b l e )  

Lap Lap and 
None Only Shoulder T o t a l  



Table  8 

R e s t r a i n t  Usage 
Confidence I n t e r v a l s  

The t a b u l a t e d  va lues a r e  o n e - h a l f  t h e  95% 
conf idence i n t e r v a l s  i n  pe rcen t  usage, f o r  t he  

usage r a t e s  g i v e n  i n  Tab le  7. 

R e s t r a i n t  

Wi th  f i n i t e  p o p u l a t i o n  
c o r r e c t i o n  

1973 None 
Lap 
F u l l  

1974 None 
Lap 
F u l l  

1975 None 
Lap 
F u l l  

Wi thout  f i n i t e  
p o p u l a t i o n  c o r r e c t i o n  

1973 None 
La P 
F u l l  

1974 None 
Lap 
F u l l  

1975 None 
Lap 
F u l l  

Team 
CALSPAN HSRI - SwR I 





i n  1974 and 1975 ca rs  over  those w i t h  1  ap be1 t o n l y  i n  1973 ca rs  

i s  r e a d i l y  apparent f rom t h e  f i g u r e .  Chi-square t e s t s  i n d i c a t e  

t h a t  w i t h i n  each team t h e  d i f f e r e n c e s  i n  usage r a t e s  by model 

y e a r  a r e  s i g n i f i c a n t ,  w i t h  s i g n i f i c a n t  l e v e l s  (p va lues )  of 0.01 
o r  l e s s .  The o n l y  excep t ion  i s  t h e  comparison o f  1974 and 1975 * 
occupants f o r  CALSPAN. I n  p a r t i c u l a r ,  t h e  use of f u l l  r e s t r a i n t s  

i n  bo th  1974 and 1975 cars  was s i g n i f i c a n t l y  g r e a t e r  than i n  

1973 ca rs .  However, b o t h  HSRI and S w R I  data  show lower  use o f  

f u i l  r e s t r a i n t s  i n  1975 ca rs  than i n  1974's w i t h  s i g n i f i c a n c e  

l e v e l s  o f  0.01 o r  l e s s .  

Al though t h e  data  o f  a l l  t h r e e  teams e x h i b i t  s i m i l a r  p a t -  

t e r n s  o f  usage, t h e r e  a r e  d i f f e r e n c e s  among teams. Comparisons 

o f  r e s t r a i n t  usage between p a i r s  o f  teams f o r  i n d i v i d u a l  model 

years  i n d i c a t e  t h a t  t h e  d i f f e r e n c e s  a r e  a1 1 s t a t i s t i c a l l y  s i g -  

n i f i c a n t  a t  t h e  one percen t  l e v e l  except  f o r  CALPSAN 73 versus 

H S R I  73, and CALSPAN 75 versus H S R I  75. Lap b e l t  use i n  73 's  

and f u l l  r e s t r a i n t  use i n  75 's  i s  h i g h e r  i n  t h e  S w R I  data .  

R e s t r a i n t  use i n  74 's  i s  d i f f e r e n t  f o r  a l l  t h r e e  teams, w i t h  

CALSPAN hav ing t h e  lowes t  (32.8%) and S w R I  t h e  h i g h e s t  (45.1%). 

Reasons f o r  t h e  d i f f e r e n c e s  among teams a r e  n o t  apparent.  Whi le  

CALSPAN d i d  depend on po l  i c e - r e p o r t e d  i n f o r m a t i o n  r a t h e r  than  

in -dep th  i n v e s t i g a t i o n s  f o r  a  s u b s t a n t i a l  p o r t i o n  o f  t h e i r  

s u b j e c t s ,  t h e i r  r e s u l t s  a r e  n o t  c o n s i s t e n t l y  d i f f e r e n t  f rom 

those o f  HSRI. 

The 1974 r e s t r a i n t  usage r e s u l t s  g i v e n  above a r e  f rom da ta  

c o l l e c t i o n s  t h a t  s t a r t e d  approx imate ly  h a l f  way through t h e  

1974 mode1 run.  Whi le  we m i g h t  expect  t o  observe some gradual  

* 
The Chi-square t e s t s  do n o t  i n c l u d e  e f f e c t s  o f  s t r a t i f i -  

c a t i o n  b u t  a r e  convenient  t o  use. The p  values were e i t h e r  
l a r g e  (e.g. ,  0.8) o r  smal l  (e .g . ,  0 .01) .  The e f f e c t  o f  
s t r a t i f i c a t i o n  would n o t  change t h e  r e s u l t s ,  so checks i n c l u d i n g  
t h e  e f f e c t s  o f  s t r a t i f i c a t i o n  were n o t  cons idered necessary. 



decrease i n  t h e  use o f  f u l l  r e s t r a i n t s  i n  t h e  i n t e r l o c k  ca rs  

as people l ea rned  how t o  defeat  t h e  system, t h e  observa t ion  

p e r i o d  d i d  n o t  i n c l u d e  t h e i r  i n t r o d u c t i o n  o r  use w h i l e  they  

were "new" t o  t h e  general  pub1 i c .  Nevertheless,  t h e r e  i s  

evidence o f  r e d u c t i o n  i n  usage w i t h  t ime,  as shown i n  F i g u r e  5. 

A l l  t h r e e  curves e x h i b i t  f l u c t u a t i o n s  which may w e l l  be 

sampl i n g  e r r o r .  The 95 pe rcen t  conf idence i n t e r v a l s  f o r  

each month a r e  approx imate ly  - + 10 pe rcen t  ( i n  usage) f o r  HSRI, 

+ 11 pe rcen t  f o r  CALSPAN, and + 9 pe rcen t  f o r  SwRI; a l l  a r e  - - 
general  l y  g r e a t e r  than t h e  month-to-month f l u c t u a t i o n .  These 

where conf idence i n t e r v a l s  were computed from = 

n  i s  t h e  t o t a l  s i z e  o f  t h e  recons t ruc ted  p o p u l a t i o n  and a r e  

o n l y  approximate. They do n o t  i n c l u d e  c o n s i d e r a t i o n  o f  t h e  

s t r a t i f i e d  samples . Th is  method was used f o r  convenience. 

Comparison o f  values f rom Table  5  f o r  s t r a t i f i e d  samples w i t h  

t h e  method used here  i n d i c a t e s  t h e  above method g i ves  va lues 

which a r e  low by about 113 f o r  1973's and about 114 f o r  1974's.  

I n c l u s i o n  o f  t h e  e f f e c t s  o f  s t r a t i f i c a t i o n  g i v e  g r e a t e r  var iances 

f o r  es t imates o f  f u l l  r e s t r a i n t  usage because s t r a t i f i c a t i o n  

was n o t  on a  v a r i a b l e  c l o s e l y  assoc ia ted  w i t h  r e s t r a i n t  use. 

Furthermore, t h e  h i g h e r  sampl i n g  f r a c t i o n  was used f o r  those 

more 1  i k e l y  t o  be un res t ra ined ,  thus reduc ing  t h e  p r e c i s i o n  

o f  es t imates o f  t h e  p r o p o r t i o n  u n r e s t r a i n e d  . 
L i n e a r  regress i o n s  o f  pe rcen t  usage a g a i n s t  month ( F i g u r e  

5 )  p r o v i d e  measures o f  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  

apparent  t rends.  T h i s  method i s  j u s t i f i e d  o n l y  because approx i -  

ma te ly  equal numbers o f  observa t ions  a r e  a v a i l a b l e  f o r  each 

month, g i v i n g  n e a r l y  u n i f o r m  w e i g h t i n g  and var iance.  The 

r e g r e s s i o n  f o r  t h e  HSRI data  i n d i c a t e s  a  s lope  o f  -2.3 pe rcen t  

usage pe r  month. SwRI data  has a  s lope  o f  -1.8 pe rcen t  usage 

p e r  month, and -1.5 f o r  t h e  CALSPAN data .  A1 1 t h r e e  s lopes 

a r e  s i g n i f i c a n t l y  d i f f e r e n t  f rom zero  a t  a  l e v e l  o f  l e s s  than 

1  pe rcen t .  



FIGURE 5 
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For comparison the  use of t he  l a p  be1 t o n l y  i n  1973 cars  

i s  shown i n  F igure 6 .  No t r end  i s  immediately obvious i n  any 

o f  the  t h ree  and indeed 1  i n e a r  regress ions o f  the  data show 

none o f  t he  t h ree  curves has a  s t a t i s t i c a l l y  s i g n i f i c a n t  s lope.  

Th is  would suggest t h a t  any reduc t i on  i n  usage i n  1974 cars  

i s  r e l a t e d  t o  those p a r t i c u l a r  cars  and n o t  t o  a  s o c i a l  

f ac to r  a f f ec t i ng  the  general d r i v i n g  popu la t ion .  

The gradual r educ t i on  i n  t he  use o f  f u l l  r e s t r a i n t s  i n  

1974 cars  i n d i c a t e s  t h a t  people learned how t o  de fea t  t he  

i n t e r l o c k  system. The inc idence  o f  de fea t  i s  shown by month 

f o r  each team i n  F igure 7. The average values over  e ighteen 

months of data a re  35.2 percent  f o r  CALSPAN, 53.8 percent  f o r  

HSRI, and 32.4 percent  f o r  SwRI. These values a re  the  percents 

of outboard- f ront -seat  occupants f o r  whom t h e  system had been 

defeated. I n  some cases the  de fea t  app l i ed  t o  bo th  sea t  

pos i t i ons ,  e.g., d i s a b l i n g  t he  l o g i c  module, w h i l e  i n  o thers  

the  i n d i v i d u a l  seat  p o s i t i o n s  a re  a f fec ted ,  as by d isconnect ing 

t he  seat  sensors. 

The data from CALSPAN and S w R I  a re  s i m i l a r ,  bo th  f o r  the  

twelve-month average and i n  t he  monthly pa t t e rn .  The inc idence  

o f  de fea t  i s  g rea te r  f o r  HSRI. D i f fe rences  between teams could  

be a  consequence o f  both the  methods o f  data c o l l e c t i o n  and 

o f  record ing .  A t  HSRI t he  measurement o f  system defeats was 

no t  a  p r o j e c t  o b j e c t i v e  per se, b u t  was inc luded  t o  p rov ide  

the  i n v e s t i g a t o r s  a d d i t i o n a l  evidence regard ing  r e s t r a i n t  use. 

As a  r e s u l t ,  the  record ing  o f  i n f o rma t i on  on de fea t  was i n  a  

b i na ry  form t h a t  does n o t  a l l o w  d i s t i n c t i o n  between "no de fea t "  

and "unknown" o r  "missing data. "  Th is  may have been t r u e  f o r  

o the r  teams as w e l l .  I nc l ud ing  "missing data"  w i t h  "no defeat"  

would l ead  t o  an underest imat ion o f  t he  inc idence o f  system 

defeats  (a1 though HSRI had t he  h ighes t  r a t e ) .  The CALSPAN 

data i nc l ude  a  subs tan t i a l  amount o f  m iss ing  data on elements 
obta ined by v e h i c l e  i nspec t i on  (about 28 percen t ) .  These miss ing  

data a re  a l s o  inc luded  w i t h  "no de fea t "  and l ead  t o  a  low 

est imate.  A l l  teams show a  t r end  o f  de fea t  i nc reas ing  w i t h  t ime. 
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Use o f  f u l l  r e s t r a i n t s  i n  1974 ca rs  i s  shown i n  F i g u r e  8 

by t h e  mi leage on t h e  c a r .  The p o i n t s  on t h e  abscissa a r e  

odometer read ings i n  3,000 m i l e  increments.  Thus p o i n t  1  

represents  0-3,000 m i l e s ,  and p o i n t  8 represents  22,000-24,000 

m i l e s .  The l a s t  p o i n t  i nc ludes  a1 1 cases g r e a t e r  than 24,000 

m i les .  M iss ing  data  on mi leage a r e  excluded. The o r d i n a t e  i s  

aga in  t h e  percen t  o f  ou tboard - f ron t -sea t  occupants wear ing f u l l  

r e s t r a i n t s  a t  t h e  t ime o f  t h e  acc iden t .  A l l  t h r e e  teams e x h i b i t  

a  dramat ic  r e d u c t i o n  w i t h  mi leage. The odometer read ing of a  

c u r r e n t m o d e l  -year c a r  a t  t h e  t ime  o f  t h e  acc iden t  c o u l d  be a 

measure o f  t h e  i n t e n s i t y  o f  use o f  t h e  ca r ,  o r  a  su r roga te  f o r  

t h e  age o f  t h e  car .  Thus F igu re  8 m igh t  i n d i c a t e  t h a t  people 

who d r i v e  many m i l e s  a r e  more i n c l i n e d  t o  d e f e a t  t h e  i n t e r l o c k  

and n o t  use t h e i r  r e s t r a i n t s ,  o r  t h a t  people wear t h e  r e s t r a i n t s  

i n i t i a l l y ,  b u t  d e f e a t  t h e  system some t ime  l a t e r .  F igures 7  

and 8 have s i m i l a r  p a t t e r n s ,  w i t h  both  f i g u r e s  showing comparable 

usage a t  t h e  r i g h t .  Th is  suggests t h a t  people used t h e  r e s t r a i n t s  

i n i t i a l l y ,  b u t  n o t  a f t e r  they l a t e r  l ea rned  how t o  d e f e a t  t h e  

system. I n  any case t h e  d e f i n i t e  t r e n d  o f  a1 1 t h r e e  curves o f  

F igu re  8, and t h e i r  general  agreement, a r e  among t h e  more con- 

s i  s t e n t  observat ions t o  come from t h e  s tudy.  

As s t a t e d  e a r l i e r ,  two aspects o f  t h e  1974 systems may 

have m o d i f i e d  t h e  use p a t t e r n s  o f  e a r l i e r  models. These a re  

t h e  i n t e g r a t e d  l a p  and upper- torso be1 t s ,  as w e l l  as t h e  i n t e r -  

l o c k .  I t  i s  imposs ib le  t o  determine t h e  r e l a t i v e  c o n t r i b u t i o n  

of each o f  these changes f rom the  data  c o l l e c t e d  i n  t h i s  study.  

Nevertheless,  some i n s i g h t  can be gained by examining two sub- 

j e c t s .  One i s  t h e  r e l a t i o n s h i p  between r e s t r a i n t  usage and 

i n t e r l o c k  d e f e a t  i n  1974 ca rs .  The o t h e r  i s  t h e  usage i n  1975 

cars  which have e s s e n t i a l l y  t h e  same be1 t c o n f i g u r a t i o n  b u t  n o t  

t h e  i n t e r l o c k .  Each o f  these sub jec ts  w i l l  be examined below, 

f i r s t  t h e  1974 i n t e r l o c k  de fea t ,  then usage i n  1975's.  

If t h e  i n t e g r a t e d  b e l t  c o n f i g u r a t i o n  were an impor tan t  

( p o s i t i v e )  f a c t o r ,  we m igh t  expect t h a t  some o f  t h e  people who 
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found t he  i n t e r l o c k  r e s t r i c t i v e  o r  ob jec t i onab le  m igh t  have 

d isab led  the  system, w h i l e  con t i nu i ng  t o  wear the  f u l l  r e s t r a i n t .  

Th is  i s  examined i n  Table 9. The p r o p o r t i o n  o f  a l l  outboard- 

f r o n t - s e a t  occupants who were i n  seats f o r  which t he  i n t e r l o c k  

was defeated i s  g iven  f o r  each team. The HSRI and SwRI data 

both i n d i c a t e  t h a t  about 50 percent  were i n  defeated p o s i t i o n s .  

The lower  de fea t  r a t e  f o r  CALSPAN (35 percen t )  i s  again  l i k e l y  

a  consequence o f  m iss ing  data on va r i ab l es  obta ined from v e h i c l e  

i nspec t i on  o r  occupant i n t e r v i e w .  Th is  suggests t h a t  t he  CALSPAN 

data on "de fea t "  probably a re  much l ess  r e l i a b l e  than e i t h e r  

HSRI o r  SwRI. 

The inc idence o f  de fea t  among t he  unres t ra ined  i s  about 90 

percent  i n  t he  HSRI and SwRI data.  It i s  d i f f i c u l t  t o  imagine 

how people cou ld  be unres t ra ined  i n  an i n t e r l o c k  ca r  w i t h o u t  

de fea t i ng  the  system. The HSRI and SwRI da ta  a re  very cons i s t en t  

on t h i s  p o i n t ,  however. The remaining 10-15 percent  may have 

been cases o f  f a i l u r e  o r  i n a b i l  i t y  t o  de tec t  t he  defeat.  Among 

t h e  r e s t r a i n e d  occupants ( r e s t r a i n e d  by e i t h e r  1  ap be1 t o r  1  ap 

and upper t o r s o )  t h e  inc idence o f  de fea t  was low: 15 percent .  

Table 9  a l s o  g ives  t he  inc idence o f  r e s t r a i n t  (by  e i t h e r  

l a p  o r  f u l l )  by de fea t  s ta tus .  Among those occupants i n  p o s i t i o n s  

f o r  which the  i n t e r l o c k  was n o t  defeated, usage was over  80 

percent ,  w h i l e  o n l y  12 percent  of t h e  occupants i n  defeated 

p o s i t i o n s  were us ing  r e s t r a i n t s .  Th is  l a t t e r  f i g u r e  i s  d i s -  

appo in t i ng l y  low and suggests t h a t  much o f  the  increased usage 

i n  1974 cars was a consequence o f  t he  i n t e r l o c k .  We migh t  a l s o  

conclude t h a t  those i n d i v i d u a l s  who were i n c l  i ned  t o  use t h e i r  

r e s t r a i n t s  d i d  no t  bother  t o  d i s a b l e  t he  i n t e r l o c k  s imply  t o  

avo id  any inconvenience i t  migh t  prov ide.  

The methods used t o  defeat the  i n t e r l o c k  system were noted 

by t he  i n v e s t i g a t o r s  i n  determin ing t he  s t a t u s  o f  the  system, 

b u t  the  d i g i t a l  data f i l e s  cons t ruc ted  a t  HSRI inc luded  t h e  

in fo rmat ion  on l y  f o r  SwRI. The methods used t o  defeat the  

i n t e r l o c k  detected by SwRI a re  shown i n  Table 10, The most common 



Table 9 

RESTRAINT USAGE I N  1974 CARS 
BY INTERLOCK STATUS 

Team 

CALSPAN HSRI - SwRI 

1. P r o p o r t i o n  of  Occupants 
w i t h  d e f e a t e d  i n t e r l o c k  
i n  p e r c e n t :  

A l l  occupants  

Unres t ra ined  

R e s t r a i n e d  

2 .  P r o p o r t i o n  of occupants  
u s i n g  r e s t r a i n t s  i n  
p e r c e n t  among t h o s e  i n  
s e a t s  w i t h  i n t e r l o c k :  

Not d e f e a t e d  

Defeated 



Table 10 

Method 

METHODS USED TO DEFEAT THE 
1974 INTERLOCK SYSTEM 

SwRI Data 

Seat sensor wires cut 
or disconnected 

Buzzer or warning light 
module disconnected 

Logic module altered 

Underhood emergency 
start module altered 

Defeated by other means 

Total 

Percent of Identified 
Methods 

No defeat, unknown if defeated, 
defeat method not known N=1464 



method i s  t o  d isconnect  o r  sever the  w i r es  t o  t h e  sea t  sensor. 

Th is  l a t t e r  method would n o t  a c t u a l l y  defeat t h e  s t a r t e r  i n t e r -  

l o c k  b u t  cou ld  have been used by people who wear o r  p u l l  o u t  

the  l a p  be1 t f o r  s t a r t i n g ,  then do n o t  wear t he  be1 t s  a f terward.  

Other methods used o n l y  add t o  9  percent  o f  t h e  techniques 

i d e n t i f i e d  by SwRI. 

The methods l i s t e d  i n  t he  t a b l e  a re  those techniques 

detected by t h e  i n v e s t i g a t o r  f rom examinat ion o f  t h e  veh i c l e .  

Defeat  by methods which were n o t  p h y s i c a l l y  o r  e l e c t r i c a l l y  

de tec tab le  on i nspec t i on  would c o n s t i t u t e  m iss ing  da ta  and a r e  

n o t  inc luded  i n  t he  d i s t r i b u t i o n .  

The data f o r  1975 cars  p rov ide  a d d i t i o n a l  i n s i g h t ,  a1 though 

i n t e r p r e t a t i o n  o f  t he  data f o r  1975 cars  cou ld  be compl icated 

somewhat by t he  t i m i n g  o f  t he  l e g i s l a t u r e  removal o f  t h e  i n t e r -  

l o c k .  The i n t e r l o c k  was mandatory on new cars  s o l d  up u n t i l  

t h e  end o f  October 1974, and i l l e g a l  a f te rwards .  Since t h i s  

was about two months a f t e r  t he  i n t r o d u c t i o n  o f  t h e  model 1  ine ,  

t he  75 ' s  s o l d  e a r l y  may have had t he  i n t e r l o c k .  The f i e l d  

i n v e s t i g a t o r s  were n o t  ab le  t o  determine if a '75 was an e a r l y  

s a l e  w i t h  t he  i n t e r l o c k  defeated by t he  owner, o r  i f  t he  de fea t  

was by t he  manufacturer o r  dea le r  f o r  s a l e  a f t e r  t h e  end o f  

October. Most o f  t he  75 ' s  i n v e s t i g a t i o n s  were i n  t h e  l a s t  few 

months o f  da ta  c o l l e c t i o n ,  and were probably  cars  s o l d  w i t h o u t  

a  f u n c t i o n i n g  i n t e r l o c k .  Th is  be ing  t he  case, t he  da ta  a re  no t  

s e r i o u s l y  confounded. 

F igure  9  shows use o f  t h e  f u l l  r e s t r a i n t  by month. The 

var iance o f  t h e  es t imate  f o r  each month i s  h i g h  because o f  t h e  

smal l  number of 1975 cars  i nves t i ga ted .  Hence t he  p l o t s  e x h i b i t  

l a r g e  f l u c t u a t i o n s  f rom sampling e r r o r ,  and t rends  cannot be 

es tab l  i shed  re1  i a b l y  . Nevertheless , the  usage i s  cons iderab ly  

lower  than was observed i n  1974 cars  e a r l y  i n  t he  p r o j e c t .  

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  even w i t h  t he  gradual  

r educ t i on  i n  f u l l  r e s t r a i n t  use i n  74 's ,  t he  average use shown 

i n  Table 7  i s  g rea te r  f o r  bo th  HSRI and SwRI than i n  1975 cars .  





Furthermore, the  use o f  f u l l  r e s t r a i n t s  i n  75 's  d i f f e r s  from 

the use o f  r e s t r a i n t s  ( e i t h e r  l a p  on l y  o r  f u l l )  i n  73 's  by 

l ess  than one percent  f o r  a1 1  t h ree  teams. 

The evidence a v a i l a b l e  from bo th  t he  assoc ia t i on  o f  

de fea t  w i t h  r e s t r a i n t  usage i n  74 ' s  and comparison o f  usage 

i n  74 's  and 75 ' s  does n o t  p rov ide  a  conc lus ive  f i n d i n g ,  b u t  

c e r t a i n l y  suggests a  very  p l a u s i b l e  in fe rence .  I t  appears t h a t  

the i n t eg ra ted  t h ree  p o i n t  r e s t r a i n t  d i d  no t  increase t he  

o v e r a l l  use o f  r e s t r a i n t s ,  b u t  t h a t  those occupants who 

fo rmer ly  used on l y  t he  l a p  be1 t now use t he  f u l l  r e s t r a i n t .  

I n  add i t i on ,  i t  appears t h a t  the  sequent ia l  i n t e r l o c k  increases 

r e s t r a i n t  use among new owners, b u t  t h a t  a f t e r  a  " l ea rn i ng "  

per iod,  i t s  b e n e f i t s  a re  l a r g e l y  circumvented by o v e r t  de fea t  

o f  the system. 

5 . 2  I n j u r y  Rates 

Th is  sec t i on  deals w i t h  t h e  r a t e s  o f  i n j u r y  by model year  

and by r e s t r a i n t ,  t he  p r i n c i p a l  ob j ec t i ves  o f  the  study. The 

sca le  o f  i n j u r y  s e v e r i t y  used i s  the  o v e r a l l  occupant s e v e r i t y  

on the  Abbreviated I n j u r y  Scale ( A I S )  ( 2 ) .  The sca le  was in tended 

t o  be app l i ed  t o  each i n d i v i d u a l  i n j u r y  an occupant may sus ta in .  

I t  i s  a l so  used by most i n v e s t i g a t o r s  t o  descr ibe the  o v e r a l l  

s e v e r i t y  t o  t he  v i c t i m .  The A I S  as i t  was app l i ed  t o  t he  

o v e r a l l  s e v e r i t y  has eleven l e v e l s ,  i n c l u d i n g  f i v e  l e v e l s  f o r  

f a t a l i t i e s .  The l e v e l s  o f  non- fa ta l  i n j u r y  are:  

0  No I n j u r y  

1  Minor 

2 Moderate 

3 Severe ( n o t  1 i f e - t h r e a t e n i n g )  

4  Ser ious ( 1  i f e - t h r e a t e n i n g  , s u r v i v a l  probable) 

5 C r i t i c a l  ( s u r v i v a l  uncer ta in )  

Levels 6 through 10 cover f a t a l i t i e s ,  ca tego r i z i ng  the  t ime t o  

death and number o f  i n d i v i d u a l  i n j u r i e s .  The A I S  has been 



r ev i sed  by t he  J o i n t  Committee on I n j u r y  Sca l ing  o f  t h e  Soc ie ty  

o f  Automotive Engineers, American Medical Assoc ia t ion,  and t he  

American Assoc ia t ion  f o r  Automotive Medicine b u t  t he  sca le  dew 

f i n e d  i n  Reference 2  was used by t he  teams c o n t r i b u t i n g  t o  t h i s  

s tudy (8 ) .  

The ad hoc committee se lec ted  t he  r a t e  o f  i n j u r y  above 

a  s p e c i f i c  l e v e l  o f  t he  AIS as the  measure o f  performance f o r  

t h e  study. The dichotomy o f  i n j u r y  t h a t  was chosen i s  AIS=O,1 

and AIS>2. - Th is  c u t  p o i n t  was n o t  an a r b i t r a r y  dec is ion .  The 

f a t a l i t y  r a t e  i s  a  measure o f  g rea t  i n t e r e s t ,  b u t  t he  p r o j e c t  

was n o t  expected t o  p rov ide  s u f f i c i e n t  data t o  s tudy f a t a l  i t i e s ,  

and has n o t  done so. I n j u r i e s  o f  AIS 4 and 5 occur even l ess  

f r equen t l y  than f a t a l i  t i e s ,  as shown i n  F igure 3, and toge ther  

w i t h  f a t a l i t i e s  p rov ide  i n s u f f i c i e n t  data i n  t he  samples t h a t  

have been c o l l  ected. 

I t  would be f e a s i b l e  t o  s tudy the  inc idence o f  no i n j u r y  

(AIS=O) versus any i n j u r y .  Such a  dichotomy has been used i n  

t he  past ,  p a r t i c u l a r l y  i n  s tud ies  us ing i n j u r y  data prov ided 

by p o l i c e  i n v e s t i g a t i o n s .  AIS 1  conta ins i n j u r i e s  t h a t  a re  

indeed minor.  On t h i s  scale,  any i n j u r y  i s  assigned a  non-zero - 
value, i n c l u d i n g  m i  nor  contusions, abrasions, and tenderness. 

Many of these a re  t r i v i a l  i n j u r i e s  s i m i l a r  t o  those we o f ten  

cons ider  an acceptable p a r t  of everyday 1 i v i n g .  I nc l ud ing  such 

i n j u r i e s  would seem t o  be inappropr ia te ,  i f  n o t  i r r e l e v a n t .  

The remaining poss ib le  c u t  po in t s  a re  A 1 9 2  - and AIS>3. - 
Both o f  these a re  o f  i n t e r e s t  and w i l l  be addressed, b u t  even 

those o f  l e v e l  t h ree  and above occur so i n f r e q u e n t l y  t h a t  the  

data analyzed here a re  i n s u f f i c i e n t  f o r  more than a  super- 

f i c i a l  examination. The l e v e l  s  o r i g i n a l l y  se lec ted  f o r  s tudy,  

AIS>2, - (moderate o r  worse) a re  appropr ia te  f o r  both ph i  l osoph ic  

and pragmatic reasons, and t he  r e s u l t s  t o  f o l l o w  a re  based 

l a r g e l y  on t h i s  measure. 

The r e s u l t s  f o r  the  inc idence o f  moderate o r  worse i n j u r y  

as a  f u n c t i o n  o f  model year  and by r e s t r a i n t  used a re  g iven  i n  



two pa r t s .  The f i r s t  dea ls  w i t h  unadjusted o r  crude ra tes ,  i .e., 

r a t es  der i ved  w i t hou t  cons ider ing  the  e f f e c t s  of confounding 

var iab les .  The pr imary o b j e c t i v e  o f  the  program was a  comparison 

o f  such r a t e s  f o r  1973 and 1974 cars  and t h i s  i s  i nd i ca ted ,  

a1 though s ince  the  removal o f  t he  i n t e r l o c k ,  eva lua t i on  o f  r e s t r a i n t  

ef fect iveness i s  much more impor tant .  

The second p a r t  g ives the  r e s u l t s  o f  us ing a  genera l ized 

program f o r  ana lys is  o f  mu1 t i v a r i a t e  ca tego r i ca l  data. Th is  

ana lys is  i s  used t o  c o n t r o l  f o r  the  e f f e c t s  o f  confounding 

va r i ab l es ,  and r e s u l t s  i n  i n j u r y  r a t e s  which a re  ad justed t o  a  

s tandard ized popu la t ion  o f  the  independent (confounding) va r i ab l es  . 
The r e s u l t s  i n  bo th  sect ions have been obtained by o m i t t i n g  

cases w i t h  miss ing data on essen t i a l  va r iab les .  Thus, f o r  

each t ab le ,  cases w i t h  m iss ing  data on one o f  t he  tabu la ted  

var iab les  have been de le ted.  

5.2.1 Unadjusted I n j u r y  Rates. The p ropor t ions  o f  ou t -  

board - f ron t -sea t  occupants r e c e i v i n g  i n j u r i e s  o f  AIS=2 o r  

g rea te r  by model year  a re  shown i n  Table 11. The r e s u l t s  

f o r  the  th ree  teams a re  a1 1  q u i t e  d i f f e r e n t .  

CALSPAN and HSRI both show a  s l i g h t  increase i n  the  i n -  

cidence o f  mdera te  o r  worse i n j u r y  i n  1974 cars ,  and a  sub- 

s t a n t i a l  increase i n  1975 cars .  The f i g u r e s  f o r  SwRI i n d i c a t e  

s i m i l a r  r e s u l t s  i n  1974 and 1975 cars,  both  reduced over  1973 

cars .  

The reduct ions r e l a t i v e  t o  1973 r e s u l t s ,  shown i n  

parentheses, a re  the  r e l a t i v e  reduct ions used here and e lse -  

where i n  the  r e p o r t  and a re  g iven by 

re1 a t i  ve reduc t ion  = (PI -P2)/Pl (7 

and a re  expressed i n  percent .  

Tests o f  s i g n i f i c a n c e  were conducted us ing variances f o r  

s t r a t i f i e d  samples computed f rom equat ion 4, page 21 . One- 



Table 11 

Team 

CALSPAN 
1973 
1974 
1975 

HSRI 
1973 
1974 
1975 

S w R I  
1973 
1974 
1975 

PROPORTION OF OCCUPANTS 
RECEIVING INJURIES OF AISz2 BY MODEL YEAR 

A 1 9 2  Reduct ion T o t a l  N 
i n  Percent i n  Percent (weighted) 

' ~ e l a t i v e  t o  1973 

' s i g n i f i c a n t  a t  0.1 w/o fpc 



s ided t e s t s  f o r  1975 compared t o  1973 a re  s i g n i f i c a n t  a t  t h e  

0.1 1  eve1 f o r  a1 1  t h ree  teams, w h i l e  t he  1974-1973 comparisons 

a re  s i g n i f i c a n t  a t  0.1 o n l y  f o r  SwRI. The above t e s t s  a re  

w i t hou t  the  f i n i t e  popu la t i on  c o r r e c t i o n .  I nc l ud ing  t he  f i n i t e  

popu la t i on  co r rec t i ons  leads t o  s i g n i f i c a n c e  a t  t he  0.1 l e v e l  

f o r  a l l  comparisons except HSRI 1974. 

Comparisons of 1975 and 1974 a re  n o t  shown, and a re  n o t  

s i g n i f i c a n t  a t  the  0.1 l e v e l  f o r  any team w i t h o u t  t he  f i n i t e  

popu la t i on  co r rec t i on .  With the  c o r r e c t i o n  inc luded,  they 

a re  s i g n i f i c a n t  f o r  CALSPAN and HSRI, b u t  n o t  f o r  SwRI. 

Thus we may conclude t h a t  t he  raw unadjusted ra tes  do 

n o t  i n d i c a t e  a  reduc t ion  of the  inc idence o f  moderate o r  worse 

i n j u r y  i n  1974 and 1975 cars except i n  t he  SwRI data, where 

the  reduc t i on  i s  about 20 percent .  CALSPAN and HSRI bo th  show 

an increase o f  i n j u r y  i n  1975 cars .  

The 95% conf idence i n t e r v a l s  f o r  t he  i n j u r y  r a t e s  shown 

i n  Table 11 a re  g iven  i n  Table 12 bo th  w i t h  and w i t hou t  t he  

f i n i t e  popu la t ion  c o r r e c t i o n .  They a re  based on t he  var iance 

o f  a  s t r a t i f i e d  sample and a re  equal t o  1  $96 ( v ) %  . 
Although t he  r e s u l t s  f o r  CALSPAN and HSRI both show an i n -  

crease o f  s i m i l a r  r e l a t i v e  magnitude i n  t he  l a t e r  years t h e  

average r a t e  ( f o r  a l l  years )  i s  lower f o r  HSRI than f o r  e i t h e r  

of the  o the r  teams--only 64 percent  o f  t h a t  f o r  CALSPAN and 

77 percent  o f  t h a t  f o r  SwRI. An apparent reason f o r  t he  lower  

r a t e  f o r  HSRI i s  t he  p o l i c y  each team uses f o r  coding t h e  

s e v e r i t y  of l a ce ra t i ons .  Th is  w i l l  be discussed i n  more d e t a i l  

i n  Sect ion 5.3.3. 

The increased inc idence o f  i n j u r y  among occupants o f  1974 

and 1975 cars  f o r  CALSPAN and HSRI data i s  d i sappo in t i ng  i n  

view o f  the  g r e a t l y  increased use o f  f u l l  r e s t r a i n t s  i n  t he  

l a t e r  model years .  The i n j u r y  r a t e  by r e s t r a i n t  i s  shown i n  

Tab1 e  13 f o r  the  aggregate o f  a1 1  t h ree  model years.  A lso 

shown i s  the  r e l a t i v e  r educ t i on  f o r  each r e s t r a i n t  compared t o  

unres t ra ined  occupants. A1 1  t h ree  teams show a  subs tan t i a l  



Table 12 

CONFIDENCE INTERVALS OF ESTIMATED 
PROPORTIONS OF INJURY OF A 1 9 2  - BY MODEL YEAR 

The t a b u l a t e d  values a r e  t h e  h a l f - w i d t h s  
o f  the  95 pe rcen t  conf idence i n t e r v a l s  i n  
pe rcen t  o f  occupants w i t h  AIS>2. - 

1973 w f p c *  
w/o f p c  

1974 w f p c  
w/o f p c  

1975 w f p c  
w/o f p c  

Team 
CALSPAN HSR I - SwRl - 

* 
f i n i t e  p o p u l a t i o n  c o r r e c t i o n  



Table 13 

Team 

CALSPAN 
None 
Lap Only 
F u l l  

HSRI 
None 
Lap Only 
F u l l  

SwRI 
None 
Lap Only 
F u l l  

PROPORTION OF OCCUPANTS RECEIVING 
INJURIES OF AIS>2 - BY RESTRAINT 

AIS>2 (Reduct ion To ta l  N 
i n  Fe rcen t  i n  Percent )  (weighted) 

 el a t i v e  t o  'None" 

' s i g n i f i c a n t  a t  0.001 w/o fpc 



r educ t i on  i n  t he  r a t e  f o r  lap-be1 t ed  occupants, compared t o  

those unres t ra ined .  CALSPAN and SwRI show an even g rea te r  

r educ t i on  f o r  those us ing  bo th  t he  l a p  and upper- torso 

r e s t r a i n t ,  w h i l e  HSRI shows a  g rea te r  r educ t i on  f o r  t he  l a p  

be1 t on l y .  However, t he  advantage o f  f u l l  r e s t r a i n t s  compared 

t o  lap-be1 t o n l y  i s  n o t  as g r e a t  as f o r  t he  lap-be1 t over  no 

r e s t r a i n t  f o r  any o f  t he  t h ree  teams. 

The reduc t ions  i n  moderate and worse i n j u r y  among l a p  

be1 ted  and f u l l y  r e s t r a i n e d  occupants compared t o  t h e  un- 

r e s t r a i n e d  a re  s i g n i f i c a n t  a t  0.001 w i t h  o r  w i t h o u t  the  f i n i t e  

popul a t i o n  co r rec t i on .  The d i f f e r e n c e s  between 1 ap be1 t ed  and 

f u l l y  r e s t r a i n e d  occupants a re  s i g n i f i c a n t  w i t h o u t  the  f i n i t e  

popu la t i on  c o r r e c t i o n  o n l y  i n  the  case o f  SwRI (p=0.098). Con- 

f i dence  i n t e r v a l s  f o r  t h e  p ropor t ions  o f  moderate and worse 

i n j u r i e s  f o r  t he  t h ree  r e s t r a i n t  con f i gu ra t i ons  a re  g iven i n  

Table 14 .  

The r e s u l  t s  shown i n  Tab1 es 11 and 13 f o r  CALSPAN and H S R I  

a re  paradox ica l  , i n  t h a t  both teams found i ncreased use o f  

f u l l  r e s t r a i n t s  i n  1974 cars  (as shown i n  Table 7 ) ,  substan- 

t i a l l y  fewer severe i n j u r i e s  among t h e  f u l l y  r e s t r a i n e d ,  and 

y e t  an increased i n j u r y  r a t e  i n  1974 's .  Both teams a l s o  showed 

an increase i n  i n j u r y  i n  1975's compared t o  1974's,  b u t  t h i s  

may have r e s u l t e d  i n  p a r t  f rom t h e  decreased use o f  f u l l  r e s t r a i n t s  

i n  1975's.  One reason f o r  the  paradox i n  1973's and 74 's  i s  

t he  s u b s t a n t i a l  b e n e f i t  o f  lap-be1 t s  , which were worn p r i m a r i l y  

i n  1973 cars,  as shown i n  Table 15. The i n j u r y  r a t e s  w i t h  t he  

l a p  be1 t - - w i t h  subs tan t i a l  usage i n  1973 's- -are nea r l y  as low 
as f o r  f u l l  r e s t r a i n t s  i n  t h e  CALSPAN and HSRI data.  Th is  

appears t o  cancel much o f  t he  n e t  b e n e f i t s  t h a t  were a n t i c i p a t e d  

w i t h  t he  i n t r o d u c t i o n  o f  the  1974 cars .  

A second phenomenon confounds the i ssue  and con t r i bu tes  t o  

t he  paradox. The i n j u r y  r a t e s  by r e s t r a i n t  shown i n  Table 9 
were obta ined by poo l i ng  (aggregat ing)  t h e  data f o r  a l l  t h ree  

model years .  As shown i n  Table 15 , however, the  data f o r  i n -  

d i v i d u a l  r e s t r a i n t  con f i gu ra t i ons  a re  n o t  d i s t r i b u t e d  s i m i l a r l y  

across the t h ree  model years .  Data on unres t ra ined  occupants 

7  7  



Table 14 

CONFIDENCE INTERVALS OF ESTIMATED 
PROPORTION OF INJURY OF AIS12 

BY RESTRAINT 

The t a b u l a t e d  va lues a r e  t h e  h a l f - w i d t h  o f  t h e  
95 pe rcen t  conf idence i n t e r v a l s  i n  pe rcen t  o f  
occupants w i t h  AIS>2. - 

Team 
CALSPAN HSRI SwRI 

Unres t r a i  ned 
w f p c *  0 0.46 0.74 
w/o f p c  1.38 1.13 1,38 

Lap be1 t o n l y  
w f p c  0 0.45 0.92 
w/o f p c  2.08 1.62 1.67 

F u l l  r e s t r a i n t  
w f p c  0 0.69 0.73 
w/o f p c  2.26 1.58 1.33 

* 
f i n i t e  p o p u l a t i o n  c o r r e c t i o n  



Table  15 

PROPORTION OF OCCUPANTS WITH A I S 2 2  

(Data weighted on i n v e r s e  of sampling r a t i o ;  
occupants w i t h  unknown i n j u r i e s  a r e  omit ted 

from t h e  t a b l e )  

AIS 2 2 

T o t a l  N 
CALSPAN 

1973 No R e s t r a i n t  
1974 No R e s t r a i n t  
1975 No R e s t r a i n t  

1973 Lap Only 
1974 Lap Only 
1975 Lap Only 

1973 Lap & Shoulder 
1974 Lap & Shoulder 
1975 Lap & Shoulder 

HSRI - 
1973 No R e s t r a i n t  
1974 No R e s t r a i n t  
1975 No R e s t r a i n t  

1973 Lap Only 
1974 Lap Only 
1975 Lap Only 

1973 Lap & Shoulder 
1974 Lap & Shoulder 
1975 Lap & Shoulder 

SwRI - 
1973 No R e s t r a i n t  
1974 No R e s t r a i n t  
1975 No R e s t r a i n t  

1973 Lap Only 
1974 Lap Only 
1975 Lap Only 

1973 Lap & Shoulder 
1974 Lap & Shoulder 
1975 Lap & Shoulder 



are  p rov ided  about e q u a l l y  by 1973 and 1974 ca rs ,  w i t h  a  smal l  

amount f rom 1975 's .  Lap b e l t  d a t a ,  however, a r e  n e a r l y  811 

from 1973 's ,  The f u l l - r e s t r a i n t  d a t a  a r e  p r i m a r i l y  f rom 1974 's  

and 1975 's .  Conversely,  t h e  c o n t r i b u t i o n s  t o  lap-be1 t d a t a  from 

1974 's  a r e  ve ry  smal l  and a lmost  none o f  t h e  f u l l  - r e s t r a i n t  

da ta  a r e  from 1973 's .  Thus, t h e  e f f e c t  o f  p o o l i n g  i s  g r e a t e r  

on t h e  da ta  f o r  u n r e s t r a i n e d  occupants than  f o r  e i t h e r  o f  t h e  

r e s t r a i n e d  c a t e g o r i e s .  Furthermore,  t h e  i n j u r y  r a t e s  f o r  t h e  

u n r e s t r a i n e d  v a r y  by model y e a r .  

When t h e  l a p  be1 t r a t e s  (1973 's )  a r e  compared w i t h  t h e  

u n r e s t r a i n e d  i n  T a b l e l 3 ,  they  a r e  compared n o t  w i t h  j u s t  1973 un- 

r e s t r a i n e d ,  b u t  w i t h  i n j u r y  r a t e s  h i g h e r  than  f o r  j u s t  t h e  1973 's .  

T h i s  m a g n i f i e s  t h e  apparent  p r o t e c t i o n  a f f o r d e d  1  ap be1 t e d  occu- 

pants .  S i m i l a r l y ,  t h e  apparent  b e n e f i t s  o f  f u l l  r e s t r a i n t s  a r e  

decreased by t h e  same p o o l i n g  o f  u n r e s t r a i n e d  occupants.  The 

n e t  e f f e c t  i s  an i n f l a t i o n  o f  t h e  r e l a t i v e  b e n e f i t s  o f  l a p  b e l t s  

compared t o  f u l l  r e s t r a i n t s .  

The phenomena desc r ibed  above c o u l d  be avo ided by eva lu-  
a t i n g  the  b e n e f i t  o f  b o t h  r e s t r a i n t s  w i t h i n  i n d i v i d u a l  model 

y e a r s .  However, t h e r e  a r e  n o t  enough data  on f u l l  r e s t r a i n t s  

i n  1973 ca rs  t o  compare them w i t h  l a p  b e l t s ,  n o r  enough da ta  

on 1  ap-be1 t e d  occupants i n  1974 o r  1975 c a r s  t o  compare them 

w i t h  f u l l  r e s t r a i n t s .  An a1 t e r n a t i v e  procedure i s  t o  measure t h e  

benef i t s  o f  1  ap be1 t s  ove r  no r e s t r a i n t s  i n  1973 's ,  and o f  

f u l l  r e s t r a i n t s  over  no r e s t r a i n t s  i n  7 4 ' s  and 7 5 ' s .  The r e l a t i v e  

r e d u c t i o n s  i n  t h e  i n c i d e n c e  o f  moderate o r  worse i n j u r y  ( A I S > 2 )  - 
obta ined  i n  t h i s  l a t t e r  manner a r e  shown i n  Tab le  16. The 

Z s t a t i s t i c  and t h e  cor responding one-sided s i g n i f i c a n c e  l e v e l s  

f o r  t h e  d i f f e r e n c e s  i n  t h e  i n j u r y  r a t e s  f o r  t h e  two r e s t r a i n t  

usages i n d i c a t e d  a r e  a l s o  g i ven ,  based on t h e  va r iance  o f  a  

s t r a t i f i e d  sample. 

The r e s u l t s  f o r  CALSPAN a r e  a lmost  i d e n t i c a l  t o  those 

g i v e n  i n  Tab1 e  13, where t h e  t h r e e  model yea rs  a r e  poo led.  The 

b e n e f i t s  o f  t h e  l a p  and f u l l  r e s t r a i n t s  a r e  a lmost  i d e n t i c a l  
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for 'HSRI  whereas the l a p  b e l t  appeared somewhat b e t t e r  than the  

f u l l  r e s t r a i n t  i n  Table 13. The r e s u l t s  f o r  S w R I  show an i n -  

creased b e n e f i t  o f  the f u l l  compared t o  l a p  r e s t r a i n t .  

The p ropo r t i on  o f  occupants i n j u r e d  w i t h  A I S Q  - and t he  

conf idence i n t e r v a l s  on t he  p ropor t ions  a re  g iven  i n  Table 17 

f o r  each o f  t he  sub-populat ions used i n  Table 16. 

We may concl  ude t h a t  bo th  r e s t r a i n t s  reduce the  probabi  1  i ty 

o f  severe i n j u r y ,  and t h a t  f u l l  r e s t r a i n t s  a re  more e f f e c t i v e  

than lap-be1 t s  alone. However, bo th  the  CALSPAN and HSRI data 

i n d i c a t e  t h a t  the  l a p  be1 t s  i n  the 1973 cars  a r e  nea r l y  as 

e f f e c t i v e  as the  l a p  and upper- torso combinations o f  1974 cars  

i n  reduc ing the  i n j u r y  r a t e s  , compared t o  unres t ra ined  occupants 

i n  the  r espec t i ve  model years .  

There a re  several  poss i b l e  exp lanat ions o f  the  apparent 

s i m i l a r i t y  o f  l a p  and upper- torso r e s t r a i n t  performance t h a t  

can be examined. The upper- torso r e s t r a i n t  may be more b e n e f i c i a l  

a t  h igher  acc iden t  and i n j u r y  s e v e r i t i e s .  Users o f  t he  f u l l  

r e s t r a i n t  may s  ti 11 rece i ve  moderate (AIS=2) b u t  to1  e rab l  e  

i n j u r i  es , whi 1  e  be ing p ro tec ted  aga ins t  more severe consequences. 

I f  much o f  t he  b e n e f i t  o f  r e s t r a i n t s  were f rom preven t ion  of 

e j e c t i o n ,  the two con f i gu ra t i ons  m igh t  demonstrate s i m i l a r  

r e s u l  t s .  An impor tan t  cons idera t ion  m igh t  a l so  be t he  re1 i a b i l  i ty  

o f  t he  data on usage. The comparison o f  model years  i s  indepen- 

dent  o f  the  i n v e s t i g a t o r ' s  de te rmina t ion  o f  usage, and was 

se lec ted  as t he  o r i g i n a l  o b j e c t i v e  p a r t l y  f o r  t h i s  reason. 

Measurements o f  the  performance o f  the  i n d i v i d u a l  r e s t r a i n t  

con f i gu ra t i ons  a re  obv ious ly  s e n s i t i v e  t o  observa t iona l  e r r o r s  

i n  usage. An a d d i t i o n a l  exp lana t ion  i s  t h e  impact con f i gu ra t i ons  

encountered i n  the  s e t  of towaway acc idents .  Res t ra in ts  might  

be expected t o  p rov ide  t h e i r  g rea tes t  b e n e f i t  i n  f r o n t a l  impacts, 

y e t  n o t  a1 1  impacts a re  f r o n t a l  . The presence o f  a  s u b s t a n t i a l  

number o f  non- f ron ta l  impacts conceivab ly  cou ld  mask bene f i t s  

i n  f r o n t a l  impacts. These f o u r  f ac to r s - - seve r i  t y  l e v e l  , 
e jec t i ons ,  usage re1  i a b i l  i t y ,  and f r o n t a l  impac ts - -w i l l  be 

discussed i n d i v i d u a l l y .  



Table  17 

PROPORTION OF OCCUPANTS RECEIVING INJURIES 
OF A 1 9 2  AND THE CONFIDENCE INTERVALS 
FOR SP~CIFIC RESTRAINT AND MODEL YEAR 

The ha1 f - w i d t h s  o f  t h e  95% conf idence i n t e r v a l s  
a r e  g i v e n  i n  p e r c e n t  i n j u r e d  ( A I S Q )  - 

Team 
R e s t r a i n t  and Model Year CALSPAN HSRI - SwRj 

1973 None p (%) 14.5 8.6 14.4 
. C . I . w f p c  0 0.81 1.04 

w/o fpc 1.90 1.61 1.96 

1973 Lap p (%)  7.1 4.3 7.1 
C . I .  w f p c  0 0 1.04 

w/o f p c  2.31 1.58 1.85 

1974 and 1975 
None p (%)  16.6 9.8 13.3 

C . I .  w f p c  0 0.39 1.06 
w/o f p c  1.99 2.63 1.95 

F u l l  p ( % )  5.1 7.0 4.9 
C . I .  w f p c  0 0.75 0.74 

w/o fpc 1.89 1.68 1.35 



Table 18 g ives t he  p r o p o r t i o n  of occupants w i t h  i n j u r y  

s e v e r i t y  o f  A 1 9 3  - by model yea r  and by r e s t r a i n t .  The t a b l e  

corresponds t o  Tables 11 and 13 b u t  w i t h  t h e  i n j u r y  d i cho t -  

omy de f i ned  a t  t he  more severe l e v e l .  The reduc t i on  p a t t e r n s  

d isp layed  i n  Table 18 a re  d i f f e r e n t  than those o f  Tables 11 

and 13. The CALSPAN r e s u l t s  by yea r  a re  changed f rom a 

s l i g h t  increase (1%) f o r  A 1 9 2  - t o  a decrease (11%) i n  1974 

cars  and from an inc rease  o f  20% t o  an increase o f  o n l y  1% 

f o r  1975 cars .  The HSRI r e s u l t s  by year  change 1 i t t l e .  SwRI 

has s i m i l a r  reduc t ions  i n  A 1 9 2  - i n  1974 and 1975 cars ,  b u t  

a  lower  r educ t i on  f o r  A 1 9 3  - i n  1974's and a much g rea te r  r e -  

duc t i on  i n  1975's.  The reduc t ions  by r e s t r a i n t  f o r  A 1 9 3  - a r e  

very  s i m i l a r  t o  those f o r  AIS>2, - and t he  g rea te r  inc idence  

i n  l a t e r  model years  f o r  HSRI, and i n  f u l l  r e s t r a i n t s  compared 

t o  l a p  be1 t only ,  i s  s t i l l  p resent .  I n  genera l ,  t h e  smal l  

number o f  occupants w i t h  i n j u r i e s  o f  A 1 9 3  - precludes t h e  

use o f  i n f e r e n t i a l  s t a t i s t i c s .  

The p ropo r t i ons  o f  i n j u r i e s  o f  AIS>2 - f o r  occupants n o t  

e j ec ted  a re  shown i n  Table 19, corresponding t o  those g iven  

f o r  a1 1 occupants i n  Tables 11 and 13. Here, too,  the  r e s u l t s  

f o r  model years  combine a1 1 r e s t r a i n t  usages, and t he  r e s u l t s  

f o r  r e s t r a i n t s  combine bo th  model years .  The t o t a l  number 

o f  ac tua l  e j e c t i o n s  was n o t  l a r g e .  I n c l u d i n g  bo th  p a r t i a l ,  

complete, o r  unknown e j e c t i o n s  o f  an occupant, CALSPAN had 

18, HSRI 52, and SwRI 19, f o r  a  t o t a l  of 89 cases i n  which 

i t  was n o t  es tab l i shed  t h a t  t he  occupant remained f u l l y  

w i t h i n  the  c a r .  Consequently, t he  r e s u l t s  shown i n  Table 1  9  

a re  almost i d e n t i c a l  t o  those f o r  a l l  occupants shown i n  

Tab1 es 11 and 13, Therefore,  t he  b e n e f i t s  o f  r e s t r a i n t s  ob- 

served e a r l i e r  were n o t  r e s t r i c t e d  t o  p reven t i on  o f  e j e c t i o n ,  

b u t  were appl i cab1 e t o  conta ined occupants. Thus t h e  s im i  1  a r i  ty  

i n  reduc t ions  f o r  bo th  r e s t r a i n t  types i n  t h e  t h ree  da ta  

se t s  i s  n o t  an a r t i f a c t  o f  containment.  



Table  18 

CALSPAN 
1973 
1974 
1975 

None 
Lap 
F u l l  

HSRI 
1973 
1974 
1975 

None 
La P 
F u l l  

SwRI 
1973 
1974 
1975 

PROPORTION OF OCCUPANTS WITH A 1 9 3  
(Data weighted on i n v e r s e  o f  sampl ing T r a c t i o n ;  
occupants w i  t h  unknown i n j u r i e s  o r  r e s t r a i n t s  

a r e  o m i t t e d  f rom tab1 e)  

None 
La P 
F u l l  

AIS>3 (Reduct ion 
N 0 - - i n  Percent )  T o t a l  N 

66 3.49 1893 
58 3.08 (11 1885 
13 3.54 ( -1 )  367 

' R e l a t i v e  t o  1973 o r  t o  None 



T a b l e  19 

PROPORTION OF OCCUPANTS WITH AIS72 - 
NON-EJECTED OCCUPANTS 

( D a t a  w e i g h t e d  o n  i n v e r s e  o f  s a m p l i n g  f r a c t i o n ;  
o c c u p a n t s  w i t h  unknown i n j u r i e s  o r  r e s t r a i n t s  

are o m i t t e d  f r o m  t a b l e )  

AIS,2 
N % T o t a l  N 

CALSPAN 
1973  
1974 
1 9 7 5  

No R e s t r a i n t  3 7 1  1 4 . 9 1  2488 
Lap Only  48 7 .77  618 
Lap & S h o u l d e r  49 6 .56  747 

HSRI 
1 9 7 3  1 3  5  7 .15  1889  
1974 129  7 .30  1768  
1 9 7 5  33  8 .87  372 

No R e s t r a i n t  219 8 .67  2525 
Lap Only  30 4 . 9 3  609 
Lap & S h o u l d e r  48 5.36 895  

SwRI 
1973  
1974 
1975  

No R e s t r a i n t  3 5 1  1 3 . 1 1  2678 
Lap Only  59 6 .04  977 
Lap & S h o u l d e r  62 5.07 1224 



Each team documented n o t  o n l y  t h e i r  f i n a l  judgment o f  t he  

r e s t r a i n t  used, b u t  a l s o  prov ided an assessment o f  t h e i r  con- 

f i dence  o f  t h a t  conc lus ion.  The r e l i a b i l i t y  assessment was on 

a th ree  p o i n t  sca le .  The terms used f o r  each l e v e l  d i f f e r e d  

between teams. Those used a t  HSRI were "possible,"  "probable," 

and " d e f i n i t e . "  SwRI used "unre l  i a b l e  3 "  " re1 i a b l e  3 ' '  and "cer -  

t a i n  These a re  very  s u b j e c t i v e  est imates i n  themselves, and 

should n o t  be i n t e r p r e t e d  w i t h  too  much a t t e n t i o n  t o  semantics. 

I t  i s  probably  more appropr ia te ,  c e r t a i n l y  i n  t he  case o f  the  

HSRI data,  t o  cons ider  them s imply  as a t h ree -po in t  sca le ,  w i t h  

" d e f i n i t e "  o r  " c e r t a i n "  i n d i c a t i n g  those cases i n  which t he  

i n v e s t i g a t o r  o r  i n v e s t i g a t o r s  a re  t he  most c o n f i d e n t  i n  t h e i r  

conc lus ion .  The percentage o f  occupants (weighted) f o r  which 

t he  1 eve1 o f  g rea tes t  conf idence ( d e f  i n i  t e )  was used was 51 

percent  by CALSPAN, 81 percent  by HSRI, and 51 percen t  by SwRI. 

I f  t he  resu l  t s  shown i n  Tab1 e 13 f o r  r e s t r a i n t s  do con- 

t a i n  e r r o r s  because o f  u n r e l i a b l e  usage de te rmina t ion ,  we would 

expect d i f f e r e n t  r e s u l t s  f o r  those cases i n  which usage was 

1 i s t e d  as " d e f i n i t e  ." The p ropo r t i ons  f o r  these cases a re  

g i ven  i n  Table 20. The d i f f e rences  between " l a p  o n l y "  and 

" l a p  and upper t o r so "  a re  somewhat g rea te r  f o r  CALSPAN and 

SwRI, b u t  n o t  f o r  HSRI. 

The same general pa t t e rns  e x i s t  i n  Table 20 as i n  Table 13, 

b u t  the re  a re  some noteworthy d i f fe rences  . The g rea te r  b e n e f i t s  

o f  t h e  l a p  be1 t than f o r  f u l l  r e s t r a i n t s  i n  t he  HSRI da ta  o f  

Table 13 a re  magnif ied i n  Table 20--by bo th  an increase i n  the  

b e n e f i t s  o f  l a p  be1 t s  and a decrease i n  those o f  f u l l  r e s t r a i n t s .  

The r e l a t i v e  b e n e f i t  o f  f u l l  r e s t r a i n t s  over  l a p  be1 t f o r  SwRI 

i s  increased, b u t  the b e n e f i t  o f  each compared t o  no r e s t r a i n t  

i s  s u b s t a n t i a l  l y  lower .  These d i f f e rences  ( f o r  " d e f i n i t e "  

usage) do n o t  a1 1 represen t  a  un i fo rm inc rease  i n  t he  measured 

b e n e f i t s  o f  r e s t r a i n t s  , nor  a re  they cons i s t en t ,  

I n j u r y  (AIS>2) - r a t e s  by r e s t r a i n t ,  and t h e  reduc t ions  f o r  

r e s t r a i n e d  re1  a t i  ve t o  un res t r a i ned  occupants, a re  g iven  i n  



Table 20 

PROPORTION OF OCCUPANTS WITH AIS>2 
RESTRAINT USE CODED "DEFINITE"- 

(Data weighted on i n v e r s e  o f  sampling r a t i o ;  
occupants w i t h  unknown i n j u r i e s  a r e  o m i t t e d  

f rom t h e  t a b l e )  

A 1 9 2  (Reduct ion , 
N 0 

0 - i n  Percent)  ' Table N 

CALSPAN 
No R e s t r a i n t  273 18.02 151 5 
Lap Only 2 8 9.40 (48) 298 
Lap & Shoulder 11 6.51 (64) 169 

HSRI 
No R e s t r a i n t  21 6 9.66 2235 
Lap Only 2 6 4.68 (52)  555 
Lap & Shoulder 31 6.13 (37) 506 

SwRI 
No R e s t r a i n t  31 0 14.72 21 06 
Lap Only 28 12.28 (17)  228 
Lap & Shoulder 19 8.92 (39) 21 3 

' ~ e l a t i v e  t o  "None' 



Table 21 f o r  f r o n t a l  impacts. F ron ta l  impacts a re  de f i ned  

here as those w i t h  con tac t  t o  t he  f r o n t  o f  t he  c a r  w i t h  f o r c e  
vec to rs  o f  11 , 12, and 01 O 'c lock .  The r e s u l  t s  i n  general 

d i f f e r  1  i ttl e  from the  r e s u l t s  f o r  a1 1  crashes (Table  13  ) . 
The impacts i n c l  uded i n  t he  t a b l e  represen t  47 percen t  of 

a l l  CALSPAN data,  46 percen t  f o r  HSRI, and 35 percent  f o r  

SwRI. Rates o f  i n j u r y  o f  AIS>2 - are  s l i g h t l y  h i ghe r  i n  f r o n t a l s  

f o r  CALSPAN and SwRI, b u t  about t h e  same f o r  HSRI . I n j u r y  

r educ t i on  f o r  l a p  be1 t s  i s  s l i g h t l y  lower  f o r  f r o n t a l s  than 

f o r  a1 1  crashes, i n d i c a t i n g  t h a t  l a p  be1 t s  may p rov ide  

s l  i g h t l y  more b e n e f i t  i n  non- f ron ta ls .  The reduc t ions  

prov ided by f u l l  r e s t r a i n t s  --compared t o  no r e s t r a i n t s - - a r e  

almost i d e n t i c a l  t o  t h e  reduc t ions  observed i n  a1 1  impacts. 

Thus f u l l  r e s t r a i n t s  a re  e v i d e n t l y  as e f f e c t i v e  i n  reduc ing 

t h e  inc idence  of i n j u r y  o f  AISz2 i n  non - f r on ta l  impacts as 

i n f r o n t a l  impacts . 
The m a t e r i a l  t h a t  has been presented i n  t h i s  s e c t i o n  

i n d i c a t e s  t h a t  l a p  be1 t s  reduce t he  inc idence  o f  severe i n j u r y  

i n  towaway crashes by f rom 47 t o  54 percent .  Lap and upper 

t o r s o  r e s t r a i n t s  p rov ide  more p ro tec t ion - -41  t o  64 percent  

r educ t i on ,  compared t o  unres t ra ined .  However, t h e  marginal  
b e n e f i t  o f  t he  f u l l  r e s t r a i n t  over  l a p  be1 t s  i s  n o t  as 

g r e a t  as f o r  l a p  b e l t s  over  no r e s t r a i n t .  The a d d i t i o n a l  

b e n e f i t s  o f  the  f u l l  r e s t r a i n t ,  even when combined w i t h  t h e i r  

increased use i n  1974 and 1975 cars ,  were n o t  g r e a t  enough 

compared t o  l a p  be1 t s  a lone t o  s u b s t a n t i a l l y  and c o n s i s t e n t l y  

reduce t he  inc idence  o f  severe i n j u r y  i n  1974 and 1975 cars .  

These statements do n o t  appear s e n s i t i v e  t o  t he  conf idence 

of t he  teams i n  r e s t r a i n t  usage, and a re  n o t  1  i m i t e d  t o  f r o n t a l  

impacts o r  the  p reven t ion  o f  e j e c t i o n ,  

These r e s u l t s  , however, do n o t  cons ider  any d i f f e rences  

i n  d i s t r i b u t i o n s  i n  the  sub-populat ions o f  o t he r  va r i ab l es  

t h a t  a re  a l s o  fac to rs  i n  i n j u r y  s e v e r i t y .  Such f a c t o r s  and 

t h e i r  e f fec ts  a re  t r e a t e d  i n  t he  f o l l ow ing  sec t i on .  



Table 21 

FRONTAL IMPACTS 

CALSPAN 
None 
Lap 
F u l l  

HSRI 
None 
Lap 
F u l l  

SwRI 
None 
Lap 
F u l l  

Impact t o  f r o n t  o f  c a r  w i t h  f o r c e  vec to rs  
o f  11, 12, 01 O 'c lock  

A 1 9 2  - (Reduct ion 
N - % - i n  Percent)  To ta l  N 

' ~ e l a t i v e  t o  "None" 



5.2.2 S t a t i s t i c a l  Model ing  o f  t h e  M u l t i v a r i a t e  Contingency 

Tab1 es. I n  s e l e c t i n g  a  mu1 ti v a r i  a t e  s t a t i s t i c a l  model t o  summarize 

t h e  d a t a  and a i d  i n  e s t i m a t i n g  and i n t e r p r e t i n g  t h e  f i n d i n g s ,  

seve ra l  c o n s i d e r a t i o n s  come i n t o  p l a y .  B a s i c a l l y  these a r e  t h e  

d e t e r m i n a t i o n  o f  how many v a r i a b l e s  t o  i n c l u d e  , which p a r t i c u l a r  

v a r i a b l e s  t o  i n c l u d e ,  and which i n t e r a c t i o n s  a r e  impor tan t .  

I n  c o n s i d e r i n g  t h e  number o f  v a r i a b l e s ,  t h e  s i z e  and con- 

f i g u r a t i o n  o f  t h e  da ta  s e t  must be k e p t  i n  mind. Al though one 

m i g h t  be tempted t o  i n c l u d e  a  l a r g e  number o f  v a r i a b l e s  i n  an 

i n i t i a l  model, t h e  d a t a  may n o t  p e r m i t  t h i s .  The number o f  

c e l l s  o r  sub-popu la t ions  i n  a  cont ingency t a b l e  i s  t h e  p roduc t  

o f  t h e  number o f  l e v e l s  o f  a1 1  t h e  v a r i a b l e s  and thus  becomes 

l a r g e  q u i t e  r a p i d l y .  For example, i f  one cons idered t h r e e  

l e v e l s  o f  r e s t r a i n t ,  f i v e  age c a t e g o r i e s ,  f i v e  l e v e l s  o f  c r a s h  

s e v e r i t y ,  and two model yea rs ,  t h e  r e s u l t  i s  a  t a b l e  w i t h  

3 x  5 x  5 x  2 = 150 c e l l s ,  wh ich  must aga in  be m u l t i p l i e d  by two 

s i n c e  t h e r e  a re  two l e v e l s  o f  response ( i n j u r y ) .  Even though 

t h e  number o f  occupants i s  f a i r l y  l a r g e ,  t h e  da ta  t h i n  o u t ,  

l e a v i n g  many empty c e l l s  and many c e l l s  w i t h  e i t h e r  o n l y  a  few 

u n i n j u r e d  o r  one o r  two i n j u r e d  occupants i n  them. Thus, t h e  

number o f  v a r i a b l e s  and l e v e l s  must be k e p t  f a i r l y  sma l l .  

I n  many cases a  cho ice  o f  v a r i a b l e s  t o  i n c l u d e  had t o  be 

made between two o r  more s i m i l a r  v a r i a b l e s .  For example, one 

measure of  damage s e v e r i t y  m igh t  be inches o f  c rush,  s u i t a b l y  

ca tegor i zed ,  whi 1  e  another  would be t h e  CDC e x t e n t  code. These 

two a r e  h i g h l y  r e l a t e d  and o n l y  one would g e n e r a l l y  prove u s e f u l .  

Another example would be body t y p e  and v e h i c l e  we ight ,  

I n  a d d i t i o n  t o  c rush  o r  CDC e x t e n t  code, t h e r e  a r e  o t h e r  

aspects o f  a  c r a s h  which may be i m p o r t a n t  i n  de te rm in ing  

s e v e r i t y  i n  t e r n s  o f  i t s  p o t e n t i a l  t o  produce i n j u r i e s ,  
These may i n c l u d e  t h e  d i r e c t i o n  o f  t h e  impact  v e c t o r ,  whether 

t h e  impact  was over  a  w ide o r  narrow area,  t h e  n a t u r e  o f  t h e  

o b j e c t  s t r u c k ,  e t c .  However, i n c o r p o r a t i o n  o f  a1 1  o f  t hese  soon 

leads  t o  a  model which has t o o  many c e l l s  t o  be used. A d e r i v e d  



v a r i a b l e  o f  damage s e v e r i t y  was o b t a i n e d  u s i n g  a l l  components 
of t h e  CDC and c o n s i d e r i n g  o n l y  u n r e s t r a i n e d  occupants.  T h i s  

i s  desc r ibed  i n  Appendix B.  The hope was t o  o b t a i n  a  v a r i a b l e  w i t h  

r e l a t i v e l y  few l e v e l s  which would i n c o r p o r a t e  a l l  components o f  

t h e  c rash  w i t h o u t  hav ing t o  t r e a t  t hese  as i n d i v i d u a l  v a r i a b l e s .  
T h i s  d e r i v e d  damage s e v e r i t y  v a r i a b l e  was compared w i t h  t h e  

CDC e x t e n t  code t o  see which  v a r i a b l e  appeared t o  o f f e r  t h e  b e s t  

c o n t r o l .  The models i n c o r p o r a t e d  a  d ichotomy o f  c o l l  i s i o n  type,  

t h r e e  l e v e l s  of  r e s t r a i n t ,  f o u r  l e v e l s  o f  c r a s h  s e v e r i t y  ( o r  CDC), 

2nd t h r e e  age groups.  O v e r a l l ,  b o t h  models gave about  t h e  same 

f i t  f o r  t h e  data .  However, t h e  d e r i v e d  damage s e v e r i t y  v a r i a b l e  

e x p l a i n e d  much more o f  t h e  v a r i a b i l i t y  than d i d  t h e  CDC e x t e n t  

code. A lso ,  t h e  o t h e r  c r a s h  v a r i a b l e s  were much l e s s  s i g n i f i c a n t  

when t h e  d e r i v e d  s e v e r i t y  v a r i a b l e  was used than  when t h e  CDC 

e x t e n t  code was used. As a  r e s u l t ,  t h e  d e r i v e d  s e v e r i t y  

v a r i a b l e  was s e l e c t e d  as t h e  v a r i a b l e  f o r  c o n t r o l l i n g  on 

c r a s h  s e v e r i t y ,  

There a r e  some drawbacks t o  t h i s .  F i r s t ,  t h e  s e v e r i t y  

v a r i a b l e  may be s p e c i f i c  t o  t h i s  da ta  s e t .  F u r t h e r  work i s  

needed t o  r e f i n e  i t  and see i f  i t  i s  g e n e r a l l y  a p p l i c a b l e  as a  

measure o f  c rash  s e v e r i t y .  F u r t h e r ,  i t  i n c o r p o r a t e s  a1 1  aspects  

o f  t h e  CDC. I t  a l s o  appears t o  i n d i r e c t l y  c o n t r o l  f o r  c o l l i s i o n  

t y p e  and c a r  s i z e .  I f  i t  i s  d e s i r e d  t o  e s t i m a t e  these  e f f e c t s  

s e p a r a t e l y  f rom t h e  energy d i s s i p a t i o n  component o f  t h e  c rash,  

t h e  d e r i v e d  v a r i a b l e  i s  n o t  a p p r o p r i a t e .  

The d e r i v e d  s e v e r i t y  v a r i a b l e  was used i n  a  v a r i e t y  o f  

models w i t h  o t h e r  v a r i a b l e s  such as occupant age o r  sex, seated 

p o s i t i o n ,  c a r  body t ype ,  e t c . ,  t o  see which,  i f  any, o f  t hese  

o t h e r  v a r i a b l e s  shou ld  be a d j u s t e d  f o r  when comparing i n j u r y  

r a t e s  f o r  t h e  d i f f e r e n t  model yea rs  o r  r e s t r a i n t s .  A r e s t r i c t i o n  

was t h a t  i n  any f i n a l  models, e i t h e r  r e s t r a i n t  t y p e  o r  c a r  model 

y e a r  would be inc luded,  s i n c e  these were t h e  v a r i a b l e s  o f  p r imary  

i n t e r e s t  i n  t h e  s tudy.  I n  genera l ,  a f t e r  i n c l u d i n g  t h e  d e r i v e d  

damage s e v e r i t y  v a r i a b l e  and e i t h e r  t h e  r e s t r a i n t  used o r  mndel y e a r ,  



t h e  e f f e c t s  of t h e  o t h e r  v a r i a b l e s  were n o t  s i g n i f i c a n t .  

Occas iona l l y  a  v a r i a b l e  was found t o  have a  s i g n i f i c a n t  

e f f e c t  i n  o n l y  one team. Tables o f  t h e  p r o p o r t i o n s  o f  A 1 9 2  - 
i n j u r i e s  f o r  seve ra l  o f  t hese  v a r i a b l e s  a r e  presented i n  

Appendix D. I t  i s  e v i d e n t  t h e r e  t h a t  most o f  t h e  d i f f e r e n c e s  

a r e  s m a l l .  From t h e  model i n g  e f f o r t s ,  i t  appears t h a t  most 

o f  these d i f f e r e n c e s  a r e  f u r t h e r  reduced when t h e  d e r i v e d  

s e v e r i t y  v a r i a b l e  i s  t aken  i n t o  account. 

Wi th  t h e  l i m i t a t i o n s  o f  t h e  d a t a  i n  mind, t h e  f i n a l  
d e c i s i o n  was t o  use o n l y  t h e  s i x - l e v e l  damage s e v e r i t y  v a r i a b l e  

d e r i v e d  f rom t h e  complete CDC as a  c o n t r o l l i n g  v a r i a b l e  f o r  

a d j u s t e d  r a t e s .  Three f i n a l  models were f i t  t o  t h e  da ta :  (1 ) 
main e f f e c t s  o f  model y e a r  and damage s e v e r i t y ,  ( 2 )  main e f fec ts  

o f  r e s t r a i n t s  and c rash  s e v e r i t y ,  and ( 3 )  a  model i n c o r p o r a t i n g  

t h e  e f f e c t s  o f  r e s t r a i n t s  w i t h i n  model years  ( i n t e r a c t i o n )  and 

damage s e v e r i t y  . 
These models were f i t t e d  t o  da ta  f rom each team separa te l y ,  

The p r e d i c t e d  p r o p o r t i o n s  were then used w i t h  t h e  s e v e r i t y  d i s -  

t r i b u t i o n  f rom t h e  combined da ta  t o  c a l c u l a t e  ad jus ted  r a t e s  f o r  

a  s tandard  a c c i d e n t  p o p u l a t i o n .  I t  shou ld  be noted t h a t  even 

w i t h  these models t h e r e  were a  few c e l l s  i n  which no i n j u r i e s  

were observed. When zeros  occu r red  i n  t h e  cont ingency t a b l e s  

t h e y  were rep laced  by 0.1 t o  avo id  s i n g u l a r i t i e s  i n  t h e  

r e s u l t i n g  cova r iance  m a t r i c e s .  Th is  ad jus tment  was necessary 

f o r ,  a t  most, t h r e e  c e l l s  i n  one team. 

I n  t h e  model i n c l u d i n g  t h e  i n t e r a c t i o n ,  i t  was necessary t o  

add 0,1 t o  f o u r  o r  f i v e  numbers i n  each team. I n  a d d i t i o n ,  two 

teams each had one c e l l  w i t h  no d a t a  ( d i f f e r e n t  c e l l s  i n  t h e  

two teams). T h i s  was remedied by  removing t h e  a p p r o p r i a t e  row 

f rom t h e  des ign m a t r i x ,  reduc ing  t h e  t o t a l  degrees o f  freedom 

by one. As a  p o i n t  o f  i n t e r e s t  t h e  model was a l s o  f i t t e d  

i n s e r t i n g  0.1 f o r  b o t h  t h e  number o f  A I S 4  - and A 1 9 2  - c a t e g o r i e s  

o f  t h a t  c e l l  , and v i r t u a l l y  i d e n t i c a l  r e s u l t s  were ob ta ined .  
The es t ima ted  parameters f o r  each team a r e  presented i n  

Appendix E. The f i n d i n g s  and r e s u l t s  a r e  presented i n  S e c t i o n  5.2.3. 



5.2.3 Ad jus ted  I n j u r y  Rates. The r e s u l t  o f  t h e  mode l i ng  

process desc r ibed  i n  S e c t i o n  5.2.2 i s  a  s e l e c t i o n  o f  v a r i a b l e s  

t o  be c o n t r o l l e d  i n  comparing i n j u r y  r a t e s  f o r  t h e  d i f f e r e n t  

model yea rs  and d i f f e r e n t  r e s t r a i n t s .  The i n j u r y  r a t e s  es t ima ted  

f rom t h e  l i n e a r  models have l e s s  sampl ing  v a r i a b i l i t y  t han  do 

t h e  raw i n j u r y  r a t e s .  F u r t h e r ,  t h e  model p e r m i t s  i n j u r y  r a t e s  

t o  be es t ima ted  f o r  combinat ions  of  r e s t r a i n t  usage, s e v e r i t y ,  

and model y e a r  f o r  which no cases were observed o r  f o r  wh ich  

v e r y  few cases were observed r e s u l t i n g  i n  no i n j u r i e s .  As 

d e s c r i b e d  b e f o r e ,  one o f  t h e  e f f o r t s  i n  model ing  was t o  reduce 

t h e  number o f  l e v e l s  t o  t h e  e x t e n t  t h a t  t h e r e  shou ld  be v e r y  

few, i f  any, empty c e l l s .  Never the less ,  some a c c i d e n t s  w i t h  

c e r t a i n  combinat ions  o f  v a r i a b l e s  were n o t  p r e s e n t  i n  a l l  t h r e e  

teams, There i s  neve r  more than  one comp le te l y  empty c e l l  i n  any 

o f  t h e  f i r s t  models and a1 so never  more than s i x  c e l l s  w i t h  

e i t h e r  t h e  i n j u r e d  (A ISz2)o r  u n i n j u r e d  ca tegory  empty. 

The p r e d i c t e d  c e l l  p r o p o r t i o n s  f rom t h e  s t a t i s t i c a l  models 

a r e  combined w i t h  a s tandard  d i s t r i b u t i o n  t o  o b t a i n  a d j u s t e d  

r a t e s  o f  A 1 9 2  - i n j u r i e s .  I n  genera l ,  a  s tandard  p o p u l a t i o n  may 

be q u i t e  a r b i t r a r y  , s i n c e  i t s  f u n c t i o n  i s  t o  enab le  t h e  s t a n -  

d a r d i z e d  o r  a d j u s t e d  r a t e s  t o  be d i r e c t l y  compared w i t h o u t  t h e  

con fus ing  i n f l u e n c e  o f  t h e  o t h e r  v a r i a b l e s .  Fo r  t h e  ad jus tments  

i n  t h i s  s t u d y  t h e  same s tandard  p o p u l a t i o n  has been used f o r  

a l l  t h r e e  teams, The s tandard  p o p u l a t i o n  chosen i s  t h a t  o b t a i n e d  
by  c o n s i d e r i n g  t h e  damage s e v e r i t y  d i s t r i b u t i o n  found f r o m  t h e  

combined exper ience  o f  a1 1  t h r e e  teams f o r  a l l  t h r e e  model yea rs .  

Thus, one i n t e r p r e t a t i o n  o f  t h e  a d j u s t e d  r a t e s  i s  t h a t  t hese  

a r e  t h e  i n j u r y  r a t e s  t h a t  would have been observed i n  each l o c a l i t y  

had a  common damage s e v e r i t y  d i s t r i b u t i o n  p r e v a i l e d .  To t h e  e x t e n t  

t h a t  t h i s  d i s t r i b u t i o n  i s  r e p r e s e n t a t i v e  o f  a  l a r g e r  p o p u l a t i o n  

o f  acc iden ts ,  t hese  r a t e s  c o u l d  be cons idered p r e d i c t i v e  o f  

i n j u r y  r a t e s  t o  be expected i n  a  p o p u l a t i o n  o f  towaway a c c i d e n t s .  

Tab le  22 gives t h e  d i s t r i b u t i o n  o f  t h e  p o p u l a t i o n  by  t h e  s e v e r i t y  

c lasses .  



Tab le  22 

STANDARD POPULATION DAMAGE SEVERITY DISTRIBUTIOPi 

S e v e r i t y  o f  Classes 1  2  3  4  5  6 

Percen t  o f  
P o p u l a t i o n  13.02 36.47 17.39 18.37 8.52 6.22 

5.2,3.1 Ad jus ted  I n j u r y  Rates by  Madel Year. 

The o r i g i n a l  p r i m a r y  o b j e c t i v e  o f  t h e  s t u d y  was t o  e s t i m a t e  t h e  

expected r e d u c t i o n  i n  moderate o r  worse i n j u r i e s  f rom 1973-model 

passenger c a r s  t o  1974-model passenger c a r s .  The 

p r o j e c t  was expanded t o  i n c l u d e  1975-model c a r s  as these  

were i n t r o d u c e d  i n t o  t h e  p o p u l a t i o n .  The s t a t i s t i c a l  model 

f i n a l l y  chosen i s  one which  i n c l u d e s  t h e  s i x - l e v e l  s e v e r i t y  

v a r i a b l e s  d e r i v e d  f rom t h e  C o l l  i s i o n  Deformation C l a s s i f i c a t i o n  

(see Appendix B f o r  a  d e s c r i p t i o n )  and t h e  t h r e e  model yea rs  

as w e l l  as t h e  i n j u r y  v a r i a b l e .  Tab le  23 summarizes t h e  p e r -  

formance o f  t h e  model i n  t h e  t h r e e  teams. I n  two o f  t h e  teams 

t h e  e r r o r  c h i  square was c l e a r l y  n o n - s i g n i f i c a n t .  I n  t h e  SwRI 

d a t a  t h e  e r r o r - - o r  l a c k  o f  f i t  o f  t h e  1  i n e a r  mode l - - i s  s i g n i -  

f i c a n t  a t  P=,02. T h i s  i n d i c a t e s  t h a t  t h e r e  i s  some rema in ing  

sys temat i c  v a r i a t i o n  among t h e  c e l l  p r o p o r t i o n s .  However, t h e  

1  i n e a r  model does account  f o r  o v e r  n i n e t y  p e r c e n t  o f  t h e  v a r i a t i o n  

among t h e  c e l l  p r o p o r t i o n s  o f  A 1 9 2  - i n j u r i e s  i n  each o f  t h e  

cases, so t h e  model i s  judged accep tab le  and i s  used f o r  a1 1  

t h r e e  teams. The e s t i m a t e d  parameters o f  t h e  model a r e  

r e p o r t e d  i n  Appendix D. 



Table 23 

RESULTS OF THE LINEAR MODEL RELATING PROPORTION 
OF INJURIES OF AIS22 TO DAMAGE SEVERITY AND MODEL YEAR 

Team: CALSPAF! HS I? I SwRI 

E r r o r  X L  ( I O d f )  12.0 3.9 21 .I 
(NS (NS) ( .02) 

2  R ( %  v a r i a t i o n  
exp l  a ined)  94.0% 97.8% 93.6% 

2 x f o r  s e v e r i t y  
( 5  d f )  190.0 170.7 306.8 

(0 )  ( 0 )  (0)  
2  x f o r  model y e a r  

( 2  d f )  .92 .23 10.9 
(NS) (NS) ( ,004) 

Under each c h i  squared va lue  i s  the  assoc ia ted  s i g n i f i c a n c e .  

If t h e  s i g n i f i c a n c e  was g r e a t e r  than .05, "non s i g n i f i c a n t "  

(NS) i s  i n d i c a t e d .  Otherwise,  t h e  exact  l e v e l  i s  quoted. For  

CALSPAN and HSRI , t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  among 

t h e  model year .  For  SwRI t h e r e  i s  an i n d i c a t i o n  o f  a  s t a t i s -  

t i c a l  l y  s i g n i f i c a n t  d i f fe rence .  Th is  must be i n t e r p r e t e d  

c a u t i o u s l y ,  s i n c e  t h e r e  i s  some ques t ion  about t h e  adequacy o f  

t h e  model i n  t h i s  team and t h e  t e s t  i s  o n l y  exact  i f  t h e  model 

f i t s .  The d i f f e r e n c e  observed was a  lower  p r o p o r t i o n  o f  A 1 9 2  - 
i n j u r i e s  i n  t h e  1975 model c a r s - - t h e  1973 and 1974 models hav ing 

n e a r l y  t h e  same r a t e .  Since r e l a t i v e l y  few 1975 ca rs  were 

i n v o l v e d  i n  crashes i n  t h i s  s tudy  i t  i s  p robab ly  s a f e  t o  con- 

c lude  t h a t  t h e r e  were no d i f f e r e n c e s  i n  t h e  p r o p o r t i o n s  o f  

i n j u r i e s  by model year .  Th is  f i n d i n g  was c o n s i s t e n t  across 

t h r e e  teams. 

The o v e r a l l  p r o p o r t i o n s  o f  persons i n j u r e d  moderate ly  o r  

worse d i f f e r e d  among t h e  teams. Th is  has been d iscussed e l s e -  

where and i s  p robab ly  due t o  a  combinat ion o f  d i f f e r e n t  types 



o f  c rashes and d i f f e r e n t  cod ing  procedures .  Tab le  24 g i v e s  t h e  

a d j u s t e d  p e r c e n t  o f  o u t b o a r d - f r o n t - s e a t  occupants who were 

i n j u r e d  modera te l y  o r  worse by  team and model y e a r  o f  v e h i c l e .  

N i n e t y - f i  ve p e r c e n t  con f idence  i n t e r v a l s  f o r  t hese  a r e  a1 so 

presented.  These p r o p o r t i o n s  have been a d j u s t e d  f o r  damage 

s e v e r i t y ,  u s i n g  t h e  s tandard  d i s t r i b u t i o n  g i v e n  i n  Tab le  22, 

so t h e  pe rcen ts  can be compared among teams and model yea rs  

d i r e c t l y .  The a d j u s t e d  r a t e  f o r  HSRI i s  about  e i g h t  p e r c e n t  

o f  f r o n t - s e a t - o u t b o a r d  occupants i n  towaway crashes;  f o r  

CALSPAN i t  i s  about  twe lve  p e r c e n t ,  and about  t e n  p e r c e n t  f o r  

SwRI. W i t h i n  each team t h e  r a t e s  a r e  c o n s i s t e n t  across  model 

yea rs .  Thus t h e  genera l  c o n c l u s i o n  i s  t h a t  t h e r e  a r e  no 

d i f f e r e n c e s  i n  p r o p o r t i o n s  o f  moderate o r  more severe  i n j u r i e s  

t o  o u t b o a r d - f r o n t - s e a t  occupants o f  1973, 1974, o r  1975 model 

passenger c a r s .  

Tab le  24 

ADJUSTED PROPORTION OF MODERATE AND WORSE INJURY 
BY TEAM AND MODEL YEAR I N  PERCENT 

AND THE NINETY-FIVE PERCENT CONFIDENCE INTERVALS 

Team 
Model Year CALSPAN HSRI SwRI 

1973 P 11.81 -. 8.03 1  0.94 
C.I. (70.12, 13.50) (6.93, 9.13) (9.78, 12.10) 



5.2.3.2 Ad jus ted  I n j u r y  Rates by R e s t r a i n t  Used. 

A  secondary b u t  i m p o r t a n t  o b j e c t i v e  o f  t h i s  p r o j e c t  was t o  

e s t i m a t e  t h e  e f f e c t i v e n e s s  o f  t h e  d i f f e r e n t  l e v e l s  o f  r e s t r a i n t s  

used--none, l a p  b e l t  o n l y ,  o r  l a p  b e l t  p l u s  shou lde r  r e s t r a i n t .  

The model s e l e c t e d  was t h e  add1 t i v e  mode1 exp ress ing  t h e  

p r o p o r t i o n  o f  moderate o r  worse i n j u r y  as a  sum of an o v e r a l l  

mean p l u s  an e f f e c t  due t o  c r a s h  s e v e r i t y  p l u s  an e f f e c t  due t o  

r e s t r a i n t  used. The ch i - squared  s t a t i s t i c  f o r  l a c k  o f  f i t  

proved t o  be s i g n i f i c a n t  f o r  t h i s  model i n  a l l  t h r e e  teams. 

Thus, t h e r e  remains some s y s t e m a t i c  v a r i a t i o n  among t h e  p r o -  

p o r t i o n s  o f  A 1 9 2  - i n j u r i e s .  T h i s  i s  most  l i k e l y  an i n t e r a c t i o n  

i n  wh ich  r e s t r a i n t s  a r e  more e f f e c t i v e  i n  some c r a s h  s e v e r i t i e s  

than  i n  o t h e r s .  I t  was n o t  p o s s i b l e  t o  i d e n t i f y  one o r  two 

such i n t e r a c t i o n s  wh ich  were c o n s i s t e n t  across  t h e  t h r e e  teams, 

The a d d i t i v e  models were used i n  s p i t e  o f  t h e  i n d i c a t i o n  o f  some 

l a c k  o f  f i t  f o r  seve ra l  reasons. F i r s t ,  t h e  models d i d  e x p l a i n  

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

a t  l e a s t  73%--even though a  p o r t i o n  remained unexp la ined .  

Secondly,  t h e  models p r o v i d e d  a  u s e f u l  smoothing and summarizing 

o f  t h e  da ta .  T h i r d l y ,  t h e  p r e c i s i o n  o f  t h e  e s t i m a t e d  p r o p o r t i o n s  

was improved u s i n g  t h e  models. And f i n a l l y ,  t h e  t e s t s  o f  

s i g n i f i c a n c e  f o r  t h e  e f f e c t s  o f  s e v e r i t y  and o f  r e s t r a i n t s  

appeared so s t r o n g  t h a t  t h e i r  i nexac tness  due t o  t h e  l a c k  o f  f i t  

seemed u n l i k e l y  t o  change t h e  conc lus ions .  Tab le  25 s u n a r i z e s  

t h e  performance o f  t h e  model i n  t h e  t h r e e  teams. A l l  t h r e e  teams 

a r e  c o n s i s t e n t  i n  t h a t  t h e  e f f e c t s  o f  s e v e r i t y  and o f  r e s t r a i n t s  

a r e  h i g h l y  s i g n i f i c a n t .  

As has been observed p r e v i o u s l y ,  t h e  p r o p o r t i o n  o f  A 1 9 2  - 
i n j u r i e s  v a r i e d  among t h e  t h r e e  teams. However, t h e  same p a t t e r n  

o f  r e s t r a i n t  e f f e c t i v e n e s s  i s  observed.  Lap be1 t s  reduce t h e  

p r o p o r t i o n  o f  A 1 9 2  - i n j u r i e s ,  and f u l l  r e s t r a i n t s  reduce i t  s t i l l  

f u r t h e r .  
The a d j u s t e d  p r o p o r t i o n s  o f  AIS>2 - i n j u r i e s  f o r  t h e  t h r e e  

l e v e l s  o f  r e s t r a i n t  use, t o g e t h e r  w i t h  95% con f idence  i n t e r v a l s ,  

a r e  g i v e n  i n  Tab le  26. A l l  t h r e e  teams show a  cons is tent1 .y  



Tab le  25 

RESULTS OF THE STATISTICAL MODELS 
FOR RESTRAINTS I N  EACH TEAM 

Team 

CALSPAN HSRI SwRI 

E r r o r  x 2 17.6 48.6 87.9 
(10 d f )  ( ,062) ( 0 )  ( 0 )  

2 R ( %  v a r i a t i o n  
e x p l  a i  ned 90.2% 73.7% 74.3% 

S e v e r i t i e s  x 2 161.3 136.6 254.4 
( 5  d f )  ( 0  ( 0 )  ( 0 )  

R e s t r a i n t s  x 2 27.6 24.7 36,7 
( 2  d f )  ( 0  (0 )  ( 0 )  

Tab le  26 

PERCENT OF A 1 9 2  INJURIES BY RESTRAINT USED FOR THREE TEAMS 
- ADJUSTED FOR DAMAGE SEVERITY 

Team 

R e s t r a i n t  CALSPAN HSRI SwRI 

None p 14.44 8.04 11.93 
C . I .  (12.87, 16.01)  (7.04, 9.04) (10.77, 13.09) 

Lap On ly  p 10,62 6.10 8.43 
C . I .  (7.64, 13.59) (4.53, 7.67)  (6.94, 9.92) 

F u l l  P 7.94 4.52 7.47 
C . I .  (6.04, 9.84)  (3.42, 5.62) (6.24, 8.70)  



i n c r e a s i n g  b e n e f i t  as t h e  l e v e l  o f  r e s t r a i n t  increases.  That  

i s ,  t h e  p r o p o r t i o n  o f  A 1 9 2  - i n j u r i e s  i s  h i g h e s t  among u n r e s t r a i n e d  

occupants, i s  l e s s  among 1  ap be1 t e d  occupants, and i s  reduced 

s t i l l  f u r t h e r  f o r  f u l l y  be1 t e d  occupants, 

A  somewhat more d i r e c t  measure o f  t h e  e f f e c t i v e n e s s  o f  

r e s t r a i n t s  i s  p rov ided  by t h e  p r o p o r t i o n a l  r e d u c t i o n  i n  

moderate o r  worse ( A I S > 2 )  - i n j u r i e s  achieved by  r e s t r a i n t s .  For 

example, i n  comparing l a p  b e l t e d  occupants t o  u n r e s t r a i n e d  

occupants, t h i s  measure i s  : 

Prop. A 1 9 2  - Unres t ra ined  - Pro. A 1 9 2  - Lap B e l t e d  
E f f e c t i v e n e s s  = 

P r o p o r t i o n  A 1 9 2  Unres t ra ined  

Table 2 7  p resen ts  t h i s  measure t o g e t h e r  w i t h  t h e  assoc ia ted  95% 

con f idence  i n t e r v a l s .  The e f f e c t i v e n e s s  o f  r e s t r a i n t s  i s  seen 

t o  be q u i t e  s u b s t a n t i a l  and q u i t e  c o n s i s t e n t  ove r  t h e  t h r e e  teams. 

An excep t ion  t o  t h i s  genera l  cons i s tency  i s  i n  SwRI ,  where f u l l  

r e s t r a i n t s  a r e  es t ima ted  t o  be o n l y  h a l f  as e f f e c t i v e  ( r e l a t i v e  

t o  l a p  b e l t s )  as i n  t h e  o t h e r  two teams. A  p a r t i a l  e x p l a n a t i o n  

f o r  t h i s  i s  t h e  f a c t  t h a t  l a p  b e l t s '  e f f e c t i v e n e s s  r e l a t i v e  t o  

no r e s t r a i n t  was h i g h e s t  i n  t h i s  da ta  s e t ,  w h i l e  f u l l  r e s t r a i n t s  

were 1  e a s t  e f f e c t i v e  re1 a t i v e  t o  u n r e s t r a i n e d  occupants. These 

two r e s u l  t s - - 1  ap be1 t s  be ing  most e f f e c t i v e  and f u l l  r e s t r a i n t s  

be ing  leas t  e f fec t ive- -  cunbined t o  make f u l l  r e s t r a i n t s  appear 

r a t h e r  i n e f f e c t i v e  r e l a t i v e  t o  l a p  be1 t s  i n  t h e  S w R I  da ta .  



Table 27 

PERCENT EFFECTIVENESS OF VARIOUS RESTRAINTS BY TEAM 

Team 

CALSPAN HSRI SwRI 

Lap t o  None 26,4% 24.2% 29.4% 
C . I .  (4.4, 48.4)  (3.8, 44.6) (16.2, 42.6) 

F u l l  t o  None 45,0% 43.9% 37.4% 
C , I ,  (30.6, 59.4) (29.4, 58.4) (26.5, 48.3) 

F u l l  t o  Lap 25.3% 25,9% 11.4% 
C .  I. (-2.1, 52.7) (2.0, 49.8) (-8.2, 31) 



5,2 .3 .3  I n t e r a c t i o n  Between R e s t r a i n t s  and Model Year. 

The r e s u l t s  i n  Sec t i on  5.2.3.2 i n d i c a t e  ve ry  s t r o n g  b e n e f i t s  ( i n  

terms o f  reduced pe rcen t  o f  i n j u r e d  occupants)  t o  be d e r i v e d  

from use o f  r e s t r a i n t s  when damage s e v e r i t y  i s  a d j u s t e d  f o r .  -The 

r e s u l t s  on r e s t r a i n t  usage presented i n  S e c t i o n  5.1 i n d i c a t e  

t h a t  r e s t r a i n t  usage was h i g h e r  among occupants o f  1974-and 1975- 

model ca rs .  I n  p a r t i c u l a r ,  use o f  f u l l  r e s t r a i n t s  was increased.  

A f t e r  c o n t r o l l i n g  f o r  c rash  s e v e r i t y  one would have expected a  

r e s u l t i n g  decrease i n  t h e  p r o p o r t i o n  o f  i n j u r i e s  f o r  occupants 

i n  1974 and 1975 model cars ,  b u t  t he  r e s u l t s  o f  S e c t i o n  5.2.3.1 

do n o t  show t h i s .  I ns tead ,  t h e  p e r c e n t  o f  (AIS>2) - i n j u r i e s  

( a f t e r  a d j u s t i n g  f o r  s e v e r i t y )  i s  q u i t e  cons tan t .  As d iscussed 

i n  S e c t i o n  2.2.2, o t h e r  p o s s i b l e  exp lana to ry  v a r i a b l e s  (such as 

occupant age, sex, e t c . )  were n o t  s i g n i f i c a n t .  As a  r e s u l t ,  

one i s  f aced  w i t h  t h e  paradox t h a t  r e s t r a i n t s  appear e f f e c t i v e  

and use of  r e s t r a i n t s  i s  increased,  b u t  no o v e r a l l  b e n e f i t  i s  

observed even a f t e r  c o n t r o l  1  i ng f o r  damage s e v e r i t y  

Th is  l e d  t o  t h e  c o n s i d e r a t i o n  o f  a  s t a t i s t i c a l  model w i t h  

a  res t ra in t -by -mode l - yea r  i n t e r a c t i o n  i n  i t .  That i s ,  c o u l d  

t h e  e f f e c t s  o f  r e s t r a i n t s  be d i f f e r e n t  i n  1973-model c a r s  than  

i n  1974- and 1975- model ca rs .  The i n t e r a c t i o n  was i n c o r p o r a t e d  

by  f i t t i n g  the  main e f f e c t s  f o r  r e s t r a i n t s  s e p a r a t e l y  f o r  occu- 

pants  o f  1973 models and f o r  occupants o f  1974-and 1975-model 

ca rs .  (There were n o t  enough 1975-model ca rs  t o  t r e a t  them 

s e p a r a t e l y ,  so they  were combined w i t h  the -  1974 model ,' s i n c e  t h e  

r e s t r a i n t  systems i n  those two model yea rs  were q u i t e  s i m i l a r  

and d i f f e r e d  f rom those i n  t h e  1973-model c a r s . )  

The r e s u l t s  i n d i c a t e d  t h a t  t h e r e  were indeed d i f f e r e n t i a l  

e f f e c t s  o f  r e s t r a i n t s  i n  t h e  t h r e e  d i f f e r e n t  model years ,  b u t  

t h a t  t h e  p a t t e r n  o f  these d i f f e r e n c e s  was n o t  comp le te l y  con- 

s i s t e n t  across  a l l  t h r e e  teams. I n  SwRI and HSRI d a t a  t h e  

main e f f e c t  o f  model y e a r  was n o t  s i g n i f i c a n t  w i t h  t h e  i n c l u s i o n  

o f  s e v e r i t y  and t h e  r e s t r a i n t - b y m o d e l  y e a r  i n t e r a c t i o n ,  b u t  

t h i s  main e f f e c t  p e r s i s t e d  i n  t h e  CALSPAN da ta - -w i th  t h e  l a t e r  



models appear ing  worse. Crash s e v e r i t y  and r e s t r a i n t s  w i t h i n  

model y e a r  were s i g n i f i c a n t  i n  a l l  t h r e e  teams. The ch i -squared 
2  values and t h e  R f o r  t h e  model a re  g i v e n  i n  Table 28, w h i l e  

Tab le  29 g i ves  a d j u s t e d  pe rcen ts  o f  moderate o r  worse i n j u r i e s  

by team and model yea r ,  t o g e t h e r  w i t h  t h e  assoc ia ted  95% 

conf idence i n t e r v a l s .  R e f e r r i n g  t o  t h i s  l a t t e r  t a b l e ,  some 

genera l  conc l  us ions appear c o n s i s t e n t  across a1 1  t h r e e  teams. 

The a d j u s t e d  pe rcen t  o f  A 1 9 2  - i n j u r i e s  f o r  l a p - b e l t e d  

occupants of  1973-model ca rs  was v i r t u a l l y  t h e  same as t h e  

a d j u s t e d  pe rcen t  o f  AIS12 i n j u r i e s  f o r  f u l l y  be1 t e d  occupants 

o f  1974 and 1975-model c a r s .  T h i s  occur red i n  a1 1  t h r e e  teams. 

The d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  any o f  t h e  

teams and t h e  magnitude o f  t h e  d i f f e r e n c e  was q u i t e  sma l l .  

The l a r g e s t  d i f f e r e n c e  was f rom 8.3% t o  6.8% i n  t h e  SwRI data .  

Al though one cannot  conclude t h a t  t h e  performance o f  t h e  l a p  b e l t  

i n  1973 ca rs  was as good as t h e  performance o f  f u l l  r e s t r a i n t s  

i n  t h e  1974 and 1975 cars ,  t h e  sample s i z e s  were l a r g e  enough 

so t h a t  d i f f e r e n c e  o f  p r a c t i c a l  importance shou ld  have been 

detec ted.  

A l though t h e r e  were r e l a t i v e l y  few f u l l y  b e l t e d  occupants 

o f  1973 ca rs ,  t h e  pe rcen t  o f  A 1 9 2  - i n j u r i e s  among t h i s  group 

was c o n s i s t e n t l y  l ower  than f o r  e i t h e r  t h e  l a p - b e l t e d  occupants 

o f  1973 ca rs  o r  t h e  f u l l y  be1 t e d  occupants o f  1974 o r  1975 

ca rs .  Thus, a  genera l  conc lus ion  seems t o  be t h a t  t h e  r e s t r a i n t  

system i n  1973 c a r s  performed bet ter - -when used--than t h a t  i n  

t h e  1974 and 1975 cars .  

An anomaly i n  t h a t  da ta  i s  t h e  f a c t  t h a t  l a p - b e l t e d  occu- 

pants  i n  1974 and 1975 ca rs  had a  l ower  pe rcen t  o f  A 1 9 2  - 
i n j u r i e s  than t h e  f u l l y  be1 t e d  occupants o f  these models i n  t h e  

HSRI and SwRI data .  T h i s  d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i -  

f i c a n t  i n  t h e  SwRI data .  On t h e  o t h e r  hand, f u l l  r e s t r a i n t s  

were s i g n i  f i c a n t l y  b e t t e r  i n  t h e  CALSPAN d a t a  and t h e  d i f f e r e n c e  

was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  t h e  H S R I  da ta .  The 

r e l a t i v e  r a r i t y  o f  t h i s  group may be r e s p o n s i b l e  f o r  t h e  incon-  

s i s t e n t  r e s u l t s ,  b u t  i t  seems l i k e l y  t h a t  these a r e  a  
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RESULTS OF THE INTERACTING MODEL 
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p a r t i c u l a r  k i n d  o f  occupant o r  acc iden t ,  s i n c e  i t  i s  u s u a l l y  

necessary t o  c u t  t h e  shou lde r  b e l t  o f f  i n  o r d e r  t o  wear 

o n l y  t h e  l a p  be1 t i n  these  ca rs .  

I n  summary, t h r e e  f i n d i n g s  appear t o  be c o n s i s t e n t  across  

a1 1  t h r e e  teams and hence may app ly  t o  a  broader  p o p u l a t i o n  o f  

acc iden ts .  F i r s t ,  t h e r e  a r e  no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

pe rcen t  o f  AIS12 i n j u r i e s  f o r  occupants o f  t h e  d i f f e r e n t  model 

yea rs  (1973, 1974, 1975) a f t e r  ad jus tment  f o r  damage s e v e r i t y  

Secondly, l a p  b e l t s  a r e  q u i t e  e f f e c t i v e  (when worn) i n  reduc ing  

t h e  pe rcen t  of  A 1 9 2  - i n j u r i e s ,  and l a p  and shou lde r  be1 t s  b o t h  

a r e  even more e f f e c t i v e .  T h i r d l y ,  t h e  r e s t r a i n t s  i n  1973 

models seem t o  be somewhat more e f f e c t i v e  than  those i n  t h e  

1974 and 1975 models. 

The most c o n s i s t e n t  f i n d i n g  i s  t h e  e f f e c t i v e n e s s  o f  

r e s t r a i n t s  i n  reduc ing  t h e  pe rcen t  o f  A 1 9 2  - i n j u r i e s .  The 

r e s u l t s  f o r  t h e  t h r e e  teams a r e  so c o n s i s t e n t  t h a t  one i s  

tempted t o  combine them and v iew t h e  r e s u l t  as be ing  g e n e r a l i -  

z a b l e  t o  a  more genera l  p o p u l a t i o n  o f  crashes.  There a r e  a  

number o f  d i f f i c u l t i e s  i n  do ing  t h i s ,  however, A l though t h e  
s tandard  d i s t r i b u t i o n  of damage s e v e r i t y  used here  may n o t  be 

t h e  ad jus ted  r a t e s  seems t h e  most l o g i c a l  one, t h e r e  i s  n o t h i n g  

t o  guarantee t h a t  i t  rep resen ts  any l a r g e r  p o p u l a t i o n .  I n  

a d d i t i o n ,  t h e  measure o f  c rash  s e v e r i t y  used here  may n o t  be 

a p p r o p r i a t e  i n  more genera l  p o p u l a t i o n s .  F i n a l l y ,  a1 though t h e  

s tandard  e r r o r s  may seem accep tab ly  sma l l ,  these r e p r e s e n t  

sampl ing e r r o r s  on l y - - these  d a t a  can i n  no way be cons idered a  

p r o b a b i l i t y  sample o f  t h e  U.S. c rash  p o p u l a t i o n .  As a  r e s u l t ,  

t h e  a c t u a l  e r r o r s  a l s o  i n c l u d e  a  b i a s  term, b u t  t h e r e  i s  no 

way o f  de te rm in ing  t h e  magnitude o f  t h e  b i a s .  If one does 

combine t h e  e f f e c t i v e n e s s  measures o f  t h e  t h r e e  teams, w i t h  a l l  

t h e  r e s e r v a t i o n s ,  t hen  t h e  r e s u l t s  e s t i m a t e  t h a t  l a p  b e l t s  a lone- -  

when used--reduce t h e  number o f  AIS22 i n j u r i e s  by about  26.7% 

( w i t h  a s tandard  d e v i a t i o n  o f  9.7%).  Lap and shou lde r  b e l t s  both- -  

when used--would reduce t h e  number o f  A 1 9 2  - i n j u r i e s  (compared 



t o  u n r e s t r a i n e d  occupants)  by  about  42.1% ( w i t h  a s tandard  

d e v i a t i o n  o f  6.8%). And t h e  a d d i t i o n  . o f  a shou lde r  b e l t  t o  

t h e  l a p  b e l t  would reduce t h e  number o f  AIS>2 - i n j u r i e s  b y  

20.9% (s tandard  d e v i a t i o n  12.2%). However, as no ted  above, 

i t  i s  n o t  c l e a r  t o  what, i f  any, a c c i d e n t  p o p u l a t i o n  these 

r e s u l  t s  wou ld  app ly .  



5.3 I n j u r y  Pat terns 

The ana l ys i s  of i n j u r y  pa t t e rns  was performed on t h e  s p e c i f i c  

Occupant I n j u r y  C l a s s i f i c a t i o n  (OIC) data recorded by t he  f i e 1  d  

teams. I n d i v i d u a l  OIC's were recorded f o r  each s p e c i f i c  i n j u r y  

susta ined by an occupant. The i n d i v i d u a l  OIC's were s to red  

i n  a  computer f i l e  a long w i t h  automat ica l  l y  de r i ved  i n j u r y  summary 

i n f o rma t i on  f o r  each body reg ion  o f  each occupant, e.g. ,  h i ghes t  

AIS susta ined by  t h e  "head." Both t he  t o t a l  number o f  OIC's 

( i n j u r i e s )  each occupant susta ined and t h e  percentage o f  occu- 

pants who susta ined an i n j u r y  t o  a  p a r t i c u l a r  body reg ion  a r e  

r epo r t ed  i n  t h i s  sec t i on .  The i n j u r y  sources (e,g., v e h i c l e  

con tac t  p o i n t s )  recorded i n  t he  SwRI da ta  were a l s o  analyzed-- 

p a r t i c u l a r l y  t he  steer ing-assembly , f r o n t - i n t e r i o r ,  and r e s t r a i n t  

i n j u r i e s .  The contents  o f  t h i s  s e c t i o n  a re  organized as f o l l o w s :  

5.3.1 Number o f  I n j u r i e s  per  Occupant 

5.3.2 Body Regions I n j u r e d  

5.3.3 Lacera t ion  S e v e r i t y  Coding 

5.3.4 Sources o f  I n j u r y  

I n  summary, occupants who use a  l a p  be1 t reduce t h e  

expected number o f  s p e c i f i c  i n j u r i e s  ( i nc i dence  o f  OIC's o f  

AIS>l )  - by one - t h i r d .  The l a p  be1 t prov ides some p r o t e c t i o n  

f rom i n j u r i e s  o f  a l l  s e v e r i t i e s  i n  a l l  body reg ions  w i t h  t h e  

poss i  b l  e  except ion o f  minor neck and abdomen i n j u r i e s  . However, 

t he  l a p  be1 t i s  about tw i ce  as e f f e c t i v e  i n  reduc ing t h e  

occurrance o f  moderate o r  worse (AIS>2) - i n j u r i e s  than i n  reduc ing  

A 1 9 1  - i n j u r i e s ,  t o  a l l  o f  t he  body reg ions w i t h  t he  excep t ion  

o f  the  face  and lower  e x t r e m i t i e s .  Even i n  these reg ions  t h e  

l a p  b e l t  i s  more e f f e c t i v e  i n  reduc ing  t h e  AIS>2 - i n j u r i e s  than 

i n  i nc reas ing  the  r a t e  o f  "no i n j u r y  ." 
I f  an upper- torso b e l t  i s  added t o  t he  l a p  b e l t ,  some face  

i n j u r i e s  may be t raded f o r  head i n j u r i e s  and a  smal l  i nc rease  i n  

t he  percentage o f  minor i n j u r i e s  (A IS= l )  w i l l  be exper ienced i n  



the  neck, to rso ,  and lower  ex t r em i t i es .  On t he  o the r  hand, 

re1  a t i  ve t o  the  unres t ra ined  occupants t he  f u l  l y  r e s t r a i n e d  

occupants have c u t  i n  h a l f  t he  expected number o f  i n j u r i e s  worse 

than a  minor (AIS>2). - A few minor  i n j u r i e s  a re  a  small p r i c e  

t o  pay f o r  improved e f f ec t i veness  i n  p reven t ing  s i g n i f i c a n t  

i n j u r i e s .  

5 .3 .1  Number o f  I n j u r i e s  per Occupant. The number o f  

i n j u r i e s  ( i  .e., s p e c i f i c  OIC's)  susta ined by an occupant i s  a  

poss ib le  a1 t e r n a t i v e  measure o f  r e s t r a i n t  system e f f ec t i veness  . 
Table 30 displays t he  number o f  occupants i n  each r e s t r a i n t  

c lass ,  t he  number o f  OIC's they susta ined,  and t he  r a t e  o f  

occurrence f o r  each occupant c lass .  A l l  l e v e l s  o f  AIS a re  

included, i .e., any O I C  w i t h  an AIS o f  1 o r  more i s  counted. 

For each team, t he  inc idence  o f  OIC's ( r a t e  o f  OIC's per  exposed 

occupant) was 1  ess f o r  r e s t r a i n e d  occupants than f o r  unres t ra ined  

occupants. Both CALSPAN and HSRI data demonstrated a  one- th i  r d  

drop i n  O I C  inc idence w i t h  t h e  use o f  r e s t r a i n t  systems, w i t h  

no no tab le  d i f f e rences  between l a p  and f u l l  r e s t r a i n t s .  SwRI 

demonstrated l i t t l e  d i f f e r e n c e  between n o - r e s t r a i n t  and l a p - b e l t -  

on ly ,  y e t  d i sp layed  a  40 percent  drop when f h l l  r e s t r a i n t s  were 

compared w i t h  lap-be1 t - o n l y .  The inc idence o f  s p e c i f i c  OIC's 

w i t h  an AIS o f  2  o r  more was reduced 50 percent  f o r  r e s t r a i n e d  

occupants (Tab1 e  31') . 
Note t h a t  the  number o f  occupants i n  each o f  the  t h ree  

r e s t r a i n t  c lasses i s  d isp layed  as the  second 1  i n e  o f  data f o r  

each team i n  Table 30. Th is  i s  t he  s e t  o f  numbers used f o r  

"exposed occupants" i n  a l l  subsequent percentage computations. 

For c l a r i t y ,  the  s p e c i f i c  N 's  have n o t  been inc luded  i n  most 

o f  the  remaining f i g u r e s  and tab les ,  b u t  these can be est imated 

by mu1 t i p l y i  ng the percentages by the  number o f  exposed occu- 

pants. 



Tab le  30  

NUMBER OF AIS>1 OIC 's  PER OCCUPANT - 

R e s t r a i n t s  Used: None - 
CALSPAN 

O I C  ' s  3838 

Exposed Occupants 2539 

O I C '  s/Occupant 1.5 

HSRI 

O I C ' s  4308 

Exposed Occupants 2597 

O I C  ' s/Occupant 1.7 

SwRI 

O IC 's  3271 

Exposed Occupants 2852 

O I C  ' s/Occupant 1.1 

Lap F u l l  T o t a l  



Tab le  31 

NUMBER OF OIC's of  A I S s  PER OCCUPANT 

R e s t r a i n t s  Used: 

CALSPAN 

OIC 's  

Exposed Occupants 

O I C  ' s/Occupant 

HSRI 

OIC 's  

Exposed Occupants 

O I C '  s/Occupant 

SwRI 

OIC 's  

Exposed Occupants 

O I C '  s/Occupan t 

None - Lap - F u l l  T o t a l  



5.3.2 Body Regions I n j u red .  The p a t t e r n  o f  i n j u r y  by body 

reg ion  f o r  each r e s t r a i n t  c l ass  i s  tabu la ted  i n  Table 32. A l l  

the percentages a re  i n  terms o f  the  percentage o f  exposed occu- 

pants i n  each r e s t r a i n t  c l ass  who susta ined an i n j u r y  t o  a  par-  

t i c u l a r  body reg ion .  For example, 21.1 percent  o f  t he  unres t ra ined  

occupants i n  the CALSPAN data susta ined a head i n j u r y  ( i  .e., an 

AIS o f  a t  l e a s t  1 ) .  I n  o rder  t o  cons ider  i n j u r y  s e v e r i t y  i n  a  

manner para1 l e l  t o  e a r l i e r  sect ions o f  t he  r epo r t ,  the  per- 

centages o f  occupants i n j u r e d  a t  AIS 2 o r  more were a l s o  * 
i nc l  uded, e. g  . , 4.3 percent  o f  t he  unres t ra ined  CALSPAN i nves t i - 
gated occupants susta ined a head i n j u r y  o f  AIS 2 o r  g rea te r .  

The percentage o f  occupants w i t h  head and face i n j u r i e s  

(AIS>1) - i s  lower f o r  r e s t r a i n e d  occupants. A l l  t he  chi-square 

t e s t s  f o r  n o - r e s t r a i n t  vs. l ap -on ly  and vs. f u l l  r e s t r a i n t  were 

s t a t i s t i c a l l y  s i g n i f i c a n t  ( a t  0.05 l e v e l ) .  Furthermore t he  per-  

centages o f  face i n j u r i e s  f o r  the  f u l l  r e s t r a i n t  a re  almost f i f t y  

percent  l ess  than the  lap-be1 t - o n l y  percentages (a1 1 s i g n i f i c a n t ) .  

Co inc iden ta l l y ,  the  CALSPAN data showed a n o n s i g n i f i c a n t  increase 

i n  head i n j u r i e s  w i t h  f u l l  r e s t r a i n t s ,  compared t o  l ap -be l t - on l y .  

The a d d i t i o n  o f  upper- torso be1 t t o  the  l a p  be1 t may have 

caused a s l i g h t  s h i f t  from face t o  head i n j u r i e s .  

The percentage o f  occupants w i t h  AIS 2 and g rea te r  i n j u r i e s  

t o  the head and face i s  a l s o  reduced w i t h  the  use o f  r e s t r a i n t  

sys terns. The 1 ap be1 t e f fec t i veness  i n  reducing AIS12 i n j u r i e s  

i s  tw ice  t h a t  o f  the  A I S l l  i n j u r y  reduct ion.  For H S R I  and 

S w R I  t he re  i s  a lso  both a  s i g n i f i c a n t  drop i n  the  percentage o f  

face AIS>2 - i n j u r i e s  w i t h  t he  a d d i t i o n  o f  the  upper- torso be1 t 

t o  the 1 ap be1 t and poss ib l y  a  complementary increase i n  t he  

percentage o f  AIS 2 o r  more head i n j u r i e s  ( n o t  s t a t i s t i c a l l y  s i g -  

n i f i c a n t ) .  

* 
The i n j u r y  s e v e r i t y  f o r  each occupant 's body reg ions 

was s e t  equal t o  the  h ighes t  A I S  code f o r  each reg ion.  



Table  32 - PERCENT OF BODY REGIONS INJURED BY 
RESTRAINT SYSTEM USAGE 

Cal span 

AIS2+ AIS1+ 

HEAD 
None 4.3 21 .I 
Lap 1.6 13.2 
F u l l  2.1 14.7 

FACE 
None 5.7 22.5 
Lap 3.5 16.1 
F u l l  2.7 10.3 

NECK 
None 0.7 10.2 
Lap 0.0 9.0 
F u l l  0.7 13.5 

UPPER 
EXTREMITY 

None 2.4 13.6 
Lap 1.4 9.5 
F u l l  0.9 11 . O  

CHEST 
None 3.7 14.6 
Lap 1.4 9.5 
F u l l  1 . I  11.2 

ABDOMEN 
+ PELVIS 

None 1 .3  5.0 
Lap 1.1 5 .4  
F u l l  0.7 4.7 

BACK 
None 0.8 6.9 
Lap 0.3 4.3 
F u l l  0.5 7.8 

LOWER 
EXTREMITY 

None 3.2 18.3 
Lap 1.1 12.1 
F u l l  0.9 15.0  

HSR I SwRI 



The o n l y  p a t t e r n  o f  neck i n j u r i e s  t h a t  i s  c o n s i s t e n t  f o r  

a l l  t h ree  teams i s  t he  inc rease  when f u l l  r e s t r a i n t s  were used 

( s i g n i f i c a n t  f o r  CALSPAN and HSRI). I t  should be noted t h a t  

the  amount o f  the increase i s  smal l  and t h a t ,  e f f e c t i v e l y ,  a l l  

neck i n j u r i e s  were minor (AIS-1).  

The percentage o f  occupants w i t h  upper and lower  e x t r e m i t y  

i n j u r i e s  was lower  f o r  bo th  f u l l  and l ap -on l y  r e s t r a i n t  systems 

when compared w i t h  unres t ra ined  occupants (HSRI 1  ap-only and 

CALSPAN f u l l  r e s t r a i n t s  n o t  s i g n i f i c a n t ) .  I n t e r e s t i n g l y  t h e r e  

i s  a  s l i g h t l y  h igher  ( n o t  s i g n i f i c a n t )  percentage o f  lower  

ex t r em i t y  i n j u r i e s  (AIS>1) - f o r  f u l l y  r e s t r a i n e d  over  lap-be1 t - o n l y  

r e s t r a i n e d  occupants. Al though bo th  CALSPAN and SwRI da ta  

demonstrated an e f f ec t i veness  f o r  r e s t r a i n e d  occupants o f  f i f t y  

percent  o r  b e t t e r  when compared w i t h  unres t ra ined  occupants, 

none o f  t he  comparisons f o r  AIS>2 - ex t rem i t y  i n j u r i e s  a re  s  t a t i s -  

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

The t o r s o  has been d i v i d e d  i n t o  t h ree  separate  reg ions  : 

chest ,  abdomen p l us  p e l v i s ,  and back (sp ine ,  exc lud ing  neck).  

The percentage o f  occupants sus ta i n i ng  ches t  i n j u r i e s  o f  A 1 9 1  - 
o r  A 1 9 2  - i s  reduced f o r  a1 1  r e s t r a i n e d  occupants when compared 

w i t h  t h e  unres t ra ined .  Genera l l y  t h e  r e s t r a i n t  systems were 

tw i ce  as e f f e c t i v e  i n  reduc ing A I S S  i n j u r i e s  t o  t h e  ches t  

than they were i n  l owe r i ng  AIS>1 - i n j u r i e s .  Whi le a l l  t h r e e  

se ts  o f  data  show an inc rease  i n  AIS>1 - ches t  i n j u r i e s  f o r  f u l l  

r e s t r a i n t s  over  t he  lap-be1 t - o n l y  r e s t r a i n t s  , t h e  r e s u l  t s  a re  

n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  Any inc rease  i s  r e s t r i c t e d  t o  

minor  i n j u r i e s  (AIS-1) as a lmost  no inc rease  i s  observed f o r  

AIS>~ - i n j u r i e s .  

The abdomen and back reg ions were i n j u r e d  l e s s  f r e q u e n t l y  

than any o f  t he  o t h e r  reg ions  considered--between four and 

seven percent .  There i s  no c o n s i s t e n t  p a t t e r n  o f  abdomen i n j u r i e s ,  

except f o r  a  n o n - s i g n i f i c a n t  increase i n  A 1 9 1  - and A 1 9 2  - i n -  

j u r i e s  f o r  f u l l y  r e s t r a i n e d  occupants i n  t h e  HSRI and SwRI data.  



While f u l  l y  r es t r a i ned  occupants r ece i ve  t h e  1  arges t percentage 

o f  AIS>l - back reg ion  i n j u r i e s ,  the increase i s  gene ra l l y  r e s t r i c t e d  

t o  minor i n j u r i e s  (AIS 1 ) .  I n  con t ras t ,  t he  percentage o f  A 1 9 2  - 
back i n j u r i e s  i s  lower f o r  a l l  r e s t r a i n t  systems when compared 

w i t h  no r e s t r a i n t  usage. None o f  the back i n j u r y  comparisons 

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

5.3.3 Lacerat ion Seve r i t y  Coding. As noted e a r l  i e r  (Sec t ion  

5.2.1, Table 11) the  H S R I  data demonstrated a  lower  r a t e  o f  

moderate and worse i n j u r i e s  (AIS>2). - One reason f o r  t h i s  d i f -  

ference between teams appears t o  be i n  t h e  assignment o f  AIS 

codes f o r  l ace ra t i ons ,  p a r t i c u l a r l y  i n  the  choice o f  AIS 1  o r  2  -- 
r i g h t  a t  the  c u t  p o i n t  used i n  the  ana lys is  o f  o v e r a l l  e f f e c t -  

iveness. Evidence o f  t h i s  i s  prov ided i n  t he  d e t a i l s  o f  t he  

s p e c i f i c  OIC's f o r  l a ce ra t i ons .  

The r a t e  o f  s p e c i f i c  l a ce ra t i ons  coded AIS 2  o r  more i s  

s i m i l a r  f o r  CALSPAN and S w R I ,  w h i l e  the  HSRI r a t e  i s  rough ly  a  

t h i r d  o f  t he  o the r  teams (Tab1 e  33 ) . This  d i f f e rence  could  be 

due t o  fewer HSRI-recorded l ace ra t i ons  o r  t o  a  lower  AIS r a t i n g  

o f  the l ace ra t i ons  recorded. The l a s t  column o f  Table 33 demon- 

s t r a t e s  t h a t  l ace ra t i ons  a re  repor ted  a t  a  s i m i l a r  r a t e  by a l l  

th ree  teams, w i t h  HSRI f a l l i n g  between the  o the r  two teams. Con- 

sequent ly the  d i f f e r e n c e  i n  t he  r a t e  o f  severe l ace ra t i ons  i s  

due t o  a  lower AIS assignment f o r  l a ce ra t i ons  by HSRI. 

To assess the  importance o f  t h i s  d i f fe rence ,  the  p ropo r t i on  

o f  a l l  severe (AIS>2) - les ions  t h a t  were l ace ra t i ons  i s  d isp layed  

i n  Table 34 . As expected, t he  percentage o f  a l l  severe l es i ons  

t h a t  a re  l ace ra t i ons  i s  h igher  f o r  CALSPAN and SwRI. The f r e -  

quency o f  severe l ace ra t i ons  i s  s i m i l a r  t o  t h a t  o f  severe 

f r ac tu res .  I n  f a c t  t he  two l es i ons  toge ther  account f o r  about 

two- t h i  rds o f  the  severe 1  esions. Consequently d i f f e rences  i n  

A I S  coding o f  o t he r  l e s i o n  types (e.g., concussions) would have 

a  minor impact on t he  r a t e  o f  severe i n j u r i e s  because o f  t h e i r  

re1  a t i v e l y  i n f r equen t  occurrence. 



Table 33 

PERCENT OF LACERATIONS OF A 1 9 2  AND 
INCIDENCE OF LACERATION PER OCCUPANT 

L a c e r a t i o n  AIS Number Lacera t i o n  
AES 1 AIS 2+ T o t a l  Occu. I nc idence  

% ( N )  % (N) N N (Lac/Occ) 

HSRI 88.8 (834) 11.2 (105) 939 4122 ,227 

CALSPAN 64.0 (654) 36.0 (368) 1022 3910 ,261 

SwRI 57.2 (452) 42.8 (338) 790 5117 .I 54 

Table 34 

PERCENT OF LESIONS OF A 1 9 2  - WHICH ARE LACERATIONS 

AIS - >2 
% N 

H S R I  Lace ra t i ons  15.3 105 
F rac tu res  42.2 290 
E l s e  42.5 - 29 2 

100.0 687 

CALSPAN 
Lacera t i ons  37 .O 368 
F rac tu res  31.8 31 6 
E lse  

SwRI Lace ra t i ons  37.6 338 
F rac tu res  23.2 208 
E l s e  



Apparent ly  t he re  i s  a  major  d i f f e r e n c e  i n  t h e  AIS coding o f  

s p e c i f i c  1  acera t ions  between teams and, f u r t h e r ,  t h i s  d i f f e rence  

has a  major  impact on t he  o v e r a l l  r a t e  of severe i n j u r i e s  ( i  .e., 

many severe i n j u r i e s  a re  l a c e r a t i o n s ) ,  These d i f f e rences  a r i s e  

from v a r i a t i o n  i n  the  i n t e r p r e t a t i o n  o f  t h e  AIS documentation. 

Th is  ana l ys i s  o n l y  detected t he  ex is tence  and impact o f  t he  

d i f f e r e n t  i n t e r p r e t a t i o n s ;  we cannot say which i s  t he  c o r r e c t  
one. 

5.3.4 Sources o f  I n j u r y .  I n  summary, t h e  p o t e n t i a l  f o r  

i n j u r y  f rom the  s t e e r i n g  assembly and f r o n t  i n t e r i o r  i s  reduced 

by approx imate ly  50 percent  when f u l l  r e s t r a i n t s  a re  used. Whi le 

t h e r e  were fewer s t e e r i n g  assembly and f r o n t  i n t e r i o r  i n j u r i e s ,  

t he  use o f  f u l l  r e s t r a i n t s  d i d  n o t  e l i m i n a t e  them. About 10 per-  

cen t  o f  t he  f u l l y  r e s t r a i n e d  occupants s t r u c k  s t e e r i n g  assembly 

o r  f r o n t - i  n t e r i o r  components. 

The reco rd i ng  o f  s p e c i f i c  i n j u r y  sources (occupant con tac t  

p o i n t s )  was n o t  p a r t  o f  t he  MVMA-sponsored f i e l d  i n v e s t i g a t i o n s  

performed by CALSPAN o r  HSRI. SwRIy on t he  o t h e r  hand, d i d  record  

up t o  two s p e c i f i c  i n j u r y  sources f o r  each o f  t h e  f i r s t  s i x  r e -  

por ted  OIC's . Consequently, t he  f o l l ow ing  d iscuss ions o f  i n j u r i e s  

by source a re  based upon t he  SwRI data.  Table 35 g ives  the  per-  

centages o f  exposed occupants i n  each r e s t r a i n t  c l ass  who susta ined 

any i n j u r y  f rom each p a r t i c u l a r  i n j u r y  source: For example, 

15.5 percent  o f  t h e  unres t ra ined  SwRI occupants susta ined a  

s t e e r i n g  wheel i n j u r y .  



Table  35 

INJURY SOURCE VS. RESTRAINT USAGE 
(PERCENTAGE OF EXPOSED OCCUPANTS, SwRI) 

None Lap F u l l  

S t e e r i n g  Assembly 15.5 15.3 8.5 

F r o n t  I n t e r i o r  29.6 12.6 11.6 

S ide I n t e r i o r  8.7 7.4 9.6 

R e s t r a i n t  System 0.0 7.3 12.8 

Other  Sources 14.4 8.5 9.7 

Tab le  36 

SEVERITY OF RESTRAINT- 
CAUSED INJURIES (SwRI) 

La P F u l l  
AIS - % (N) % (N )  

1 100% (76) 99.9 (205) 

O I C '  s/Occupant - 0 8  (761993) 0.17 (21 611 272) 



A1 1  o f  t h e  p o s s i b l e  i n j u r y  sources have been grouped i n t o  

f i v e  broad c a t e g o r i e s  i n  Tabl e  35 - -s tee r ing  assembly, 

f r o n t  i n t e r i o r ,  s i d e  i n t e r i o r ,  r e s t r a i n t  system, and o t h e r .  

The " s t e e r i n g  assembly" i n c l u d e s  b o t h  t h e  s t e e r i n g  wheel and 

c o l  umn. The " f r o n t  i n t e r i o r "  exc l  udes t h e  s t e e r i n g  assembly, 

b u t  i nc ludes ,  f o r  example, t h e  w indsh ie ld ,  header, A-pi1 l a r s ,  

and ins t rumen t  panel .  The " s i d e  i n t e r i o r "  i n c l u d e s  t h e  doors, 

s i d e  windows, B- and C-pi1 l a r s  and r o o f  r a i l .  The " r e s t r a i n t  

system" i n c l u d e s  t h e  be1 t s  and hardware. "Other"  sources i n -  

c l  ude r o o f ,  f l o o r ,  seats,  e x t e r n a l  o b j e c t s ,  and " impact  f o r c e s . "  

The occur rence o f  i n j u r y  f rom t h e  s t e e r i n g  assembly was 

s i g n i f i c a n t l y  reduced f o r  f u l l  r e s t r a i n t s  b u t  n o t  f o r  lap-be1 t- 

o n l y  r e s t r a i n t s  when compared w i t h  no r e s t r a i n t s .  On t h e  

o t h e r  hand, i n j u r i e s  f rom t h e  f r o n t  i n t e r i o r  (e.g., i n s t r u -  

ment pane l )  f o r  each r e s t r a i n t  system were e q u a l l y  lower  
( s i g n i f i c a n t )  than t h e  percentage f o r  no r e s t r a i n t  system. 

Note t h a t  w h i l e  t h e  f requency o f  body reg ions  i n j u r e d  f o r  

f u l l y  r e s t r a i n e d  occupants f rom each source i s  reduced, t h e  

f requency i s  n o t  zero.  Whi le pe r fo rm ing  b e t t e r  t han  1  ap-be1 t s -  

on l y ,  f u l l  r e s t r a i n t s  s t i l l  do p e r m i t  some i n j u r i e s  caused by 

c o n t a c t  on t h e  s t e e r i n g  assembly and f r o n t  i n t e r i o r .  

The usage o f  r e s t r a i n t  system s  produced no s i g n i f i c a n t  

d i f f e r e n c e s  i n  t h e  occur rence of i n j u r i e s  f rom s i d e - i n t e r i o r  

con tac ts .  I n j u r i e s  r e l a t e d  t o  t h e  be1 t s  o r  hardware were 

s i g n i f i c a n t l y  h i g h e r  f o r  f u l l y  r e s t r a i n e d  occupants than  f o r  

1  ap-be1 t - o n l y  occupants, p o s s i b l y  because o f  t h e  exposure o f  

t h e  upper t o r s o  t o  t h e  shou lder  be1 t o f  t h e  former.  I t i s  

i m p o r t a n t  t o  n o t e  t h a t  a lmost  a l l  of t h e  s p e c i f i c  r e s t r a i n t -  

caused i n j u r i e s  (O IC 's )  a r e  minor  ( A I S = l )  and t h e  expected 

occur rence i s  r e l a t i v e  r a r e :  0.13 (29212265) r e s t r a i n t  i n -  

j u r i e s  pe r  r e s t r a i n e d  occupant (Tab1 e 36). These i n f r e -  

quent  and minor  i n j u r i e s  a r e  a  m ino r  p e n a l t y  compared t o  t h e  

b e n e f i t s  o f  t h e  o v e r a l l  r e d u c t i o n  o f  O I C  i n c i d e n c e  (Tab le  30 



and o v e r a l l  r educ t i on  i n  moderate and above (AIS>2) - i n j u r i e s  

(Table 13)  gained through t he  wear ing of r e s t r a i n t s .  

5.4 F a t a l i t i e s  

The p r o j e c t  was n o t  expected t o  adequately measure 

f a t a l i t y  ra tes ,  and indeed t he  numbers o f  these r a r e  events i n  

t he  data se ts  a re  n o t  s u f f i c i e n t  t o  a l l o w  any f i r m  conc lus ions.  

Because o f  t h e i r  g rea t  importance, and f o r  the  sake o f  complete- 

ness, i t  seems appropr ia te  t o  i nc l ude  some i n fo rma t i on  on t he  

f a t a l i t i e s  t h a t  were i nves t i ga ted .  I f  no th ing  e lse,  i t  

i l l u s t r a t e s  t he  d i f f i c u l t y  o f  o b t a i n i n g  v a l i d  f a t a l i t y  r a tes .  

A l l  t h ree  teams i nves t i ga ted  a l l  cases o f  a  f a t a l i t y  i n  a  

candidate veh ic le ,  i .e., they were sampled a t  100 percent .  

Before proceeding f u r t h e r ,  i t  should be caut ioned t h a t  

t he  f a t a l  i t y  r a t e s  g iven  here should n o t  be construed as adequate 

p red i c t i ons .  

The number o f  f a t a l i t i e s  by team and r e s t r a i n t  i s  g iven 

i n  Table 37. A1 1  t he  acc idents  i n v e s t i g a t e d  by a l l  t h r e e  teams 

inc luded  a  t o t a l  o f  o n l y  70, about equa l l y  d i v i d e d  between 

teams. Only 14 o f  these were r e s t r a i n e d  v i c t ims .  The observed 

f a t a l i t y  r a t e s  by r e s t r a i n t  a re  a l s o  shown. Tests o f  s i g n i -  

f icance us ing  F i s h e r ' s  exac t  p r o b a b i l i t y  i n d i c a t e  t h a t  t he  

r a t e  f o r  each r e s t r a i n t  c o n f i g u r a t i o n  i s  s i g n i f i c a n t l y  ( p  < 

0.01 ) lower  than f o r  t he  unrest ra ined.*  The two r a t e s  f o r  r e -  

s t r a i n e d  occupants a re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  , however 

( p  = 0.4). Because o f  t h i s  l a c k  o f  s i gn i f i cance ,  and t he  low 

c e l l  s i ze ,  we cannot draw any in fe rences  about t h e  r e l a t i v e  

r a t e s  f o r  t h e  two r e s t r a i n t s .  

Pool ing t he  data f o r  bo th  l a p  and f u l l  r e s t r a i n t s  i n -  

d i ca tes  t h a t  r e s t r a i n t s  reduce t h e  inc idence  o f  f a t a l  i t i e s  about 

62  percent.  

*The t e s t  i s  app l i cab le  t o  2x2 cont ingency t ab les  w i t h  smal l  
c e l l s .  



Obvious ly  t h e  f a t a l i t i e s  f o r  t h e  r e s t r a i n e d  occupants 

a r e  so low  i n  t h i s  s tudy  t h a t  a d d i t i o n  o r  s u b t r a c t i o n  o f  

o n l y  a few would s i g n i f i c a n t l y  a1 t e r  t h e  percentage f i n d i n g s .  

However, t h e  f i n d i n g s  have been presented here so t h a t  they  

may be considered,  a long  w i t h  those f rom o t h e r  s tud ies ,  as 

i n d i r e c t  evidence o f  t h e  e f f i c a c y  o f  r e s t r a i n t  systems. 

A case summary o f  each o f  t h e  14 r e s t r a i n e d  f a t a l i t i e s  

i s  g i ven  i n  Table 38. Each was i n  a d i f f e r e n t  v e h i c l e .  

There were no cases o f  mu1 t i p l e  r e s t r a i n e d  f a t a l i t i e s  i n  a 

s i n g l e  v e h i c l e .  S i x  o f  t h e  crashes were f r o n t a l  impacts, 

one w i t h  24 inches o f  c rush and f o u r  w i t h  over  58 inches.  

Seven were s i d e  impacts, s i x  o f  which had over  20 inches o f  

c rush.  One was a r o l l o v e r  w i t h  27 inches o f  crush.  Eleven 

were a p p a r e n t l y  c a t a s t r o p h i c  c o l  1 i s i o n s .  

Tab le  39 1 i s t s  t h e  C o l l  i s i o n  Deformat ion C l  a s s i f i c a t j o n s  
o f  t h e  56 u n r e s t r a i n e d  f a t a l  i t i e s .  The case numbers a r e  a l s o  

g i ven  f o r  t h e  CALSPAN and H S R I  cases. The d i s t r i b u t i o n  o f  

e x t e n t  codes f o r  t h e  same cases f s  shown i n  Table 40. 



Table  37 

FATAL I T 1  ES BY RESTRAINT USAGE 

R e s t r a i n t  Usaae 
Number o f  Fa ta l  i ti es 

- - .  

None - l . a p - ~ e i t  F u l l  - 
CALSPAN 21 3 3 

HSRI 

SwRI 

T o t a l  56 5 9 

Number o f  Occupants 
Represented by  Sampl es 
From a l l  3 Teams 7801 221 8 2887 

F a t a l  i ty  Rate 
( F a t a l  i t i e s / 1 0 0  
Occupants) 0.718 0.225 0.312 



CASE SUMMARIES OF RESTRAINED FATALITIES 

I .  Lap Be1 ted Fa ta l i t i e s  

1 . Case No-40701 6 (CALSPAN) Model -74 Pontiac intermediate 
Collision: head-on with a fu l l  s ize  car 
Fatal C D C :  12FYEW5 crush - 58 in .  
Occupant: 29 y r . ,  Ma1 e ,  AIS=6, Fatal within 24 hrs.  
In jur ies :  laceration of l ive r  and spleen 

2 .  Case No-41 0050 (CALSPAN) Model -74 Chevrol e t  fu l l  s i ze  
Collision: head-on with a van 
Fatal C D C :  12FLMW5 crush - 61 in.  
Occupant: 34 y r . ,  Male, AIS=8, Fatal within 24 hours. 
Injuries : concussion 

3. Case No-41 2187 (CALSPAN) Model -74 Chevrolet unknown body 
Coll ision : head-on into semi 
Fatal CDC:  llFDEWO ( u n k n o w n  extent) crush - unknown 
Occupant: 73 y r . ,  Female, AIS=8, Fatal within 24 hrs. 
Injuries : hemorrhage of head and a r te r i es  

4. Case No-00308 (SwRI) Model-73 Oldsmobile fu l l  s i ze  
Collision: angle with a locomotive 
Fatal CDC: 09LDAW5 crush - 36 in .  
Occupant: 42 y r .  , Female dri  ver, AIS=8, Dead-on-arri val 
Injuries : crushed chest (AIS=6), fractured sku1 1 (AIS=6), 

bi lateral  fracture of b o t h  lower legs (AIS=4), 
contact with in ter ior  side surfaces of case 
vehicle and  exterior  surfaces of the locomotive 

5. Case No-07270 (SwRI) Model -73 Dodge intermediate 
Collision: mgle i n t o  a p i l l a r  
Fatal CDC: 12FLEW9 crush - 98 in.  
Occupant: 25 y r .  Female r ight  f ron t ,  ejected,  AIS=7, 

Dead-on-arrival 
Injuries : avulsion of brain (AIS=6), amputation of 

l e f t  arm (AIS=4), amputation of l e f t  foot 
(AIS=4), b i la tera l  fracture of b o t h  legs 
(AIS=4) contact with unknown area exterior  
t o  car 



11. F u l l y  Res t ra ined  F a t a l i t i e s  

Case No OK-1234 (HSRI) Model-74 P i n t o  
C o l l i s i o n :  i n t e r s e c t i o n  t y p e  L w i t h  a  semi 
F a t a l  CDC:  02RYAW5 c rush  - 30 i n .  
Occupant: 18 y r .  Female d r i v e r ,  AIS = 5, F a t a l  w i t h i n  

24 h r s .  
I n j u r i e s :  f a t a l  head i n j u r i e s ,  l o s s  of t o o t h  ( A I S = l ) ,  

l a c e r a t i o n  o f  l i p  (A IS= l ) ,  f r a c t u r e  o f  l e f t  
w r i s t  (AIS=2), f r a c t u r e  of  p e l v i s  (AIS=2) 
f rom r e s t r a i n t  

2. Case No OK-1388 (HSRI) Model -74 Ope1 MantaLuxus 
C o l l  i s i o n :  head-on w i t h  an i n t e r m e d i a t e  
Fa ta l  CDC: 10LYAW4 c rush  - 25 i n .  
Occupant: 17 y r .  Male d r i v e r ,  AIS=6, DOA 
I n j u r i e s :  hemorrhage o f  l e f t  l u n g  

3. Case No UM-962 (HSRI) Model-74 Pon t iac  F i r e b i r d  
C o l l  i s i o n :  l a t e r a l l t o p  (45 degrees) impact  i n t o  l a r g e  p o s t  
F a t a l  CDC: 00TPA09 crush - 27 i n .  
Occupant: 19 y r .  Male r i g h t  f r o n t ,  AIS=6, F a t a l  w i t h i n  

24 h r s .  
I n j u r i e s :  l a c e r a t i o n  o f  b r a i n ,  r i g h t  s i d e  

4. Case No 408082 (CALSPAN) Model -74 Ford subcompact 
C o l l i s i o n :  f i x e d  o b j e c t  ( l a r g e  t r e e  o r  p o s t )  
F a t a l  CDC: 10LPAW4 c rush  - 22 i n .  
Occupant: 19 yr .  Female, AIS=7, t i m e  t o  f a t .  unknown 
I n j u r i e s  : b r a i n  hemorrhage 

5. Case No 7637 (SwRI) Model-74 Bu ick  l u x u r y  
C o l l i s i o n :  a.ngle impact  w i t h  t r a i n  
F a t a l  CDC: 9LFEW6 o r  00TPA03 crush - 46 i n .  
Occupant: 9  y r .  Male r i g h t  f r o n t ,  AIS=10 
I n j u r i e s  : f r a c t u r e d  s k u l  1  , l e f t  c o n t a c t  o t h e r  

6 .  Case No-502030 (CALSPAN) Model-75 Ford F u l l  S i z e  
Col 1  i s i  on : R ead-on w i  t h  a  c a r  o f  unknown t y p e  
F a t a l  CDC:  12FDAW9 crush - 98 o r  more inches 
Occupant: 63 y r .  Male d r i v e r ,  AIS=8, Dead a t  scene 
I n j u r i e s  : b r a i n  concussion (AIS=6),  f r a c t u r e d  s k u l  1  

(AIS=4),  crushed ches t  (AIS=6), unknown 
b i l a t e r a l  i n j u r i e s  t o  upper e x t r e m i t i e s  
(AIS=unk). 

7. Case No-51 0059 (CALSPAN) Model -74 Bu ick  compact 
C o l l  i s i o n :  head-on w i t h  a  f u l l - s i z e  Chevro le t  
F a t a l  CDC: O1FYEW2 c rush  - 24 i n .  
Occupant: 69 y r .  Ma1 e  d r i v e r ,  AIS=10, Dead-on-arr i  v a l  
I n j u r i e s :  unknown f a t a l  i n j u r y  (AIS=6), unknown i n j u r i e s  

o f  abdomen (AIS=unk), unknown i n j u r i e s  o f  
p e l  v i  s (AIS=unk. ) 



8 .  Case No-01 027 (SwRI ) Model -74 Plymouth compact 
Coll i s i o n :  avgle with in te rmedia te  ( s p e c i a l t y )  
Fatal  C D C ;  10LDEW4 crush - 34 i n ,  
Occupant: 34 y r ,  Male d r i v e r ,  AIS=6, Dead-on-arrival 
I n j u r i e s :  rupture  of the h e a r t  (AIS=6), b i l a t e r a l  

f r a c t u r e  of c h e s t  ( r i b s )  (AIS=4), b i l a t e r a l  
1 a c e r a t i  on of 1 ungs (AIS=4) , 1 a c e r a t i o n  of 
spleen (AIS=4) c o n t a c t  with s i d e  i n t e r i o r s  

9 .  Case No-08996 (SwRI) Model -74 Ope1 
C o l l i s i o n :  i n t o  a pole o r  tree 
Fatal  C D C :  10LFEN2 crush - 5 i n .  
Occupant: 64 y r .  Female r i g h t  f r o n t ,  AIS=6, Fatal  

a f t e r  24 y r s .  
I n j u r i e s  : bra in  (concussion) (AIS=6), contusion of 

l e f t  sku l l  (AIS=l) c o n t a c t  with roof top ,  
l a c e r a t i o n  of r i g h t  s k u l l  (AIS=l) f l y i n g  
g l a s s  



Table 39 

PRIMARY COLLISION DAMAGE CLASSIFICATION 
FOR EACH FATALLY INJURED 

UNRESTRAINED OCCUPANT 

Team Case Number 

CALSPAN 404070 
4061 28 
4061 48 
408041 
408081 
408081 
41 1 102 
4 1 2083 
41 2083 
502052 
5021 15 
5031 01 
504022 
504029 
506044 
506065 
5071 50 
508045 
508066 
508066 
509094 

HS1534 
HS1597 
HS1597 
OK1 063 
OK1 299 
OK1 308 
OK1 371 
OK1 466 
OK1 682 
OK1 748 
OK21 29 
OK21 33 
UM0927 
UM0950 
UM1032 
UM1137 

HSRI 

CDC - 
01 FREE4 
OOTPGW6 
02RYAW4 
12FZEW3 
12FYEW6 
1 2FY EW6 
11 LYAW3 
02RPAW4 
02RPAW4 
12FY EW3 
00TDH04 
OOTPHN6 
00TDH03 
OOLDAW7 
12FREW3 
1 2FDEW6 
OOBDEW3 
12FREN3 
1 2FDEW4 
12FDEW4 
12FDLW2 

09LPEW4 
11 FLEW8 
11 FLEW8 
12FDEW2 
10LPEW6 
12FDEW4 
11 FYAW6 
12FCEN3 
02RPAW4 
12FDEW2 
10LY EW3 
03RZAW4 
01 FZAW6 
11 FREE5 
03RY EW3 
00TDH04 



SwR I 



Tab le  40 

E x t e n t  

1 

2 

3 

4 

5 

6 

7 

8 

9 

T o t a l  

DISTRIBUTION OF CDC EXTENT 
CODES FOR UNRESTRAINED FATALLY 

INJURED OCCUPANTS 

Number 
o f  Cases Percen t  
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APPENDIX A 

HSRI  FIELD DATA FORM 



HIGHWAY SAFETY R E S E A R C H  I N S T I T U T E  
THE U N I V E R S I T Y  OF MICHIGAN 

FORM 7/74- 1 

SI; 
RESTRAINT SYSTEM USAGE -- INJURY REDUCTION STUDY 

CARD 0 1 
T T  

TEAM INVESTIGATOR -- 
9 10 

CASE NO. - ------ 
3 4 5 6 7 8  

INVESTIGATION DATE - -1- -1- - 
1 1  12 I3 14 15 I6 

REPORTING POLICE DEPARTMENT - P. R. REPORT NO. 
17 

----- 
18 19 20 21 22 

DATE OF ACCIDENT / / ------ TIME OF ACCIDENT 
I - - -  

33 14 15 26 17 38 24 Hour Clock  39 30 31 32 

Case Vehicle actually towed? 
33 - 

I (  ) YES- t.: 
3( ) NO reason: 

S E L E C T I O N  C O D E  

2 ( 11 H H o s p i t a l  
( 1 2  G Good C a s e  

I. Investigation Complete: 
U 

I a( ) Data Complete NOTE: TO BE COMPLETED 
2  b( ) Data Incomplete WHEN CASE SUBMITTED. 

INVESTIGATION 11. Investigation Incomplete: 

TERMINATED 
3 C( ) NO Data--case could not be investigated. 

Reason: 

4  d (  ) Case Did Not ~ e e t  Criteria 
Reason: 

S A M P L E  R U L E / P E R I O D  

" 0 1  0 3  
0 2  0 4  

~p ( 3 7 - 4 2 )  CASE VEHICLE SLIDES -- 
4 44 

1 3 2  



SUPPLEMENTARY DATA (7 /74) 

CASE VEHICLE DATA 

Automatic Air Vehi c l e  
ACRS - Cyl inders  Transmission Condi t ionin  Loadin 

g( ) 1  Yes ) Rotary  ,( ) 1 Yes L( -) 1 Yesg?( ) 4  Be;ow 
( 12 No 2 (  ) 2 ' - C ~ 1   NO ( ) 2 N o  ( ) 5 N e a r  
( ) g u n k  4 (  ) 4 -Cy1  ( ) g u n k  

6 (  ) 6-Cyl 
( ) 9 Unk ( )6  Above 

8( ) 8-Cyl 
( )9 Unk 

7 (  ) o t h e r  
9! ) Unknown 

Road 
Paved - 

K)( ) 1 Yes 
0 2 x 0  
( ) 3 Not 

~ P P  
( ) 9 Unk 

Front  Seat  

w( )19 Bench 
( )29 Bucket 
( )99 Unknown 

MOST SEVERE INJURY 
CRASH EVENT NUMBER 

0-7 = a c t u a l  
- 8 - 8 t h  t 

5 3 9 = unknown 

MICHIGAN STATE POL1 CE CODES 

20 C h e v r o l e t  
21 Diamond T 
2 2  Dodge 
23 F c d e r a l  
24 Ford 
25 GMC 
26 I n t e r n a t i o n a l  
27 Mack 
28 P e t e r b i l t  
29 Rco 
30 White 
31 W i l l y s  
32 t h r u  3 3  

n o t  a s s i g n e d  
39 O t h e r  Trucks  
40  Motorcyclcs  
4 1  School  i3us 
4 2  C o m c r i c a l  Bus 
4 3  Farm Equiament 
4 4  Construction Equip. 
4 5  F i r e  Equipment 
46 Ambulance, Hearse 
47 P o l i c e  Equipment 
48 Snowrnobilc 
49 O t h e r  o r  n o t  known 
5 0  Dune Buggy 

VEHlCLE MAKE 
VEHICLE TYPE 

PAsSErn CARS 

00 American Notors  
0 1  Buick 
02 C a d i l l a c  
03 C h e v r o l e t  
04 C h r y s l e r  
05 Dodge 
06 Ford  
07 I m p e r i a l  
08 Jeep 
09 L i n c o l n  
10 Mercury 
11 ~ l d s r o o b i l e  
12  Plymouth 
13  P o n t i a c  
1 4  Volkswagen 
1 5  Not a s s i g n e d  
1 6  Not a s s i g n e d  
17 Not assigneci  
18 Other  f o r e i g n  
1 9  Other  domes t i c  

0 F u l l  s i z e  
1 I n t e r m e d i a t e  
2  Compact: 
3 S p o r t s  c a r  
4  S t a t i o n  B u s ,  C a r r y a l l  
5 Jee? type  
6 P ickup  o r  pane l  
7 S t r a i c j h t  Truck,  Dump, 

Van, F l a t  Bed, Etc. 
8 Truck T r a c t o r  ( s m a l l )  
9  Othe r  o r  n o t  known 

1 Car  & Othcr  T r a i l e r  
2  Not a s s i g n e d  
3 Kot a s s i g n c d  
4  Not a s s i g n c d  
5 S.ir.gle Bocton Scmi 
6 Double B o t t a n  Semi 
7 House T r a i l e r  



CAW) 0 2 - 
7-3- 

Dup col3-8 

CASE VEH I CLE : 

MAKE 

MODEL 

Make-Model Code 

9 10 11 11 13 

MODEL YEAR 19 -- ODOMETER ----- 
14 15 16 17 18 19 2 0  

VIN -- --------- 
11 2 1  14 15 1 6  17  28 29 30 31 3 1  33 

BODY STYLE NO. OF DOORS 
34 

1 ( ) Sedan o r  Coupe 0; -- 
2 ( ) Hardtop--No upper B p i l l a r  0 3  36 37 

3 ( ) S t a t i o n  Wagon 0 4  w -.I 
4 ( ) C o n v e r t i b l e  o 
5 ( ) Hatchback ( ) 9 Unknown 

C( 

r 
9 ( ) Unknown 9 
UPPER B PILLAR 

TRAILER BEING TOWED 
AT TIME OF COLLISION 

I ( j YES o ( ) Unknown 
o ( ) Unknown I ( ) YES: 

T y p e  
P o l i c e  Repor t  V e h i c l e  No. - 

4 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
Other Vehicle Case No. - I T h i r d  Vehic le Case No. .. ------ 

41 4 1  43 44 45 46 47 48 49  5 0  51 5 1  

OTHER VEHICLE: P o l i c e  Repor t  
V e h i c l e  No. 

- MAKE 

THIRD VEHICLE: P o l i c e  Repor t  
V e h i c l e  No. - 

13 
MAKE 

- MODEL I MODEL 

MODEL YEAR 19 
Ma ke-Model Code 

10 11 ---- 
VEHICLE TYPE 12 13 14 15 16 

Police Body 
Code style Estimated Weight 

1 2  
( ) 00 Full size 
( ) 01 Intermediate [y( ---- 
( ) 02 Compact 19 20 21 2 1  
( 03  Spo;ts car 
( ) 04 Carryall 
( 05 Jeep type 
( ) 06 Pickup/panel 
( ) 07 Straight truck, 

Van 
( ) 08 Truck-tractor 

Doubles 
( ) 09 Other: # 

Not known 
( 10 Pedestrian 
( ! 11 Motorcycle 

MODEL YEAR 19 ' 

Make-Mode 1 Code -- 
14 15 

VEHICLS TYPE 
=I 

16 17 1 8  1 9  30 

P,olice Body 
Code Style Estimated Weight 

u 2  
( ) 00 Full size 
( ) 01 Intermediate 
( 1 02 Compact 
( ) 03 Sports car 
( ) 04 Ctrryall 
( ) 05 Jeep type 
( ) 06 Pickup/panel 
( ) 07 Straight truck, 

Van 
( ) 08  ruck-tractor' 

Doub1n.s 
( ) 09 Other: I 

Not known 
( ) 10 Pedestrian 
( ) 11 Motorcycle 



OBJECT CONTACTED 
NOTE: A vehicle may contact an object more than once. 

No object or vehicle--None 

CARS : 

Full size, Standard 54 
Intermediate 5 5 
Compact and Mini 
Sports Car 5 6 
Jeep type 5 7 
Unknown automobile 

5 8 
TRUCKS & BUS: 6 0 

Pick-up/Panel 
6 1 

Van (Ecanoline type) 
Van (Step Van type) 

6 2 
6 3 

Straight Truck (bump, Van/Box) 6 4  
Seni Tractor-Trailer 
Double Bottom 

6 5 

Bus (Passenger) 
Bus (School) 

6 6 

Unknown Truck 
67 
6 8 

OTHER VEHICLE : 

Bicycle 
Motorcycle 
Snomobi le 
ATV 
Farm Vehicle (Tractor, etc.) 
Construction Vehicle 
Train (cars) 
Locomotive (engine) 
Trailer: 
Pedestrian 
Pedestrian Conveyance 
Unknown other vehicle 

40 Other car, truck or vehicle: 

OBJECTS 

Fallen Objects 
Traffic Cones, Barrels, 
Construction Barriers 
Construction or Energcncy Equip. 
Large Posts/Trees, Utility Pole, 
Large Sign Posts 
Ditch--Embankment, S.:owbank 
Ground (Rollover only) 
Curb (Damage Producing 
Impacts Only) 
Culvert 
Fence 
Hydrants, Stumps, Etc. 
Small Posts/Trees, Rural 
Mail Boxes, Delineators 
Building 
Pier, Pillar 
Abutment, Retaining Wall 
Bridge Rail 
Guard Rail 
Cable, Fence Sarrier 
Concrete Barrier (Median) 
Impact Attenuator 
Breakaway Fixtures 
Other : 

Unknown Object 

Unknown vehicle or object 

49 Unknown motor vehicle 

COLLISION TYPE -- CASE VEHICLE 1 
See also the scene schematic. 

VEHICLE TO OTHER 
I 

VEHICLE TO VEHICLE (Moving or Parked) i 

01 Vehicle to Object 11 Head on (F to F i 
02 Rollover 12 Rear end (F to R) 

I 

03 Other: 13 Side swipe--same direction 
I 

14 Side swipe--opposite direction 
i 

99 Unknown 15 Intersection Type L 
16 Intersection Type T 
17 Intersection Type Unknown 

i I 

1 
18 Other: I 

19 Configuration Unknown 



VEHICLE DAMAGE I NDEX--VDI 
@OR THE CASE VEHICLE) 

LIST I N  ORDER OF DAMAGE S E V E R I T Y .  

COLLISION OBJECT 
r - ------- TYPE -- CONTACTED I 7  3 1  1) 40  41 42 43 44 4s -- 

44 47 

COLLISION 
CRUSH -- in. EVENT: JO:( ) 1 First; ( ) 2 Second; ( ) 3 Third 

4 49 . - 

t 

COLLISION OBJECT - - ------- TYPE -- CONTACTED 
38 51 53 54 55 5 6  57 I 1  39 -- 

b0 41 

COLLISION 
CRUSH -- in. EVENT: *4:( ) 1 First; ( ) 2 Second; ( ) 3 Third 

62 63 

I 
COLLISION OBJECT - - ------- TYPE -- CONTACTED 

5 6 4  67 6: 69 10 71 72 73 -- 
74 7s 

COLLISION 
CRUSH -- in. EVENT: 7 r [  ) 1 First; ( ) 2 Second; ( ) 3 Third 

76 77 

OCCUPANT SEAT POSITION NUMBER 

Mark an x to locate the position of ALL occupants in the vehicle. 
Use this number to identify the occupants in the subsequent 
occupant sections. 

If 2 people occupy the same seat (i.e. sitting on a 
lap, etc.) replace the 0 in the seat number with a 
2 to identify. the person sitting on the lap of the 
other occupant. 

TOTAL NUMBER OF OCCUPANTS IN VEHICLE -- 
7 80 

136 





SKLTCH CASE VEHlCLL UAMAGE 

ORIGINAL DIMENSIONS 

t T T ~ 7 7 ~ 7 T ~  

ATTACH POLAROID OF CASE VEHICLE 

t 





CASE NO. 
CARD 2 4 

\ 2 
Dup C O ~  3-8  Or - - - 

r T T T T  
OCCUPANT SECT I ON 

OCCUPANT SEAT 
POSITION iJLlMBER -a ,, 

See Page 5 fo r  
Code V a l u e s .  

- - 

OCCUPANT POSTURE 
11 

( )1 Normal Seated Pos i t ion  
( )9 Unknown 
( )2  O t h e r , D e s c r i b e :  

SEX - , 2  

( )1 hla le  
Fen ia l e  : 

( )2  P r e g n a n c y  Unknown 
( ) 3  P r e g n a n t  
( )4 Not P r e g n a n t  
( ) 9  Unknown 

I3 

( ) A d u l t  - o v e r  1 2  y e a r s .  
( ) 2 C h i l d  - 2 to 1 2  y e a r s .  
( ) 3 I n f a n t  - under  2 y e a r s .  
( ) 9 Unknown 

AG E 

c- 
Years  (00,01, 02-98) 

14 IS T- 
e- 

Months i f  i n f a n t  
16 17 (to 24 months) 

( ) Unlcnown age-- code appropr ia te  
line 99 

- 
WE I GHT 

-I- 

Pounds 
18 19 20 

( ) Unknown weight--  code 999 

I HEIGHT I -Feet, - Inches  = -- 
21 2 2  In* I 

I ( ) Unknown  eight-- code line 99 1 
I OCCUPANT SECTION SEQUENCE 

CRASH OCCUPANT MEDICAL 
Trea tmen t /h lo r t a l i ty  

Z C b (  100 None 
( )01  F i r s t  Aid a t  Scene 

Consul ted  Physicnn:  
( )10 Unknown, b u t V S t a t e d  would" 
( )11 Unknown, but4 'Di-rected t o "  
( )12 Did Consul t  P l ivs ic ian  
( )02 T r e a t e d  a t  H o s p i t n l / C l i n l c  

but Not Admitted 
( )03 H o s p i t a l i z e d  ( o b s e r v a t i o n  

l e s s  than  24 h o u r s )  
( )04 H o s p i t a l i z e d  f o r  Over 2 4  Hours 

o r  S i g n i f i c a n t  Treatment  
( 105 F a t a l  - Dead a t  Scene ,  
( 106 F a t a l  - DOA 
( 107 F a t a l  - Dead w i t h i n  24  Hours 
( 108 F a t a l  - k a d  2 4  Hours - 1 Year 
( )09 F a t a l  - P e r i o d  t o  Death Unknown 
( )99 Unknown 

- - * 
O v e r a l l  P o l i c e  I n j u r y  S e v e r i t y  (Y..-'J..BC) * 

, NOTE: RE?"PCZ? FFOLiCZ ;ULir?:.Z.'iT. * 
( O NO ~ n l c r y  
( ) C Poss iL la  I z j u r y  
( ) B Noninczpacit i t :ng I n j u r y  
( ) A I n c e p a c l t s t l n g  I n j u r y  
( 1 K F a t a l  I n j u r y  
( ) P1 Unknswn 

OVERALL S E V E R I T Y  OF INJURIES  
2(1.19 

( 1 00 None 
Minor 
Non-Dangerocs, Kcdera te  
Non-Dangerous, Severe 
Dangerous,  S e r i o u s  
Canqerous,  C r i t i c a l  
F a t a l  Les ions  i n  1 Region 
Facal  Les ions  i n  ? Region 
t 4 o r  5 above 
F a t a l  Les ions  i n  2 Reaions 
F a t a l  Les ions  i n  3 or  
Xore Regions 
F a t a l ,  D e t ~ i l s  Cr.kno:m 
I n  jury Or.knoxn 
I n j u r e d ,  S e v e r i t y  Unknown 

Occnpnnt Ejcc t  i o n . / E n t r a p ~ e n t  I 10 I ( 3 9  Unknown i f  ~ j c c t c d  o r  Trapped I 

( 11 Nonc 
( 12 P a r t i a l  Descr ibe  
( ) 3  Conplc te  
( ) a 1  Extent  Unknown 

Trapped w i t h :  

( ) 5  No E j e c t i o n  
( 16 P a r t i a l  E , jec t ion 
( 17 Unkr-own E j e c t i o n  



31 
I (  ) NO I N J U R I E S  

INDICATE LOCATION OF INJURIES, INCLUDING MAJOR BRUISES I (  ) I N J U R E D  

SOFT TISSUE INJURIES SKELETAL INJURIES 

X Rays: 

Other T e s t s :  



INJURY INFORMATIOW 
BEST S O U R C E  OF I N J U R Y  I N F O R M A T I O N  

3 1  

( ) 1 llospi tal /Doctor  
( ) 2 Personal  in te rv iew with occupant 
( ) 3 Personal  in te rv iew with o t h e r  occupant 
( ) 4 Other:  

OCCUPANT INJURY CLASSIFICATION 
* 
C 

C 

C 

C 

C 

C 

u 

C 

u 

C 

* 
C 

* 
C 

NOTE areas of occupant contac t .  3 - DEFINITE 
2 - PROBABLE 
1 - POSSIBLE a 

9 - UNKNOWN 



KLSIKAINI UtVlLt UbHbt CAU w 
occupant s e a t  1 1  

pos i t ion  number -- DUP cola-10 
D E V I C E  STATUS 

t 
a .. 3 bl LAP BELT SHOULDER BELT OTHER D E V I C E @  C H I L D  SEAT 
ow 
V) 3 

o r l q i n a l  1 3  O r i g i n a l  O r i g i n a l  17 Mfg: 1 L q u ~ p " e n t  Equ lpncn t Equ lpmcnt '( ) y 14 y 16 l ( ) Y  - 
1; I ( )  Y I ( )  N I ( )  Y 2 ( )  N 2 ( )  N ~ o d e l :  

f o r  t h i s  9(  ) U I O N  9 0  u 2 O N  9 O U  
( ( ) "  v( U 

POSITION - H 
4 - l l a l f u n c t l o n  u a l f u n c t ~ o r .  
4 I :la\ f u n c t r o n  

2  0  2 2 2 4  
0 
U BELTS 

OPERABLE '( ) N Defeat 2 (  1 N Defeat 

0 ( 2( ) @  
W 

2( ) 1' D e f e a t  

If ACRS --@ 

CARD 2 1 
1 2  

DEVICE USAGE 
Dup c o l 3 - 1 0  .- 

VEHICLE 

IN JU RY 
DATA 

38 39 40.41 4 2  ,43,44 
I ( )  Y I I (  1 Y ,  1 O Y i  ISTERVIE: 2( 1 N / 2 (  h ,  2t 1 N 

OCCUPAKT (?)s:h 6( NR 6( 1 p( ) I; 6( ) N R I  

4 \ (  
y 150.51 53 

. I??\., j 4$ ( I y 1 4 7 , 4 8  
INTER\ 

1 '  I '  I -. 

YES NO Y = YES Response .= L1 
+3  DEFISITE - 3  N = NO Judgcrnent = Inrcrvrt  
42 PROSAELE - 2  U - WIKSOWN can£  ider 
+1 POSSIBLE -1 NR = NO RESPONSE to quesi 

00 UNKSObY UA 0 UNAVAILABLE 

99 NOT APPLICABLE 

i .aral rcs;>or.se o f  i i i t lcrviewee.  
& ?war ' s  b e s t  judgcnent  o f  and 

~ c c  i n  i n t e r v l c w e e s  res-nse  
: ion o f  r e s t r a i n t  usage .  

@ S p e c r f  & d e s c r i b e  d e v l c c :  
Descr ibe  irrespective o f  source .  &urea o f  Informat ion  

@b!alfunct ion:  

@ ~ e f c a t :  

@summarize s t a t u s  o f  ACRS: 



Occupant Seat 
OCCUPANT SUPPLEMENT 

P o s i t  ion Xumber - - 

R e s t r a i n t  hlaladjustment C 

11.11 il 

( )w1 Yes 4t 

( )992 No * 
( )993 Not Applicable ,Not Worn u 
( )999 Unknown 

Factors C 2 t e m i  ni ra  q e s t r a i c t  Usace CI a s s i i i c a t j o n  

Contribution to  Evaluation 
Choose one of the following code values f o r  each f a c t o r :  

(1) Supported evaluztion 
(2) Contradi c t 2 9  evaiuari  on 
(3)  :!ei tber s ~ j 2 o r z e d  nzr concradi cted evaluation 
(4)  !io res;;?s?. 
(5) Not a p p l  icabl e** 

Colunn a n d  Factcr  
20 Belt  cr F i t t ings  Damaged 1 ( ) 2 (  ) 3( ) 4 (  ) 5( ) 

by Occupant Loadincj 

' Factor A v a i  I z ~ i i  1' ;:t h CI N a t 

21 Location or Condition 
o f  Belts  

1 0 '  2 0  3 0  4 0  5 0  

' Sup. Cont. N21 tner 

22 System Defeated I ( ' )  2 0  3 0  4 0  5 0  
23 Exter ior  Vehicie Darnaqe 

or Occupant Contact Points 1 0  2 0  3 0  4 0  5 0  

? P S ~ . *  . A ? p l j ~ , * ~  

24 Pol Sce Rep3rt 1 0  2 0  3 0  4 0  5 0  
25 Pol i c e  or liii tness  

Observation 

26 Subject Interview 1 0  2 0  3 0  4 0  5 0  
27 Other Interview 1 0  2 0  3 0  4 0  5 0  
28 Occupant Injury Pat tern 1 0  2 0  3 0  4 0  5 0  
29 Belt  Caused Injury 0 2 0  3 0  4 0  5 0  
30 Occupant Ejected 1 0  2 0  3 0  4 0  5 0  

YO Response - Vehicle i n s ~ e c t g d ,  report  obtained o r  interview conducted . 
bu t  f a c t o r  undeterninable o r  interviewee refused t o  respmd.  

+* Not I\,pplicaSle - - No vehicle  inspect ion,  report or interview,  o r  o ther  
not appl icable .  



APPENDIX  B 

DERIVED DAMAGE S E V E R I T Y  MEASURE 
U S 1  NG THE C O L L I S I O N  DEFORMATION C L A S S I F I C A T I O N  



A  damage s e v e r i t y  measure based upon a l l  s i x  components o f  

t he  C o l l  i s i o n  Deformat ion C l a s s i f i c a t i o n  (CDC, SAE-J224a), was 

developed f o r  use as a  c rash  s e v e r i t y  c o n t r o l  v a r i a b l e .  Whi le 

t h e  CDC deformat ion e x t e n t ,  by i t s e l f ,  p rov ides  a  workable 

s e v e r i t y  c o n t r o l  v a r i a b l e ,  f u r t h e r  s e v e r i t y  i n f o r m a t i o n  i s  con- 

t a i  ned i n  t h e  CDC d i r e c t i o n ,  l o c a t i o n ,  and d i s t r i b u t i o n  codes, 

The sample se lec ted  f o r  development o f  t h e  v a r i a b l e  

i nc luded  a l l  u n r e s t r a i n e d  occupants over  n i n e  years  o l d  

f rom t h e  t h r e e  teams. T h i s  prov ides a  recons t ruc ted  data  s e t  

o f  7,652 cases. Each case con ta ins  a  v a r i a b l e  f o r  each o f  

t h e  s i x  elements o f  t h e  CDC ( d i r e c t i o n ,  de format ion  l o c a t i o n ,  

h o r i z o n t a l  l o c a t i o n ,  v e r t i c a l  l o c a t i o n ,  damage d i s t r i b u t i o n ,  

and de fo rma t ion  e x t e n t )  and AIS ( "0 "  f o r  AIS=Oyl and "1"  f o r  

AIS=2-9). To p r o v i d e  l o n g i t u d i n a l  symmetry a1 1  r i g h t  and 

1  e f t  codes were combi ned as " m i r r o r  images. " For example, 

t h e  c l o c k  p a i r s  1  :11, 2:10, 3:9, 4:8, and 5:7  were combined 

i n t o  f i v e  codes and t h e  general  damage areas "R"  and "L"  were 

combined (Tab1 e  B-1 ) . The AID (Automat ic I n t e r a c t i o n  De tec to r )  

program was then used t o  group t h e  CDC's by t h e i r  a b i l i t y  t o  

p r e d i c t  t h e  dichotomous dependent v a r i a b l e  f o r  i n j u r y .  The 

AID program examines each o f  t h e  independent v a r i a b l e s  ( t h e  

i n d i v i d u a l  elements o f  t h e  CDC) and s e l e c t s  a  h i e r a r c h i c a l  

sequence o f  success ive  two-way s p i t s  on each independent 

v a r i a b l e .  Each s p l i t  i s  s e l e c t e d  t o  y i e l d  t h e  g r e a t e s t  

r e d u c t i o n  i n  t h e  unexpla ined v a r i a b i l i t y  i n  t h e  dependent 

v a r i a b l e .  Th is  process e v e n t u a l l y  l e d  t o  i d e n t i f i c a t i o n  of 

23 subgroups o f  t h e  p o p u l a t i o n  o f  CDC's, thus d e f i n i n g  a  

c rash s e v e r i t y  v a r i a b l e  o f  t h e  23 l e v e l s  g i ven  i n  Table B-2 
The f i r s t  t h r e e  s p l i t s  were on t h e  e x t e n t  code, r e s u l t -  

i n g  i n  f o u r  de fo rma t ion  e x t e n t  c lasses :  1, 2 and unknown, 

3, and 4-9. Then each e x t e n t  c l a s s  (except  1 )  s p l i t  i n t o  

f u r t h e r  subgroups , accord ing t o  how we1 1  t h e  o t h e r  CDC 



Table  B-1 

COLLISION DEFORMATION CLASSIFICATION 
CODES USED FOR AID 

1. Force D i r e c t i o n  - O ' c l o c k  D i r e c t i o n  o f  P r i n c i p a l  Force 
a t  Impact 

12, 1:11, 2:10, 3:9, 4:8, 5:7,  6, 0 ( n o n - h o r i z o n t a l )  

2. Deformat ion Loca t ion  - General Area o f  Deformat ion 

F  - f r o n t  T  - Top 
RL - R i g h t  o r  L e f t  U - Undercar r iage 

B  - Back ( r e a r )  X - U n c l a s s i f i a b l e  
? - Unknown 

3. H o r i z o n t a l  Loca t ion  - S p e c i f i c  H o r i z o n t a l  Loca t ion  o f  
Deformat ion 

D - D i s t r i b u t e d  
RL - R i g h t  o r  L e f t  T h i r d  o f  F r o n t  o r  Rear 

C - Center T h i r d  o f  F r o n t  o r  Rear 
P - Center T h i r d  o f  R i g h t  o r  L e f t  Side o r  Top 
F  - F r o n t  T h i r d  o f  R i g h t  o r  L e f t  Side o r  Top 
B  - Back T h i r d  o f  R i g h t  o r  L e f t  Side o r  Top 
Y - F r o n t  Two- th i rds  o f  R igh t  o r  L e f t  Side o r  Top 
Z - Rear Two- th i rds  o f  R i g h t  o r  L e f t  Side o r  Top 

YZ - R i g h t  o r  L e f t  Two- th i rds  o f  F ron t  o r  Rear 

4. V e r t i c a l  Loca t ion  - S p e c i f i c  V e r t i c a l  Loca t ion  o f  
Deformat ion 

A - A l l  M - Midd le-over  frame t o  be1 t 
H - Top o f  Frame t o  1  i n e  

To P L  - Low-top o f  frame and below 
E  - Every th ing  Below X - Undercar r iage 

Be1 t L i n e  ? - Unknown 
G - Be1 t L i n e  and 

Above 

5. Damage D i s t r i b u t i o n  - General Type o f  Damage D i s t r i b u t i o n  

W - Wide Impact Area 0  - R o l l o v e r  
N - Narrow Impact Area A - Overhanging S t r u c t u r e  
S - Sideswipe E - Corner 

? - Unknown 

6. Deformat ion Ex ten t  - 9  Deformat ion Ex ten t  Zones 





class i f ica t ion codes predicted the percentage of occupants with 

an AIS of 2 or more. Since AID groups the CDC codes by the i r  

ab i l i t y  to predict,  some of the 23 result ing subgroups do not 
look very logical ,  primarily because seemingly unrelated CDC's 
with a common percentage of AIS=2 or more were grouped. Some 
of the subgroups with only one basic type of CDC have a f a i r l y  
d i rec t  in terpre ta t ion.  For example, subgroups 2 and 20 a re ,  
respectively, one-third side damage* with an extent code of 2 

or unknown ( ? ) ,  and f ront  damage to  the center-one-third ( C )  

or wider damage with an extent code of 3. Interest ingly,  sub- 

group 1 ( l e a s t  sever i ty)  a l l  had a CDC extent code of 3. A 

closer look a t  the individual CDC's in th i s  subgroup reveals 
t ha t  the majority are front  damage that  occurred over the t o p  

of the vehicle frame (ver t ica l  location=M) . 
A l l  of the cases in the complete s e t  of r e s t r a i n t  

study data were then coded into the 23 crash severi ty sub- 
groups as defined in Tab1 e 8-2 .  Since the AID run was re- 
s t r i c ted  to a subset of the en t i re  data s e t ,  there was the 
poss ibi l i ty  tha t  the resultant  severity defini t ion m i g h t  not 
cover a l l  of the remaining cases. Only f ive  restrained 

occupants (.05 percent) were not covered. These f ive  cases 
were almost identical in CDC's and mean percentage of A192 - 
t o  severi ty subgroup 8 ,  and so were assigned to tha t  Subgroup. 

The f i  rial derived damage severi ty measure used as a 

control variable i n  th i s  report bracketed the 23 subgroups 
into s ix  groups on the basis of both maximum difference 
between combined groups and equal ce l l  s izes .  The s i x  
sever i t ies  are  described in Table 8-3 in terms of the number 
of occupants and mean percentage of AIS 2 or  more for  the 
same sample of occupants used for the AID analysis .  Three 

*P, F ,  and B codes are res t r i c ted  to side damage of the f ront ,  
passenger (cen te r ) ,  or  back third of the vehicle. 



f requen t  CDC's i n  each of t h e  s i x  groups a re  a l s o  d isp layed.  

Group 1 con ta ins  m ino r - f r on t - f ende r  and g r i  1  lwork  damage, 

Group 2 con ta ins  m i  nor -wide- f ronta l  damage. Group 3 conta ins 

complete ly  unknown CDC's a1 ong w i t h  moderate- f ront -corner  

damage. Group 4 conta ins moderate-wide- f ronta l  damage. Group 

5 con ta ins  severe damage t o  t h e  s i d e  two - t h i r ds  and f r o n t  

corners  as w e l l  as severe r o l l o v e r s .  Group 6 con ta ins  severe- 

w ide - f r on ta l  damage. 

Table B-3 

COMBINED DAMAGE SEVERITY GROUPS 

Combined I n c l  udes 
Group Subgroup Number Percent 
Number Number(s) Cases A 1 9 2  Frequent CDC ' s  



APPENDIX C 

SUPPLEMENTAL TABLES 



The tab les  inc luded  i n  t h i s  appendix were n o t  used i n  

the same form i n  t he  ana l ys i s  o r  i n  t he  major body o f  t he  

r e p o r t .  They a re  presented here f o r  t he  b e n e f i t  o f  those 

who migh t  wish t o  have t h e  e n t i r e  d i s t r i b u t i o n  o f  i n j u r y  

s e v e r i t y  data avai  1  ab le .  



Tab le  C-1  

AIS 

Total 

DISTRIBUTION OF OVERALL AIS BY TEAM 
OUTBOARD-FRONT-SEAT OCCUPANTS 

Data weighted by inverse of sampling fraction 

CALSPAN 
N % 
1843 47.5 
1548 39.9 
358 9.2 
90 2.3 
9 0.23 
5 0.13 
6 0.15 
3 0.08 
14 0.36 
1 0.03 
2 0.05 

TEAM 
HSRI 

N % 
1839 44.3 
2000 48.2 
196 4.7 
88 2.1 
8 0.19 
5 0.12 
9 0.22 
5 0.12 
0 0 
1 0.02 
2 0.05 

SwRI 
N % 
2547 51.3 
1913 38.5 
413 8.3 
56 1.1 
13 0.3 
3 0.06 
9 0.18 
2 0.04 
5 0.10 
1 0.02 
2 0.04 
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APPENDIX D 

CANDIDATE CONTROL VARIABLES 



A number o f  cand ida te  c o n t r o l  v a r i a b l e s  f o r  t h e  mu1 ti- 

v a r i a t e  ana lyses were i d e n t i f i e d  u s i n g  b o t h  a n a l y s i s  o f  va r iance  

and ch i - square  t e s t s .  These a r e  v a r i a b l e s  t h a t  a r e  assoc ia ted  

w i t h  i n j u r y  and have d i f f e r e n t  d i s t r i b u t i o n s  across  r e s t r a i n t  

and model yea r .  

Several  o f  t h e  cand ida te  v a r i a b l e s  were n o t  used i n  t h e  

f i n a l  models because t h e y  d i d  n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  

t h e  f i t  o f  t h e  models. E l i m i n a t i o n  o f  t hese  v a r i a b l e s  i s  d t s -  

cussed i n  S e c t i o n  5 . 2 . 2 .  

The p r o p o r t i o n  o f  occupants r e c e i v i n g  i n j u r i e s  o f  A 1 9 2  - 
i s  g i v e n  here  f o r  each l e v e l  o f  t h e  cand ida te  v a r i a b l e s  wh ich  

were n o t  used i n  t h e  models. 



Table  D-1 

PROPORTION OF AIS>2 I N  PERCENT 
BY VEHICLE ~ i i j b ~  TYPE 

Body Type Team 
- - ---- - 

CALSPAN - HSRI - SwRI 

% N % N % N 

Subcompact 12.8 744 7.3 975 11.2 1106 

Compact 11.4 1143 8.9 982 9.5 1216 

I n  termed i a t e  14.4 866 7.7 1041 11.1 1408 

F u l l  S i ze  11.7 1022 7.3 1069 8.7 1261 

Tab le  D-2 

PROPORTION OF A 1 9 2  I N  PERCENT 
BY TYPE OF CO~LISION 

Team 

C o l l i s i o n  CALSPAN - HSRI - SwRI 

% N % N % N 

S i n g l e  V e h i c l e  14.5 1374 11.5 820 18.2 765 

Head On 21.6 444 14.0 380 18.5 21 1 

Rear End 8.1 768 4.7 814 6.3 9 54 

S ide Swipe 5.1 156 6.7 119 14.3 28 

I n t e r s e c t i o n  9.9 1310 6.3 1911 8.6 3017 



Table  0-3 

PROPORTION OF A 1 9 2  I N  PERCENT 
BY IMPACT F O R C ~  DIRECTION 

Team 

D i r e c t i o n  CALSPAN - HSRI - SwRI 

F r o n t  (1 1,12,01 
o ' c l o c k )  12.5 2486 7.3 2413 11.6 2333 

Other  (02-1 0 
o ' c l o c k )  12.1 978 8.0 1495 8.7 2234 

Tab le  D-4 

PROPORTION OF A 1 9 2  I N  PERCENT 
BY SEAT LO~ATION 

Team 
- - 

Seat - CALSPAN - HSRI - SwRI 

% N % N % N 

D r i v e r  12.1 3034 8.0 3032 10.3 3713 

R i g h t  F r o n t  11.9 1111 7.1 1049 9.6 1284 



Table  D - 5  

PROPORTION OF A 1 9 2  I N  PERCENT 
BY SIDE OF VEHTCLE STRUCK 

(S ide Impacts Only) 

Team 

S ide  - CALSPAN - HSRI SwRI - 
% N % N % N 

Same as Occupant 14.7 597 8.7 694 9.4 939 

Oppos i te  Occupant 7.7 585 7.1 702 9.3 917 

Tab le  0-6 

PROPORTION OF A 1 9 2  I N  PERCENT 
BY SEX 

Team 

Ma1 e 

Fema 1 e 

CALSPAN - HSRI - SwRI 

% N % M % N 

11.6 2542 7.4 2378 10.4 2876 

13.5 1513 8.3 1695 9.7 2110 



Table D-7 

PROPORTION OF A 1 9 2  I N  PERCENT 
BY AGE OF O ~ C U P A N T  

Team 

0 - l o  

11 - 20 

21 - 30 

31 - 40 

41 - 50 

51 - 60 

61 - 70 

70 - 85 

O v e r  85 

CALSPAN 

% N 

10.0 40 

9.8 961 

12.0 1283 

11.7 512 

14.8 499 

13.6 405 

14.3 231 

12.6 89 

15.4 13 

H S R I  - 
% N 

10.0 70 

6.7 1118 

6.8 1315 

8.8 580 

9.7 421 

7.7 336 

11.6 146 

9.5 84 

28.7 7 

S w R I  - 
X N 

5.2 77 

9.6 1364 

9.1 1844 

11.7 634 

10.9 431 

12.2 301 

11.0 209 

21.1 95 

4.6 22 



APPENDIX  E 

ESTIMATED MODEL PARAMETERS 



T a b l e  E-1 

ESTIMATED PARAMETERS FOR THE S T A T I S T I C A L  MODEL 
WITH DAMAGE SEVERITY AND YEAR OF MANUFACTURE 

PARAMETER 

TEAM 

H S R I  CALSPAN SwRI  

M e a n  

S e v e r i t y  C l a s s  1 

2 

3 

4 

5 

6 



Table E-2 

ESTIMATED PARAMETERS FOR THE STATIST1 CAL MODEL 
WITH DAMAGE SEVERITY AND RESTRAINT USED 

TEAM 
PARAMETER HSRI CALSPAN S w R I  

Mean 0.104 0.1579 0.1344 

None 

Lap Only 

Lap p l u s  
Shoulder Be1 t -0.01 70 -0.0306 -0.0180 

S e v e r i t y  C l a s s  1 -0.0777 -0.1224 -0.1062 

2 -0.0728 -0.0889 -0.0906 

3 -0.0522 -0.0940 -0.0440 

4 -0.0625 -0.0351 -0.0202 

5 0.0811 0.0885 0.0176 

6 0.1841 0.251 9 0.2434 



Table  E-3 

ESTIMATED PARAMETERS FOR THE STATISTICAL MODEL 
WITH A RESTRAINT X MODEL YEAR INTERACTION 

Parameter 

TEAM 

HSRI CALSPAN SwRI 

Mean 

No R e s t r a i n t  i n  1973 

Lap o n l y  i n  1973 

F u l l  i n  1973 

None i n  1974-5 

Lap o n l y  i n  1974-5 

F u l l  i n  1974-5 

S e v e r i t y  C lass  1 

2 

3 

4 

5 

6 








