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T u h i c o l  Roped Documtocim Pog* 

Abstract: 1 This i s  the Final Report on  a  two-year s t a t i s t i c a l  analysis  of the 
data collected in the National Crash Severity Study (NCSS). The analysis  
presented i s  primarily concerned with the re la t ionship  between occupant 
injury sever i ty  and the crash conditions. S t a t i s t i c a l  models were cievei- 
oped to re1 a t e  the probabil i t y  of a severe injury t o  independent variables 
such as Delta V ( the  instantaneous change in velocity of the vehic le)  and 
Occupant Age. Models were developed separately f o r  various subsets of 
f ron t  and s ide  impacts. 

The area of population s t a t i s t i c s  was a l so  studied.  Design e f f ec t s  
and variances were estimated f o r  the aggregate NCSS data. Subsamples of 
both fa ta l  and non-fatal cases w i t h  missing data on key variables were 
examined. This work supplements the separate publications of - NCSS 
S t a t i s t i c s  f o r  passenger cars and f o r  1 ignt  trucks and vans. These 
p u b 1  ica t ions  present descr ip t ive  s t a t i s t i c s  on the accidents,  vehic les ,  
occupants and t h e i r  in ju r ies  f o r  the aggregate ?lCSS data. 

Various cl inical  s tudies  which were reported separate ly ,  are  sumrari- 
zed in t h i s  repor t .  These s tudies  address the exis t ing l  i t e r a t u r e ,  s ide  
impacts, lower extremity i n ju r i e s ,  eye i n ju r i e s ,  and neck i n ju r i e s .  

The applicat ion of  the NCSS data t o  accident analysis  inodeis, which 
estimate the benefi ts  of improved occupant protection sys terns, i s  ai so 
di scussed. 
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This i s  the  Final Report on a  two year  s t a t i s t i c a l  analys is  of t h e  

data col lec ted in  t he  Naxional Crash S e v e r i t y  S t u d y .  The a n a l y s i s  

presented i s  primarily concerned with the  re la t ionship  between occupant 
injury sever i ty  a n d  t h e  crash conditions. The goal of t h i s  work i s  t o  

fu r the r  t he  devel9pment of t e c h n i q u e s  t o  e s t i m a t e  t h e  b e n e f i t s  o f  
- ,  

improved occupant ? rc t?c t ion  sy s t ems .  I n e s e  t e c h n i q ~ e s  r e q ~ i  r e  a  
s t a t i s t i c a l  desc r i i ;~ ' zn  of t h e  n a t i  ona i  a c c i d e n t  s x g e r i  e n c ? ,  a n d  

s ~ a t i s t i c a l  models r e i z ~ i n g  the  c o l l i s i o n  e v e n t  t o  t h e  subsequen t ,  

in ju r ies .  

The National Crash Sever i ty  S tudy  ( JCSS)  was a ma jo r  t r a f f i c  

accident investigation study conduc t ed  by t h e  N a t i o n a l  C e n t e r  f o r  
S t a t i s t i c s  and Analysis ( N C S A )  of the National Highway T r a f f i c  S a f e t y  

Administration (NHTSA). Data co l l ec t  i o n  was i n i t i a t e d  January 1 ,  1 9 7 7  

and ended March 31, 1979. An important innovation i ni t i  a t e d  i n t h i  s  
study was the use of a  computerized accident recons t ruc t ion  a1 g o r i t h m  

1 
developed by R .  MciLfenry'. The principal output of t h i s  program i s  an 
estimate of the i nstantaneous change i n velocity of each vehicle d u  r i  n g 

the  impact phase of the  co l l i s i on ,  referred t o  as Delta V .  The NCSS i  s  
a  precursor t o  t he  National Accident Sampling System. 

Accidents were invest igated i n  seven geographic a r e a s  wi ",i n t h e  
continental United States.  These areas were not selected a t  random, b u t  

r a the r  nere chosen ~ e c a u s e  t he  NCSA jud~jed t ha t  high-quai i rly a c c  i d e n t  
investigation t ea r s  cculd be readily establishea i n  then. r i i t h i i  eacn  

zrea ,  a  s t r 3 t i f i e d  szrpl ing plan was clsed t o  s ? i ~ c t  a c c i d e n ~ s  invoi J '  n S  

;jassencjer ca r s ,  l i ~ n ' i  :rucks, and n r l s  which IrJer? s ? \ / ? r e  enough :o 

require a t  l eas t  one of t h e  v e h i c l e s  t o  be towed f rom t h e  s c e n e .  
Pedestrian accidents, and other accidents in which an e l i g i b l e  j / e h i c l s  

d i d  not have t o  be towed away, I,ver? excluded frcm r h i s  study. ' c r  t h e  

selected accidents,  FI c3mmon s e t  of d e r a i l 2 d  i n f o r ~ a t i o n  o n  t h 2  

accident ,  the  vehicles,  the  occupants a n d  t h e i r  i njuri es were collected.  

1 2. R .  ,YcHenry and J .  P .  Lynch,  C R A S H 2  Users  Manual ,  D O T / H S  
802-106, November 1976. 



Over the  27 nonth data col lec t ion period, 11,386 a c c i d e n t s  i n v o l v i n g  
14,505 towed passenger cars and 24,976 occupants were investigated. 

A complete summary of the work carr ied  o u t  i s  p r e s e n t e d  i n  t h i s  
section. A n  overview i s  provided in  Section 1.1, i nc lud ing  a l i s t  of 
the  resul t ing publicat ions.  S e c t i o n  1 .2  summarizes  t h e  r e s u l t s .  

Implications fo r  fu ture  wort, i n  p a r t i c u l a r  t h e  ? !ASS program,  a r e  

prosented i n  S2ction 1.3. Final ly ,  the  organization of the remainder of 
t h i s  report i s  described i n   he l a s t  subsection. 

1.1 Overview 

The work carried o u t  i s  organized i n t o  the  f ive  basic tasks  l i s t e d  

be1 ow: 

I .  Develop s t a t i s t i c a l  models re la t ing  the  type and s e v e r i t y  o f  
impact t o  the  p r o b a ~ i l i  ty of injury. 

2 .  Develop population s t a t i s t i c s  from the  ?KSS data. 

3. Produce a booklet of NCSS s t a t i s t i c s  f o r  general use. 

4. Perform a c l in ica l  analysis  of selected NCSS cases t o  enhance  
current understandi ng of the occurrence of spec i  f  i c  i  n j u r i  e s  
and the associated i  njury mechani sms. 

5. Review and evaluate exis t ing accident analysis  models. 

The relat ionship of these basic tasks  i s  i l l u s t r a t ed  i n  Figure 1.1. 

Tasks 1 and 2 above were the major analysis tasks ,  and a r e  shown i n  

the  top-center o f  the f igure .  Issues a d d r e s s e d  i n  Task 2 i n c l u d e d  
~leighted analysis  and  the e f f ec t  of t h e  s a n ~ l  e d e s i g n  o n  sampl i n g  

e r ro rs ,  missing da:a, and ',he developmenr of national project i ons f  r3n  

the NCSS data. A related t ask ,  Task 3 ,  ? r~cuced  publicarions presenting 

descript ive statistics o n  the  accident experience f o r  the  a g a r e g a t e  o f  

the seven NCSS areas. The t i t l e s  of these publications are :  

:YCSS S t a t i s t i c s :  Pa s senqe r  C a r s ,  J u n e  1 9 8 0 .  ? , spor t  N o .  U N -  
 SKI -80-36. 

NCSS S t a t i s t i c s :  Light Trucks and Vans, June 1980. Report No. U M -  
HS2I -80-37. 

S t a t i s t i c a l  models re la t ing  t he  crash conditions t o  the  probabil i ty 
of injury,  Task 1 ,  are  referred t o  as " m e c h a n i s t i c  mode l s "  i n  t h i s  
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report. This model development was carr ied  o u t  separately f o r  occupants 

of vehicles w i t h  f ron t  as opposed t o  s ide  damage. Each of these  subsets 

was fu r the r  part i t ioned depending o n  the  occupant's seat  location and a 
more detai led location of the damage. The major independent variable i s  
the  co l l i s ion  sever i ty  as 2stimated by Delta V ,  the  instantaneous change 

i n  velocity of the vehicle. 

The develapmnt of che mechanistic models re la t ing the  ?robabi 1 i t y  

9 f  injary t o  "Lie crash concii tions was approached from a c e t 2 r n i  n i  s t  i c  

point of view. The goal of these models i s  t o  r e f l e c t  the rel3tionships 

defined by the  pnysical p r i n c i ~ l e s  wnich govern the dynamic ;net i o n  of 

t he  vehicle and i t s  occupants during t h e  i m p a c t ,  and t h e  r e s u l t i n g  

injury mechanisms. 

The fourth task addresses c l in ica l  s tudies.  The iinportance of t h i s  

task comes primarily from the  need t o  provide a sound physical basis f o r  

the s t a t i s t i c a l  development of the  mechanistic models. Specif ic  subsets  
of the NCSS cases were reviewed by a team of e x p e r t s  i n  t h e  a r e a s  of  

biomechanics, dynamic t e s t i ng ,  computer simulation of human s u r r o g a t e s ,  
anatomy, and accident  d a t a  c o l l  e c t i o n  and a n a q y s i s  t o  s t u d y  t h e  
incidence of s p e c i f i c  t y p e s  of  i n j u r i e s  and t h e  r e l e v a n t  i n j u r y  
mechanisms. For example, s ide  impacts were reviewed and comDa r e d  w i t h 

available s ide  impact laboratory t e s t s  t o  d e t e r m i  ne i f  t h e  a c t u a l  
in ju r ies  were comparable with t e s t  r e s u l t s .  The o b j e c t i v e  of t h i s  
review was t o  ensure t ha t  the  s t a t i s t i c a l  development of m e c h a n i s t i c  
models paral leled exis t ing kncwl edge  o f  t h e  i n j u r y  mechani sins and 
re1 evant variables. 

The c l in ical  szuaies res;ll;ed i n  several p u b l i c a t i o n s  which a r e  

1 i sted be1 ow. 

Anatomy, Injury Frequency, Biomechanics, and Human To1 erances, NCSS 
Project Li tera ture  Review, !lay 1379 .  Report No. UM-HSRI-79-33, 

Anatomy, Injury Frequency, Biomechanics, and Human T o 1  e r a n c e s ,  
February 1960. SAE Paper No. 800098. 

Analysis of NCSS Side Impact Cases, August 1979. Report N O .  U M -  
HSRI-79-50. 

Side Impacts: A comparison of L a b o r a t o r y  Expe r imen t s  and NCSS 
Crashes, February 1980. SAE Paper No. 800176. 



Lower Extremity Injur ies  in Automobile Crashes ( A n  Analysis of NCSS 
Data). Januarv 1980. Reoort No. UM-HSRI-80-10. 

Ocular In ju r ies  i n  Automobile Crashes, May 1980. Report No. U i 4 -  
HSRI-80-22. 

Cervical In jur ies  in Automobile Crashes, iflay 1980. Reporr No. UM- 
HS2I -80-40. 

A za jo r  g o a l  o f  :he NCSS w a s  t o  f u r t h e r  t h e  d e l / e l  zpine:,t of 

techn"ues t o  e s t i ~ a t e  the  benefi ts  of in;prav?d occu;sailz p r ~ - , ? c t  i  o n  
sys-ca~s.  Current programs which carry o u t  t h i s  e s t imat ion  a r e  c a l  l e d  

"acciaenr: analysis  nodels. " These niodels basical ly ernpl2y a  stal- , is t ical  

descriat ion of the current accident experience, and s t a t i s t i c  a 1 model s  

re la t ing the  probabil i ty of injury t o  the  crash conditions, par t icular ly  

the  co l l i s ion  severi ty.  The l a s t  task l i s t e d ,  Task 5 ,  i s  a  r e v i e w  and 

evaluation of current accident analysis models. This task i s  shown i n  

Figure 1.1 as basically an applicat ion of the findings of Tasks 1-4. 

1.2 Surmary Results 

This subsection summarizes the  resu l t s  obta ined f o r  each of t h e  

basic tasks.' A n  i m p o r t a n t  a s p e c t  of t h i s  work was t h e  p rob lem 

fornulat ion and iden t i f i ca t ion  of appropriate a n a l y t i c a l  t e c h n i q u e s .  

The reader i s  referred t o  Section 2 f o r  a discussion of the c o n c e p t u a l  

approach empl oyed. 

1.2.1 rclechanistic Models. The model used in t h i s  analysis  i s  t h ; !  

l og i t  model. The l og i t  model i s  a frequently used s t a t i s t i c a l  model 

well suited t o  the  anaiysis  of frequency data. I t  uses the pr3babi 1 i t y  

of only a  non-severe injury (two or  l e s s  o n  t h e  i l b b r e v i a t e a  i r l j u r y  
n 

sca leL)  as ::s dependenr. variable. Independent v a r i a b l e s  r e r e  b o t h  

continuous and ca tegor ica l ,  and included f a c t o r s  such a s  co l  1 i  s  i  o n  
severi ty (Delta V) and  Occupant Age. The c r i t i c a l  a s p e c t  of t h e  

development of t h e s e  models  i s  t h e  model e v a l u a t i o n .  Both t h e  

Likelihood Ratio S t a t i s t i c  a n d  t he  Goodness of F i t  were exan i  ned. I n  

na r t i cu la r ,  the predicted probabil i ty of i n j u r y  was compared t o  t h e  
actual injury f o r  each case, thus identifying "correct" and " i n c o r r e c t "  

 he Abbreviated I n j u r y  Sca l  e ,  ( 1 9 7 6  Revi s i  o n ) .  American 
Association f o r  Automotive Nedicine, Morton Grove, I l l i n o i s .  



predict ions.  The mi spredic t ions  so i den t i f i ed  were then exami ned i n a  

manner s imi la r  t o  t h e  res iduals  ob ta ined  i n  a r e g r e s s i o n  a n a l y s i s .  

Potential  variables f o r  addit ion t o  the  models were reviewed i n  t e rns  of 

t h e i r  re la t ionship  t o  the  mi s p r e d i  c t i  ons f rom t h e  c u r r e n t  model.  

Distr ibutions of the predict2d probabi l i ty  f o r  the  severe and non-severe 
i n ju r i e s  were a l so  examined. This careful model evalua t i o n  p r o c e d u r e  

not only guided t he  rlcdel development, b u t  a l so  ?rovided i n s i g h t  a s  t o  

the  1 imi ta t ions  o f  ',he resul t ing rodels a n d  t he  variables involved. 

The NCSS datz a l s o  p r o v i d e d  an o p p o r t u n i ~ y  t o  e v a l u a t e  t h e  
s t a b i l i t y  over time of the  r e l a t i o n s h i p s  r o d e l l e d .  I n i t i a l  node1 

development work was carr ied  o u t w i t h  da t?  from the  f i r s t  f i f t e e n  months 
of N C S S  ( r e f e r r e d  t o  a s  P h a s e  1 f o r  o u r  a n a l y s i s  p u r p o s e s ) .  

Subs?quent'ly, data f o r  the  l a s t  twelve months was recei ved ( P h a s e  2 ) .  

The Phase 1 models were applied t o  t he  Phase 2 data and t h e i r  predic t ive  

capabi 1 i ty determi ned. 

A n  important f inding of t h i s  analysis  i s  t h a t  t h e  r e l a t i o n s h i p s  

modelled appeared s t ab l e  over time, as evaluated by compari n g  r e s  ul t s  

f o r  the Phase 1 and Phase 2 data. The predi c t  i v e  c a p a b i  1 i t y  of  t h e  
Phase 1 models did not vary markedly when t h e y  were  a p p l  i e d  t o  t h e  

Phase 2 data. Furthermore, t h e  predic t ive  c a p a b i  1 i t y  o f  comparab l  e 

Phase 2 models was not appreciably d i f fe ren t  e i t he r .  Of course, Phase 2 

was jus t  the  continuation of Phase 1. There were no major perturbations 

suci'l as an energy c r i s i s  o r  the  introduction of new occupant p r o t e c t i o n  

systems. Nonetheless, t h i s  i s  the  f i r s t  d a t a  c o l  l e c r i o n  2 rogram of 
su f f i c i en t  depth and scope t o  allow t h i s  kind of e ~ ~ i ~ a t i o n ,  and t h e  
r s s u i ~ s  zre encouragi qg. Subs2auent s t a t i s t i c a l  :ss's i n d i  c a ~ s d  no loss  

of predic t ive  capabi l i ty  i n  the  com~ined data s2t .  The f i  nal  node1 s ,  
which a re  presented i n t h i s  summary, !were a1 1 based o n  the  combined data 

s2 t ,  !,vhicn comprises the  e n t i r e  27 conths of ; jCSS data col lec t ion.  

The basic approach i n  the  development o f  mechanis;ic models was t o  

form subsets of the  data which were expected t o  be more homogeneous w i t h  

regard t o  injury mechanisms. The v a r i a b l e s  u sed  t o  d e f i n e  s u b s e t s  
basical ly separated d i f f e r en t  co1 1 i sion types. Frontal -damage vehi c l  e s  

were modelled separately from side-impacted vehicles. In the  f r o n t  a1 - 
damage group, vehicles s t r i k i  ng o ther  vehicles (two-vehicl e  a c c  i d e n t s )  



were separated from vehicles which struck other objects  ( s i  ngle-veh i c1 e 
accidents) .  In addit ion,  center  f ront  impacts were d i s t i ngu i shed  f rom 

off-center  impacts, as were dr ivers  and r i gh t - f ron t  p a s s e n g e r s .  A 1  1 

side-impacted veh i c l e s  which were  model l e d  were  s t r u c k  by o t h e r  

vehicles. Side-impacts t o  the  passenger compartment wer? separated from 
non-passenger compartment impacts, as were occupants on the  Sam2 s ide  as 

the  impact (near - s ide ) ,  a n d  tilcse cn the  f a r - s i d e .  @:her c o l l i s i o n  
types wers r ~ o t  ;.ode1 1 ed .  

Final models were developed f o r  two s u b s e t s  of s i d e - i m p a c t e d  
7- vehicles and four subsets  of fronts;l -darr,asec tjehicles. i hes  2 s u b s e t s  

are  l i s t e d  below. 

Side Impacts 
1. Impacts involving damage t o  t h e  g a s s e n g e r  compar tment  and 

occupants o n  the  same s ide  of the vehicle as the impact ( N e a r  
PCD) . 

2. All f a r - s ide  occupants (seated opposite the  impacted s i de )  and 
near-side occupants f o r  impacts not damaging t h e  p a s s e n g e r  
compartment (Far Occ + Near NPCD).  

w 1. Sing e-ve i c  e accidents 
2. ~woiveh ic le  accidents w i t h  center  impacts (CIA-2VEH) 
3. Two-vehicle accidents with off-center  i m p a c t s ,  d r i v e r s  o n l y  

(OID-2VEH) 
4. Two-vehicle accidents with o f f - cen t e r  i m p a c t s ,  r i  g h t  f r o n t  

passengers (OIP-2VEH) 

The goodness of f i t  r e su l t s  f o r  the  two-variable model s ( D e l t a  11 

2nd  Occupant ,Age) are shown i n  T a b l e  1 . 1  f c r  t h e  t;vo s i d e - ' m p a c t  
subsets ,  and i n  Table 1.2 f o r  the  f c ~ r  f ron t - i rpac t  subsars. Delta ' I  i s  
t h 2  dominant variabi? i:: these  models. i g g i s t i c  czrves a r e  shown f c r  

the  f i r s t  side-impact subset,  piear P C D  ( n e a r - s i d e  o c c u p a n t s  o f  s i d e  

impact to t he  passenger compartment) i n  Figure 1.2, and f o r  subset 3 of  
the  f ron t  impacts, OiD-2Yeh ( d r i  v e r s  o n l y ,  two-veh i  c l ?  o f f - c e n t e r  
impacts) in Figurs 1.3. Confidence in tervzls  are a l so  shc:vn on t h e s e  

f igures .  For convenience, the  probabi 1 i t y  of severe i njury i s  $1 o~ t ed.  

The e f fec t  of Occupant Age i s  much l e s s  t h a n  t h a t  of  D e l t a  V. T n e  

ef fec t  o f  Occupant Age i s  i l l u s t r a t ed  in Figure 1 .4  f o r  the  f i r s t  s i d e -  
impact subset,  Near P C D .  



TABLE 1.1 

Goodness of F i  t 

Severity = F(Latera1 Delta V ,  Age) 

Phases 1 and 2 - Side Impacts 

1 Sampl? Size i ?ercenc Correct ?redi ct  i cn 
Subs e+, I - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - -  

1 :ion-Severe I Severe I Overall I ;;on-Sever3 I Severe 

I I I I I 
2. Far Occ + Mear NPCDI  1162  1 1 3 i  1 91.7 1 98.6 1 30.5 

TABLE 1.2 

Goodness o f  F i t  

Severity = F(De1ta V ,  Age) 

Phases 1 and 2 - Front Impacts 

1 Sample Size l Percent Correct Prediction 
Subs et  I-----------------+-------------------------- 

; Non-Severe l Severe l Overall I Non-Severe 1 Severe 
------------------f----------+------+--------+----------+------ 
1. Sing1~-Vehicle1 1049 1 331  I 79.3 i 95.7 I 27.2 
2.  CI,4-2YEH 1 1256 I 2 3 8  1 85.1 1 96.9 1 4 1 . 6  
3. O i D - 2 V E H  1 1412 1175 1 92 .a  38 .4  1 4 4 . 3  
4. OI?-2'JEH 1 566 1 90 i 88 .3  1 98.2 1 2 5 . ;  

These tables reveal the ra jor  2roblern e n c o u n t e r e d  i n  t h e  e a r l y  
models; that  i s  the relatively poor gredict i o n  o f  :he o c c u r r e n c e  o f  

severe i njuri es. A1 though the overall percentage of correct preai c t  ions 

i s  about 9G, severe injur ies  are predicted correctly i n  only about 40% 
o f  the cases. Histograms showing the p r e d i c t e d  p r o b a b i l i t y  of t h e  
injury being non-severe are  shown i n  Figure 1.5 s e p a r a t e l y  f o r  t h o s e  

cases in which the actual injury was, i n  f ac t ,  " n o n - s e v e r e , "  and f o r  



FIGURE 1.2 Logi s t i  c  Curves of Two-Vari abl e  
Models (Lateral Delta V ,  Age) For Near PCD 

Phases I and 2 - Side Impacts 

those cases i n  which the  actual i n j u r y  was coded  " s e v e r e .  " These  

histograms i l l u s t r a t e  t he  information summarized i n Tab1 e 1.1 ( N e a r  
P C D ) .  

A predicted probabil i ty ~ r e a t e r  t h a n  0 . 5  was i n t e r p r e t e d  a s  a 
"correct"  predic t ion i f  t h e  a c t u a l  i n j u r y  :,as " n o n - s e l / e r e , "  a n d  

" inccr rec t "  i f  l e s s  than C . 5 .  Conversely, f o r  the  case mc2r5 t h e  actuzl 
. . in:ury was " s e l ' : e r e , "  a  p r e d i c t e d  p r o b a b i i i t y  ? ? s s  :ha? 0 . 5  ;:zs 
in terpre ted as a  "correct"  predict ion.  As shown i n  F i g u r e  i . 5 ,  t h e  

predicted probabi 1 i t i e s  of non-severe injury a r e  clustered n i  c e l y  n e a r  
1 .0  f o r  the  cases i n  which the  actual injury was i lnon-se~ere.  Fcr t h e  

severe injury cases one rvoljld l i k e  t o  see predicted p robab i l i t i  2s c l  3 s e  
t o  0.0. As was shown i n  Table 1.1, only about 5 2 %  of   he c a s e s  w i t h  

severe i njury were predicted correct ly  (predicted prcbabi 1 i t y  l e s s  t h a n  

0 .5 ) .  The major t h ru s t  i n  t h e  model development was improvement i n  t n e  

capabi l i ty  t o  predict  the  severe in ju r ies .  These, a f t e r  a l l ,  a r e  t h e  
cases one ultimately hcpes t o  modify with improved occupant p r o t e c t i o n  

systems. 
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FIGURE 1.3 Logi  s t i c  Curves of Two-Vari able 
Models (Delta V and Age) For OID-2VEH 

Phase 1 and 2 - Front Impacts 

Body Region (of t he  in ju ry)  and Injury Type were found t o  be highly 

c o r r e l a t e d w i t h  t h e  m i s o r e d i c t i o n  o f  s e v e r e  i n j u r i e s .  C a r e f u l  
incorporation of these  variables,  pa r t i cu la r ly  Body Region, improved the  
predict ion of severe i n j u r i e s  subs tan t ia l ly .  The f i na l  node1 f o r  t h e  

Near ?CD subset ?reai cted 67% of the  severe i n ju r i e s  c o r ~ e c x l  y  and 89: 

of the non-severe i n ju r i z s  co r r ec t l y ,  f o r  an overal  1 perter;: c o r r e c t  
3redict ion of 81%. The improvement i n  predic t ive  czpabi 1 i t y  i s  j p ~ a r e n t  

3 - i n  t h e  h:s:ogrens o f  predjcted p r ~ t a 2 : l  i t y  shown 'n F i ~ u r e  . , ( a s a  i q 

f o r  the  Near ?CD subset ) .  The e f f ec t s  of the  various body region dummy 

variables employed a r e  i l l u s t r a t e d  in  Figure 1.7. Notice t ha t  the  th ree  
dummy variables 9ri.aari ly involving extreni  t i e s  ihave aporoximat e l y  t h e  

sane e f f ec t .  The "osher body region" group i s  primarily missing data on 

body region. This information i s  most l i ke ly  t o  be  m i s s i n g  i n  mi n o r  

injury cases. Hence, t h e  lower probabi l i ty  of severe injury.  

The use of these  in jury  variables i s  problematic. The Abbrevi a t e d  

Injury Scale i s  such t ha t  many injury types can only be assigned t o  one, 
or possibly two, AIS levels .  I n  t u r n ,  p a r t i c u l a r  i n j u r y  t y p e s  a r e  





P R E D I C T E D  P R O 8 A 8 I L I T 7  
OF NON-JEVERE I N J U U T  

F I G U R E  1 .6  Histograms of 3 .  of Four-Variable iflode1 (Lateral 
Delta V ,  Age, Object ~ a n t a c t e d ,  aocy Region) For Near 2 C D  

phases 1 and 2 - S i d e  Iapacts 
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F I G  1.7 The E f f e c t  o f  Five Levels of 3oby Region o f  F o u r - Y ~ r i 3 S l a  
;.lode1 (Laceral $el-,a ' I ,   AS^, Object Contacted, Sody Region) 

For Near PCD Phases 1 and 2 - Side Impacts 

instances t o  specifying the  AIS level .  From a p r a c t i c a l  s t a n d p o i n t ,  

inclusion of body region or injury t y p e  i n  t h e  model i s  no t  u s e f u l  

without knowing t he  f a c t o r s  which d e t e r m i n e  which body r e g i o n  i s  

injured, or w h a t  the type of injury will be. 



Other aspects of t h i s  problem seem t o  be inherent c h a r a c t e r i  s t  i c s  

of the  AIS  scale. Mispredicted cases were usually r e l a t i v e l y  1 ow t o  
moderate co l l i s i on  sever i ty  (Delta '1) impacts which resulted i n  s e v e r e  

i n ju r i e s  (OAIS 3 t ) .  For example, a substantial  group of mi spredict  i ons 

in t he  f ront  subsets were ankle dislocations.  These r e c e i  ve an A I S  3 

because of the j o i n t  inv3lvenent. Piany f a c t o r s  were a s s i l i i i  l a t e d  i n  

developing the  (4:s sca: e: threat- to-1 i f e ,  t rea tnsnt  peri c d ,  ~ r o b a b i  1 i t y  

of pemanent inpz i r ren t ,  etc.  > l o t  a l l  t h e s e  f a c t o r s  a r e  d i r e c t l y  

related t o  the co i l i s ion  forces ,  especi 21 l y  when corn;jari s i ons i n v g l  ve 

i i  f i e ren t  body regi ons andlar i njury t y  ~ e s .  

in the  context of t h e  above d i s c u s s i o n ,  t h e  dummy v a r i a 3 l e s  
corresponding t o  various categories of the  body r e g i o n  v a r i a b l e  were  
found t o  subs tan t ia l ly  improve the  predict ive capabi l i ty  of the model s .  
This finding does n o t  produce a sa t i s fac to ry  f i n a l  n o d e l ,  s i n c e  8ody 

Region i s  basically a response variable. T h i s  f i n d i n g  i s  i m p o r t a n t  - 
because it c lear ly  i den t i f i e s  the  1 irni t a t ions  of the current models, and 

suggesEs what refinements will be necessary t o  improve t h e s e  mode ls .  
This topic  i s  pursued i n  Section 1.3, Implications f o r  Future Work. 

1.2.2 Population S t a t i s t i c s .  One of the primary objectives of the  

National Crash Severity Study was t o  p r o v i d e  n a t i o n a l  e s t i m a t e s  of 
t o t a l s  and d i s t r ibu t ions  of accident s t a t i s t i c s  f o r  descr i? t ive  purposes 

and, more spec i f i ca l ly  f o r  i n p u r .  in to  the  a c c i d e n t  a n a l y s i s  mode ls .  
NCSS i s  a purposive sample of seven areas i n   he United Sza t e s ,  ch3sen  

t o  represent the  1970 U.S. ?ooulat ion,  w i t h i n  which a c c i d e n t s  were 
chosen  sing a s t r a t i f i e d  cluszer sample. S'nce the seven a r e a s  ,vere 

n o t  cnosen randcmly there i s  no  probabi 1 i t y - ~ a s e d  3s:imfe aval? able ;or 
national accident s ' i a t i s t i c s .  Adjustrnencs L O  :he I J C S S  d a t a  a r e  

necessary t o  make the NCSS s t a t i s t i c s  r e f 1  e c t  i ve of t h e  n a t i o n a l  
accident excerience. The sample d e s i g n  w i l l  a l l o w  r e ? r e s e n t a t ; \ i e  
estimates f o r  :he aggregate of the seven areas. 

Elements i n  t he  sample design and data c o l l e c t i o n  2 r o c e d u r e  can 
have an effect  on the  r e l i a b i l i t y  o f  accident s t a t i s t i c s  e s t i m a t e d .  A 

good est imate f o r  the  aggregate i s  only possible i f  complete  d a t a  a r e  
collected w i t h i n  each s i t e .  M i s s i n g  d a t a  a r e  of two t y p e s .  I f  
accidents are m i s sed  i n  t h e  s amp l ing  p r o c e s s ,  t h e r e  w i l l  be an 



undercoverage of the population of in te res t .  Incomplete d a t a  o n  some 

accidents i s  another potential source of missing data. B o t h  of  t h e s e  

types of missing data may a f fec t  the  magnitude of acc iden t  s t a t i s t i c s  

from NCSS. 

One obstacle i n  the  analysis  of the NCSS d a t a  i s  t h e  amolint of 
missing data on crash sever i ty  and injury s e v e r i t y .  A s ubsamp le  o f  

I .  cases ~ i t h  incomplexe data was obtained t o  e v a l u a t e  p c s s i b l e  o i z s e s  

introduced by the  missing daea. Fatal occu?ants were also c m ~ a r e d  ~ i t h  

external scurces t o  assess the ~ a g n i t u d e  of undercoverage i n  t h e  f a t a l  
occupant jopulation. 

Fatal occupants i n  NCSS were compared w i t h  f a ta l  occupants in F A R S  

and s t a t e  police f i l e s .  A census of a l l  f a t a l i t i e s  was specif ied i n  the  

sample design and when matched w i t h  FARS it i s  possible t ha t  as many a s  
20% of the f a t a l i t i e s  reported i n  FARS were not i n v e s t i g a t e d  i n  FICSS. 

This would resu l t  in an almost negligible e f fec t  on aggregate a c c i d e n t  
s t a t i s t i c s  i f  non-fatal accidents are no t  s imi lar ly  under-reported, b u t  

would have a s u b s t a n t i a l  e f f e c t  when l o o k i n g  o n l y  a t  t h e  f a t a l  
popu7ation of NCSS. 

Missing data for fa ta l  and non-fatal occupants were i n v e s t  i g a t  ed 

separately. For the  f a t a l  occupants with incomplete d a t a  t h e r e  was a 
higher proportion of occupants with OAIS coded maximum i n j u r y  and an 

increase in the  proportion of vehicles with f a t a l  occuoanTs a t  h i g h e r  

categories of Delta \ I .  For non-fatal occupants there was a subsxant i a1 

dsfference i n  the prorjcrtion of minor in jur ies .  Nhen t h i s  i r l fo r ina t ion  
was combined and the dis t r ibur ion o f  ?;IS cidjusted f o r  ;;ii s s i  ng d a t a ,  
there was a substantial  change i n  the  ?roportions of no injury and ;ni nor 
injury fo r  the  NCSS aggregate data. 

One of the main products of t h i s  task was t h e  p r o d u c t i o n  ~f tido 
publications of NCSS s t a t i s t i c s .  These 7 u b l  i c a t  i cns  a r e  1 i s t e d  i n 

Section 1.1 The pub l i c a t i ons  d e s c r i b e  p o l  i c e - r e p o r t  ed a c c i d e n t s  
involving towed vehicles f o r  the  aggregate of the  seven areas. In each 
o u b l  i cation tables  are general ly presented i n two compl ementa ry forms . 
One page provides  a f r e q u e n c y  d i s t r i b u t i o n  of t h e  f a c t o r  unde r  
consideration; the  opposing page shows the corresponding i n ju ry  r a t e s .  
Extensive graphical displays of the data are  presented w i t h  the t a b l e s .  



These graphical methods include histograms, bar graphs, pie graphs, 1 ine 

graphs and three  dimensional plots. 

In the  publications of NCSS s t a t i s t i c s ,  f o r  completeness, mi s s i  n g  

data counts have not been excluded i n  the  calculat ion of d i s t r i b u t i o n s .  

The focus of the rnissing data a n a l y s i s  was o n  d i f f e r e n c e s  between 
vehicles o r  occupants w i t h  i ncmp le t e  data and those f o r  which comp 1 e t e  

informarion :.ias available.  I:' no  d l i f e rence  !hiere a p p a r s n t  t h e n  t n e  
d i s t r ibu t iccs  f o r  2 C S S  s- ,at iscics ignoring missing data : ~ o ~ l c  ne judged 
a n  appropri ar? descript ion of the to ta l  sopularion. 

Even t h o u g h  s amp l ing  e r r o r s  were n o t  i n c l u d e d  i I t h e s e  

~ u b l i c a t i o n s ,  sampling e r ro rs  were calculated f o r  selected s t a t  i s t  i c s .  

This investigation was done i n  order t o  a s s e s s  t h e  rnagni t u d e  of t h e  
e f fec t  of the c l u s t e r  d e s i g n  on t h e  v a r i a b i l i t y  of  v a r i o u s  NCSS 

s t a t i s t i c s .  There were some s t a t i s t i c s  where the e f fec t  of t h e  d e s i  g n  

on the variance was important .  For  most a c c i d e n t  s t a t i s t i c s  t h e  
variances were two t o  t h r ee  times l a r ~ e r  than the  var iance  c a l c u l a t e d  
l ~ n d e r t h e a s s u m p t i o n o f  s i m p l e  random s a m p l i n g .  Some s t a t i s t i c s  

associated with injury severi ty ac tual ly  had smaller variances then t h e  

simpl e random sampl i ng variance. In general,  variances calculated based 
on simpl e  random sampl i  ng wi 11 underestimate the  vari abi l i  t y  associ a t  ed 
w i t h  the  NCSS s t a t i s t i c s .  

Use of the NCSS data t o  p roduce  a c c i d e n t  s t a t i s t i c s  t h a t  a r e  
national l y  representatjve involved t he  development of a  procedu r e  t o  

adjust  NCSS s t a t i s t i c s .  This 2rocedure uses the NCSS as2r2gate accident 
s t a t i s t i c s  and demograph'c v2riables a \ ~ a i l a b l  e  f o r  a 1  1 a r 2 a ;  i n  tC12 

United Stares t o  p roduce  a n a t i o n a l  p r o j e c t i o n .  T h i s  n z c i o n z l  

projection method u sed  t h e  r e l a t i o n s h i p  o b s e r v e d  w i t h  t h e  NCSS 
s t a t i s t i c s  and the demographic variables t o  predict accident s t a t i s t i c s  

f o r  the  unobserved areas of the ccuntry. These o r e d i  c t  ed v a  1 u e s  a r e  
then combined with the :ICSS s t ax i s t i c s  t o  f o n  the  national 7 ro jec t i  an.  

This method assumes that  the relat ionship o b s e r v e d  between t h e  NCSS 

s t a t i s t i c s  and the  demographic variable under cons iderat ion i s  the  same 
re1 a t  ionshi p t h a t  exi s t s  i n  the  unobserved areas. 

The method t o  generate national projections was used f o r  bivari  a t e  
d is t r ibut ions  as we11 as simple s t a t i s t i c s .  Comparison of t h i  s  method 



with a commonly used ad hoc procedure indicated these  ad hoc e s t i m a t e s  

may underestimate the national level ( o r  t he  na t i ona l  p r o j e c t  i o n  may 
overestimate). The method was e v a l u a t e d  t o  s e e  how s e n s i t i v e  t h e  

national projection was t o  model choices. Empirically t h i s  p r o c e d u r e  
works well as long as the corre la t ion between the acc iden t  s t a t i s t i c s  
and demographic variables i s  h i g h .  This method does nor; produce s t a b l e  
prajections wnen looking a t  events w i t h  a low prcbabi l i t y  of cccgr rence  

or with variables t h a t  have large amounts of vissing d a t a .  

1.2.3 Clinical Analysis. This work complements t h e  s t a t  i s t  i c a l  
development of ~ e c h a n i s t i c  mode ls .  I d e n t i f i c a t i o n  a i  t h e  i n j u r y  

mechanisms resqonsible f o r  pa r t i cu la r  t y p e s  o f  i n j u r i e s  g u i d e s  t h e  
se lect ion of variables and in terpre ta t ion of ou t l i e r s .  As indicated i n  

the  l i s t  of publications presented i n  the  Overview, S e c t  i o n  1 . 1 ,  t h e  
c l i n i ca l  analys is  was i n i t i a t ed  with a review of the recent biomechanics 
and automotive injury l i t e r a tu r e .  I n  general,  a s u b s t a n t i  a1 gap was 
found between laboratory experiments and past medi ca1 studi  es of t r a f f i c  
accident in ju r ies .  The i n i t i a l  t o p i c  a r e a  s e l e c t e d  f o r  c l i n i c a l  

analysis  was t he  comparison of the NCSS s i d e  impac t  e x p e r i e n c e  w i t h  

available laboratory s ide  impact simulations. Further c l i n i ca l  analyses 
addressed th ree  spec i f i c  body regions: the  eye, t he  lower extremi t i e s  , 
and t h e  neck. The resu l t s  o f  t h i s  work a re  br ief ly  summarized i n t h e  

f o l l  owi ng paragraphs. 

The hard-copy f i l e  containing original  coding foms  and 7hotographs 

were obtained f o r  NCSS cases invclving s ide  impact. These c a s e s  were  
studied by the  c l in ica l  team t o  compare the resu l t s  of a c t u a l  c r a s h e s  
with the exis t ing laborztory t e s t  data. 

O f  the  approximately 90 cases studied,  51 were judged comparable t o  
the  laboratory t e s t s ,  which generally simulate a 90' impact angle u s i n g  
an impact sled. The rernaini ng cases clsually involved cars s t  ruck  a t  a 
point rernote from the  passenger compartment. The r e s u l  t i ng  r o t  a t  i o n  

often appeared t o  influence the  occupant's t ra jec tory .  In ju r ies  f o r  the  
5 1  cases were tabulated by co l l i s ion  sever i ty  (Delta V ) .  T h i s  r e s u l t  
was found t o  be comparable t o  o b s e r v e d  l a b o r a t o r y  t e s t  r e s u l t s  a t  

s l i gh t l y  higher Delta V levels .  



The second c l in ica l  study focused on s e v e r e  i n j u r i e s  ( A I S  3 o r  

a rea te r )  t o  t he  lower extremities (pelvis ,  thigh,  knee, leg ,  and a n k l e /  
f o o t ) .  The lower extremities are the second most frequent b o d y  r e g i  o n  
receiving in jur ies  a t  the AIS 3 o r  4 level .  The medical consequences of 

these in ju r ies  may be extreme, including prolonged immobilization, l o n g  
recovery periods, and the  p o t e n t i a l  f o r  some d e g r e e  o f  permanent  
impai rinent. 

The nore s e ~ e r e  laver extrerni ty in jur ies  are most often s ~ s i - , a  i ned 
by unrestrained occupants impacting objects i n  f ront  of t h e n  l : t i t h  :he 

1 cwer instrument panel being the  yost frequenr contact ?oi n t  . Fractures 
are the most common type of injury i n  t h i s  study group. 

Direct impact loading t o  any area of t h e  lower  e x t r e m i t i e s  can 
cause in ju r ies  in t ha t  body region. However, it  was a l s o  found  t h a ' :  

force transmission through bone t o  other lower extremity areas can cause 

f ractures  and/or d i  sl  ocations remote from the  impact s i t e .  Compress i o n  

or twisting forces,  especial ly a t  the ankle area,  are  believed t o  5s the 
main cause of severe in ju r ies  t o  the  ankle/foot region. 

A review of NCSS cases involving eye i n j u r y  i n d i c a t e d  t h a t  t h e  

incidence of in ju r ies  t o  t he  eye i s  very low. There were 45 o c c u p a n t s  
with a reported eye injury o u t  o f  a weighted t o t a l  of 62,026 p a s s e n g e r  
ca r  occupants in co l l i s ions  severe enough t o  r e q u i r e  t h e  c a r s  t o  be 
towed. The injury a c t ~ a l l y  involved the  eyeball i n  only 1 4  o f  t h e  4 5  

cases. The low incidence of eye injury in the  United Sta tes  may be due 
t o  tne  use of "high penetration r e s i s t a n t "  w i n d s h i e l d s .  Tempered 
windsilields commonly used i n  Europe ha\/@ been showr: t o  be h i s l l l : ~  related 

3 t o  ~ c u l a r  in jur ies  . About 5G% of  the eye in jur ies  studied i n  the  Y C S S  

data were s t i l l  caused by glass. 

The NCSS data have also provided, f o r  the  f i r s t  time, i n f o r m a s i o n  
on the  frequency and sever i ty  of cervical in ju r ies  i n  t r a f f i c  accidents. 
Approximarely 0.3% ( o r  one i n  300) occapants of towed p a s s e n g z r  c a r s  

received a severe cervical injury (AIS 3 - 6 ) .  However, among e j s c t e d  

3#. Mackay, "Incidence of Trauma t o  the  Eyes of Car O c c u p a n t s . "  
Trans. Opthal. Soc. of t h e  Uni ted  K i n g d o m ,  Vol.  X C V ,  P a r t  11, p p  
311-314, 1975. 



occupants, 7.2% (or  one in 14 )  received serious cervical injuries. The 
clinical study revealed t h a t  the neck i s  rarely fractured or d is loca ted  

by direct impact t o  the cervical area. These injuries are usual l y  t h e  

result  of forces transmitted through the cervical spine as a r e s u l t  of 
head contact with the windshield, o r  o t h e r  i n t e r i o r  s u r f a c e .  The 

anterior neck structures,  however, are almost always injured by d i  r e c t  
~ l u n t  impacts. 

1.3 Implications for  Future Work 

Using the YCSS data, t h i s  ?roject i n reg ra ted  r e s e a r c h  i n  r h r e e  

areas: modelling clf injury severity, e s t  i c n a t i o n  o f  s t a t i s t i c s  tna t  

describe the national population, and evaluation o f  c u r r e n t  a c c i d e n t  
analysis models. The intenr of th is  subsection i s  t o  review c r u c i a l  
areas identified in t h i s  research effor t .  I n  each of t h e  f 0 1  1 o w i n g  

s u b s e c t i o n s  t a s k s  r e q u i r i n g  r e s e a r c h  a r e  d e s c r i  bed  a n d  o u r  

recommendations for  fur ther  research are presented. 

1.3.1 Modelling of Injury Severity. A 1  1 models developed f o r  

predicting injury severity used a dichotomized v e r s i o n  of t h e  OAIS 

variable due t o  the amount of missing data o n  OAIS. T h i s ,  i n  f a c t ,  
l imits the direct applicabili ty o f  these models t o  the accident analysis 
models since these models require s t a t i s t i c a l  models t o  p r e d i c t  t h e  
ent i re  OAIS distribution. The most important observation obtained from 
the modelling of injury severity was t h a t  there were s e v e r e  i n j u r i e s  
that resulted from accidents with a l o w  c r a s h  s e v e r i ~ y .  F u r t h e r  
investigation of this  phenomena could be concent r a t e d  i n t w o  a r e a s ,  
modificati9n of variables a n d  development of ):ore saphisticated a o d ~ i s .  

I n  u?grading the variables t o  be used i n  the rodelling e f fo r t ,  t h e  

most important point i s  that ever- attempt t o  minimize t h e  arnounr, of 
missing data must be made. As indicated above there i s  ev idence  t h a t  

in jury  severity does n o t  s t r i c t l y  i n c r e a s e  w i t h  c r a s h  s e v e r i t y .  
\lariables other than 3elta V ,  :he on ly  measure of crash severity i n  t h e  

NCSS data, may prove helpful i n  developing models consi s t e n t  w i t h  t h e  
(341s scale. Alternatively, additional work could be done w i t h  the O A I  S 

scale t o  make i t  a multi-dimensional injury severity variable. This new 
variable may exhibit the expected association between i njury a n d  c r a s h  
severity. 



Further invest igat ion i n to  a flore genera l  c l a s s  of mode ls  i s  a  

possible fu tu re  a c t i v i t y  t h a t  d o e s  n o t  a p p e a r  v e r y  promi s i n g  f o r  

modelling a dichotomous injury sever i ty  model. Models t o  p r e d i c t  t h e  

e n t i r e  OAIS d i s t r i bu t i on  could e l iminate  the  problem of p r e d i c t e d  non- 
severe i n ju r i e s  a t  low crash s eve r i t i e s  when i n  f a c t  t h e  i n j u r y  was 

severe. The most promising d i  rect ion i s  t o  incorporate body region i n to  
t he  in ic ia l  p a r t i t i  g n i n g  of  t h e  occu;san^Ls i n t o  s i n i  l a r  a c c i d e n t  

experiences when mcdcll i ng i njury severi',y. 

3as3d o n  our experience with the :ICSS ~ o d e l l  i n g  e f f  r t  vie ; , < ~ o u l d  

recommend fu r t he r  research i n t h e  f o l  1 owing areas :  

1. Nodel adjustments t o  i nccr7orate mi ssing data. 

2. Definit ion of addit ional  measures of crash sever i ty .  

3. Model development on p a r t i t i o n s  of  t h e  d a t a  t h a t  i n c l u d e  
co l l i s i on  type,  sea t  posit ion and body region. - 

4. Models developed t o  predict  the  OAIS d i s t r ibu t ions .  

1.3.2 Estimation of the  NCSS S t a t i s t i c s .  IKSS s t a t i  s t  i c s  were  
developed t o  serve two purposes. These s t a t i s t i c s ,  o r  a  modification of 
them, were t o  be evaluated f o r  u s e  a s  b a s i c  i n p u t  t o  t h e  a c c i d e n t  
analys is  models. The modification of these  NCSS s t a t i s t i c s  t o  r e f  1 e c t  
the  national accident experience was a primary t a s k  i n  t h i s  o r o j e c t .  
The other purpose of these s t a t i s t i c s  was t o  provide the  highway s a f e t y  
research community a co1 lec t ion of accf dent s t ax i s t ' c s  obtained i n NCSS. 

Each o f  t-hese tasks  involve a n a l y z i n g  c h e  WCSS s t a t i s t i c s  t o  
develoo estimates r e f l e c t i ve  of t h e  n a t i  ona l  a c c i d e n t  e x ; s r i  e n c e .  

Yodels were developed using t he  XCSS s t a t i s ~ i c s  ( a s  opposed t o  :he raw 

da ta )  t o  adjus t  the  these  s t a t i s t i c s .  The production o f  p u b 1  i c a t  i  ons 
describing XCSS s x a t i s t i c s  pointed o u t  proclems tha t  needea a t t e n t  i o n .  
The sampling e r r o r  associated w i t h  a1 1 estimates from ?lCSS i s  necessary  

t o  evaluate t h e  v a r i a b i l i t y  o f  t h e  e s t i m a t e .  : { i s s i n g  d a t a  was 
substant ia l  f o r  some variables c o i l  e cxed  i n NCSS and i g n o r i n g  t h e  
missing data can c i s t o r t  t he  t r u e  d i s t r ibu t ion .  

There a r e  va r i ous  recommenda t ions  we can  make ba sed  o n  o u r  
experience with the  NCSS s t a t i s t i c s :  



1. An imputation procedure be developed t o  a d j u s t  f o r  m i s s i n g  
data. 

2. Design e f fec t s  be per iodical ly  evaluated t o  determine whet h e r  
they wi 1 1  provide a good summary for t he  e f fec t  of t h e  de s  i gn 
on  the  sampl e va r i  ance. 

3. Investigate s t a t i s t i c a l  methodology f o r  population s t a t i s t i c s  
and de te r r ine  t h e i r  rel2vance f o r  s t a t i s t i c 2 1  a n a l y s i s  i n  
causation,  crashworthiness, t i n e  s e r i e s ,  and accident a n a l y s i s  
model s .  

1.3.3 Accident Analysis flodels. T1wo ma;or points a r i s e  from t h i s  

brief review of accidenr, analysis  models i n  general. They a re :  

1. National estimates of the  accident experience a r e  required. 

2 .  The estimation procedures wil l  be valid only t o  the  degree t h a t  
they r e f l e c t  the  actual physical p r i  nc i  p1 e s  and mechanisms 
which govern t he  events being simulated. 

National estimates a r e  required, s ince  i t  i s  the national acci d e n t  
experience which i s  being projected. T h e  important point here i  s  t h a t  

s t a t i s t i c a l l y  based na t i ona l  e s t i m a t e s  (which  w i l l  e v e n t u a l  l y  be 

avai lable  from NASS) carry with t h e m  estimates o f  t h e i r  v a r i a n c e .  I f  

t h i s  information were carr ied  through t he  simulation process, one would 
be in  a much b e t t e r  p o s i t i o n  t o  e v a l u a t e  t h e  v a r i a b i l i t y  o f  t h e  

resul t ing projections. 

The second point embodies the essence of what we have described a s  
"mechani s t i c "  iilodels. i c r  many appl ica t ions ,  a  s t a ~ i s t i c a l  descri p i  i o n  
of the current s i tua t ion  i s  complately adequate. The s i tua t ion  i s  nuch 

d i f f e r en t ,  however, when one wisnes t o  project :he e f f e c t  of , ~ r o p o s e d  

changes in the  system. S t a t i s t i c a l  c o r r e l a t i o n s  p r e s e n t  b e f o r e  t h e  
changes a re  introduced may be a l tered.  Controlled experiments generally 
cannot be conducted i n  a  social system. The a l t e rna t i ve  i s  t o  g r o u n d  

the  s t a t i s t i c a l  models in t h e  physical principles and mechani sms which 

aovern the  event being simulated. This i s  the c r i t i c a l  i s s u e  i n  t h e  
~ r o j e c t i o n  of the accident e x p e r i e n c e  of t h e  h y p o t h e t i c a l  v e h i c l e  
population, and a lso  in projecting the  injury response of the p roposed  

r e s t r a i n t  systems. 



4 The K R A E S P  model was reviewed i n  more d e t a i l .  S p e c i f i c  

implications for  the future use of th is  model follow. 

In the crashworthiness area ( the projection of in.iu ry r e s p o n s e )  , 
the subsets used by the KRAESP model are generally comparable with those 
which evolved from our work. The imporzant observation h e r e ,  i s  t h a t  

the prediction of severe i  juries was correct only a b o u t  407; of the time 

unless body region was inci-ided i n  the ;r;cde!. The im?lication i j t h a t  

separate models should  b e  de \ / e loped  f a r  a t  l e a s t  z h r e e  o r  no re  

general i zea body regi ons. S i nce n o t  a1 1 i nJuri es are coded fo r  the NCSS 

data,  separate injury distributions for  each Scdy region nay be somewhat 

underestimated. 

Another important issue concerns the possibil i ty of y e a r - t o - y e a r  

changes, or trends, i n the nati ona l  accident experi ence. Currently, the 

KRAESP model uses a single se t  of accident s t a t i s t i c s .  Only t h e  t o t a l  

number of accidents i s  adjusted t o  ref lect  estimated changes i n  t o t a l  
vehicle use. I f  vehicle populations are hypothesized with apprec i  ab ly  
different  distributions of car  s ize ,  then i t  might also be reasonable t o  
envision t h a t  the use of these vehicles nay be different.  Adjusting the 
distributions in the  national accident experience t o  r e f  1 e c t  y e a r - t  o -  
vear changes i s  a subset of the larger problem o f  accident  c a u s a t i o n .  
The current adjustments t o  the  to ta l  number of accidents from y e a r - t o -  

year r e p r e s e n t  a simp1 i f i e d  model of a c c i d e n t  c a u s a t i o n .  The 

imp1 ications of these assumptions need t o  be reviewed. 

A final observation i s  that missing data will be a serious problem. 

Either Delta '1 or 3A!S are missins o n  52': 2f the f i l e .  :ur  n o d e l l i  i g  
e f fo r t s  only addressd the most promi sing f rom a n d  s ics  :riaact subsets. 

Alternative techniques will be needed !where Delta Y i s  n o t  a s u i t a b l e  
measure of coll ision severity.  S ta t i s t ica l  techniques such a s  t h o s e  
discussed i n  Sec:ion 4.1.4 or 7.5 v r i i l  have t o  be employea r o  a a c r e s s  

the missing dzta problem. 

4 ~ . ~ e d r o n d  and  K .  Friedman, "Introduction t o  the Kinetic Research 
Accident Environment Simulation and Projection Model," P repa red  under  
n0T Contract No. DOT-HS-9-02096, Kinetic Research Draft Report No. K R I - 
TR-041, January 1980. 



1 .4  Report Organization 

The major tasks  in t h i s  project are organized unde r  t h e  t o p i c a l  

headings, "mechanistic models" and " p o p u l a t i o n  s t a t i s t i c s . "  T h i s  
material i s  presented in Sections 3 and  4 respectively. Development of  

mechanistic models was pursued separately fo r  v e h i c l e s  wich f r o n t  a s  
opposed t o  s ide  damage. Preliminary inodel d2v2lopment  f o r  each was 
carried o u t  w i t h  a prelininary f i l e  c o n t a i n i n g  daca  f rcm ;he  f i r s ' ,  

f i f t e en  months of the !iiSS. Final rr;odel development was based o n  d a t a  
from the  en t i r e  twenty-seven month sttldy. The subsections of Sect ion 3 

re f l ec t  these divisions.  

The i n i t i a l  subsections of S e c t i o n  4 ,  P o p u l a t i o n  S t a t i s t i c s ,  
address the use of the sampling weights and the  influence of the samp 1 e 
design on the  variance of NCSS estimates. 'Jarious a p p r o a c h e s  t o  t h e  

~roblem of missing data are  discussed i n  t h i s  sect ion,  a s  w e l l  a s  t h e  
development of national projections from the  NCSS data. 

A review and evaluation o f  accident analysis models i s  presented i n  

Section 5. Section 6 summarizes t h e  c l i n i c a l  s t ' u d i e s  which were  
conducted. Final ly ,  implications f o r  fu tu re  work and t h e  a n a l y s i s  of 
the  NASS data a re  di  scussed i n Section 7. 

Appendices contain the  NCSA a1 gorithms f o r  generating t he  "NEWOAIS" 

variables,  the data s t ruc tu re  f o r  variance computations, and t a b l  e s  of 

estimated variances and  desfgn e f fec t s  f o r  selected s t a t i s t i c s .  



2 CONCEPTUAL APPROACH 

This section describes the o v e r a l l  c o n c e p t u a l  app roach  which 

underlies the  work presented i n  t h i s  report. The uses of accident data 

in  highway safety research may be b road ly  d i v i d e d  i n t o  a n a l y s i s  of 
accident causation and analysis  of vehi  c l e  c r a s h w o r t h i  n e s s .  Thi s 
oroject i s  csncerned with the crashworthizess ; rob1 E m ,  v r h i  ch may be 
c e f i n e ~  as an evaluation of -,he ab i  1 i t y  o f  t h e  v e h i c l e  ',I? z r g t e c t  

occupants i r cn  i n j u r y ,  g i v e n  t h a t  a c r a s ?  o c c u r s .  T h .  ~ ; l t i . n a t e  
oajective i s  t h 2  evaluation o f  i m p r o \ ~ ~ d  occupant protect igr  systems. An 
i n ~ e r ~ e d i a t e  goal, the  goal of t h i s  ;reject, i s  s i n ~ l y  t h e  a eve l  3 ~ r ; 1 e n ~  

of basic analytical  tools .  The presentation ~f the concsptua'i approach 
begins with a restatement of the study objectives. These ~ b j e c t i v e s ,  i n  

t u rn ,  define the  research areas t o  be addressed. 

The primary objective of the IICSS study5 was t o  assernbl e a d a t a  
base t o  verify and/or ref ine  procedures f o r  e s t i m a t i n g  b e n e f i t s  o f  - 

pcientia! coun t emeasu re s  i n  t h e  crashworthhi  n e s s  a r e a  ( \ ~ e i l i  c l e  

s t ructures  and occupant protect  ion).  Current programs which c a r r y  o u t  

t h i s  estimation procedure a re  cal led "accident analysis  models. " These  
models, in  turn, rely on a s t a t i s t i c a l  d e s c r i p t i o n  of t h e  c u r r e n t  

national accident experience, and s t a t i s t i c a l  models r e l a t i n g  t h e  
coll  i s ion event t o  t he  subsequent in jur ies .  

The basic task statements are repeated here: 

1. De\/elop s t a t i s t i c a l  rnodels re la t ing the  type and s e v e r i t y  of 
inpact t o  the  probability crf injury. 

2 ,  Develop population s t a t i s ~ i c s  f r ; ~  the  ?lCSS data. 

Produce a bocklet of NCSS s t a t i s t i c s  f o r  senera1 use. 

4. Perforn a c l in ica l  analysis of selected NCSS cases t o  sni lance  
czrrent  understanai ng of the occurrence of spec i i i c i n J u r i  e s  
and the associated i ;jury mechani sms. 

5 .  Revi ew and evaluate exi s t ing accident analysis  models. 

5 C.J. Kahane, R.A.  Smith, and K.2. T h a r p e ,  The N a t i o n a l  Crash 
Severity Study, Proceedings of t h e  S i x t h  I n t e r n a t i o n a l  T e c h n i c a l  
Conf on Experimental Safety Vehicles 



These tasks have been in terpre ted i n  the  c o n t e x t  of t h e  o v e r a l l  

NCSS goal which i s  the  evaluation of potential  countermeasures  i n  t h e  
crashworthiness area. Accident analysis  models embody cur ren t  e f f o r t s  
t o  bridge the gap between laboratory t e s t i ng  and t he  real-world accident 

exper ience .  L a b o r a t o r y  t e s t i n g  o f  v e h i c l e  c r a s h w o r t h i n e s s  i s  

necessarily limited because human t e s t  subjects  cannot be used. For the  
,yost pa r t ,  f i e l d  accident data i s  the  only saurce of information on t h e  
na:,ure and consequences 3 i  severe '?pacts t o  huna 9s .  C f cou r s  e ,  t h e  

accident experience i s  a l s o  of i n t e r e s t  b e c a u s e  i t  i s  t h e  t a r y e t  

?opulation one i s  frying t o  nodify. 

The c e n t r a l  f d n c t i o n  of an a c c i d e n t  a n a l y s i s  model i s  t i l e  

estimation of the resul t ing i n ju r i e s  f o r  a prototype occupant protection 

system when inplemented in the  current coll  i s i o n  env i  ronment .  T h i s  
estimation can only come from a physical model of the injury mechanism 
which re la tes  the  dynamic mot ion  and f o r c e s  of t h e  impac t  t o  t h e  

resul t ing in ju r ies .  Current accident a n a l y s i  s  model s  d e r i  ve t h e s e  

physical models of the injury mechanism from exis t ing accident data. 

The primary objective of the  s t a t i s t i c a l  models l i s t e d  in the f i r s t  

task above i s  t o  f i l l  t h i s  need. The major hurdl e  i n u s i n g  a c c i d e n t  
data f o r  t h i s  purpose stems from the  f a c t  that  r e a l  a c c i d e n t s  do n o t  
occur under the same controlled circumstances as l a b o r a t o r y  i m p a c t s .  
From an analysis  point of view, i t  should be recognized a t  t h e  o u t s e t  
t ha t  accident data must be t h o u g h t  of a s  d a t a  from an unp l anned  

experinent. Mcst of the variables i n  the  xodels a r e  t h e r e  a s  c o n t r o l  
variablzs,  r a the r  than variables over w h i c h  the  $/chicle designer has any 

influence. Variables of in te res t  w i  1 1  s\x;;etfmes b2  correlated i ~ i t h  one 
another so t ha t  t h e i r  e f f ec t s  are not rezdily distinguished. The inost 

important point i s  tha t  the  relat ionships observed cannot prove a c a u s e  
and e f fec t  relaliionshig because the  i  ndependen t  \/a r i  a b l  e s  were  n o t  

de l ibera te ly  manipiilated. Any inferences o f  a c a u s a l  n a t u r e  must be 
based on an understanding of the  phys ica l  mechani sms g o v e r n i  n g  t h e  

col l  i s ion events. Such models are ref erred t o  as "mechanisti c "  model s 
i n  t h i s  report.  This determinist ic  view p r o v i d e s  t h e  b a s i s  f o r  t h e  

development of these models. 



Accident analys is  models a l so  seek t o  p ro jec t  t h e  change  i n  t h e  

overall  accident experience due t o  t he  introduction of improved occupant 
protection systems t o  a portion of the t o t a l  v e h i c l e s  and o c c u p a n t s  

involved. I n  order t o  do t h i s ,  a  s t a t i s t i c a l  descr ip t ion of the  current  

accident experience i s  required. This d e s c r i ? t i o n  i n c l u d e s  \ / a r i o u s  

t o t a l s ,  such as the  t o t a l  number of a cc iden t s ,  v e h i c l e s ,  o c c u p a n t s ,  
i n j u r i s s ,  f a t a l i t i e s ,  ?:c., a s  we1 1 a s  d i s t r i b u t i o n s  f o r  \ / ? r ! o ~ s  
descri ; t ive variables such as co l l i s i on  ty?e ,  d i r e c t i 3 n  3f ? r i n c i a l  

force ,  damaged area ,  co l l i s i on  sever ' ty,  etc. Hence, t h o  q u e s t  i o n  of 

developing population stat iscl 'cs  f rcn   he NCSS data i s  :he second ma J o r  
task l i s t ed .  

The f ina l  task brings the  information gained i n  t h e  preceding t asks  

t o  bear on  exi s t ing  accident analysis  models. The objective here i s  t o  

review and evaluate ex i s t ing  models, in pa r t i cu l a r  the  Kinetic Research 
6 Accident Env i  ronment Simulation and Projection ( K R A E S P  ) Program , i  n - 

l i g h t  of the  f indings of t h i s  study. 

The organization of work carr ied  o u t ,  and t he  organization of t h i  s  

repor t ,  pa ra l l e l  t h e  tasks  which have just been outlined: In i n i t i a t i n g  
th is  work, the  f i r s t  s tep  was the  i den t i f i c a t i on  of su i t ab l e  analyt  i  c a1  

methods. This determination i s  primari l y  d e r i v e d  f rom t h e  o \ / e r a l l  

problem formul a t i  on. 

The remainder of t h i s  sect  ion describes the  ana ly t i c  approach t h a t  

was taken. The central  object ive  of t h i s  study i s  the d e v e i  opment of 
s t a t i s t i c a l  models r e l a t i ~ g  t h e  co l l i s ion  variables t o  the  p r o b a ~ i  1 i t y  
2f in ju ry ,  and t h e  use of t h e s e  models  t o  p r a j e c t  t h e  e f f ? c s s  of 
inproved o c c u p a n t  p r o x e c t i o n  s y s t e m s  t o  t h e  n a t i o n a l  a c c i d e n t  

experience. Current com?uter a1 gorithms xo carry o u t  t h i  s  p r o j e c t  i on 
are  ca l ied  "accident analys is  models." A canc2prual overview of t h e i r  

function i s  presented i n  Secticln 2.1. This overview forms a background 
f o r  the  analyt ic  approach presented i n  t h e  r e ~ a i n d e r  of t h i s  seczion. 

b ~ .  Redmnd and K .  Friedman, "Introduction t o  the  Kinetic Research 
Accident Environment Simulation and Projection Nodel," P r e p a r e d  u n d e r  
DOT Contract No. DOT-HS-9-02096, Ki net i  c  Research Draft Report No. KR I -  
TR-041, January 1980. 



Section 2 . 2  a d d r e s s e s  t h e  c o n c e p t u a l  i s s u e s  and a v a i l a b l e  

analytical  techniques in re la t ion t o  t h e  development  of p o p u l a t i o n  
s t a t i s t i c s  from t h e  NCSS data. A re1,ated issue involves the  population 
described by the  NCSS S t a t i s t i c s  tabulat ions prepared f o r  the aggrega te  
of the  NCSS s i t e s ,  and the  ccmputation of variances f o r  these resul ts .  

Section 2 . 3  d e s c r i b e s  t h e  problem f o r n u l  a t i  o n  and a n a l y t i c  

techniques employed i n  the  d e v e l o ~ ~ ~ e n t  of mechanistic rnodel s r e1  3 t i  in g 

 he col l i s ion \ /ariakles t o  the  probabil i ty of injury. As w i t h  t h e  topic  

of national estimates, t h i s  work was oursued primarily i n  l i a h t  o f  t h e  

application t o  accidevt analysis models. Hence, t h i s  approach f o l  1 ows 
the  d i  scussion of the  objectives of accident analysis models D r e s e n t e d  
in Section 2.1. This s t a t i s t i c a l  development of models predi c t  i n g  t h e  
probability of injury i s  complemented by t h e  c l in ica l  r ev i ew  of h a r d -  
copy NCSS cases. The objectives of the  c l in ica l  reviews a r e  sumrnari zed 

i n  Section 2.4.  

The f inal  subsection, 2 . 5 ,  provides a brief overview of  t h e  NCSS 

data. In pa r t i cu la r ,  the  various data f i l e s  used o v e r  t h e  c o u r s e  of  
t h i s  work a r e  described and t he  sampl i ng s t r a t a  a re  br ief ly  reviewed. 

2.1 Accident Analysis Models 

The objective of these models i s  t o  e s t i m a t e  t h e  r e d u c t  i on  i n  
deaths and in ju r ies  f o r  fu ture  populations o f  v e h i c l e s  w i t h  v a r i o u s  

improved occupant protect ion systems. Projections are  computed f o r  each 

calendar year f o r  several f u ~ u r ~  years  ( t  hrougn 1 9 9 0  i n   he L R A E S P  

model). Each year,  the  vehicle p o p u l a t i o n  i s  revi sed  r;o i  nc l  ude new 
,vehicles introduced and t o  d r o ~  older venicles which are  scrapced, The 

estimated benefits of the inproved occupant projection systems are t h e n  

presented as trends i n  the estimated t o t a l  number of deaths and in ju r ies  
over several calendar years as the composit i o n  of t h e  t o t a l  v e h i c l e  
population includes more and more v e h i c l e s  w i t h  improved ccc i rpan t  
protection systems. The remainder of th i s  discussion w i l l  focus on t h e  
estimation process f o r  a s ingle  calendar year ,  s ince  t h i s  same p r o c e s s  

i s  simply repeated f o r  each successive year. 

In general, these models must synthesize the  current information i n  

both the  accident causation and t he  v e h i c l e  c r a s h w o r t h i  n e s s  a r e a s .  



Assumptions in t he  area of accident causation a re  n e c e s s a r y  when t h e  
number of vehicles (or t h e i r  estimated annual m i l e a g e )  i n  t h e  f u t u r e  

vehicle population i s  appreciably d i f fe ren t  from the  c u r r e n t  one.  In 
t h i s  s i t ua t i on ,  the  t o t a l  number of accidents i s  adjusted a c c o r d i n g l y .  
A more complete discussion of accident analysis  models i s  p r e s e n t e d  i n  

Section 5 .  

Focusing o n  cne pcrtions of accident zcalysis  models dea 1 i l lg :ji t h  

tile crashworthiness area,  one finds the need f o r  t w o  b a s i c  :y?es  of 
information. 

1. Nat i onal e s t i ~ a t e s  of  he currznt accident experi ence, and 

2 .  Mechanistic models re la t ing t he  probabil i ty of i n j u r y  t o  t h e  
various co l l i s ion  variables. 

Each of these information requirements w i l l  be b r ie f ly  described. 

The current national accident experience, adjusted t o  r e f  1 e c t  - n o  

use of available r e s t r a i n t s ,  provides the baseline f o r  projection of the 
benefi ts  of improved occupant protection sys tems .  V a r i o u s  a d j u s t e d  

population t o t a l s ,  such as the  t o t a l  number of acc iden t s ,  d e a t h s ,  and 
i n ju r i e s ,  a re  needed. Th i s  d e s c r i p t i o n  of t h e  n a t i o n a l  a c c i d e n t  

experience must also be of su f f i c ien t  deta i l  t o  ident i fy  the  i nd iv idua l  
subsets of the  t o t a l  a c c i d e n t  e x p e r i e n c e  f o r  a p p l i c a t i o n  of t h e  

m e c h a n i s t i c  models .  T h i s  d e s c r i p t i o n  may t a k e  t h e  form of a 
multivariate d i s t r ibu t ion  of the various categori e s  of t h e  v a r i  a b l e s  
which define these  s u b s ~ ~ s .  Examules of these variables a re :  

1. Col l i  sion mode (single-vehicle,  two-vd~ic l? )  

2 .  ' iehicl2 damaged area (by clock d i rec t ion)  

3. Occupant seat  position 

I n  addit ion,  d is t r ibut ions  of  c l o s i n g  s ? e e d  a r e  r e q u i r e d  f s r  each 

co l l i s ion  mode and damaged area ,  a n d  d i s t r ibu t ions  of AI'S are r e q u i  red  
f o r  each f i ve  mile per hour increment of Delta V f o r  each occupant s e a t  

position. 

The subsets essent ia l  ly define the mechanistic models. Within each 
subset ,  the  probabil i ty of injury i s  presumed t o  be a  function of o n l y  
the  co l l i s ion  sever i ty  as measured by D e l t a  V .  C o n s e q u e n t l y ,  t h e  



"mechanistic model"  i s  d e f i n e d ,  f o r  t h e  b a s e l i n e  p o p u l a t i o n  of 
unrestrained occupants, by the  d i s t r ibu t ions  of AIS f o r  each subset and 
f o r  each 5 mph increment of Delta V as contained in the  current national 
accident experience. A separate portion of the model e s t i m a t e s  t h e s e  
same dis t r ibut ions  f o r  the  prototype occupant protection systems. 

Total numbers of in ju r ies  and d e a t h s  a r e  e s t i m a t e d  f rom t h e s e  
int2rmedizte resa l t s .  The 2rojecr;ed vehicle 7cpulation i den t i f i e s  rinicti  

c~ccupants of which \~en i c l e s   ill be ;srotected by the ixproved s y s t e m s .  
For these occupants, estimated dis t r ibut ions  of AIS  are  subst i tu ted f o r  

the baseline (unrestrained) d is t r ibut ions .  The estimated t o t a l  ncmbers 
of in ju r ies  and deaths a r e  simply obtained by summi n g  t h e  e s t  i n a t e d  

numbers f o r  each of the subsets. 

I n  summary, the  accident analysis rnodel s  p a r t i t i o n  t h e  o v e r a l  1 

accident experience and associa te  a pa r t i cu la r  d i s t r ibu t ion  of AIS wi t h 

each level of co l l i s ion  sever i ty  ( 5  mph increment of D e l t a  V )  w i t h i n  
each subset. The perfomance cha rac t e r i s t i c s  of p r o t o t y p e  o c c u p a n t  
protection systems are  quantif ied by associat ing revised d i  s t  r i  b u t  i ons 
of AIS with a given co l l i s ion  sever i ty  level and subset. This a n a l y s i s  
corresponds t o  the  mechanistic models developed as part of t h i s  project.  

In each case, a  cause and effect  relat ionship between the  probabil i ty of 
injury and t h e  independent vari a b l e s  i s  assumed. The i n d e p e n d e n t  
variables a re  the  co l l i s ion  sever i ty  and t h e  variables which define t h e  

subsets. 

Two c r i r i c a l  issrles #nust be kept i n  mind when considering t h e  u s e  

of thes? mechanistic rnoaels i n  t h e  a c c i d e n t  a n a l y s i s  mode ls .  T h e  

stmignr-forward issue i s  t h e  evaluari sn of the qreclc t ive  capabil i ty of 
the  mechanistic models i n  the NCSS data f i l e  ( t h e  f i l e  used r,o d e v e l o p  

the  models). Tile more d i f f i c u l t  issue i s  the  s u i t a b i l i t y  of the model s  

f o r  przdiction of the injury experience beyond t h e  ? I C S S  f i l e .  T n i s  
issue l i l t inate ly  cones dcwn t o  a subjective assessment of the degree t o  

which the  model r e f l e c t s  the  physical mechanisms and pr i nc i  p l  e s  w h i  ch 

govern the  co1 l i s ion  event, and, i n  turn, the  degree t o  which the  injury 
mechanisms operating in t h e  NCSS f i l e  : t i l l  be a p p r o p r i a t e  t o  t h e  
accident experience of v e h i c l e s  equ ipped  w i t h  d i f f e r e n t  o c c u p a n t  
protect ion systems. 



The formulati on of the  mechanistic model development i s  ? r e s e n t e d  

i n  Section.2.3, '  while Section 3 presents the  r e s u l t s  of t h i s  e f f o r t .  

The s t a t i s t i c a l  development of mechanistic models i s  complemented by the  
c l i n i ca l  s t u d i e s  which a t t e m p t e d  t o  i d e n t i f y  i n j u r y  mechanisms 

associated with pa r t i cu l a r  types of i n j u r y .  The o b j e c t i v e s  a f  t h e  

c l i n i ca l  s tudies  a re  summarized i n  Section 2.4, and the r e su l t s  of t h i s  

'work a re  prssented i n  Section 6 .  The fol  lording szbsection describes the  

analyt ica l  approach '31 lowed i n t he  area o f  popula~ion s t a t i s t i c s .  

2 .2  Population S t a t i s t i c s  

in ord2r t o  assess t he  p o t e n t i a l  f o r  i n j u r y  r e d u c t  i 2 n  i n  t h e  

national accident population using t he  accident analys is  irodels, a  g o o d  

descript ion of the national accident experience i s  necessary. The b e s t  
descript ion of the  accident ~ o p u l a t i o n  i n v o l v e s  a  p r o b a b i l i t y  ba sed  

est imate of t o t a l s  and d i s t r ibu t ions  f o r  vehicles and occupants involved 
in  accidents. decessary d i s t r ibu t ions  f o r  vehicles include model y e a r ,  - 
weight c l a s s ,  and Delta V. For o c c u p a n t s ,  d i s t r i b u t i o n s  f o r  s e a t  

locat ion,  co l l i s i on  mode and sever i ty  and damage area a r e  necessary. In 

order t o  project  injury reduction, n a t i o n a l  t o t a l s  of  v e h i c l e s  and 
occupants a re  required. Al l  of these  d e s c r i p t i v e  s t a t i s t i c s  of  t h e  
accident p o p u l a t i o n  and r e l a t i o n s h i p s  be tween  t h e s e  p o p u l a t i o n  

s t a t i s t i c s  wi 11 be referred t o  a s  "population models. " This requirement 

of the accidect analys is  models led t o  the  invest igat ion of methods f o r  
obtaining estiinates f rom t h e  NCSS d a t a  of ehe  national a c c i d e n t  

population. 

As national :robabil i ty samples becorn? more and -.lore p reva l  en: i t  

i s  2ecsming increas ins ly  important t o  make a  ~ e r y  e l - ? a r  d i s t i n c t i c n  

between d i f fe ren t  types of  'national eszirnaees. " A naticnal estima", i s  
a  ?umber t h a t  i s  descr ip t ive  of some a s ~ e c t  of the  national e x p e r i 2 n c e  

. .  :he t o t a l  number o f  a c c i d e n t s  i n ~ o l  vi n g  a :owed uer  i c l  e ) .  

Estilrates may De aeveloped i n  more or 1 x 5  sophist icated ways, a n d ,  - f 

they predict t o t a l s  f o r  the  U.S., can be cal led  national estilriates. One 
possible estimation method combines avai lable  data (usually census- type 

i n f o n a t i o n ) ,  subject ive  infornation,  and judgment. A n  example of t h i s  
method i s  t o  use gasoline tax  r e c e i p t s  and e s t i m a t e d  v e h i c l e  f u e l  



consumption ra tes  t o  est imate the  t o t a l  nurilber of miles d r i v e n  by t h e  
U.S. population. 

O n  the  other hand, national estimates may be generated u s i n g  d a t a  

obtained from a national probabil i ty sample. Such d a t a  a r e  o b t a i n e d  
following the  speci f ica t ions  of a  sample design. The d e s i g n  u s u a l l y  

includes information about the population sampled t h a t  helps t o  insure a 
we l l -a i s t r i  buced sanp 1 2 .  The n o s t  v a l u a b l e  c h a r a c t e r i s t i c  o f  a  

p r x a o i l i t y  sample i s  t h a t  i t  i s  ooj'ecti\/e i n  i r s  c h o i c e  of sampled  
elements. ,4ny bias tha t  r esu l t s  i n  xhe e s t i na t e  i s  due t o  c h a n c ? .  A 

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

acknowledged. A n  estimate based 3n a national probabil i ty sample  :v i l  1 

carry along w i t h  i t  qua l i t i e s  that  will increase i t  c r e d i b i l i t y .  I n  

addition a11 such probability-based n a t i o n a l  e s t i m a t e s  w i l l  have a 
sampling e r r o r  associated with them t h a t  can a i d  i n  a s s e s s i n g  t h e  
r e l i a b i l i t y  of the  estimates. 

The NCSS data provides probability-based e s t i m a t e s  o n l y  f o r  t h e  
seven areas t h a t  were chosen f o r  inclusion i n  NCSS. These estimates can 

be aggregated t o  form s t a t i s t i c s  t ha t  describe t he  a g g r e g a t e  a c c i d e n t  
experience f o r  the  seven areas chosen. The seven a r e a s  i n NCSS were  

chosen purposively, and the re fore  inference t o  the  national popul a t  i on 
i s  not possible within t h e  context of the  sample design. 

Methods t o  enable the  NCSS data t o  be used t o  produce p r o j e c t i o n s  

c~f the national accident experience wera jnvestigated. The t e c h n i q u e  
developed uses re1 at ionships berween NCSS s t a t i s t  i  c s  and denog rap  h i c  

v a r i a b l e s  t o  p r e d i c t  a c c i d e n c  s t a t i s t i c s  f o r  t h o s e  a r e a s  n o t  
investigated. Thesz p r ed i c~ ions  are then combined w i t h  the  NCSS data t o  

form a national projection. As with a l l  e s t i m a t e s  of  t h i s  t y p e  t h e  
national projection i s  biased. However, the context wi t h i  n \ / h i  ch t h e  

national projection i s  developed p r o v i d e s  a r e a s o n a b l s  method f o r  
obtai n i  ng estimates f o r  t h e  national 7 o p u l  a t i  o n .  

Vehicles and occupants with incomplete data pose a ser ious  probl em 
i n  NCSS. For key variables there i s  a subs tan t ia l  amount of m i s s i n g  

data. This not only a f f ec t s  the  estimates made f o r  the  aggregate of the 
seven areas b u t  a lso  t he  n a t i o n a l  p r o j e c t i o n s  d e r i v e d  f rom t h e s e  
variables. I f  the amount of inissing data i s  small, l e s s  than 5 % ,  most 



analysts  would consider ignoring the  missing data .  lii t h  s u b s t a n t i  a1 

amounts of missing data ,  ignoring i t  may cause biases in  the  r e s u l t i n g  

dis t r ibut ions .  A n  a l t e rna t ive  approach i s  t o  employ an a d j u s t m e n t  
procedure. All of these imputations and reweighting procedures assume 
tha t  i is sing data i s  missing a t  random. This assumpt ion  i s  v i o l a t e d  

when c e r t a i n  t y p e s  o f  a c c i d e n t s ,  v e h i c l e s  o r  o c c u p a n t s  a r e  
sy s terazical  l y  exclodx!. 

:,iore inioma:ion :ias ne2ded i n  order -,o a s s e s s  t h e  a l t e r n a t i v e  

approaches t o  the incanolere data probl en. I n v e s t i s a t i o n  i r7to t h e  
biases i n t r3ducd  2y t h e  missing data iJaS f a c i l i t a t e d  5y a r eeva lua t ion  
cf hard-copy case  axer rial f o r  a subset of :he cases with missing d a t a .  

This approach prcvides information about possible b i  a s  i n t  roduced  by 
ignoring missing data and i s  e s s e n t i a l  i n  c h o o s i n g  a m i s s i n g  d a t a  

adjustment ?rocedure. 

To use the PlCSS data as input t o  the  a c c i d e n t  a n a l y s i s  model.s ,  

adjustment must be made f a r  missing d a t a .  The m i s s i n g  d a t a  o n  key 

injury and crash sever i ty  variables i s  substant ia l  enough t o  a f fec t  t h e  

NCSS dis t r ibut ions .  These d i s t r ibu t ions ,  adjusted f o r  missing data ,  can 

then be used t o  produce national projections. For t h i s  appl ica t ion,  t he  

projection method was modified t o  incorporate adjustments f o r  mi s s  i ng 

data of various types t o  produce adjusted national projections. 

There i s  no method avai lable  t o  a s s e s s  h o w  c l o s e  any a d j u s t e d  

estimates come t o  the  t r ~ e  national level .  For a na t iona l  p r o j e c t  i 3n 

witnou: missing data ,  a n  estimate of i t s  vari3bi 1 i i y  can be ca l cu l a t ed .  
d i t h  missing data,  s ens i t i v i t y  analyses :vi 1 1  g i v 2  Tore infomat ion 3 ~ o u t  

:he var iab i l i ty  inherent i n  the proJ2c:i3n yetnod and mi s s i n s  d a z a  

ad Justments. 

The va r i ab i l i t y  of these estiinates i s  also irnoortant. T i l e  r e s u l t ,  
of the accident analysis  rncdels i s  an a s s e s s ~ e n t  9f p o t e n t i a l  i n j u r y  
reducrion. I f  the es t imated d i s t r i b u t i o n s  and t o t a l s  a r e  h i g h l y  

variable then the resu l t  from the  a c c i d e n t  a n a l y s i s  models  w i  1 1  be 
subject t o ,  a t  the  l e a s t ,  the  same amount of va r iab i l i ty .  I f  measu re s  
of v a r i a b i l i t y  f o r  s t a t i s t i c s  used  a s  i n p u t  i n t o  t h e  model a r e  
ava ' l ab l e ,  t h e n  work can  be done t o  a s s e s s  t h e  e f f e c t  of t h i s  
variabi 1i ty on the  assessment of potential i njury reduction. 



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

organization and publication of accident s t a t i s t i c s  from the  NCSS d a t a .  
These s t a t i s t i c s  are published f o r  t h e  a g g r e g a t e  of t h e  s even  NCSS 

s i t e s .  In these  publications no attempt was made t o  adjus t  f o r  miss ing  
data. Missing data was t rea ted as a s e ; ? a r a t e  c a t e g o r y  and was n o t  

excluded i n  t,he calculat ion of the dis t r ibut ions .  No sampl i n g  e r r o r s  
were i ncladed i n these p u b l  f cations. 

lk'cwever, sampling 3rrors f o r  :he ' ICSS  s t ; t i s t i c s  were eva 1 u a ~ e d .  

?lethods of summarizing sarr;l?ling errors  fo r  use i n  publicat ions sucil a s  
those produced f o r  t h i s  task were examined. 11 i s  ' n p o r t a n t  t 9  n o t e  

that  the  NCSS design i s  a c l u s t e r  design and hence the sampling e r r o r s  
are l ikely  t o  be larger  than those under a simple random sample design. 

2.3 Yechanistic Models 

Mechanistic models have been defined in  the  c o n t e x t  of a c c i d e n t  

analysis models i n  Section 2.1. The objective i s  t o  develop s t a t i s t i c a l  
xodels which re f lec t  the  physical principles which govern  co1 1 i s i  o n  
events and i n j u r y  mechanisms.  These  models p r o v i d e  a b e t t e r  
understanding of the fac to rs  which influence the  resul t ing i n ju r i e s ,  and 
consequently lead t o  the  development and evaluation of improved occupant 
p ro tec t ion  sy s t ems .  For  t h i s  e x p e c t a t i o n  t o  be r e a l i z e d ,  t h e  
s t a t i s t i c a l  models must re f l ec t  the  governing physical princi 71 e s .  I n  

current pract ice ,  these considerations guide the  selection of v a r i a b l e s  
and the  formulation of the rfiodel. 

Ore iarnediately observes t h a t  t h e  consequences  of a u t o n o b i  1 e 
accidents vary greatly.  I t  i s  also c l ea r  t ha t  rnuch of t h i s  v a r i a t i c n  
ar ises  frcm differences i n  t h e  type and severi ty of co l l i s i ons  a s  wel l  

as the e f fec t s  of other uncontrolled variables,  ra ther  than d i f f e r ences  
in vehicle crashworthiness. The underlying vi ew i s t h a t  t h e r e  i s a 
physical model f o r  the en t i r e  ca l l i s ion  process u p  t o  and includins t h e  

actual in jur ies .  This physical model provides a mathematical basis f o r  

the  models t o  be developed. Unfortunately, the a c t u a l  e x p r e s s i o n  of 
such models i s  substant ia l ly  beyond t h e  c u r r e n t  s t a t e - o f - t h e - a r t .  
However, some information i s  available on the variables which are  l ike ly  
t o  be included and relat ionships between some of them. The s t a r t i n g  

point i s  t o  assume t h a t  t h e  p h y s i c a l  model and t h e  a s s o c i a t e d  



mathematical f unc t i on  e x i s t s .  The d e p e n d e n t  v a r i a b ?  e i s  i n j u r y  

sever i ty .  The f i r s t  s tep  i s  t o  ident i fy  the  independent variables.  I t  

i s  convenient t o  group the  independent variables as de sc r i p to r s  of t h e  

co l l i s i on ,  t he  vehicle,  and t h e  occupant, as shown i n  Table 2.1. 

....................................................................... 
Cependent I Independent 
Vari able I Vari ables 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I 

Injury Severity I Coll is ion 
I 
i Vehicle 
I 
I Occupant ....................................................................... 

This grouping may be re la ted  t o  a s i m p l i f i e d  b lock  d i a g r a m  of  t h e  

co l l i s i on  event shown in  Figure 2.1. The i n p u t  i s  t h e  co l l i s i on  i t s e l f :  

t h e  vehicles and objects  involved, t h e i r  speeds, o r ien ta t ion ,  e tc .  Fo r  
a pa r t i cu l a r  veh ic le ,  t h i s  c o l l i s i o n  i s  an i n p u t  t o  t h e  v e h i c l e  

s t r uc tu r e  which ul t imate ly  t r a n s f e r s  a d e c e l  e r a t i  on pul s e  t o  t h e  
occupant. In general,  t h e  decelerat ion t ine-his tory  experienced by t h e  

occupant i s  nor; the  same a s  t h a t  of t h e  v e h i c l e  c e n t e r  of mas s ;  
d i f fe ren t  occigants i n  t h e  saTe vehicle may experience d i i f e r e n ~  pulses,  

and d i f fe ren t  par ts  of the occupant's body will e x p e r i e n c e  d i  f f e r e r l t  
ceceler2tians.  The 5icr2ciCl~.niczl c h a r a c t e r i   ST,^ c s  o f  113  o c c ~ ~ z n t  

de temi  ne the  i n ju r i e s  1;ihich resu l t  frcm the  decelerat ions experienced.  
Laboratory simulations generally reproduce the  coll  i sion i npuc, cent  r o l  

the  vehicle parameters, and observe the  decelerat ion of tes: a~mrnies, or  
ether human surrogates. Infornation on human tolerance t o  i n j:: ry  has  

generally been col lec ted by observing the  i n j u r i e s  s u s t a i n e d  by t e s t  
animals o r  cadavers under k n o w n  decelerat ion 1 evels. 

Examples o f  independent variables i n  each of the  t h r ee  g r o u p s  a r e  
shown i n  Table 2 . 2 .  Perhaps the  most important control v a r i a b l e s  a r e  

those i n  t h e  co l l i s i on  group. The co l l i s ion  variables are  i n t e n d e d  t o  





specify a l l  aspects  of the co l l i s i on  which i n f l u e n c e  t h e  r e s u l t i n g  

in ju r ies .  They include t he  co l l i s i on  conf igura t ion ,  v e h i c l e  s p e e d s ,  
o r ien ta t ions ,  etc.  In general ,  t h i s  group of v a r i a b l e s  i n c l u d e s  t h e  
k inds  of information an engineer would need t o  know in  order t o  s t a g e ,  

o r  reproduce, the  impact w i t h  t e s t  vehicles. 

T A B L E  2 . 2  

Independent ' lari ablzs 

..................................................................... 
Collision I \ lehicle I Occupant 
Variables I 'i'ariabl es I 'Jari abl es 

------------------------+------------------+------------------------- 
I I 

Severity I Mass I Age 
Del ta-V I I 
CDC Extent I C a r S i z e  I Sex 
Rotati on I I 

1 Restraint  I Height 
Mode (Type) 

G.A.D. 
I (Eject ion)  I 
i I 

Obj. Contacted I I Occupant Location 
P.D.0.F I I 
Rural /Urban I 1 

~ - o ~ o ~ ~ - - ~ - o - ~ - - - - ~ - - - - ~ - - ~ - - - ~ - - ~ ~ o ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - o ~ ~  

The most important of the co l l i s ion  v a r i a b l e s  i s  t h e  c o l l i s i o n  
sever i ty .  l J i t h  a l l  of the other co l l i s i on  variables held constant ,  o l e  

;vould expect the potential  f o r  injury of the impact t o  i n c r e a s e  w i t h  
i n c r e a s i n ~  12ve:s o f  co l l i s i on  sever i ty .  Se\/srzl a l t e rna t i ve  m e a s u r e s  

of co l l i s i on  sever i ty  a re  available.  The qrirnary s ea su re  i s  D e l t a  ' 1 ,  

the  velocity chznge  d u r i n g  i m p a c t .  % o h e \ / e r ,  tni s $ / a r i  a 0 1 2  has  
considerable (40%) missing data a n d  i s  not defined f a r  a1 1 c o l  1 i s i o n  

types ( ro l l ove r ,  f o r  example). The CDC e x t e n t  number i s  a  p o s s i b l e  
a l t e rna t i ve  f o r  t h e s e  c a s e s .  Ano the r  a l t e r n a t i v e  i s  t h e  e n e r g y  
absorbed, which may a l so  be expressed as an "equivalent barr 'e r  sgeed.  " 

This variable would have l e s s  missing data than Delta V because damage 
information on only t he  vehicle of i n t e r e s t  i s  required. However, t h e  

e f f ec t  of d i f f e r i ng  vehicle weights i s  not taken i n to  a c c o u n t .  While  
some comparison of the  r e l a t i ve  u t i l i t y  of these  variables as predictors 
of injury sever i ty  i s  useful ,  i n  the  end a s i ng l e  v a r i a b l e  s h o u l d  be 



se lected,  since each ba s i ca l  l y  q u a n t i f i e s  t h e  same a s p e c t  o f  t h e  

col l i s ion.  

There a re ,  however, other potential  variables which a d d r e s s  what 

m i g h t  be cal led second-order e f fec t s  of co l l i s ion  sever i ty .  An examp 1 e 
of t h i s  type of variable i s  t h e  change  i n  a n g u l a r  v e l o c i t y .  The 
influence of t h i s  variablz i s  addit ive with Delta V .  The rnasni t u d e  of 
t h i s  added f ac to r  i s  proportional t o  the  produc~ of the ansular  velocity 
and  the distance frcm ciie centar  of nass t o  t h e  p o i n t  of i n t e r e s t .  

The remaining co l l i s i on  variables define co l l i s ion  t y ~ e s ,  or nodes. 

These variables are  necessary because the occupant t r a j e c t o r i e s ,  contam 

points ,  and injury mechanisms vary from one co l l i s ion  type t o  ano the r .  

This variat ion i s  expected t o  subs tan t ia l ly  a l t e r  the  r e l a t i o n s h i p  of 
injury sever i ty  t o  co l l i s ion  s e v e r i t y .  The o b j e c t i v e  i n  d e f i n i n g  
col l i  sion types i s  t o  form subsets where occupant t r a j e c to r i e s ,  c o n t a c t  
ooints ,  etc. are  su f f i c ien t ly  s imi la r  t ha t  a s ingle  model i s  e x p e c t e d  
t o  be adequate. The l i m i t i n g  f a c t o r  i s  t h a t  sample  s i z e  must be 
"adequate" within each col l  i sion type. Cornpromi ses must be made between 

the "homogeneity" and t he  s i z e  of the  subsets. Potential subsets  may be 
evaluated by comparing t he  re la t ionship  of co l l i s ion  sever i ty  and injury 
sever i ty .  For example, a  s c a t t e r p l o t  of  t h e  p r o p o r t i o n  o f  s e v e r e  

in ju r ies  may be examined. 

The f i r s t  level of subsett ing separates f r o n t a l  -damage veh i  c l  e s  

from those with side damage. Nithin each o f  t h e s e  g r o u p s ,  s i n g l e -  
vehicle accidents are  separated from two-vehicle accidents, Addi t i  on a 1 

variables used t o  subset cases include the occupant's seat  location and 
a nore spec i f i c  damage l.;cation (canxsr,  o f f - c e n ~ e r ,  n e a r - s i d e ,  f a r -  

s i de ) .  

The variables i n  the  vehicle group a re  intended t o  de f ine  a 1  1 t h e  
charac te r i s t i c s  of the vehicle which influence t h e  t ransmission o f  t h e  
vehicle impacx t o  t he  occupant. I n c l u d 2 d  a r e  such  f a c t o r s  a s  t h e  

veh ic le ' s  s t ructura l  c h a r a c t e r i s t i c s ,  o c c u p a n t  compar tment  s p a c e ,  
r e s t r a i n t  systems, e tc . .  All of the  variables amenable t o  modif ica t ion 
by the vehicle designer a re  i n  t h i s  group. 



The variables i n  t h e  occupant g r o u p  include t h o s e  f a c t o r s  which 

influence the  occupant's injury thresholds. These i nc1 ude a g e ,  s e x ,  
pre-exi s t i  ng medi cal condi ti ons, etc. 

As already mentioned, the  i n i t i a l  models look o n l y  a t  co l  l i s i o n  

sever i ty  and i n j u ~ y  sever i ty  as the selection of the  variables defi n i  n g  
the  co l l i s ion  type subsets i s  refined. Next, variables from the  vehicle 

and occupant grr;ups :?rere t r i e d  i n  an attempt t o  i r ~ r o v e  the  s r e l d i c t i  ve  
power of the  ~ o d e l .  

,Additional considers','ons t o  kee; i n  q i n d  r ihi l t  deve l  o c i  3 ;  t h e s e  

models are :  the accuracy of measuremen-c, o r  q u a n t i f i c a t i g n ,  s f  t h e  
variables,  es;ecially Delta \ J ,  the  adequacy of the f u n c t i o n a l  forrn o f  
the  model, and t he  weighting, or  d i s t r ibu t ion ,  of the cases a c r o s s  t h e  
various levels  of the independent variables. Systematic e r r o r s  i n t h e  
estimation of Delta V a re  l ike ly  t o  be associated with ca r  s i z e  and area 
of damage ( t h a t  i s ,  f r on t ,  s i d e ,  e t c . )  i f  t h e  assumed s t r u c t u r a l  
s t i f f n e s s  i s  incorrect  f o r  some vehicles. A consistency check fo r  t h i s  

pa r t i cu la r  type of systematic e r ro r  could be made by comparing t h e  peak 
force  computed by t h e  CRASH2 program.  The peak f o r c e  s h o u l d  be 
approximately t he  same f o r  the  two v e h i c l e s .  La rge  d e v i a t i o n s  may 

suggest problems with the  assumed constants or input measurements  f o r  
t he  Delta V computation. 

The l og i t  model has been selected as most a p p r o p r i a t e  f o r  : h i s  
work.  The dependem variable,  the  probabil i ty of a non - seve re  i n j u r y  
(OAIS 2 o r  l e s s ) ,  i s  dichotomous. This yodel describes r i le  s i t u a r i o n  

where the  prcbabi 1 i ty of injury varies jysternatical ly f r m  case-to-cas e 

wirh other i nde3enaent variables wnich tiave been cbs?r*ied. A cot? 1 e ~ e  

descript ion of t h i s  model i s  provided i n  Section 3.1. 

The mechanistic model development was csrrried o u t  i n two p h a s e s  
- ,  which correspond t o  the  preliminary data s e t s  which were received. I ne 

i n i r i a l  work used a near-final version of the data collected w r i n g  t h e  

f i r s t  f i f t e en  months of the NCSS study. Subsequently, data f o r  the  l a s t  
twel ve months were received. This s i tua t ion  provi ded an opportunity t o  
"validate" t he  Phase 1 qodels. 



Validation of the  Phase 1 models was c a r r i e d  o u t  t o  a s s e s s  t h e  

apparent s t a b i l i t y  of the  models over time. This i s  deemed t o  be a very 

important t e s t .  I f  s tabi  1i ty cannot be demonstrated, the  mode 1 s  w o u  1 d 

be of limited value. The NCSS s t u d y  i s  t h e  f i r s t  d a t a  program of 
su f f i c ien t  depth t o  be maintained over a long enough period o f  t i n e  t o  

provide an opportunity f o r  t h i s  k i n d  of assessment. The t e s t  i s  carr ied  
o u t  by applying t he  Phase! yodels t o  the  Phase 2 data and d e t e r m i n i n g  

t h e i r  prsdict ive capabi l i ty .  T h i s  r e s u l ~  i s  c o r n ~ a r e d  t o  b o t h  ' ,he 

original Phase 1 r e s u l t s  ana t h e  comparab l e  node l  i n  which :he 

coeff ic ients  ar2 defermined f o r  the  Phase 2 data. 

Another consideration t o  be mentioned here i s  t h e  w e i g h t i n g ,  o r  

d i s t r ibu t ion  of cases among the v a r i o u s  l e v e l s  of  t h e  i n d e p e n d e n t  

variables. In general,  the  over-sampling of c a s e s  a t  h i g h e r  i n j u r y  
levels  sh i f t s  the d i s t r ibu t ion  of cases towards higher sever i ty  l eve l  s .  
However, the  objective of the mechanistic models i s  t o  approximate t h e  

theoretical  r e l a t i  onships. The higher severi ty levels  are  of pa r t i cu la r  
in te res t .  Although an o p t i m u m  d e s i g n  m a t r i x  i s  d e p e n d e n t  o n  t h e  

spec i f i c  model chosen, i t  generally is  des i rable  t o  have the data evenly 
dis t r ibuted among t he  various levels  o f  t h e  i ndependen t  v a r i  a b l e s .  
Currently the  raw data i s  heavily skewed t o  t he  lower s e v e r i t y  c a s e s .  
Weighting would aggravate t h i s  a1 ready uneven dis t r ibut ion.  Theref o r e ,  

the  unweighted data a r e  more a p p r o p r i a t e  f o r  t h e  deve lopment  o f  
rechanis t ic  models. I n  f a c t ,  f u r t he r  subsampling of cases t o  achieve a 

xore uniform d i s t r ibu t ion  of cases across the  levels  of the independent 

*iariaSles was also t r i ed .  

A f inal  consideration i s  the  influence of substantial  flissing data. 

This subject i s  addressed i n  r e l a t i ~ n  t o  p o p u l a t i o n  s t a t i s t i c s  i n  

Section 4. Pio e f fo r t s  were made t o  incorporate adjustments f o r  miss i n g  

data i n  the d e v e l g ~ ~ e n t  of m e c h a n i s t i c  models .  I f  t r u e  p h y s i c a l  
relat ionships are  reflected by the  models, then missing data should n o t  

be a ? a r t i c u l a r  problen, unless s p e c i f i c  r e g i o n s  of t h e  domain o f  

in te res t  are excluded. 

Section 3 contains a complete presentation of the  mechanistic model 
development. Par t i cu la r  a t tent ion i s  devoted t o  the  model e v a l u a t i o n  
procedures. As a c o n s e q u e n c e ,  t h i s  e f f o r t  p r o v i d e s  a c o m p l e t e  



assessment of the  problem of modelling t he  probabi l i  t y  of i n j u r y .  The 

f i na l  subsections which follow describe t he  objectives of t he  c l i n i c a l  
work, and b r ie f ly  describe t he  PlCSS data f i l e s  which were used. 

2.4 Clinical  Review 

The c l i n i ca l  worJd conp lmen t s  t h e  s t a t i s t i c a l  d e v e l o p m e ? t  o F  

mechanistic ~ o d e l s .  This work was i n i t i a t ed  \i/ith a review of the  recent 
-r l biomechanics and automotive jnjury l i t e r a t u r e .  I rl? J u r p o s e  was t o  

de~ermine  the  ex i s t ing  tzowledge r3 la t ive  t o  i;ijury type,  body r e s i  o n ,  

frequency, sever i ty ,  an",ause, and t o  i d e n t i f y  gaFs  i n  I he czp ren t .  

knowledse t ha t  vilight be aadressed N ' L ~  the:ICSS d a t a .  In  c j e n e r a l ,  a 
s u b s t a n ~ i  a1 gap was encountered between 1 akoratory experimentation and 
actual accident experience. T y p i c a l l y ,  t h e  l a b o r a t o r y  x e s t i n g  i s  
precisely conducted w i t h  abundant data co l l e c t i on .  I n  c o n t r a s t ,  no 

controls  a r e  associ ated w i t h  r;he real accident experi ence, and vi r tual  ly 
no information i s  avai lable  on t he  dynamics  o f  t h e  e v e n t .  A m a j o r  
innovation of the NCSS s t u d y  i s  t n e  u s e  of c o m p u t e r i z e d  a c c i d e n t  

reconstruction techniques which provide an estircate of the  instantaneous 
velocity change during impact. This information inateri a1 l y  a i  d s  t h e  

compari son of 1 aboratory and actual acci dent experience. Selected s i de  
impact cases were chosen because of the  current  i n t e r e s t  in t h i s  area of 

occupant protection. Other areas iden t i f i ed  i n  t h e  l i t e r a t u r e  r ev i ew  
were i n ju r i e s  t o  eye, lower ext remit ies ,  and t h e  neck .  These  1 a t e r  

t h r ee  areas were studied t o  iden t i fy  the  injury t y p e s  and ~ e c h a n i s m s  
associated with the  se lected body regi=n. This k i n d  of i n f o m a t i o n  i s  
useful background f o r  the  development of ~ e c h a n i  s t i c  nodels. 

2 . 5  YCSS Data 

The NCSS data consis ts  of accident data obtained from a probabi l i ty  
sample of accidents w i t h i  I s e v e n  p u r p c s i v e l y  c h o s e n  a r e a s .  The 

acc'dents were sampled ircm p o l  i ce-reported accidents t ha t  i n j i o ?  ved a t  
l e a s t  one towed vehicle. During Phase 1 ,  t h e  f i r s t  f i f t e e n  mcnths 

(January 1977 t o  March i978) of NCSS data co l l ec t ion ,  a po l ice - repor ted  
accident was e l i g i b l e  f o r  sampling only i f  i t  involved a towed pass.enger 
car .  I n  Phase 2 (April 1978 t o  March 1979) of MCSS da t a  c o l l e c t i o n  a 
police-reported accident was e l i g i b l e  f o r  s a m p l i n g  i f  i t  i n v o l v e d  a 
towed passenger ca r ,  l i g h t  truck or van. Each acc i  d e n t  was s e l  e c t e d  



with a probabil i ty which variad w i t h  t h e  s e v e r i t y  of  i n j u r y  t o  an 

occupant of a towed vehicle. Severe accidents were sampled a t  a h i  g h e r  
ra te .  The sample design within each area assured a random se l ec t i on  of 

accidents. I t  guarded agains t  in tent ional  bias of pa r t i cu l a r  t y p e s  of  
accidents and provides a probabil ity-based sample of a c c i  d e n t s  w i t h  i n 

a reas. 

The lCSS data s t r uc tu r e  i s  h i e r a r c h i c a l  i n  n a t u r e .  F c r  each  
accident sanpled, informaticn:izs col lec ted f o r a l l  v e h i c l e s  i n  t h e  
accident and a11 occupants in cowed v e h i c l e s  o n l y .  A c c i d e n t  1 eve1 

variables describe The envi ronment i n which the  accident occurred. The 

vehicle level var iables  describe the  vehicle and the damage done t c  t h e  
vehicle in the  accident. Among these  variables a re  t h e  C D C  v a r i a b l  e s  

and Delta ' I .  Delta V i s  calculated using CRASH program. Included w i t h  
Delta V a r e  the  longitudinal and l a t e r a l  components. The occupant level 
v a r i a b l e s  c o n t a i n  b a s i c  d e s c r i p t i v e  i n f o r m a t i o n  a b o u t  e a c h  

occupant. Injury informat ion i s  c o n t a i n e d  i n  t h e  Occupan t  I n j u r y  

Class i f ica t ions  (OIC) which have associated contact ?oints .  In Phase ! 

u p  t o  t h r ee  OIC's are coded f o r  an occupant and i n P h a s e  2 t h i s  was 
increased t o  s ix .  Injury sever i ty  informat ion i s  summar ized  i n  t h e  

Overall Abbrevi ated Injury Scale (OAI S)  . 
The missing data ra tes  for t he  measure of crash sever i ty  and in jury  

s e v e r i t y  were  q u i t e  h i g h .  The m i s s i n g  d a t a  r a t e  f o r  OAIS i s  

approximately 0 Other ineasures o f  i n  J u r y  s e v e r i ~ y  h z d  h i g h e r  

missing data ra tes .  OAiS has a h i g h  missing data r a t e  because o f f i c i a l  
medica? records were needed t o  cob? injury sever i ty .  d new variabl a t o  

represent injury sever i ty  was s e ~ e r a t e d  using an N C S A  a l p r i t h m  t h a t  i s 
dccumented i n  Appendix ,A. The new v a r i a ~ l e  was c r e a t e d  u s i n s  a 1 1  

avai lable  i n fo rmt ion  on i n j u r y  s e v e r i t y  c o l l  e c t e d  f o r  NCSS. i t  

c l a s s i f i ed  in ju r ies  i n t o  two ca tegor ies :  severe (CAIS g r e a T e r  t h a n  2 )  
and non-sever? (OAIS 72ss than 3 ) .  The nissing dara r a t e  for  Delta V i s  

d i f f i c u l t  t o  ca lcula te .  The use of CRASH i s  r e s t r i c t ed  t o  c e r t a i n  types 

of co l l i s i ons  and missing data r a t e s  o n l y  a p p l y  t o  t h e s e  c r a s h e s .  
Information about the  s u i t a b i l i t y  of running C R A S H  f o r  a p a r t i c u l a r  
vehicle i s  not d i r ec t l y  available.  An  est imate of the missing data  r a t e  



f o r  Delta V i s  30%. The C D C  variables have a s l i g h t l y  l o w e r  m i s s i n g  

data rate.  

For t h e  most pa r t ,  t h e  d a t a  u sed  i n  t h e  P h a s e  1 and P h a s e  2 

analyses were prel imi nary versions of the  data. These prel imi nary d a t a  

s e t s  were missing l e s s  than one percent of t h e  f i n a l  number of NCSS 

investigated accidents i n  each phase. The e f fec t  of t h i s  m i s s ing  d a t a  

i s  thcusht t o  be negligible.  

2.6 Surnary 

To b r ie f ly  revi e~ t h e  ?roceo,di rig nater i  a1 , the rn2chani ST i c node 1 s 
seek t o  describe var ia t ion i n  injury sever i ty  on a case -by-c~se  basis  i n  

terms of various independent variables. The basis  f o r  these  model s i s 

the  physical pr inciples  and mechanisms t ha t  govern t he  co l l i s i on  e v e n t .  

The objective i s  t o  r e f l e c t  these  r e l a t i onsh i  ? s .  C o n s e q u e n t l y ,  t h e  
variables and functional form must be c o n s i s t e n t  w i t h  t h e  e x i s t i n g  

understanding of the  physics and biomechanics of t h e  e v e n t .  In  t h i  s - 
way, one attempts t o  choose variables and develop models which r e f l  e c t  

t r u e  cause and e f f ec t  re la t ionships .  

Population models, on the  other  hand, seek t o  define the  n a t  i  ona l  

accident experience across the  levels  of various descr ip t ive  va r i  a bl e s  
such as co l l i s i on  type and sever i ty .  Here, t h e  problem i s  t o  e s t i m a t e  
t h e d i s t r i b u t i o n  f o r a  l a r g e r p o p u l a t i o n  f rom t h e  s amp le  d a t a .  No 
physical models o r  cause and e f f ec t  re la t ionships  are involved here. 

Accident analysis  models a re  a combination of the  p o p u l a t i o n  ana  
e, ~ e c h a n i s t i c  aodeis. 12 23jective of the accident ana iys  i s node l  5 '; s 

r_he estimation of the ; ;o~er l t ia l  benefir. of inprovea occu7ant o r c ~ e c ~ i o n  
systems. These inodels k g i n  wi th  t h e  ?o?u l  a c io i i  d i  s t r i  a u t  i o n s  of  

co l l i s i on  ty?e and sever i ty .  The objective i s  the same here: t o  define 
homogeneous subsets of t h e  accident experience f o r  the  a p p l  i c a t  i o n  of  
mechanistic models. Hcriever, i n  t he  a c c i d e n t  a n a l y s i s  m o d e l s ,  t h e  

mechanistic models are  mcbiiied t o  r e f l  e c t  t h e  e x p e c t e d  e f f e c t  c i  

improved r e s t r a i n t  systems. Idea l ly ,  the  control variables incorporated 
i n  the  r i chan i s t i c  models developed from t h e  a c c i d e n t  d a t a  would be 
incorporated i n  t h e  mechanistic models used i n  t h e  a c c i d e n t  a n a l y s i s  
model s. 



An important aspect of the  overall re la t ionship  of the mechanistic, 

population, and accident analysis  models i s  the common and centra l  r o l e  
played by the  se lect ion of the c o l l  i  s i o n  t y p e s ,  o r  modes,  and t h e  

co l l i s ion  sever i ty  variable. The overall s u c c e s s  of t h i s  e f f o r t  i s  
measured i n  terms of the  abi 1 i t y  of the mechanistic models t o  p r e d i c t  
injury severi ty.  The major d i f f i cu l t y  a r i ses  from t h e  f a c t  t h a t  t h e  
:evels of the various independent v a r i  a b l 2 s  were d e t e r n i  ne:! by a n  

ongoins social precess rather than a sleliberate e x ; e r i n e n t a l  d e s i g n .  
Any infzrznces of c a u s e  a n d  e f f e c t  n u s t  be based  o n  t h e o r e t i c a l  

knowledge of the physical p r i n c i p l e s  and mechanisms g o v e r n i n g  t h s  

collisiorl event. The mechanistic models must re f l ec t  c ause - and -e f f ec t  

re1 a t i  onships i f  the accident analysis models are t o  succeed. 



- 
The t o p i c  o f  m e c h a n i s t i c  mode l s  was i n t r o d u c e d  i n  S e c t i o n  2 .  h e  

o b j e c t i v e  i s  t o  d e v e l o p  s t a t i s t i c a l  mode ls  w h i c h  r e f l e c t  t h e  p h y s i c a l  

p r i n c i ~ l e s  and  mechanisms w h i c h  g o v e r n  t h e  e v e n t s  o f  i n t e r e s t .  I n  t i l i  s  

c a s e  t h e  e v e n t s  o f  i n t e r z s t  a r e  i n  t h e  a r e a  o f  v e h i c l e  c r a s h ! l o r r , h i n e s s .  

G i v e n  t h a t  a  c o l l i s i o n  has o c c u r r s d ,  t h e  o b j e c t i v e  i s  z : :  r-2: : t e  t i 1 2  

l i 3 r i a b l ? s  ; ~ h i c n  d s c r i b e  t h e  t y p e  a i ~ d  s e v e r i t y  o f  i s p a c t ,  T r i ?  : : ? ; i i r , l i 3 ,  

a:?? t h e  o c c y p a n t  t o  t h e  r 2 s l r l t : n g  occusanr ,  i n j u r i e s .  I t  i s  hopes  c h a t  a 

5elf2r  l i nder r :an? ing  o f  t h e  f a c t o r s  : . l n i c h  i n f l ~ e n c e  t h e  r s _ ; a l  t i i i g  

i n j u r i e s  : v i ?  l l z a d  t o  t h e  iz \ ie ;cp i i ;ent  ~i J o r e  cras1i ; ror thy v e h i c l e s .  F c r  

t h i s  e x ? e c x a t i o n  t o  b e  f e a s i b l e ,  t h e  s t a t i s t i c a l  mode l s  mus t  r e f l e c ~  t h e  

s c v e r n i n s  p h y s i c a l  p r i i l c i  9 1 2 s .  I n  c ~ i r r e n t  p r a c t  i c e ,  t h e s e  

c ~ n s i d e r a t i o n s  g u i d e  t h e  s e l e c t i o n  o f  v a r i a b l 2 s  and  t h e  f o m u l 3 : i g n  G :  

t r e  model .  

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

t 3  Se r e l a c i ~ e l y  hornoi;eneous w i t h  r e g a r d  t o  t h e  i n j u r y  p r ~ d u c t i 2 n  

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

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

f r o n t a l  i m p a c t s  and  t h o s e  i n v o l v e d  i n  s i d e  i i npac t s .  O u r i n g  t h e  f i r s t  

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

f i f t e e n  n o n t h s  ( J a n u a r y  1977 t h r o u g h  N a r c h  1172) o f  t h e  ?CSS s t u d y  w a s  

uszd .  S u b s e q u e n t l y ,  a  f i n a l  v e r s i c n  of t h e  d a t a  f r o i n  x i ~ e  f i r s t  f i f t e e n  

; n o ~ t h s ,  and a i i e 3 r - f i n a l  v e r s i o n  o f  xhe  d a t a  f r o m  t h e  l a s t  t ~ r e l ' i . : !  r,;onT;ns 

( A p r i l  i9i8 t n rouc j n  : l a r c h  1979) n e r e  r 2 c a i v e d .  The 7 r e l i z i n a r y  v e r s i  ;n 

g f  ",e d z t a  frm 5-12 f i r s t  i i f i s e r i  rncnths i s  r e f s r r e d  c o  as  t h e  ' ? h a s ?  
- 1 1  8 c a r z ,  \ ? h i 1 2  t h e  d a t a  r e ~ e ; ' ~ / ? i  f g r  t h e  las:  ::?lve l;:ont?is i s  r ~ f ? r r ? ~ j  

t o  a; :he " ? h a s 2  2 "  da ta .  C o n t a c t  codes  :ier? n o t  a v a i l a b l t  i n  t n e  ?base 

1 d a t a .  Yoc ie~ ie r ,  t he  f i n a l  v e r s i o n  o f  t h e  d a t a  f r o i n  ',h? f i r s t  f i f t e e n  

~ o n x h s  and t h e  " n e a r - f i n a l "  v e r s i o n  o f  t h e  data f r c r n  t h e  13s ;  t ; . i e l  111 

r o n t  hs c c n t  a i  n e i  c o n r a c t  cgdzs .  

The f i r s t  subsection p r e s e n t e d  d i s c u s s e s  t h e  ana1y:ical : e c i i n i q u e s  

~ s e d  and  t h e  l o s i  t ?ode1 i n 3 a r t i c g l a r .  The d e v ? l o p ~ e n ~  o f  - echan i  s t  i c  

mode ls  f o r  s i d e  i i n p a c t s  i s  ? r e s e n t e d  i n  S e c t i o n s  3.2 and  3 .3 ,  t h e  f i r s ' ,  

c o n t a i n i n g  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  ?has2  ! d a t a  a n d  t h e  s 2 c o n d  

c o n ~ a i n i . 1 9  t h e  Phase  2 and  t h e  f i n a l  r e s u l t s .  ' i o d e l  1  i n g  r;f f r o n t a l  



i n o a c t s  i s  c o v e r e d  i n  S e c c i o n s  3.4 and  3.5. A g a i n ,  t h e  2hase  1 results 

a r e  p r e s e n t e d  i n  S e c t i o n  3.4 and Phase  2 i n  5.5. F i n a l  l y ,  a n  o v e r a l  1  

summary and d i s c u s s i o n  i s  p r o v i d e d  i n  S e c t i o n  3.6. 

3.1 A n a l y t i c a l  Techn ique  - L o g i t  A n a l y s i s  

T h i s  s u b s e c t i o n  s e r v e s  t o  dccl j ioent t h e  a n a l y t i c a l  t e c h n i  q u  e s  li s  e d  

i 7 t h e  .d? \~e lop in?n t  o f  ;?oide?s t o  d e s c r i b e  i n j u r y  s e v e r i : j  3s a  f unc :  i 3:i 

:f c r a s h  s2\1eri:y. A c ' esc r i ; r i c r i  and ~ h e  c s e  o f  t r : e  1997: t ;nod21 i s 

d i s c u s s e d  f i r s t .  ';lethods F o r  :;ode1 e v a : ~ a t i o n  a r e  t h e n  c c n s i ? e r = d .  

F i n a l l y  t i l e  e f f e c t s  c f  s m ~ l s  & s i g n  and ;; leaszrenen< er rc r  or1 t +  1 2 s ;  -, 
?ode1 a r e  d i  <cussed .  

3.1.1 ;v?odel C e s c r i  p t i o n .  T h i s  s u b s e c t  i 9 n  d s s c r i  b z s  t h e  9 r o c e d i i  r e  

~ s e d  t o  a n a l y z e  s ? e c i f i c  s u b s e t s  o f  t h e  YCSS d a t a  ser,. I n  t h e  s n a l y s z s  

t : i e  k e y  dependent  v a r ' a b l e  i s  a  c a t e g o r i c a l  v a r i a b l ?  \ t i  t n  L:.!o 1 2 v e l s .  

The s p e c i f i c  r o d e l  t h a t  has been  u s e d  i s  t h e  l a g i t  model .  T h i s  a n a l y s i s  

has been used  i n  v a r i o u s  a r e a s  o f  a p p l i c a t i o n  and  i s  d i s c i l s s e d  b y  ri12ily 

a u t h o r s .  A b r i e f  d i s c u s s i o n  o f  l o g i t  a n a l y s i s  f o :  l o w s .  F o r  a  m o r e  
7 8 9 

d e t a i l e d  d i s c u s s i o n  s e e  Cox , F i n n e y  , H a n u s h e k  a n d  d a c k s o n  , a n d  
1 n 

~abe rman ' " .  The s t a t i s t i c a l  package  u s e d  t o  compute  t h e  l o g i  t a n a l  y s  i s  
1 ,  

was t h e  PROEIT  f u n c t i o n  i n  1419~s". The PROBIT f u n c t i o n  uses  t h e  method  

d i s c u s s e d  by  A i t c h i s o n  and 5 i 1 v e y l 2  m o d i f i e d  t o  i n c l u d e  boch  t h e  p r o b i  t 

and l o g i t  i i iodels.  

' C O X ,  D.?. (1973), A n a l y s i s  o f  E i n a r y  Ca ta ,  '?et,~iic??, l o n d o ~ .  
d - 8 

' F i nney ,  D.J.(!?::), P r c b i t  An.l:/sis, ili;r.i E d i t ' o n ,  ' J n i  v t t r s i : )  
? r ? s s ,  CarnSr; d g e .  

3 r ianushek, E r i c  A .  i n d  4 ? c k s c n ,  . o n 7  5 .  ( 1 3 7 7 ) ,  $ t i t i s t - c a l  
:c;er,hods f o r  S o c i a l  S c i e n t i s t s ,  Acadernic P r e s s ,  liew ' i g r k .  

1 d h a b e r a n ,  S h e l l e y  J .  ( 1 3 7 2 ) ,  R n a l y s l  s  o f  Gual i t a t i v e  aaca,  'iolir-e 
1, Pcade:nic ? r c s s ,  Yew Ygrk.  

1 i ., i v i i c h i g a i ~  I n t e r a c ~ i v e  S a t a  A n a l y s i s  Sysxem (;)iIJAS), w r i t t e n  ay :an 
Fox and I(2n G u i r e  a t  t h e  S c a t i s t i c a l  R e s e a r c h  ~ a b o r a t c r y  1: t 2 e  
l 'ni v e r s i  ty  o f  ' 4 i ch i gan .  

i 2 
A i t c h i s o n ,  ;. a n d  S i l v e y ,  S.D. (19573,  " T h e  g e n e r a l  i z a t i o n  o f  

; r o b i t  a n a l y s i s  t o  t h e  c a s e  of ~ u l t i q l ?  r e s p o n s e s " ,  S i o r n e t r i k a  - 4 4 ,  p p  
121-148. 



The  l o g i t  model  p o s t u l a t e s  a  r e l a t i o n s h i p  b e w e e n  t h e  p r ~ b a b i l  i c y  

o f  o b s e r v i n g  a  c a t e g o r y  and  i n d e p e n d e n t  v a r i a b l e s .  T h i  s  r e 1  a t  i o n s h i  o 

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

i n d e p e n d e n t  v a r i a b l e s .  S i n c 2 ,  i n  t h i s  mode l ,  t h e  dependen t  v a r i a b l  2 i s  

c a t e g o r i c a l  i t s  coded  v a l u e  has  n o  mean ing  o t h e r  t h a n  t o  d e s c r i b e  w h i  c h  

c a t e g o r y  i t  i s .  The  n o t i o n  of 2 r e d i c t i o r  ~iius; be  c a r e f u l l y  d e f i  ned. 

i t  i s  ; l o r e  n a t u r a l  L O  ",ink abou;: p r e d i c t i n a  t h e  ; i -obai ; l ' l i ;y  c f  

o b s e r v i  ng one  07 t h e  c a ~ e g o r i e s  r a f h e r  t h a n  t h e  p r e a i c c x  v a l u e  f o r  :he 

c a z e g o r i c 3 1  v a r i a b l e .  T h e  i d ' , ;  t h a t  i s  c o l l ~ c r s c  c 3 n s i s : s  o f  

coser\ /a ' , 'ons \wh ich  counr, t h e  nuinber o f  - , i ~ e s  t h e  c a t e s c r y  a p p e z r s .  ,his 

d a t a  c o u l d  be  r n o d e l l e d  Sy u s i n g  i n s  b i n o m i a l  distribution i f  t h e  

p r o b a b i l i t y  o f  a  c a t e g o r y  c c c u r r i n g  i ras t h e  sane  f o r  311 o b s e r l / a t  i o n s .  

b l i t h  some c a t e g o r i c a l  v a r i a b l e s  t h e r e  i s  r e a s o n  t o  s z s p e c r ,  c h a t  t h e  

o r o b a b i l i t y  o f  a c a t e g o r y  ( f o r  example ,  i n j u r y  w i t h  s e v e r i t y  g r z a t e r  

t h a n  o r  e q u a l  t o  3 )  i s  d i f f e r e n t  f o r  e a c h  o b s e r v a t i o n .  I f  i t  i s  

r e a s o n a b l e  t o  be1 i e v e  ;hat t h e s e  p r o b a b i l i t i e s  v a r y  s y s t e m a t i c a l l y  i\l i t h  

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

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

For example,  i n  t h e  mode l s  d e v e l o p e d  i n  t h i s  p r o j e c t  t h e  d e p e n d e n t  

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

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

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

i n  Append i x  A.  The  a s s u m p t i o n  i s  made t h a t  t h e  p r o b a b i  1  i :y o f  a  n o n -  

s s v e r e  i n j u r y  depends on  c r a s h  s e v e r i t y  and o t h e r  \ / ? r ' a b : ? s  ; ~ c h  a s  

c r3Sh  node  and o c c 2 p a n I  a $ e .  I f  t h e r e  i s  a n o d e 1  L C  ? r 2 d i r r t  - ,he 

; robab i  lit;/ o f  3 ~ c n - s e v e r e  ' ? j u r y ,  ci:? n r c b a b j l i  t:/ o f  a r 3 v e r e  ' i j i  r;/ 

i s  known. T h e  7 r 3 b a b i l i ~ y  o f  a s e 1 / 2 r e  i n j u r y  i s  o n e  7 i l : u s  ;tie 

? r o b a b i  1  i ty o f  a  n o n - s e v e r e  i n j u r y .  The l o g i t  mo,del 'was ~ s 2 d  because  i t  

7 r c v i d e d  a  g e n e r a l  n o d e l  f o r  p r e d i c t i n g  t h e  2 r o b a b i l i t y  o f  n o 1 - s 9 ~ i e r e  
. . i n j u r y .  T h i s  model  c s n s t r a i n s  a 1  1 7 r e d i  c t s d  p r o b a b i  1 i : ' e s  c s  i I 5 

be tween  0 and  1 and  'he p r e d i c t e d  p r o b a b i  1 i t i e s  w h e n  g r a p h e d  a s  a  

f u n c t i o n  of D e l t a  V p r o d u c e s  a n  s - s h a ? e d  c u r v e  i n c r e a s i n s  w i c h  

i n c r e a s i n g  C e l t a  ' Y .  

;.lore s g e c i f i c a l  l y ,  t h e  l o g i  t rr;odel assumes t h a t  a s s o c i a t e d  ; i i t h  t h e  

d i c h o t o m o u s  v a r i a b l e ,  D ,  t h a r  t a k e s  o n  v a l u e s  9 a n d  1 ,  i s  a  c o n t i n u o u s  



random variable Y .  The d i s t r ibu t ion  of Y i s  the  l o g i s t i c  d i s t r i b u t i o n ,  * * 
F . F i s  assurned t o  nave a mean o f  - 3 'X  - a n d  a variance of 1 where - 3 i  s  

a k x l  vector of ? a r a m e t e r s  and - X i s  a  k x i  v e c t o r  o f  i n d e p e n d e n t  
variables.  Under these assumptions the  probabil i ty t h a t  D i s  Cl can  be 

where 

d i s  the  zhreshold, 

X represents the  i ndependent var iables ,  - 
3 i s  the  vector of unknown c o e f f i c i e n ~ s  of X ,  - - 
F i s  the  l o g i s t i c  d i s t r ibu t ion  with a nean o f  0, a  va r i ance  of  1 ,  

and 

E X ?  i s  the  exponential function. 

From E q u a t i o n  3-1 i t  can be seen t h a t  the  probabil i ty of Category 0 i s  a 
d i s t r ibu t ion  function,  so the  p r o b a b i  1 i t y  i s  j u s t  t h e  c u m u l a t i v e  

orobabil i ty u p  t o  the  threshold,  adjusted f o r  t h e  mean, - Q ' X ,  - of t h e  

underlying d is t r ibut ior i  o f  Y .  This i s  shown graphically i n  Figure 3.1. 

The basic assumption i s  t h a t  each  o b s e r v a z i o n  has  a  biriornial 
d i s r r ibu t ion  with an unknown parameter, Pi ,  t h a t  i s  s p e c i f i c  t o  each  



observation made. The natiiral 1ogarii:hr;l o f  the  l ike l ihood ,  L ( g , $ ) ,  i s  - 
given by 

where 
.:h D i  i s  t h e v a l ~ e o f  t h e d i c h o ~ 3 n o u s  r3ndzr; ~ ~ a r i a b ; ?  f o r  t h ?  I 

I 

cbservation,  

?; i s  :he ?(Oi = 2 )  deilned ~y Equaxion 3 - 1 ,  a n u  

n i s  tne  number of obs?rl /at ions.  

I f  a11 rhe  observations were thought t o  have the  same probabi 1 i  t y  - ,ha ' ,  

Category 0 would occur, the  l ike l ihood  g i  ven i n  E q i i a t i o n  3 - 2  would 

simplify t o  the  ordinary ailoinial l ikel ihood with one ; a rane te r ,  P .  

This model fornula t ion  i s  s l i g h t l y  Tore general :ban the  equivalsnt  

empirical logi t i:ransfomation13 descri  bed by 

where ii i s  t h e  estimated probabi l i ty  a t  X i .  

This transformation requires t h a t  f o r  every value of X i  t h e  p r o p o r t i o n  - 
i n  Category 0 be between 0 and 1. This means t h a t  t h e r e  n u s t  be a t  

l e a s t  2 observations ai: each s p e c i f i c  X a u e  i h i  s r e q u i r e m e n t  i s - i  
unnecessary with the  model spec i f i ca t ion  described abcve. 

2nce t h e  aodel i s  thus s p e c i f l e d ,  -naxi:aum l i k e l i ~ o a a  rheory c a y  c e  

ised t o  est17iat2 the  3aralileters ~n ;he -noael and ti; v a r i a q c e s  3' T h e  

~s:i-;latss of the  unknc:rn ?araneLers. This :e:kc!j :f 2st i ;na t i  2n ' n \ i : l t ; e s  

3n i :erati ve sroc2cure ci;~t f inds 2sti:a:es ',vhic;1 :ax: ,iii ze LPie ?i . s , i  2 l 

l l k e l i l o o d  i n  Equation 3-2 with ? r o b a b i l i t i e s  as speci f ied  i n  E q u a r i ~ n  

3  I t  s h o ~ l d  be noted here t h a ~  :he out;ut frcm rhe a n a l y s i s  y i i . 1 ~ ~  

an es:imd:?d i ' r e g r e s s i ~ n "  equatian : u n i  ch \$hen p r o p e r l y  t r n n s f : r ' ~ p d  
- .  y i e i i s  a predicrion of the  s r a b a b i l i i j  o f  Cat:~;cr-y 9 o c c u r r i  n ~ .  , I 1 ;  

; redicted probabi 1 i ty i s  given by 

"Cox, 3.R. (1?73) ,  Analysis of 2 i  n a r y  D a t a ,  '4e:huen, Londcn ,  
C h a ~ t e r  3. 



1,vhere 

fi. i s  t h e  e s t i m a t e d  p r o b a b i l i t y  o f  C a t e c j o r y  0  f o r  t h e  i t h  
1 

o b s e r v a t i o n ,  - - 
6 ,  and - 8 ,  a r e  t h e  maximum 1 i k e l i h o o d  e s t i m a t e s  o f  and  9 .  - 
3 . 1 . 2  l i lodel Development  V a r i o u s  n e - i h o d s  o f  e x ?  i c i r a t o r y  d a - i a  

a n a l y s i s  were  usea  b o t h  i n  c h o o s i n g  sgbse : s  w i t h i n  : ~ / h i c h  n o d e l l i n 9  

e f f o r t s  were  t h o u ~ h t  S O  be r e a s o n a b l ?  a n d  i n c h o o s ;  n g  i n d e p e n d s n t  

v a r i a b l e s  t o  use  as p r e d i c t o r  : / a r i a b l e s  i n  ~ h e  r e g r e s s i o n  ? q u a <  i 9 n .  

Those  r e s l i l t s  w i l l  be d i s c a s s e d  i n  more d e t a i l  i n  t h e  f i r s t  ant! s e c o n d  

s i i b s e c t i o n s  o f  S e c t i o n s  3 .2  and 3.4, r i a r i c u s  s : a : i s t i c a l  t e s t s  z i l ?  

measures we re  used  t o  a i d  j n  t h e  c h o i c e  o f  t h e  b e s t  f i t t i n g  n o d e l .  

Soodness o f  f i t  measures,  t 3  be d i s c u s s e d  i n  t h e  n e x t  s u b s e c t i o n ,  a 1  o n g  

u i t h  a  s t a t i s t i c a l  t e s t  o f  s i g n i f i c a n c e ,  were p r i m a r i l y  used  t o  a s s e s s  

t h e  " s i g n i f i c a n c e "  o f  a  p a r t i c t i l a r  v a r i a b l e  i n  t h e  p r e d i c t i o n  e q u a t i o n .  

The t e s t  o f  s i g n i f i c a n c e  used  was a  L i k e l i h o o d  R a t i o  S t a t i s t i c  14  

( L ? S ) ,  t h a t  i s  ~ 2 n e r a l  l y  cseo  t o  t e s t  a  nu1 1  h y 9 o t t l e s i s  t h a t  s p e c i f i e s  

f e w e r  p a r a m e t e r s  t h e n  t h e  a 1  t e r n a t i  v e .  F o r  e x a m p l e  c o n s i d e r  t h e  

f o l l o w i n g  h y p o t h e s i s :  

HO: Pi = F ( a )  

HI: Pi = F i g  - 3 x  - e x  '1 -1 1 - 2 2 '  

The n u l l  i i y s o t h e s i s  s x a t e s  t h a t   he g r o b a b i l  i t y  o f  : a t e g o r y  C i s  

: n a e ? e n d e n ~  of and  X I n  g e n e r a l  t h e  ' 2 s  i s  d e f i n e d  by  
I' 1 2 ' - A A A 

1 I 

$ 2 - 4 )  L R S  = - 2 [ i n  L ( D , ~ I ~ , )  - - I n  L(0,91~;,, - )l 

5nd  : n i s  s " ,a , i s~ ic  has an 3 s y m p t o t 1 c  c h i - s q u a r e  d i s t r i 3 l i t i o r ;  i i ' t h  k 

2egrees  2 f  f reedom,  where K i s  t n e  w m e r  o f  ;;arameters s t i n a ~ e d  l i n d s r  

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

d n d e r  t h e  n u l l  h y p o t h e s i s .  Thus,  t o  t e s t  :he h y p o t s e s i s  s t a x e d  a S o v 2 ,  

',he f a l 1 , nw ing  L i k e 1  i r l ood  9 a t i a  S t a t i s z i c  i s  used :  
A - 

1 7  LRS = - 2  [ i n  L(?J) - I n  t . ( ? , a , , 3 2 ; ,  
L 

1,vhich has a c h i - s q u a r e  d i  s t r i b u t i s n  14i'Lh 2  d i .  

1 4 Rao, C .  R .  (!965), L i n e a r  S t a t i s t i c a l  i n f e r z n c e  a n d  I t s  
A p p l i c ~ t i o n s ,  J o h n  W i  l e y  Sons, New York ,  pp 350-351.  



More ~ e n e r a l  ly t h i s  t e s t  can be ~ s e d  t o  t e s c  the  addit ional  e f f e c t  

of one variable o r  group of var iables  on a  model t h a t  may have s e v e r a l  

var iables  already in  i t .  This t e s t  becomes conditional o n  t he  variabl2s 

f ixed i n  t h e  model. That i s ,  new v a r i a b l e s  t h a t  a p p e a r  n o t  t o  be 

s i g n i f i c a n t  with one s e t  of var iables  ma:/ appear t o  be s i g n i f i c a n t  w i t h  

a  d i f f e r e n t  se t .  This s i t u a t i o n  i s  s i n i l a r  t o  regressian analys is .  

F inal ly  ziiis ~ 2 s :  s t l a t i s ~ i c ,  I ? S ,  was used t o  d e c i d s  w12:her :he 

Phase 1 data could be pool2d w i t h  t h e  P h a s e  L! d a t a .  I :  a s i r ; ; :  l a r  

context ,  sllbser,s were evaluated t o  s9e i f  cornbiniig daca a:/ c 2 l  l a p s i  rs 

scme of the  slibsets bias reasonable. Conbinins ?a:a ' s  on?!! r e a s o n a b l  s 

wnen the  ;noriel fi: o n  :he combined data does net, s i g n i f i c a n t l y  d i  i f e r  

frcm t h e  nodels f i t  on the  individual subsets .  To i l l u s t r z t e  the  use of 

t h e  LRS t o  aid i n  t h i s  decision t h e  probl?m of combining t h e  Phase ! and 

Phase 2 da ta  will  be looked a t  i n  more d e t a i l .  

The hypotheses involved in  t h i s  problem a r e  as follows: 

where 

L1(0 ,@) i s  the  l ike l ihood of the  Phase 1 data  under t ig,  

L ~ ( ? I , ~ )  i s  t h e  1 i k e l i  hood of the Phase 2 da ta  under i iO ,  

L ,  (01 ,@, ) i s  the  1 i k e l i  hood of the  Phase : data  unaer . L 1 ' 
L2;d2,aZ) 1s the  l ike l inosd  of the  Phase 2 data  ur1c2r n, , 

i 

( a , 3 )  a r ?  tile 3ara1neters associated r i i r , i l  F and 
'0 ' ( a ,  ,;, ,3, '3,) a re  the  ?ara!ileters associ a:& ri irh ?, . 

L A - i  

-, 
, oe est imates s f  ( 3 , ; )  under : i e  q ~ 1 1  ny?otbes:s a re  o-:ai led -;I '1::ilg 

the  l ~ g i t  ?ode1 3n Ohas2 1  a n d  ? h a s $  2 d a t a .  T h e r ?  arf i  c n i y  -,big 

;ararneters estimated. These two paramet e r s  s q e c i  f y  c, he r e g r e s s  i o r  
- 1  q ~ ? : i r n  i i  t he  13git  codei f o r  t h e  combined data. I fie l s g i t  ~ o c e l  i s  

:nen concuted ssgzra:ely on t h e  "yase 1  data a n d  'he Dhase ? %:a :o s e t  
- - A  

she four estiinates (a ,  , a , ) ,  - 

The l ikel ihood r a t i o  s t a t i s ~ i e  t h a t  res'Ls tne  n u l l  hygothesis t h a t  

one model i s  s u f f i c i a r .  t o  describe boch the ?}lase 1 ana g h a s a  2 d a t a  

s e t s  i s  given by: 



LRS = - 2  [ i n  L , ($ ,@)  - 

which, f o r  t h e  example above with only one independent va r i ab l ? ,  has an 

asymptotic chi-square d i s t r i b u t i o n  wixh 2 d f .  F o r  ; i iode ls  w i t n  k 

inde7endent va r i ab l e s ,  t he  t e s t  would have k+l degrees of freedom. 

3 .1 .3  Goodness of F i t .  Tile Likelihood Xatio Statistic d e s c r i b e d  

in the  ?receding s u b s x t i c n  does not 5 2 1 1  how n ~ s h  t h e  " r e g r e s s i g n  

;nodel" adds co t h e  7 red ic t ive  a s p e c t  o f  t h e  p r o b l m .  I r l  o r d e r  t o  

?va lua te  how ::ell t h e  rodel ? r e d i c t s ,  i: seems reasona212 t o  c s l c u l a t e  

f o r  each obser \ ia t ion ,  using -,he es-,im?:ecl 139i t  rroc21, t h e  p r 3 ~ 2 3  j 1 i t y  

::i t he  event occurr ing.  The es t imate  o f  t h e  p r e d i  c z e d  p r o b a b i  1 i t y  

( p r e d i c t i n g  Category 0 )  was gi ven i n  Equation 3-2.  i f  t h i s  probabi 1 i t y  

i s  g r e a t e r  than one half  then t h e  rnodel ? r e d i c t s  Category 0 t o  o c c u r ,  

and i f  the  p robab i l i t y  i s  l e s s  than one-half ,  t he  ? r e d i c t i o n  would  be 

t h a t  Category 13 did  not occur. Since the  observed d a t a  t e l l s  i v t ~ i c h  

category occurred f o r  each observa t ion ,  cornpari ny t h e  obs2rved data  with 

t h e  p r e d i c t i n  from t h e  !nodel wi l l  give some idea abcu:  hc!i 'xe11 t h e  

inodel i s  p red ic t ing .  This can be quan t i f i ed  by lisiny a s  a  m e a s u r e  of 

goodness of f i t  t he  percentage of co r r ec t  pred ic t ions .  

I f  t he  simple binomial inodel i s  assumed with a  comn~on parameter f o r  

each observat ion,  only one p robab i l i t y  i s  estimated. This probabil i  t y  , 
i f  i t  were l e s s  than one-half ,  would lead one t o  t h e  p red ic t ion ,  f o r  a11 

of the  o b s e r v a t i o n s ,  t h a t  C a t e g o r y  0 ivould n o t  o c c u r .  I f  t h e  

n r o b a b i l i t y  was g r e a t e r  t h a n  o n e - h a l f ,  t h e  ; ; r e d i c t i o n  f o r  a l l  

observations \,./auld be t h a t  Cacesory 0 \would occlrr. One s i q l  2 m e a s u r e  
cf t h e  ; r ?a i c t i ! i e  ?oc/er o f  the ncdel w o ~ l d  b e  co l o c k  3 t  c h ?  $ e r c e n t  

c o r r x e l y  predictad ijsing t h e  ? r ed ic t ion  e q ~ a t i s r ;  3s c : ~ ; a r e d  ', 7 - ,he  

3ercent co r r ec t ly  9rediceed assuiriing t h e  r e g r e s s i o n  e q u a s i o n  ):/as a  

constant  f o r  a1 l cbservat ions.  

I: was found Enac the  overa l l  percentage o f  co r rec t  prodfct ions :;as 

not s ens i z ive  e - c ~ g i :  t o  d e t e c t  s r ; ;a l1  c n z n g e s  i n  t h e  9 r e d ' c t i ; i e  

c z ? a b i l i t i e s .  in  +he appl ica t ion  of t h i s  nethod i n  t h e  ana lys i s  of ' ICSS 

data t h e  9ercentage co r r ec t  i n  t h e  s e v z r e  i n j u r y  c a t e g o r y  was rnore 

i,iiportant znari t he  o v e r a l l  p e r c z n t a g e  o f  c o r r e c t  p r e d i c t i o n .  I n 
evaluat ing a i f f e r e n t  independent var iab l$s  f o r  i n c l ~ s i o n  i n  t he  yodel a  
s i g n i f i c a n t  i l l c r ease  i n  t h e  percentage o f  correc t  p r e d i c t i o n s  f o r  t h e  



severe category was used as  a c r i t e r i o n  f o r  i n c l ~ s i o n  of :he independznt 

va r i ab l e  in  t h e  model. 

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

~ ~ : ~ ~ c t ~ e t i c a l  contingency t a b l s  descr ibed by Figures  3 . 2  and 3 . 2 .  

Predicted Predicied 
Probability Probabil~ty 

6 $5 ) .5 
(Event Does Not Occur) (Event Occurs) 

a + b  c + d  1 N 

FIGURE 3.2 Contingency Table For Overall Goodness o f  f i t  

The overa l l  percenrage of co r r ec t  pred ic t ion  i s  given by 

( 3 - 5 )  ?ercent  Correct Predic t ion  ([Jveral I )  = ( a  - " I l i  d l !  , .  

Event Not 
Observed 

Event 
C bserved 

;where a ,  d ,  a n d  '7 a r e  defined i n  F i g r e  3 .2 .  The ;ercen.cage 2 i  c c r r 2 c :  
. . 

Frea:cr,lcns : i i t h i n  ca tegor ies  i s  .jiven by 

( 3 - 6 )  ?ercent  Correct 2redi czion ( C a t e ~ o r y  9) = (a: 7 S,  )/:I, a n d  
1 L 

Percsnt Correct ?red:c:ion (Category 1 )  = ( a 2  - i?)/:i7 - - 

a + c 

b + d  

a 

b 

w e r e  a, , a, ,  d l ,  d 2 ,  Y1 and '4 a r e  defined i n  Figure 3 . 3 .  
L L 2 

- 4  Thes2 measures a r e  a l l  basea on t h e  2 r ~ d i c t e d  or3sabi i i s i 2 s .  , n e s s  

4 

c 

1 

d 

; ~ r e d i c t e d  probabi l j c i e s  a r e  dirhotorilized based on ',he ma2nitude o f  t h e  

c rea ic red  probabi l i c y .  These predic t sd  ~ r o b a s i  l i i i e s  a r e  ? s t  i l n a t e s  a f  

t h e  :rue p r o b a b i l i t y  f o r  t h e  o b s e r l / a t i o n  and  h e n c 2  a r e  v a r i a s l e  



CATEGORY 0 CATEGORY I 

Predicted Predicted 
Probability Predicted Probability Predicted 

6 -5 Probability L_ .5 Probability 
(Event Does > .5 (Event Does > . 5  
Not Occur) (Event Occurs) Not Occur) (Event Occurs) 

F:';UE E!. C~ntt:ngency Table f s r  Soodnesj of i i 't 21 :arspories 

themsel\ies. Their v a r i a b i l i t y  nay oe large e n o u ~ h  t o  make u n c e r t a i n  

which category a predicted probabi l i ty  of . 4  or - 6  s h o u l d  f a l l  i n t o .  

Histograms of t he  predjcted p robab i l i r i e s  from a model f o r  each category 

were examii~ed t o  see what d i s t r i b u t i o n  these  e s t i n a t e d  2 r o b a b i  1 i t  i e s  

h a d .  This information was used to evaluate the  rnodel a ~ d  u s e d  i n  -;I;! 

analysis  of i l ispredict ions ( o u t l i e r s ) .  For reference,  Figure 3 .6  ;i ves 

a riyoother~cal di s t r i b u t i  crn f s r  the  pr3dictea values ,!::hi1 cat2gor i 3 s .  

Event Not 
Cbserved 

Event 
Observed 

- ,  I n  511e r lgure ,  Catecjory 0 i s  non-severe i n j u r ' a s  ?:I:! C a t e ~ o r y  1 i s  
, . s e v e r ?  i n ju r i e s .  The ??i t  ~ Z C G  dis t r 'bur ion  sfiob~s t h ?  4 ' u c 2  i ; rsd i  ct i  ons 

isr a l l  cases 2: no:1-sever? i n j u r i e s .  For  i n s t a n c e  .:n? c a s 2  has  2 

7redicted p r o b a b i l i t y  of  . 1  w h l  l e  e i ; h t  c a s e s  have  a 9 r e d i c t e a  

pr3baoil i ty of 1 . 0 .  For e ; ~ o s e  obs?rl~at icns i n  Category 1 i t  i s  expected 

a 2  

b 2  

: ? a t  t c e  predlctea o r o b a b i l ~ t y  ( ? r e d i : t ~ n s  C a t e ~ o r y  2 )  l,ioiild c e q d  - ,c 2 e  

sr;iall, 10 ~;rea:er ckan . 5 .  For :hose ;bs?r\,ati3ns 1 7  ; ? + f i q o r y  2 ,  r,ne - ~ 5  

pr2dicted probaSili??s (predic t ing  Catesol-y 0) \ i o u l i  a l ;  t e n d  :o 5e  

c l3se  t o  1. This i s  the  case shown I n  t he  f igure .  ; jots tha t  tile mods1 

woui 3 ~ni s ~ r e d i r t  some cases i I each category, the  a i  5ht non-severe cases 

with a j rea ic ted  ?robabi l i t y  of  l e s s  t h a n  .5 and the  nirle s e v e r e  c a s e s  

w i t h  :he predicted pr3babil i ty grea ter  t h a n  - 5 .  

a I 

b~ 
I 

N 1 

2 

d 2  

i 

Cl  

I 

N2 



SEVERE 

P R E D I C T E D  P R O B A B I L I T Y  
O f  ION-SEVERE I N J U l Y  

PRE9ICTEO P R D B R B f L l T l '  
OF I O N - S L Y E R E  I N J U R Y  

F I Y L Q E  2,'  i:/,-otie; 1;' - -  :tcr,lr:ns 3f i s - :  -, ,ts 
Predicted ? r o b a b i l i t i e s  

Those estimated predicted p r o b a b i l i t i e s  t h a t  d e v i a t e  f rom t h i s  

expected ?ar tern  could be c o n s i d e r e d  t o  be e x t r e m e  v a l u e s .  T h e s e  

extreme values ( o r  inispredictions) can be exarni ned t o  s e e  i f  t h e r e  i  s 

any ccmxon element. Upon iden t i f i ca t ion  of such a f a c t o r  a new 13riable 

csuld be added t o  the  ?ode1 t o  inprcve :he pred:c:ability gf :h? nodel. 

Confidsnce Ict2rvai s .  The yodel assumes t h a :  

I n  t h i s  icm-nulazicn ?(:;) - i s  t h e  grobaki l i ty  associated w!th t i i e  , ial i ie of 

X, whars :( i s  a k x 1 vector of 3bsarvations o n  2 inde?encenx v a r i a k l ; ~ ,  - - 
S' i s  2 1 x k vectcr of p a r a i n s s e r s  ( c o e = f i c i 2 n : s  3 f  ; ( ) ,  2 i s  - - : h e  
thr?shold parameter and E X P  reprzsents  the natural zxponential funct ien .  

Flaxi!nurn 1 i ke l  i hood estimates and t h e  es t ina ted  variances a n d  c3vari anczs 
- I of tkese estimates are  obtained f ron  t h e  c o m p u t e r  progi-am. I n e s e  

estimated variances a n d  covariances a re  used T O  ca lcu la te  the v a r i 3 n c e  

o f  the predicted ? r o b a b i l i t y ,  F ( X )  - associated w i t h  a v a l u e  of - X. The 



2s: iaate of ?(X) - i s  g i v e n  by s u b s t i t u r i : g  i n  E q u a t i o n  3 - 7  q a x i ~ u m  

l i k e l i h o o d  e s t i m a t e s  f o r  2 and 9, - 
A T a y l o r  s e r i e s  a p p r o x i m a t ~ o n 1 3  m e t h o d  c a n  b e  u s e d  t o  o b t a i  

a o p r o x i m a t i o n s  t o  t h e  e x p e c t e d  v a l u e  and v a r i 2 n c e  o f  t h e  e s t i q a t e s  g f  

r 5 s  p r o b a b i  1  i t i . 5  y n e r a t 2 d  by t h e  l o g i s t i c  mode l .  U s ; ~ g  ;h is  t e c h n i q u e  

:: can  be shcnn :hat 

- - ,  
(3-5)  L o \ X )  - = P(2) - 
:be estimates, J and 3, a r e  m a x i  rnurn 1 i k e l  i h o o d  a s 1 i : n a ; e s  a n a  a r e  - 
r . h e r e f o r e  c o n s i s ~ e n t .  Thus, b ( X )  i s  a l s o  a c o n s i s t s q t  e s t i - n z t e  c f  - 
i ( X ) .  - :he t h e o r e t i c a l  v a r i a n c e  o f  a p r e a l c t o d  ; r o b a b i l i t y  a t  X i s  z i v e n  - 
by 

where  2(X)  - i s  d e f i n e a  as  i n  E q u a t i o n  3-7.  The v a r i  ?rice o n  :he r i g h t  

halid s i d e  c~f E q u a t i o n  3-3 c a n  be  r e c v r i t t e n  a s  

( 3 -10 )  V a r  [fl - - Q ' X ]  - = V a r  0 + - X i V a r ( 9 ) X  - - - 2Cov (@,G i )X  - - 

where  'Jar  D and V a r  - 3 a r e  t h e  t h e o r e t i c a l  v a r i a n c e  a n d  c o v a r i a n c e  

m a t r i c e s  of and - 3 r e s p e c t i v e l y ,  and  Cov ( a , @ ' )  - i s  a  v e c t o r  o f  t r u e  

c o v a r i a n c e s  be tween t h e  t h e o r z t i c a l  t h r e s i i o l d  and t n e  c g e f i i  c i  e n t s  o f  

t h e  inde7e:dent v a r i a b : ? ~ .  

- . o  es:irna:e cl:is f a i r l y  c o m p ' l i c a t e ~  ?x;ressicr? for t h e  : i a  r i  s r ; c a  9 

'he 8iiaxiri;ur;: 1 r k z l i  h o c a  e s t i i ? a t ? s  f o r  ti12 ??r:!ne-ers t h a t  were c b - s  i n e s  

i ?  :he ;,;ode1 f i t t i n g  p r o c e d u r e   ill be ~ l s e d .  Ti:e r 2 s u l  t !  n s  ' i a r i  z n c o  

2 s t i ; n a t e  i s  g i v e n  by 

i t  i s  a c p r o p r i a t e  t o  n o t e  h e r e  - , i ia ' - ,  t h i s  v a r i a n c e  f o r - ; l u : a  

r e p r e s e r i r s  t h e  v a r i a n c e  o f  a  ;;lredi c t i  on ar- a  g i v e n  g o i  n t  X a n d  ~:i i t li 'i c - 

 endal all, M. G. and A. S t u a r ~ ,  The Advanced Theo ry  o f  S t a t i s i i c s  
ii95a), Volume 1, Chas G r i f f i n  Co. L t d .  pp 232-233. 



an a p p r o x i m a t e  c o n f i d e n c e  i n t e r v a l  c a n  be  f o r n e d  a r o u n d  t h e  p r e d i c t i o n  

a t  t h a t  - X .  C a l c u l a t i n g  t h e s e  c o n f i d e n c e  i n t e r v a l s  a t  many - X v a l u e s  i s  

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

i n t e r v a l s .  The  r e s u l t i n g  " c o n f i d e n c e  band "  u s i n g  t h i s  v a r i a n c ?  f o r n u  : a  

w i l l  n o t  b e  e q u i v a l e n t  c o  a  " s i m u l t a n e o u s  s e t  o f  c o n f i d e n c e  i n t e r v z l s . "  

These  d e r i v a t i o n s  assume t h e  ~ o s ' i  g e n e r a l  s i t u a t i o n  ;or t n e  1 2  ;i r, 

i i loae l  i n  t e r n s  o f  t h e  number and  t y "  e f  i n d e p e n d e n t  v a r i a ~ l e s  izhere a r e  

i n   he (noae l .  A t  :nis p o i n t  t h r e e  s ~ e c i a i  cases  w i l l  3e c o n s i d e r e a :  

3 \ ,, ;ne i n d e p e n 6 2 n t  v a r i a b i ?  t h a t  i s  con', inuous, 

2 ;  T1,io i ndependen t  v a r - i z b l e s  c h a t  a r e  c o n t i  nuous,  and 

3 )  Dumrny v a r i a b l e s  w i t h  c o n t i n u o u s  i n d s p e n d e n r  v a r i z b l 2 s .  

W i t h  o n l y  one  c o n t i n u o u s  v a r i a b l s  i n  t h e  r e g r e s s i o n  e q u a t i o n  :he 

e s t i m a t e d  v a r i a n c e  o f  a  p r e d i c z e d  p r o b a b i l i t y  a t  X i s  g i v e n  by  

U s i n g  t h i s  e s t i m a t e  o f  t h e  v a r i a n c e  t h e  a ? p r o x i ~ n a t e  95;; c o n ?  i d e n c e  
16 i n t e r v a l  f o r  t h e  t r u e  p r o b a b i l i t y  i s  g i v e n  b y  

1 6 r h i s  c o n f i d e n c e  i n t e r v a l  i s  based  on  a n  e s t i l r a t e d  v a r i  ?rice t h a t  
was o b t a i n e d  w i t h  an  a p p r o x i m a t i o n .  The  me thod  u s e d  t o  d e v o l  o c  t h i  s 
a p u r o x i a a t i o n  i n v o l v e d  e x p a n d i n g  t h e  f u n c t  i o n a l  f o r m  o f  the ;;lr;Sabi 1  i t y  
I , t h e  l c g i s t - c  f u n c t i o n ]  i n  a  T a y l o r  S e r i e s  ex7ans 'on .  3 n l y  :I.? l i n e a r  
z e r z  o f  t h e  e x p a n s i o n  was u s e d  t 3  a p p r o x i m a t ?  ;he q r o b a b i  l i T h i  s  
l i n e a r i z e d  v e r s i o n  o f  t h e  l o g i s r i c  f u n c t i o n  w a s  z s e d  T.3 b r b i e  a n  

- 1  a??i-ox;:-i~:ion t o  t h e  v a r i z n c e  cf :::e e r o h a b i  li zy. I n e r e  ;rl ccnd': i c n s  
+/hen r ; i l i s  i s  n o t  a  good a p p r o x i z a c i o n .  Gne s ? e c i i i c  c a s e  i s   hen t h e  
p r z b a b i l i c y  : s  ex t r eme ,  c l o s e  t o  0 o r  1. I n  t h i s  c a s e  t h e  a p p r 3 x i m a ~ i c n  
\ / i e l d s  a  l a r g e  e s t i i n a z e d  v a r i a n c e  and  t h e  c o n f i d e n c e  i n t 2 r v a l  s  y a y  
exceed  0 and  1. F o r  z x a m p l z s  see  F i g u r e s  3.13, 3 .19 ,  2 . 2 4 ,  3 . 3 5 ,  3 . 5 I ,  
3 . 3 2 ,  and 3 . 6 5 .  I t  s h o u l d  be n o t 2 d  t h a t  g r o b a b i l i r i s s  c 1 9 s 2  t o  O ~ r -  1 
i m p l y  a l ~ ~ o s :  a l l  o f  t h e  d a t z  i s  i n  one c a t e g o r y  o r  t h e  g i - h e r .  Tb; s  
o b s e r v a t i o n  a l o n e  mi;ht i n d i c a t ?  t h a t  t h e  m o d e l l i n g  o f  t h i s  d a r a  n a y  c e  
u n s t a b l e .  4 n  a l t e r n a t i v e  m e t h o d  w o u l d  b e  t o  c a l c u l a t e  a c a n f i d e n c ?  
i n t e r v a l  f o r  t h e  l o g a r i t h m  o f  t h e  odds r a t i o  w h i c h  i s  e x a c t l y  1  i n e a r  i n  
t h e  i n d e p e n d e n t  v a r i a b l e s .  T o  g e t  a  c o n f i d e n c e  i n t e r v a l  f o r  t h e  
~ r o b a b i l i t y  a t r a n s f o r m a t i o n  needs t o  be done. T h i s  method  c o n s t r a i n s  
any c o n f i d e n c e  i n t e r v a l  be tween  0 and  1 and  c a n  be  a s y m m e t r i c .  Nhen t h e  
p r o k b i  1  i t y  i s  n o t  e x t r e m e  t h e s s  m t h o d s  p r o v i d e  a p p r o x i ~ ~ a t e l y  :he s a m e  
c o n f i d e n c e  i n t  e r v a l  s . 



Since the re  i s  only one i;ldependent var iab le ,  a ( X )  and i t s  a ~ p r o x i  r a t e  - 
ccnfidence i nxarval can e a s i l y  be graphica l ly  displayed. 

When the re  a r e  t;vo i n d e p e n d e n t  c o n t i n u o u s  v a r i a b l e s  i n  ",he 

regression godel 1 3 t t  l n ~  j ( X l  , X 2 )  a n d  pl  3 t : i ng  t i e  a , ; r o x ; a a ' . e  
* 

ccnfic!ei?c~ in te rva l  3rotind t h e  7r2dicted 3robabi l i ty  a t  ( X ,  ,X ) 5ecor;ss 
1 2  

d f f f i c u l t  because of m e  three  simensional nature of <he prcbl  em.  "Jne 
' I  ~ e ~ h c d  t o  graphical ly  ragresent  ? ( A ,  ,;(,I and i t s  v 3 r i  a n c e  : s L C  lils? 

7 / \ contour ? l o t s  t o  gra:nically r 2 p r e s 2 ~  ( X ~ , A ~ )  and t h e  'irir r , X  A ? ,  1 '  
Although t h i s  type of representa t ion  of $ ( X  X ) and i t s  variance ;nay be 1' 2 
informative, i t  would be d i f f i c u l t  to  a s s o c i a t e  j ( X 1 , X 2 ) ,  f o r  r 

p a r t i c u l a r  value of X ,  and X 3 ,  a n d  i c s  e s t i na t ed  variance. 
L b 

An a l t e r n a t i v e  method reduces the  problem t o  t h e  two d i ~ e n s i o n a l  

s i t ua t ion .  Here the  graphical ' representa t ion  used i  n t h e  one continuous 

var iab le  case i s  a l s o  used b u t  n o w  a s e r i e s  o f  g r a ? h s  need  t 3  be 

oresented f o r  each model. I f  one of t h e  va r i ab l e s ,  X2, i  s  f i x e d  a t  a 

2 a r r i c u l a r  value then p ( X 1 , X 2 )  can be graphed as a fi inction of  X a l o n e  

and  i t s  variance ca l cu la t sd  by 

S, i s  t he  c s e f f i c i e n ~  3f ;(, i n  t he  ,lode1 ar id  - L & 

i s  tne cae f f i c i2n t  of :i i n  t h e  aodel .  
'2 2 
'Icw f o r  each v2lue 3f ,( an aporoxi nace conf:dence i st 2rval can be 2 ' 

Gsr-e(~. siriiilar -,o :he one described i I iqliation 3-13 and i q d i  c a t s d  o n  

:he ~ ~ a ? h  of ! ( X I  ,X2) as a funct ion $+ i.. - - 
The only problem thar, remains i s  t he  choice of  X,, t h a t  i s ,  t h e  

L 

number o f  di f f e r r n t  values of X 2  t h a r ,  a r e  t o  be cons ide red .  T h i s  c a q 

no t  be decided i~dependen t ly  of t h e  3 a r t i c u l a r  ;nodel ~ n d e r  s t u d y .  

Choices o f  X 2  wi l l  depend on how s ~ n s i t i v e  t h e  nodel i s  :o X,. I n  s a n e  - 
s i t uae ions ,  aliflough probably few, evaluat ion of $ ( X ,  , X i )  only a t  zone  

i 



"av2rage" value of "  ill be required. iflore 1 iitely than n o t ,  b e s i d e s  2 
a n  "average" value a t  X a v a l u e  of b o t h  e x t r e m e s  wi 1 1  be deemed 2 ' 
necessary . 

Dumny variablzs a r e  usually incorporated irito a inodel :o r s q r e s e n t  

a categorical  variabl2 o r  several categorical  vari abl2s. Ysual ly -! i l e r e  

ar2  (I-!) d i m y  va r i ab les ,  each var iabl?  z s s o c i a r , s d  iritil O R ?  i?f : r e  

l 2 ~ i c l s  of a c a t e ~ o r i c a l  varizble with 1 l e v e l s  t h a t  a r e  adceci t s  a 
- . -  

aodel.  These dl;mmy variab12s are  coded , i r  ~ h e  c a t e s o r y  c c c t i r s  f c r  
. , 

chat ind' i'ci;al a n d  a r e  zera o then, i se .  ,-, zyj ica i   ode? i n v = l l v ' n g  icrnzy 

~ ~ a r i a b l e s ,  Y1, Y and Y 3 ,  would be 2 ' 

where X i s  c o n t i a o u s ,  W1, W2, and !d3 represent  a ca tegor ica l  v a r i  a b l e  

(with 4 l e v e l s ) ,  2 n d  F i s  the  l o g i s t i c  d i s t r i b u t i o n .  T h e s e  dumqy 

var iables ,  in e f f e c t ,  subt rac t  the  constan; kI1 i f  C a t e ~ o r y  1 sccurs ,  the  

constant Q 7  i f  Category 2 occurs,  and S3  :f careqory  3 occu r s .  7 .  , ~ ; s  . - 
model can be rewrit ten as three  d i f f e r e n t  models given t h a t  a p a r t i c u l a r  

c a t  ego ry occu rs : 

B ( X 1 , Y 1 , ~ 2 y ~ 3 )  = F ( ~ - B ~ - B ~ X )  i f  Category 1 occurs,  

P ( X l  ,Wl ,!$ ,"3i = F(B-Q,-B4X) L. i f  Category ? occurs,  

and dK1 ,xl Y "  ,y3)  = F ( ~ - B ~ - Q ~ X )  i f  Category 3 occgrs. 

These  e s c i m a t 2 d  p r o b a b i l i t i e s ,  f o r  each  c a t e g a r y ,  c a n  be 
- ,  craphical iy repr?sented d i ~ h  rhe approximate conf icence I x e r v a l  s .  s - 

iar iance esci.iia'-,? i s  l iven by Equation 3-11 h e r e  2 :s  re51 a c e c  2:  :.? - - 
?st if laze ( 2 - S i )  f c r  each Ca~ecory  i .  

I 

Models involving cumy lizriables 2nd 3ne ccntiriucus vari a b ;  2 ,i- ; i 

involve two graphical representat ions in,r ?ach dumrly v a r i a b l ?  ' 7  t i l e  

x d e l .  I f  ther2 are  tldo cclntinuous var:ables, f z r  ~ d c h  of thes?  t;raJr s 

l q r e e  J r  ~ o s s i ~ l y  more graclhical r e p r e s e ~ t a t  ions w i  i 1 be r e q ~ i  red. 

!ii th models involving t h r e e  or  more continuous v a r i a b l ? ~ ,  graphical 
. r ea resen ta t ion  becomes i i f e a s i b l e  because of the number o f  d i f f e r e n e  

~ o s s i  bi 1 i t i e s  one mi ghc have t o  consider.  The cjeneral variance ior-iiu 1 a 
i s  9iven by Cquaticn 3-11 acd f o r  any s p e c i f i c  p o i n t  t h e  e s t i n a z e d  



 roba ability a n d  i t s  e s t i m a t e d  v 3 r i a n c e  can 52 c a l c u l a t e d  and a n  

approxiinate 95% confidence i nterval forrned. 

3.1.5 Measurement Errors. The model spec i f i ca t ion  assumes  t h a t  

the nean of the  underlying continuous var iable ,  Y ,  in  the  l o g i t  model i s  

Q ' X .  The vector i( i s  assumed t o  be a vectgr of consrants,  t h a t  i s ,  2 i s  - - - 
not i t s e l f  random. For m c s i  of the  variabl2s i n  :ICSS t h i s  ? s s u m p t i ~ n  

- ,  zay be reasonable. inere i s  one n o t a b 1 2  e x c e p t i c n :  3 e ! t a  :' 2 n d  i t s  
7 1 l ~ n j i t u d i  ~ a i  a n d  laeeral ccmponents. I n i  s suSs?ci-,  i 3 n  i n v e s t :  g a t e s  

analy t ica l ly  the  ef fec t  of :he coe f f i c i ? r? t j  irl t b e  l ~ g i r ,  ;node1 !tihen t h e  

independent variabl2 i s  subject t o  e r ro r .  This ana?:dsis i s  r e ?  : : = d  r c  
1 ? ilork i n  progress by Siai t h  . 

I n  the context of the model described i n  Section 3.1.1 suppose t h a t  

vinere * 
e has a d i s t r ibu t ion  function F witn variance c i  1 ,  

X and Xo a re  independent variables observed without e r r o r ,  and - 
@,QO a re  unknown parameters. - 

Then as before 

D = 0 i f  Y i s  l e s s  than V 

2 = 1 i f  Y i s  grea ter  than 

so t h a t  

,inere i i s  a d i s t r ibu t ion  =unction , r i t n  17ean 3 ana  v a r i a n c e  ;. Tile 

? robah i l i t i e s  i n  Equation 2-16 were uszd i n  the  Sinornial l ikelihood a n d  
/ -  n ' 8 - ?  ,?axinurn l ikel ihood estimates were ~ b t a i n e d  f o r  \ e , = , j  a n c  t - - 5 = a act - - 

f ? n  = a,. 
J d 

Now suppose tha: ir, i s  reasonabls t o  assume tha t  t n e  r,ieasurein?nt 

e r r o r  i n  X 3  i s  such t h a t  i t  only adds v a r i a b i l i t y  z s  the  t r ~ e  v a l ~ e  o f  

X 3 .  That i s ,  the  xeasurement ?recess d o e s  not  by n a t u r e  p r o d u c e  a 

1 7 Smith, :avid l., Personal Communication, ,Acril !!?80. 



* 
9i:sed ineasuremenr f o r  Kg. with raeasurenent  e r r a r ,  i g j i ;  b e  t h e  

observed value f o r  X o  where 
* 

(3 -17 )  X = " + f 
" 0 

:i i s  t he  ":rue i/alue 3f the independt.nt var iab le  and 
3 7 

- .  
- h i :  neaslireren-, e r r o r  nod51 j s s m e s  t i l z - ,  7 : s  i n d e p e n d ? ? ;  ;? 5 ,  t h e  

, >, 
e r r o r  in  'i. '!sing t h i s  mods1 f o r  t h e  -;;easlire~zent e r r c r  : 1 !.ie c a n  

~ = , , y r j ~ e  Equz;j;n 5-15 a s  

X 

~ i h e r e  e  = e  - 6,f i s  a  random var iab le  with man  O a n d  v a r i a n c e  c 2  = 
2 2 d 

(9,s 1 .  In est imating the  o r o b a b i l i t y  o f  C a t e s o r y  O w i t h  t h e  
lJ * 

observed X , r a t h e r  than ti le t r u e  Xg, as  a  va r i ab l e ,  we have 

2 2 1 

wherr t i s  ( Q O s  t 1)'. 

Nhen t h e  p r o b a c i l i t i e s  gi,{en by E q u a t i o n  3 - 1 9  a r e  u s ? d  i n  t i i e  

bincmi31 l ike l ihood t o  def ine  t h e  l 'kelihooci,  t h e  9x;ectea valse  s f  ; h e  

? s r i ~ a i ? s  t h a t  a r ?  obr2ined ? r e  s iven by 

E - 9 = - 3(a:sc t ;)-', and 

Frorn tnes?  equat ions i t  c a n  be s e e n  tha i l  t h e  maxinuin 1 i k e l i h o c c i  

zst imates  f o r  a  l o g i t  model iihere t h e r e  i s  measiirernent e r r o r  ( a ranoom 
e r r o r  aodel )  wi l l  ae biased. The est imates  wi l l  oe unbiased only i f  :he 
>variance spec i f ied  by t h e  ,nodel for  masurement e r r o r  i s  C ,  tha: i s  ;/hen 



2 2 no  g e a s u r e n e n t  e r r o r  i s  p r e s e n t .  S i n c ?  Q a n d  s  v i '1  1  al#:,a;/s b e  9 
p o s i t i v e  t i l e  e f f e c t  o f  t h i s  t y p e  o f  m e a s u r e m e n t  e r r o r  i s  t o  

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

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

e r r o r .  

3.1 .6  S a m p l i n g  Prob lems.  I n  t h e  d e v e l o p r e n t  o f  - n e c h a n i s t i c  i ; l o d s l s  

i d s a l l y  i t  i i o u l d  be bes; t c  do : c o n t r o l i 2 d  ? x : e r i : ~ e n t .  i j s i s  la,I*j ' -y;;? 

sf  desi.;n ',he a t z e r x s  iici;l j 5 2  ;nade  t o  ~ 2 :  3 5 s e r ( / z : ' j f i j  2 i n ?  

cc;;;?ler;e range  o f  i n d e ; e n d a n c  v a r i  a b l s s .  S a : n p l 2  S ~ Z ~ S  C O U I S  5 2  

e o n r , r ~ ? l e d  t o  s b t a i n  near]; ?qua1 sample  s i z e s  ; i i s i i i n  a i l  o f  t h g  c e l  i s  

d e f i l e d  by  t h e  i ndepe r~den t  ' i a r i  a ~ l e s  o f  i n'~er2s';. 

The d a t a  o b t a i n e d  by  : U S  w e r e   no^ s q u a l l y  b a l a n c e d  o v e r  k e y  

i $dependent  v a r i  a b l e s .  Even r h o u g h  se \ i? re  a c c i a e n t s  were o v e r s  amp l sd , 
many more a c c i d e n t s  w i t h  1  ow c r a s h  s ~ v e r i  t y  a r e  i n c l u d e d  t h a n  a c c i d e n t s  

l t ~ i t n  h i g h  c r a s h  severi:,;~. The d i s t r i b u t i o n  o f  o c c ~ p a n t s  b y  a g e  w a s  

r e p r s e n t a t i v e  o f  t h e  c t r i v i i l g  ; ; opu la t i on  and o l d e r  o c c ~ p a n t s  a p p e a r e d  

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

I t  Nas n o t  known how s e n s i t i v e  t h e  model  would be  t o  d a t a  t h a t  !iJas 

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

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

a n a l y s i s  o f  t h e  s i d e  i n p a c t s  i n  t i l e  Phase 1 da ta .  (4 inodel Y a s  c h o s e n  

\.i;:i-1 t w o  c o n t i n u o u s  ~ ~ a r i a b l ? ~ ,  t h e  c e a s u r e  o f  c r a s h  s s i i e r i  t y ,  z c ; - , a  '1 
- 

2:d 3 c c u p a n t s '  ,Age.  lie s i d e  i m p a c t s  t i e r e  t h e n  c a t e g c r i z e c  oy 2e!:a :' 
-, 

3 r d  9ccupanr ;s '  Ai;e a r , i  e q u a l  same??s we re  drawn f ro rn  2 a c h  c a c q o r y .  y e  
7 x a e l  yqas :hen e s t i ~ a ' , e n ,  j ~ s i n s  t k c  ' l r i e ~ / ' ~  s a i n p l  e  o f  g a y ? .  : q e  ; : 3 c i ?  

3ased r?r, a l l  s i d e  j:i-;zr:s 2nd t n e  " n e : ~ "  b a l a n c ? d  s;:-:I? , ; ; 3 d 2 ?  3i : 113: 

"; 
,, i ,,r subs ' ;~c t ia l1 ; / .  The s p e c i f i c  a n a l y s i s  ! s  d e s c r i e d  i n S s c t  i z c  

3.2 .3 .  



3.2 Preliminary Analytical Results f o r  Phase 1 Cata - Side Impacrs 

This sect ion presents  prel imi qary work t o  d e v e l  o p  mecnani  s t  i  c  

zodels f o r  s i d e  impacts. The analys is  r e p o r t e d  i n t h i  s  s e c t  i o n  bias 
ca r r i ed  out on a preliminary version of the  data from t h e  f i r s t  f i f t e e n  

gontns of ; ICSS (Jaliuary 1 9 7 7  tnrcugh !*larch 1973). 

The de;;?.ndent va r i ab l s  used in  t h i s  analys is  i s  an ?iCSA-fl~licr3:ec 3 b J  

% I  rt n ? T \/a t i  ablz ca l l  ed 1 4 ~ : i b r t l  S?. 3asical  ly , :iEii:3;11S3 i s  t:.io-l2vel ca tesc r :  c z  1 
1 '7 

yariable that has :he v?:ue 9 i f  the  3 ~ 1 ~ ' ~  i s  3 -2 ,  a n d  ; s  1 i f  t h e  3,415 
I - i s  3  o r  grez ter .  2 the r  'njury infor:a',j$n : 7  t h 2  f i l e  i s  z s ? d  33/ , h e  

l l  r ,,SA algori thn; ,  where pcss ib l? ,  t o  ;?r;era:e a value f o r  ; I E \ i O t 4 1 S 2  ,;ii.len 

3 A I S  i s  missing. As a  r e s u l t ,  NE1idOAIS3 has l e s s  missing data :ban SAIS. 

Tnroughout t h i s  ? resenta t  ion ,  i  n J ~ r i 2 s  coced FIE\ . iCAIS3=0 ( O A T S = O - 2 )  u i 1 l 

be refer red  t o  as "non-severe, " a n d  i  n jur ies  coded YEb!OAIS3=1  (3AIS=3? j 

as "severe. "I9 The goal of t h i s  analys is  i s  t o  predict  the  probabi 1 i  t y  
- 3  of a non-severe injury as a  function of various rel?vant  var iables .  ! ne 

~ r 2 b a b i l i t y  of a severe injury i s  simply one ninus the ;jrcbabilii ,y 9" a n  

non-severe i  njury. 

The i n i t i a l  modelling e f f o r t s  were c a r r i e d  o u t  s e p a r a t e l y  f o r  

s2veral subsets  of the  s i d e  impacted vehicles. The s e l e c t i o n  of  t h e s e  

subsets  i s  described in  the  f i r s t  subsection. Examination of c a n d i d a t e  

independent var iables  i s  covered i n  the  second subsec t ion .  N o d e l l i n g  

r e s u l t s  a n d  model evalilation a re  p r e s e n t e d  i n t h e  t h i  rd  and f a u r t h  

siibsections, while t h e  l a s t  s u b s e c ~ i c n  describes t!ie i i  n a l  1 0 6 2 :  s f o r  

the  ?hase 1 data. 

3 . 2 . 1  Je f in i  n: Subsecs. - h i  5 analys is  inciiided an?:/ g c c s ~ a n t  s s f  

c3se \ /e! i icl ts  (towed d u e  t; c r a s h  dai;ia;e) i nvol ,:ed i q ',!,ic;-iieiii c l  2 

c o l l i s i o n s .  The subset t i r ls  of  his group i s  7 r i n a r i  l y  b a s e d  on t h e  

A r e f e r s  t o  the  overal l  abbreviated injury jccre as defined i n  
The Abbre\/izted Injury Scale ,  (1276 Revi s i c n )  ,J,r;;2rican Associ a t  i :n -Tb2r  
,Autonotive :leai ci ne, j,;icr-,on Grove, I 1  1 i nois. 

15 For t k e  a1 ;orir,hrn ~ s e d  i 1 crea t ing  N E ' d 9 A I S 3  see  Apoendix ,A. 



20 Collision Deformation Class i f i ca t ion  variable.  The t h i r d  charac ter  of 

t h i s  variable describes the  General Area of ?amage ( G A D ) .  A G A D  of L 

( i e f ~ ; )  o r  i; ( R i g h t )  was uszd t o  define a s ide  inpact. For GAD=Left o r  
Right, i n ju r i e s  t o  occupants in two-vehicle co l l i s ions  represent 71:; of  

the accidents while case vehicles account f o r  30% of the vehicles in t h e  

f i l s .  Subsets a t  various l 2 v t l s  of de ta i l  based ess2ntial :y on S?ec i f i c  

3rsrizgn;al Area (SH!) a n d  st??: ~ o s i t i c n ,  Liere examined :.ii ~h a v i  21,; :: 

o'srain;n; analy t ica l  cei 1s yvhich :.iere s l i f f ic ient ly  hoirseneou s  and y 21 

- L ccntain adequat? data 7 9  ~ l i e l i l  r2asonabls ncd2lli  ns r e s ~ l  t s .  i , i v ~ s  

2; jo  ~ s s e n t i a l  f o r  the  slrbsetting t o  y ie ld  a c c i x ~ o r i  r a ? ; ?  of t h e  :3; . ,  

-variables ~ n d e r  consideration s o  2 s  t o  perxis  a i x i a n i n g f u l  comparison o f  

the  inodel l i  ns resd l t s .  The f o l i o w ~ n g  subset t ing  was sel  x t z c :  

1. passenger-com7artnent d a n a ~ e  (SHL=D,?,Y,Z. a n d  occupants on the  
same s ide  as the  igpact ;  t o  be referred t o  as ::?zr 2C9  

2 .  Passenger-compartment damage a n d  occupants o n  the  gpposi te  s ide  
t o  the  impact; t o  be referred t o  as  Far P C G  

3. :lo passenger-compartment danase (SHL=F+B. a n d  ;cczpants on t h e  
same s ide  as the  impact; t o  be referred t o  as  Near NPCD 

4 .  !lo passenger-compartment damage and occupants on the  op p os i t e  
s ide  t o  the  impact; t o  be referred t o  as Far N P C D  

5 .  SHL=F,B,D,P,Y,Z and occupants o n  the  same s ide  as t h e  i m p a c t ;  
t o  be refer red  t o  as A 1 1  Near 

6 .  SHL=F,B,D,P,Y,Z a n d  occupants o n  t h e  o p p o s i t e  s i d e  t o  t h e  
i ~ p a c t ;  t o  be rer'2rred t o  as A 1 1  Far. Subsets 5 a n d  6 a r e  icade 
u p  of subsets 1 a n d  3 ,  a n d  s u b s e ~ s  2 3?d J r?saec:il/ely. 

11  ,- ;ccupantsU rgfers  sc dr ivers  a n d  ?assengsrs i n  ~ ~ t i  the  frorlt a i l , ~  

- i- r ' -  
. . $?  5 ~ c k  sea ts .  l a c ~ 2  3 . 1  shcws :he nunb2r  I;? 9ccilpa:cs f o r  each  

s u ~ s z t .  Also sncvin i s  the  sumoer of cases with vall:! ;el :?  'J and C 2 i  

Exzent  codes, a n d  the  number of severe a n d  non-s2vere i n j u r i ~ s .  

3 .3 .2  Exani nation of Inde?endent 'Jari a ~ l e s .  Some 3 i  the  2oteneial 

inde~sndenf variabl?s which \;rere i n i t i 3 l l y  investigafed 4;der?: 

1. Delta \I 

2 0 " ~ o l l i s i o n  Defamation Classif icat ion--SiE qecomnendel 2 r a c t i c d  
J223a, " SAE Handbook, 1980 Ed. (Warrenaal e ,  Pa. : Society of .4u t ono t i v e 
ingi neers, 138ilj, pp.  34.109-34.113. 



Number O f  Cases Val id 
For S p e c i f i c  Vari abl es 

Phase 1 Data - Side Impacts 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I ? / e a r  Far : ;ear  Far A L L  - 1  I 

-'L - 
1 2C2 P CD 'i?c; ' j  ? C3 ? I  :A,?\ - n -  - t.,K 

1 

T o t  a1 , 54: 6 15 3 5.1 3 LO 3 2 5 9 55 
I 

::on-Severe ; 37': 4 3 ! 279 2 2 2  0 19 - T I  

1 ,! 
I 

Severe I l L 9  5 5 1 ti 7 ! 56 6 2 
I 

3el:a '/ 1 423 421 232 223 653 5 44 
I 

CDC Extent I 641 6 16 3 54 3a0 995 956 .................................................................. 

2 .  Vert ica l  Location of Daizage ( C D C ) .  

3. Oamage D i s t r i b u t i o n  Type ( C D C ) .  

4. CDC Extent 

5 .  Vehicle Weight 

6. Object Contacted (C3C). 

7 .  Pr inc ipa l  g i r ? c t i o n  o f  Force (C3C). 

Con7arison cf t h e  s i x  subse t s  ever t h e s e  i ?cz : :enc ien t  v a r i  2 5 :  .=s 

r?vadls  t h e  f o l ' w ; n ; :  

Delta V .  The range of 3 e l t a  ' J ,  :he -;lean and ;he sf 2ndar3 
- G e \ i i ? t i ~ n  x i t h i n  t h e s ?  s i x  s i ~ b s ~ t s  a r e  shol~in i n  , ? J : :  3 . 2 .  ':<ht.; - ,qe 

e x m i  nat ion G i  3 e l t a  :J *:/as b a s d  en each cJ tegory  o f  S S L ,  nu c i  h i 2i1er 
values of average 3 e l t a  !1 w e r e  f o u n d  t o  b ?  a s s o c i a t e d  ;,.~i:h S ? L = C :  

( 3  i  s t r i  Su t ed) . 
Vert ica l  Location of Damage ( C D C ) .  i c r  t h e  s t ~ 3 s e ? s  

pi1 tri passeriger compar:rnent damage, 853: of t h e  cases 31-2 I ;i "2elqw Z ? a s ; "  

cai- ,qory and some 12% i n  " A l l "  c a t s g c r y .  F o r  t h e  s l i b s ? ~ ;  i i i t j 7  f i 3  



Delta '/ For The S i x  Subsets 

Phase 1 Data - Side Impacts 

1 Sample Size  
Range 

Delta V 
- - - - - - - - - - - - - - - T - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

11 rl 0 - -  - :iear PC3 i - i ;  3-c'3 A d . 4  I -  - 7 .3  
F;r 3C2 ' I *  

I - i ,  3 - 6 3  15.6 3. 6 
e a r  ? 1 2 2 2  2-42 9 .! . , . ,  7 a 

' 31n1 ?zr  ud 
1 

I 222 7-35  9.3 3 . 6  
I 

A i l ? l E . A ?  I 5 55 &-G; 1 3 . 4  7 . 7  '7 c- 

ALL FAA 1 5 44 2 - 0 3  A . 4 .  1 3  7 I d . 2  

p a s s e n g e r c o r p a r r , m e n t d a m a g e , a b o u t 9 9 % o f  c a s e s  a r e  i n  t h e  "Below 

Glass. " 

Damage Distr ibution Type (CZC). For  a 1  1 s i l s s 2 t s ,  t h e  

most frequent damage d i s t r ibu t ion  i s  "Wide", representing 90% o r  more o f  

the  cases. For t h e  s u b s e t s  w i t h  p a s s e n g e r  c o n p a r t n i e n t  damage,  

"Sideswipe" represents 6:; t o  7% o f  the  cases while f o r  the  no passenger  

compart~ent  damage subsets ,  "Corner" accounTs f o r  7';; of the cases. 

C3C Extent. For a1 1 subsets ,  the  d i  s t  r i  5u t i 3 n  of C D C  

extent codes ar? s i n i l a r  - CSC extsnt  codes 2 a n d  3  re:rosen.: 7 5 ; ;  f 3  I Z C 3  

~i tne cases. Usw?ver, when t h e  $xamiia',ian of CCC 2x:~ii: r i a S  bass., o r ,  

23ch c z t e ~ o r y  of ShL, tile d;stria;t , izn of C3C extent cn,cies f c r  S:'i=D :;as 

' c u l l  ;o be ror2 1,videly d i s t r i ~ u t a a  f r c r n  sne 2xtr2:ie 7 0  tile ric,ner t i l a r l  

3'1:er ca tegor jes ;  o n l j  5CZJ :a 66% of tke  cases :,ere dade of CZi e x c e n ;  

ccd3s 2  and 3 .  

'Iehicle !!eight. Fcr a 1 1  subsets ,  ' , ~ e  ? i s t r i s d t i o n  o;  
venicle :ieij.nts ar-s ssl-lilar w 1 I n  t ~ e  common ran;? ? e i , i s  i3CO ;c i ;nds t,: 

:C33 pounds. 

Clbject Contacted ( C C C ) .  Fcr a 1  1 subsets ,  t he  nos: ccmnor~ 

aoject contacted are another passenger c a r  ( c v e r  $ 2 . : )  , t ruck ( 1  I;;), 
t r a c t o r - t r a i l  e r  ( 2 % )  and t r a i n  ( i . 7 ; ) .  



Direc t ion  of Pr inc i?a l  Force. 3 e c a u s e  o f  t h e  a n s u l a r  

ve loc i ty  assoc ia ted  with the s i d e  c o l l i s i o n ,  a  new variabTe baszd or1 CDC 

d i r e c t i o n  was c r e a t e d  t o  be u s e d  i n  c o n j u n c t i o n  w i t h  S e l t a  V i n  

expla in ing  t h e  occurrence of i n ju ry .  This  new va r i ab l e  i s  e s s e n ~ i a l l y  a  
( r n r  qeasure cf $, t h z  ang:? between t h e  ? r i r ;c ipa l  J i r e c t i o n  of  f o r c e  , L U L .  

D i r e c t i c n )  and t h e  l i n e s  ? a r a l l e l  t c  :ne l a t e r a l  a x i s  of a  vehic le .  TQe 

-asni:iiCe t h i s  an912 i j  one of :ne f a c t o r s  i . ; f ? ~ 2 n c i  ncjl :lie ::;,ni :;?E 
- .  of 'ne i n c u c ~ d  angular  \!el:cit;/. .;;: s new !!3 r i  a h ?  2 \;,as c r 2 3 s e t  i ' J  -' J 

- 1 c9 l l ac s ing  t h e  CSC 2 i r e c t i o n  v a r i a b ? ?  i n t ! ,  f i v e  1 2 ~ 2 1 s .  , n e s e  l ? : ; ? ? s  
? ,  , , ,$re cnarac:?rized 5y t i12 values of 3 (3 '72 3 r q l , ?  bet::een :he d i  r2c:l; GI? 

cf i??act 2nd t h e  l i n e s  ~ a r a l  l e l  t o  t h e  Ister-31 a x i s  c: 3 'leh i  c l  e )  2nc l  

t h e  l oca t ion  of iinpact (whether irnpact i s  in t h e  f r c n t  i l a l i  o r  t h e  r e a r  

half  of a  v e h i c l e ) .  The f i v e  l ?ve l s  were (1 o ' c l o c k  2 n d  I! o ' c l o c k ) ,  ( 2  

o 'c lock  and 12 o ' c l o c k ) ,  ( 3  o 'c loci< and 9 o ' c l o c k ) ,  (4 3 ' c l a c k  anb  S 
o ' c l o c k )  a ~ d  ( 5  o 'c lock  and 7 o ' c l o c k ) .  

3 .2 .3  ?+lcdel Estimation. The -;lodelling r - e c h n i  cjue ~ s e d  was :he 

logir,  r eg re s s ion ,  t h e  technical aspect  of wnich i s  d l s c ~ s s e d  i n  S x t i  o n  
3.1. l l n iva r i a t e  models a r e  d iscussed  i n  t h e  f i r s t  p o r t i o n  of  t h i s  

s ec t ion .  Next,  m u l t i v a r i a t e  models a r e  considered.  A f i n a l  s u b s e c t i o n  

descr ibes  t h e  r e s u l t  of  a  s u b s a m p l i n g  t o  a c h i s v e  a  , n o r e  u n i f o r - n  

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

eva lua t ion  and exaniriation of r e s idua l s  i s  l a r g e l y  reserved f 3 r  Sec'-,i 011 

3 . 2 . 1  which ic l lows.  

- 1  i ln 'var ia te  ?!ode1 s .  i ne  i n j r i ' a l  u ~ i  v z r i  2 : ~  :;:dzl 5 

a.l -,\,!>red - t h e  rc - l~c ions! i ia  of 3 e I L 2  '! ( t o t a l ) ,  C 2 C  Ex",::, ~ n ' :  

, ,  , . . .  ?::era1 compcnent of 3elxa i ; i - : h  i:,;:ry sever'::: ( a s  ; 7 2 1  ca t2c l  ;: 
'iEXGAIS3)o i t  bias an t i c ipa t ed  t n a t ,  f e r  t h e  s i d e  c o ?  1 i s i  o n s ,  : ; I ?  

Di rec t icn  of Force might be si:nificanr, i n  ex2la in ing  in jz i . ; /  s e \ : e r i t i e s ,  

es?ec ia l  ly  \:]hen used i n  c9njunc:ion with Cel t2 : I .  ;4c:l;all,/, i i i th in  : : ? e  
s i x  s l ;bsets  ? r ? \ / i ocs ly  de f ined ,  Delta '/ a n " c h e  3 i  r e c z i c n  o =  Fsrr .3  - & )  

shou13 t ake  i n t s  account t h e  e f f e c t s ,  i f  any, of r z t a t i c n  c f  ziie vel i ic?? 

on i n j u r y .  The subse t s ,  based on Spec ' f ic  ;?cr izontal  Lcca : i3n  ( S ; + L ) ,  
s j  t h e  l oca t ion  of i n p a c r ,  i n  t e r : i i s  o f  t h e  d i s t a n c e  f r o m  t i l e  

7 ,  v e h i c l e ' s  l a r e r a l  a x i s  t o  t h e  7oin t  of in;act.  I ne combina~ion  or' 3 e l  t a  
!I and 3 i  r e c t i c n  of Force represents  t h e  component of 3 e l  t a  'd t ha: ~ i a s  



para l l e l  t o  t he  ven ic le ' s  13tera l  axis  (Lateral  Zelta  ' J ) .  Ttie i n d ~ c e d  

angular velociry of the  impacted vehicle i s  a  function of both L a t e r a l  

Delta \J and the  locat ion of impact r e l a t i v e  t o  t h e  v e h i c l s ' s  c e n t r a l  
axi s. 

'he l a t e r a l  comjonenT of Delta '1 has a magnitude which 2quals 3 e l t a  

'I :( cose wilere 8 i s  the  anglz between the  d i r e c t i o n  s f  f 2 r c e  ;n:' t h e  
1 7  l i q e  ~ a r a l l e l  t o  t r i e  v?ilicl? s , a t s r a l  3xis. 

The model l i p s  2 :  injury sel,i?ri:y by Lateral 2el12 :' rzsul  i I 2 

5e:ter goodness o f  f j t  t h a n  chi.,: 2 f  in,j;lry s ~ 1 2 r i t y  by :zlta 'I. F;p :'7e 

- TI s ix  subsets ,  the  r2su l t s  a re  s'lolln ' f l  , a ~ l ?  3 .3 .  ~ n e s c .  r ? s ~ l t , s  c j ? a r i y  

iydica te  tha t  Lateral O e l ~ a  'I i s  a  Setzer  ? red ic to r  of iqjury t h a n  221ta 

T ,!;lo u n i v a r f a t e  m o d e l s ,  c n e  havinc;  L a t e r a l  2 e l t a  ' i  a s  t h e  

indepenaent variable and the o ther  havi n3 C U C  Extent as 3 e  i n d e p n d e n t  
variable xay be ccmpared. C C C  Extent p r e d i c t e d  i n j u r i e s  a s  ( { e l l  a s  

Lazeral Celta ' I .  l a t e r a l  Celta 'I and C3C E x t e n t  ? r e  e x ; e c t e a  t o  be 

highly co r re la t ed ;  ac tua l ly  in t h e  cause/e i fec t  context ,  C D C  Extent can  

Le thought of as the  " e f f e c t "  of 3 e l t a  'J j u s t  as injury i s  an  " e f f e c t "  

of Delta V .  The high cor re la t ion  between Oelta V ( a n d   heref fore Lateral 

Delta V )  a n d  CDC Extent should exclude one of them frorn t h e  ;node l .  

Lateral Delta V was considered t o  be vore the  "cause" cf injury than C3C 

Extent. T h e r e f o r e  L a t e r a l  ! e l t a  V was r 3 t a i n e d  a s  3ne  o f  t i l z  

ind2penaent va ri ables. 

S ther  ,n iva r i a t e  voaels ,  each bii t h  i njury-severi ty 2s 're depenc21: 

/z r ia t ; le  ~ L L ,  :/I L h  a dirferei i t  inde;;end?nt var1?j3:2, I:/ere tss: a c .  S li c ?  

I r \Iehicle v a r i ? b l e s :  Vehicle !ie;;ht - ( I  t 

1 o ~ a l  Vehicle :iei snt 
Cbject Contacted 
Rural /YrSan 

Clccusant 'Jari aclas : A52 
iiei g h t  
Q c c ~ ? a n r  ,dei ;nc 
Sex 

The t inivariate moi:zls w i t h  each of  t h e  a S o v e - ~ e n t i 3 n s d  a s  r h e  

individual variables d i d  n o t  y i e l d  inean ins f l t l  e s t i c n a t , e d  ; ; l o d ~ l s  o f  





reasonable goodness-of-fit measures. iiowe\~er, they wer? 1 i k e l y  t o  be 

more s ign i f i can t  in explaining injury severi ty in the  presence of g e l  t a  

'J . 
Vertical Location of Damage ( C D C )  and Damage D i s t r i b u t i o n  Type 

(CDC) were not tested i n  the  model l ing because the  d a t a  ;vas found t o  be 

h i lh ly  concentrated in only one  g r  somet imes  t w o  ! ? v e l s  of t h c s s  

vari abl3s. 

Flu1 t i v a r i a t e  >iodels. The a i  scgssion 5 2  f a r  nas c o i  q t  2c! 

t o  a ; i o ~ e l  :vhich has Latsral 3el:a \/ a s  a zrimary 11cep2ndeql: l / a r i a b l e  

while other vehicle and/or occuqant v i r iabi  2s can  b s  added 1 r;:o t h e  

node1 t o  improve i t s  predict ive capabi l i ty .  

When the  nodel incorporates more than one independent var iabl? ,  the  
signif icance of the  addi t i  onal i nd2pendent vari abl? nay be determi ned as 

fol lows: 

1. A s t a t i s t i c a l  t e s t ,  basea on a Likelihood Zacio S t a t i s t i c  (LRS) 
which has a chi-square a i s r ~ r i b u t i o n ,  tes ' ls the e f f e c t  of t h a t  
variable in the  model. 

2 .  The goodness of f i t  of the  new model nay be compared t o  t ha t  of 
the  exis t ing  model. The goodness of f i t  gives the  p e r c e n t a g e  
of cases correc t ly  predicted by t h e  model f o r  bo th  t h e  1 ow- 
sever i ty  in ju r i e s  and t h e  high-severi t y  in ju r i e s .  

The candidates f o r  independent variables a re  cjiven i n T a b 1  e 3 . 4 .  

l a e a l l y ,  f o r  a n  additional variable t o  be considered s ign i f i can t  i n  t n e  

mcdel , both c r i t e r i a  should be ze t .  iiowever, the  f i r s t  c r i  t e r i  on can 

only be :et, i f  the t:vo data s e t s  which were being c m p a r e a  a r e  o f  t h e  

same siz2.  This requirement i s  not necessary f o r  the  second c r i ~ s r i  311. 

,4180, i t  i s  n o t  uncom.non f o r  a n  a d d i t i o n a l  v a r i a b l e  t o  si::.i 3 

s ign i f i can t  LRS without improving rhe  model ' s  7redi c t ive  ca?abi 1 i ~ y  a t  

a l i .  hence f o r  any variables t o  be included i n  the  nodel, inprovemen",  

i n  :he Gooafless of f i t  of the  model by such v ~ r i a b l s s  i s  necesisry,  n o t  

 st a s ign i f i can t  value f o r  the  LRS. 



TABLE 3.4 

Candidates For Independent Vari ables 

Delta V 
Lateral 3e l t a  i/ 
5'3C Extent 
'deni c l e  lieight 

. . , 3 "ienj c l e  :lei - 3c-;??n; : j e : p : l -  y 4 ,  * ,l?r;o ' ,re- 
' 2 b J 3 ~ :  contactzb 
? ~ r a l  /;rhan 
,Age 
n jccupant r i? i ;n t  
kcupan t  :/el ~ n :  
Sex 
Intrusion Locat;gn 
Eject ion 
Restraint  dsage 
Injury T y ~ e  
3ody Regi on 
Cgnt act Poi n t  

The independent variabl2s , which were found t o  be s i sn i  f i c a n t  a t  

t h i s  s tage  :,ere Lateral 3e l t a  V a n d  Age. The estiinated models f o r  t h e  

s ix  subs2ts are as follows: 



I Estimated !lode1 s with Lateral Celza V a n d  Age 

Near P C D  (N=325, LRS=77.47, DF=2) 

1 Far PC9 ( : :=2?3,  L?S=34.22, SF=?) 

I Far YPCD (N=133, LRS=4.73, 9F=2) 

A1 l Year (?4=515, LRS=117.07, DF=2j 

A 1  1 Far (i'!=3!5, LRS=107.13, DF=2) 

1 (3-25) Pi = F(3.6480 - 0.1246X, - - 0.0100X2) 
I 
I where 

I jji i s  the  estimated probabi l i ty  of a non-sev2re jnjury,  I 

I F i s  the  l o g i s t i c  function,  I 
I 
I X1 i s  Lateral Celts 'd ,  

1 X i s  Age, a n d  2 
LRS i s  t n e  L1kelicood % a i g  S t z r i s t i c .  

TI 
, ne ;006;12ss 3 f  fi: f o r  tiles? 5 i ; ~ a r i z t e  ;ncclels i s  she'tin f o r  2aci: s i l s s - -  C, 

i n  Table 3 .5 .  ;,ih:?e the  overal l  percen1 ro r rec t  ,:rxlic';ion i s  f 2 i  TI;/ 

q o d ,  the  perce!:: c9rrec; ; r2dict ion f;r ~ l ~ e  s e v 2 r e  ' n j ~ r i  e s  i S ,  a t  
"3 '" b e s t ,  no t  ~ u i t e  3Cr; f o r  t h ?  ,Far PC2 srsup a n d  i s  ruch worse f,2r the  , ,  LL, 

{non-?assengsr con?ar'.r;e:r danase) grouas. The h istogrzms i:i 2 i  f'r t , e  
- .  s i x  silcsets a re  shown i n  F i g u r e s  3 . 5  ilhrouj;h 3 . 1 3 .  Each r ; ; , r e ,  

recresenting 3 rnodel f o r  each subset ,  c o ~ s i s t s  of a pa i r  of h is togra ins ,  

o n 2  f o r  the  non-severe cases ( o r  cases an ich  had tile CAIS codes of Z - 2 )  

a n d  t h e  other  f o r  the  severe caszs (cases wh ich  h?",te CA:S  c g d e s  o f  

3 - 6 ) .  80th histograrils have  t h e  same a x e s ,  orle r e p r e s e n t i n g  t h e  



a n d  tne  o ther  the  number o f  cases w j t h  the par t ic i l la r  6; values. I n  a l l  

s ~ b s e t s ,  while tile histograms l o o k  qu i t e  reasonable f o r  the  n o n - s e v e r ?  
- - , ~ r i e s ,  the  h i s t o ~ r a m s  f o r  the  severe in;'uries c l e a r l y  re'l o c t  t 1 7  

._-' ..','\~e?;/ c ~ c ; ~  serc?n+ correcT :r22ic:ic;n sf : ? 2  s3ver-2 C ~ S ~ S .  

P R E D I C T E D  ~ R O B ~ B I L I T T  
OF MOM-SEVERE I N J U R I  

P R E D I  CTEO P R O l R B l L  I T Y  

OF M O M - S E V E R E  I N J U R Y  

F I G U R E  3 . 5  Histograms of ji o f  Two-Variable 
'v!cbe? (later21 3?:ta ' I ,  Age)  F 9 r  'iszr 123 

?hase 1 9ata - Side I ~ ~ a c t s  

.c Figure 3.1! sh 'ws ti.,s 1 2 ~ i s t i c  czrlies , o r  : h e  f ' x r  s,Ss?ts 2s 3 ;  ~t - 
Sy Eqaaticils 3-23 ~ h r s u g h  3 -23 .  Thes? cur 'des s;icl;r n z x  t n e  e s t  izat;.: 

orobabi l i ty  of 2 severe injury variliis w ' ~ h  Belta ' J  ialues w h i l e  A g e  ' s  
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P R E D I C T E O  PROIRBILITI P R E D I C T E D  ? R O B R e J L I T Y  
O f  MOM-$EVERE I U J U R T  OF MOM-%?YERE I N J U R Y  

F I G U R E  3 .7  Histograms of p .  o f  Two-\!ariabl? :<ode7 
(Latera l  Delta Y, ACJ&) For :lear lPCD 

Phase 1 3ata  - Side I rpac t s  

- F I G L R E  3.3 ii ist2grans of 3 ;  c i  , i . i ~ - ~ i a i - - ? o ' ?  
'iiodel ( ~ z t e r a ?  3e ica  ' / ,  Ate) For Far ' I ? C ~  

Phass 1 2ata  - Side I ~ o a c t s  

P .  

T - X E U  a t  39 ,  The di f fe rences  in t ~ e  estimated o robaS i l i t i 2 s  c S  s 2 v e r - 2  
. . , , , , ,ury n ,  for tne  f3u r  subse ts  ? r e  c l ? a r l j  shown. F o r  czn  i . n i  ?nc . ,  

r a b a z i l i - , y  ~f severe in jury  has been 2 1  3 t t e d .  T h e  p r o b a b i  1 i ~2 s f  

severe i9:ur)' i s  s inply 1 - p i ,  ;(/here ji i s  t i le  3 r o b a j i  1 j L y  o f  

s ~ v e r e  i n J ~ ' r y  , ~ o d e l l ? d  by Equations 3-23 throusn 3-23. T h e  f i g u r e  shcws 

t h a t  t he  occupants of the  ijear 2C3 subser, had higher  p r o c a  S i  l i t i a s  of  

i-oceiui ng sc\/eril i n j u r i s s  than ti loss of  Far P C D ,  Far 8 2 C D ,  or  J a r  y I 2 C 3 ,  

pzr t icu lar l ; /  xnen Lateral  Delta V values were l z s s  t n a n  3 5  g?h .  The 



P R E D I C T E D  ? R O l R B I L I ? Y  
OF N O N - S E V E R E  I N J U R Y  

P R E O I C l E D  ? R O 8 R B I L 1 7 Y  
OF N O H - S E V E R E  I N J U R Y  

FIGURE 3 .9  Sistograms c f  'j of  Tbio-'iariaol? 
nodel  (La t e r a l  S e l t a  V ,   be) f c r  ALL >{EAR 

Phase 1 Sa ta  - S i d e  Im;?cts  

P R E O I C T E O  P R O l A B l L l T Y  
OF N O H - S E V E R E  I N J U R Y  

r n E o I c T E D  ~ R P B R I J I L I T Y  
OF WON-¶EYER€ I N J U R Y  

'I,;;R[ 3.13 : + j s - c g r a ~ s  of :#. 3 f  Two-'/zr'?2la 
',:ode1 (!at-r~; J?1:2 ' i ,  , For F.; 

? h 2 5 2  1 3 a ~ a  - S i d ?  I I P ~ C T S  

o c c ~ p a n t s  of t h e  Far  ?C3 s ~ b s e t  i n  t ~ r n  had  h i  g h e r  ; r c b a  3 ;  1 i ': i  a s  s f  
s?l,/er-? i n j u r i e s  :hag t h o s e  c i  c h e  s u b s p t s  : . i i th  n a  d a . n a z s  : c  ::?? 

- -  - , # T  - 7  \ ,->serl;er co::;ar:x?:s ( i .~ . ,  : :ear ' l?CS and Far I , ~ L , ) .  ' c r  I 2 ; e r a i  

G e i t a  !i g r e a t e r  than 30 ngh, t h e  p r s b a b i l i t y  of a  severe  i n j ~ i r y  f c r  an 

occupailt of :he :{ear  2C2 or Far  ?Ci l  was c lo sg  t 3  u n i t y ;  f o r  an occupanr ,  

3 i  : jear  IIPC3 o r  Far  : iPCG t o  have tne prcbabi  1 i t y  o f  a  s e v - r e  i 'ljur;. 

~ 1 3 ~ 2  t o  one, La te ra l  3 e l t a  'J m s t  be g r e a t e r  than 43 qph. T h e  e f f e c t  

3f Age f o r  each s ~ b s e t  i s  sno~in i n  F i su r e s  3.12 th ro~sh  3.15.  Each  o f  



tiles? f igures has three curves representing Age 2 0 ,  4 0  a n d  69. The 

curves show f o r  these  ages bow t h e  prgbabil i ty of a sevzre injury varies 
with Lateral Delta ' J .  I n  e3ch subset ,  older  occu?an t s  have  a h i g h e r  

probabil i ty of severe injury a t  any given value of Lateral 9 e l t a  V .  The 

magnitude of t h i s  e f fec t  i s  comparabls f o r  a1 1 e x c e p t  t h e  i i e a r  N ? C 3  

group, which shows a subs tan t i a l ly  l a rge r  e f f e c ~ .  Figures 3 .15  t h r o u g h  
, , 3.1G show t h e  95:: conficienc? i n t ? r < / ? l s  f o r  ',he ?s:ixii-,?d jrobas; lit;! sf 

s e 1 / e r e  in,ry ( 1 - j i )  wh'ci: resd1:  f r ~ z  , v ? r i a : i c s  ci 

c x f f i c i e n t s  of the inde;endent variaoles a: a c e  3 3 .  Each of  t h e s e  

=; . . l u r e s ,  ?, I r e ? r e s ? n c i r ~  a inode1 of 3. p a r t i c u l ~ r  s u b s e ~ ,  ccns i s t s  GF :nr -?e 

curves. The top curve and the  bottom curve ' ndi ca te  ;he u?per bound a n d  

rhe lower bound 3f t h e  e s t i r r i a t e d  g r o b a b i  l i t y  of  a s e v e r e  i n j u r y  

res?ect ively while the  middlt c u r v e  i s  ~ i i e  1 ocus  of  t h e  e s t i : n a t e d  

p robab i l i t i e s .  .4 narrow band of the conf idence  1 imi ',s i r i i p ;  i e s  t h a t  
there  i s  a  good chance of reproducincj s imi la r  inodell i  n g  r e s u l t s  when 

analysing d i f fe ren t  s e t s  of data and theref3re  i s  a  desir-able p r o p e r t y  

of a  model. The confidence i n r e r 5 i a l  s  a r e  q u i t e  sn;zl 1 f o r  t h e  PC3 

(passenger com;sartrnent damage) subsets ,  b u t  a re  considerably larger  f o r  
the  CPCD (non-passenger compartment damage) subsets.  This i s  the  r e s u l t  

of the very small number of cases of the severe in ju r i e s  ( l e s s  t h a n  5 %  

of t o t a l  i n j u r i e s  and l e s s  than 10 cases )  in each o f  the  l a t t e r  subset:, 
which i n  turn may h a v ?  made the  models l e s s  credi table .  F inal ly ,  Figur? 

3.20 shows the  confidence i i ~ t e r v a l s  f o r  b o t h  t he  )/ear a n d  Far ?CD 2rougs 

on the  sarile graph. The confidence i n t e r > / a l s  f o r  bo th  s u b s e z s  do n o s  

ol/er??; exc?;i-, pihen Lateral 9 e l t a  \/ becoines qui te  large a t  w h  i ch ; o  i i t  

the  ;rgoabilit ,y of a sev(3re i nj l~ry  approaches on? .  Tiii s  i -:l i e s  'hz:  

the  -oc?;s f o r  '-,i?e '.lear PC2 s ~ b s e t  a n d  the  hr ?CS S J ~ S ? :  :.~er-z i 7 f a c t ,  

d i f f e ren t .  For Lateral 3eica ',/ (lalues of l e s s  tzan 33 np h ,  n e a r - s  i d e  

n,ccupanc,s 3.r2 expected 'io hat,/e higher ;roba5i l i  t i e s  of receivi nrj s e v e r e  
in jur 'zs  :nar f a r - s i d e  9 a s s e n s e r s  :./her: t h e r e  a r e  da:a;es t o  ' , h e  

Subsampling of Cells.  I t  was nored  t h a ;   here were  

cznsiderable discrepancies i i  t ' le YunDcr o f  c J s e s  f o r  2 a c n  l e v e l  3 f  

Lataral Se l t a  \i and f o r  each 1 2 ~ 2 1  of (Age. T h a t  i s  the  d i s t r ibu t ions  of 
iazera l  3e1ta 'l a n d  Age, o n  wnich the  moce1 f o r  each subset )tias b a s e d ,  

- 
\,,ere n c t  uniform. , o  determine i f  ',he derfiied r;iodel f o r  2ach subset was 
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2 3.11 !osi s t i c  Curves of T:.ic-l'ariab:? :10d21j 
(La tera l  Delta V ,  Age) For The Side-Inpact  Subsets 

Phase I Data - Side I ~ p a c t s  

a f f ec t ed  by t h e s e  aneven c e l l  s i z e s ,  subsampling o f  c e l  1 s on L a t e r a l  

Delta V was ca r r i ed  out p r i o r  t o  t h e  ac tua l  zodel l ing  t o  y i e l d  c e l l  s  o f  

apprcximately equal s i z e  f o r  e a c h  l e v e l  of  La r -e ra1  D e l t a  ?'. The 

czmparison of  t h e  i ln ivar ia t?  n o d e l s  h a v i n g  L a t e r a l  9 e l t , z  'V 3s  t h e  

iqdependenr, i a r i a b l e  with and 'dithout subsancr l in~  3f ' ,he ~ . l d e s e r i a ? r - t t  

: iar iables  for t h e  ?!ear ?CD szcs? t  i s  shzi.iil S e l w :  



I r l l I l  l l I I I , I ,  I , ,  , , , , , I  
1 7 13 19 2s 31 37 43 49 S5 6 1  
4 10 16 22 28 3rl Y O  16 5 2  5 1  

L R T E R R L  D E L T R  V 

A G E  20 

A G E  40 

R G E  60 

F I G U R E  3.12 The Age E f f e c x  o f  Two-Varia~la 
Models (Lateral  Delta V ,  Age) For :lear PC3 

Phase 1 D a t a  - Side Impacts 
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FIGURE 3.13 The A g e  f f f e c t  o f  Two-: 'arizSl? 
; lod2?s  ( L a t e r a l  D e l t a  V ,  Age) For F a r  ?CD 

Phase  I Data - S i d e  I ~ p a c t s  
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1  7 13 19 2s 31 37 113 U9 55 6 1  
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F I G G R E  3.14 Tile Age E f f e c t  o f  T w o - V a r i  a b l e  illode1 s 
(Lateral D e l t a  V ,  Age) F o r  N e a r  NPC3 

Phase 1 Data - S ide Izpacts 
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LRTERRL DELTA V 

FIGURE 3.15 The Age Effec t  o f  Two-'Variabl? 
14odels (Lateral D e l t a  V ,  Age)  F o r  F a r  r lPCD 

Phase 1 Da ta  - S i d e  I m p a c t s  
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F I G U R E  3.15 Conf idence  I n t e r v a l  o f  p i  o f  T w o - V a r i a b l e  
Model ( L a t e r a l  D e l t a  V ,  Age)  a t  Age 30 F o r  Dear P C D  

Phase  1 Data  - S i d e  Impacts 
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1 7 13 19 25 31  37 43 U9 55 61 
U 10 16 22 28  39 UO U6 52  5 8  

L R T E R R L  OELTR Y 

F I G U R E  3.17 Confidence i n t e r v a l  o f  c .  of Two-Variable 
r iode l  (La te ra l  De1-a V ,  Age) a t  Age130 For Far PCD 

Phase 1 Data - Side Inpacts  
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- 7  m ,  ;ludRE 3,!d C o n f i d e n c e  I n t 2 r v a l  a f  ;. of  T w o - ' i a r i a b l ?  ?lode1 
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Phase 1 D a t a  - S i d e  I m p a c t s  



1 7 13  19 25 31  37  '43 '49 55 6 1  
U 10 16 22 28 311 '40 46 52 5 8  

L R l E R R L  DELTA V 

F I G U R E  3.19 Confidence Interval of ji c i  Two-Variabl~ 
iliodel (Lateral Del ta  ' J ,  Age) a t  Age 30 For Far idPC3 

Phase 1 Oata  - Side Impacts 
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FIGURE 3.23 Confidence Interval  of p .  of Two-Vzriabl? Xodzl 
(Lateral Delta V ,  Age) a t  Age 30 FOS Xear P C D  a n d  F a r  P C D  

Phase 1 Data - S i d e  Inpacts 

TABLE 3.5 

Goodness of 

Sevcri ty  = i [ l a t e r a l  Delta \ / ,  At;,?) 

? h a s ?  1 Ds:? - S i d e  I;;zc:s 
- -- .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S a r n r ; l e S i ~ ?  , I 

i _ - - _ - - - - - - - - - - - _ -  I 3verall I 'lcn-Severe Severe 
Sucs2 t  I ' ion- I i 6 Ccrrect 1 fo Corrac: Correct 

I Sev?r? I Sever? I 
---,-----,-i,-,,----------------~------------------------ 

' ; ea rPC2 , 230 1 2 5  1 - I V c I 3 ;  i r I 3 6 
=ar  2C2 , 286 i 37 i 93 I 9 d 49 
'lear :i?C3 1 181 I 3 9 6 1 10C 1 11 

I 1 CO Far : I r " C C I  190 1 3 1 99 J 
1 I I I I 

I 

ALL NE,M 1 4:1 1 104 3 3 I 9 7 I - ,  7 7 

A L L F A R  1 a75 40 35 I 3 9 1 4 5  



i d i t h o u t  s u b s a n p l i n g  ( R a t i o  o f  s e v e r e  t o  ? o n - s e v e r e  = 5.41) 

Y i t h  s u b s a m p l i n g  ( R a x i o  o f  s e v e r e  t o  n o n - s e v e r e  = C.54) 

( 2 - 2 7 )  ji = F ( i . 715 -3 .1COI )  , LRS=S1.88, OF=!, I=13C 

h e  goodness o f  fi: c f  she  t:!o n o d e l s  i s  shown i i  T ? b ? ?  3 . 6 .  

- - .  
h o d n e s s  c: t 11 

of ; Iode?s \~ii t h  znd X i  thou: Subss!~,;l i n s  

Phase 1 2 a t a  - S i d e  i x p a c t s  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I Sample S i z e  I -; C o r r e c t  ? r e ~ :  c: i cn  

1 Non-Severe Seve re  1 9 v e r a l l  I l i on -Seve re  I S e v e r e  
- - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - -+- - - - - - - - -+- - - - - - - - - - - - * - - - - - - - -  

i q u a ~ i o n  ( 3 - 2 5 )  1 2 31  
I 

E q u a t i o n  ( 3 - 2 7 )  1 123 

?,late t h e  d i f f e r e n c e s  i n  samp le  s i z e s  and t h e  r a t i o s  o f  s e v e r e  t o  n o n -  

s e v e r e  i n j u r i e s  o f  b o t h  models .  The imp1 i c a t i o n  o f  t h e  subsamp 1  i ns o f  

t h e  i nde;endent v a r i a b l e s ,  based  on  t h e  abcve  ?xample ,  bras t h a t  ~ i - 1  i 1  e 

. , 

d i s t r ? i u t ' s n  o f  t h e  : : c e p e n c e n t  v a r i  a b i  2 ,  t h e  ; s r c e n - , z - ~  ,& c o r r 2 c :  
- rs,-; "' ' 

,II,,IO~ o f  s e v z r ?  i n J ~ r i 2 s  d i d  i7 i ; r3115 by 12:: ;;vr? tCi2  s . j b j ? y j l  j n; 

, , .  ;ias c : r r i ? d  3u: 32f;t-2 Z ~ E  cncdel s s t ; ~ : :  cn.  The  3 :  f = z r ? n c e  i n s - 3  2 

s ' z ?  (:!I o f  ',h2 'i;io n o c e l s ,  however ,  ;:akes i l :  d i f f i c i i i r :  t o  a s s e s ;  c ; i e  

r 2 a l  ~ e r j t s  c f  :he c e l l  s u b s . m p l i n g  ~ 2 q  xhe  ?ode1 e s t i ~ a f i o n .  

- ,  2 . 2 . 4  :1:odz1 E v a l u a t i o n .  I n e  n o d e l l ' n ~  results i l p  t 3  rick i n s ~ n , ~ t e c  
'I,. - a need f3r im;rovener?t i n  t h e  p r e d i c t i o n  o f  s s 1 / 2 r 2  i n j u r y  c a s e s .  , # J  I,? 

~ h a l i  t i l e  s e v e r e  i n j u r i e s  r ~ p r e s e r i t  a b o u t  14:; o f  t h 2  x o t a l  i ~ j ~ i r i ? ~ .  

T a b l e  3 .5  i n d i c a t e d  t h a t  a  model  1,vith o n l j -  L a i z r a l  gel',? \,' 3 c d  A s 3  a s  

t h e  i n d e ~ e n d e n r  v a r i a b l e s  was c a ? a b l s  o f  ? r e d i c t i n ~  t h e  i o n - s e v e r e  cases  

(2,415 3 - 2 )  c o r r e c t l y  a l t l o s t  100': o f  c h e  t i n e ,  ~ c i t  r ,ne  s a n e  - 3 c e l  



predicred t h e  severe in jury  cases incorrec t ly  most of t h e  t i  ~e  ', aboi i t  

609;) . 
T3 improve the  ? r e d i c t i \ / e  capab i l i ty  of the  codel ,  a t t e i n p t s  w e r e  

inade t o  explain those  "deviant"  cases which h a d  l o w  t o  moderate Lat e r a 1  

!e?ta 'J b u t  OAIS g rea te r  than 2 .  The follcwing analyses were  c a r r i e d :  

For a l l  suase t s ,  ti7e cases :./ere grcu;jsd i n ~ s  L : ~ G  c i i s s e s :  

1. Those cases c9rrec:lf predicteo by :ile ;,;o&l as  f;ai/i ns ? ;\I : r 
n i g h  injury s?li2r;'-,:/* 

2 .  Thos2 cases i n c 3 r r e c t I j  ? r ? d i i t e d  by zne  qcusl .  

Two-way contingency t a b l e s  ; /ere construc-ied i n  \ . rh ic t~  o n e  o f  t h e  

\ iar iabl?s was the  above " c o r r e c t / i n c o r r e c t "  v a r i  sol? a n d  ~ i : e  o t h e r  

variable was one of the  variables such as I r r t r ~ s i o n  Location, E j e c t i o n ,  

Restraint  Usage, Body ?egion, Injury Type, etc .  The n u n b e r  of  c a s e s  

correc t ly  o r  inc3rrec t ly  7redicted by the  model f o r  each l ev? l  of such  

variables were therefore  known. 

Intrusion.  A two-way contingency t a b l e  of the  " c o r r e c t  / 
incorrec t"  var iable  and In t rus ion Location i  ndi cated t h a t  t he  percentage 

3f incorrect  predict ion o f  i n j u r i e s  v a r i e d  w i t h  t i l e  e x i s t e n c e  of  

'ntrusion and the  locat ion 3f in t rus ion.  For modelling p u r p o s e s ,  two 

analyses ,rere t r i e d .  

. C1;ssification c f  a l l  cases in12 i 2 t r u s i o n  a n d  n o - i n t r u s i o n  
c las ses ,  vhich were then codec as a  cisnry vari 2 2 1 1 3 ,  A node!  
?r?Ciicti?r; 'nj'ury sever i ty  \tias then e s t i m t e d  n 3 s . i l n s  i z r e r a ?  
' ;elta ' / ,  Ase a n d  :P,i j du;n;i,;l v a r i s b l ?  a s  r,hs i ;d? ;end?n ;  
r l s  Inprov2:nenr i n  the  , ~ r e d i c t i \ , ; e  ca;a:: 1 ' t ' t  , ,. J L ? f  ~ ? e  
;;;adel ;/as smal 1 .  

Estiiilaticn of t h o  s e p a r a t e  models  f o r  t h e  c a s e s  ; . i i - ,h nc 
- ,  in t rus ion and i c r  the  cases with i n t r u s i o n .  I n e  -;;a621 f c r  

cases :'/it? no i , i t rusi ,?l :  had anly Lateral 3e::a ;,' a n d  ,Ags as the  
independen-, variab1.s. For tfli?~ %dei iq t rus ion ,  2 s e t  o f  
duini~iy var iablss  \was c r e a c e d ,  b a s e d  on t h e  l e v e l s  3 f  t i l e  
in t rus ion var'aS12, t o  rg f l ec t  i n t r u s i o n  on t h e  s i d e s  of  a  
vehicle,  on t h e  s taer ing/*A-pi l la r  a rea ,  cn the  s ide  override or  
-,he conbination o f  t h e s e .  Impro\/ernent  i n :he ? r ? d i  c t  i 3 i e  
capabi l i ty  of the  r e su l t ing  rodels d e t e c ~ e d  ;/as a lso  small.  

Ejection. ,A Two-way con t in~9ncy  t a b 1 2  of the  " c o r r e c r , /  

incorrec t"  var iabls  and the  degrees of e j ec t ion  i n a i c a t e d  :ha: c a s e s  



involving comjlete e j ec t ions  tended t o  have  a  1 a r g e r  p r o p o r ' i i o n  of 

injury misprediction than those with no-eject ion,  p a r t i a l - e j e c t i o n  and 

entrapment. Incorporation of e j ec t ion  i n  t he  form o f  a s e t  of  duamy 

var iables  i n t o  the  model wi t+  Latzral 3 e l t a  \I and Age d i d  n o t  i n p r o v ~  

t h e  pred' c t  've capabi 1 i  :y of the  x i e l .  

L - k l  Rest ra in t  Usage. A tltio-way c c n t  i n s s n c y  , a d e  2 of t h e  
, 4  , ' c o r r a c t / ? r i c o r r e c t H  var iabi?  and ? ? ~ - 1 r a ? r i c  I ; s ? ~ 2  i ? d i c a 5 2 ~  :ria; +;I? 

- .  . , . ; r ~ i ) o r t i ~ ~ i  3r ; nj l ry  !ni s?r?dic;ion f a r  ;has? cases  iii ch 110 , r ? j  t r a i  zi-, 
i nsral led i n  t he  cars  were ~auch l i r g e r  t h a n  ;host \.;i ti? soiiis t i rids o =  

- ,  r e s t r a i  ~ t s  avai: lil?. , ~2 ..jozel i ncorpor2ting the  22s i ra in t  ;Jsa;le :.I: ;h 

I ~ r ~ r a l  Celta  ' I  a n d  ,Acje i z s r 3 : i s d  t h e  ; r ? d i c t i 3 i e  c a ; a 5 i  1 i c y  more 

s ~ b s t a n t i a l l y  rhan those incorpcra,ing Eject ion,  b u t  che i~pr3uement  wzs 

sinall (some 32: sf the  severe i n j u r i z s  c r  3 cases out of 58 cases f o r  t h e  

tiear 2CD subs?t.  ) 

Restraifit  Usage a n d  Ejection. A three-way c o n t i n ~ e n c y  

- ,zbi? of the  " c c r r e c t / i  qccrrec t"  ~ ~ z r i a b l e ,  Res t ra iy t  llsage ~ n d  E jec t  i sn 

indicated t h a t  t h e  ?roport ions of injury mispredict icn f o r  t h e  v a r i o u s  

degrees of e j ec t ion  and entrapment : ~ i t h i n  t h e  no r e s t r a i n t  cases di .l not 

d i f f e r  s u b s t a n t i a l l y .  I n c o r 7 o r a ~ i  n g  b o t h  t h e  R e s t r a i n t  Usage  a n d  

Eject ion in to  the  mode? did not improve the  q red ic t ive  capab i l i ty  of the  

  nod el appreci ably. 

In t rus ion and C2C E x ~ ? n : , .  The C D C  Extent ,ias  tilt i s 1 i ? d  

by t h e  " i n t r ~ s i o n / n o  in t rus ion"  durnizy va r i ab??  t o  fgrn an i ; : e r a c t ; \ / e  
~ i i r i a b l ?  which d2scribed t h e  extent  c i  c r ~ s i l  \,/hen j n t r u s i s ~ :  ,vas ; ressnt .  
- ,  . 7 , ; - l  
I q: s  i n t e r a c t  i cn ~ a r i  2bls ,  ;+/hen i icor.;ora;e?, i n t  t h e  ;ii96_3 . <  Lateral 

. ,  , >:;a ' I  a n d  AS?, d i d  c3t i ; i p r 3 ~ 3  c l ~ e  - o a e l 1 s  predic t ive  ca,:c;; 

In t rus icn ,  C D C  Extenr, a n d  Lateral D e l t a  'i. F o r  c a s e s  
. , 

I . ' y  , ~ k 4 1  :" i n t r u s i a n ,  a new v a r j a b l ?  lrlas c r e a t e d  w h i c h  d e s c r i b ~ d  t h e  

I I i x 2 r a c t i o n  Se';m,qeon C3rJ ix:en% a n :  ~ a t e r a i  L7elta ''i : Z ? C  Ex- , .  i 
-F, , 8 L a ' : n i  s nel;/ var iabl? ,  :men i nccr;cra:ed i i ; x > e  1 ~ C 2 1  ..,/I ::I 

Lateral J e l t a  V a n d  Age, f a i l e d  t o  ' m ? r o \ / e  t h e  ~ c d e l  ' s  ; r e d i c r i v e  

capabi 1 i ry. 

7. - Lateral Delta ' I ,  r l ~ e  a n d  Injury , y e .  I 2 d e t e r ? '  l e  t n e  

e f f e c t s  of the  injury type on  the  'njury ? r e d i c t i o n ,  t h e  I n j u r y  Ty3e 



variable o f  2ccupan.r: Injury Class i f i ca t ion  f o r  the  f i r s t  i 7,jury (wh i ch 

i s  the  ;;lost severe in ju ry )  was used i n  th'e analysis .  The c l a s s i f i c a t i o n  
of Injllry Type i n  t he  NCSS f i l e  i s  as fol lows:  

l a c e r a t i  on 
c o n t ~ s i  o n  
aoras i o n  
f r a c t u r e  
? a i  7 

ccncjssion 
ner'wrhage 
; i ~ l  sign 
rl;;)tdrs 
sprain 
di s l  ccat i on 
crushi 15 
amputat i on 
burn 
ocher 

The procedure to i ncorporate the  Injury Tjoe var iabl?  i n t o  the  q o d e ?  i s 
as follows: 

1. Cexermine, f o r  each of the  s i x  subsets ,  t h e  nuniber o f  c a s e s  
correc t ly  a n d  incorrec t ly  predicted by equations 3-2 0 t h r o u g h  
3-25. Create a  variable comprising these  two c lasses  atid ca1  1 
i t  a  "cor rec t / incor rec t "  variable.  

2 .  For each subset ,  construct  a  two way contingency t a b l e  of t h e  
"correc t / incorrec t"  variable and t h e  i n j u r y  Type v a r i a b l e .  
Calculate the  percentage of rnispredi c t e d  c a s e s  w i t  h i  n e a c h  
level c ~ f  the  Injury Type. 

3. : so la t?  :nose levels  o f  i r l j u r y  T j z e  : . i h ~ c h  i nci  ~ 2 : e c i  h i g h  
~ r o p o r t ; s n s  s f  ~ i s ~ r e d ~ c t e d  c a s e s .  Z r e a t e  a se: 3 f  d u r n f ; j  

? * .  variabies 3; .n:~r;, Type c o r r e s p o n d i n 5  t s  ~ i : e s a  i s o l a t e d  
12liels. Inc0r-*r-3'2 Y thesa duminy vari2bl.s i n i s  -,h? x i ' e l  ~ ' i  ;il 

I;sz?r?? J e l t a  :' ano ,A ,sz? .  

The esz'rated node's f o r  the  s ix  subsecs a re  shc\*/r: be?oc.d a n d  t h e  i t 
* - socdnesj o f  f j t  i s  concairea i o  Table 3 ,  . 



1 i s t i m a t e a  ; 4 o d ~ l s  w i t h  l a t e r a l  C ~ l t a  V ,  O c c u q a n t ' s  Ase and 
I I r i j u r y  Type 
I 

,.,, . - n  , " I  - 7  ?. F a r  i C D  j i l = iOo ,  L ~ , S = S ~ . C L ,  SF=#- 3 I \ I 

I 

1 4  - r f -  ? - ? p :  p - 7 - 7 , )  1 ,:-?$) - 2  - 2 - O.?CiZ - I 

1 I 
" . * " " / \ ~  - d . ,  i 1 \ r  - 

3 ? 

1 2.467X - )  1 
D 

1 I 

I Near  NPC3 ( l l=5 l  , , LRS=22.62, O F = 5 )  i 
I 

I 
I 

i F a r  NPCD (N=54, LRS=7.72, SF=4) 
I 

I A1 1  F a r  (N=222, LRS=57.56, DF=3) 

I ; is ;he es-;,--' , l , l , a ~ e a  ? r g o a b i  l i t y  c f  3 non -seve re  i y'lir-21, 

- .  
I ; 1 s  t h e  l o g i s t i c  f unc t i : n ,  

, ' i s  1 i f  i n j u r y  i s  a  r ~ ? t u r e ,  -1 o z h e ~ j i s e ,  
"4 ~ 

/ ' . . 
,.,- ; s  i i f  ~ n j u r y  i s  ii S p r a i n ,  -1 o t h e n i i s e ,  

2 

I x 3  i s  : i f  i n j u r y  i s  a C o n t ~ s i a n ,  -1 o t h e r d i s e ,  a n d  
ri 

I 

LRS i s  t h e  L i k e l i h o o d  ? a t l o  S t a t i s t i c .  I 
i - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T  



T A B L E  3.7  

Goodness of F i t  

Severi ty = F(Latera1 Delta \ i ,  Age, I n  jury-Type) 

Phase 1 Data - Side I ~ p a c t s  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 S a x l e  Size  I 'A :orrecz =r?dl c t ion  
j - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

S~ibser; i I I I 0 1 -  I 
1 :ion-Severe I Se\iere 1 2 \ / e ~ a ;  l i $ever? Setizr? 

- - - - - - - - - - - f - - - - - - - - - - - - - - - - - - - - - T - - - - - - - - - T - - - - - - - - t - - - - - - - -  

I , , 
1 I I 

:lear P C 2  i 1 2 2  I '.,A 3 i I 7 I L  q I ;: -. 0 L 

Far P C 3  1 141 1 27 i 38 3 - r I 48 
Xear YPCD 1 5 I 7 i 90 I 130 1 14 
Far X P C 3  1 5 1 1 3 i 94 1 100 1 3 

I I I I I 

A L L i j E A R  i 175 i 38 i 7 4  1 3 3  1 5 5  
A L L  FAR I 192 I 3 0  i 88 1 2 5  5 3 7  ............................................................. 

Note t h a t  the  Injury Type va r i ab le  incorporated in to  t h e  model s o f  
t h e  four  subsets  as dummy var iables  d i f f e red  from one subsat  t o  another ,  

as fol lows:  

Piear PC3 The dummy var iablzs  werz: 
f r a c t u r e  
ruptcre  
d i s loca t ion  

Fzr 2CD The dunixy var iablas  were: 
f rac t l i re  
s;rai n 
di s l  ocation 

' , s r  ;I?C2 The dumy variab1.s :,iere: 
lacera t ion  
f r s c t  ure 
d i  s 1 ocat i  on 

' i r  ;;?CC The d u x y  var iac l s s  lwer-2: 
confusion 
f r a c t u r e  

A1 1 Year The durnzy var iables  :/erg: 
i r a c t  ure 
d i s loca t ion  

A 1 1  Far The dummy variaS13 was f r a c t u r e  

Lateral Delta V ,  Age and Body Region. S i x j l a r  erocedurss 
were used i n  bringing 3ody Region i n t o  the  model. Tic ~ o d e l  e s t i n ~ a  t i  on 



* .  
resulss of t h e  six subsets ara shown below a n d  thei  r  goodness of 71 t are 

contained in Table 3.8. 

T A B L E  3.8 

Goodness o f  F i x  
Severity = F:La~eral  3e l t a  \ i ,  4cje a n d  Sody ? q i o n )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i Sarr;;,13 S i ze  2 Yorrect =redi c t  i cn 
' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  Subs?: , 

I t I I I I 

?!ear PC3 1 123 1 8 3  1 7 5  I , 9 2 i A9 
Far P C 3  [ 140 1 28 I 39 1 9 6 i 54 
?iear :!?CD* 1 54 1 7 1 9 0 ;  3 0 1 43 
Far NPCD 1 5 1 I 3 I 94 I , la0 I 3  

I I I I I 
4LL YEAR* 1 177 1 90 1 7 7  I 8 7 1 54 
,ALL FAR 1 191 1 3 1  1 9 :  I 9 8 i i2 

*Age was found t o  be n o t  s ign i f i can t  

The body region v2riable incoraorated i n to  the  models of t h e  f o u r  

subsets as durny \ /ariablas d i f fered from one szbset to another, as sholin 

below: 

- I e a r  P C 2  ; ? e  iumry , iar '3 i l?s  :.rere: 
faream, 
a D dolil? n 

, . 
1 0w.2 r  ex: re !n i  : 1 3s 
ank 1s - f  2 o t  

Far P C D  Tile durnry \ /ariables !iqere: 
shoulder 
chest 
zbdoren 
?el l i j  c-hi; 

a  i The 2iir.7~ % ~ a r i  zbles vier?: 
~ i l o i l l  t e r  
el bow 
chest 
zbdomen 

Far JPCD The du t i~ i~y  l ~ a r i a b l z s  :verz: 
face 
neck 



ches t  
kl  l Near The dummy var iab les  were: 

shoulder  
el 50w/foream 
ches t  
abdomen 
1 awer ext  remi t i  e s ,  l zg ,  ankl e l f o o t  

A l l  F?r  The dummy var iab l2s  :,er2: 
shoulder  
chesr, 
pel ~i c / n i ?  

Eqilazions 3-22, j.-29, 3-31, 3-32, ana 3-33 f 3 r  ' l sa r  P C D ,  7 2  1- ? 2 3 ,  Fa r 

:,3C2, A 1 1  , / e a r ,  arid i l l  F z r  2ach a;lpeared ~ s 3 s o n a b l  e i r: ~ 2 ~ ~ s  of  t , ? ~  

si;ns of tne  coef f ic ienr , s ,  ;hat i s  t h e  ? r o b a S j  1 i t y  o f  3 i o n - s e v e r ?  

in jury  increases  as  Lateral  2 e l t a  V d e c r e a s e s  2 n d  a s  A g e  d e c r e a s e s .  

Equation 3-30 (Near N P C D )  appeared t o  be an utireasonabl2 nodel b e c a u s e  

of t he  pos i t i ve  s ign of t he  c o e f f i c i e r i t  of i a z e r a l  3 e 1 t a  ' I ,  idilich 

countered i n t u i t i o n .  The Injury Type va r i ab l e  warrants some a t  t e n t  i on 

here. The s igns of a11 dummy va r i ab l z s  i n  Equations 3-28 through 3 - 3 3 >  

with the  exception o f  t h a t  of f r a c t u r e ,  were n q a t i v e  a s  3 ? : i c i ? a t e d .  

The f r a c t u r e  dummy va r i ab l e ,  however, had negative c o e f f i c i e n t s  f o r  f a r -  

s ided passengers and pos i t i ve  c o e f f i c i e n t s  f o r  near -s ided  p a s s e n g e r s .  

This may be explained by t h e  f a c t  t h a t  f r a c t u r e  i n j u r i e s  could  r e c e i v e  

BAIS of e i t h e r  9-2  o r  3-6, and t h a t  t h e  o v e r a l  1 number of f r a c t u r e  

i n j u r i e s  involve - inany body regions;  such cnarac te r i  s t i c s  a r e  g e n e r a  1 l y  

not t r u e  tdith t h e  o the r  i n ju ry  ty;;ies such as rupture  and cii s l o c a t i o n ,  

wn:ch a r e  a l ~ o s t  e x c l ~ i s i v e l y  calrses of 3 A I S  3 - 5 .  I n  ? r z c i c t i 7 9  t h e  

3ccurrenc2 3 f  a s sve r?  i1J1:r-y , f r a c t u r s  i s  a  \ i e ~ ; t s r  ? x ~ l a n a : c r : l  
7 ,  

var iab le  o f  sever? i n j u r i e s  thzn ,  say ,  rup t i i r e  ~r d i  j i  ~ c a L i o n .  , ,- I G ,- 

?ode15 r?;res?ntzd hi! Equations 3-23 r o  3-23 siic;,?s ;!xed r e s i l t s  2s f:r 

as ~ i l e  in;pro\/ecent i n  '-,he nodels I pred ic t ive  sapabi 1 i ty \;:as c 3 n c e r : e i .  
For Near PCD, ti:e ,node1 (Equation 3-23) n o w  predicted 61:: of t h e  s e 5 ~ e t e  

. . . \ 

i n j ~ ; r y  cases  correc'- , ly,  (an iii;pro\/er;;ent o f  2 5 : ;  f o r  ~ 2 ~ 2  r e  : n ; , i  TI z s  : 

w n i l ?  i t  riokii 9 n : y  g r e d i c t e d  82% o f  rile n o n - s e v e r e  i , ~ J l r : /  c a s e s  

c 3 r r e c t l y ,  ( a  reduction of 1.3;; of t o t a l  non-severe in jury  c a s e s ) .  F g r  

Far PCD, no improvement i n  g red ic t ion  ',vas accom?lished by t h e  ne:, n c d a l  

(Equati c;n 3 -29 ) ,  For rie2r 2C3,  t h e  i n p r o v e n e n t  accoiilpl i s h s d  was 

negl i g i  kle.  For Far YPCi) ,  no inprovernent was a c c o ~ ; 3 l  i  s h e d .  F o r  A ?  1 

Near, t h e  gain i n  ;ercentage co r r ec t  ? r ed ic t ion  of  t h e  s e v e r e  i n j u r y  



cases was 23% \while the  reduction in p e r c e n a s e  correc t  p r ed1  c t  i 3 3  o f  

t h e  qon-severe i n j u r y  c a s e s  was 1 4 % .  F o r  A 1 1  F a r ,  t h e r e  was no 

i~provement gained with Injury Type. Zote t h a t  the  ~ o d e l s  f o r  t i l e  two 

subsets  w i t h  no damage t o  passenser c o m ~ a r t m e n t s  (b lear  NPC3 a ~ d  Far  

NPC3) a re  l i k e l y  t o  be l e s s  s t a b l e  than those f o r  o ther  s u b s e t s  d i i ?  t o  

t h e i r  very sinall rluinjers o f  severe i n j u r i e s .  



I E s t i m a t e d  Mode l s  w i t h  L a t e r a l  D e l t a  V ,  Age and Body Reg ion  
I 

I Near  PCD (N=206, LRS=56.44, DF=6) 

F a r  11PC3 ( N = 5 4 ,  L2S=7.26, f iF=S) 

I A1 1 Near *  (N=267, LRS=78,90, DF=6) 
I 

I A1 1  F a r  (N=222, LRS=56,38, DF=5) I 
I 

I :ihi3r? 
X ,  i s  L a t 2 r a l  2 e l t a  7 ,  

I :(: i s  (Age, 
:(:. i s  ! i f  i t  i s  Core; , r ,  -1 r;xhel.-,vise, 

I ;"\; i s  1 i f  i t  i s  .Abdoizer:, - I  o t h e r , , t i j e ,  
;(lL 

i i s  ! i f  i t  i s  L c w s r  E x t r e m i t i e s ,  -1 o t h e r r i f s ? ,  
: , "13 i s  1 i f  i t  i s  a n k l e / f c o c ,  -1 o r h e w i s e ,  

>,, i 4 
i <)I 2 - i s  1 i f  i t  i s  S h c u l d e r ,  -1 o the r , v i s? ,  
I i s  1 i f  i t  i s  Ches t ,  -: o t h e r ~ ~ i s e ,  
i 1/15 ,I. i s  l i f  i t  i s  ? e l v i s / H i ? ,  -1 o t h e r w i s e ,  
I 17 
I X,, i s  1 i f  i t  i s  E l b o w ,  -! a t h e w i s e ,  

" - 6  I "19 i s  1 i f  i t  i s  Face, -1 o ~ h e r w i s e ,  
i X i s  1 i f  i t  i s  l i eck ,  -1 o t h e r v v i s e ,  
i 

20 
i s  1 i f  i t  i s  E l b o u / F o r e a n ,  -1 o t h e n i i s e ,  a r d  

I 
I i s  1 i f  i r  i s  Lowe r  E x t r e m i t i e s ,  Leg,  A n k l e / F g o t ,  -1 
I 

I i 
I *Age was no1 s i s n i f i c a n t  I 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+  



The qodels having l a t e r a l  3 e l t a  ' 1 ,  A;le a n d  306y 9e;i 3n a s  t h e  

independent variables f o r  the  s i x  subsets as shown i 11 E;ua",cns 3-34 t o  
2-39 appeared reasonable in  t e r m  of the  sicjns of the c o e f f i  c i s n t s  of  

Laseral 13elta V and Age. For Year f4PCD a n d  All ;{ear, Age was f o u n d  t o  
- I  

2 2  not s ign i f i can t .  , n r .  s isns  of the coe f f i c i en t s  of ;he  Eody R e ~ i o n  

aurn::ly lva r i  a b l  es sllowea cons i stency--a bdonen, ches t ,  pel \ii s lh i  7, a1 i.i a:d s  
t 8 , . 

hz i?  r;egttii:e c o e f f i c i e n t s ,  ivihils 3111<19/f20'~, l e g  al!,vays n a c  ~ 3 5 ; 5 1 ' 1 2  

' I 3 r -  . cce f f i  ci ents :./; ~h the exceotion of 'le?r ,-, -31 jo\//for22r- a ?:'ic;/ s  " Y " 
~ c s i t i v e  coe f f i c i en t s .  The c t  t i  a s  h 2 r  :o 

. . 
-.;c:r;,en c r  Chesx or  321'iiclrii; i s  ,nore : i ke : j /  t o  rec2ijie a ; ; v t . i -e  inj:ry 

:?an an  injury t o  ,An~le/Foot o r  Ley or  'Elbori c r  For2an;i. 771j s  i I c J r n  

?/as confir~ned by the  two-way continsency t a b 1  e  of !iE:;;'3AT S 3  an: 5 c d y  

Regim, which indicated t h a t  the  prspcrtions of a severe injury t a  xotal 

in ju r i e s  were much higher f o r  Abdo~en a n d  Chest than f o r  Foream, Elbow, 

Ankl ?/Foot and Leg. 

,, 3-39 shgwgd n i x e d  The models represented by Equati ons  3 - 3 4  +. 
r e su l t s  in te rns  of t h e i r  i ~ p r o v e d  predic t ive  capabi 1 i  t y  r e l a t i v e  t o  the  

models with only two continuous variables (Delta \I and A,ge). F o r  : / e a r  

PCD, t he  gain in percentage correc t  p r e d i c t i o n  of t h e  s e v e r e  i n j u r y  

cases was 13; while the  reduction i n  percentage correc t  p r e d i  c t  i o n  of  

the  non-severe i n j ~ r y  cases was 3%. For Far P C B ,  the  gain i n sercentage 

correct  prediction of the  severe injury cases was 5% whilz the  reducti cn 

i n  percentage correct  s redfc t ion  of the non-sever? injury csses :.!as 2'5. 

i o r  :;ear :PC;, :he s z i n  was 3256 frsr ssvere i n j ~ r ' 2 s  and  t h e  r ~ r ' ~  c t : : 
for non-sae re  i ? ; ~ r i ? s  was 4%. Fsr Far : i ?CZ ,  70 : ~ ; a r c \ ~ e ~ ~ ? : :  resal :c:. 

5cr .?i 1 : /ear 7 %  3 2 i n  ;;as 27.: f o r  s 2 ~ 2 r 2  in;sirl?s 3nd the  r e ~ ~ l ~ c t i : n  :s 
3 -. ,-., f o r  cases :.,'ti: noii-savere inj i l r 'es;  a n d  ':cr ,411 Far ,  ~ q 2 r 2  : r ' z j  3 3  

i :z~rovemen~.  Again, :he qodels f o r  :!ear ';?C: 2nd F;r ;/PC2 are l ;k? ly  :o 

be l a s s  stab13 :ban :nose f o r  o ther  s u b s e ~ s  d u ?  t o  t h e i r  jiery s;;21 1 
, .  . 

nil:x?rs o f  c a s s  iif severe ~ n j u r i e s .  

Assessnent of the  Efieczs o f  I n j ~ r y  Type a n d  93cy ? e ~ i a n .  

The go~dness  of f i t  of the  ;nodels represented by Cqua~ions 3-22  -,:: 2 -  2 2  

see,iied t o  indica te  tha t  while Injury Type a n d  30dj Resion a s p e a r z d  : 3  

inpro1/e the r s d e l s '  ? r e c i i c t i \ ~ e  capabi 1 i t y  by i e t t e r  p r e d i  c t i  :? t h e  

severe i 7 jur ies  f o r  near passenlers ,  they did not do very nuch f o r  L 1 ,  e  



models  i n v o l v i  ng f a r - s i d e  passengers .  F o r  : / ea r  " 2 2 ,  t h e  I ; J u  r y  Ty 2 e  

l ~ a r i a b l e  s t r o n g l y  i n f l u e n c e d  t h e  p r e d i c t i o n  o f  s e v e r e  i n ; ' u r y  c a s e s  

because :  

1. R u p t u r e  a n d  d i s l o c a t i o n  i n j u r i e s  i n  t h i s  s u o s e t  a l m o s ~ :  
i m e d i  a t e l y  i n p l  i e d  ~ii410AIS3 seve re .  

2 .  The re  were a l t o s e t h e r  4 r u p r u r e  i n j u r i e s  i n  ' : ga r  PCD :.~i:h v a l i d  
s l ; ; ~ l m e n t a r y  i n f o r x s i ~ n ,  t h r e e  o f  / / h i  -,h h a d  be~2n ~ n i  s;r.dl: c :ec  
by t h e  :8 ; ;o-var idb1~ ;::c,qel ( i . e . ,  ir,3621 w i t h  La;?ral l e l t a  'i' 3 r d  

\ ? ,  , < 

,A;e1; t j : ? re  ;rere 5 2 i s i s c a t i o r !  i n J ~ ; r i ? s ,  f m r  3';. ,,inic;l ha:! ;;ee!: 
mi s c r e a i  czed. 

7 T '  . I n e r e  (were a l t o g e t h e r  62 f r a c t ~ r ?  i q t j r ' s s  i 7  ; ;ear P C ? ,  3 5  3' 
w h i c n  had be5n  n i s p r e d i c t e d .  T ' le  ? r o b z S i  l i o f  a  s e  i ? r ?  
i n j u r y  w i t h  f r a c t u r e  i s  a b o u t  t w o  t h i r d s .  l i n l i k e  r u p t u r e  a n ?  
d i s l o c a t i o n ,  t h e  ? r o p o r t i o n  of s e v e r e  f r a c t u r e  i n j u r i e s  \ la r i  a d  
w i t h  d i f f e r e n t  body r e g i o n s .  F o r  ? x a r n p l ? ,  a 1  1  f r a c t u r e d  
f o r e a r m s  w e r e  a s s o c i a t e d  w i t h  : , IEi :OAIS3 s e v e r e ,  s o  w e r e  
f r a c t u r e d  l o w e r  s x t r e m i t i e s ,  a n k l e - f o o t  and n e c k  ; 70:; o f  t h e  
f r a c t u r e d  f a c e s  a l s o  r e c e i v e d  NELU'OAIS3 s e v e r e ,  a n d  657: 9 f  
f r a c t u r e d  c h e s t  g o t  bIEWOAIS3 seve re ,  e t c .  

The !mplic;:icn i s  t h a t  f o r  : i ea r  P C 2  a  ? u p t u r e ,  3 3! j loca: !cn,  o r  a  

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

o f  t h e  a s s o c i a t e d  v a l u e s  o f  L a t e r a l  D e l t a  \ I .  The n i s p r e d i  ctec! c a s 2 s  b y  

t h e  t w o - v a r i a b l e  model were  f r e q u e n t l y  t h e  s e v e r e  i n j u r i e s  w i  t h 1 cw t o  

n o d e r a t e  v a l u e s  o f  L a t e r a l  3 e l t a  \ I .  

F o r  F a r  ?CD, 10 cases  o u t  o f  t h e  2 4  f r a c t  l i r e  i n J u r ' e s  h a d  S e e n  

~ i s p r e d i c t e c ,  o n e  3 u c  o f  :he  NO d i s l o c a C , i o i l  ~ l j g r i ? s  nz;! h e ? ?  

7 i s ; r e d i c t e d  and  ! o u t  o f  t h e  3  s p r a i n s  hac Jeer? ; n i s ~ r e G i  c:??. T h e s e  
P t i - ,  - - -9  ' h ree  I n j l i r y  Types c o ~ l  i r e c e i i / e  z i t h e r  , ,L , , I , ,~~JJ  52\/er? c r  n c  n - s e : j ? r e  

7 -  3-9- - 1  :',272nc!; IS on :he aff?c:?s :=i)] re91  ons. A - 4 j i - ~ a r S  uqz: f a r  3 ' tr-s i 3 2  

biou ld  have  had t o  be c ju ize  '1 ; l ;h .  $16  heref fore t i e r e  i i ~ e ? y  t: b e  

r e a c i  l y  c c r r e c t l y  p r e d i c t ~ d  by t i e  t i l o - v a r i a b l ?  ~ o d e l s  : ia:er?i  2e: ' - ,a , 
2::d Ase). Al- iou i ;h  t h e r e  N e r e  same s e v e r e  f r 3 c t c r e s ,  d i  s l  oc?t i :ns ,  2 n d  

s;rains >,hici: n z d  l o w  L a t e r a l  D e l t a  and : h e r z f r e  ~ i s ; . r e d i : t s c  by t i ?  

- ,? lo -var iab le  r o d e l ,  sue? c a s a  a c c u r r e d  l e s s  C r e q d e n t l y  t h a n  1 1  : f i e  

cases  o f  n e a r - s i d e  passengers .  4s a  r e s d i t ,  t h e  i r l j u r y - t y  5 2  ' / 3  r l  2 3 1  3 

d:a  n o t  he19 TO p r e d i c t  s e v e r ?  i n j u r i  2s as we1 1 f 3 r  F a r  P 3 s  1 t d i  ? 

f 3 r  Ylsar PCD. I n  f a c t  f o r  F a r  P C 3  t h e  body region v a r j a ~ l e  a a p e a r e d  t 3 

be a  S e t t e r  p r e d i c t ' o n  v a r i a b l e  t h a n  I n j u r y  Type. 



3 .2 .5  Final f/lodels. For 2ach subset ,  t h e  duri;ry v a r i a b l e s  f o r  

Injury Type and Sody Regi o n  t h a t  had been created ea r l  i e r  I,iere adde", 9 

Lateral 3 e l t a  V and Age. The estimated models f o r  t n e  s i x  s;l b s e t s  a r ?  

shown below. The e s t i ~ a t e d  models f o r  Near NPCS and Far NPCD a p p e a r e d  

tinstable, the  rncdels d i d  n o t  converge and t h e  c o n s t a n t  t e r m  a n d  t h e  

ccefl ' ici  t n t s  of t z e  logi t function uere e x t r e w l y  lar;e. T h i  s L i d s  d u e  

7 I i s t i g a t e d  Yiodels : t i t i 1  Lateral 2 2 l t a  'i, ,A;e, Injury ~:/pe znc ;cay I 

; ??r;ion I 

I 

I 

1 

Far 2 C C  (li=!67, LRS=72.41, DF=9) ! 

I Near PJPCD ( N  = 61)  
I Unstabls*" 
I 
I Far NPCD (?! = 54) 
I Cnstable** 
I 
I 

I 
A 1  1 Wear* (N=254, LRS=140.86, DF=8) I 

I 
I\ - 7 - - P ,  

1 
I (3 -43)  5 ;  = F(-C.287 - 0.073::, - 0.823X7, + u.:lai,, - L . ? .  Y . \ ,  . 
I 1,- 1 4  1 ?-'Ad - 9 i 

I - !.908X12 + O . ~ o r n  7 L . d ~ - f \ 2  - 4.225X:) , 
I 2 2 * 3 

1 

I 
I 
I 

(41 1 Far (N=221,  !?S=70.45, 5 i = 6 )  

*:~e ,,as n o t  s ign;  f i can t .  
+ " ' , ' ~ d z  1 s  a:' d not converge. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 ( 7  ~Gocdness of f i t  of the  ~ o d e l s  are shown i n  a b l e  3 .3 .  C c n s ' l d e ~ 3 2 i 2  

i r l rovenent  i n  :he correc t  predic t jcn  3' hign-sejier::;~ r were  

noted f o r  a 1 1  subsets .  These models ?r?dlcted t h e  h i ~ h  s e v e r i t y  c a s e s  



~ e t t e r  t h a n  when t i l e  -;lodeis had c n l y  e i t h e r  I n j u r y  Type c r  S c d y  ??;i ;r 

i n  a d o i t i o n  t o  L a t e r a l  2 e l t a  V and Age 

F i g u r e s  3.21 and 3.22 show t h e  h i s t o g r a n s  o f  $ f o r  t i l e  Y e a r  ?CC 
i 

and t h e  F a r  PCD s u b s e t s .  E a c h  o f  t h e s e  f i g u r e s  c o n s i s t s  o f  t w o  

h i s t o g r a m s ,  o w  f o r  f l o n - s e v e r e  i n j u r i e s  a n d  t h e  r 3 t h e r  fr3r j e t i ? r 2  

i n j u r i s s .  3 0 t h  h ' s tcc ra rns  ! lave t h e  sar-e a::$s, 9 r e  c '2s i  ;n2: i :s : k ; ?  ;4 

v a i 4 ~ e s  a: :h,a 3.'35 i ,1:9rval 2n3 f h z  z z n 2 t  :)is ~ u ; - j e r  :f cases 1 , -  , +  I r ' ,  - > I  - r ! - 3  , -  
3 . C C : r 1 1  - - ,  - - ,a, a;L,lar 2 .  v a ' d 2 s .  Cor;;;arijcns -; ;UY? 3 . 2 1  1,ii:l; F i  gi; r e  2 .  3 :;I: 

1 
. , 

F i s u r s  2 - 2 2  w i t h  i i s u r e  3 .6  indicefe tha r ,  ti:e : c l l : - c q ? i  j i c s ; ~ n ? ~ n :  
- 

: i a r ! z s??s ,  na~el;, I n j l i r y  i 2 1 ~ 2  2nd S c d y  ? 3 5 j 3 9  i y r 3 5 i 2 5  - * h $  -:~di:s 

~ r e d i c t i v e  c a p a b i l i t y  f o r  s e v e r e  i n j u r i e s  considera:?: f;r b o t h  s ~ k s a t s ,  

; a r t i c u l a r l y  f o r  FIsar 2CP. 

P R E D I C T E D  P R O B R B I L I T T  
OF N O H - S E V E R E  i N J U R Y  

,.;u-,; 3 . 21  8- i ; toyrams o f  s f  F g u r - ' . l ' ~ r i  a512 ,:cis: !:lalr,era: F T  7 " n -  
' i -F 3 e l t a  I / ,  ,AS?, 3ody 2eg io r :  and 1;l;'i;r-y i:/;e) F o r  ' ;?zr  ?C3 

?has?  1 3aza  - S i t e  : : x c t s  

T ,  I - , ! , nt. ;;.odels 'or A11 ; ;ear ; :quat ion z-42) i n d i  c a - , ? ~  c n a t  ,Gge w z s  131: 

s i ; n i f i c z n ~ .  T h e  d i f f e r g n c ?  in  t h e  ,?odels f o r  n e a r - s i c t e  a n d  f ? r - s i i s  

?assengers  2ner;ed ssmer.iila",;nore c l s z r l y  f r o r  ~ h e s ?  ?ode  1 s E q c a :  i q c s  _ I t #  

2-47 - t o  3-44) as f o l i 3 w s :  

1. i r a c t ~ r e  i ~ j u r i e s  f o r  n e a r - s i d e  ?assengers  a1:ia;s :la.", 23s': i  ! e  
c o e f f ' c i  e n t s  b;~herzas t h o s e  f o r  f a r - s i d e  ?asse t ige rs  a l ; l a ys  h z  i 
n e g a t i v e  c c e f f i c ;  en t s .  

2. Tne c o n s t a n t  t e r n s  f o r  n e a r - s  i d e  I ; a s s e n ; e r  v i e r e  n e g a : i v , a  
q u a n t ' t i e s  ? /h i  1s :hose f o r  f a r - s i d e  Fassenge r  !/ere ;csi;: ve. 



P R E D I C T E D  PRO8RlfL:Tr 
OF NOW-YEYERE INJURY 

FIGURE 3.22  Histo~rarns of ji of 'our-Variaole :lode1 (La:eral 
J e l t a  ' J ,  Age, Eody Regi 3n and :n;uril Type) = o r  Far 

?has? ! 9a;; - Side Impacts 

T.4E!,c 3 . 9  

Goodness of F i t  

Sever i ty  = F(Latera1 3 e l t a  : I ,  Age, Sody Region, Injury Type) 

Phase 1 D a t a  - Side Inipacts 

I Salrilple S i ze  I i Correct 2 redk t t i sn  
Subset  ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 'Ion-Severs 1 Sever? 1 :\/era11 I 'ion-Sever? , Sev2r-e 
- - - - - - - - - - - - - - - - - - - - - - - - T - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - -  

*,4ge was redznda n', 

3.  Tile wo-way contingency tab12 beti<ieen iIEIvCAIS3 and I n j u r y  Ty re 
indicated thac the  ch?nc?  a i  f r a c t u r e  i n j g r i e s  t o  c2 S ~ V ~ I - 3  ( ~ a s  
a b a u t  52% f o r  qear-s ide pass2nSers and acout 46:: i c r  f a r - s  i < e  
?assengers.  



2 .  ;L $,as a l s o  noted tria?; f o r  f a r - s i d e  ?assensers ,  boeh the  in ju ry  
type  and che body region,  when inc3rporated i n t o  e n e  , l ode1  s ,  
caused 9nly a small reduceion i n  t h e  co r r ec t  ?r?di'c:ion o f  t h 2  
1 ON severi  ty  cases.  

: iear-side a c d  f a r - s i d e  s a s s e n c j e r s  d i s p l i i y e d  - ,he f o l l o w i n g  
s:.-.j l a r ; ' ;  - 1 2 s  : 

2 .  Ciisl,?cation in , jur i?s ,  chesr, and a c d c ~ e n  31:.:d:/s had r l e s z ; - i v e  
T !  % 4 T l 4 n  1 7  - ?  c ~ e f f ' c i  en ts .  1 ? e  ::.i~-r/aj/ ccn t i  n2enc;/ I-,ak!z bel,,,.veen , ,  - ., r, J >  

arid d i s loca t ign  ir;dl;cated thae d i  s l o c a t f  n r?siileed i n s e 1 ' / ? r 2  
' n J ~ r i e s  t o  near-s ide a s s e n g e r s  x o r a  cf i - ,en t h z n  f a r - s  i .'e 
9assengers.  I n j u r i e s  t o  t h e  ches t  and aSdomen wer? ;core l i k e l y  
t c  be severe f 3 r  n e a r - s i d e  3 a s s e n g e r s  t h a n  f a r  f a r - s i d e  
passengers. 

By adding Injury Type and Body Regicn i n t o  t h e  nodels ,  t h e  s a n p l  e 

s i z e  (F!) i n  t h e  modelling o f  eacn subset  was reduced considerably due t o  

:"l e i s s i n g  da ta  o f  the  in jury- type  and t h e  body- reg ix  D e ~ n s  e x c l u d e d  

from t h e  ana lys i s .  T a ~ 1 2  3.13 shows tile number of va l id  cases  f o r  e a c h  

subset .  Table 3.11 shows t h e  missing cases  for  l e a r  P C C  and Far PC3 by 

O A I S  by t h e  l a t e r a l  Delta V values.  

Fcr 3ear  2C2, t h e  rnissing cases  should not s i g n i f i c a n t l y  a f f e c t  t h e  

modeling r e s u l t s .  From t h e  r e s u l t s  o f  t h e  e a r l i e s t  rnodels  ( i  . e . ,  

:IElsiC,A:S3 as a funct 'on of Lateral  Del ta  ' J  and Age) i t  \:as recognizes 
- \ .  -- ,,,c, t h e  ;;l!spretlictians of i n j u r f 2 s  occtirred i n  :he c a s e s  :./i tn I c ~ r  : c  

- -c$erate i a t 2 r a l  3e11a \J bu:, ;4i!i0,\;53 severe.  : h e  a c s e n c s  of .;a?;/ s f  
- 

such cases c3ul? discred':  tile mode:ling resu lxs  when I n J u r y  , ; I ? ?  d q d  
- 1  . . - 5 7 , -  Socy ?;.5i2;? er;t?r?ci -,he nodels.  { n e  ~ b s s ~ c .  9f c a s e s  id;:'; 1 2 : i  d - i , 3  

? - I'2-2) should not s ; rect  tile subsequent node1 1 i n g  r e s t i ?  ;-,s i ; a n :  'ivdy 

because they :vet-? the  cases which t h e  e a r l i e r  models c3ui.! gr.dic+ q u l t z  

a<-2 r? ;? l j .  

F c ~  Far prr ,J,  ;1~i / i2~/er ,  by Sri  i g i  n g  I n J ~ r y  Type anc E o a j  2e;i 3n i n-, c 

~ h e  ~ d e l ,  t en  cases of i n j u r i e s  w i t h  l o w  t o  ; lodorate L a s r a l  3 e l t a  ''1 

a n d  :;E1;i0,\1S3 sever? 5ecaii;e l o s t .  This represented 505; , 3 f  the ori1;'nally 

nis?redi:-,ed u s e s  ;.ihich ~ o u l , d  have need?d f ; r t l i e r  i r l v e s t i i ; a t i o n  and  
znalyses.  







It i s  w o r t n  n o t i n g  t h a t  r,he e s t i m a t e d  l i - ~ d e l ~  f o r  d i f f e r e n 1  s u b s ? t s ,  

w h i c h  have  L a t a r a l  a e l t a  ' 1 ,  Acje, I n j u r y  T y c e  a n d  300;/ ?e;i 3 n  a s  t h e  

i n d e p e n d e n t  v a r i a b l e s ,  a l l  d i s p l a y e d  one common c h a r a c t e r i s t i c .  T h e  

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

dufijmy v a r i a b l 2 s  :./ere c o n s i d e r a b l y  l a r g e r  i n  r a g n i t u d e  ~ h a l  t h o s z  2 f  :he 

L a t e r a l  3 e l t a  'J \ i a r i a b l ?  and ,ASP. T h f s  S ~ ~ T S  t o  i - q l j  :kz: ;il,:zn ? s ' , j e  

i ~ , ; a r , ~  z c c i d e n t  t h e  IJsi-; I  T y p  3 x  :he z f f x - , s c !  bc6;i r 2 5 i  :n ~ ~ 2 ~ 2 ' 3  i n 2 d  

c s n ,  e s ; e c i ? l l y  f o r  ;~?L. s e v e r s  c ? s z s ,  3 :  - c 5 :  ; r ~ d ' - +  r u ,  ,L + '  ~ : : e  r 3 s u l  r i = s  
i n j l i r y  s e v e r i f y  \/i:nout. i n f z r n a ' , i . s r :  c l  c r z s h  s e v e r i  :>. ,A, C ~ I ~ S ; ~ ~  

" , T I ?  r - 2 x a 1 n i - i a t i o n  s f  :he t h r z e - w a y  : ~ b i ? s  s i  ' IE i r~n i~ ; ,  ,njiir:/ , ; I : ?  :n: ? a d ; /  
- 

R e g i o n  c s n f i r m e d  t h i s .  i n j d r y  iys2 i n d o d y  9ec j i3n  a r e  f21z : c  5 2  L a d  

c n o i c e s  f o r  t h e  i nde'72ndent  \ l a r i a b l e s  because  c l i e  combi nas  i o r 1  9 f  L o t  ;l 

i n i r e d i  a t e l /  r e f l e c t s ,  f o r  c e r t a i n  i i j u r y  t y p e s  and c e r t a i n  boil;/ r e 5 i  ons,  

t h e  I;EbiOA;S3 c o d i  n ~ .  F rcm t h e  i d e a l  x o d e l  v i e w 7 o i n t  t h e  :nodel  s  s h 0 ~ 1 1 6  

u s e  c r a s h  s e v e r i t y  t o  p r e d i c t  i n j u r y  s e v e r i t y ,  in;ury t y p e  and  a f f s c t e d  

body r e g i o n .  T h i s  l 2 a d s  t o  t h e  q u e s t i o n  c? ~ ~ h e t h e r  I r J ~ r y  T j ~ 2  a n i  dody 

Reg i  on s h o u l d  b e  s e l e c t e d  as  t h e  i ndependent  v a r i a b l e s  o r  w h e t h e r  o t h e r  

moro " c a u s a l "  v a r i a b l e s  s h o u l d  be  f o u n d  t o  r e p l a c e  t h e s e  t w o  v a r i a b i  e s .  

I n t u i t ' v e l y ,  L a t e r a l  D e l t a  V t o g e t h e r  w i t h  C o n t a c t  ? o i n t  a n d  t h e  

p o s i t i o n  of o c c u p a n t s  r e l a t i v e  t o  t h e  i m p a c t  w o u l d  be  e x ~ e c t e d  t o  s i v e  

some i n f o m a t i o n  a b o u t  t h e  t y p e s  o f  i i j g r i ~ s  s u f f e r e d  by ? a r t i c u l a r  body 

r e g i o n s .  I f  such  we re  t h e  case ,  Con tacz  P o i  n t  ni ;ht, : rove :3 b e  a  . n g r z  

i s s i r a b l e  i ide?eqderx v a r i  a512 t h a n  b o t h  tile I n j u r y  Tyye  3ct;f ?,$$: = r ~  

\!a r i  z b ?  5s .  

The deve13pzen t  ~f , ~ e c h a n -  st ir nods? s  f o r  s ' 2 e  i?p?c:s i s  c?r , t i  : u ~ d  
, , , . , i f h ,  ,he :ccj',i.-,r: 3f :i:e ?l:ase 2 ??:a 1 7  ',he lex " ,  s e c t i 9 n .  





3.3 F i n a l  A n a l y t i c a l  R e s u l t s  f o r  S i d e  I m p a c t s  

The n e c h a n i s t i c  model  ,deve lopment  was c o n t i n u e d  v h e n  t i i e  P h a s e  2 

d a t a  f i l e s  we re  p r e p a r e d .  P e r h a p s  t h e  m o s t  c r i t i c a l  t a s k  w a s  t h e  

\ i a l i d a t i c n  o f  t h e  ?hase  i ~ o d e l s  :.!ith t h e  2hase  2 d a t ?  as d ' s c u s s e d  : 11 

S e c t i o n  2.  One v j o ~ l d  h o p e  t h a t  t h e  r e l a t i o n s h i j s  d e v s l  ;?ed  w '  t h  t h e  

?has?  ! d a t a  w o u l d  r e f l e c t  t h e  b a s i c  p h y s i c 2 1  ; r i n c i ? l ? s  ~ , l? ! /e rn ' : ;  t ; :e 
TI ' 

c o l i i s i ~ n  e v e n t ,  and,  t i l e r e f o r e ,  l.icl;ld b e  s c , ? S l  e .  S ;  7 ~ 2  ' $ a s 2  L ; s 

s i ; n ? i y  i c o n t i n u a ~ j 2 n  of :ICSS, i c  : iou l ,d  i r l d e e d  be  d isar ;o :  7:; n s  i f ti:? 

r e s ~ l z s  o f  t h e  ;node1 1 i ng e f f o r z s  : * /ere a p p r e c i  22iy d i  f i s r ? ~ , :  f o r  t h e  :,,:I:: 

, ,  # 

2hases .  TbIe ? h a s 2  l ~ o d e l s  a r e  v a l  i d z t e d  o y  d e t e r . ; : l ~ i n s  x n ? ;  r- 

? r e d i c ~ i v e  capability w h e n a p p l i e d  t o  t h e  P h a s e 2  d a t a .  T h e  P h a s e  2 

d a t a  i s  a l s o  u s e d  t o  r e - e s t i m a t e  t h e  c o e f f i c i a n t s  o f  t h e  3 2 l t a  V and ,Age 

;~OCSIS. Tries? r e s ~ l t s  f o r m  a b a s i s  f o r  t h e  c c n b i n a t i c n  z f  t h e  ?base 1 

and t h e  Phase  2 d a t a  as d e s c r i b e d  i n  S e c t i o n  3.3.3. ',iiitil r h e  i n c r e a s e d  

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

\ i a r i a b l ? s  a r e  a s a i n  c o n s i d e r e d  f 2 r  t h e  ~ o d e l s .  E i f c r t ;  a r e  iiiaci,? ' io  

c c n b i n e  t h e  s u b s e t s  a l s o .  C o n t a c t  P o i n t  i s  r e v i e w e d ,  a n d  t h e  f i n a l  

mode l s  a r e  ? r e s e n t e d  i n  S e c t i o n  3.3.5.  T h i s  s e c t i o n  c l o s e s  : . r i t h  a  

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

7 3.3.1 V a l i d a t i o n  o f  t h e  Phase 1 ; l o d e l s .  , h e  2 s t i n ; a t e d  ? h a s ?  1 

~ o c e ? s  as r e p r e s e n t e d  by 4 q u a t i o n s  3 -22  t 3  3 - 2 5  w e r e  a p ~ l  i g d  ~o 9 e  

;has? 2 d a t a  and  3 goodness  o f  f i t  f o r  tk s i x  s c b s z t s  was 73:a- i e c l  2 s  

shc\.rn :: Tab12 3.12. 

1. F 3 r  each subs?:, t n e  o \ i e r a l l  ? r g o o r t  1311 s f  C ~ S ~ S  C C ~ ~ ? C L , ' ~  

- r ? d i c t e d  by t h e  ~ n o d e l s  f o r  :he ?has?  2 c a t a  was z -3  '9 3'; l ~ w s ~  

:ban f 3 r  t n e  Phase  ! da;a, 

3 .  F g r  ; I ? ? r  P C 8  ar;d ,A11 : ;ea r ,  t h e  ~ , c d ~ l s  z c z ~ a ?  l y  ~ r 2 z i  c-ie: :i;@ 

s s v e r e  i n j u r y  c a s e s  a b o u t  6 2  t o  9': 5 e c t e r  f o r  t h e  ? h a s 2  2 d a t a  

t h a n  f o r  t h e  Phase  1 d a t a .  However ,  f o r  t h e s e  s i i ? ?  s ~ b s ~ ~ s  

t h e  ; r o p o r t i o n  o f  - ,he  c o r r e c t  ? r e d i c t i o n  f a r  n c n - s e v e r e  

i n j u r i e s  \was a b o u t  3% tt:: 7 %  l o w e r  f o r  t h e  phase  ? d a r a  t h a n  f s r  

t h e  Phase  1 d a ~ a .  



TABLE 2.12 

Goodness c f  F i t  

Severity = F(Latera1 321ta V ,  Age) 

?has? 2 3ata - Si??  I ~ p a c t s  

, S a ~ o l ?  SIZ? I 22rcant 20rrec: + 2 a j c : 7 3 ~  , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
S u 2 s 2 r  1 l /cfl-  1 I 0 I 

1 Sevnre I Sever? I 3verz; '  1 Sevzr? I Sever? 
- - - - - - - - - - - + - - - - - - - - - - - - - - - - - r - - - - - - - - - - - - - - A - - - - - - - - - - - - - - - - - - - -  

  ear ?C3 , 174 I 9: I 7 3 . 2  37.9 I 45.1 
FarPCD 1 2 1 3  1 3 :  1 26.3 1 3 ,  Z6.2  
' iear I.IPCD I 106 1 10 1 91.a 1 1OO.C 1 ,- 

C1 

Far '\iPCD 96 1 9 1 4 I 100.3 ; C 
I I I I I 

ALL NEPR i 250 1 101 i 7 7 . 4  1 33.6 1 32.7 
J$LLFAR I 314 I 50 1 38.2 I 99.3 1 2O.C 

3. For Far PCD and A 1  1 Far, the  models predicted t h e  severe injury 

cases i n  the  Phase 2 data only half as well as they d i  A in t h e  

Phase 1 data. The predict ion o f  non-severe in ju r i e s  f o r  t h e s e  

silbsets,  however, were ident ica l  in the  Phase 2 d a t a  and t h e  

Phase 1 data. 

r i p  - ? - 7  
l,-,uLk J *  - 4  

Lateral 3 e l - a  V 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I Sariiola I I I 

Subset / Size , Jange I 'dean S.1 .  
---------------t------------------------+---------------------- 

'iear PCD I 336 1 2-42 : 13.14 , 5-92 
'ar 'CD 1 3C9 I 2-4s I 1 3 . 2 7  1 5.33 
':e?rY?CD I -.,a i 2-25 i 5.511 i 1.25 

:IPCD I i 27 I 2-22 r 9 . 2 7  1 4 . 1 3  
A l l ' l e a r  I 363 1 2 - 3 2  1 11 -83  1 5 . l J  
,A? Far I A36 I - 7-49 1 12.13 5.50 ............................................................... 



- 
3 . 3 . 2  :~lodel E s t i ~ a t i o n  - Phase 2 D a t a .  j a b 1 2  3 . 1 3  g j i / e s  t h e  

d e t a i l s  on Lateral  Del ta  'v' i n  t h e  Phase 2 d a t a  f o r  t h e  s i x  s u b s e t s ,  

while Tab12 3 . i 4  g i  lies t h e  proport ions of severe and ncn - swere  i n j u r i e s  

f o r  tlie s i x  subsets .  Tile ranges o f  L a t e r a l  D e l t a  'd f o r  n e a r - s i d e  

occuqants and f a r - s i d e  occupants were ccmarab le .  The ranges f o r  ~3 s 3 s  

wi t i1 gassenser  corn?arrment danaye, ho1;ie5ier, were much 1 a r g e r  t h a n  f o r  

cases  ;.l':h n m - 2 a s s e n ~ e r  corrzr tment  dar;;2,;2. :lea r - s  i c e  c c c u p a :  t s ; n 
I t ^ .  , ~ ! . : r i ? s  n :vish pass2ns2r crjn7st:ce:it da::a g e  : .12t2  f 2 r  ;is t? : ! j . , z: j  ~ , 3  

. , . ,  sL;s',a:n x ;n  severi" ,~ i n j u r i  e s  c n a n  s i  t h 2 r  f a r - : i =  2 c c c ; a n ~ s  c r  
TI c c c u s z n ~ s  3 vehic les  w i t h  ncn-?assenger comzrrz '2nt  dzzaj2. ne r 3 n 3 2 s  

of i a t e r21  3 e l t 3  'd and rhe  ;rcporr,iotis a =  s e q / e r e  i n j ~ j r i s s  t c  t3 :?1 

i n j u r i e s  of t he  subse ts  i n  t h e  2hase 2 da t a  were ccr?zrzblz  w :  t h t h c s ?  

i ? ,  t h e  ?!7zs2 1 data.  

TABLE 3.14 

Injury Proportion 

Phase 2 Data - Side I ~ p a c t s  

I Sample I Percent o i l o n -  I Percent of 
Subse~;  I S i z e  I Severe I n j u r i e s  I S e v ~ r e  I n j u r i e s  

- - - - - ' - - - - - - - - - T - - - - - - - - - - - - f - - - - - - - - - - - - - - - - - - - - - - - A - - - - - - - - - - - - - - - - - - - - -  

Near ?CD i 445 I 6 7 . 5  I 32.4 
Far PCD 1 421 I 85.5 i L 4 . 5  
;{ear \/PC3 I 13 L I I 93.8 I 5 . 2  

, - -  Far ':?CD , .I 3 I I 93.2 I 5 . 2  

- The gooai;ess of f i t  r e s u l t s  coricained 1 I I 2 0 1 2  3.12 :ier? d a s e d  cn 

f ; t i , ;ng t h e  3Clzs? ; da ta  qodels t a  t l ;e D':ase 2 d a t a .  1: i s  e p ' / -  s -  cn 
A ,,la: I s t i l l  ?e",?p soodness of f i t  W C L I ? ~  be c b t z ~ n e d  1' zile ? s t l T 3 : 7 ; r  

iiias cased on  he ?has2 2 ciata. S i ~ c e  Lateral  ? e l t a  ' J  arld Ase ? 3 9 2 a ~ ? ( !  
t 3  be significant e x ~ l a n a t o r y  v a r i a b l s s  of : ' n j u r y  s e v e r i t ]  i q  :Gie 

Phase : ~ o d e l s ,  r,h? c o e f f i c i e n t s  of t hes?  t ~ 3  : n d e ? c ? ~ d e ? t  v z r i  a51 e s  
t b e r e f c r e  should J e  e s t ~ ? a t , e d  usirlg t h e  b a s e  2 da t a .  The j o o a n e s s  o f  
f ~ t  of t hes?  new ~ c d e l s  should then be determlnea and c c x a r e d  , i 1 : 7  :?a: 
c o n ~ a i n e d  i 7  Table 3 . 5  and Tablo 3.12.  



The node1 2stira:ion resu l t s  of t h ?  "ase 2 d a t a  !./it,? L3teral 2e l t a  

\i and As2 as  the independent v a r i a b l ~ s  a re  as follows: 
+----------------------------------------------------T 

I I 
1 Estimated Xodels w i t h  Lateral Delta V a n d  Age I 

I I 

Near PCC (:4=255, LXS=52.!9, GF=2) 

Far ?PC3 (N=105, LRS=!9.12, D F = 2 )  I 
I 

1 (3-48) 5 = F(3.5252 - 0.1844X1 - 0.0019X2) 
' 7 I 

I 
i ,A1 1 Kear (N=381, LRS46.39 ,  DF=2) I 
I 

I A1 1 Far (?1=364, LRS=65.48, DF=2) 
i 

1 ( 3 -50 )  p i  = F(2 .7960 - 0.0988X1 - 0.0095X7) I I 
I 
I 

h I 
I where I 

I Ci i s  the  probabil i ty o f  a non-severe injwy, 1 

F i s  the l o s i s t i c  d i s t r i b u t i o n ,  1 

I X ,  i s  lacera1 Delta ' i ,  I 

I X, I s Aqe, and 
L. . . 

I L?S i s  t j e  i ikel ihcod ? a t i c  S t a t ; s ' i c .  

7 n Ths soodness o f  f i r ,  c f  the ~ o d e l s  rearesented by Equations r,o 

C3,-=i t i r ison cf :ne socaness  o f  f i t  r e s ~ l z s  s f  tne P h a s e  2 ;a:z 2 -  

, J ? , P ; Z ~ ~ ?  ;yodels (ia'eral gel", '3: and .ilcje) as shcyn ifi T a b i s  2 .  1 3  : i i : h  

1hos3 of the Phase : aa'a 2 - ~ ~ a r i a b l e  models ( T a b l o  3.5) reveals t h a t :  

1. The Jercent  overall  correct  prediction o f  t h e  ? b a s  e 2 g a : ~  

rnodels vras lower t h a n  "Lat of the Phase  ! d a t a  ~ o d e 1  s  , abode 



Goodness of F i t  

Injury Severi ty = i (Latera1  3 e l t a  ' 1 ,  Aze) 

>has? 2 3ata - S i j e  : ~ p a c ~ s  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I S a - g l a  S1z2  >erc?nt  Cart-2c: = r ? i :  ct i ~n 

Subs2r ! - - - - - - - - - - - - - - - - - - - - - ' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I :Ion-Severe I Sever? i ;\/era: 1 'jon-Sev2r2 Se ~ e r e  

- - - - - - - - - - - ~ - - - - - - - - - - - - C - - - - - - - - - - t - - - - - - - - - - t - - - - - - - - - - - - ~ - - - - - - - -  

riear ?CS 174 
Far ?C=I 2 13 
iiear :;PC2 136 
Far ? F C C  9 6 
A l l N e a r  , 230 
111 Far , 3!? 

- T *  ,c 3-4;; lswer f o r  near-side occupa?r,s, and zbou:  c; - ,  c r  f a r -  

s ide  occupants. 

2 .  For near-side occupants, the  percent c o r r e c t  p r e d i c t i o n  of  

severe i n j u r i e s  of the  Phase 2 nodels :./as sore 131: higher than 

t h a t  of the  Phase 1 nodels ,  the  percent correcx s r e d i c t i c n  f o r  

non-severe i n j u r i e s  04 the Phase 2 datz ;;ode1 s  was a b o u t  4:; 

1cwer. For f a r - s i d e  Zccil?ants, the  Phase ? ::,odels ; r e c i c t e d  

szvera k j i l r i e s  abssnt 257, Iworse than the  ?iias? 1 ::ocel5 5;: 
, , ::;?y 7redicted non-s2\i?re i n t u r i e s  J u s t  2s :./ell. 

a .  

Coz;-:ariscn o f  the gocdness of 7 : :  .:essur.s f 2 r  ::ie ? : ; a s  1 -;"_I j 

. - - ,  ; r  , a c l !  3.15 zzd :he goodness of f i c  .;e3sarej 2-  - , n S  ?1"1252 ; i o d ? j  j 

a ~ s l i e d  t o  t h e  ?hzse 2 d a t a  i n  T z b l 2  3.12 revezls  'ha:: 

1 7'  
I. , ? e  ?erccnt  3veral l  czrrc-ct ; r e d i c t i n  \;a; c : ? l j  s l  i ;iii.l:/ 

~ i g h e r  ;hiher: the  ?has? 2 zcdels riere 3c tca l ly  e s ~ I  : a :zc  :nlTl 

when applying the  ?has2 ! ,:ccels t o  the  ?hase 2 (data. 

2 .  The percent correc t  p r e d i c t i o n  f o r  s e v e r e  a n d  n o n - s e v e r e  

i n j u r i a s ,  with the  exception of :!ear ;;PC3 a n d  Far '12C3,  wer2  
not s i g n i f i c a n t l y  d i f f e r e n t  when che 2hase 2 daca irodels were  

ac tua l ly  e s t ina tzd  a n d  1,rhen d i r e c c l y  a p p l y i n $  f i l e  ? h a s ?  1 

zodels :s :he ?has? 1 daca. 



Figures 3.22 t o  3.25 show i h e  histograms of t he  ? r o b a b i l i t y ,  si, of 

t h e  occurrence of a  non-severe in jury  a s  a  fi lnction of i a t e r a  1 Del t a  ' J  

and Ase f o r  J e a r  2CD, Far PCD, Near NPCD and Far NPC3 based on Equations 

3-45 t o  3-48. Each f i g u r e  cons i s t s  of two h i  s t  ograrns ,  o n e  f o r  non-  

severe i n j u r i e s  and t h e  o the r  f o r  severe i n j u r j e s .  Both nisccgrams h z v ~  

t h e  same axes,  one r2presznts  t he  estimated probabi l i ty  of a non-se1i?r-2 

in jury  and t h e  3 ther  the  ~ u ~ b e r  of cases  ~ i t h  t he  7 a r t i c u l 3 r  S .  val : ? s .  
' 1  

1 - .-, p i  5ial;e s r 3 a t e r  t h a n  3.5 :~ould imply :he occlirrence QF a n o n - s e v e r e  

injlii-11 ; /h i13  a value l e s s  than 0 . 5  wos1 :! i , ~ i p l j /  t h e  3 c c c r r e n c e  r , i  z  

S ? V C ~ - e  injilry.  For : /ear  P 2 ,  Far PC3,  : l e a r  i:?C3 ai7.1 F a r  :I?:;, t h e  

predic t ion  of non-severe i n j u r i e s  was indeed v e r y  ~ o o d ,  t h a t  i s  t h e  

rnodels were 9 r l d i c t i n g  c o r r e c t l y  alniost a l l  of t h e  t i q e .  F o r  s e v e r e  

i n j u r i e s ,  however, t h e  models were not doing q u i t e  as we1 1 ,  t h e  Year PC3 

;nodel was only predic t ing  c o r r e c t l y  on t h e  average of about 4 5 %  o f  t h e  

time, t h e  models f o r  t h e  o ther  t h r e e  subsets  were co r r ec ;  a b o u t  2 0  t o  

30": of t h e  t i n e .  

9 
- 

8 

7 

0 

2 5 
W 
3 

Z Q  
e 
iL 

3 

2 

1 

0 
3 .  . I  . z  . 3  .I .S . a  .7 , a  . 3  I a,  $ 1  . a  . 3  , u  ,s . s  . 7  . a  .s i 

?SEOICTEO PROBI8ILITY *REOIC:ED PROBABILiTT 
OF NOH-SEVERE I H J U R I  3F MOM-¶EYERE I N J U R Y  

F I G U R E  3.23 Histograms of Si of Two-Variah?? 
',lode1 (Latera l  Delta V ,  Age) 'or Nezr 352 

?has2 2 Data - Side I ~ s a c z s  

T9e e s t i r ~ a ~ e d  l ~ g i s t i c  curves f o r  each of tiles? :cur s ~ b s d t s  ? r ?  

stiown i~ F igu re  3 . 2 7 .  The l o ~ i s t i c  c u r v e s  shows -,he e s t i ~ a t e d  

3robabi l i ty  of an occupant r 2 c e i v i n S  I s e v e r e  i n j u r y  ( 1 - p i )  a s  a  

funczion of Lateral Delta ''Y alone;  Ag? was f ixed a t  30 f o r  t hese  curves. 

I t  appears t h a t  of trle two nain s i b s e t s ,  : , ;ear  P C 2  and F a r  P C J ,  c h e  

I o r  L a t e r a l i  p m b a b i l i t y  of 3 severe injljry :vas h i g h e r  i n Near 2C3 



P R E D I C T E D  P R O B A B I L I ? Y  P q E O I C T E D  P R O B R B I L I T T  
OF N O H - S E V E R E  I N J U A Y  OF N O N - S E V E R E  I N J U R T  

FIGURE 3 .24  Historjrarns o f  5 of T!hio-'lariabl2 
:dadel (Later31 De l t a  1 ,  lg&) For F a r  ?CD 

Phase 2 Clata - S-de  1,npacts 

P R E D I C T E O  P R O B R B I L I ? Y  
OF N O N - S E V E R E  I N J U R Y  

--,, - , -  - q ?  - - 
- K :  J Hi~t32ra(;1s :; : ~f T::o-L'ariacl? 

> ,  . 3 d i j  :-?:era? 3elC.3 I ,  , ~ a \  Fzr ' : e a r  :;5C3 

Phase 2 3a:a - Size  I a ~ a c t s  

3 e ; t a  :I r a l ~ e s  srnal lzr  than  43 npi:. As La te ra l  2 e i t z  'I 5ecr;n:s l 3 r ~ r  

:hzn 43 n~l.1 t h e  ; s r ; u a i i l i t y  o f  a s2vere  i n j u r y  3 r ed i c t ed  221 3i ;her  -3(:2: 

a;prcaches ene.  The ' iezr PCD i:,ode? :;lou?,J p r e d i c t  a s e v e r e  i 3 ; ; ;  r y  f 2 , -  

Lare ra l  J e l t a  V g r e a t e r  than  20 rilph and v i ce  versa .  Tile Far ?C2 n o d e l  

:',oul:! p r e d i c t  a s eve r?  i qjgry f o r  La t e r a l  2eiCa 'J < r ? a c s r  t i 7 2 3  2 5  n 7 ; i  

a , l d  \ / i c e  versa .  Csn?arison o f  F i s u r e  3 . 2 7  :.ii',h F i ~ ~ r e  3.1: ( h e  2hase 1 

log! s t i c  curves  f c r  t h e  same s u b s e t s )  i n d i c z t e d  t h e  s i r n i l a r i  t i e s  be~~$d?en 
T ' t h ?  "lear ?C2 ;;lodeis and t h e  Far P C 3  y o d e l s  o f  t h e  t w o  c q a s 2 s .  1 7 2 .  



P R E D I C T E D  P R O B R B I L I T T  
Of NOH-SEYERE I N J U R T  

- .- . 
P R E D I C T E D  P R O B A B I L I T Y  
OF NOW-SEVERE I H J U R T  

F I G U R E  2 . 2 6  2:sto;rams of  ji o f  7*o-dariaols 
;11odel (Lat2ral  9 e l t a  V ,  Age) F o r  Far ',?C 

? n a s e  2 Lacs - S i d e  I , z p a c ~ s  

~ 1 , 1 , 1 , 1 , 1 1 , 1 1 1 ~  

I ,./' -..'. 
1 7 13 19 25 31 37 U3 49 55 6 1  

'4 10  1 6  22 28  3U 40 '46 5 2  f a  
L R T E R A L  D E L T R  V 

F T - l l g r  T L ~ U ~ , ,  - 2 - 2 7  L o $  s z i c  Carves of - I ;./o-',Jariab:? ,.:6e1 . ,  

(Lz:eraI Oelta \ I ,  C;e) l o r  Side-Izpac: Subs2ts 
Phase 2 D a ~ a  - Side 1,xpacxs 

N E R R  PC0 

F A R  PCD 

N E R R  NPCD 

FAR N P C D  

* ,  n ,en a i i f e rences  f n  t*,e :ie2r i lP23 models ~f the  two ;bases a n d  :h2 F a r  ; r  U Y  

models of :he t w o  7iiases ;iere considerable.  These di 'ferlnces nere r!o; 
unex~ec ted  s incs  the numbers ~f sever? injur i2s  i:: t r lese s u b s e t s  ; / e r e  
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L A T E R R L  DELTA V 

F I G U R E  3.28 The Age E f f e c t  o f  Two-Var iab? .  Node l  
( L a t e r a l  D e l t a  V ,  Age) F o r  Y e ~ r  P C 9  

Phase 2 - S i d e  I m a c t s  

v e r y  small i n  b o t h  phases.  The mode ls  o f  t h e s e  s ~ b s e t s  c o n s e q u e n t l y  ha?, 

v e r y  w i d e  c o n f i d e n c e  i n t e r v a l s .  The  e f f e c t  of  Age i s  i 1 1  u s t  r a t e d  f ~ r  

each s u b s e t  i n  F i g u r e s  3.23 t o  3.31. Each r i ~ u r - 2 ,  r e ~ r e s e n t i n g  a  i n o d e i  

- :;r n 1 : a r t i c u l a r  s ~ b s e z ,  c o n s i s t s  o f  t h r e e  c l i r v e s  f o r  ? . ~ e  35 23 ,  43 2 7 2  
. . ! ,  6:. The c u r v e s  a r e  e  ? l o t s  s f  c h e  ~ r o b a b i i i ~ y  c f  a s;v-r$ ; n ; ~ r y  j l -  - > " TI ? - ;;, 3s a f s n c t i c n  c i  L a t e r a l  3ei:a ;. i n e  2T iecZ  s f  i s  com;arsLl  2 

fi r - "  . ! ,e  ';ei:- FC3,  : ; ea r  :;?Ca, and  =zr 2 C 2 ,  5,47 ne;'i ;i > I ?  i in ti:? F:r ,;L- n C ,., 

s ; l c s s .  T i e  , ~ , ~ ~ - E f f e c " , l x s  she : . / ,  ,,,i -:I " ,  - .he ~;:cepL.!on c f  Fzr \ I - n m  .,;' " , J ,  :!:a: 

~ i v s n  any ' / a i t i e  c f  L a t e r a l  3 e l t a  '/ an o l d e r  c c c u p a n t  i s  ex;?ct.c! -.o hav. 
- 8 h e r  p r o b a b i l i t y  o f  i s e l i e r e  i:j~~r;/ :tllzi: 3 ;!9::.;er O C C : ? ~ ? : .  , 7 2  

7 3  - A  c2: : f idence 1in;:s f o r  2ach s ~ c s e t  ar:: i i : # ; s : r i t ed  i n F i  Su t - 28  ; .,, .s 
, - .  3.3:. E?cn -?;-re,  r ~ p r e s e n t i n g  a  ? o d e 1  f o r  P p ? r t i c ~ l z r  j ~ b ~ z t ,  

c m s i s t s  of t h r g e  c u r v e s  d e s ' g n a k i  nr: t h e  u p p e r  bound,  t h e  1  sli!o r b o g  76 
. . 

and r h e  e s z i n a i e d  p r o b a b i l i t y  of  a  s e v e r e  1n;ury ( : -p i ) .  I " s l n r a l ,  

:he c o n f i d e n c e  1 in i : s  a r e  t i g h t e r  f o r  t h e  ?C? ( p a s s e n g e r  ; 0 ; ; 9a r tmen r  
- 9 

danase )  s u b s e t s .  I ne n a r r o w e r  band  c i  c o r i f i a e r c o  1 i n i  t s  i n d i  r a t e s  t t ia  J 

t h e  r o l e 1  n a s  a s i n a l l o r  v a r i a n c e  i n  p r e d i c t i n g  t h e  ? r c S a S i  l ! : i ? s  
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F I G U R E  3.23 The Age Effect of Two-Variabl2 
?lode1 (Lateral  Delta V ,  Age) For Far PCD 

Phase 2 - Side Inpacts 

injury sever i ty  a n d  therefore  has a b e t t e r  c h a n c e  of p r o d u c i n g  t h e  

s imi lar  r e su l t s  when d i f f e r e n t  s e t s  o f  d a t a  a r e  a n a l y s e d .  Such 

r e ~ e a s a b i l i t y  i s  a desirabl2 qual i ty  of a model. For the 'Iear ?C; a l c  

:hi? h r  PC3 qodels,  the l a r z e s t  variance :#I ~ r 5 d j c t i c r :  s c c i ; r s  f l ; r  t f i e  

r?:g3 of Lateral 3ei:a ' i  a b o u ~  2 5  t o  35 Fzr t h e  - ; d e ?  s o f  t h e  

. , 

cil-2 i/?ry la rge ,  a I-esul: 2 f  2 ,iery snal l  nu;l=ar L?= s e v ? r e  l n ; l ~ r i ? s  j ;  
-r 1 -,n? s:!:IP?~s ( 3 b o ~ i t  122 zf t ~ t z :  i n j u r i e s ) .  , n e i r  !/cry larse c ~ i ~ f i d e n c : :  

li;ni',s a re  indica t ive  of the -nodelsi inherent lack of s t s k i  1 i z y .  T h e  

' / e a r  a n d  Far 2C3 s ~ b s e t s  are c3rpar3c i  I F i g d r e  3 . 3 6 ,  5 , : b s t a n r ' : l  
' 3  :he c3nfidence l i n i t s  i s  s e e n  a ;  i a ~ e r a l  g e l 1 3  '/ ~ 2 ' 3 2 s  

seccice l a r s e r  ( s r e a t e r  t n a n  25  n ~ i l ) .  The diZferenc2 Sef i iepi  z l e  t , : o  

zodels i n  p r e d i c ~ i c n  ' s  nor2 considerab;? a t  lorr  o r  inodera te  L a t e r a l  

z e l t a  ' J  than a t  hisher Lateral 'r?eli-,a I!. The ' i e ~ r  P C 3  rrod~l ;t.redic:ec, a 
h i jher  ;robabilirLy of a severe injury ~ h a n  t h e  Car ?CD model f a r  a ~ i v e n  

, /alge c f  Lateral 3e l t a  V .  
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F I S U R E  3.30 The Age i f f ec r .  of Two-Variabl? :+lock1 
(La te ra l  Del ta  ' 1 ,  Age) For Near NPCD 

Phase 2 - Side Iflpacts 

Tables 3.16 t c  3.17 summarizes t h e  " o u t l i e r s "  by Sody R e g i 3 n  a n d  

In jury  Type. Cornparison of t h e  "out1 i e r s "  by Sody Resion in  t h e  Phase ! 

and t h e  Phass 2 da t a  revealed tilac t h e  body r 2 ; i a n s  vihicii T e n d e c  :o 
rc;sdlt  i n  i njury irii s p r2d ic t ion  i n  b o t h  'phases !$!ere c m ; a r a > l e ,  szc:: ';cdy 

, . ,  . 
r q i  ons $;,ere Chest,  A c d c ~ s n ,  Forearn,  aild ',c 3 1 s s s e r  ?x:en+, ??I I ~ C /  7 ;  7 

- . . ans t h e  lower 1i:nSs. : ~ ; ' ~ i r y  ,ypes  ~ i i l i c h  1 2 n d s c i  :s s t r  : I - , ~  , J  . 
- ,  n > -  T 

- l ; ; i ; ~ r e d i c t i o n  t l s a  com;;?rable i n  S t o n a s e s .  , r I ; / : ~ s  

;ier2 Zuptur3, 2 i s l o c a t i c n  ana F r a c t u r e .  I r: j o t  h p n a s e s ,  i r z c ~ ~ i r ? ~  

377eared t 3  h a v e  o c c u r r e d  f3r  : ? r 2  f r 2 q u e n t l y  t h a n  r i ! ; r ~ r e s  c r  

c ' s l c c z t i o n .  Tas l?  2.13 sunmaries t h e  o u : l i z r s  by 3ody ? e g ' c l  ';r 
- . - fr;cr,urss o n l y .  , a b l e  3.16 and T a b 1 2  3 -10  c z n  b? j s ? d  t o i j e ~ h e r  -12 ; i  1 2  

;or? i n f o r x a t i ~ n  z b o u t  t he  3i spredi  c t i c n  s f  f r a c t u r 2 s  ci spec i f i c b c d ; ~  

regions.  For .xarnple, cne can see  t h a t  r h e  ~ a j o r i t y  of the 'iiis?reCiicteC! 

ches i  ( 3 4  o u t  9f 3 9 )  and pe lv ic -h i? / th igh  (12 out o f  1 3 )  i n j u r i e s  i n  

Tab13 3.15 were f r a c t u r e s .  The ~ n a l y s i s  of the  c ~ : ? i e r s  i n  5o;h ?has? 1 

2nd ?has2 1 data  ind ica ted  t h a t  t h e  da ta  could be aoclec.  
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FiGURE 3.31 The Age Effect  of Two-Variabl2 ?!ode1 
(Lateral  Delta ! d ,  Age) For Far ;i?CD 

?hase 2 - Side I ~ p a c t s  

The ?hase 1 two-varizble (Lateral  Delta V and Age) inodels 7redicr-ed 

i n ju ry  seve r i ty  a l ~ o s t -  as ~ 2 1 1  when a ? p l  i e d  t o  t h e  P h a s e  2 d a t a .  
F u r t ~ ~ e m o r z ,  rne  Phase ! ~ o d e l s  ana t h e  Phase 2 mode l s  d i d  n o t  y i e l d  

. . 
z;;rsciably d i s s i r : ; ? ~ r  g o o d n e s s  o f  f i t  r e s u l z s .  1 I ~ e 5 e r - 3 1 ,  :ne 

. . - ,  2redic:ion of non-severe in:.irles i n  b o ~ h  phases :vas c c ~ ; a r a b ? s .  
3 .  ; redicti:i: 3 i  j e l ; ? re  i n j u r i e s  was a l s o  c o n g a r i 2  1 3  C g r  z 2 ; r - s j s e  

i ( occ;;ar:ts while ,.nac f o r  f a r - s  i c e  occ2aa : i ; s  shc:!?d j : . -?) t ,?at  ~ c r - 2  

,,; r j  ; +,; 7 ' 
. ,  

,,, 1 i:y, wnic i i  c c u l i  Se a t t r i buzed  t o  t h e  r e l z ~ l v e i j  s ; nz? i e r  s in: : :  2 
. . 

s i z e  c f  the sever? ;n :ur ies o f  f a r - s i d e  occupants and/r2r  c o  t h e  f a c t ,  

t h a ~  ?rzli c t i o n  3f  s? \ /e re  i n j u r i s  had ~ e n e r ? :  l;, =Pen, 3~ i e a s t  ", o d a ~ ? ,  
T t e n u o u s .  , h i s  s e a s  :a ! ? p l y  ;:ha; t he  Phase ! ca:i 2nd t h e  ? h ? s ?  2 '2a:a 
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FIGURE 3.32 Confidence Interval of p i  o f  Two-Variabl. 
Node1 (Lateral J e l t a  V ,  Age) a t  Age 30 For >lear PC3 

Phase 2 Da t a  - Side Inipacts 
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FIGURE 3.33 Confidence Interval  of ,?. o f  T w o - \ i a r i a ~ l ?  
Model (Latera l  Delta V ,  Age) a t  ~ ~ e ' 3 0  For Far P C D  

Phase 2 Data - S i d e  I ~ p a c t s  
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F I G G R E  3.34 Conf idence I n t e r v a l  o f  j5. of Two-Vari a b l  e I+lodel 
( L a t e r a l  D e l t a  V ,  Age)  a t  Age 30 For Y e a r  E ? C G  

Phase 2 D a t a  - S i d e  Iinpacts 
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FIGURE 3.35 Conf idence I n t e r v a i  o f  ji of Two -Va r i ab l?  
Plodel ( L a t 2 r a l  D e l t a  V ,  Age) a t  Age 30 Fo r  F a r  l P C 3  

Phase 2 Da ta  - S ide  impac t s  
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FIGURE 3.36 Confidence Interval of $ o f  Two-Variable rlodel 
(Lateral  Delta V ,  Age) a t  Age 30 F O ~  Xear 2CD and Far ?C3 

Phase 2 U a t a  - Side I n ~ a c t s  



L i s t  o f  3ody Regi  ons A s s o c i a t e d  w i t h  
L z r g e  P e r c e n t  o f  3 u ~ l i 2 r s  

Phase 2 D a t a  - S i d e  I m p a c t s  
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i Sody ?eg4  3ns* Tba: 1 I 

n 

, ,cs?: 1 Y i a ? ?  L z r j ?  3 2 p c 2 q ~  2 f  T o r a l  ' ! s , ~ > e ~  ' : ~ - > = e r  c f  
I sz rec l l  c t  i 3n , o f  Caszs i; s ; r e d ! c ~ i 3 7  

j , , - - - - - , - , - - - - - - - - - - - - - - + - - - - - - - - - - - - - - * - - - - - - - - - - - - - - -  
- 

1 3 1 Abdomen : 3 

I Ches t  I 2 7 I 1 4 
j - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - -  

1 L owe r  L e g / A n k l e  I I 2 I 2 
9 1 Ches t  I I o 
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l,,,,,-,,-----,-,--,------f--------------~--------------- 

1 Chest I I 3 I I 2 
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A1 1 the 1 Forearms I 9 i 6 I 

Above Subsets 1 Abdomen I I 2 2 I 1 3 
Toge t  her i Chest I 7 6 I 3 9 

I ?elvic/Hip,Thigh i 35 1 14 

* g o d ~  r e g i o n s  were r anked  within s u b s e t s  by r i l e  1  a r ~ e r  n a y i  t u a e  

o f  n i s = l r e d i c t i c n  p r o p o r ~ i o n s .  



List of Injury Types Associated wit,i 
large ?ercect of 3u t l  i s r s  

Phase 2 D a t a  - Side Inuacts 

car  P C E  
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I Rupture i 3 ! 1 
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Zislocation I 2 I 1 

A 

- - - - - - - - - - - - - - - - - - - - -+ - - - - - - - - - - - - - -+ - - - - - - - - - - - - - - - -  
Near ;!PC3 I 

I Fracxure I 11 I 8 
I - - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - -+- - - - - - - - - - - - - - - -  

Far tli)CC I Abrasion I 2 I 1 I 

- - - - - - - - - - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
A l l  t he  I Crushing I 2 I 

I 
7 

Above Subs~ds  I Rupture I 5 I d 2 

Toget her I Fracture I I 123 I 5 9 
I Dislocation I 5 I 2 ..................................................................... 

*Injury Types were ranked v ~ i t h i n  subsets by tile h i g h e r  percent 

cf ~i s?r?di  ct i on. 



F r a c t g r e s  Only 
L i s t  o f  3ody  J e y i o n s  A s s o c i a t e d  w i t h  

L a r g e  P e r c e n t  o f  2 u t l i e r s  

Phase 2 3 a t a  - S i d e  : ~ s a c ~ s  

I 3ody ? e ? i 2 n s k  :;iiisn ; 
7- Subse t  Y i e l d  L a r l e  ?erc?n: i o t a l  ';u;!~er : :!~:5?r ~f - - * - , , l  2 - - i o f  ; , i i s ; , rea ics isn i ,as?s b,r?di c t  i s ?  

- - - - - - - - - - - - - - - f - - - - - - - - - - - - - - - - - - - - - A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

;121r 2C3 I :,?ci( I 3 2 - 
1 F ~ r ? s r ~  - i 4 ., 

1 Chest i 2 5 I ! 4 
; T h i g h  I , 3 

P 

0 I 

2 I Face  I I I 

I P e l v i c / H i ?  I I I 6  ! 7 

F a r  PCD 

;dear NPCD 

= a r  NPCD 

[ - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I Chest ! 17 I i 3 
1 Pe l v i c /H i ; , Th i gh  i 2 I A 

1 ?let% I 2 I I 
I i a c e  I 2 I 1 

I I - 
j---------------------f------------------------------- 

1 Lower  Leg ,Ank le  1 2 I 2 
I Ches t  i 6 I ? 

3 
j---------------------f---------------t--------------- 

I Ches t  I 3 I I 2 
I  Neck I 2 1 1 
I---------------------f----------------t--------------- 

A l l  t h e  I F o r e a m  I 3 I 6 
Above Subse t s  I Ueck I - * 

I I I 3 - 
I 3 ~ ; e t h e r  i Ches t  I 3, 3 -r - '1 

Face  3 I J 

2 6 - n 

I ? e l v i c / ~ i : , T h i ; n  , I r i  

I A n k l e l ' o o t  , '7 
L 1 

- -- - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*Sod;~ r e s i s n s  > /e re  r a n k 2 6  ~ 4 i : : l i i  S J C S ? - , S  3:/ t h e  1 3 r - s ~  >erc?n: 

o f  q i  s p r 2 d i  c t  i cn. 



- ,  
3 . 2 . 3  Comb in i ns  Phzse  1 and Pi lase 2 Da ta .  ; n e  , ~ c d e i l i n s  r z s l i i  :s 

c f  t h e  2hase  1 d a t a  and t h e  Phase  2 d a t a  on t h e  s i d e  c o l l i s i a r , ~  11ad 

i n d i  caxed,  i n  g e n e r a l ,  t h e  Phase  1 x w o - v a r i a b l e  m o d e  1  s  p r e d i  c t  ed t h e  

?base 2 d a t a  n e a r l y  a s  w e l l ;  t i l e y  a l s o  p r e d i c t e d  t h e  P h a s e  2 d a t a  
- .  

s i ~ i l a r l y  t o  :he e s t i m a t e d  P h a s e  2 t w o - d a r i a b l c  x o d e l s .  1 1 :  5 :.!as 

f ~ r t , h e r  c o i l f i r ~ e c  b y  :he s i ~ i l a r i t y  i n  t ' ls " o u t l i e r s "  b a s ? " ?  :,he 
A 1  nod2ls c f  b o t i i  ? i ias?s i n  :zr-ns 3 i  i n j u r y  :yFes and Sod, r q i c n i :  2.1, :y 

t; l ,e j i n  ::le 9 i i : c g r s c s  o f  t h e  ; i a l i e s  ;f 20th ;has?s = ~ r  i:: 

in1ies:;5a:eci s t a t i s t i c a l l y  aT,c t i l e  s t a t i s r i  c z l  r e s u l :  s a r e  shz , : / -  -: : 
1 3 .  9 e t a i l s  o f  t h i s  a s 7 e c t  o f  c c n b i n i  19 t h e  ,da ta  can  b e  f z u n d  

i n  S e c t i o n  2.1. I n  bri?f ,  t h e  n u l l  h y p o t h e s i s ,  KO, i s  ' .hat  o n e  z s d e l  

lwill a d e q u a t e l y  d e s c r i b e  t h e  Phase 1 and  Phase  2 d a t a .  The a l t z r n a t  i : i e  

h y p o t h e s i s ,  K, , i s  t h a t  two  i n d e p e n d e n t  mode ls  a r e  r sc j i i i  r e d  t o  d e s c r i  b e  

t h e  d i f f e r e n t  phases .  The  s t a t i s t i c a l  t e s t  u s e d  i s  t h e  L i k e l i h o o d  R a t i o  

S t a t i s t i c  w h i c h  i s  d i s c u s s e d  i n  more  d e t a i i  i n  S e c - : i o r ,  3 . 1 . 2 .  T h e  

r e s u l t s  i n  T a b l s  3.19 i n d i c a z e  t h a t  i r i e  Phase  1 and 3hase  ? d a t a  c z n  bs 

combined  f o r  a1 1  t h e  s i d e - c o l  l i s i g n  s u b s z t s .  

S t a t i s t i c a l  ? 2 s u l t s  I n  
C o m b i n i n g  Phase  1 and  Phase  2 D a t a  

S i d e  I ~ c a c ~ s  

'' i's t h e  l i k e l i h o o d  o f  t h e  d a t a  u n c 2 r  t n e  n u l l  n y ~ o t n e s i s  -2 
"I i s  t h e  l i k e l i  h c o d  o f  t h e  d a t a  ~ n d e r  t h e  a l t e r n a t i v e  " 1 

h y p o t h e s i s  

C L?S i s  a sy " i ; p t o t i ca l  l y  c h ' - s q u a r e  \vi',h d f  s p e c i f i e d  



T a b l e  3 .20  s'icws tile nlixber ai cases of the combined ? h a s ?  1 ail:! 

Phase 2 d a t a  wit!] valid r4EIIOAiS3 codes, Lateral Delta li and Ase. 

Descr i? t i \ / s  Statis:ics For :Key ' iar iabics 
in the Side :,?pact Subsets 

I / ?ropcrt ions ?i l ia ' ,eral  gel:? I,.'! ', i: e 
Subser I j a , qp l  2 1 S e v e r e  I ~ J u r i  2s I - - - - - - - - - - - - - - - -  

i Size 1 ( :; ) 8 4 jRzn;~l>~leaniS.D. ~ ? , s n ~ z  e: ,? ,  S . 2 .  
- - - - - - - - - f - - - - - - r - - - - - - - - - - - - - - - - - - f - - - - + - - - - T - - - - - A - - - - A - - - -  

I I i I I 1 I I 1 

':ear PC3 1 583 1 35.6 12-5; 113.217.4 13-9C 1 2 :  i l2.3 
Far ?CD 1 870 1 i7 .4  1:-52 113.617.2 '2-28 1 31 113.5 
'/ear NPCD 1 419 1 5.2 11-36 1 3.314.4 13-85 1 23 113.5 
Far NPCD 1 415 1 5.8 11-28 1 3.614.4 10-85 1 32 118.6 

F i ~ u r e  2.37 shcws the  cumulative d i s t r ibu t ion  of L a t e r a l  D e l t a  \I 

f o r  a l l  subsets.  The cumulative curves of Lateral Delta V f o r  flear 2CC 

arid Far ?CD a r ?  a lzos t  ident ica l .  They are  d i f f e r e n t  f ro17 c h o s e  f o r  

?lear :il)CD a n d  Far YIPCD, whose range of Lateral Celta ' J  was c o n s i d e r a c l j  

sna l l e r .  The resu l t s  of the mdel e s t i ~ a t i o n  f o r  the  combined P h a s e  ! 

2nd  ?$ase 2 d a c a  3 r2  shown i n  Equations 3-51 : c  3-56. 



- NEAR PCD - FAR PCD - - NEAR NPCD -- FAR NPCD 

I 12 23 35 46 57 
LATERAL DELTA V 

F I G U R E  3.37 C ~ n u l a t i v e  D i s ~ r i b u t i c n s  of 
L a t e r a l  D e l t a  Y For  S i d e - I y p a c t  S u b s e t s  

Phasos  1 and 2 - S i d e  I n p a c t s  



+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - +  
I I 
1 Estimated 14odels with La te ra l  Delta V and As2 I 
I I 
I Near P C D  (N=650, LRS=147.51, DF=2) i 

Far PC3 (X=539, LRS=! 54.36, DF=2) 

Near N P C D  (N=329, LRS=32.03, DF=2) 
1 

I (3-53) ji = F(3.5282 - O.lO1lX1 - 0.0248X2) I 
I I 
1 Far NPCD (M=325, LR930.43, DF=2) I 
I I 
1 (3-54) p i  = F(3.6222 - 0.1401X1 - 0.0111X2) I 
I I 
1 Near A1 1 (N=979, LR9234.24, DF=2) I 
I I 
I (3-55) p i  = F(2.5262 - 0.1074X1 - 0.0158X2) I 
1 I 
I Far A l l  (N=964, LRS=206.93, DF=2) I 
I I 
I where I 

I pi i s  t h e  p r o b a b i l i t y  of  a  non-severe i n ju ry ,  I 

I F i s  the l o g i s t i c  d i s t r i b u t i o n ,  

I X I  i s  La te ra l  De l ta  V ,  

1 X 2  i s  Age, and 

I LRS i s  t h e  Likel ihood Ra t i o  S t a t i s t i c .  
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

The goodness of f j t  r e s u l t s  o f  t h e  e s t i m a t e d  ~ o d e l s  f o r  t h e  

combined da t a  are shown i n  Table  3.21. 

Figures  3.38 t o  3.43 show t h e  histcgrams cf t he  p i  v a l u e s  o f  t h e  
I 

s i x  s u b s e t s  based on Equations 3-51 t o  3-56. Each f i g u r e ,  r e p r e s e n t i n g  

each model f o r  a p a r t i c u l a r  s u b s e t ,  c o n s i s t s  of a p a i r  o f  h i s t o g r a i n s ,  

one f o r  non-severe i n j u r i e s  and t h e  o the r  f o r  severe  i n j u r i e s .  The axes 

of both histograms are i d e n t i c a l  , o n e  r e p r e s e n t i  ng t h e  e s t  i r na t ed  

p r o b a b i l i t y  of a  non-severe i n ju ry  ( p i )  a t  a 0.05 i n t e r v a l  and t h e  o the r  

t h e  number of cases  with p a r t i c u l a r  Bi values.  The Phase 1  and Phase  2  

co~nbi ned two-var iable  (La t e r a l  Del ta  V and Age) models i n d i c a t e d  t h a t ,  

i n  g e n e r a l ,  t h e  models f o r  f a r - s i d e  occupants tended t o  p r e d i c t  ove r a l  1 



TABLE 3.21 

Goodness o f  F i t  

S e v e r i t y  = F (La te ra1  D e l t a  V, Age) 

Phases 1 and 2 - S ide  Impacts 

I Sample S i z e  I Percent  C o r r e c t  P r e d i c t i o n  
Subset I - - - - - - - - - - - - - - - - - - - - -+-------- - - - - - - - - - - - - - - - - - - - - - - - -  

I Non-Severe I Severe I  O v e r a l l  I Non-Severe I Severe 
-----------+------------+--------+----------+------------+-------- 

I  I I  I I 
Near PCD 1 434 1 2 1 6  1 75.2 1 91.9 1 4 1 . 7  
Far  PCD 1 545 1 94 1 89.1 1 97.6 1 3 9 . 4  
Near NPCD 1 308 1 21 1 93.3 1 99.4 1 4.8 
Far  NPCD 1 309 1 16 1 94.8 1 99.4 1 6.3 

I  I  I  I I 
ALL FAR 1 742 1 237 1 80.7 1 95.7 1 33.8 
ALL NEAR 1 854 1 110 1 91.0 1 98.2 1 34.5 

i n j u r y  s e v e r i t y  b e t t e r  t h a n  t h o s e  f o r  nea r -s ide  occupants. O f  t h e  f ou r 

independent subsets,  Near PCD, F a r  PCD, Near  NPCD a n d  F a r  NPCD, t h e  

f i r s t  subset  had t h e  l owes t  o v e r a l l  percent  c o r r e c t  p r e d i c t i o n  ( 7 5 %  

compared t o  90% o r  o v e r  f o r  t h e  o t h e r  t h r e e  subsets) .  T h i s  i s  d u e  t o  

t h e  near -pe r fec t  p r e d i c t i o n  o f  n o n - s e v e r e  c a s e s  i n  t h e  o t h e r  t h r e e  

subsets. As w i t h  t h e  Phases 1 and Phases 2 models, t h e  p r e d i  c t  i o n  o f  

non-severe i n j u r i e s  i s  ve ry  good f o r  a l l  subsets. T h e  p r e d i c t i o n  o f  

severe i n j u r i e s ,  however, remains somewhat u n s a t i s f a c t o r y .  

The es t imated l o g i s t i c  curves f o r  t h e  f o u r  subsets N e a r  PCD, F a r  

PCD, Near NPCD, and F a r  NPCD a r e  shown i n  F i g u r e  3 .44.  T h e s e  c u r v e s  

show t h e  e f f e c t  o f  L a t e r a l  D e l t a  V on t h e  p r e d i c t e d  p r o b a b i  1 i t y  o f  a  

severe i n j u r y  (1-pi) when Age i s  h e l d  f i x e d  a t  30. The Near PCD c u r v e  
1 l ooks  q u i t e  d i f f e r e n t  f r o m  t h e  o t h e r  t h r e e  curves,  p a r t i c u l a r l y  a t  t h e  

lower  range o f  L a t e r a l  D e l t a  V v a l u e s .  T h e  c u r v e s  s u g g e s t  t h a t  

i occupants o f  t h e  Near PCD subset  had c o n s i d e r a b l y  h i g h e r  e s t i m a t e d  

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

A The l o g i s t i c  curves o f  t h e  o t h e r  t h r e e  subsets - F a r  PCD, F a r  NPCD, a n d  

Near NPCD look  very  s i m i l a r  t o  one another.  The e f f e c t  o f  Age i s  s h o w n  

i n  F igures  3.45 t o  3.48. A l l  f o u r  subsets  now show comparabl e  e f f e c t s  
A 
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P U E O I C T E D  P R O B R B I L I T Y  
a ?  n o n - g c v c ~ ~  I N J U R Y  

P R E O I C T E O  P R O B R B I L I T T  
OF N O N - 1 E V E U E  I N J U R Y  

FIGURE 3.40 Histograms c f  THO-Variable Model 
(Lateral Delta V ,  Age) For ;lear ~ P C 3  

- 
Phases 1 a n d  2 - Side Impacts 

P R E D I C T E D  P l O B A B I L I T T  
OF N O N - S E V E R E  I h J U R T  

P R E D I C T E D  P 9 0 8 R B l L I T T  
O f  N o h - 3 E V E R E  i N J U R T  

- - 7 - . G i l R E  3 .41 ?istograms sf iwo-Yarisble '1sae1 
(Lateral ~Geltd V ,  Age) For Far ? ; P C 3  

Phases 1 and 2 - Side Impacts 

3 . 5 2 .  Each f igure ,  representing a mode? = s r  a p a r t i c u l a r  ~ ~ S s e c ,  

c3nsists of three carves which are the laper  b o u n d ,  the  lswer icurd a n d  

:he estimated probability of a severe injury j l - 6 i )  For  he li2ar ?Ci: 

model, the confidence interval a p p r o a c h e s  z e r o  a s  L a t e r a l  D e l t a  ' I  

approaches a value of about 50 nph. For Far ?CD, Xear W P C D ,  a n d  F a r  

?I?CD the confidence intervals approach zero as Lateral Delta i' becomes 

very small or very large. The confidence l imits  of the Near P C D  a n d  the 

Far 2C3 models are considerably smaller t h a n  those of the Ilear NPCD a n d  



P R E D I C T E D  P R O B R B I L i ? Y  P R E D I C T E D  C R O B R B I L I T T  
O F  N O N - 3 E Y L R E  i N J U R Y  OF N O N - S E Y E R E  I N J U R Y  

FIGURE 3.42 Hi stograns of Two-Vari a b l e  ?+lode1 
(Lateral  Delta V ,  Age) For A1 1 ? / ea r  

?bases i and 2 - Side Impacts 
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- =iCU?E 3 - 4 2  d i s ; c ~ r x i s  of ,c;ic-'iariabla ;~\ocel 
(Lateral  2el:a '4, Age) For A 1 1  Far 

Phases 1 and 2 - Side h p a c t s  

the  Far ;;PC3 models. This i s  due t o  the  ~ u c h  s ~ a l l e r  n u ~ b e r  o f  s e i / e r e  

i n j u r i e s  in ?lear ;{PC9 a n d  Far YPCD ( 1 ~ ~ s  t h 2 n  1'3:; gf t o t a l  i n j u r i  2 s ) .  

Fistire 3.53 cor;lpares the  ; / ea r  and F a r  P C 3  subsets .  The f i g u r e  shows 

chat the d i f f e r g n c ~  ber-ween the  !]ear PC2 model and tile Far PC3 rnodgls js 
t h e  predic t ion  of severizy i s  :nore considerable when L a t e r a l  D e l t a  'J 

values are  low or  moderate ( u p  t o  30mph). A sinall o v e r l a p  of t h e  t w o  

ccnfidence in te rva l s  occlirs a t  Lateral Delta !I of g rea te r  than 2 5 ; ~ i p  h ,  
the  range a t  wnich the  e s t i ~ a t e d  probabi  1 i t y  o f  a s e v e r e  i n;'ury i s  



approaching a value of one. F i g ~ r e  3.53 indicates tha t  the  X?ar P C 2  a n d  

the  Far PCD models are  d iss imi lar .  

........ I.. - 
H E R R  P C 0  

F A R  P C 0  

N E R R  HPCO 

FAR NPC3 

L R T E R f i L  OELTA Y 

FIGURE 3.44 Logi s t i c  Carves of Two-Vari abl e  Models 
(Lateral  Delta V ,  Age) For Side-Impact Subsets 

Phases 1 and 2 - Side Impacts 

The qodelling r e s u l t s  so f a r  from t h e  combined cia'.? su~gesrec!  '.?z: 
the  non-ijassenger com.lrartxent damage slibsets ( i .  e l  , Ye? r : ; P C 2  a n d  F3 r 

NPCD) :vere not very d i f fe ren t .  Furthemare,  these two subs2;s a spea red  

to be f a r  ,:ore s i n i l a r  t o  Far ?C3 that t:! ! ! 2 3 f  P C 3  b c t h  i n  i ; ? r z s  sf 

!xodel est i i lat ion a n d  g o o d n e s s  of f i :  r e s i l ; t s .  i n  f a c t ,  f ~ r t h e r  

s t a t i s t i c a l  in\ /est igat 'on of the  t ~ o - v 3 r i  a b l z  r q o d e i  s  O F  z h e s e  foil r  

independent subsets revealed t h a t  ;he combined phase I 2nd ?hase 2 d a t a  

can be ~ c o l e d  across the  subsets as shown by the  s t a t i s t j c a l  r e s u l t s  i n  
- a b l e s  3.22 a n d  3.23. C o l l a ~ s i n g  of the  i n d i v i d u a l  s g b s e t s  i n  : h ! s  

'Tanner was indeed des i rabls  s ince i r ,  would increase the sample s ' z e  o f  

severe in ju r i e s  and therefore  make the  slibsequent model s  more s t a b 1  e .  

I n  addit ion,  by combining Far P C D  with Far XPCD a n d  Near N 2 C 3  t o   for^ 

one s u b s e ~  while retaining Near ?CD as another subset ,  the  ranges of tbe 
key independent variable,  especi a 1  l y  L a t e r a l  D e l t a  \ J ,  became n o r e  
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F I G U R E  3.45 The Age E f f e c t  o f  Two - ' Ja r i ab l e  i l o d e l  
( L a t e r a l  D e l t a  V ,  Age)  F o r  ! {ea r  PCD 

Phases 1 and  2 - S i d e  I n p a c t s  

c o m p a r a b l e  a c r o s s  t h e s e  two new s u b s e t s .  Compar ison  o f  t h e  m o d e l  s  f o r  

d i  f f e r e n t  s u b s e t s  now w o u l d  become more  meani n g f u l  . 
T h e r e f o r e  t h e  f i n a l  s u b s e r ~ s  u s e d  i n  t h e  c o n b i ~ e d  ? h a s e  ! a n d  

?base  2 w e r e :  

1. i i e a r  ?CD i vh i ch  r e f e r s  t o  n e a r - s i d e  o c c u g a n t s  s : . / i ~ h  p a s s e n g e r  

c c n ? a r t m e ~ t  damage. 
2 .  F a r  3 c c  T ' l ea r  I P C D  \,vhich i n c l u d e s  a l l  f a r  s i d e  i;cc;?an:s 2 n d  

i e a r - s i c e  x c ~ p a n t s  :ii :h  on-passenger cornpartinenr, danage. 

The n o d e l l i n g  r e s u l t s  o f  :he new s u b s e t s  w h i c n  have  l a t e r a l  3el:a '1 

a n d  Age as t h e  i o d 2 p e q d e n ~  va r f  zbl es a r e  shown be1 ow. 
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A G E  80 

FIGURE 3.46 The Age E f f e c t  o f  Two-Variabl e 
Model ( L a t e r a l  D e l t a  V ,  Age) F o r  F a r  PCD 

P h a s e s  1 and  2 - S i d e  I m p a c t s  

+-------------------------------------------------------------------+ 
I I 
/ E s t i m a t e d  Models of t h e  New S u b s e t s  w i t h  L a t e r a l  D e l t a  V and Age i 
I 
I 

I 
Near P C D  (N=650,  LRS=l47.51 , DF=2) 

I 
I 
I 

( - 7  j; = F(2 .1425  - 0.0926Y, - 0.3152X,) 
I 

I I I - I 

I F a r  CCC. + Year NPCD ( ; i=1203,  L15=242.:4, 3F.2) 
I 

I 

li i s  t h e  e s t i m a t e d  p r o b a b i l i t y  af a r a n - s e v e r e  irijury, ! 
! F ' i s  t h e  l o g i s t ' c  d i s t r ' b u f i o n ,  I I 

I S, i s  L a t e r a l  Delx?  Y ,  
I X' i s  " ~ e ,  and 
I 

1 

L$S i s  t h e  L i k e l i h o o d  ? a t i o  S t a t i s r i c .  I 
$-------"-------"--------------------------------------"-----------+ 

T h e g o o d n e s s  of  f i t  r e s u l t s  o f i q u a t i o n s  3 - 5 7  a n d  3 - 5 8  a r e  s h o w n  i n  

T a b l e  3 .24  and F i g u r e s  3 . 5 4  and 3 .55  s h o w  t h e  h i s t s g r a m s  o f  t h e  3;  
I 

v a l u e s  f o r  t h e  : i e a r  P C D  a o d e l  and  t h e  ( F a r  O c c  Yiear :4PC5 m o d e l s )  
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F I G U R E  3.47 The Age Effect  of Two-Variable Model 
(Latera l  Delta V ,  Age) For Near NPCD 

Phases 1 a n d  2 - Side Impacts 

- AGE 20  

----- A G E  110 

-.. .."a". RGE 80 

resgect ive ly .  A g a i n ,  t h e  models predicted non-severe i  n jli r i  e s  a1 nos  t 

4 10 16  22 28 34 U O  48 52 58 

p e r f e c t l y  b u t  t h e  p r e d i c t i o n  o f  s e v e r e  i n j u r i e s  was somewha1 

unsat i s fac tory .  

The e s t i z a ~ e d  l o g i t  curves f o r  l he combined subset s a r e  s ho:.in i n 

? ; i r e  3 .56 .  Sonf icenca  i n t e r v a l s  a r e  shown o n  c h : s  ~ l a r , .  The 

csnfidence i ? re r t : a l i  of b a t h  models ? r e  q u i t e  t i g h l ,  c a r : i ~ ! : 1 2 r l /  I :  
. ? -  ~ i x e r  very lcw or ,;cry h;;i: s:alues of Later21 Sa l t a  '/. T h e  d l  r;.er.nce 

i n  the  ?iesr ?CS nodel a n d  t n e  (Far  3cc + ilear i l P C D )  node? i n  ?redic:i n g  

:he s e a e r j t y  i s  t h a t  the  foriner w i l l ,  gillen a value af Lateral 3ei:a \ I ,  

r e s u l t  in a h isher  prcbabi l i ty  of s severe i n j d r y  almosr,  a ?  1 c f  t h 2  
'r n t i n e .  This i s  es?ec;a l ly  t w e  f c r  i a%ra l  Celt2 '1 l e s s  t h a n  a S 3 ~ :  

;;1ph. Corngarison of Figure 3.57 arid 5.58 i l l l i s t r a t e s  tha t  :he effecr ,  : f  

Age i s  very s i m j l a r  i n  :he two f i n a l  subsets .  Iach f i g u r a ,  c o n s i s t i n 9  
of three  curves  f o r  Age of 2 0 ,  40 a n d  50, i n d i c a t e s  t h a t  c l 3 e r  

occupanIs, i n  general ,  show higher p r o b a b i l i t i e s  o f  severe i n j u r i e s  than 
younger occupants. Confidence l i m i t s  a re  shown s e p a r a t e l y  f c r  a a c h  

sussec i n  Ficjures 3.59 a n d  3.50.  
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F I G U R E  3.43 The Age E f f e c t  o f  Two-Var iab le  ;lode1 
(Lateral D e l t a  Y ,  Age) For Far NPCD 

Phases 1 and 2 - S ide  Inpacts 
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FIGURE 3 .49  Con f i dence  i n t e r v a l  o f  pi 3: T w o - V a r i a o l e  
i4cdels ( L a t e r a l  D e l t a  V ,  Ape) a t  Age 30 F o r  N e a r  PCD 

Phase 1 a n d  2 - S i d e  I m p a c t s  
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FIGURE 3.50 C o n f i d e n c e  I n t e r v a l  o f  ji a i  Two-Var i ab l e  
Models ( L a t e r a l  O e l t a  V ,  4ge) a t  Age 30 For F a r  PCD 

P h a s e  1 and  2 - S i d e  I m p a c t s  
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i ! G C R E  3.51 Confiaence Inrerval of ji of Two-Variable 
Models ( L a t e r a l  i l e l t a  V ,  Age) a t  Age 30 For  Mear IIPCD 

Phase 1 and 2 - Side Impacts 
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F I G U R E  3.52 Conf idence  I n t o r v a l  of  F .  o f  Two-Variable 
Models ( L a t e r a l  D e l t a  V ,  Age) a t  ~ ~ e ' 3 0  For F a r  ?{PC3 

Phase  1 and 2 - S i d e  Impacts  
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F I G U R E  3.53 Confidence Interval  o f  pi of Two-Variable Models 
(Lateral  Delta V ,  Age) a t  Age 30 For Nezr P C D  and Far PCD 

Phase 1 and 2 - Side Impacts 

TABLE 3 . 2 2  

S t a t i s t i c a l  Results 
Combi ni ng Far PCD, Far NPCD and !;ear NPCD 

Phasgs 1 and 2 Side Impacts 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hypot hes i  s I -2Log L I df. 

" " - - - - - - - - " - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - -  

I I 
I Chi-square = 5 .77  I 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

where Ho: 3 subsets  have the  same model 

H1: 3 subsets  have d i f fe ren t  models 
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FIGURE 3 . 5 4  j i s t o g r a m s  o f  5 ;  o f  T w o - V a r i a b l e  
$jodel ( L a - e r a l  3 e l t a  V ,  Ag6) F o r  R e a r  ?CD 

P h a s e s  1 a n d  2 - S i d e  I m p a c t s  
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T'"" 
8 , J ~ R E  3 .55  ; ? i s t o g r a ; s  3 i  $ of r b ~ l ~ - ' J a r i z b j 3  'dcdel  

( L a t e r a l  J e l t a  I / ,  Ase) F c r  l i a r  3c: - J e a r  S P C 3 )  
? h a s e s  1 a n d  2 - S i d e  i m p a c t s  
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FIGURE 3.56 Logi s t i c  Curves o f  Two-Vari a b l s  iqodels (Latsral 
Delta V ,  Age) For lear  PCD a n d  (Far Occ + Near N P C D )  

Phases 1 a n d  2 - S i d e  Impacts 
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F IGURE 3.57 The Aye Ef fec t  o f  Two-Variable >lode1 
(Lateral  Delta V ,  Age) For Near PCD 

Phases 1 and 2 - Side  Impacts 
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F I G U E E  3.58 The Age Effect o f  Two-Variabl;! Model 
(Lateral  Delta V ,  Age) For (Far Occ + Xear NPCD) 

P h a s e s  1 a n d  2 - S i d e  Impacts 
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F I G U R E  3.59 C o n f i d e n c e  I n t e r v a l  of pi o f  Two-Var iab le  
Model ( L a t e r a l  Delta V ,  Age) a t  Age 30 For Xea r  PCD 

P h a s e s  1 and 2 - S ide  Inpac t s  
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F I G U R E  3.50 C o n f i d e n c e  i n t e r v a l  of p i  o f  Two-Var iab le  Model 
( L a t e r a l  D e l t a  V ,  Age) a t  Age 30 For  ( F a r  Occ + Near N ? C D )  

P h a s e s  1 and 2 - S i d e  I a p a c t s  





3.3.4 Model Estimation -Phase s  1 and 2Combined.  I n  o r d e r  t o  

i z p r o v e  t h e  p r e d i c t i v e  c a p a b i l i t y  o f  E q u a t i o n  3-57 and 3 - 5 8 ,  

pa r t i cu la r ly  i n  predict ing severe i n j u r i s ,  other potential  independent 

variables were investigated.  They were: 

Vehicle Weight 
Gb ject  Contacted 
dural /Urban 
'lehi c le  !lode1 Ye=t 
Eject i o n  
2es t ra i  n t  dsacje 
c o q t  3ct P o ;  It 
803y Regim 
Injury Type 

Each of these variables :vas examined with a view t o  introducing i t  i ~ t o  

the  model  here Lateral Delta '1 and Age :vere ? r e s e n t .  q e s u l t s  f r o ;  

these analyses a re  given below. 

Object Contacted. Object contacted was i ncorporated i n t o  
the ;nodelling as a dummy variable. This variable w;is coded O i f t h e  

object contacted was a passenger c a r  and 1 o t h e r w i s e .  T h i s  dummy 

var iable ,  when incorporated in to  the  model i n  the  presence of l a t e r a l  

Delta V and Age, was found t o  be s ign i f i can t  in t he  Near PCD subset b u t  

no t  in the  other subset.  The estimated model i s  as follows: 
f----------------------------------------------------------------------- 

I I 
1 Estimated Model w i t h  Lateral Delta V ,  Age and Objecx Con~acted I I 

I 
I I 

Near PCD (N=650, LRS=171.87, OF=3) 

I F i s  the  l o g i s t i c  d i s t r i bu t i on ,  1 
i s  Lateral J e l t a  ' / ,  1 

1 
I 

I X, i s  Age, I 
i 

I 

, X 3  i s  0 i f  Objecx Contac~ea was a 9assenger ca r  a n d  1 other,vise. 1 
-----------------------------------------------------------------------A 

The goodness of f i c  of Equation 3-59 i s  as follows: 

Overall percent correct  prediction i s  7 5 . 7 : ;  

Pe rcen~  correct  predi c t  i on of non-severe i njuri es i s  9 0 . ! $  



Percent co r r ec t  pred ic t ion  of severe i n j u r i e s  i s  46.8% 

It, can be seen tha; o b j e c t  c o n t a c t e d  d i d  i m p r o v e  t h e  p r e d i c t i v e  

capab i l i t y  of the  Near PCD model, p a r t i c u l a r l y  i t  improved t h e  predicted 

severe inj l i r i2s  by 5% ( o r  11 c a s e s ) .  Severe i n j u r i z s  had been t h e  t a r s e t  

f o r  the  i gprovement. 

Rural/iirban. Rural/lJrban was i n c o r ; o r z i e d  i n t o  t h e  

ii;odelli.;g ii tile ?resencg c i  Lateral  Delta '1 and Ase. i t  did not q;?ar 

~o be a s t a t i s t i c a l l y  s fgn i f i can t  v a r i a b l e ;  n o r  d i d  i t  i x ~ r o v e  ;he  

m d e l s  ' ?r?d+ czive capabi 1 i t y .  

Vehicle-Year. Vehicle-Year was r e c o d e d  a s  a 3 l  eve1  

var iab le  with ;he leve ls  defined a s  pre-1968, 1968-1973, and 1 9 7 4 - 1 2 7 3 .  

This t h ree  level  categorical  var 'able was incorporated i n t o  t h e  mode? 3s 

2 dummy variables .  I t  was found t h a t  Vehicle-Year did not appear t o  be 

a s i g n i f i c a n t  i ndependenr vari able.  

Eject ion.  The na jor i  ty  o i  occ-pants (abouz 90;: 3 r  : o re )  

were not associated with e i t h e r  e j e c t i o n  o r  e n t r a p m e n t .  Tab l  e 3 . 2 5  

shows t h e  tturnber of occupants e j ec t ed  and otherwise f o r  cases ;\rith val id  

NEWOAIS3 Code, Lateral Delta ii and  Age; t h e  p r o p o r t i o n s  of  s e v e r e  

i n j u r i e s  a r e  a l so  shown. 

T A B L E  3.25 

"/umber of Eject ion :./ith Valid 
3A:S Code, L a ~ e r a l  Delta '/ and Age 

Piear PCD 1 Far Ccc. + Near NPCD 

Eject i g n  1 Number I Percentage I >lumber l 'ercentage 
I of I 0 f I of I o f 
iCases [Sever? I n j u r i e s  ( % )  :Cases I %vet-e : i J y r i ? s  ( 'L )  

No Ejection1 363 1 
E ject ion 1 32 i 
En~raprnent 1 23 1 



Tab le  3.25 i n d i c a t e d  t h a t  Entrapment i n  gene ra l  wou ld  r e s u l t  i n  t h e  

h i g h e s t  p r o p o r t i o n  of a  seve re  i n j u r y  (50% o r  o v e r ) ,  E j e c t i o n  w o u l d  

r e s u l t  i n  a  h i g h e r  p r o b a b i l i t y  o f  a  seve re  i n j u r y  ( s l i g h t l y  1  o w e r  t h a n  

50%) t h a n  when No E j e c t i o n  was i n v o l v e d .  Near -s ide  occupants  a p p e a r e d  

t o  have h i g h e r  r a t e s  of Entrapment and E j e c t  i o n  t h a n  f a r - s i d e  occupants ;  

t h e i r  e j e c t i o n / e n t r a p m e n t  was a l s o  more l i k e l y  t o  r e s u l t  i n  a  s e v e r e  

i n j u r y .  

E j e c t i o n ,  however, when i n c o r p o r a t e d  i n t o  t h e  m o d e l  1  i n g  i n  t h e  

presence of L a t e r a l  D e l t a  V and Age, d i d  n o t  appear t o  be a  s i g n i f i c a n t  

v a r i a b l e .  T h i s  c o u l d  be a t t r i b u t a b l e  t o  t h e  much s m a l l e r  s a m p l e  s i z e s  

of cases w i t h  Entrapment o r  E j e c t i o n  a n d l o r  t h e  f a c t  t h a t  E j e c t i o n  ni $it 

be c o r r e l a t e d  w i t h  L a t e r a l  D e l t a  V .  

R e s t r a i n t  Usage. The m a j o r i t y  of o c c u p a n t s  w e r e  f o u n d  

n o t  u s i n g  any k i n d  o f  r e s t r a i n t  dev ices .  On ly  a  handfu l  used To rso  a n d  

Lap r e s t r a i n t s  o r  Lap-Only r e s t r a i n t s .  T a b l e  3.26 shows t h e  n u m b e r  o f  

occupants  w i t h  and w i t h o u t  r e s t r a i n t  f o r  cases w i t h  v a l i d  O A I S  C o d e s ,  

L a t e r a l  D e l t a  V and A g e  a n d  t h e  a s s o c i a t e d  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 .  F o r  Near  P C D ,  an occupant  w i t h o u t  a  r e s t r a i n t  o r  n o t  u s i  n g  

r e s t r a i n t  appeared t o  be more p rone  t o  a  seve re  i n j u r y  t h a n  w h e n  some 

k i n d  of r e s t r a i n t  was used. T h i s ,  however, was n o t  o b v i o u s  w i t h  t h e  

( F a r  Occ + Near NPCD) subset .  

R e s t r a i n t  usage, when b r o u g h t  i n t o  t h e  m o d e l l i n g  i n  t h e  presence o f  

L a t e r a l  D e l t a  V and Aye, d i d  n o t  appear t o  be 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  summary, t h e  model e s t i m a t i o n  r e s u l t s  a r e  d e s c r i b e d  by Equa t i ons  

3-58 and 3-59. The Near PCD t h e  model c o n t a i n e d  L a t e r a l  3 e l  t a  V , Ago 

and O b j e c t  Contacted.  The model f o r  t h e  F a r  O c c u p a n t s  + r i e a r  idPCD 

subset  i n c l u d e d  o n l y  L a t e r a l  D e l t a  V and Age. 
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3.3.5 Plodel Evaluation - Phase 1 and Phase 2 C o n b i n e d .  T a b l e s  

3.27 and 3.28 l i s t  t h e  in jury  types and t h e  body r e g i o n s  w h i c h  w e r e  

assoc ia ted  with r e l a t i v e l y  high proportions of severe i n ju r i e s  t o  t o t  a  l 

i n j u r i e s .  These severe i n j u r i e s  were f requent ly  being mi j p r e d i  c t  ed by 
the  ~ o d e l s  represented by Equations 3-58 and 3-59. Tablos 3.29 and 3 .30  

cross-tabu1 a t e  t he  in jury  types and t h e  a f f ec t ed  body regions assoc ia ted  

w'th t h e  i c j u r i a s  which t h e  2s:ablished ~ o d e l s  p r e d i  c ~ e d  i n c o r r ~ c t  l j  
T Tor. f recuent ly  than not. 13n1;/ t h e  ccm5;cati3ns o f  I 9 ; ' ~ r - y  , ; /es s n d  

536y region :vhicti r e sa l t ed  i 7  h i g h  proportions 3 f  s e ( ~ ? t - 2  i n j ? i r i ? s  t o  

t s t a l  i n j u r i e s  :vere i n c l ~ i d e d  i n  t h e  t 2 b l e s .  F o r  e a c h  of t h e s e  

cornoinations, the  associated %ialues of L a t e r a l  3 e l t a  V ,  A g e  a n d  t h e  

Contact Point were a l so  indicated.  

The in jury  types which had l a rge  grgportions of severe i n j u r i e s  and 

l a rge  .proportions of severe i n j u r i e s  being mispredicted by t h e  model s  

were Rupture, Dislocat ion and Fracture.  The body r eg ions  n h i  ch o f t e n  

suf fered  s e v e r e  i n j u r i e s  and  t h e  s e v e r e  ' n j u r i e s  s f  pihich were  

f requent ly  mispredicted by t h e  models were Abdomen, C h e s t ,  a n d ,  t o  a  

l e s s e r  ex t en t ,  Forearm, Pelvic/Hip and t h e  Lower Limbs .  T h e s e  c a s e s  

were - a l l  associated with low t o  moderate values of Lateral  Delta V ( a n d  

the re fo re  low t o  moderate Delta \I). Correct p red ic t io r~  of t h e s e  c a s e s  

would r equ i r e  var iab los  i n  add i t i cn  t o  Lateral  3 e l t a  V ,  Age and  O b j e c t  

Contacted. 

Tables 3.29 and 3.30 indicated tne  various com5i i a : ' ons  ~f  body 

r e ~ i  3ns and i h e  subsaquent i ~ j u r y  ",y;es i i  which f g r t h e r  i : ) i s  s t  I ; a t  i or! 

, ~ o u l d  be reqliired i f  t he  node l s '  p r e d i c t i v e  c a p a b i  1 i " , ~  w e r ?  t a  be 

considerably improved. Exam' nation of such cases revea;ed t h a t  

1. A 1 1  cases  had low t o  qoderate  values of Lateral 2e l f a  '/. 

2 .  The n a j o r i t y  of these  cases inv,l\/ed tile occupants c5mi:g r t g  
czn tac t  w j t h  the  s i d e  i n t e r i o r  3 i  t h e  v e h i c l e s  a n d / o r  t i12 
s t e e r i n s  assembly. s t h e r  contact  points  tendsd t o  5e x c h  i ~ s s  
ccmon although not i n s i sn i f i can t .  For exanpl?,  t h e r e  were two 
cases i n  which the  near-s ide occupants came i n t o  c o n t a c t  ~ d i t h  
t he  , \ - p i l l a r  with Lateral 3 e l t a  \I o f  only 3 t o  5 mpn and S o t $  
resu l ted  i n  s2vere head/skull  i  njur i  es. 

i t  seemed i n t u i t i v e l y  reasonable f r o m  T a b l e s  3 - 2 9  and  2 - 3 0  t o  

ex?ect chat Contact Points  coupled w i t h  Body Region might e n h a n c e  t h e  



?redict ion cf injury severi ty i n  the presence of L a t e r a l  3 e l  t a  V and 

Age. ' 

TABLE 3.27 

List of Injury Types with Large Pr3portions 
of Severe Injur ies  a n d  ;li spredi c t  i  o n  

Phases ! a n d  2 - Side inpacts 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I I I , Ylimer of 
I 1 T o t a l  i '!umber of i '9:aredicted 

SIIDS~I / i i j z r y  Type* I \lumber ; Severe I Severe 
I 1 o f z a s e s  I In jur ies  1 In jur ies  

- - - - - - - - - - -+---- - - - - - - - - - -+---- - - - - - -+---- - - - - - - -+---- - - - - - - - - - -  
I I I I 

Year PC0 i Rupture I 7 I 7 I 5 
I Crushing I 6 I 5 i 2 
1 Dislocation I 9 1 8 I 5 
1 Hernorrbage I 4 I 3 I 2 
1 Fracture 1 150 1 102 1 6 4 

I I I I 
Far Occ + 1 Rupture I 7 I 7 I 2 
Near NPCD I Fracture 1 119 1 55 1 5 6 

1 Dislocation I 7 i 3 I 3  ------.---------------.----------------------------------------- 
*Injury Type was ranked by the  larger  proportion of severe 

in jur ies .  

Contact P o i n t .  For cases w i t h  valid Oelta 'I a n d  ,Age, rhe 

gajor i ty  c;f cccupants f o r  Near ? C C  were l i n k e d  w i t h  the s i r ' e - i n t e r i a r  

(37$) ,  wi ldow-glass (I!%), steering (9SL), arxrest  ( 3 % )  a n c  no-con t , ac t  

(8:;). The proportions of severe i n j u r i s  t o  t o t a l  i n j u r i e s  r e s ~ l t ' n g  

f r m  thes? contact points wer?: 

side-i nteri  or 57% 
w i  cdow-glass ir 2 01 I> 

steering assembly 4% 
amres t  7 0% 
no-contact 2 3% 

For Far 3cc + Near :IPC3, the majority of  the occzpants were found 

-,o be linked w i t h  s ide - in te r io r  ( 13%) ,  f r c n t - p a n e l  4 s t e e r i n g  

(13:Aj, windshield (8%), mirror (7 fL) ,  window-glass ( a % ) ,  front  - s e a t b a c k  



TABLE 3.28 

L i s t  o f  Body Reg ion w i t h  La rge  P r o p o r t i o n s  
o f  Severe I n  j u  r i  es and M i  s p r e d i  c t  i on 

Phases 1 and 2  - S i d e  Impacts  
- - ................................................................... 

I I I I Number o f  
I 1 T o t a l  I ?lumber o f  1 Y i s p r e d i c t e d  

Subset I Body Region* I Number I Severe I Severe 
I I o f  Cases I I n j u r i e s  1 I n j u r i e s  

-----------+-----------------+------------+-----------+--------------  
I I I I 

Near PCD I Abdomen 1 32 1 30 I 2 3 
I Chest 1 98 1 70 I 3 2 
I Forearm 1 12 1 9  I 6 
I Low E x t  ,Low Leg I I I 
I Ank l  e/Foot  1 17 1 8  I 5 
I P e l v i c / H i p  I I I 
I and Th igh  1 47 1 18 I 15 
I Head/Sku l l  1 92 1 24 I 9 
I-----------------+----------+-----------+-------------- 
I I I I 

F a r  Occ + I Abdomen 1 23 1 12 I 8 
Near NPCD 1 Chest  1 9 6  1 4 9  I 3 8 

*Sub jec t  was ranked by t h e  1  a r g e r  p r o p o r t i o n  o f  t h e  seve re  

i n j u r i  es 

( 5 % )  and no -con tac t  (129) .  The p r o p o r t i o n s  of severe  i n j u r i e s  t o  t o t a l  

i n j u r i e s  r e s u l t e d  from t h e s e  c o n t a c t  p o i n t s  were: 
s i d e - i n t e r i o r  2  2% 
f r o n t - p a n e l  2  0% 
s t e e r i n g  3  3% 
w i n d s h i e l d  15 % 
m i  r r o r  0 % 
wi ndow-gl ass 0% 
f r o n t - s e a t b a c k  26% 
no -con tac t  13% 

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

m i s s i n g  data.  When t h i s  v a r i a b l e  was i n c o r p o r a t e d  i n t o  t h e  m o d e l l i n g  i n  

t h e  presence of L a t e r a l  D e l t a  V and Age, t h e  number o f  v a l i d  c a s e s  was 

reduced f r o m  650 t o  326 f o r  Near PCD and f r o m  1293 t o  387 f o r  F a r  Occ + 

Near NPCD. Moreover, t h e  number o f  severe  i n j u r i  e s  f o r  N e a r  PCD was 

reduced f r o m  216 t o  135 and f o r  t h e  o t h e r  subset  f r o m  131 t o  6 4  c a s e s .  
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Contact Point was a l s o  found t o  be somewhat co r re la t ed  with Eody R e ~ i o n .  

This only a! lowed e i t h e r  Contact P o i  n t  or 20dy Regi on t o  be i  nc1 uded i 

t h e  models b u t  not both. Tables 3.29 and  3 . 3 0  s u g g e s t e d  i h a t  Body 

Region was l i k e l y  t o  be a b e t t e r  independent var iable  t h a ~  Contact Point 

because a body reg: o n  ssened t o  i ~ n e d i a t e l y  suggest 3 his,? p r o c a b  i  1 i :y 

of 3 c e r t a i l  ccntecz ooi:t. F c r t h e r ~ o r e ,  Contact ?o 'qt  ?ad :be 1 la rcje r 

n u ~ b e r  of .:issing data. 

Body Region. For cases with val id L a t e r a l  2 2 1 t a  'i 2 n d  

,15;e o f  the l l e e ~  7C3 subset ,  nos: oody regisns ( e x c e p t  ~ e a d , ' s k i l l  1 a q a  

f.c?) came 1 1 t o  contact  e s s ? n t i a l l y  wirh only one or  a: most cwo conIacz 

points, namely, the  s i d e  i n t e r i o r ,  t h e  s ide  i n t e r i o r  and the  a m r e s t ,  o r  

the  s i d e  i n t e r i o r  and t h e  s t ee r ing .  Neck i n j u r i e s  w e r e  m o s t l y  " n o -  

contac t"  in ju r i e s .  

For Far  Occ + Near BPCO, the  di s t r i  buti on of 3ody Region by Contact 

P o i n z  was s l i g h t l y  d i f f e r e n t  from Near PCD.  S i d e  I n t e r i o r ,  Front P a n e l  

and S"Lering were the  rnore common contact  points  r e c o r d e d .  Pleck and 

Back i njuri  es were essent i  a1 ly "no-contact" i  n jur i  es. 



3.3.5 Final Yodels - Phase 1 and Phase 2 Combined. Sased on t h e  

d i s t r ibu t ion  of Contact Point of each Body Region a n d  t h e  proport ion of  

severe i n j u r i e s  t o  t o t a l  i n j u r i e s  of each Body Region, a  s e t  of dummy 

variables was created f o r  Body Region a s  f o l  lows.  The Body Reg ion  

variable was f i r s t  grouped i n t o  s i x  c l a s ses :  

Head/Skul 1 and Yeck 
l epe r  i x t  reni t i e s ,  E l  ao:i 2 n d  For2ar.n 
Chest a n d  Abdcmen 

T 
9 2 ;  r i ~ / l l i ? ,  Lcwer Ex:rzmicies anc I n iGn 
i2wer Leg and Ankle/Fcot 
2 ~ b 2 r s  i  nc l . , d ;q  $!issins 2 z t i  

The above c las ses  of Body Fiegi o n  were the11 coded a s  s  i x ( 0 , l )  cuxny 

variables.  The f i r s t  f i v e  dummy variable were i n c o r p o r a t e d  i n t o  t h e  

model. Nhen Body Region was incorporated i n t o  t h e  m o d e l l i n g  i t  was 

found t h a t  t h e  percent correc t  predict ion of the  severe i njur ies  of b o t h  

Near PC2 a n d  Far Occ + ?/ear  MPCD i n c r e a s e d  c o n s i d e r a b l y .  F o r  b o t h  

subsets  Body Region showed s t a t i s t i c a l l y  s ign i f i can t  coe f f i c i en t s .  The 

rnodels a re  shcwn below: 



I 
1 Final Estimated Models f o r  Phases 1 and 2 
I 

i Near PCD (N=649, LRS=306.25, DF=8) 
I 

I 

I Far Occ A Near ";PC2 (Y=!29i, L25=341.53, *?F=7) 

I F i s  the  l o g i s t i c  d i s t r i b u t i o n ,  I 
I XI i s  Lateral Delta 'd i I 

I X 2  i s  Age, i 
I X, i s  0 i f  Object Contacted was a passenger car  a n d  1 otherwise, I 

J 

I X4 i s  1 i f  the  head or neck was injured end 9 otheriiise, I 
I X 5  i s  ! i f  ihe  upper exzremi t i e s ,  elsow or  forearn was injured 1 
I and 0 otherdi fe ,  I 
I X, i s  1 i f  the  chest or abdomen was injured and 0 otherwise, 

0 
I 

I X, i s  1 i f  the  pe lv ic /h ip ,  th igh ,  or lower extremit ies  :yere I 

I injured and 0 otherwise, a n d  I 
1 

I " i s  1 i f  the  lower l sg  o r  ankle/foot was injured a n d  0 1 

A 8 I 

I o ~ h e r v i  se. i 
-----------------------------------------------------------------------t 

The goodness o f  f i c  resl i l ts  of ihes2 2 ~ o a e l s  a r e  shown i 7 T a b :  3 

Figures 3 . 6 :  a n d  3 . 5 2  shcw 2 h i s t o g r m i  of ;he ji 1 2 : ~ e s  of motn 
models. The i ~ c l u s i o n  of 8ody iiegign 1 1  t h e  : i ea r  2 C 2  ~ o d e l  i n  t h e  

presence o f  i a t e r a l  Delta I / ,  Age a n d  Objecr, Cwtacted rarkedly iinprov2d 
.c t h e  nodel ' s  predict ive capebi l i t y .  The 9ercent correct  i ; r ?d i  cr ,  i 2 n  c .  

severe irijuries iqcreased ircm 46.3% :o 66.5% ana t h e  o v e r a l  l c o r r e c t  

p r e d i c ~ i o n  of both non-severe a n d  severe in ju r i e s  increased f rom 7 5 .  i ,o 

t o o  51.3%. =or  (Fer Occ + ?{ear N P C D )  the  percent correcz ? red ic t ion  of 

severe i n j u r i ~  increased from 30.5;; t o  42.7% and the  o v e r a l l  c o r r e c t  





predic t ion  of both non-severe and severe  i n j u r i e s  increased f r 3 n  91.75 

t o  92.3%. 

P R E D I C T E D  P R O B A O l L l T T  P R E J I C T E O  P R O B R B I L I T ?  
OF N O N - Y E V E R E  I N J U R Y  OF N O H - Y E V E R E  I N J U R T  

FIGURE 3.61 Histograms of j. of Four-Variable Yodel (Latera l  
Delta V ,  Age, Object ~ o n t a h t e d ,  Body Recjion) For Near P C D  

Phases 1 and 2 - Side Inpacts  

P R E O I C T E D  P R O B R O I L I T T  
JF QON-¶EVE!!E I N J U A T  

F I G U R E  3.52 Yistograrns of 3 .  of Four-Variable Llodel (Latera l  J e l t a  '!, 
Age, Object Contacted, body Xegi crn) For (Far  3cc + ::ear X P C 3 )  

?hases ! and 2 - Side Inpacts  

Figurgs 3.63 shows the  es t ina ted  confidence l i m i t s  f o r  t h e  f i n a l  

iiear PC3 model. 'Where X 5  i s  given a value of  1 ( i .  an 7n;ury t o  
Uoper Extremities o r  Elbow or  Foream) and X 4 ,  X g Y  X,, X3 a r e  zero. The 

t h r e e  curves represent ,  when a n  in jury  i s  t o  Upper Extremit ies  or E l  boiv 

or  Farearm, and t h e  es t ina ted  probaoi lit:! of a severe in jury  ( 1 -  as a 
1 

function o f  Lateral Delta V f i x j n ~  Age a t  30 .  The s i x  l o g i s t i c  c u r v e s  



I 7 19 18 25 31 97 U3 US 55 8 1  
4 1 0  18 22 28 3rl 40  tl8 52 58 
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FiGURE 3.53 Confidence In terval  of 3 .  o f  Four-Vari abls  ibdel  (Latera l  
Delta V ,  Age, Object Contacted, ~ o d )  Region) a t  Age 30 For Year PC3 

Phases 1 and 2 - Side Inpacts 

in Figure 3.54 shows t h e  e f f e c t s  of the  f i v e  l eve l s  of the  Body R e g i o n  

dummy variable.  The s i x  curves a r e  p l o t s  of Equatign 3-60 t o  r e p r e s e n t  

.wnen the  sufier2d body regi at? !,gas ei i h e r  h e a d , ' s i ~ l l  ?,r neck 

.whm the  suffered body r2g; an :izs ei t i ler dpper ?x:l-?:;;i -,i ?s,  
el J O W  or  forszr:i; 

. k e n  tile s ~ f i e r 4  body r e g i g n  wss ei:her cfies: c r  2zdcnen 
.c - , , .  .:iihzn t h e  sii r?red body regi sn  li,as ei;iier ;;e?vl c i  1 ;  ;, t h i g h  

. . c r  1 ewer tx: reijii :: zs ,  
.when the  suffered body regian was ei;her a r l ~ l ? / f o c t  or  1 ;lt/?r 

l eg ,  a n d  
.when the  bcdy regi 3n \;/as non? of the 3 3 3 ~ 2  3 r  no bcdy re;  i z r :  
was considered. 

T h , e  f igu re  sb,cv!s L h a C  Chest atid i,adonen a re  f a r  Tore l ike11 t s  s ~ s t a i n  2 

severe in,jl;ry than any other  body regions even a t  Delta V as low s s  1 3  

. ~ c n .  I n j u r i s  i n  Ugper Extrergities,  Elbow, Forearm, Pelvic/Y i p ,  L o w e r  

Extrerni-~ies,  T h i g h ,  Ankle/Foot a n d  Lcwer Leg a re  cornparaole i n  t h a t  they 

a re  l ike1 j t o  be s w e r e  f o r  De l t a  ' s i  exceeding 2 0  mph .  dead a n d  'ieck a re  
l i k e l y  t o  sus ta in  a severe injury when Delza V e x c e e d s  2 2  ng9. :&/hen 



--- --- HEAD, NECK 

UPPER EXTREMITIES, 
FOREARM, ELBOW 

,.,.... .......... CHEST, ABDOMEV 

++I+WI PELVIC/HIP, LO WE^ 
EYTREMITIES, THIGH - ANKLE / FOOT, 
LCLYER LEG 

+++*.ti OTHER BODY REGiONS 
OR NO BODY REGION 
CONSIDERED 
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F I G U R E  3.64 The E f f e c t  o f  F i v e  L e v e l s  of 3ody Region o f  F o u r - V a r i a b l ?  
Model ( L a t e r a l  D e l t a  V ,  Age, O b j e c t  Contacted,  Body Reg ion)  

F o r  Near PCD Phases 1 and 2 - S i d e  I n p a c t s  

i n j u r i e s  a r e  i n  o t h e r  body r e g i o n s  n o t  ment ioned above o r  when n o  b o d y  

r e g i o n  a r e  s p e c i f i e d ,  t h e y  a r e  1  i k e l y  t o  be seve re  when 3 e l t a  \I e x c e e d s  

27 nph. 

i i g u r e  3 .55  shows t h e  esti;na:ed c o n f i d e n c e  l e v e l s  f o r  t h e  f i n a l  
C ( 9 c c  ?(ear :\I?CD) cilodel f a r  :he situation where ;he i n j u r y  is L O  i l ~ p e r  

E x t r e m i t i e s  o r  El3c:.i o r  i o r e z r n .  i i g u r e  3.66 shovrs t h e  e f f e c t s  o f  t n e  

=; ;e 1 ?!/el s of t h e  8cdy Regi cn dumy v a r i a b l e  t o  rep resen t  

.when t h e  i n j u r y  was t o  h e a d / s k y l l  o r  neck 

.when t h e  i n j u r y  was t o  uppe r  e x t r e m i t i e s ,  elbow s r  f o r e a m  

.when t h e  i n j u r y  was t o  c h e s t  o r  abdcmen 

.when t h e  i n j u r y  was ; i e l v i c /h i ; i  o r  t h i g h  o r  l o w e r  e x t r e m i t i e s  

.:.ihen t h e  i n j u r y  was t o  a n k l e / f o o t  o r  l o w e r  lsg 

.wile? t h e  i n j u r y  was :o ncne o f  t h e  a b o v e  o r  ldhen n o  b o d y  
r e g i  on was cons idered.  

The f i g u r e  i n d i c a t e s  t h a t  an i n j u r y  t o  e i t h e r  c h e s t  o r  abdomen were 

f a r  more l i k e l y  t o  r e s u l t  i n  a  severe  i n j u r y  t h a t  t h a t  t o  o t h e r  b o d y  

r e g i o n s  even a t  D e l t a  V as low as 1 5  mph. P e l v i c / H i p ,  Lower E x t r e m i t i e s  

and Th igh  were s u s c s p t i b l ?  t o  a  seve re  i n j u r y  when D e l t a  \J e x c e e d s  2 3  



F I G U R E  3 .65  Confidence Interval  of ji of Three-Variable Mods1 (Lateral  
Delta V ,  Age, Body Region) a t  Age 30 For (Far Occ. + Near N P C D )  

Phases 1 and  2 - Side Inpacts 

mph. Delta \J grea te r  than 2 5  lnph i s  l ike ly  t o  produce a s e v e r e  i n j u r y  

in  Head or Fleck o r  Upper Extremities o r  Elbow or  Forearm. A n k  l e / ? o o t  

a n d  Lower Leg a r e  l i k e l y  t o  sus ta in  a severe injury as Delta V e x c e e d s  

2F, inph. In jur i2s  t o  o ther  body regi3ns or  #here n o  body r e g i 2 n s  a r e  

s ;ecif ied are  l ike ly  t o  be severe as Delca '1 2xceeds 31 ~ p h .  

3 . 2 . 7  S'!nificant Resillss. The analysis  of the  P h a s e  1 a n d  t h e  

2hase 2 daza suggested t h a t  =or  the  ';ur;;iose of ncdel estirilation -,he data 

frsn both pnases shoui d be cmbi ned. Tne model e s t i ~ a t i o n  a n d  r,he rnode? 

evaluation r e s u l t s  a lso  suggested the  ? a r t  i t i o n i  n g  ocT t h e  cornbi ned 

Phases 1 a n d  2 data i n t 3  two horno~ene$us srcu?s ( o r  s c i b s e t s ) .  These  
a re :  

1. those occupants o n  t he  same s ide  as the iinpact which 2 r s d u c e d  
passenger co~npartment damage (dear  PCD), a n d  

2 .  o ther  occupants which inclcides a l l  occupants o n  t h e  o p o o s i t e  
s ide  t o  the  iinpact plus those on t h e  same s ide  a s  t h e  i n p a c t  
which produced no pzssenger compartnent damage (Far Occ + : lear  
i4PCD). 



HEAD, NECK 

UPPER EXTREMITIES, 
FOREARM, ELBOW 

CHEST, A B D O M E N  

PELVIC/HiP, LOWER 
EXTREMITIES, THIGH 

ANKLE / FOOT, 
L O W E R  LEG 

OTHEZ BODY REGIONS 
OR NO aooy R E G I O N  
CONS'IDERED 

F I G U R E  3.66 The Effect  of Five Levels of Body Region o f  Three-Variable 
Model (Latera l  Del ta  V ,  Age, Body Region) For (Fa r  Occ + Xear !.IPCD) 

Phases 1 and 2 - Side Inpacts  

E a r l i e r  modelling work r e v e a l e d  t h a t  L a t e r a l  D e l t a  \J ( o r  t h e  

l a t e r a l  compartment of Total Del ta  V )  was found t o  be t h e  mos t  s i n g l e  

important independent va r i ab l e  i n  p r e d i c t i n g  t h e  i n d i v i d u a l  i n j u r y  

seve r i ty .  Occupant Age was a n o t h e r  f a c t o r  a f f e c t i n g  t h e  i n j u r y  

s e v e r i t y .  Tile e s ~ j ~ a t e d  1 o g i  r, m o d e l s  r e p r e s e n t  i rig t h e  h e u r i  s t  i r 

r e l a t i c n s h i ~  between in ju ry  se\i,ori ty  (noc-severe)  a ~ d  ! a t  e r ~ ?  g e l  t a '1 

2nd  Age a r e  as iol l o w s :  
f - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T  

I :dear P C D  

I Far Occ t Near NPCD 
I 

I j 

( 3 - 5 8 )  31 = F(3.2672 - O.i104X, - 0.0146X2) I 
I 

I I 
l where I 
1 
I i s  the prsbabi 1 i ty o f  a non-severe i n j u r y ,  I 
I F I S  t he  l o g i s t i c  d i s t r i b u t i o n ,  I 
I 

I X, i s  Lateral Delta ' 1 ,  and I 
1 Y; i s  Age. I 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+  



Equations 3-57 and 3-58 s t a t e  t h a t  t h e  estimated ?robabi 1 i t y  of  a 

non-severe in jury  iEIENOAIS3 = 0 ) ,  p i ,  i s  a  func t ion  of La te ra l  3 e l t a  V 

and Age alone. This probabi? i t y  i s  bounded by a  \/slue of zero and o n e .  

A p i  value of one p red ic t s  t h a t  t h e  in ju ry  wi 1 1  c e r t a i n l y  be non-severe  

and a  ji value of zero p red ic t s  t h a t  t h e  i n j u r y  w i  1 1  c e r t a i n l y  be 

severe.  4 5; value g r e a t e r  than 0.5 will  g red ic t  a  n o n - s e ~ e r e  i n j u r y  

1 a l e s s  than 0.5 wil l  ; r ed i c t  3 s w e r e  in,jury. : r t ? r= l r e t a t ion  9 f  i 
t h e  nodels may be e a s i e r  i f  i q u ~ t l c n s  3-57 and  3 - 5 3  a r e  r e s t a c e d  j r l  

t e r 3 s  of the  p robab i l i t y  of s severe i n j u r y ,  which i s  s i a ? l y  ( l - p j ) .  

The models i ~ p l y  the f o l l c w i , ~ g :  

. As Lateral  3 e l t a  'I incr2ases ,  so d o e s  :he p r o b a b i  1 i t y  o f  2 
severe in jury .  For an occupant age 30 in  Near P C D  an i n c r e a s e  
in  Lateral  Delta \J from 13 t o  25 m p h  wi? 1 t a k e  t h e  probabi 1 i  t y  
of a  severe in jury  from 0.37  t o  0 .76 .  

2 .  As Age increases ,  so does t h e  probabi 1 i  t y  of a  s eve re  i n j u  r y .  
For Near P C D ,  with Lateral  Delta \I of 25 moh, a  2 0 - y e a r - o l d  
occupant wi l l  nave t h e  p robab i l i t y  of a  severe i n j u r y  of  0.59 
and a  40-year-01 d occupant the probabi 1 i t y  of 3.81. 

3. A n  occupant i n  t h e  Year PCD subset  i s  more 1 ike ly  t o  recei  ve  a  
severe in jury  than t h a t  i n  t h e  Far Occ + Near NPCD subset  given 
a  Lateral  Del ta  \I value. For example, f o r  Lateral  3 e l  t a  V o f  
25  nph and a 30 y e a r  old occupant, t h e  p robab i l i t y  of a s e v e r e  
i n ju ry  i s  0 .76  f o r  an occupant of t he  Near PCD s ~ l b s e t  and 0 . 4 8  
f o r  t h e  Far Occ + Near NPCD subset .  

The nodels as represented by Equations 3-57 a n d  3-58 predicted t h e  

gvera l l  i n j u r i e s  f a i r l y  well .  A c l o s e r  exaninat ion o f  t h e i r  p r e d ' c t i  ve 

c a ; a i ; l l ' ~ y  revealed tilac when a  in jury  was observed 7 3  be c o n - s e v e r e ,  

:he ~ o d e l s  woulc Se cor rec t  a1r;;ost a l l  o f  the  z i ~ e ,  b ~ t  ';kaC, +/hen a r :  

- rjliry ,vas obssrt/ed t 3  be severe ,  t h e  .nodels w o ~ l  A be c o r r s c t  o n i ~  32'$ 

ro  40% ~f :he time. Althcuc;h non-severe i n j ~ r i e s  o c c u r r s c  inuch more 

f requent ly  t h a n  severe i n j u r i e s ,  i t  i s  more c r u c i a l  t o  be a b l e  t9 

reasonably predict  t he  ' ? j u r i e s  with h i g h  severity. C n ?  o f  t he  r ea s ;ns  

f o r  C,ne r o d s ?  t o  p re fom sorewhat unsar,is 'actorily i i  c a s e s  3 f  s e l i e r e  
i n j u r i e s  i s  t h a t  severe i n j u r i e s  o c c u r r e d  a t  a1 1 r z n g e s  of  3 e l t d  '1 

values,  dependi ng upon numerous o the r  f a c t o r s .  

I n  order  t,o try t o  i~ iprove  zhe p red ic t ive  capab i l i t y  of t he  yodel  s  

f o r  a ~ e ~ t e r  pred ic t ion  of se \ /e re  i n j u r i s s ,  a  range cf o the r  v a r i a b l e s  
wer2 i ? ~ e s t i g a t ? d .  r ies t ra in t  ?sage and Ejec t ion  Idere e x a m i ~ e d  5 u X t e  



relat,ively very small sample s i z e  of o c c u p a n t s  u s i n s  r e s t r a i n t s  o r  

,having been ejected o r  trapped made these variables of l i t t l e  v a l u e  i n  

modelling. About 9@i of the  occupants did not use any f o m  of r e s t r a i n t  

and over 90% were not ejected o r  trapped in the  s ide  impacts. 

Object Contacted !das invest igated a n d  Has found s ign i f i can t  f o r  the  

:./ear 2 C D  subset.  This variable implied t h a t  f o r  Near 2CD g c c u p a n t s ,  a 

s t r ik ing  venicl? vhich was bigger than a passeng?r ca r  w o ~ l  .', i n c r e a s e  

the  probabil i ty of the injury being severe. Object Zont:ct?d was not  

s ign i f i can t  f o r  tile Far r?cc + Year NPC'3 subset. Detailed analys is  of the  

;nis;3redic:ed cases c r  3ut I i2rs  indicated t h a t  in ju r i e s  inv9lving ce r t a in  

body regions tended t o  r e su l t  i n  severe in ju r i e s  regardless 9f 3 e l t a  V 

values. There were a l s o  c e r t a i n  i n j u r y  t y p e s  which o c c u r r e d  a t  

r e l a t ive ly  low Delta V values and resulted i n  severe in ju r i e s .  Most, i f  

not a l l ,  the  severe i n j u r i e s  tha t  were being n ispredic ted  by t h e  two-  

variable models (Later  Delta '/ and Age) had 1 ow t o  m o d e r a t e  L a t e r a l  

Delta V values and the  in ju r i e s  were the r e s u l t s  of ce r t a in  body regions 

coming i n t o  contact w i t h  ce r t a in  i n t e r i o r s  of the  vehicle a t  the  i ~ p a c t .  

The most common contact p o i n t ( s )  seemed t o  be s i d e  i n t e r i o r  a n d / o r  

s teer ing  f o r  ches t ,  abdomen, pe lv ic /h ip ,  f o r e a m  and t h e  1 ower 1 imbs.  

The l e s s  common contact points were A-pi1 l a r  f o r  head/skull i n j u r i e s  o r  

no contact f o r  neck in ju r i e s .  I t  was thought t h a t  with Lateral Delta V ,  

Age, Contact Point a n d  Body Region i n  the  m o d e l s ,  t h e  o c c u r r e n c e  of  

injury sever i ty  would become more expl2inable. L a t e r a l  9 e l  t a  V i s  3 

proxy f o r  the Force exerted on the  xcupan: a t  the  ' ~ p z c t ,  cau s  i n g  t h e  

occupant t o  Rove frcm his /her  cr ig inal  ?os i t ion  a n d  ciuses s body regi3n 
T t o  car2 i n l o  c m t a c t  with the  ' i t 2 r ' c r  o f  the  vehicls.  I he  o c c ~ p a n t  ac;e 

c o ~ l d  give r i se  t o  the  d i f ferent  resistance t o  o r  t h e  t e n d e n c y  f o r  a 

ce r t a in  type o f  injury.  

klowevet*, tile contact ? o i n t  v a r i a b l e  d i d  i ~ p g s e  s o r e  s e r i o u s  
problems i n  ;;rodelling. F i r s t ,  the   iss sing data 3 n  C o n t a c t  P o ' l t  f o r  

both severe a n d  non-sev2re in ju r i e s  was t o   he extent that the  flumber o f  

valid cases for  yodelling would arop by about 50% f o r  s e v e r e  i n j u r i e s  

and over 5% i g r  non-severe in ju r i e s .  Secona, Contact Poi q t  showed a 
corre la t ion  with Body ?egion. I t  das found t h a t  between Contact  Poi  n r .  

a n d  Body Zegion, t h e  l a t t e r  a p p e a r e d  t o  be a b e t t e r  i n d e p e n d e n t  



var iab le .  A body region,  w i t h  t h e  exception of Head and i a c e ,  tended t o  

be assoc ia ted  with e i t h e r  only one o r  probably two major ccntac t  points .  

A contact  po in t ,  one t h e  o the r  hand, could imply many d i f f e r e n t  body 

regi gns .  

That a  body region almost ixmediately impl ies  a  c e r t a i n  c o n t a c t  

?o in t  seemed t o  j u s t i f y  i t s  i n c l u s i ~ n  i n  the  model even ~ i t h o u t  a n o t h e r  

\variable such as C3ntact Point .  I n  f a c t ,  t h e  f i n a l  r c d e l  f o r  Xza r  PC3 

wi;h Later21 Deltz ' I ,  ,Age Cbject C o n t a c t e d ,  and  39Sy  ? 2 g i 3 n  a s  t h e  

independent l ~ z r i a b l e s  showed nos: c o n s i  d e r a b ?  e  i ~ g r o v e n e n t  i n  t h a  

~ o d e l ' s  ; ? r ed ic t i { / e  c a p a b i l i t y ;  such a model now p r e a i  c c e d  n o n - s e v e r e  

i n j u r i e s  co r r ec t ly  89% of tile time and i t  p r e d i c t e d  s e v e r e  i n j u r i e s  
co r r ec t ly  67% of t h e  time. The Far Occ + ?!ear NPCD model, with L a t e r a l  

Delta '/, Age and Body Region as  the  independent var iab les ,  now co r rec t ly  

2redicted non-severe i n j u r i e s  98% of t he  time and c o r r e c t l y  p r e d i c t e d  

severe i n j u r i e s  43% of t h e  time. The i n f l u e n c e  of t h e  Body R e g i o n  

~ ~ a r i a b l e  i n  pred ic t ing  t h e  in jury  seve r i ty  can be i  1 1  u s t  r a t e d  i ' n  t h e  

following case ,  where a  passenger c a r  was h i t  by a  t r u c k  and  wh ich  

involved a  Lateral  Delta V of 15 mph and an abdominal rupture  t o  a  Nea r  

2 C D  occupant age 30. The two-variable model (Latera l  Delta V a n d  Age)  

wi l l  predict  the p robab i l i t y  of a  severe i n ju ry  of 0.37 ( i  e .  , a non-  

severe i n j u r y )  while t h e  model w i t h  L a t e r a l  D e l t a  V ,  Age, O b j e c t  

contacted and 3ody Region wi l l  7 r ed ic t  t h e  pr3babi l icy of severe i n j u r y  

of 3.95 ( i . e . ,  a severe i n j u r y ) .  





3.4 Preliminary Analytical Results f o r  Frontal Impacts - Phase I Data 

This section presents preliminary work t o  d e v e l  o p  mechani s t  i c 
models f o r  f ronta l  impacts. The analysis  reported in  t h i s  s e c t i o n  was 

carr ied  out on a preliminary version of the  data from the  f i r s t  f i f t e e n  

months of NCSS (January 1977 through March 1978). 

The i r l i t i a l  modelling e f f o r t s  : '/ere c a r r i e d  o u t  s e p a r a t e l y  f o r  

several subszts of the f ronta l  inpacted v e h i c l e s .  The s e l e c t i o n  of 
these subsecs i s  described i n  the  f i r s t  s u b s e c t i o n .  E x a m i  n a t i o n  of 

candidate indeqendent variables i s  covered i n  the  s econd  s u b s e c x i a n .  

;4odelling r e s u i ~ s  and model evaluation a re  presented in t h e  t h i  rd  and 

fourth subsections, while the  l a s t  subsection summarizes the  r e s u l t  i n g  

logi t models and t h e i r  associated confidence 1 imi t s .  

3.4.1 Defining Subsets. Frontal co l l i s ions  comprise p r i n c i p a l l y  

two-vehicle accidents and one-vehicle a c c i d e n t s .  M u l t i p l e  v e h i c l e  

co11isions are  much l e s s  common. The number of c a s e s  which i n v o l v e d  
occupants of towed vehicl e s  w i t h  va l  i d  N E d O A I S 3  c o d i  ng f o r  t h e s e  

acci dent categori es a re  shown be1 ow: 

One-vehicle accidents 1491 cases (25.5%) 
Two-vehicl e accidents 3705 cases (63.4%) 
Three-vehicle accidents 537 cases (9.2%) 
Mu1 t ip le-vehic le  accidents 110 cases (1.9%) 

Occupants of towed vehicles ( o r  case vehicles)  represented about 90% of  
a1 1 the  cases. 

For the  occupants of case vehicles,  the  d i s t r ibu t ion  of a c c u p a n t s  
among r-he seat  posit ions i s  shown i n  T a b l e  3 .32.  Occupants on t h e  Sack 
sea t s  represented asout 11% of the  t o t a l  occupants and t h e y  Idere n o t  

included in  the  analysis .  For the  o c c u p a n t s  of c a s e  v e h i c l e s ,  t h e  

following propor~ ions  of occupants by spec i f i c  Horizontal L o c a t i o n  of 
gefomation ( C 3 C )  were observed: 

Center plus  d i s t r ibu ted  2545 (34.8%) Vehicles 
Left plus l e f t - s i de  center  
R i g h t  plus r ight-s ide  center  

Subsetting t o  obtain homogeneous analyt ica l  ce l l  s f o r  the  modelling 

was carr ied  o u t  by exarni ning variables such as :  



TABLE 3.32 

Number of Occupants by Seat Position 

Phase 1 Data - Front Impacts 

Seat Position I Number of Occupants 
----,--------------------------+------------------------------------- 

I 
Drivers I 4488 (52.52) 
Front r ight  I 1585 (22.1%) 
Front center  I 305 (4.3%) 
Back l e f t  I 299 (4 .2%)  
Back right  i 338 (4.7:;) 
Back center  I 155 (2.1%) 

( a )  Proportioelof s e v e r e  and n o n - s e v e r e  i n j u r i e s  ( b a s e d  o n  
NEWOAIS3) t o  t o t a l  in jur ies .  

( b )  The location of deformation and damage d i s t r i b u t i o n  t y p e  
variables of the  CDC 

( c )  Direction of Force (CDC) 
( d )  DeltaV 
( e )  Injury Type and Body Region 
( f )  Seat Position 
( g )  Number of Vehicles 

Ideal ly ,  the subsets should be diss imi lar  as r e g a r d s  t h e  i n j u r y  

severi ty proportion and t he  proportion of various injury types from one 
subset t o  another, b u t  s imi lar  i n  t he  ranges and the di s t r i  b u t  i ons of  
the  potential independent variables,  such a s  t h e  c o l l i s i o n  s e v e r i t y  
variables and the occupant variables. I t  i s a1 s o  e s s e n i i  a1 f o r  t h e  
subsets t o  contain adequate data t o  permit re1 i able nodell i ng r esu l t s .  

'Jarious subsettings were closely examines. The one which, a: t h i  s 

stage,  appeared most reasonable comprised the  following subsets : 

1. One-vehicle accidents, d is t r ibuted and center  damages ( S H L = D  
and C )  and f ront-seat  occupants; t o  be referred t o  as CIA- 1VEH 
(Center Impacts, A 1  1 Occu pants-1 Vehicle) . 

2. One-vehicle accidents, 1 e f t  and ri g h t  damages ( S H L = L - R i Y t Z )  and 
dr ivers ;  t o  be referred t o  as OID-1VEH ( O f f - c e n t e r  i m p a c t s ,  
Drivers only-1 Vehicle). 

-- - - -  

2 1 ~ ~ ~ ~  refers  t o  the overall abbreviated injury score as defined in 
The Abbreviated Injury Scale, (1976 Revision), American Associ at ion f o r  
Automotive Nedicine, Norton Grove, I l l i no i s .  



3. One-vehicle accidents,  1 e f t  and r i  ght damages (SHL=L+R+Y+Z) and 
f ront  seat  passengers; t o  be r e f e r r e d  t o  a s  OIP-1VEH ( O f f -  
center  Impacts, Passengers only-1 Vehicle). 

4. Two-vehicle co l l i s ion  (SHL=D and C )  and f ront  seat  o c c u p a n t s ;  
t o  be referred t o  as CIA-2VEH. 

5 .  Two-vehicle col l  i  sion (SHL=L+RiY+Z) and dr ive rs ;  t o  be referred 
t o  as O I D - 2 V E H .  

6 .  Two-vehicle col l  i  sion (SHL=L+R+Y+Z) a n d  f ront  seat  ;;assengers ; 
t o  be referred t o  as Or?-2VEH. 

The number of cases in each c f  these s i x  subsets i s  sho:.in i n T a  S 1 e 

3.33 together with the  number o f  cases where NE'dOAIS3 codes and 'Gel t a  V 

a r e  valid. 

TABLE 3.33 
Number of Cases Val id  f o r  Specified Variables 

Phase 1 Data - Front Impacts 

- - 

I Number 
I_--.----_-_--____-------------------- 

I 
1 ??rcentage 

Subset I Valid 1 Valid I Valid I Severe 
I Non-Severe I Severe I Delta V 1 In,juries 

Table 3.33 a l so  shows the  proportion of ~ h e  severe  i n j u r i e s  t o  t o t a l  

in ju r ies  f o r  the  s i x  subsets. The i ' r s t  three subsets were ccclipants of 

single-vehicle accidents while the  other three  subsets were occupants of 

occupants of two-vehicle a c c i d e n t s .  Occupan t s  of  s i  n g l e - v e h i c l e  

accidents appeared t o  have a higher proportion of severe i n j u r i e s  t h a n  
those of two-car accidents. For both s i n g l e - v e h i c l e  and two-veh i  c l  e 

co l l i s i ons ,  center  impacts were a lso  found t o  have higher proportions of 
severe in ju r ies  than off -center  impacts. 



3.4.2 Examination of the Independent Variables. I t  was envisioned 
that  the variables l i s ted  below should be investigated wi th  a view t o  
ident ifyi  ng the i nf 1 uences on the predi ction of injury severity : 

1. Accident Level Variable 
Rural /Urban 

2 .  Vehicle Level Variables 
Delta V 
Di rection of Force ( C D C )  
Vertical Location of Deformation ( C D C )  
Damage Distribution Type ( C C C )  
CDC Extent 
Object Contacted 
Vehicle Weight 
Contact Point 
Intrusion Location 

3. Occupant Level Variables 
Age 
sex 
Height 
Occupant Weight 
Restraint 'Usage 
Ejection 

The following section briefly d e s c r i b e s  t h e s e  key independent  
variables across the s ix  subsets. 

Delta V. The range of Delta V f o r  the s i x  s u b s e t s  a r e  
shown in Table 3.34. Figure 3.67 shows the cumula t ive  d i s t r i b u t i o n  

plots of Delta V f o r  the six subsets. For t h e  t h r e e  s i n g l e - v e h i c l e  
subsets, CIA-lVEH, OID-1VEH and OIP-IVEH, the cumu 1 a t  i ve cu rves  were 

close together. For the three two-vehic l i !  s u b s e t s ,  t h e  cu rve  f o r  
CI.4-2\JEH appeared t o  l i e  somewhat t o  the right o f  those fo r  O I D - 2 V E H  and 

OIP-2'1EH. Overall, the six subsets d i d  n o t  show rnark2d d i f f e rences  i n  

the cumulative distributions of Delta V .  

Principal Direction of Force. The two-way t a b l e s  of 

injury severity (NEWOAIS3) and  Principal Direction of Force for  the s i x  
subsets indicated that fo r  the accidents i n v o l  vi n g  s i n g l e  c a r s  t h e  
proportions of severe injuries t o  total  injuries were found t o  be higher 
with a twelve-o'clock direction than with other d i r e c t i o n s  of f o r c e .  
For two-vehicle collisions,  the proportions of severe injur ies  t o  tot  a1 
injuries were higher w i t h  a twelve-o'clock, a one-o'clock, and a eleven- 



TABLE 3.34 
Comparison of Delta V Amongst the Subsets 

Phase 1 Data - Front Impacts 

................................................................... 
I I Delta V I 

Subset I Range I Mean I S.D. I 

C I A - I  VEH 
-.- 010- 1 VEH 
- - -. OIP- I VEH 
------ CIA - 2 VEH 
. . . . . . . . . . , . . . 01D - 2 VEH 
-.-.-.- OIP - 2 VEH 

F i G U R i  3.6: C ~ m u l  ative 3: stributions zf 
Delta V For The Front-Inpact Subsets 

phase 1 Data - Fronx impacts 

o'clock direction t h a n  with other directions. 2hen D e l t a  \/ was he1 d 

constant, however, the differences appeared much 1 ess apparent. W i  t h i n 
each direction of force, a higher proportion of severe injur ies  t o  rota1 

injur ies  was also noted when vehicles were h i t  i n  the center t h a n  when 



the  impact was t o  the r ight  o r  t o  t he  l e f t .  Accidents involving s i n g l e  

vehicles displayed higher p r o p o r t i o n s  of s e v e r e  i n j u r i e s  t o  t o t a l  

in ju r ies  than those involving two vehicles. Table 3.35 summarizes t h e  

number of cases by Principal Direction of Force f o r  occupants of one-car 

and two-car acci dents with val id NEWOAIS3 codes. 

T A B L E  3.35 
Number of Occupants by CDC 9 i  rect ion 

Phase 1 Data - Front Imoacts 

............................................................. 
I C D C  Direction 
[-__----_-------*--------------------------------- 

I 12 I 1 I 11 I 2 I 10 
i O'clock 1 O'clock i ~ ' c I o c ~  I O'clock I O'clock 

-----------+---------+---------+---------+---------+--------- 
I I I I I 

One-car I 984 1 152 1 108 1 14  I 5 
accidents 1 (77.9%) 1 (12.0%) 1 (8.6%) 1 (1.OZ) 1 (0.42) 

I I I I I 
Two-car I 1583 I 631 1 838 1 134 1 144 
accidents 1 (47.5%) 1 (19.0%) 1 (25.21) 1 (4.0%) 1 (4.3%) 

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

relat ionship between Principal Direction of Force and D e l t a  \ i ,  i t  was 

noted t h a t  Delta V's greater  than 40 mph  were associated w i t h  on ly  12 

o 'clock,  11 o 'c lock,  and  1 o'clock directions.  

Vertical Location of De fo rma t ion .  For  o c c u p a n t s  i n 

accidents involving s ingle  vehicles and with c e n t e r  i m p a c t s ,  "be low-  

glass" accounted f o r  91% of t h e  c a s e s  and " 1  ow" a n o t h e r  8%. For  

occupants i n  s ingle-vehicle accidents with off-center  impacts, about 93% 

were "below glass ,"  3% "low," and 32 "a1  1 .  " For  o c c u p a n t s  i n  t w o -  
vehicle co l l i s ions ,  about 91:; of t h e  c a s e s  were "be low g l a s s , "  6% 

"middle," and 3% "a1 1 ." For a1 1 subsets proportions of severe i n j u  r i  e s  

t o  t o t a l  in ju r ies  with the exception of " a l l "  were similar .  For  " a ?  1 " 
the  proportion was more than twice as high as the  other levels .  

Damage Distr ibution T y p e .  For  o c c u p a n t s  i n s i  ngl e -  

vehicle accidents with center  impacts, 65% of the cases were of " w i d e "  



damage d i s t r i b u t i o n  and t n e  o t h e r  35% were of "na r row"  damage 

distribution. For occupants i n  single-vehicle accidents with off-center 

impacts, 48% were "wide," 27% were " n a r r o w , "  and a n o t h e r  24% were 
"corner." For o c c u p a n t s  i n  t w o - v e h i c l e  a c c i d e n t s  wi th  c e n t e r -  

col l is ions,  97% of the cases were "wide;" while those w i t h  o f f - c e n t e r  

impacts, 7 7 %  were "wide" and 20% were "corner." 

Proporcicns of s e v e r e  i n j u r i e s  t o  t o t a l  i n j u r i e s ,  w i t h  t h e  

?xc?ption of 'corner" fo r  the two-vehicle col l is ions,  were no; t h a t  much 
different f o r  a l l  levels. Nith the " c o r n e r "  damage i n  t w o - v e h i c l e  

accidents, sucn proporti on appeared much higher. 

Object Contacted. For occl lpants  i n  s i  n g l  e -veh i  c l  e 
accidents, the accidents as shown i n  Table 3.36 were observed. 

TABLE 3.36 

Object Contacted by Impact Location 
fo r  Single-Vehicle Accidents 

Phase 1 Data - Front Impacts 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ o ~ ~ o ~ ~ ~ ~ - - ~ ~ ~ o ~ ~ - - o ~ ~ ~ ~ - - - ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ - - - ~ ~ ~ ~ - ~ ~ ~ ~ o ~  

I Percentage for  I Percentage fo r  Off- 
Object Contacted I Center Impact I Center Impact 

~ - ~ ~ o - ~ ~ - - o o o - ~ o ~ ~ ~ - ~ ~ o o + o ~ ~ - o - o o o ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ o o o ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ o o ~ ~ ~ o ~ ~ ~  

I I 
Ut i l i ty  Poles I 
Trees I 
C u l  vert Curbs I 
Emba nkmenr, I 

Abutment I 
Guard Rails I I 

Bridge Rails I 
:Ion-movi ng Objects 

For occupants i n  twc-vehicle colli  ~ i o n s ,  the accidents as shown i n 
Table 3.37 were observed. 

For occupants i n  single-vehicle a c c i d e n t s ,  t h e  p r o p o r t i o n s  o f  

severe injur ies  t o  total  injur ies  appeared t o  be s l i g h t l y  h i g h e r  f o r  
t rees ,  culvert curbs, abutments, embankments and buildi ngs . T h  i s was 
also t rue  when Oelta V was held constant. For two-vehicle a c c i d e n t s ,  



TABLE 3.37 

Object Contacted by Impact Location 
of Two-Vehicle Accidents 

Phase 1 Data - Front Impacts 

I Percentage for  I Percentage fo r  Off- 
Object Contacted 1 Center Inpact i Center Impact 

----------------------+--------------------+------------------------- 
I I 
I 7 6 

-9 - Passenger cars 1 1 1  

Trucks 1 13 I 13 
Tractor-t rai 1 ers I 3 I 2 
Unknown vehicles I 4 I 4 

such proportions were higher when the s t r iking vehicles were 1 a r g e r  i n 
size. 

Vehicle Weight. The range of vehicle weights and t hei r 

distributions for  a l l  subsets were simi l a r .  The v a r i a t i o n  of t h e  
proportions of severe injur ies  t o  to ta l  injur ies  with v e h i c l e  wei g h t s  

when Delta V was held constant was not a p p a r e n t  f o r  e i t h e r  s i n g l e  
vehicle or two vehicle accidents. The s c a t t e r  p l o t s  of D e l t a  V and 
Vehicle Weights did no t  reveal an easily detectable relationship. 

Rural/Urban. For occupants i n  single-vehicle accidents , 
a b o u t  60% of the cases were associated w i t h  accidenrs occurring in urban 
areas. This proportion was much higher ( a b o u t  7 5 % )  f o r  t w o - v e h i c l e  
accidents. The proportion of sever2 injuries t o  t o t a l  i njuri es i n t h e  

rural and the urban areas fo r  the six subsets are shewn i n  T a b 1  e 3 .38 .  
!dhen Delta V was held constant,the rural accidents a l s o  h a d  s l i g h t l y  
higher proportions of severe injur ies  t o  t o t a l  injuries than t h e  urban 

acci dents. 

Intrusion Location. For occupants i n  s i n g l e - v e h i c l e  

accidents, a b o u t  6G% of t h e  c a s e s  had n o  i n t r u s i o n ,  a b o u t  6 4  had 
i ntrusi on i nvol v i  ng steer i  ng column and/or A-pi 1 l a r s ,  about 3% i nvol vi ng 

roofs, and about 2% involving s i d e s  a n d  a b o u t  30°i i n v o l  v i  n g  o t h e r  
cornbi nations. For two-vehicle accidents, these proportions were f o u n d  t o  
be somewhat different.  No intrusion represented about 7 5 2  of the c a s e s ,  



TABLE 3.38 
Proportion of Severe In ju r ies  t o  Total In ju r ies  by Rural/Urban 

Phase 1 Data - Front Impacts 

.................................................................... 
I Rural I Urban 
I-------------------------f--------------------------- 

Subset I Percentage I Percentage I Percentage I Percentage 
1 Non-Severe I Severe I Non-Severe 1 Severe 

I 

SINGLE VEHICLE 1 
CIA-1'IEH I 
OID-1VEH I 
OIP-1'JEH 1 

I 
TWO VEHICLE I 

CIA-2VEH I 
010-2VEH I 
OIP-2VEH I 

in t rus ion involving s teer ing columns and/or A - p i  1 l a r s  was a b o u t  5 X ,  

those i n v o l v i n g  r o o f s  was a b o u t  I % ,  and t h o s e  i n v o l v i n g  o t h e r  

combi nations about 15%. 

Proportion of severe i n ju r i e s  t o  t o t a l  i n j u r i e s  v a r i e d  g r e a t l y  

across the  locations of intrusion.  This proportion was found t o  be t h e  
highest ( a t  l e a s t  40%) when the  intrusion included s teer ing columns and/ 
or A-pil lars;  t h i s  was followed by the  combination of i n t r u s i o n s  and 

roof intrusion.  Such proportion was found t o  be r e l a t i v e l y  low f o r  
cases w i t h  no intrusion (5  t o  13%). 

The s c a t t e r  p l o t  of Delta '1 a n d  t h e  v a r i o u s  i n t r u s i o n  12ve l  s 

indicated t ha t  the Delta V's associated w i t h  intrusions of s i d e ,  s i d e -  
override and roof t e n d e d  t o  be l ower  t h a n  t h o s e  a s s o c i a t e d  w i t h  
intrusions of other kinds. 

Restraint  Usage. In a11  s u b s e t s  t h e  m a j o r i t y  of  t h e  

occupants d i d  not use any kind of r e s t r a i n t  (about 87%) ;  about 4 t o  9 %  

d i d  n o t  have r e s t r a i n t  d e v i c e s ;  a b o u t  3% used  l a p - a n d - t  o r s o  
r e s t r a i  nts;and about 3% used lap-only r e s t r a in t s ;  usage of o t h e r  fo rms  
of res t ra in t s  was re la t ive ly  rare. 



Cursory examination of proportions of s e v e r e  i n j u r i e s  t o  t o t a l  

in ju r ies  by r e s t r a in t  usage indicated t ha t  with t h e  e x c e p t i  g n  of  t h e  
s ingle  vehicle, off-center  and dr ivers  subset ,  the  proportion was much 
1 ower when lap-torso r e s t r a in t s  were used than when no res t ra  i n t s  were  
used o r  when lap-only r e s t r a in t s  were used. 

Ejection. The majority of the occupants were a s s o c i a t e d  

w i t h  no-ejection a c c i d e n ~ s  (riel1 o v e r  9 0 % ) .  I t  was no t ed  t h a t  t h e  
proportion of the  occupants being ejected and t r a p p e d  a a s  h i g h e r  f o r  
single-vehicle accidents than f o r  two-vehicle accidents. Tile 7roport i o n  
of s e v e r e  i n j u r i e s  t o  t o t a l  i n j u r i e s ,  i n  a 1 1  t h e  s u b s e t s , w a s  
considerably lower f o r  no-ejection cases than f o r  cases w i t h  e jec t ion or 
entrapment. 

&. There were very l i t t l e  differences i n t h e  r a n g e s  

and the  d i s t r ibu t ions  of the Age between occupants i n  s i n g l e - v e h i c l e  

accidents and those in  two-vehicle accidents .  Sma 11 d i  f f  e r e n c e s  d i d  
ex i s t  between drivers and non-drivers subse t s  i n  t h a t  t h e r e  were  no 

dr ivers  under a ce r ta in  age. 

The proportion of severe in ju r ies  t o  t o t a l  i n ju r i e s ,  when D e l t a  V 

was held constant, indicated t h a t  occupants over 30 years old tended t o  
be associated with higher proportions of severe injury. 

The s c a t t e r  plot of D e l t a  V by Age i n d i c a t e d  t h a t  a l m o s t  a l l  

occupants l e s s  than 1 2  years old and over 65 had Delta V of l e ss  than 30 

mph, and t ha t  occupants between the  ages of 13 t o  30 years 01  d had t h e  
larges t  range of Delta ' J  values (1 t o  98 m p h ) ,  

3.4.3 Model Estimation. The mul t ivar ia te  l og i t  model described i n  

Section 3.1 was used i n  the  analysis of f ronta l  impacts. I n i t i a l  l y ,  
u n i v a r i a t e  models w i t h  D e l t a  V o r  C D C  E x t e n t  were t r i e d .  The 
development of mu1 t i  va r ia te  models was described l a ~ e r  i n  t h i s  sect  ion. 

Univariate Models. U n i v a r i a t e  models were used  t o  

compare the  predict ive capabi l i  ty of Delta '1 and C D C  Extent i  n each  of 
the s ix  f ronta l  subsets. Other independent variables,  on t h e i r  own, a re  
not l ike ly  t o  be as good explanatory variables as the above men t ioned .  
They wil l  be s ign i f i can t  i n  explaining injury s e v e r i t y  when t h e y  a r e  
present in t he  models with e i t h e r  Delta V or C D C  extent. Comparisons of 



t h e  r e su l t s  of these two models revealed t h a t  Delta V was a f a r  b e t t e r  

explanatory variable o f  injury sever i ty  than t he  C D C  e x t e n t  v a r i a b l e  
(crush measurement) .  Because  D e l t a  V and C D C  E x t e n t  a r e  h i g h l y  
cor re la ted ,  the  presence of one v a r i a b l e  i n  t h e  model e x c l u d e s  t h e  
other. The estimated models f o r  the  s i x  subsets w i t h  D e l t a  V a s  t h e  
independent variable are  shown below and t h e i r  goodness o f  f i t  r e s u l t s  
i n  T a b l a  3.39. 

TABLE 3.39 
Goodness of F i  T 

Severity = F(De1ta ' 1 )  

Phase 1 Data - Front Impacts 

................................................................. 
I Sample Size I Percentages Correct Predict ion 

Subset I Non- I I I Non- I 
I Severe I Severe I Overall 1 Severe 1 Severe 



I Estimated Models with Delta V 
I 

I I 

I (3-67 pi = F(2.1711 - 0.0602X1) I 
I I 
I where I 
I p i  i s  the estimated probabil i ty of a  non-severe in jury ,  I 
1 F i s  the l og i s t i c  d i s t r ibu t ion ,  I 
I X i s  Delta V ,  and I 
I L ~ S  i s  the Likelihood Ratio S t a t i s t i c .  I 

:4ul t i v a r i a t e  Model s  

A larce number of mult ivariate models xere t r i ed .  At l e a s t  sc rne  

mention i s  made of nearly a l l  t he  variables t r i ed  regardless of wi-tether 

they were useful o r  n o t .  The sub-headings i n d i c a t e  t h e  i n d e p e n d e n t  

variables. 

Principal Direction of Force was brought i n t o  the  modelling i n  two 

ways--as an independent variable i n  t h e  9 r e s e n c e  of D e l t a  \J a n d  by 

replacing Delta \I by Longitudinal Delta \I. Neither of these approaches, 
however, r e s u l t e d  i n  s i g n i f i c a n t  improveme'nt i n  t h e  2 r e d i c t i v e  

capabi l i ty  of the models represented by Equations 3-62 t o  3-67. 



When Age was incorpora ted  i n t o  t h e  model i n  t h e  p r e s e n c e  of 

Delta \ I ,  the  following estimation resu l t s  were o b t a i n e d  f o r  t h e  s i x  

subsets:  
+------------------------------------------------------------------+ 
I I 
1 Estimated Models with Delta V a n d  Age I 
I I 

I where 

I ji i s  the  probabil i ty of a non-severs in jury ,  I 

I i i s  ;he l og i s t i c  d i s t r i bu t i on ,  I 
1 
I X, i s  Delta 'J, 

I X, i s Age, a n d  
, 

- 
i L2S i s  the i 'kelihood 2a t io  S t a t i s t i c .  

Tile goodness of f i t  of these inodels i s  shown i n T a b 1  e 3 . 4 3 .  By 
having Age in the  models, the  predict ive capabil i ty o f  t h e  u n i v a r i  3 t e  

moaels, par t icular ly  in predicting the  severe in ju r ies ,  inproved. 

Figures 3.68 - 3.73 show the  histograms of ji f o r  the s ix  s u b s e t s .  

Each f igure ,  representing a model f o r  a pa r t i cu la r  subs?t,  consis ts  of a 

part of histograms, one f o r  non-severe in ju r ies  and  the  other f o r  severe 

fn jur ies .  The axes of both histograms a r e  i d e n t i c a l  w i t h  one ax i  s 



TABLE 3.40 
Goodness of F i t  

Injury Severity = F(De1ta V ,  Age) 

Phase 1 Data - Front Impacts 

............................................................. 
I Sample Size I Percsnt Correct 2redict ign 
I,-,-,,-,,,,------A-------------------------------- 

Subs& 1 74on- 1 I 

I I Ncn- 
I Severe I Severe 1 3verall i Severe Sever? 

----------+--------$----------+-----------t----------+--------- 

I I I I I 

representing ihe  estimated probabil i ty of a non-severe in jury ,  p i ,  a t  a 

0.05 interval  and the  other the  number of cases w i t h  p a r t i c u l a r  v a l u e s  

of j i .  Again, the  re la t ive ly  poor p red ic t ion  of s e v e r e  i n j u r i e s  i s  
evident while the  prediction of non-severe in ju r ies  was very  good f o r  

a l l  s ix  subsets. The estimated l og i s t i c  curves f o r  the  s i x  subsets a r e  

plotted in  Figure 3.74 t o  i l l u s t r a t e  how the  probabi 1 i t y  of  a s e v e r e  

in jury ,  !-pi, varies with Delta V when Ase i s  f i xed  a: 3 0 .  r io te  t h e  

rnarked difference between the s ingle  l~eh ic le  and two-vehic le  s u b s e t s .  

For Delta \I l e ss  than about 2 5  t o  30 ~ p h ,  single-vehicle accidents were 

,:ore l ike ly  t o  r e s ~ l t  in severe in ju r ies  than t ~ 0 - ~ ~ 2 h i  ~ 1 3  a c c i d e n t s .  

For higher Delta ' I  values, hcwev~r,  two-vehicl e z c c i d e n t s  ;vere more 

l ike ly  t o  give r i se  t o  severe in ju r ies  given the same lle7:a '/ v a l u e s .  

The effect  of Age i s  shown i n  Figure 3 . 7 5  f o r  the 013-1VEH subset and i n  

Figure 3 . 7 6  f o r  the O1i)-2VEH subset. Each o f  these f igures  cons i s t s  of 

thrge curves f o r  Age of 20, 40 a n d  60 .  Tie curves show the variat ion of 

the  estimated probability of a severe injury (1 -p i )  with Delta V .  B o t h  

f igures  indicate that  i n  general o lder  occupants are e x j e c t e d  t o  have 

higher probabi 1 i t i e s  of severe i n ju r i e s  than younger occupants f o r  any 

given Delta 'd value although the effect  of Age i s  most pronounced when 

Delta V values are  about 2 5  t o  30 mph. The age e f f e c t  a1 s o  a p p e a r s  



somewhat morg pronounced i n  the  two-vehicle subset.  Figures 3 .77  - 3.80 

show the  confidence in te rva l s  as a f u n c t i o n  of D e l t a  V f o r  s u b s e t s  
CIA-lVEH, 013-lVEH, CIA-2VEH, and OIG-2VEH. I n  general ,  the  conf idence  

l imi t s  f o r  the  two-vehicle subsets  are  much smaller than f o r  the  s ingle-  
vehicle subsets .  This implies t ha t  i f  d i f f e r e n t  s e t s  c f  d a t a  we re  
analysed s imi la r  modelling r e su l t s  woul",e nore l i ke ly  t o  be r e p e a t e d  

f o r  the  two-vehicl? models thar, f o r  the  s ing1 e - v e h i c l  e  z c d ~ ?  5 .  T h e  

analyses of t h e P h a s e 2 d a t a  i n  S e c t i o n  3 . 5  c o n f i r ~ e d  t h ' s .  T h e  

confident? in te rva l s  f o r  the  two-vehi  c l e  s l i b s e t s  a s q r o a c h  z e r o  a s  

Delta \i valbes become e i t h e r  >very small or very large;  : h i s  i s  n e t  s o  

w i t h  the  single-vehicle subsets. Final ly ,  the  a I D - l \ / E H  a n d  3 1 3 - ? ' / E H  

subsets  a r e  ccmpared on Figure 3.15. The f igure  indicates  t ha t  f o r  h i g h  

Delta \I values (over  about 30 ~ p h ) ,  t h e  o c c u p a n t s  i n  a  two-veh i  c l  e  

accident have higher probabil i ty of s2vere i n j u r i e s  t h a n  t h o s e  i n  a  

s ing]?-vehicle accident given the same Delta \I values. The r e v e r s e  i s  
- ,. ,-, I =  =or lower Celta ',I values ( l e s s  t h a n  20 m p h ) .  

5 0 - - r 1 Q  I. 

P R E D I C T E D  P R O 8 R I I L I T T  
3 F  M O W - $ E V E R €  INJURY 

'qEOlCTE0 ?bO8R8IL:T: 
3 F  WON-¶EVERE I N J U R T  

F I C C R ' C  7, 58 H 4 - A  
L + .  I a"ograms af 3, ;f Two-Varjabla 
:lode1 ( 3 e l t a  \ I ,  Age) Fbr CIA-1''IEH 

Phase 1 Data - Front Impacts 

Rural/Urban was incorporated i n t o  the node1 i n  the  form of 3 dunmy 

variable which gave the  v a l u e  of 1 t o  r u r a l  and 0 t o  u r b a n .  The 
modelling r e su l t s  indicated t h a t  f o r  s ingle  vehicle accidents the  rural / 
urban variable was not s ign i f i can t  b u t  t h a t  i t  appeared t o  i n p r o v e  t h e  
models' predic t ive  capabi l i ty  f o r  t he  subsets representing two-vehi  c l e  
acci dents . 
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FIGURE 3.74 L o g i  s t  i c  Curves of T w ~ - ; i c i - l  o u ;  ,262;  5 
( D e l t a  V ,  Age) F o r  The F r o n t - I m p a c t  Suosers 

Phase 1 Da ta  - F r o n t  Impac ts  
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FIGURE 3 . 7 5  The Age E f f e c t  of TNC-Variable 
Models ( D e l t a  V ,  Age) F o r  013-1VEH 
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FIGURE 3.77 Conf idence  I n t e r v a l  o f  p .  of  Two-Variable 
Model ( D e l t a  Y ,  Age) a t  Age 30 For  CIA-1VEH 

Phase 1 Data - Front I n p a c t s  



FIGURE 3.78 Conf idence I n t e r v a l  o f  p .  of Two-Var iab le  
Model ( D e l t a  V ,  Age) a t  Age 30 k o r  010-1VEH 

Phase 1 Data - F r o n t  Impacts  



FIGURE 3.79 Confidence Interval of $ .  o f  Two-Variable 
Model (Delta V ,  Age) a t  Age 30 tor C I A - Z V E H  

Phase 1 Data - Front Impacts 



OELTR Y 

FIGURE 3.80 C o n f i d e n c e  I n t e r v a l  of p .  of Two-Var iab le  
Model ( D e l t a  V ,  Age) a t  Age 30 F o r  OID-2VEH 

P h a s e  1 Da ta  - F r o n t  I m p a c t s  
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FIGURE 3.81 Confidence I n t e r v a l s  of ji of Two-Vari a b l e  Models  
( D e l t a  Y, Age) a t  Age 30 For OID-1VEH and  O I D - Z V E H  

P h a s e  1 Da ta  - Front I m p a c t s  



I 
I Estimated Models with Delta V ,  Age and Rural/Urban 
I 

1 (3-73) P i  = F(4.0248 - 0.1037X1 - 0.0214X2 - 0.3837X3) I 
I I 
I OIP-ZVEH (N.415, ~ ~ ~ z 8 7 . 8 ,  iJF.3) I 
I I 

I where I 
I ji i s  the  estimated probabi l i ty  of a severe in ju ry ,  I 
I F i s  the  l o g i s t i c  d i s t r i b u t i o n ,  I 
I XI i s  Delta V ,  I 
i X 2  i s  Age, and I 
i X i s  1 i f  Rural and zero otherwise and I 

I 

I L ~ S  i s  the  Likeii hood Ratio S t a t i s t i c .  I 
i I 
! 'Tile Rural /lirban liari a b l  e was n o t  s ign i f i can t .  I 

I 

The soodness o f  f i t  of these nodels i j  sficwn in Table 3.41.  ; iurai/  

Urban marginally improved t h e  percent c o r r e c t  o r e d i  c t  i o n  of s e v e r e  

in ju r i e s  of the  models with Delta ' I  and Age. 

Vehicle Lieight, when incorporated i n t o  t h e  node1 in the  presence o f  

Delta V ,  was no t  s t a t i s t i c a l l y  s i g n i f i c a n ~ .  Neither d i d  i t  inprove t h e  

predic t ive  capabi 1 i ty of the  exi s t ing  nodel. 

Object Contacted was incorporated i n t o  the  nodel in the  f a r m  o f  a 

s e t  o f  dummy variables. The variable did not  appear t o  s i g n i f i c a n t l y  

improve the  model's gredic t ive  capabi l i ty .  



TAGLE 3.41 
Goodness of F i t  

Si ngle-Vehicle: Severity = F(De1ta V ,  Age) 
Two-Vehicle: Severity = F(De1 t a  V , Age, Rural /Urban) 

Phase 1 Data - Frcnt Impacts 

i Samjle Size  1 ??rcent Corrsct 2reai ct i3n 

Subs?: i Yon- I I 1 Nori- I 
1 Savere I Severe I Cverzll ; Swere  1 Severe 

*The ruraliurban variable was not s ign i f i can t .  

Damage d i s t r i b u t i o n  was brought into the  model in the  form of dummy 

variables. I t  did not appear t o  be a s ign i f i can t  variable.  

Height was brought i n t o  t he  model b u t  i t  did n o t  a p p e a r  t o  be a  

s ign i f i can t  ex7lanatory variable of injury sever i ty .  Cccupan t  \lei g h t  

was brought into the  node1 b u t  it was no; a  s i g n i f i c a n t  e x p l a r i a z o r y  

variable of i~ :u ry  sever i ty .  Sex a l s o  a p ~ e a r e d  z: ~e  a n  'nsi g n i  f i c a n t  

ex71 anatory vary a01 2 of injury se\ /er i  ty.  

The rnodeilincj r e s u l t s  so f a r  had i  n d i c a t e d  t h a :  t h e  e s t i m a t e d  

models f o r  s ingle-vehicle accidents and two-vehicle accidents d i f f e r e d  
i n  t h a t  f o r  the  forner  Delta V a n d  Age were found  t o  be s  i g n i f f  c 2 n t  

explanatory variables of  injury sever i ty ,  while, f o r  the  l a t t e r  Delta ' i ,  

Age and 4ural/$rSan were fgund t o  be s ign i f i can t .  The estimated node1 

had enab1,ed us t~ correc t ly  predict the  l o w  sever i ty  i n j u r i e s  well above 
95:; of the  t i ~ e  and t o  correc t ly  predict the  h i g h  sever i ty  i n j u r i e s  a t  

best about 4 5 a f  the  time. The n e x t  step was t o  examine the  o u t 1  i a r s  
(mi spr?di c t  ions)  by i nvesti gat i  ng variables such as In t rus ion,  Restrai n t  

Usage, Eject ion,  Injury Type and Body Region with a  view t o  b r i  ngi n g  



about ways and means of improvi ng t h e  e x i  s t i n g  model ' s  p r e d i c t  i  ve 

c a p a b i l i t y ,  pa r t i cu la r ly  f o r  the  high sever i ty  in ju r i e s .  

Restraint  Usage was brought in to  t h e  model in  two ways: 

1. As one variable with several levels .  

2.  As a  dummy variable with two l e v e l s ,  namely, )lo 2 e s t r a i n t  Usage 
and  2 e s ~ r a i  nt Usage. 

This variable did not inprove che ~ o d e l s  ' predic t ive  capab i l i ty .  

The Ejection Variabls Idas brought i n t o  t he  zodel i ?  t3,vo ways: 

1. As a dummy variablz w i t h  three levels  - no ejection, t r a p p e d ,  
and  others. 

2. As a two-level dummy var iable  - trapped and others. 

No s ign i f i can t  improvement i n  the  model predic t ive  c a p a b i l i t y  was 
noted although the  two-level dummy, as indicated by the  1  i k e l i  hood r a t i o  

s t a t i s t i c  ( L R S ) ,  appeared t o  be s t a t i s t i c a l l y  s ign i f i can t .  

Intrusion.  Intrusion was brought in to  the  model i n  two 

ways: 

1. a s  a  three-level  v a r i a b l e ,  i . e . ,  no i n t r u s i o n ;  i n t r u s i o n  
including s t ee r ing  column, roof,and combination of i n t r u s i o n s ;  
and the  r e s t .  Such regrouping of the  levels  of t h e  i n t r u s i o n  
variable was based on combining the  levels  t o  fo rm o n e  c l a s s  
f o r  no in t rus ion ,  one c la s s  f o r  c a s e s  w i t h  i n t r u s i 3 n  which 
poorly predicted by ex i s t ing  nodels,  and one c l a s s  f o r  c a s e s  
with in t rus ion which were correc t ly  9redicted by the  e x i  s t  i  n g  
models. 

2 .  as a  ' , w 0 - 1 2 ~ 2 1  rf~r;iiily var iable ,  i . e . ,  no in t rus ion had a va l  J e  
of 1 2nd i n t m s i c n  h a d  a sjalue of 3 ,  

80 th  rilethods indicated t h a t  in t rus ion appeared t o  be a  s i g n i f i c a n t  
explanatory variable of injury sever i ty .  The inprovenent in t h e  model 
? red ic t iS ie  capabi l i ty  was ccrnparable for bo-ch met hods : sna1  1 .  As a 
resulc ,  tne  two-level dummy \ /a r iable  f o m  ;was c h o s e n  b e c a u s e  c i  i t s  
simple form. 

3.4.4 Final Hodels The r e s u l t s  o f  the  model e s t i m a t i o n  h a v i n g  

Delta V ,  Age, RuralIUrban and t h e  two-level in t rus ion as the  independent 
variables a re  shown below: 



1 Estimated !viodels with Delta V ,  Age, Rural/Urban, No 
I In t rus ion/ In t rus ion 
I 

I where I 
I ^ p .  i s  t h e  estimated probabi l i ty  of a severe i n j u r y ,  I 
I F ' i s  t h e  l o g i s t i c  d i s t r i b u t i o n ,  I 
I 
I X1 i s  Delta Y ,  I 
I X 2  i s Age, 1 

I X 3  i s  1 i f  Rural zero otnerwise, and 1 
1 X i s  1 i f  no i n ~ r u s i o n  a n d  zero o t h e r ~ ~ i s e ,  a n d  
I 
i L ~ S  i s  t h e  Likelihood Ratio 5 ta ; i s t i c .  I 

The gocdness of fit of tiles2 rnodeis i s  shown ;I T a o i s  3 . 2 2 .  5 y  

having I i t r u s i o n  i n  the  liodel, t he  predic t ive  capac i l i ty  c i  :9e ?ode1 s  , 
c a r t i c u l a r l y  in predict ing severe i ~ j u r i e s ,  yncr3ved considerah1 j .  

Tlie estimated 13g i s i i c  clcrves are  s h o ~ n  i n  F i a r e  3 . 8 2 .  T h e s e  

curves show hcw rhe  7 r o ~ a o i l i t y  of a severe injury varies ;.lit h 921 I a  '1 

values holdingAge i i x e d a 1  30  and no intrusionLras i n v o l v e d .  Y o t i c e  
t h e  differencg between t h i s  f i ~ u r e  and Figure 3.74 which a r ?  b a s e d  on 

the  ,rodels with Delta V ,  Age, No In t rus ion/ In t rus ion a n d  ?ural /JrSan and 

the  models with Delta V a n d  Age respectively.  The "No 1 n c r u s i o n "  i s  

such tha t  i t  lowers the  ? robab i l i ty  of a severe injury f o r  b o t h  s i n g l z -  



TABLE 3.42 
Goodness of F i t  

Single-Vehicle: Severity = F(De1ta V ,  Age, In t rus ion)  
Two-Veilicle: Severity = F(De1ta V ,  Age, Rural/UrSan, In t rus ion)  

Phase 1 Data - Front Impacts 

I Sarn?le Size i ?erc?nt Correct Prediction 
/ - - - - - - - - - - - - - - - - -+-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

S u ~ s e t  I 'Icn- I I , t , cn -  I I 
I Szvere I Severe I 3veral l  Szvere Severe 

vehicle and two-vehicle subsets f o r  a l l  values of 3e l t a  \I. The e f f e c t  

of Age i s  shown in Figure 3.83 fo r  the  OID-1VEH s u b s e t  a n d  i n  F i g u r e  

3.84 f o r  the  OID-2YEH subset. Each f igure  c o n s i s t s  of t h r e e  c u r v e s  

representing Age 20, 40 and 60.  The c u r v e s  show h o w  t h e  e s t i m a t e d  

probabil i ty of a severe injury (l-Bi) varies with O e l t a  Y. For  b o t h  

subsets the Age effect  i s  such tha t  an older  occupant i s  e x p e c t e d  l o  

have a higher probabil i ty of a severe injury than a younger o c c u ? a n t .  

For the  t:ro-vehicle subset ,  the Age e f f e c t  a 7 p r o a c h e s  z e r o  a s  A g e  
.. < beccmes e i t he r  very s n a ? ?  c r  very large. ; , ~ i ;  i s  n o t  c e c e s s a r i  l y  s o  

w i t h  tile single-vehicle subset. The Rural/lirsan e f i e c :  a t  Age 3 0  i  s  

i l l u s t r a ~ ? d  i n  Fisure 3.35 fo r  ",e 013-2'1E3 s u b s e t .  T h i s  e f f e c r  i j 

re la t ively  sxa l l .  Figures 3.86 and 3.87 show the 2 f fec t  o f  I n t r u s i o n  

f o r  the  OI3-1VEH and 019-2VEH subsets respectively.  A large i n t  r u s  i o n  
ef fect  was estimated f o r  the single-vehicl? subser;, 1,'ihile t h i s  effecr, i s  

quize m a l l  i n  t h e  two-vehicle subszt. Finail;/, confidence 1 i ;ili r,s z r a  

jhown as a function o f  Delta V f o r  the  CI.1-l\IEH, OID-LVEH, CIA-?'IEH, and 

213-2VEH subsets i n  Figures 3.38 - 3.91, respecxively. The c o n i i  d e n c s  

1i;nits are  large f o r  the  single-vehicle subsets while those f o r  the two- 

vehicle subsets a re  re la t ive ly  narrow a n d  approach zero f o r  v e r y  smal 1 

o r  large values of Delta '1. Figure 3.92 compares the confidence 1 i1r ; i  t s 



of the 013-1VEH and t h e  019-2VEH models. An occupant in a t w o - v e h i c l e  

accident i s  expected t o  have a much h i g h e r  p r o b a b i  1 i  t y  of  3 s e v e r e  

injury t h a n  a n  occupant in a  s inglg-vehicle accident when Delta 'J values 

a r e  g rea te r  than 30 rnph. The narrower confidence l i m i t s  of  t h e  two-  
vehicle subset a lso  i n p l i e s  t h a x  the  ?redic t ion  by the  two-vehicle xcdel 

i s  l ike ly  t o  be gore r e l i a b l e  than t h a t  by the  single-venicle zodel. 

F I G U R E  3.82 Logist ic  Curves of Four-Variable ??odels ( a e l t a  '1, Age, 
Rural /Urban and No I n ~ r u s i o n / I n t r u s i o n )  For Frorit-Impact Subsets 

Phzse 1 Data - F r s n t  Impacts 

I n t e r ~ c t j o n  Effects .  The ~ o d e l l i n g  r e s i ;  t s  c c u l d  b e  

surn~arized as fol  lows: 

Severity = F(De1ta V ,  Age, Dummy [RuralIUrban!, Dummy [Yo 
In t rus ion / In t rus ion j )  

The presence of dummy variables i n  t h e  above  m e n t i o n e d  ferns 

changed the  constant terms of the  e s t i m a ~ e d  models b u t  not the  estimated 
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FIGURE 3.83 The Age E f f e c t  o f  F o u r - V a r i a b l e  Model ( D e l t a  V ,  Age, 
Ru ra l /U rban  and No I n t r u s i o n / I n t r u s i o n )  F o r  019-1VEH 

Phase 1 Data  - F r o n t  Impacts  

c o e f f i c i e n t s  o f  D e l t a  V and Age. I n t e r a c t i o n  e f f e c t s  o f  t i l e  dummy 

i n t r u s i o n  v a r i a b l e  i n  t h e  models were  examined a s  f o l l o w s .  

1. I n s t e a d  o f  t h e  dummy v a r i a b l e  a s  b e f o r e ,  a n  i n t e r a c t i o n  
v a r i a b l e  i n v o l v i n g  t i l e  dummy v a r i a b l e  a n d  D e l t a  \I was 
i n ~ r o d u c e d  i n t o  t h e  rnode l l i  ng. The r e s u l t a n t  goodness o f  f i t  
d i d  n o t  i ~ p r o v e  a l t h o u g h  t h e  i n t e r a c t i g n  t e r q  s h o w e d  
s t a t i s t i c a l  s i g n i f i c z n c ~ .  

2. Bo th  t h e  dummy v a r i a b l e  and t h e  i r l t e r a c t i c n  : 1 3 r i a b l e  Liere 
i n c l u d e d  i n  t h e  m o d e l l i n g .  The r e s u l t a n t  goodness o f  i i  t ,  by 
a n d  l a r g e ,  decreased a n d  n e i r h e r  t h e  dummy t e r m s  n o r  . t h e  
i n t e r a c t i v e  t e r n s  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 .  

3. A s i m i l a r  p rocedure  was r e p e a t e d  b u t  t h i s  t i m e  t h e  i n t e r a c t i 2 i ;  
v a r i a b l e  was i n  t h e  forrn o f  t h e  dummy v a r i a b l e  m u ?  z i p l  i e d  b y  
CDC Ex ten t .  Si:ni 1 a r  c o n c l u s i o n s  as above were reached. 



F I G U R E  3.84 The Age Effect of Four-Variable Model (Delta V ,  Age, 
Rural /Urban a n d  No I ntrusion/Intrusion) For O I D - 2 V E H  

Phase 1 Data - Front Impacts 



F I G L I R E  3.85 The Rural/Urban Ef fec t  o f  Four-Variabl? Model (Delta V ,  
,Ase, Rural /Urban a n d  No I ntrusi on/Intrusi o n )  For 0 I D - 2 V E H  

Phase 1 Data - Front Impacts 
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NO I N T R U S I O N  

FIGURE 3.86 The Intrusion Effect of Four-Variable Model (Delta  V ,  
Age, Rural/Urban and No I ntrusion/Intrusion) For OID-1'1EH 

Phase 1 Data - Front Impacts 
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F I G U R E  3.87 The Intrusion Effect of Four-Variable Model (Delta \I, 
Age, Rural/Urban and No Intrusion/Intrusion) For O I D - 2 V E H  

Phase 1 Data - Front Impacts 



F I G U R E  3.88 Conf idence  I n t e r v a l  of  Four-Vari  a b l e  Model (Delta V ,  Age, 
Rura l IUrban  and No I n t r u s i o n / I n t r u s i o n )  a t  Age 30 F o r  CIA-1VEH 

Phase  1 Data - F r o n t  Impac t s  



t 7 13 19 25 31 37 93 49 55 6 1  
U 10 16  22 28 39 90 U6 5 2  58 

DELTA V 

FIGURE 3.89 Confidence Interval of Four-Vari a b l e  Model (Delta V ,  Age, 
Rural /Urban and No Intrusion/Intrusion) a t  Age 30 For 019-1VEH 

Phase 1 Data - Front Impacts 



F I G U R E  3.90 Conf idence  I n t e r v a l  of Four-Vari  a b l e  Model ( D e l t a  V ,  Age, 
R u r a l i U r b a n  and  No I n t r u s i o n / I n t r u s i o n ) .  a t  Age 30 F o r  C I A - Z V E H  

P h a s e  1 Data - F r o n t  Impac t s  



1 7 19 19 25 31 37 93 99 55 61 
V 1 0  16 22 28 3 U  U O  U 6  52 58 

OELTR Y 

FIGURE 3.91 C o n f i d e n c e  I n t e r v a l  o f  F o u r - V a r i a b l e  Model ( D e l t a  V ,  Age, 
R u r a l I U r b a n  a n d  No I n t r u s i o n / I n t r u s i o n )  a t  Age 30 F o r  OID-2VEH 

P h a s e  1 Da ta  - F r o n t  I m p a c t s  



1 7 13 19 25 31 37 4 3  49 55 61 
4 10 16 22 28 311 4 0  116 52 58 

DELTA Y 

FIGURE 3.92 C o n f i d e n c e  I n t e r v a l  o f  Four-Var i  a b l 3  :lode1 
( D e l t a  V ,  Age, R u r a l I U r b a n  and :lo I n t r u s i o n / I n t r ~ s i o n )  

a t  Age 30 F o r  019-1VEH and 013-2VEH 
P h a s e  1 Data  - F r o n t  Impac t s  





3.4.5 Model Evaluation. As indica ted  by Table 3.42, t h e  est imated 

Inodels represented by Equations 3-80 t o  3-85 were capable of 9 r e d i c t  i  n g  

t h e  non-severe i n j u r i e s  very we1 1 b u t  they were mi s p r e d i c t i  ng t h e  severe 

i n j u r i e s  40% t o  80: of t h e  time. For each subse t ,   he p i  v a l u e s  w e r e  

calcula'.od and two histograms of t hese  ji values were p l o t t e d ,  o n e  f o r  
, - .  

t h e  non-severe i n j u r i e s  and t h e  other  f 3 r  t h e  severe i n j u r i s s  ; ; 2 3  ~ 2 s  

3.33 t o  3.98).  I d e a l l y ,  a good model ~ h o ~ i i !  d i s p l a y ,  f o r  n o n - s w e r e  

c a s e s , t h e  9; va1.ies g r e a ~ e r  than 9 .5  and  c l ~ s t e r i  ng around 9.2 t o  1 . 3 ,  
l 

a r d  f a r  severe  casds,  ;he 5 .  \/allies s r a l l e r  than 0.5 and c l c s e  13 2 2 1 4 3 .  

fi!ures 3.93 t o  3.93 show t i a t  t h e  estin;a",?a ~ o a e l s  a r e  a l ~ c s t  p e r f e c r ,  

f o r  ncn-severe i n j u r i a s  bur rnuch l e s s  so f o r  severe  i n j u r i e s .  F o r  t h e  

l a t t e r ,  a b c u ~  2 6 %  of t h e  ji values of CIA-lVEH, 013-l1IEH, CIA-2VEH and 

QI3-2VEH and about 45% of t he  ji values of OIP-IYEH and OIP-ZVEH,  hi ch 

should have been l e s s  than 0.5,  were g r e a t e r  than 0 .75 .  These out1 i  e r s  

were those  cases  where Delta V values w e r e  low t o  m o d e r a t e  b u t  t h e  

r e s u l t a n t  i n j u r i e s  Idere czded severe.  T h i s  seeriis t o  inialy t h a t  c e r t a i  n 

in jury  types  could have been severe  and/or c e r t a i n  boay r e g i o n s  c o u l d  

have sus ta ined  severe  i n j u r i e s  even though D e l t a  V ( i . e . ,  t h e  c r a s h  

s e v e r i t y )  was r e l a t i v e l y  low. - N_CHOflISS; ¶ E Y E R €  

P R E D I C T E D  ? R O 8 R 8 I L ! T T  
OF NOM-3EYERE I N J U R Y  

FISUP,E 3.93 l i i s t o g r a ~ s  of 5 of The iour-Variabl?  Model (Del ta  ' I ,  i  Age, Rural /Urban and No I n t r u s i  on/I n t rus ion)  For CIA-1VE;d 
Phase 1 Data - Frcnt Impacts 

Fur ther  i n v e s t i g a t i o n  on rdEkOAIS3 c o d i n g  i n  r e l a z i o n  c o  t h e  

incurred i njury types and body regions revealed t h e  fa1 1 owing: 



N E H O R I S Y I  NOT 1 E Y C R E  - 

P R E O I C T E O  PROIRBILITY 
or NOH-SEVERE I N J U R Y  

P R E D I C T E D  P R O B R I I L I T T  
OF HOM-¶EVERE I N J U R T  

F I G U R E  3.94 Histograms of j. of Four-Variable :4odel (Delta ' l ,  
Aye, Rural/grban and no ~ h t r u s i o n / ~ n t r u s i o n )  For OIC-l'liH 

Phase 1 Data - Front Impacts 

PREOICTEO P R O B R B I L I T T  P R E D I C T E D  P R O B R B I L I - T  
OF NOH-SEVERE INJURT OF WON-¶EVER€ I H J U R T  

F:;LRE 3 .95 Hisiograms of 3; of Four-Vsrla,le i(o~e1 (9e? tz  ' I ,  
Acje, Ruralliirban and  :\lc I htrusionl: ntrusion) For 3 :?-;':El-! 

Phase 1 Data  - Front inlaacts 

1. T h e  injury types unich had high :r3por:l3ns 9f severe i n j c r i e s  
;o t s t a l  i n j u r l : s  ;$ere  rupLure ,  d i  s l : c a t i o n ,  c r u s h i n q ,  
f racture,  a n d  hemorrrage. The 'i rs t  two, wnen t h e y  c ; l ;  r r e d ,  
had nearly 1SOZ severe injuries.  crushing !lad a g r e a i e r  t o a n  
80% severe i n j u r ~ e s ,  and  f o r  the l a s t  two a b o u t  50%. 

2 .  The body regions \which were associated with h i g h  ?roportions of 
severe i n j u r i 2 s  t o  t o t a l  i n j u r i e s  were abdomen, lower  
extremities, chest, pelviclhip, a n d  knee. 

O n  a subset-by-subset basis, the fol lowing  were observed: 



P R E O I C T E D  P R O 8 l l l L I T T  
OF NOW-SEVERE INJURY 

NEWORI 531 NOT 3 E V E R L  

F I I X ? E  3 .96  H i s t o g r a m s  o f  6: of F o u r - V a r i a b l e  '4odel ( C e l t a  V ,  
Ase ,  Rural / 'c l rban a n d  No I A t r u s i o n / I n t r u s i ~ n )  F o r  CI,4-2\IE3 

P h a s e  1 D a t a  - F r o n t  I m p a c t s  
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PREOICTEO PlOBRIILITY 
OF NON-¶EYERE INJURY 

FiGUF7E 3 .37  H i s r o q - a ~ s  o f  5 :  cf F o u r - \ I a r i a ~ l ~  ' ~ 2 ~ 2 1  :3e7-,5 ' I  1 3 

Age, ? ; r z l l U r b a n  2nd ' 4 0  1 h t r u s i ~ n / ~ n t r u s i o n )  :or 313-2YE: 
P h a s e  ! D a t a  - F r o n t  i n ~ a c t s  

1. R u p t u r e s  i x r n e d i a t e l y  i n p l i e d  s e v e r e  i  n J u  r i e s  a n d  a b d o i n i  n a l  

i n j u r i e s  o n l y .  

2 .  S e v e r e  d i s l o c a t i o n  i n j u r i 2 s  w e r e  more csa,non t h a n  n o n - s e v e r e  

d i s l o c a t i o n s ;  t h e  f o r m e r  i n v o l v e d  p e l l ~ i c / h i ? , a n k l e / f o o t  a n d  
e l  bow whi l e  t h e  1  a t t e r  i nvol  v e a  ~ r i  s t / h a n d .  



PREDICTED PROBRIILITI 
OF NOH-¶EYERE INJURY 

F I G U R E  3.98 Histograms of 6. of Four-Variable Model (Deita V ,  
Age, RuraliUrban and Yo I h ~ r u s i o n ~ ~ n t r u s i o n )  For O I ? - Z ' / E i  

Phase 1 Data - Front Impacts 

3. Fractures had a 50-50 chance of sever? in ju r ies .  

4. In ju r ies  involving abdomens, lower e x t r e m i t i e s  immedi a t e l y  

imp1 i ed severe i njuri  es. 

OID-1VEH: 

1. Ruptures and dis locat ions  immediately iiilpl ied severe i n j u r i e s  ; 

t h e  former involved only abdomens wi-tile t h e  1 a t t e r  i nvol ved 

pel v ic lhip ,  ankle/foot and wristjhand. 

2. Fracture had a 50-50 cnancs of severe i n j u r i s .  

GIP-1VE:Y:  

1. 2 i p t u r e s  iiiimedi a t e l j  iiicl ied a~acr; , i  la1 severe i j u r i e s .  

2 .  Severe d i s lcca t ions  v e r e  f a r  iilore common t h a n  n a n - s e v e r e  

d i s loca t ions ,  the ig rner  involved ;el ldic/hi? a n d  e l  b o w  w h  i 1s 
the  1 aczer i n v o  1 ved a n k  1 e/iccx.  

3 ,  Severe f rac tu res  were 1 ess  connon than non-sever? f rac tu res .  

4. Abdomen and Lower e x t r e m i t i e s  immed ia t e ly  i m p 1  i e d  s e v e r e  

i njuri  2s. 



1. Ruptures, d is locat ions  and hemorrhages immedi a t e l y  i  np l  i ed 

severe in ju r i e s .  

2 .  Fractures had a 50-50 chance of being severe in ju r i e s .  

3. Abdominal i n j u r i e s  were highly l ike ly  t o  be s2vere. 

1 .  9 ~ i p I ~ r e s  2nd iienorrhages irilnea; a te ly  in?? i ed severe i :J u r  i ? s  . 
9is locat ionr  !;/ere highly l ike ly  t o  be ~ 2 ~ ~ e r e .  

- 0 2 .  c r s c t i r e s  had a s l i g h t l y  h;.;her r n z n  :,-3O criafic? s f  s e i n s  

severe. 

3.  Abdorninal i n j u r i 2 s  had about a 704; chance c i  being sev5re. 

1. Ruptures and  d is locat ions  immediately implied severe in ju r i e s .  

2 .  Fractures and hemorrhages had a 50-50 chance of being ssvere. 

3. Chest were more l ike ly  t o  be severe  i n j u r i e s  t h a n  t h o s e  t o  

o ther  body types. 

I t  was a lso  noted t h a t  hemorrhages appeared t o  have o c c u r r e d  much 

more frequently in t w o - v e h i c l e  a c c i d e n t s  t h a n  i n  s i n g l e - v e i . ~ i c l e  

accidents.  

The two-way t ab les  of o u t l i e r s  and injury tyce a n d  of outl i e r s  a n d  

Sody region were examined. Listed here a re  those injury types . z n d  Sody 
regi ~ n s  i n  which ;he r~rcpor t ions  of %'',I i a r s  :: t o ~ a l  cases ; :e re  ihi ;h. 

s p a c i c u l a r  i n t e r e s t  frcm the  p o i n r  o f  \/is\;/ a i  iryii;g t2 f r :pr(3v2 t h 2  

oredic t icn  of the outl i e r s  were ck2 injury types ar,d tile Sad ; /  r e g  i ons 
which were ranked consis tent ly  h i g h  lvithin c h e  s i x  s u b s e t s  i n  T a e ?  3 

3.43. Such injury tyges a p p e a r e d  t c  be 9 i s l o c a t i o n ,  P,u?tur-e a n d  

Fr3ctiir-2, and t 3  the  12ss2r ex ten t ,  3eiiiorrilage a n d  S r i l s h i n g ,  and z n e  

bcdy reg'3ns !:/ere Lower E x t r e m i f i ? ~ ,  Abdc~nen, C h e s t ,  " 1 3 / i c / : ; ?  a n d  

Fcrsarm. 



The development of nectianistic models f o r  f r o n t  impac t s  of t h e  

Phase 1 data had resulted i n ,  f o r  s ingle-vehicle accidents, t h e  models 
having Delta V ,  Age and No i n t r u s i o n / I n t r u s i o n  a s  t h e  i n d e p e n d e n t  
variables and for two-vehicle accidents the models w i t h  Delta ' 1 ,  Age, 'do 
Tntrusion/Intrusion and 2ural/Urban. Further analyses of front  i x o a c t s  
are  ccntinued w i t h  the addition of t h e  ?:lase 2 data i.i Section 3 . 5 .  



T A B L E  3.43 
Injury Types And Body Regions with High Percentage of Misprediction 

Phase 1 Data - Front Impacts 

........................................................................ 
, 
I Injury Types Uhich I Body Regi ons Which 

Subset I '!\jere Highly M i  spredi ctea* i 2ere Highly Mi spredi cted* 
- - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I I 
1 

< ;A - lVEH 3is locat ion  I i w e r  Extremities 
I Rupture i Abdomen I 

I Sprzi n I Pel v i  c/Hip 
I C r ~ s h i n g  , 
I I Lower Leg/Thi g h  
I .Avu 1 s i o n  I Chest 
I Fractlire I :leek 
I ! 

OID-1VEH I Dislocation I Lower Leg 
I Rupture I Pel vi c j9 ip  
1 i r a c t u r e  I Abdomen 
I I Forearm 
I 
I I Chest 
I I Anikl e l i o o t  
I I 

91P-iYEii I Rupture I Abdomen 
I Dislocation I Lower Extremities 
I Avulsion I Upper Ext remi t i e s  
I I Fracture I Back 
I I Pel vi c/Hi p 
I I 

CIA-2VEH I Hemorrhage I I Upper Extremities 
I Dislocation I Lower Extremities 
i Rupture i Abdomen 
i Fract  re i Chest 
I I Pel vi c/lii p 
I I T h ' g h  
i 

A '  ,,13-2VE2 1 jerorfnag2 Lo~ler E x t  remj t i  es 
i 2,uptlire I Abdomen 
i Dislocation i Pel \/i c/H i ? 
I Fracture I Ank 1 e/Foot 
I I 

GI?-2:'EH 1 Rupture I Chest 
i Yemorrhage I Abdomen 
I 
I Cis1 ccaiion I Corearm/Arrn 

Fracture I 
I 
I Sack/Shoulder 

I I Pel vi c/Hi p 
I I Thigh 
I I Ank 1 e/Foot 

*Injury Types and body regions were ranked within subsets  by the  l a rge r  
inagni tude of rni spredi c t  i  o n  proportions. 





3.5 Final Analytical Results f o r  Front Impacts 

The development of m e c h a n i s t i c  models  f o r  f r o n t  i m p a c t s  was 

continued with the  Phase 2 data. Acjain, t h e  f i r s t  considerat ion was the  

val idat ion of the  Phase 1 models with the  Phase 2 d a t a .  As w i t h  t h e  

s ide  impacts,  he i n i t i a l  subsections deal with the  combinati on of t h e  

Phase 1 a n d  ?}lase 2 da", a n d  w i t h  the  combination of subsets .  S e v e r a l  

variables are  reviewed f o r  addit ion t o  :he nodels u s i n g  t h e  c o n b i n e d  

data,  includi ng contact joi n t .  The f i n a l  aodels i ncorporace body region 

as in the  s ide  ixpac: nod2ls. 

3 .5 .1  Validation of Phase  1 Nodel s .  The z s t i n a t e d  models  a s  

represented by Equations 3.80 t o  3 . 8 5  were  a p p l i e d  t o  t h e  P h a s e  2 

da taZ2 ,  a n d  t h e  follorring goodness of f i t  measures f o r  the  s i x  s u b s e t s  

were obtained and a r e  shown in Tab12 3.44. 

Comparison of Table 3.42 and Table 3.44 revealed when t h e  P h a s e  1 

estimated models (Delta ' / ,  Age, No I n t r u s i o n / I n t r u s i o n ,  R u r a l  / U r b a n )  

were applied t o  the  Phase 2 data f i l e :  

1. For a11 subsets the overal l  p r o p o r t i o n  of c a s e s  c o r r e c t l y  

predicted by t h e  Phase 1 models f o r  the  Phase 2 data was o n l y  

1% t o  6% 1 ower t h a n  f o r  the  Phase I data. 

2. With the  exceptions of the  non-dri ver-only s u b s e t s  (0 IP-  1 V E H  

and OIP-2\iEH), the  models ijredirtzd severe i  njuri2s 2s :ye1 l i n 
t he  Phase 2 data as i n  the  Phase 1 data. For the  n o n - d r i v e r -  

only subss ts ,  t ne  models predicted severe in ju r i z s  cnly half as 

ivell in the  Phase 2 data.  

Because D e i ~ a  '1 a n d  t o  the  l e s s e r  extenr. Age ? a d  been kncwn t o  

generally exert  strong influence on injury sever i ty ,  i t  was c o n s i d e r e d  

wcrthwhile t o  a t t e m ~ ~  10 f i t  the  Phass 2 data with the  P h a s e  ! model j 

t h a t  only hzd Delta \I a n d  Age as the i n d e p e n d e n t  v a r i a b l e s  and L O  

csmqare che goodness of f i t  rneasdres with tilose o b t  a i ned f rom rnodel s  

 he Phase 2 da ta  f i l e  gives a  s l i g h t l y  d i f f e r e n t  v e r s i o n  of 
in t rus ion infomat ion from t h a t  contained i n  t he  Phase 1 data. This had 
an e f fec t  in the  creat ion of the in t rus ion dummy variable,  t h a t  was used 
in  determining the  r e s u l t s  c o n t a i n e d  i n  T a b l e  3 . 4 4 .  The v a r i a b l e  
created from t h e  Phase 2 data has  a  n u m e r i c a l  v a l u e  of z e r o  i f  an 
in t rus ion was speci f ied  and a value of one otherwise. 



TABLE 3.44 

Goodness of F i t  

Single Vehicle - Severity = F(De1ta V ,  Age, In t rus ion)  
Two Vehicle - Severity = F(Ce1ta V ,  Age, Intrusion,  Rural/Urban) 

Phase 2 Data - Front Impacts 

i Sample Size I Percent Correct Prediction 
/-----------------r-------------------------------- 

Subset I Non- I I I Non- I 
I Severe I Severe I Overall I Severe i Severe 

-,--,- -,-,L----,---t-C--CCC-t------t-tt-+ ---------- T --------- 

described by Equations 3.68 t o  3.73. Table 3.45 shows the  proportion of 

cases correctly predicted by such models. 

Ccmparison of Table 3.44 and Table 3 .45  reveals t h a t  by b r i  n g i  r ~ g  

the  two variables (:ntrusion/No Intrusion a n d  R u r a l / U r b a n )  i n t o  t h e  

models, the overall gccdness of f i t  only rnarsi nal ly inproved. Howe v.r, 

the additional va r i ab l e ( s ) ,  w i t h  the exception of the : o n - d r i v e r - o n l y  

subsets ,  brought about a marked improvement i n  t h e  p r e d i c t i o n  o f  t h e  

severe i njuries.  Such improvement was accompanied by a s1 ight reduction 

i n  the  proportion of non-severe in ju r ies  that  had already been correct ly  

predi cted by the two-vari able models. 

Comparison of Table 3.40 and Table 3.45 reveals that  the goodnes s  

o f  f i t  r e su l t s  of applying the  Phase 1 models ( a e l t a  V a n d  Age) t o  t h e  

Phase 2 data were almost as good as those of the Phase 1 data. 



T A B L E  3.45 

Goodness of F i  t 

Severity = F(De1ta V ,  Age) 

Phase 2 Data - Front Inpacts 

............................................................. 
I S ample  S izs  I Percent Correct Predicrisn 
/_---_------------r-------------------------------- 

Subset i Jon- I i i Jon- 1 
1 Severe Severe 1 Gverai 1 1 Severe I Severe 

-------------------+----------+-----------+----------r--------- 

3.5.2 Node1 Estimation - Phase 2 Data. Table 3 . 46  c o n t a i n s  t h e  

number o f  cases with valid Delta V.  The proportion of s2vers i n j u  r i  e s  

:o to ta l  in ju r ies  are also shown f o r  a1 1 subsets. 

Tie basic finding was that  when the a t i n t a t e d  ?'lase 1 mo62~s ( r v r i z i ,  

haa Selta ' 1 ,  Age, Intrusion a n d  ?u r a l / ' J r~an )  , e r e  a p p l  ' e d  ti! t,$e ')?as9 2 

data,  :ye ;~lodels predictec tne  occurrence of s e v e r e  a n d  1 3 n - s e v e r e  

inJurias i n  the  Phase 2 data nearly as well as they d i d  i n  t h e  ? h a s e  1 

data. Such a finding !was sonewhat ~nan t i c i pa t ed .  Rather, i t  h a d  been 

expected t h a t  the ~ o d e l s  , ~ o u : d  ~ r g v i d a  a mediocre f i t  : c  t h e  Phase  2 

data S e c a ~ s e  they had  been es~ imated  using solely :he Phase ! da:a. 

This findi ng immediately suggested t ha t  a s t i  1 1  b e t t e r  ~ r e d i  c t  i o n  
of injury severi ty i n  the  Phase 2 data might indeed be p o s s i b l ? .  One 

approach was t o  take these four variables (Delta V ,  Age, I n t r u s i o n  a n d  

Rural /Urban) as being the  nost s ignif icant  independent variables and t o  

estimate new coeff ic ients  using only the Phase 2 data. 



TABLS 3.46 

Range of Delta ',I For The Six Subsets 

Phase 2 Data - Front Impacts 

- - - 

I Delta '1 
Subset 1 . . ................................. I 

1 2ercen~ag2 o f  
1 Sample Size i Xange I Yean i 5.3. 1 Se\ier2 : n J ~ r : e s  

----------f-------------f---------L-------f------------------- 

I I I I 
1 i 

CIA-1'IEtl 1 59 I 3-97 I 21.0 I 13.1 1 28. ! 
j i I I 1 I 

013-1'IEH 1 $24 ; 2 - 6 2  12.2 I 9.2 25 .3  
I I I i I 

OIP-1VEH 1 158 1 3-44 1 17.0 1 8.4 1 23.1 
I i i I I 

CIA-2VEH I 763 1 3 - 8 1  1 1 8 . 1  1 1 0 . 3  1 17.5 
I  I I I i 

OID-2VEH I 699 1 2 - 6 5  1 1 4 . 7  1 9.2 1 12.0 

Estimation of the coeff ic ients  of these independent variables using 
the  Phase 2 data was done. The Intrus'ion/No Intrusion and Rura l lUrban  

variables were found not t o  be s ignif icant  in the presence of D e l t a  V 

and Age. Neither d i d  t h e y  s i g n i f i c a n t l y  improve t h e  p r e d i c t i v e  
capabil i ty of the models w i t h  cnly Delta V a n d  Age (Equazions  3 - 8 6  t o  

3-91) .  Note t h a t  the information on intrusion was recorded d i f f e r e n t l y  

i n  the Phase  1 a n d  Phase  2 d a t a .  Such d i f i e r e n c ?  m i g h t ,  have 

contributed t o  rhe dissirn'lar infllrences of i n ~ r l i s i c n  cn t h e  i n j u r y  

severf ty ,  i . ? . ,  i ~ t r u s i ~ n  was f o u n d  t o  be q u i t e  s i ~ n i f i c a n t  ' n  
ex9laining the  probability of injury i n  the Phase 1 data b u t  was found 

insignificant  i n  the  Phase 2 data. Rural/Urban was i n c l u d e d  i n t i l e  

Phase 1 models because i z  enhanced r h e  .prediction although i t s  influence 
was much weaker t h 2 n  Intrusicn a n d  Age. The models chosen t o  d e s c r i  be 

front  impacts of the Phase 2 data are  as follows: 



I 
I Estimated Models with Celta V and Age: Phase 2 :  
I 

, - = ~(3 .onoa  - 0 . 0 8 8 7 ~ ~  - 0 . 0 1 5 5 ~ ~ )  i (3-91) p i  I 
I I 
I where I 
I I 
I p i  i s  the  estimated probabil i ty of a non-severe injury,  I 

I F i s  the  l og i s t i c  function,  I 

I X i s  Age, a n d  2 
I 
I i ? S  i s  the Likelihood Ratio S t a t i s t i c .  

- Histograms of rhe esrimazed probabi 1 i ty of 3 non-severe i n r y  p i ,  

a re  presented in Figures 3.99 t o  3.104. Each f i g u r e ,  r e p r e s e n t i n g  a 

model of a pa r t i cu la r  subset ,  has two histograms, o n e  f o r  n o n - s e v e r e  

cases and the c~ther  f o r  severe cases. The two i~istograms hav? the  s a n e  
axes, one represents the values of i j ;  a t  a 0.05 interval  a n d  t h e  o t h e r  

the  number o f  cases with the  p a r t i c u l a r  v a l u e s  o f  j., rhe f i g u r e s  1 

indicate  t h a t  the mdels  predicted non-severe in ju r ies  very well f o r  a l l  

subsets b u t  they. d i d  only h a l f  a s  we l l  f o r  s e v e r e  i n j u r i e s .  The 
estimated l og i s t i c  curves f o r  the  s ix  subsets are  shown on Figure 3.105. 

These curves show how t he  probabil i ty o f  a severe injury (1-pi ) v a r i  t s  



with Delta \J values with Age fixed a t  30. As i n  the  Phase 1 d a t a ,  t h e  
main difference i s  between the  s i  n g l e - v e h i c l e  and t h e  t w o - v e h i c l e  
subsets. The effect  of Age i s  i l l u s t r a t ed  f a r  the OID-1VEH and 013-2VEH 
subsets i n  Figures '3.106 and 3.107, r e spec t i ve ly  . The f i g u r e s  each 

contains three curves representing Age 20 ,  40 and 60, The cu r v e s  show 
f o r  these ages the probability of a severe injury (1-p;)  as a f u n c t  i o n  

, 
of 9e l t a  ' i s  8 0 t h  f igures show t h a t  older occlipants i i  cjeneral  c 2 n  be 
ex?ected t d  have higher ~robabi '  l i t  i e s  o f  s e v e r e  i n j u  r i  e s  t h a n  t h e  

younger counterparts. The age e f fec t  i s  large i n  t h e  s i n g l e - v e h i c l s  
subset. Confidence l imi ts  as a function c i  Delta '1 are shown i n  i i ~ u r e s  
3.108 t o  3.111 fo r  subsets CIA-lVEH, 013-lVEH, CI,4-2\IEH, a n d  019-2VEH 
respectively. Each f igure  consists  of three curves r e p r e s e n t  f n g  t h e  
upper bound, the lower bound and the  estimated probability of a s e v e r e  
injury (1-pi) f o r  each subset. The single-vehicle subsets have 1 a r g e r  

confidence in te rva l s ;  the  confidence i n t e r v a l s  f o r  t h e  two-veh i  c l e  
subsets are reasonably small and approach zero as Delta '1 values become 
very small o r  very l a r g e .  F i g u r e  3 .112 compares  t h e  c o n f i d e n c e  
in tervals  of the OID-IVEH and OID-2VEH subsets. The f i  g u r e  i ndi c a t e s  

tha t  f o r  Delta V l e s s  than 25 mph,  single-vehicle accidents a r e  l i k e l y  
t o  have higher p robab i l i t i e s  of s e v e r e  i n j u r i e s  t h a n  two-veh i  c l  e  
accidents b u t  tha t  f o r  Delta V greater  than 30 mph the  reverse i s  t rue.  

?RCDlCttO ?RO8#8ILITT 
Of NON-YLYCRC INJURY 

FIGURE 3.99 Histograms of i .  of Two-Variable 
Model (Oelta \ I ,  Age) For CIA-1YEY 

Phase 2 Data - Front Impacts 



? R C O I C T t O  P R O I R I I L I T T  
O f  H O N - 9 C V E R C  I N J U R Y  

FIGURE 3.100 Histograms of pi of Two-Variable 
Model (Delta V ,  Age) For OID-!VEH 

Phase 2 Data - Front I ~ p a c t s  

P R E D I C T L O  P R O 8 R B l L I T I  
O f  NOM-$EVCRC I N J U R Y  

F I G U R E  3.101 Hist3grams of cf Two-'/ariaS!? 
Aodel (Delta I/, ,qge)  i b r  O I ? - ~ ~ / E %  

Phase 2 Data - Front Impacts 

The goodness of f i t  of the models represented by Equa:ions 3-36 t o  

3-91 i s  contained i n  Tab12 3.47.  Cocpariscn of ~ h e s e  ~ ; o o d n e s s  o f  f i  t 

resul ts  with those of the two-variable models (Delta V and Age) based on 

the Phase 1 data (Table 3.40) revealed t ha t :  

1. Their overall percentages of cor rec t  p r e d i c t i o n  were  q u i t e  

simi 1ar. 



rnr s r v r x  

P R E O I C T E O  P R O 8 A I I L I T Y  P R E D I C T E D  C R O l A l i L I T T  
of NOH-SEVERE I N J U R Y  or n o n - ¶ c v ~ n €  I N J U R Y  

FIGURE 3.102 Histograms of j. of Two-Variabli 
!?ode1 (Delta \I,  Age) ~ 6 r  CIA-2'IEH 

Phase 2 Data - Front Impacts 

~ l c D I c T E o  rnO8a8I:ITT 
Or MOM-¶EYERE INJURT 

FIGURE 3.103 3is:ogram.s of  ji of Two-Variaoie 
Model (Delta ' I ,  Age) For 013-2VE3 

Phase 2 Oata - Front Impacts 

2 .  The Phase 2 data  two-vari able models gave higher 2ercentages o f  

correct  predict ion of s e v e r e  i n j u r i e s  b u t  s l  i g h t l y  1 o r i r  

percentages of correct  predict  i o n  o f  non-severe i n ju r i e s  t h a n  

the  Phase 1 data two-variabli models. 

Comparison of the  goodness of f i t  r e su l t s  i n  Table 3.47 w i t h  t h o s e  

in Tables 3.44 a n d  3.45 indicate  t h a t :  



FIGURE 3.104 Histograms of 3 .  of Two-Variablz 
Model (Delta Y ,  Age) ~ b r  O I P - 2 V E H  

Phase 2 Data - Front Impacts 
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FIGURE 3.105 Logi s t i c  Curves o f  Two-Vari a b i a  ,!40deis 
(Delta V ,  Age) For iront-Impact S ~ b s e t s  

Phase 2 Data - Front Inpacts 

1. The Phase 2 data two-variable models represented by E q u a t i o n s  

3-86 t o  3-91 were predict ing almost as well as when a p p l y i n g  
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R G E  6 0  

FIGURE 3.106 The Age Effect of Two-Variable 
Mode? (Delta V ,  Age) For OID-1VEH 

Phase 2 Data - Front Impacts 

t h e  Phase 1 four-variable models (Delta V ,  Age, No I n t r u s i o n /  

In t rus ion,  Rural/Urban) t o  the  Phase 2 data. 

2 .  The Phase 2 data two-variabla models represented by Equa t  i ons 

3-86 t o  3-91 were predict ing the  severe i n j u r i e s ,  o e i t e r  t h a n  

when applying the  Phase iwo-variable noaels (Delta I!, Age) :o 

the  ?hase 2 data. :be predict ion of she overal 1 i n ju r ;  e s  o f  

t h e se  P h a s e  1 a n d  D h s s e  2 a o d e l j  were n o T  a p a r e c i a b l y  

d i f f e r em.  

The foregoing analyses indicated t h a t ,  i n  g e n e r a l ,  t h e  P h a s e  1 

models ( e i t h e r  the  ~wo-var iable  models a r  t h e  f o u r - v a r i  a b l e  n o d e l s )  

predicted injury sever i ty  i n  the  Phase 2 data nearly as we! 1 f o r  b o t h  

non-severe and severe i njuries.  The estimated two-vari a b 1 e mode 1 s of 

both phases produced t he  goodness of f i t  r e s u l ' . ~  qu i te  s i m i l a r l y .  As 

w i t h  the  s ide  impact nodels, they showed s l i g h t l y  more v a r i  a b i  l  i t y  i n  

predict ing the  severe i n j u r i e s  t h a n  i n p r e d i c t i n g  t h e  n o n - s e v e r e  

in ju r ies .  B u t  t h i s  could be caused by the  f ac t  t ha t  t he  sample s izes  of 
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FIGURE 3.107 The Age E f f e c t  o f  Two-Var iab l  e 
Model ( D e l t a  V ,  Age) F o r  OID-2VEH 

Phase 2 Data  - F r o n t  Impac ts  

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

seve re  i n j u r i e s  had been, t o  da te ,  somewhat t e n u o u s .  T h e  m o d e l l i n g  

r e s u l t s  o f  t h e  Phase 1 and t h e  Phase 2 d a t a  s t r o n g l y  inplied t h a t  b o t h  

s e t s  of d a ~ a  c o u l d  be combined. 
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FIGURE 3.108 Confidence I n t e r v a l  of j. of Two-Yar 
Model ( D e l t a  V ,  Age) At Age 30 tor CIA-1VEH 

Phase 2 Data - Fron t  Impacts  

a b l e  



G U R E  3.109 Confidence Interval o f  $ .  of Two-Vari able 
Model (Delta V ,  Age) A t  Age 30 For O I D - 1 V E H  

Phase 2 Data - Front Impacts 



FIGURE 3.110 Conf idence I n t e r v a l  o f  j5. o f  Two-Variable 
Model (De l t a  V,  Age) A t  Age 30 F o r  CIA-2VEH 

Phase 2 Data - F ron t  Impacts 
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F I G U R E  3.111 C o n f i d e n c e  I n t e r v a l  of  p; o f  Two-Var iab la  
Model ( D e l t a  V ,  Age) At Age 30 F o r  OID-2VEH 

P h a s e  2 Da t a  - F r o n t  I m p a c t s  
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FIGURE 3.112 Conf idence I n t e r v a l s  of p .  of T w o - V a r i a b l e  Model 
( D e l t a  V ,  Age) A t  Age 30 F o r  OID-IVEH a n d  OID-2VEH 

P h a s e  2 Data - F r o n t  I m p a c t s  



TABLE 3.47 

Goodness of Fi t  

Injury Severity = F(De1ta V ,  Age) 

Phase 2 Data  - Front Impacts 

..................................................................... 
I Sample Size i Percent age  Correc: ? red i  c t  i on  

I Yon-Severe 1 Severe I Overall i ';on-Severe I Severe 
,----------+--,---------A--------+-----------A-------------A--------- 

I I I 
I I I I 1 

C I A - 1 V E i  I 2 2 1 41  ] 7'5.6 1 90 .2  1 46.3 
I 

I I I I I 

9IC-lVE9 1 188 1 5 6  1 78.3 1 93.5 1 34.8 
I I I I I 

012-1VE,Li* 1 98 1 2 4  1 81.1 i 96.9 1 16 .7  
I 1 I I I 

C I A - 2 ' i E H  1 517 1 103 1 88.1 1 96.9 1 43.7 
I I I I I 

O I D - 2 V E H  1 498 1 65 1 92.4 1 98.4 1 46.2 
I I I I 1 

3I?-2VEH 1 194 1 3 5  1 86.0 1 97.4 1 22.9 

*Age i s  not significant 





3.5.3 Combining Phase 1 and Phase 2 D a t a .  F u r t h e r  s t a t i s t i c a l  

i n v e s t i g a t i o n  was c a r r i e d  out  i n  o r d e r  t o  t e s t  t h e  p l a u s i b i l i t y  o f  
combining the  ?hase  1 and Phase 2  d a t a .  The  s t a t i s t i c a l  t e s t s  a n d  
r e s u l t s  based on t h e  De l t a  and Age models a r e  shown i n  Table 3.48, T h e  

nu l l  hypothes i s ,  H o ,  i s  t h a t  one nodel !wi 11 adequately  l e s c r i  be b o t h  the  

Phase 1  and Phase 2  da t a .  The a l ~ e r n a t i v e  hypothes i s ,  4, , i s  t h a t  E , i C  - 
i ndeperdent models a r e  r s q ~ i  red t c i e s c r i  be  t h e  d i f f e r e n t  oha s e s .  , ne  

s t a t i s t i c a l  t e s t  used 1 s  the L i ' t e l i h c o d  Ra:io S t a r i s t i c  w h i c h  i s  
- 

discussed  i n  morc d e t a i l  i il Sec t ion  3.1.2.  The r e s u l t s  i n , a h 1  e  3 .:8 

i n d i c a t e  t h a t  t h e  'has2 1 and Phase 2 d a t a  c a n  be comc ine i l  f o r  a1 1 

f r o n t a l  subse t s .  

TABLE 3.48 

S t a t i s t i c a l  Resu l t s  
Combi ni ng Phase 1 and Phase 2 Data 

................................................................ 
Subset I -210gLna I -21 ogi ,  I LRS' I df 

OIP-IVEH I 241.60 1 236.08 1 5.52 1 3  
CIA-2VEH 1 543.39 1 840.21 1 3.18 1 3 
OID-2VEH 1 655.67 1 655.21 1 0.46 1 3  
OIP-2VEH 1 388.90 1 384.97 1 3.93 1 3 ................................................................ 

a ~ ,  i s  t h e  l i ke l i hood  of t h e  d a t a  u n j e r  t h e  nul l  
hy'5ot hes i s .  

bk, i s  t h e  l i k e l i h o o d  of :he da t a  under t i e  a l t e r n e ~ i v e  
hy ? c t  hes i s .  

L LRS i s  asymptotically ch i - squa re  w i t h  d f  s pec i f i ed .  

Table 3 .49  shows t h e  ? r o ? o r t ! o n  o f  s e v e r s  i i J u r i e s  t o  t o t a l  

i n j u r i e s ,  va l i d  Del ta  V a n d  v a l i d  Age o f  :he s i x  s u o s e t s  f o r  t h e  

ccrnbined da ta .  IT sugges t s  t h a t  s i ng l e -veh i c l e  a cc iden t s  a r e  l i k e l y  t o  

r e s u l t  i n  h ighe r  q r o p o r t i o n s  o f  s e v e r e  i n j u r i e s  t h a n  t w o - v e h i c l e  
a cc iden t s .  Center  impacts,  i n  g e n e r a l ,  y i e l d  h i g h e r  s e v e r e  i n j u r y  

proport  ions than  o f f - cen t e r  impacts. 



T A B L E  3.45 

Descriptive S t a t i s t i c s  f o r  Key Variables 

Phases 1 and 2 - Front Impacts 

........................................................................ 
I I Delta \I I Age* 

Subset i 2ercent I- ,--------------, ,---+--------------------- 

1 Severe Injuries i Range I Ysdn 1 S.D. 1 2 a n g e  i ?lean I S.D. 

- - - - - - - - - - 

*A zero code represents a n  occupant less  t h a n  one year o l d .  

Figure 3.113 shows the cumulative d i s t r ibu t ion  o f  3el ta  V f o r  t h e  

s i x  s u b s e t s .  T h i s  f i g u r e  i s  q u i t e  s i m i l a r  t o  t h e  c u m u l a t i v e  

dis ' tribution of Delta V f o r  t h e  Phase  1 d a t a  ( F i g u r e  3 . 6 7 ) .  The 

cumulative curves f o r  the  s ix  subsets are qu i te  similar .  
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'IGURE 3.113 C u m u l a t i v e  9 i  s t r i b u t i o n s  o f  
D e l t a  V F o r  F r o n t - I m p a c t  Subsets 

Phases 1 and 2 - F r o n t  Impac ts  





3.5.4 Model Estimation - Phase  1 and Phase  2 Combined. The 

r e su l t s  of the  modelling estimation f o r  the  combined Phase 1 and  Phase 2 

with Delta V and Age as the  independent variables a re  shown i n  Equat ion 

I I 
I 

I Estimated Models w i t h  Delta V and Age: Phases 1 a n d  2 I 
I 

I I 
I (3-95) pi  = F(3.8541 - 0.1090X1 - 0.0186X2) I 
I I 
I OIP-2VEH (N=656, LRS=138.91, DF=2) I 
I I 
1 (3-97) pi  = F(2.9543 - 0.0725X1 - 0.0197X2) 1 I 

I i 
1 where I 

I ji i s  the 2stimated probabil i ty of a non-severe in jury ,  I 
I 
I F i s  the  l og i s t i c  d i s t r i bu t i on ,  I 
I X. i s  Delta \/, 

i 
I 

I X i s  Age, a n d  2 ! 

I LKS i s  the Likelihood Ratio S t a t i s t i c .  I 
+-----------------------------------------------------------------+ 

The l og i s t i c  curves estimated by t h e s e  e q u a t i o n s  a r s  shown i n  
7 1 1 1  Figure ,.,,- f 3 r  the s ix  subs2ts. The curves show h o w  t h e  e s s i i n a t e d  

~ r o b a b i l i t l i  of a severe injury ( l -P i )  varies with Delta values holding 
Age fixed a t  30. The three  curves p e r t a i n i n g  t o  t h e  t h r e e  s i n g l e -  

vehicle subsets have s imi la r  curves which are d i f fe ren t  from t h e  o t h e r  
three  curves of the two-vehicle subsets. The resu l t s  are  s imi la r  t o  the  
Phase 1 and the  Phase 2 r e su l t s  presented e a r l i e r .  The e f fec t  of Age i s  



shown in Figure 3.115 and 3.116 f o r  the  OID-1VEH and OID-2VEH s u b s e t s .  

Each of these f igures  consists  of three curves representing Age 2 0 ,  40 
and 60.  Each curve shows the variat ion of the estimated probabi l i ty  o f  

a severe injury ( l o p i )  with Delta V values. In  b o t h  s u b s e t s ,  0 1  d e r  

occupants show higher probabi l i t ies  of receiving severe i n j u r i e s  t h a n  

younger occupants f o r  a given Delta V value. I n  the  two-vehicle subset ,  
t h e  age effect  approacnes zero as Delta V values become very  s n a l  1 o r  

l i~r -y  large. This, hobrever, i s  not quire  s o  w i : h  t h e  s i n g l e - v e h i c i ?  

subset. Confidence l imi t s  'or the CIA-I'iEY, 313-1 \ /5H,  C: A - Z V E H ,  a n d  

013-2VEH subsets are shcwn iil Figures 3.117 t o  3.120. T h e  c o n f i d e n c s  
in tervals  were plotted holding Age fixed a t  30.  The bands of t h e  t w o -  
vehicle subsets are much narrower than t h o s e  of t n e  s i  n g l  e - v e h i c l e  

subsets. For the  two-vehicle subsets the confidence in tervals  approach 

zero as Delta V values become very small o r  very larse .  This i s  n o t  s o  
with the single-vehicle subsets. Comparing these  with the  same f i g u r e s  

f o r  the  Phase 2 d a t a  (Figures 3.108 t o  3.111) i l l u s t r a t e s  :he narrowing 

of the confidence l imi ts  with increased sample  s i z e .  F i n a l l y ,  t h e  

OID-1VEH and O I D - 2 V E H  subsets are shown on the  same g r aph  w i t h  t h e i  r 

confidence l imi ts  i n  Figure 3.121. The f i g u r e  i n d i c a t e s  t h a t  f o r  

Delta \J l e s s  t h a n  2 5  m p h  t h e  s i n g l e - v e h i c l e  s u b s e t  has  h i g h e r  

probabi l i t ies  o f  severe i n j u r i e s  t h a n  t h e  t w o - v e h i c l e  s u b s e t ;  t h e  

reverse i s  t rue ,  however, f o r  Delta ' I  greaTer than 35 mph.  



FIGURE 3,114 Logi s t i c  Curves o f  Two-Vari a b l  e Models 
(Delta V ,  Age) For Front-Impact Subsets 

Phases 1 and 2 - Front Impacts 



FIGURE 3.115 The Age E f f e c t  o f  Two-Variable  
btodels ( D e l t a  V ,  Age) F o r  OID-1VEH 

Phases 1 and  2 - F r o n t  Impacts 
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FIGURE 3.116 The Age E f f e c t  o f  Two-Var iab le  
Models (Delta V ,  Age) F o r  O I D - 2 V E H  

Phases 1 and 2 - F r o n t  Impacts  
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FIGURE 3.118 Conf idence I n t e r v a l  of j?. o f  Two-Variable 
Model ( D e l t a  V ,  Age) a t  Age 30 For  OID-1VEH 

Phases 1 and 2 - F ron t  Impacts 
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FIGURE 3.119 Conf idence I n t e r v a l  of $ .  of Two-Var iab le  
Model ( D e l t a  V ,  Age) a t  Age 30 F o r  CIA-2VEH 

Phases 1 and 2 - F r o n t  Impacts  
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FIGURE 3.120 Confidence Interval of p .  o f  Two-Vari a012 
Model (Delta Y,  Age) at Age 30 For OIS-2VEH 

Phases 1 and 2 - Front Impacts 
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F I G U R E  3 .123 His tograms o f  p .  o f  Two-Variablo 
Model ( D e l t a  V ,  Age) f b r  OID-1VEH 

Phases  1 and  2 - Front I n p a c t s  
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FIGURE 3 . 1 2 5  H i s t o g r a m s  of j5. of Two-Var i ab l e  
Nodel ( D e l t a  V ,  Age) ~ b r  C I A - 2 V E H  - .  
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P h a s e s  1 a n d  2 - F r o n t  I m p a c t s  
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F I G U R E  3,127 Histograms o f  p .  o f  Two-Variable 
Model (Delta I/, Age) ~ b r  OIP-2VEH 

Phases 1 a n d  2 - Front Impacts 





3.5.5 i~lodel Evaluation - P h a s e  1 a n d  Phase  2 Combined.  The 

goodness of f i t  of the  models represented by Equations 3-92 t o  3-97 i s 

shown i n  Table 3.50. The h i s tograms  of t h e  ji v a l u e s  f o r  t h e  s i x  

subsets  a re  shown in Figures 3.122 t o  3.127. The combined Phase 1 a n d  

Phase 2 two-variable models predicted t h e  n o n - s e v e r e  i n j u  r i  e s  inost 

s a t i s f a c t o r i l y  and consis tent ly  across a1 1 subsets .  The percent correc t  

predict ion of sev l re  i n j u r i e s  by these  models :vas much 1 cwer  a n d  w i t h  

o r e  a r a i l i  The implication !(/as t n a t  Delta 'I 3nd  Ar;e a 1  c n e  ; ,vers 

not q u i t e  adequa~e  i n  describing a severe injury with a low or ?ode r a t e  

value of 9e l t a  ' I .  Q t h e r  variables were needed t o  b e  i n v e s t i 9 a t e . t  i n  

order  t o  i;nprove the  models' predic t ive  capab i l i ty ,  p a r t i c u l a r l y  t h o s e  

t h a t  night help describe t h e  severe i n j u r i e s .  The f i r s t  s t e p  Lvas t o  

exanine variables such as Restraint  Jsage, E j e c t i o n ,  Body R e s i o n  and 

Injury Type f o r  t h e  mispredicted cases. 

T A B L E  3.50 

Goodness of F i t  

Severi ty = F(De7ta V ,  Age) 

Phases 1 and 2 - Front Impacts 

1 Sample Size  I Percent Correct Predi c t  i on  
Subset I - - - - - - - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1 Non-Severe [ Severe I 3veral l  I Ion-Severe I Severe 

Restraint  Usage. The n a j o r i t y  o f  t h e  o c c u p a n t s  v e r e  

reported not using any f o r m  of occupant r e s t r a i n t s .  A small percenrage 
of occupants did not have r e s t r a i n t s  while another handful llsed e i t h e r  
" l a p  and to r so"  o r  " l ap  only" r e s t r a i n t .  For  t h e  s i x  s u b s e t s ,  t h e  

number of occupants using/not using r e s t r a i n t s  f o r  c a s e s  w i t h  v a l i d  

Delta \/ and Age i s  shown i n  Table 3.51. From Table  3 . 5 1  i t  c o u l d  be 



determined that  the proportions of severe in ju r ies  t o  t o t a l  i n ju r ies  fo r  

the  above four classes of r e s t r a i n t  usage di f fered only s l  i g h t  l y  f ron  

one another (172 f o r  not-used, 14% f o r  no-restrai nt a n d  12% f o r  1 a p /  

torso  and lap only).  

Table 3.52 shows the misvrediction rates of severe and non-severe 

in jur ies  by Restraiqt  Usage f c r  cases w i t h  valid 3el ra  ' J  a q d  Age. C f  

car:icular interes: :jioulci ha\/? been ~ C W  mch the r a c e s  v a r i  e d  w i z h i  n 

ezch subset across ~ h e  classes of Qes t r a in t  lisase f3r severe i n J u r i 2 s .  

l infortdnatel j ,  tile ~ a r y  ;;a1 1 sanple s i ze  of zccupanxs I ; S ~  19 r e s t r a '  7:s 

fended t o  reducs ~ h e  ~ e r i ~ s  c f  tne resu l t s  shown. 

Ejection. The majority of occupants ?/ere associated i ~ i t h  

no eject ion or no entrapment while another handful of o c c u p a n t s  were 

found e i t he r  trapped or  ejected o r  pa r t i a l l y  ejected and trapped. These 

proportions of occupants are  shown i n  Table 3.53, which a l s o  r e v e a l s  

tha t  the p r o p o r t i o n s  of s e v e r e  i n j u r i e s  t o  t o t a l  i n j u r i e s  were 

appreci ably higher i n the presence of e jec t  i o n  and/or ent rapmient. From 

Table 3.53 i t  could be determined t ha t  f o r  no e ject ion the proportion of 

severe in ju r ies  t o  to ta l  in ju r ies  was 13% while those with eject ion was 

63% and 'those w i t h  entrapment was 82%. 

Tab12 3.54 shows the misprediction rates of severe and n o n - s e v e r e  

in ju r ies  by ejecxion types. For severe i n j u r i e s ;  t h e  p r o o o r t i o n  of 
cases nispredicteci adrihen rhe in jur ies  involved e ject ion a n d  e n t r a p m e n t  

appeared lower than when n o  e jec t  ion/entraprnent was i n v 3  1 ved. 4 g a  i r ; ,  

:he rather small samol? s i z e  cf occupants ;qi t h  e jec t  ion/entraprnent yi jh: 

reduce the  a e r i t s  of tne r e s u l ~ s  sncwn somewhat. 

Tabla 3 .55  l i s t s  the  injury types which yielded the m l s ? r e d i c t i a n  

o f  severe in ju r ies  most frequently a s  well a s  t h e  f r e q u e n c y  of such 

1~1;predict ion fo r  a l l  subsets. qupture, d i s i  3 c a t  i on,  h e q o r r h a g e  a n @  

fractl ire were consistently found t o  be gajor scurces ~f -ni s z r ed i  c t  '; 3 n .  

Table 3.56 l i s t s  the affected body regisns f o u n d  t o  be a s soc i a t ed  wit11 

most frequent injury rnisprediction. The more common body regions i n  a1 1 

s ix  subsets appeared t o  be abdomen, chest ,  pelvic/hip and lower 1 i nb s .  

Tables 3.53 and 3.59 cross tabula te  the  injury types and t h e  a f f e c t e d  

body regions fo r  single-vehi  c l e  and two-vehi  c l  e a c c i d e n t s .  A 1  s o  
tabulated were the proportion of a severe in jury ,  the chance of i t  being 
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mi s p r e d i c t e d ,  t h e  a s s o c i  aced O e l t a  \I v a l u e s ,  t h e  o c c u p a n t s '  age and t h e  

cor respond ; 'ng  c o n t a c t  p o i n t s .  The  c o m b i n a t i o n s  o f  b o d y  r e g i o n s  a n d  

i n j u r y  t y p e s  i n  T a b l e s  3.58 and  3.59 g e n e r a l  l y  s h o w e d  1  ow t o  m e d i  urn 

D e l t a  V v a l u e s .  The i n j u r i e s  l i s t e d  we re  u s u a l l y  t h o s e  i n  w h i c h  t h e  

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

assemb? ies  o f  t h e  v e h i c l e s .  O t n e r  c o n t a c t  p o i i t s  were  much l e s s  c o r m o n  

a l t h o u r ~ n  by no  aeans i n s i g n i f i c a n t .  F o r  2xam?13, i n j u r i 2 s  t o  F i nk i ? /Foo t  

i i e r e  o t ~ n  caused  by ? l o o r / ? l o o r  S o n t r o i s ,  ;in3 i n j u r i 2 s  t o  ; i ? c k  , / e r e  

o f t e n  caused by ?'lo C o n t a c t .  

L r ~ h e r  ' n v e s t i g a ~ i o n  on ene m a e l  l i n g  r e s u l t s  and che  o u t 1  i e r s  o f  

t h e  c o ~ n ~ i n e d  Phase 1 and  Pi las2 2 d a t a  i n d i c a t e d  t h a t   he s i x  s u b s e t s  

c o u l d  be ccmbined.  3ased  on t h e  rnodels w i t h  D e l t a  \J a n d  Acje a s  t h e  

i ndependen t  v a r i a b l ? ~ ,  iz was f o u n d  t h a t  t h e  t h r e e  s u b s e t s  o f  t i e  
s i n g l e - v e h i c l e  a c c i d e n t s  c o u l d  be  combined t o  f o m  one  s u b s e t  a n d  t n a t  

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

como inab le .  The s t a r i s t i c a l  t s s t s  f o r  c o l l a p s i n g  t h e  s u b s 2 t s  a r e  s h c w n  

i n  T a b l e  3.60 and  T a b l e  3.61. 

The  mode ls  f o r  t h e s e  f o u r  new l y  d e f i n e d  s u b s e t s  w h i c h  h a d  D e l t a  

(XI) and Age (X2) as  t h e  i n d e p e n d e n t  v a r i a b l e s  a r e  as f o l l o w s :  

S i  n g l e - V e h i c l e  A c c i d e n t s  (N=1380, LRS=250.29, DF=2) 

( 3 - 9 3 )  ji = i ( 2 . 1 1 3 0  - O.CS1SX - 0.01EOX2) 1 

Two-Veh i c l e  A c c i d e n t s  (See  E q u a r i o n s  3 -95  t o  3 - 9 7 )  

. .F 

The goodn2ss o f  fi: r e s a l t s  o f  r h e s 2  f o u r  v o d e l s  a r s  shown l n  ; a b ? ?  

3.52 .  

The e s t i n i a t e d  l o g i s t i c  c u r v e  g i v e n  b y  E q u a t i o n  3 - 3 2  f o r  t h e  

combined s i n g l e - v e h i c l e  s u b s e t  i s  shown i n  i i p r e  3 . 1 2 8 .  T n e  i i g u r 2  

c g n s i s t s  o f  c h r e e  l o g i s t i c  c u r v e s ,  each i s  9 l o t r s d  blrith Age b e i n g  h e l d  

f i x e d  a t  30. The t h r e e  c:rves r e p r e s e n t  t h e  u ;per  i o ~ r ; d ,  ;he 1 s : i a r  

bound and  t h e  es1:maied p r o b a b i l i t i e s  o f  s e v e r e  i n j u r i e s  ( 1 - p i  ) o f  t h e  

s i n g l e - v e h i c l ?  s u b s e t .  The  c o n f i d e n c e  i n t e r v a l s  do n o t  a p p r o a c h  z e r 9  

when D e l t a  V v a l u e s  become v e r y  s m a l l  o r  v e r y  l a r g e  a l t h o u g h  t h e y  a 1  l 

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

c o m b i r l a t i o n  o f  t h r e e  subse t s .  The e f f e c t  o f  Age i n  t h i s  new s u b s e t  i s 

il l u s t r a t e a  i n  F i g u r e  3.129. The f i g u r e  i n d i c a t e s  t h a t  o l d e r  o c c u p a n t  j 



TABLE 3.55 

L is t  of Injury Types Which Yielded A 
Large Proportion of >4ispredi c t  ion 

Phases 1 and 2 - Front Impacts 

.................................................................. 
I I I I lurrber of 

S ~ b s e r  / Injury Ty?e* 1 Tocal :lumber 'lumber o f  , :,li spredi cred 
I I of Cases I Severe i njurl es I Severe 1 njuri  ss 

--------t------------i--ii-.------+--C------------A--------------- 

C;A- lVEHI  R u p t ~ r e  1 5 I 5 I a 
, 9is locat ionl  3 I I 3 I 7 

1 Fracture i 7 9 I I 3 9 I 3 d 
I - - - - " - - " - - + - - - - - - - - - - - - + - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - -  

0 1 0 - ~ V E H ~  Hemorrhage I 2 I 2 I 2 
1 Dislocation1 16  I 14 I 12 
I Rupture I 7 I 7 1 

- 
3 

/ F r a c t u r e  1 131 I 6 5 I 5 0 
/""--"""+--"--------+---------------+--.------------ 

OIP-1VEHI Rupture i 2 I 2 I 2 
I Dislocation1 6 I 4 I d I 

/ F r a c t u r e  I 7 4 I 3 3 I 2 9 
I"--""--"+--"""'--------+---------------?--------------- 

CIA-2VEH I Hemorrhage I 2 1 2 I 2 
I Rupture 1 5 I 5 I 3 
1 Dislocation 1 15 I 13 I 10 
I Fracture / 202 I 102 I 7 7 
I--"--"""t----------.-t----I.---I..-I.------+----"---------- 

010-2VEHI Rupture I 6 I 6 I I 5 
I Hemorrhage I 1 I 1 I 1 
1 Dislocationl 2 1 I 19 I 13 
1 Fracture I 132 I 7 2  I 4 8 
j - - - - - - - - - - - - l - - " " " " - - - - - - - - t - - - - - - - - - - - - - - - T - - - - - - - - - - - - - - -  

013-2VEH 1 Yemorrhage 1 2 I 2 I 2 
I Rupture 1 3 I 3 I 2 
I Dislocationl 8 I 1 8 I 

1 
7 
i 

' Fpacture 1 102  1 5 0 I 4 0 .................................................................. 

*Subject was ranked within each subset by the  l a rger  

croportion o f  severe in ju r ies .  

have higher p robab i l i t i e s  of recziving s eve re  i n j u r i a s  t h a n  y o u n g e r  

occu~an t  s. 

Based on the  new four subsets  defined above, f u r t he r  inodelling w a s  

carr ied  o u t  by adding t he  following independent variables co t he  model s 
w i t h  Delta ?I and Age: 



TABLE 3.56 

L i s t  o f  Body Reg ions  Which Y i e l d e d  
a  L a r g e  P r o p o r t i o n  o f  F l i s p r e d i c t i o n  

Phases 1 and 2  - F r o n t  Impac ts  
S i  n g l e - V e h i c l  e  Subse ts  

. ................................................................... 
i ; T o t a l  1 YunSer of ':urr,Ser o f  Y i  s p r e d i  c r 2 d  

S d b s x  1 Body 2eg i  on* I ? j~ imber 1 Sel ler? Severe  
~ l o f  Cases 1 I n j u r i  es  I I n j u r i e s  

- - - - - - - - + - - - - - - - - - - - - - - - - - i - - - - - - - - - - + - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - -  

I C I , A - L " Y  1 ' e l  v i  c / ~ i  ; ,- , I .. 4 I 3 
I :ieck i I 5 I 3 I 4 

- 
; Lower Leg I I 4 1 7 

i L o w e r E x t r e m i t i e s l  2 i  2 I 2 
1 Abdomen 1 15 I 14 i 9  
1 Chest  I 32 I 25 , I 19 
\ T h i g h  I 2 1  2 i i 
1 F o r e a m  1 5 1  3  1 3  
1 Ank l  e /Foo t  1 1 1 1  4 I 4 
/ - ----------------+--------+---------+----------------------  

013-1VEHIAbdornen I 2 0  1 1 5  I 1 3  
I ? e l v i c / H i ?  1 14  1 10 i 8 
/ C h e s t  1 5 2  1 37 i 2  9 
IUpper  A r m / F o r e a n l  20 1 10 1 8 
I Ank 1  e /Foo t  1 2 2  1 1 1  I 9 
1 Lower Leg  1 9 1  4 I 3 
l Th igh  1 1 8 1  9  I 5  
I-----------------f--------t---------+---------------------- 

OIP-1VEH [Abdomen 1 5 1  6 I 6 
i Lower E x t r e m i t i e s  1 2 1 2 1 

I 

2 
I Upper E x t  remi t i  es I 2 1 2 I 2 
I Pel  v i  c / H i  1 6 1  4 I -r ,I 

1 Th igh  1 1 1 1  5 1 5 
I Yeck I I 4 ! 4 7 

,- i f o r e a r r ;  I I I 7 i 3 - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*Body Regions were ranked  i ~ i t h i n  each subset  by t h e  l a r ~ e r  

p r o p o r t  i o n  o f  seve re  i n j u r i e s .  

Di r e c t  i o n  o f  P r i  n c i  ?a1 F o r c e  
V e h i c l e  Weight  
V e h i c l e  Plodel Year 
O b j e c t  Con tac ted  
Rura l /U rban  
E j e c t i o n  
R e s t r a i n t  Usage 
Con tac t  P o i n t ,  and 



TAaLE 3.57  
Lis t  of 3ody Regions Which Yielded 

a Larger Proportion of Mi spredi ct ion 
Two-Vehicle Subszts 

Phases 1 and 2 - Front Impacts 
- - - - - - - - - - - - - - - ............................................................... 

I i Total I ?,lumber of i Number of :/li spredi cted 
Subset ]Body 2zsi on* !  Number i Severe 1 Severe 

I l o f  Cases l i n jur ies  1 Injliries 
--------f------------f----------t---------+---------------------- 

CIJ>-2\!E? I ,Abdomen 1 34  1 22 1 13  
i Pelvic/Hi? I 15 I ' 10 I 7 

/ 

1 Chest 1 - , 64 1 40 
I Thigh I 19 1 13 i 7 
i F o r e a m  1 18 7 i 5 
I------------+--------f----------t---------------------- 

OID-2VEfiIAbdomen i 27  1 19 I 14 
l P e l v i c / H i ? 1  15 1 12 1 8 
I Ankle/Foot 1 18 1 8 1 5 
I Chest I 7 5  1 3 9  I 2 4 
I Forearm 1 19 I 7 I 4 
/------------+--------+---------+---------------------- 

0:?-2VEHl Abdomen I 5 1 5 I  3 
I P e l v i c / H i p  12 I 7 I 6 
I Chest 1 22 I 16 1 1 3  
1 Thigh 1 1 2 1  7 I 6 
/Forea rm 1 13 1 8 I 5 
I Upper A r m  1 9 I 3 1 3 

*Body Regions were ranked by the  percentage o f  severe 

in ju r i s s  t o  t o t a l  i n j u r i e s :  The larges t  percentage ranked 

f i r s t .  

Body Region 

?rincioai  3irect ion of Force. ? r i n c i : d l  2irectisn 3 f  

Force was b rough t in to  the  model as a s e t  o f  dummy : / a r ' a b l e s  i n  t i te  

?resence of J e l t a  V and  Age. It did not  a p p e a r  t o  b e  s t a t i s t i c a l  ly  

s igni f icanx,  nor d i d  i t  appear t o  sicjnificantly i l ~ p r o u e  t h e  e x i s t i n g  

models predict ive capabi 1 i t y .  

Vehicle Weight. Vehicle l e i  sh t  was broughr.  i n t o  t h e  

modelling i n  t h e  g r e s e n c e  of 3 e l t a  ' J .  I t  d i d  n o t  a p p e a r  t o  b e  

s t a t i s t i c a l l y  s igni f icant .  



TABLE 3.58 

Con~b ina t ion  o f  I n j u r y  Types arid Body Xegions I n c u r r i n g  Severe l n j u r i e s  
Which Were Not  C o r r e c t l y  P r e d i c t e d  By The Models 

( S i n g l e - V e h i c l e  Acc iden ts )  

Phases 1 and 2  - F r o n t  Impacts 

---------------------------------------------------------------------------------------------------------------------------------------------- 
I I Chance I Ctiance o f  I I I I 
1 I o f  I Severe In . j~~r-y  1 Number I D e l t a  V o f  I Age o f  I 

I n j u r y  I Body I Severe I Be ing  1 o f  I Mi s- I M is -  I Contact  
TY pe I Regi or1 I I n j u r y  I Mispred ic t t l t l  I Severe I p r e t l i c t ~ t l  I p r e d i c t e d  I P o i n t  

I I ( % )  I ( X I  I I n j u r i e s  I Cases I Cases I 
- - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - -+- - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - -  

I I I I I I I s t e e r i n g ,  
Rupture I Abdon~eri 1 100 I 69 I 13  I 14- 32 I 15-65 I f r o n t - p a n e l *  

I Chest 1 100 I 100 I 2  I 17-24 I 22-32 I s t e e r i n g  
I I I I I I I 

Ilemorrhage I Chest 1 100 I 100 I 2  I 3-28 I 23-38 I s t e e r i n g  
I I I I I I I 
I I I I I I 1 s t e e r i n g ,  

D i s l o c a t i o n  I P e l v i c / H i p  1 100 1 7 1 1 14 I 13-26 I 17-50 I f r o n t - p a n e l  
I 
I 
I 
I 
I 

F r a c t u r e  I 
I 
I 
I 
I 
I 
I 

I 
W r i s t  1 100 

I 
Ank l e / F o o t  I 86 

I 
Neck 1 100 
U.Ext/Cl how 1 100 

I 
Ct1est I 7 5  
L -Cx t ren l i  t i e s  I 100 

I 
L. Leg 1 9 2  

I s t e e r i n g ,  
25-26 1 f ron t -pane l  

I f l o o r / f o o t  
17-32 I c o r ~ t r o l s  

I 
21-62 I none, s t e e r i n g  
18-30 I - 

1 s t e e r i n g ,  
I f r o n t - p a n e l  

1-28 I - 
I f r o n t - p a n e l ,  

16-59 I f l o o r  
I I I I I I I s t e e r i n g ,  
I Pel  v i c / H i p  I 60 I 8 3  I 6  1 13-78 I 15-40 I f ron t -pane l  
I I I I I I I f l o o r / f o o t  
I Ankle/Foot I 5  0  I 92  I 12  I 9  -24 I 13-57 I c o n t r o l s  
I Knee I 7 U I 86 I 7 I 8-28 I 16-37 I f r o n t - p a n c l  
I I I I I I I f r o n t - p a n e l  , 
I Thigh I 53 I 6  9  I 16 I 8-33 I 15-43 I s t e e r i n q  
I I I I I I I i n s t r u m e n t  pane l ,  
1 Foreann 1 7 1 I 7 5  I 12 I 10-25 I 14-63 I s t e e r i n g  
I I I I I I I 
I I I I I I 1 i ns t ru inen t  panel  

L a c e r a t i o n  1 Abdon~eri I 100 I 8  7  I 15 I 4-29 I 18-57 I steer incr  - 
I I I I I I 

.Contusion I Abdomen I 60 I 8 3  I 6  I 11-30 I 16-25 I s t e e r i n g  
I 

-----------_--------------------------------------------------------------------------------------------------------------------------- 

*Front-panel  i n c l u d e s  i rls trument panel  and g l  ove con~partmer~t, 
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T A B L E  3.60 

S t a t i s t i c a l  Results 
Combining CIA-lVEH, 013-1VEH and OI?-1VEH 

Phases 1 and 2 - Front Impacts 

................................................................... 
liy;=ot hes i s I - 2  Log L i df 

- - - - - - - - - - - - - - - - - - - - - - t - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - t - - - - - - - - - - - - - -  

I I 
4 I 1279.20 '0 I 

3 
I 
I ! 

;i , I 

I 1261.28 I 9 
h 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

i I 
1 Chi-square = 8.92 I 6 ................................................................... 

where : t he  subsets have the  same model 0 

H1 : the  subsets have di f fe ren t  mode 1 s 

TABLE 3.61 

S t a t i s t i c a l  Results 
Combining CIA-2VEH, OID-2VEH and OI?-2VEH 

Phases 1 and 2 - Front Impacts 

---------a---------------------------------------------------------- 

biypothesi s I - 2  L o g  L I d f 

3 : the  subsets have t he  same noael 
0 

H, : the  subsets have d i f fe ren t  inodels 
1 

Object Contacted. Object contacted \f.ras b r o u g h t  i n t o  t h e  

modelling i n  t w o  f o r m s :  a s e t  o f  dummy v a r i a b l s s  a n d  a s e t  o f  



FIGURE 3.123 Confidence in terval  of pi  of Two-Variable Model 
(Delta \I ,  Age) a t  Age 30 For The Single-Vehicle Accident Subset 

Phases 1 and 2 - Front Impacts 

in te rac t ion  terms with Delta V .  Neither form of Object C o n t a c t e d  was 
s t a t i s t i c a l l y  s ign i f i can t  i n  t h e  presence of D e l t a  V a n d  Age. 3 0 t h  

s l i gh t l y  improved the  predict ion of the severe in jury  cases . 
Rural /Urban. Rural /Urban was brough:  i n r o  t h e  node? 1 i n g  

2s a durnrny v a r i a b l e .  !dhi le  i t  a g 2 e a r e d  :o be 3 s c a t i s t i c a l l y  
s i 5 n ' f i c a n - c  idependen t  variable f o r  a1 1 t h e  s u b s e t s ,  i t  f a i l g d  t o  

s i 2n i i i c an t l y  imcrove the  exist i i ;?  r ode i s '  ? r ed i c t i ve  capab41ity.  

Restraint  Usage. Rest ra int  $sage was b r a u g h t  i n t o  t h e  
model as a s e t  o f  dummy var iables ;  Plot Used, No Restraint  ( o l d e r  model 
c a r s ) ,  Las/Torso a n d  Lap Only. I t  d i d  n o t  appear t o  be a s ~ a t i s t i c a l  l y  

s i  gn i f icant i ndepend2nt va r i  abl2. 

Ejection. Ejection was brought in to  the  models, i n  t h e  
presence o f  Delta V and Age, i n  t he  following manner: 

ji = F( le1 ta  V ,  Age, Ejection Dummy, and Ejection-Gumny X 
Delta !I) 

The Ejection dummy var iables  were coded as follows: 





degree, e jec t  ed/t rapped 
0 otherwise 

3 = 1 no entrapment, no eject ion 
0 otherwise 

Ejection and the interaction of Ejection with Ze:ta \1 appeared  t o  

be a s ignif icant  variable in the single-vehicle subset. The vode l  c a n  

be expressed a s :  

where 
X i s  Selta \/, 
1 

X 2  i s Age, 

X i s  equal t o  1 i f  there was entrapment and  0 otherwise, 3 
X 4  i s  1 i f  there was ejection and 0 otherwise, 

X. i s  X 3  times Delta V ,  
3 

X6 i s  X 4  times Delta V ,  

pi  i s  the estimated probability of a non-severe injury,  and 

F i s  the  l og i s t i c  d is t r ibut ion function. 

The goodness of f i t  of Equation 3-99 was: 

Overall percent correct predi ct  i on = 81.0% 
Non-Severe injury percent correct predi ct i o n  = 95.1% 
Severe i n jury percent correct predi c t  i on  = 34.2:; 

For the  cwo-vehicle s u ~ s e t s ,  however ,  e j e c t i o n  appea red  n o t  

s ignif icant .  '4si the r  c i i d i i t  ivprove the  mocels ' ?red: ct,i\/e capasi 1 i ',y. 

Tha: Ejection aoseared u o  ?e 3 s i cn i f i can t  tvariabl2 as Tne  sa i i l a l  e s ' z e  

had considerably increased re f lec t s  the  undsrl j ing i r l f l  J s n c e  of t h ;  s 

variable on injury p r ed i c t i on .  I n  t h e  s i t u a t i o n  ! /he re  t h e r e  a r e  

sliific 'ent da:ia, par t icular ly  on thos2 3eing e j e c t e d  or t p apped  t h e  

extent of t he  ;nfluence o f  t h i s  ~ a r i a b l e  may b z  -nore m e r i : o r i ~ u s l y  

determined. 

Contact Point. I n  f rontal  co l l i  s ions,  the contact poi nts 

which occurred : ~ i  t h  any s ignif icant  frequency were: 

Instrument Panel 
Gl ove Compartment 



Steeri  ng Assembly 
Windshield 
Hardware 
A-Pillar 
Side I n t e r i o r  Surface 
Floor 
Fooz Controls 

Tab1 e 3.63 shows the number of cases with valid a n d  ;;ii ssjng contzct 

3oiqt information ~ l i i t h  val id  Delta ' I ,  Age and (3AIS Code. I f  Contacr ,  

P o i n t  were t o  be ; u t  i n  the  modelli i g  the nuzber o f  valid cases would be 

redcced by rnore t h a n  59%. Tdble 3 .64  shows :he ~ r o p c r ~ i o n  of s e v e r e  
. . :nj; 'ries t o  t o t a l  inJur ias  5y i/arious contact ?oints .  

T A B L E  3.63 

Number of Yalid and :4issing Cases of 
Contact Poi n t  

Phases 1 a n d  2 - Front Impacts 

Subset I Sample Size I Missing Cases 
------------------------+-----------------------+----------------------- 

I I 
SI NGLE-VEHICLE I 663 I 7 14 
CIA-2VEH I 682 I 8 00 
OID-2VEH I ,536 I 1052 
3IP-2VEH I 287 i 363 ...................................................................... 

The conzact point variable was b r o u g h t  i r , tc  t h e  ? o d e  l 1 i n g  i n ??lo 

i o m s ;  a s e t  of dummy v a r i a b l ? ~  and the  i n t e r ac t i gn  terms o f  c o n t a c t  

noine a n d  3e7ta ' J .  The Concact 2 9 i n t  dumzy > ~ a r i  a b i  e s  w e r e  c o d e d  a s  

follows: 

d l  = i i f  instrument panel o r  glove ccm;art~nent 
9 othenvi se 

d 2  = 1 i f  s teer ing assembly 
0 otherwise 

d3 = 1 i f  s ide  i n t e r i o r  o r  A-pi l lar  
0 otherwise 

d 4  = 1 i f  f l o o r  o r  f l o o r  control 
0 otherwise 



TABLE 3.64 

P r o p o r t i o n  of S e v e r e  I n j u r i e s  by 
C o n t a c t  Poi  n t  

Phases  1 and 2  - F r o n t  Impac t s  

; - - - - - - - - - - - - - - - - - - - - - - f - - - - - - - - - - - - - - - - - - - - - - - - -  

Concact  P o i n t  i Sazpl e l  P r o p c r ~ i o n  of ISampl a '  2 r c o o r t i o n  of 
i S i z ?  ; S e v e r e  1 n ; u r i e s i  S i z e  15evere  I ~ j u r i e s  

---------------------+------+---------------7------7--------------- 

I n s t r u m e n t  ? a n e l  i !32 1 30.2 , 3 3 :  j 30.3 I -n- 

GI o \ / e  Compa rtfient 1 55  1 43.6 1 2  ; 32.4  
S t e e r i  ng 1 313 1 39 .3  1 523 i 30.2 
Windsh ie ld  I 2 7 1  1 5.9 I 531 1 5.1  
Hardware 1 12  1 33.3 I 27 I 22.2 
A - P i l l a r  1 17 I 17 .6  1 52 I 25.0 
S i d e  I n t e r i  o r  S u r f a c e ]  1 3  1 30.8  1 44 1 36.4  
Fl o o r  I 34  1 52.9 I 37 1 21.6 
Foot  C o n t r o l s  1 17 I 52 .9  1 27 1 22.2 
No C o n t a c t  1 43  I 32.6 I 145 1 14 .5  

d5 = 1 i f  o t h e r  c o n t a c t  poi  n t  
0 o the rwi  se 

d6 = 1 i f  no c o n t a c t  i n j u r y  s o u r c e  
0 o t h e r w i s e  

Although t h e  conr,act  p o i n t s  v a r i a b l e  ( i n  e i t h e r  fo rm)  s e e m e d  t o  $ a y e  

i , ; ? r 3 v e d  t h e  p e r c e n t  c o r r e c c  p r e a i c t i s n  o f  s e v e r e  1 7  j; r l  3 s  

s i g n i f i c a n t l y ,  t h e  l a r k e d  r e a u c t i o n  i n  t h e  s a m s l s  s - z ?  (3l1er 50%) n2iace 

t h e  v a r i a b l ?  l e s s  a ? s i r a b l ? .  

- n A c l o s e  examina t ion  s f  T a b l e s  3 .36  and 3.59 r e v e a l e a  :ha t  f o r  o n e  

c a m b i n a t i o n  of 3ody Region and I n j u r y  Type on ly  one  o r  s o m e t i m e s  t w o  

c c n t a c t  ; o i n t s  were ma jo r  c a u s c s  o f  :he i n j u r y .  T h i s  s e e m d  f o  s u g s e s t  

-,hat Conxact  Poinx  and 3ody Region s n o u l d  be good e x ~ l a n a t o r y  v a r i a b l e s  

of  i n j u r y  s e v e r i t y  i n  t h e  p r z s e n c e  o f  D e l t a  V a n d  Age. B u t  s i n c e  

Con tac t  P o i n t  was c o r r e l a t e d  w i t h  Body Xegion ,  o n l y  one  of them c o u l d  be  

i n c l u d e d  i n  t h e  models.  Eody iZegion was l i k e l y  t o  be a b e t t e r  v a r i a b l e  

t h a n  C o n t a c t  P o i n t  b e c a u s e ,  f rom T a b l e s  3.58 and 3 . 5 9 ,  a  Body  R e g i  o n  

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

p o i n t  c o u l d  ve ry  we1 1  imply numerolls d i  f f e r ~ n t  body r e g i o n s .  



3.5.7 Final Models. Based on t h e  c o n t a c t  p o i n t  d i s t r i b u t i o n  

within each body region and t h e  probabi l i ty  of the  severe injury of each 

body region, the  body r e g i o n  v a r i a b l e  was s t r u c t u r e d  t o  h a v e  t h e  

f o l l  owing l eve l s :  

1. Head/Skull, Neck 
2. Upper Extremit ies ,  El bow, Foream and Xri stli-lano 
3 .  Chest a n d  Abdcixn 
4.  ?el  i ic /Yi? ,  Lower ixtremi t i ? s ,  T h i g h  a n d  Kce? 
5. A n k l  e / foo t ,  Lcwer Leg 
6 .  k . ; e r  

,A 52: of dummy vari a ~ ?  2s was created f o r  the  aoove 1 3 ~ 2 1  5 o f  3 9 a y  

Region a ~ c  t h i s  was incor?orated i n t o  the  nodelling in t h e  p r e s e n c e  07  
Delta V and Age. The following m d e l l i n g  r e s u l t s  were obtained: 



i----------------------------------------------------------------------t 

I ! 
I Final Estimated Models f o r  Front Impacts: Phases 1 and 2 I 
I I 
I Single-Vehicle Accidents ( N  = 1380 LRS = 493.9) 
I 

I 
I I 
1 (3-100) ji = i(2.5013 - 0.04EOX - 0.0135Xfi - 0.5385X, I 
1 - 1 .1439X4 - 1 . 6 3 4 4 ~ ~  - 1.40f3xC - 1.0!13X7) I 
I I 

019-2VEH j N  = 1587 LRS = 555.4) 

OIP-2VEH ( N  = 656 LRS = 205.3) 

1 where 
I XI i s  Delta V ,  

I X 2  i s  Age, I 
I 
I X, i s  1 i f  a neck or head/skull injury and 0 otherwise, I 

d 

I X i s  ! i f  t h e  injury i s  in t h e  upper ext remit ies ,  elbow, 
4 I 

I forearm, and 0 otherwise, I 
X, i s  1 i f  injury i s  in the  ches:: or abdomen a n d  O otherwise, 1 

d 

I j  i s  1 i f  the  injury i s  in the  ?e lv ic /h ip  area ,  lower I 

I 

ex t , rmi t i e s  o r  thigh and 0 other,vise, I 

I , i s  1 i f  the  injury i s  i l  the  ankie/ioot or iswer l e g  a n d  3 I 

1 o t  her*,vi se ,  I 

I ji i s  the  estiirated probability of a non-sever? in ju ry ,  and  I 

i F i s  t h e  l o g i s t i c  d i s t r ibu t ion .  I 
+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+  

- 
i a b l ?  3.55 shows the  goodness o f  i i  t o f  the  rnodels r 2 p r e s e n t  e d  by 

Equations 3-100 t o  3-103. Figures 3.130 t o  3.133 show the  histograms of 

the  p i  values f o r  the  :our subsets .  Each f igure ,  representing a model . 
of a p a r t i c u l a r  subset ,  cons is ts  of two  nistograms, cne for n o n - s e v e r e  

i n j u r i e s  and the other  for severe in ju r i e s .  By having body Region i n  





the  models, the percent correct  prediction 3f severe in ju r ies  i i ~ i p  roved 

most cons iderabl s. 
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F I G U R E  3.130 Histograms of pi of Three-Variable Model (Delta Y ,  
Age, Body Regi o n )  For The Si ngle-Vehicle Accident Subset 

Phases 1 a n d  2 - Front Impacts 
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F I G U R E  3.121 Histograms of j. of Three-Variable 1h4ocel 
(Delta V ,  Age, Scdy ~ e b i a n )  'or CIA-E'ji? 

Phases 1 a n d  2 - F r o n t  impacts 

The s t i n a t e t i  l og i s t i c  curves of the f ina l  ~ o d e l s  f o r  t h e  s i n g l e -  

vehicle accident subset and CIA-2VEii are shown i n  F i g u r e s  3 .134  a n d  

3,135. Each f igure consists  of three l og i s t i c  curves represent  i n g  'L he 

upper bound, the  lower bound and the  estimated qrobabiliry of a s e v e r e  

injury (1-Pi)  in Upper Extremities or  Elbow or Forearm as a function of 

Delta V w i t h  Age fixed a t  30. Figure 3.135 indicates the 95% confidence 



P R E D l C T E O  P R O B R E I L I T T  
O F  N O N - ¶ E V E R E  I N J U R Y  

FIGURE 3,132 Histograms of 5 .  of Thr2e-Variablz Model 
(Delta V ,  Age, aody ~ e 4 i  o n )  For 013-2VEH 

Phases 1 and 2  - Front Impacts 

P R E D I C T E D  ~ R O B R B I L ! T 1  
J F  Y O N - J E V E R E  I N J U R Y  

i i 2 U Z E  3.133 Histogr3ms o f  5 .  zi ihr:e-'lari3ol. '~locel 
( 3 e ? t a  ' I ,  Age, 3ody  ion) For OI?-2 : ,E?  

Phases 1 and 2 - Front Impacts 

interv2l  of the  C:.:-?\JEH subset a p p r o a c h i n s  z e r o  a s  ? e l >  "/ valc ies  

2ecme inc reas ing l j  m a l l  or :arge; t h i s  i s  n o t  s c  w i t n  ',he s i i g ' i e -  

vehicle s d b s e ~  (Figure 3.134). The e f f e c t s  3 f  the  f ive  l e v e l s  of t h e  

Body Region dummy variable a re  i l l u s t r a t e d  i n  Figures 3 .136  and 3 . 1 3 7  

f o r  the  single-venicle accident xodel a n d  the  CIA-2'IE3 r e s p e c t  i v e l y  . 
For t h e  single-vehicle model (Figure 3.136), the  curve on t h e  e x t r e m e  

r igh t  represents e i t h e r  the  s i t u a t i o n  in which no body r e g i  91s Nere  

s ~ e c i f i e d  as being injured o r  t h e  i n j u r i s  t o  t h e  body r e g i o n s  were  



other than those sgecif ied i n  t he  -nodel; e i t he r  of these  t e n d e d  t o  be 

associated with low p ropo r t i ons  o f  s e v e r e  i n j u r i e s .  T h i s  f i g u r e  

indicates t h a t  when chest or  abdomen i s  injured t h e  p r obab i  1 i t y  of a 

severe injury i s  qu i te  h i g h  even when Delta V i s  low ( a b o u t  1 0  m p h ) .  

Pelvic/ilip and iower Extremities are a l s o  l i k e l y  t o  s u s t a i n  s e v e r e  

in jur ies  a t  the low t o  moderate values of Delta V ( a b o u t  20 m p h ) ,  Upper 
Extreni t ies ,  Forearm, Elbcw and ,~nklE!/Foot, Lower l e g  are ;:or? l ikely t o  

resul t  i n  severe in ju r jes  when Delta \I \ ~ ? l u e s  are  grezter  than 2 5  m p h .  

3ead and Neck are prone t o  a  severe injury when Se? ta  '/ values exceed 35 

~ p h .  I n j ~ l r i e s  t o  other body regions c r  L O  body regions n o t  s p e c '  f i  2 d  

a r 2  l ike ly  t o  be severe when Delta '/ values are  s r ea t e r  than 45 q p h .  

For the  C I A - 2 V E H  model (Figure 3.137) t h e  c u r v e  o n  t h e  ex: reme 

right  represents e i t he r  the  s i tua t ion  i n  wh icii n o  body r e g i  ons were 

specif ied as being injured o r  the  i njury t o  the  body regions c the r  t h a n  

those specif ied i n  the  model; both tended t o  have 1 ow p r o p o r t  i o n s  of 

severe in jur ies .  Like the  single-vehicle s u b s e t ,  Ches t  o r  Abdomen, 

?elvic/Hip, iower Extremities are  more l ikely  t o  su f f e r  a severe i n  j u r y  

t h a n  other body r eg ions .  The Limbs,  Head and Neck show s i m i l a r  

probabi l i t ies  of receiving severe i n j u r i e s .  Ches t  a n d  Abdomen a r e  
l ikely  t o  be severely injured when Delta V exceeds 20 nph. I n ju r i e s  i n 
Pelvic/Hip, Lower Extremities and T h i g h  are 1 i  k e l y  t o  b e  s e v e r e  f o r  

Delta 11 exceeding 22 mph. Upper Extremities, Elbow, Fgrearrn,  A n k !  e /  

Foot, Lower Leg, Yead a n d  Neck are  l ikely  t o  s u s t a i n  s e v e r e  i n j u r i  e s  

wnen Delta ''1 exceeds 30 mph. Other body regigns not  i n ? n t  i oned aSov2 

: . r i l l  . l o t  be l ike ly  t o  susta 'n severe injlirias : i n t i 1  ;eir,a '1 i s g r e a t e r  

t h a n  43 mph .  



1 7 13 19 25 9 1  37 43 49 55 6 1  
V 10 18 22 28 3U U O  U6 52 58 

DELTA V 

FIGLiRE 3.134 Confidence Interval of ji of Three-Variable /;lode1 ('Oelta V ,  
Age, Body Region) a t  Age 30 For The Single-Vehicle Accident Subset 

Phases 1 and 2 - F ron t  Impacts 



F I G U R E  3,135 Confidence In te rva l  o f  $ .  o f  Three-Variable Model 
(Del ta  Y ,  Age, Body 3egion) a t  Age 30 For C I A - 2 V E i i  

Phases 1 and 2 - Front impacts 



HEAD, NECK 

UPPER EXTREMITIES, 
FOREARM, ELBOW 

CHEST, ABDGMEEI 

PELVIC/HIP, LOWER 
EXTREMITIES, THIGH 

A N K L E  / FCOT, 
LOWER LEG 

F I G U R E  3.136 The i f f e c r  of Five Levels o f  Body Region of Three-Variable 
Model (Se l t a  V ,  Age, Body Region) For The Single-Vehicle Accident 

Subset 
Phases 1 and 2 - Front Impacts 



------ HEAD, NECK 

UPPER EXTREMITIES, 
FOREARM, ELBOW 

.. -...-..--.. CHEST, ABDOMEN 

ttitttm PEWIC/HIP, LOWEil  
EXTREMITIES, THIGH - ANKLE / FOOT, 
LOWER LEO 

+ + + + + q  OTHER BODY iiEGlCNS 
OR NO BODY RE45ION 
C3NSIDERED 

F I G M E  3.137 The E f f e c t  o f  F i v e  L e v e l s  o f  3ody Reg ion of Three- 
V a r i a b l e  Model ( D e l t a  V ,  Age, aody Reg ion )  F o r  CIA-2VEH 

Phases 1 and 2 - F ron t  impac ts  



3.5.8 Signif icant  Results. The a n a l y s i s  of t h e  Phase  2 d a t a  

indicated t ha t  it was not d i f fe ren t  from the  Phase 1 data ,  and t h a t  data 

from both phases could be combined. The Phase 1 t w o - v a r i a b l e  mode ls  
(Delta V and Age) f i t t e d  t h e  Phase 2 data almost as well. Moreover, t he  

Phase 1 two-variable models and t h e  Phase 2 t:vo-variable node 1 s f i t t ed 
t he  respective data w i t h  no apprecizble differences.  While i n  t he  Phase 

1 data the  cccurrence of i n t r r u s i c n  a g p e a r e d  q u i t e  s i g n " ' s a n t  i n  

explaiqing injury sever i ty  when Delta ' J  2 n d  Ase wer? b o t h  i n  t? ,e  70421 , 
i:s influence i n  the  Phase 2 rnodels :{as s l ~ o s t  negligibl  3 ,  i n t r u s i o n  
i n f ~ r z a t i o n  i r ,  t h e  P h a s e  1 a n d  Phase  2 d a t a  :qas r e c o r d a d  q u i t e  

a i f f e r e n t l y .  I t  was p o s s i b l e  t h a t  t h i s  m i $ t i t ,  h a t e  c a u s e d  ;he  

discrepancy i n  the  ef fect  of the in t rus ion variable. Rural/UrSan, which 
had shown tenuous influence i n  predict ing injury sever i ty  i n  the  Phase 1 

data ,  turned o u t  t o  be nor s i ~ n i f i c a n t  i n  t h e  Phase 2 models. 

The data of both phases were combined and the s i x  f r o n t a l  impac t  
subsets of the combined data were collapsed t o  form the  fol lowi  n g  f o u r  

i ndependent subsets:  

1. s i  ngle-vehicle accidents 

2. two-vehicle accidents with center  impacts (CIA-2VEH) 

3. two-vehicle accidents,  off -center  impacts, and dr ivers  only 
(0 I D - 2 V E H )  

a ,  t;./c-vehicle accidents,  of=-center  impacts, and r i  ght-front  
Fassengers (OIP-2'JiH). 

The yodel estimation resu l t s  i g r  the  czrbined d a t a  w i t h  3el;a '1 anc 
432 as the indepencent 'variabiss 2r2 as  follows: 



Sins1 e-Vehicl e  Accident 

I where 
I 4 i s  the  estimated probabi l i ty  of a non-severe in ju ry ,  
I 

I 
F i s  the Logis t ic  d i s t r ibu t ion  funct ion,  I 

I XI i s  Delta V ,  a n d  I 
I X i s  Age. 2 I ' ""--""-------------------------------------------------------+ 

Equations 3-98, 3-95, 3-96 a n d  3 - 9 7  s t a t e  t h a t  t h e  e s t i m s t e d  

probabil i ty of a non-severe in jury ,  p i ,  i s  a function of Delta '1 and Age 

above. g i  i s  bounded by a value of zero and one. A pi wil l  c e r t a i n l y  

be severe and a value of one p r e d i c t s  a c e r t a i n t y  of a n o n - s e v e r e  

injury.  A pi value g rea te r  t h a n  0.5 wil l  predict  a non - seve re  i n j u r y  

while t h a t  l e s s  than 0.5 a severe injury.  

The in te rpre ta t ion  o f  t h e s e  models .;lay be s i a ? :  2r  i f E q u a i i  o r s  
3-53, 3-95, 3-95 and 3-97 a r e  r e s t a t e d  i n  t e r n s  o f  t h e  e s t i m a t e d  

; r h a S i l i t y  o f  2 se\i,?re i n j u r y ,  xhizn i s  sinply ! - f i e  The ~sd2ls i z p l j  

1. The e s t i ~ a t e d  probabil i ty of a severe injury ( 1 - j ; )  i n c r e a s e s  
as 3 e l ~ a  '1 increases. A change of a Se l t a  :J value f rbn ; i  m p h  :o 
jC m h  f o r  a 35 year o l d  occupant i ' l  t h e  C I A - 2 ' 1 E H  s u z s e t  ,v i  1 1  
r o s u l t  i n  t h e  ?rooabi l i ty  o f  a  severe in jury  i n c r e a s ~ n g  f r 3 m  0 . 0 5  
t o  0 .39 .  

2 .  The estimated probabi l i ty  of a severe i n j u r y  (1-8.)  i n c r e a s e s  
with Age. For the CIA-2VEH subset with Delta V of 301mph, a  c h a n ~ e  
in  Age from 30 t o  60 will increase  his probab i l i ty  f rom 0 . 3 9  t o  
0.52, 



The models as represented by Equa t i ons  3 - 9 5  t o  3 - 9 8  p r e d i c t e d  

overall in ju r ies  qu i te  well. A c lose r  examination of t h e  p r e d i c t i o n  

r e su l t s  revealed t h a t  i f  an injury was observed t o  be n o n - s e v e r e  t h e  
models would be correct  i n  t h e  ?redic t ion we11 over 95% of the  time, b u t  

i f  a n  injury was reported severe the  models would only be correct  i n  the  

qrediction about 20% t o  40% of the  time. Although the number of n o n -  
severe i njuri 2s i n  f ront  impacts outnunbered severe i 7juri2s by s r;: i 3 

of 4 t o  1 or ,i;ore, i t  i s  inportant t o  be able t o  ?redir,t  severe ! n;'ur!es 

reasonably ,,iiell. ;.lost, i f  not a l l ,  of the severe i n j u r i e s   hi c h  ?rere  

; i isprxiicted Her? chess wi:n low t o  medim 3e l ta  '1 values. T+se c a s e s  

re?resented abcuL 13% of ~ o t a l  i n ju r ies  and t h e i r  s e v e r i  t i 2s d e ? e n d ,  

arcong other  things,  on the  body regions being i n j u r e d  and what t h e s e  

body regions came i n t o  contact with a t  the  impact. 

I n  order t o  inprove t he  p r e d i c t i v e  c a p a b i l i t y  of  t h e  m o d e l s ,  

par t icular ly  i n  predict ing severe in ju r ies ,  many other v a r i  a b l e s  were 

investigated w i t h  a  view t o  incorporating them i n t o  the  models. Sam of 

these variables were Restraint  Usage, Eject ion, Sody Regi o n ,  Injury Type 

and Contact P o i n t .  i t  was found t ha t  over 95% of the occupants did n o t  
use o r  have res t ra in t s .  This coupled with the likelihood t ha t  Restraint  
llsage were somewhat c o r r e l a t e d  w i t h  Age a n d / o r  D e l t a  V made t h i s  

variable of l i t t l e  value i n  t h e  modelling. Ejection was found to be a  

s l i gh t l y  be t t e r  v a r i a b l e  t h a n  R e s t r a i n t  Usage. Over 7 5 %  of t h e  

occupants \ /ere not  z jec ted o r  t r2 ,cped .  E j e c t i o n  was found t o  be 

s ignif icant  only when boch the  dummy terms and t h e  i n t e r a c ~ i o n  t e r n s  

w ' t h  De:ta V were i ~ c l u d e d  i n  the  rodel a n d  only !;/hen :he s ano :  e s i z s  

,vas larcje. Ejection inproved the  ~ r e d i c t i v e  c a p a ~ i l i t y  of t l ;e  s i n g l a -  

vehicle S L ~ S ~ :  of the corb'ned Phases ! a n d  2 da ta  by i n c r e a s i n s  9 1 2  

percent correct  prediction of severe in ju r ies  by 71. 

The majority of the nispredict ions were f o u n d  to be associated with 

in js ry  ty jes  sucn as rgctare,  d is locat ion,  f r a c tu r e ,  and he!nor rhase ,o r  

l v i t h  ~ ~ d y  regi3ns sucli as abdomen, chest ,  pe l  vi c / h i ? ,  and t h e  l ower  

limbs. These mispredicted cases were a lso  found t o  be associ a t e d  w i t h  

the accidents where the  occupants had come i n t o  contact w i t h  t h e  f r o n t  

panels and/or the  s teer ing assembly o f  t h e  v e h i c l e s .  4 coup1 2 of 
notable exceptions were severe ank l e / f o o t  i n j u r i e s  ( f r a c t u r e s  a n d  



d i s loca t ions )  and severe neck f rac tures .  Kith the  former, t h e  c o n t a c t  

points usually we.re f l o o r  and/or foot  con t ro l s ,  while the  l a t t e r  did not  
appear t o  be caused by contact with any p a r t i c u l a r  i  tern. 

I t  was thought t h a t  w i t h  Delta ' 1 ,  Age, C o n t a c t  P o i n t  a n d  Body 

Region in  the  ~ o d e l s ,  the  occurrence of injury s e v e r i t y  woul d become 
more explainable. Delta 'J 1s a proxy f o r  t h e  f o r c e  e x g r t e d  on t h e  

occupant a t  the inipact, causing t h e  occupanr;  10 i;;o1ie f rom i14s,icler 

original  posi t ion a n d  causes a  body resi  3n t o  cone i ilt3 contac"i;r':l Yie 

i n t e r i o r  of rhe venlcle. The o c c u ? a ~ t ' s  a se  c c u l  d ~ ' v e  r 4 s e  10 t h e  

r2sistance t o  o r  the  tanaency f o r  a  ce r t a ln  :n:ury type. 

However, the  contact p o i n t  v a r i a b l e  d i d  innpose some s e r i o u s  

problems in modelling. F i r s t ,  t h e  missing data o n  C o n t a c t  P o i n t  f o r  

b o t h  severe and non-severe i n j u r i s s  was t o  the  extent tha t  the  nunber of 

val id cases f o r  modelling would drop by a b o u t  50% f o r  s e v e r e  i n j u r i e s  

a n d  over 50% f o r  non-severe in ju r i e s .  Second, Contact P o i n t  showed a  

corre la t ion  with Body Region. Setween Contact Point a n d  Body R e g i o n ,  

t h e  l a t t e r  appeared t o  be a b e t t e r  independent variable because a  body 

region, with the  exception of Head and Face, tended t o  be a s s o c i a t e d  

with e i t h e r  one or a t  most two major contact points.  A con tac t  p o i n t ,  

on the  o ther  hand, could imply many d i f f e r e n t  body regions. 

That a  body region almost immediately implies a  c e r t a i n  c o n t a c t  

~ o i n t  j u s t i f i e s  i t s  inclusion i n  t h e  model even xi thout  another variabl? 

such as Contact Faint. I n  f a c t ,  the  f i n a l  ~ o d e l  f o r  a 1 1  s u b s e t s  w i t h  

2el;a '1, Age, and Body 2egicn as the  i icependerl~ variabl?s showed ~ o s x  

r n  ,,nsideraSIe iroprovenent in t h e  .node1 ' s  2reaSc:ive capa b i  1 i t y  i n t ? ? :  

t he  qercent correct  9red'ction of s e v e r e  i i j i l r i  2s h a d  c o n s i d e r a 5 ' j  

increased. The influence of the  Body Region v a r i a b l e  on t h e  i n j u r y  

prediction can be seen from the  following numerical example. I n  a :,;lo- 

car  f ronta l  accident with Delta '/ of 23  , ~ p h ,  zn abdominal r u p t j  r e  t o a 

20 year old occupant ( o r  the  C I , 4 - 2 V E H )  will Se 7 r e d i  c t e d  t o  have  t h e  

probabil i ty of a  severe injury of 0.11 ( i . e . ,  a non-severe i n j u r y )  by 
the  two-variable ;nodel (Delta V a n d  Age). This same injury t o  the  s a n e  
occupant w i l l  be predicted by the  model lrlith D e l t a  V ,  Ase and Body 

Region t o  have the  probabil i ty of a s e v e r e  i n j u r y  of  0 . 5 4  ( i . e . ,  a 
severe in ju ry ) .  



3.5 Summary 

This  s e c t i o n  p r e s e n t e d  s t a t i s t i c a l  models  d e s c r i b i n g  t h e  

re la t ionship  of injury sever i ty  t o  variables describing t h e  occupant and 
t h e  type and sever i ty  of the  impact. I n  Section 2 ,  t h e s 3  models  we re  

described as "mechanistic." The se lect ion of independent vari a b l s  and 

the  form of t h e  node l  were  g ~ i d e d ,  t o  t h e  d e g r e e  ? o s s i S l e ,  by 
- 

ccnsiderat ion of the ?hysical pr inciples  and rr;echanisms i nu31 ved.  I he 

~ b j e c t i v e  i s  : c  d e i ~ e i o s  i n s i g h t  a s  t o  t h e  s i g n i f i c a n t  v a r i a b i ? s  
influencing t he  ?robabi l i ty  of injury a n d  che i r  e f f e c t s .  I l l t i n a ' i e l y ,  

such models a r s  expected t o  be useilil f c r  e v , 3 ? u a t i n g  n o d i f i c a t i o n s  
i ?Tended t o  i mrove vehicle cras hwort h i  ness. 

This smmary i s  organized under two headi ngs : Analysis Techni q u  e s  

and Results. The s a l i en t  p rocedures  and methods used  a r e  b r i e f l y  

reviewed i n  the  f i r s t  subsect ion,  w h i l e  t h e  s econd  summar izes  t h e  
resu l t s .  

3.6.1 Analysis Techniques. The s p e c i f i c  model u sed  i n  t h i s  

analys is  i s  the l og i t  model. The dependent variab1.2, Injury S e v e r i t y ,  
i s  ca tegor ical .  The l o g i t  model postula tes  t h a t  t h e  p r o b a b i l i t y  of  
observing a  pa r t i cu l a r  c a t e g o r y  v a r i e s  s y s t e m a t i c a l l y  w i t h  o t h e r  

variables tha t  can be observed. For  t h i s  a n a l y s i s ,  t h e  d e p e n d e n t  
var iable ,  Injury Severi ty,  was dichotomized i n t o  non-severe and severe. 

The i n i t i a l  s tep i n  the  $rsdel d e v e l ~ ~ r ~ e n t  was a subs?ct ing o f  t h e  
data s e t  w i t h  the objective o f  forming Groups of occupants ~witn sirni i a r  
injury produc:i .;n rnechani sms. S i  n g l  ?-vehicle accidents were s  e p  a ra'. ed 
f ro;n two-vehicle accidents. Vehicles i n  f ronta l  inpacts  wers s epa ra t ed  

frcin those i n  s i de  ixpacts ( o t h e r  i ;ni ;act  t y p e s  were  n o t  s t u d i s d ) .  

Occupants were separated based o n  seat  1 ocation. I n  addi t i s n ,  o c c ~  p a n t  
seat  locations :$ere sometimes iden t i f i ed  as t o  whether they :vere " n e a r "  

the  inpact poim or " f a r "  from t h e  impact poinr. For example, i n s  i de 
impacts "near-side" occupants are separated from "far-s ide"  o c c u p a n t s .  
The i n i t i a l  nodel development was ca r r i ed  out within t he  subsets. 

A very important part  of the model deve lopmen t  p r o c e s s  i s  t h e  
evaluation of the  model. The Likelihood Ratio S t a t i s t i c  was used  t o  

t e s t  the significant? o f  any pa r t i cu l a r  model o r  t o  corngare two models. 



Thjs s t a t i s t i c  i s  i n f l u e n c ~ d  by sample s i z e ,  s o  t h a t  i t  i s  somewhat 

d i f f i c u l t  t o  compare r e s u l t s  from subsets  with d i f fe ren t  sampl e s  i z e s .  

To complement t h i s  t e s t ,  a  goodness of f i t  was a lso  computed. Hav ing  

estimated the  parameters f o r  a  ? a r t i c u l a r  model, a  predicted probabi l i ty  

of observiny; s. n o n - s e v e r e  i n j u r y  can be computed f o r  e a c h  c a s e  

(occtipant). The predict ion i s  taken L O  be "cor rec t "  i f  t h e  p r e d i c t e d  

;robaS'lity i s  ~ r e z t e r  thail 3 .5  - and t h e  o ~ s 2 r v e d  injury i s ,  i n  f a c t  non- 

severe,  and s o  on .  I n  t h i s  \:lay, tile number of c o r r e c t  2 n d  i n c o r r e c :  

  re dictions i s  det?rriiiried, a n d  t h e  gocdness of f i t  i s  Inen measured a s  

the  ?ercentage of correct  p r e d i c t i o n s .  T h -  s ? r o c e d t i r e  i d e n t i f i e s  

rx i s~red ic t i cns  l~hich  may be viewed as  being s imi lar  t o  the  r e s idua l s  i n 

a regression analysis .  Studying t h e  rni spredi c t ions  i s  then a v a  1 u a51 2 

t o o l  i n  model develspnent. Histograms of the  predicted p r o b a b i l i t i e s  

were presented f o r  the  non-severe and severe in ju r i e s  separa te ly .  These 

iiistograms were central  t o  the  analys is  proc2dure because they revea 1 sd 

t h a t  the  models did not predict  the  occurrence of the  s e v e r e  i n j u r i e s  

nearly as :veil as  the  occurrence of  non-severe in ju r i e s .  ' .~odels h a v i n s  

an overall  percentage of correc t  predict ion of 80% o r  b e t t e r  were f o u n d  

t o  predict  only 30% o r  so of the  severe i n j u r i e s  co r rec t ly .  S i m i l a r l y ,  

addit ion of a v a r i a b l e  t o  t h e  model would s o m e t i m e s  r e s u l t  i n  a 

s ign i f i can t  Likelihood Ratio S t a t i s t i c  without improving the  p r e d i c t  i  v e  

capab i l i ty  appreciably. Model evaluat ion became the  c r i t i c a l  s t e p  i n  

the  :nodel devel ~ p g e n t  procedure. 

T n  t he  l a t e r  s tages of tile model d e v e l o p m e n t ,  " o u t 1  i z r s "  were  

iden t i f i ed  as ehe szszs  pr3dicred i n c o r r e c t l ; ~  5:: t h e  c u r r e n ;  . : c d e l .  
-, n e s e  o u t l i e r s  were divided i n t o  non-severe in jury  c a s e s  i n c 3 r r e c : l y  

. , 

7redicted anu severe 1r;;ur-y cases i n c o r r e c ~ l y  p r e d i c t e d .  Candi  d a + a  i. i- 

variables f o r  inclusion in t h e  mod21 were then studied i n  Terms of t h e i r  

relat ionst l i?  t c  t h e  outli2r-s. For example, f o r  a categorical  v a r i a b l e ,  

a two-way t a b l e  o f  the variable lzveis  ve r sus  t h e  c o r r e c t l i  n c o r r o c r  

prea ic t ion  variabl2 would be prepared i n  c rde r  t o  determine i f  c e r t a i n  

levels  of the c a n d i d a t e  v a r i a b l e  \ { e r e  c o r r e l ' a t e d  w i t h  t h e  c a s e s  
current ly  predicted incor rec t ly .  This s t ra tegy f r e q u e n t l y  g u i d e d  t h e  

subsequent grouping o f  t h e  1 e v e l s  of a c a n d i d a t e  v a r i a b l e  b e f o r e  

inclusion in the  inodel. This procedure was used, in ? a r t i c u l a r ,  f o r  the  



body region, i n j u ~ j  type; contact point ,  r e s t r a i n t  usage a n d  e j e c t i o n  

va r i  abl es. 

The f ina l  phase i n  the  model development procedure was the  plot t ing 

of the estimated l og i s t i c  c u r v e s  and t h e i r  c o n f i d e n c e  i n t e r v a l s .  

3ecause Delta V was the dominant variable i n  these models, the  predicted 

probability of a severe injury was plotted versus Delta 11. Confidence 

l imi t s  o n  -,he prediczec! ;robabil i ty as 2 function of 2e:ta !: were  a l s o  

cmputed arid plot ted.  The ex~ re s s ' ons  i 3 r  the variancz :',?r? deve l  o ; @ d  

from 3 Tayl/lor Series expansion and r2Slect the variance ar: 2 gar t icu  1 a r  
value of ?ach o f  the independent v a r i s b l ? ~ ,  ra ther  than the  sinultanecus 

confidence in tervals  which may be ccrrnputed f o r  a regress i o n  a n a l y  s i s .  

Comparing the  l og i t  curves fo r  d i f fe ren t  models, or  f o r  d i f fe ren t  values 

of the independent variables i n  a pa r t i cu la r  model, i s  a convenient way 
t o  assess :he differences between models o r  the magnitude of the e f f e c t  

of the i ndependent variables. Such curves were produced i n t h e  f i na 1 

phase of the model evaluation process. 

This subsection has summarized t he  analysis  techniques 3szd and, i n  

part iclr lar ,  the  model evaluation procedures. Model evaluation was t h e  

c r i t i c a l  phase o f  the model development procedure. The next subsec t i o n  
summarizes the  resu l t s  of the development of nechanistic models. 

3.6.2 Results. As expected, Delta V i s  the dominant v a r ' a b l e  i 1 

a l l  of the models developed; the  s ide  impact n o d e i s  use  t h e  l a t e r a l  

component of 3e l t a  ' I .  Age i s  the second variable which i s  comTon t o  

nearly a l l  of the models. in g z n e r a l ,  t h e  D e l t a  I and Ase l o d e ' i s  
L ' csrrecr ly  ;redi ct  the ' qjury sever; ',;I 22-90?: of :be ,:-.e. 

A very important i ' n d i n g  i s  that  t h e  ? l a s e  i r ; lga?ls  p r e d i z z e d  

injury i n  the Phase 2 data v i r tua l ly  as well as i n  the data se t  used t o  
esrimate che coeff ic ients  ( t h e  Phase 1 da t a ) .  Even t h o u g h  Phase  ? i s  

jus: a continuaticn of the o r j g i ~ a ?  s t u d y ,  t h i s  s t a b i l i t y  i s  i iery  

reassuring. UCSS i s  the f i r s t  study of s u f i ~ c i e n t  sccoe t o  prolice t h s  

opportunity f o r  t h i s  k i n d  of observation. Consequent ly ,  s t a t i s t i c a l  
t e s t s  iqdicated that  i t  was appropriate t o  combine the  'base 1 a n d  Phase 
2 data. T h e  resul t ing increase i n sample s i z e  enhanced our a b i  1 i t y  t o  
evaluate candidate variables. 



The major problem i n  the  model development was the r e d i  c t  i o n  of 

severe i n ju r i e s .  Although the  models developed i n t h e  e a r l y  s t a g e s  

predicted injury qu i te  well ove ra l l ,  t h e  p r e d i c ~ i o n  of severe i n j u  r i  e s  
was correct  l e s s  than 40% of  t h e  time. Credit f o r  the  a b i l i t y  t o  make 

t h i s  d i s t inc t ion  belongs with the  careful  model eva lua t i on  ? r o c e d u r e s  
used. The major rh rus t  i n  the moael development Has the inprovernent of 
the  ?redic t ion of severe i 1;uries. 

i3ody Region ( o f  the in ju ry)  and In ju ry  Type :\rere in,i lnd t o  be b, i ;h l ; /  

corre la ted  w i t h  t h e  mi s p r e d i c t i c r :  o f  s e v e r e  i n j ~ r i e s .  C a r e f i l  

incorporation of these va r im le s  i n t o  t h e  zouels improved t he  p r ~ d i c t ' v e  
capabi l i ty  f o r  severe i n ju r i e s  by as zuch as 3 0 i .  i ioc~ever ,  t h e r e  at -?  

conceptual problems w i t h  including these  var iab les .  The A b b r e v i a t e d  

Injury Scale i s  such t h a t  inany injury types can only be assigned t o  one 
or possibly two ,415 levels .  I n  t u r n ,  p a r t i c u l a r  i n j u r y  t y p e s  a r e  

associated with pa r t i cu l a r  body regions;  concussion only occurs  i n  t h e  

head, and f rac tu res  tend t o  occur i n  t he  e x t r e m i t i e s .  C o n s e q u e n t l y ,  
specifying t he  body region and/or i n j u r y  t y p e  comes c l o s e  i n  many 

instances t o  specifying t h e  AIS leve l .  This  i s  c h e a t i n g .  From t h e  

pract ica l  s tandpoint ,  inclusion of body region o r  i n j u r y  t y p e  i n  t h e  
model i s  not useful without knowing the f ac to r s  t h a t  de t e r i i l i ne  which 

body region is in jured,  or  what the  type of injury wil l  be. 

Variablos such as Principal  Direction of Force and C o n t a c t  P o i n t  

wer? candidates t o  przv4cie c h i s  k i n d  3;' l i n k .  Attempts l o  i n c o r p o r s ' , e  
these  v a r i a b l s  were fraught w i x h  problms.  The f i r s t  s i x p l y  d i  cf n o t  

he17 the  ? r e d i c t i ~ n  a t  a 1  1 .  Missing data on Zontacc P o i n t  i s  over 3%. 
I n  addi t ion,  Contacr. Point tended t o  be asscciac?d :v i  c 5  Body R q i  s n .  
Hcwever, the contact point d i d  nc: disc r imi f ia te  2s we l l  a s  t h e  b o d y  

rogi on .  A given contact p o i n t  ,was associ atzd with several body regions. 
However, a given body regi 3n taxied t o  be associated w i t h  o n l y  0 1 2 ,  '2r 
possibly two, contact poi nts. The associ at ion between the  two vari abl3s 
Ivias such t h a t  atternpts t o  include both i n  t he  nodels produced anomal ous 

resu l t s .  Body Region a l so  has l s s s  missing data t h a n  C o n t a c t  P o i n t .  

Consequently, the  f i n a l  nodels include the  3ody Region v a r i  a b l  2 .  The 

i n t e rp r e t a t i on ,  or  j u s t i f i c a t i o n ,  f o r  inclusion o f  t h i s  var iabls  i s  t ha t  



i t  r e f l e c t s  b o t h  the  con t ac t  p o i n t  a n d  t h e  body r e g i o n  i n  a ;Tiore 

e f fec t ive  manner than t he  current  Contact Point a1 lgws o n  i t s  own. 

S t a t i s t i c a l  t e s t s  indicated t h a t  some of the original  subsets could 

be combined without loss  of s i g n i f i c a n c e .  The f i n a l  models were  

developed f o r  two subsets of the s i de  i3pacts and four s u b s e t s  of t h e  

f ronta l  impacts. These subsets are  1 i sted be1 ;w: 

Side Insacrs 
1. Impaczs involving dazage t o  t h e  p a s s e n g e r  com;a r t nen t  a n d  

occupanxs o n  the  same s ide  of the vehicle as the  i ~ p a c t .  
2 .  ,411 f a r - s ide  occupmts (seated op;csite the iinp?cr,sd s i d e )  a n d  

near-side occupants of impac t s  n o ;  d a ~ a g i  n g  : h e  9 a s s e n g e r  
compa r t ren t .  

Front Im~ac t s  
1. Sinqle-vehicle accidents - 
2 .  Two-vehicle accidents with center  impacts 
3. Two-vehicle accidents with off -center  impacts, drivers only 
4. Two-vehicle accidents with o f f - c e n t e r  i m p a c t s ,  r i g h t  f r o n t  

passengers 

The models for  s ide  irnpacts :.ihich have Lateral Delta ' I  and Aye a s  

the independent variables are shown i n  Section 3.3.3 (Equations 3-57 and  

3-58) and t h a t  goodness of f i t  i t  Tablt! 3.24. The s i d e - i  mpact model s  
which include two additional var iables ,  Object Contacted and Body R e ~ i  on  
a r e  shown in Section 3.3.4 (Equations 3-60 and 3-61) and t h e i r  goodness 

of f i t  r e su l t s  are  shown i n  'Table 3.31. 

The models f o r  f ron t  impacts which have l e l t a  'I a n d  Age a s  t h e  

independent variables are  shown i n  Section 3 . 5 . 5  ( E a u a 5 o n s  3 -95  t o  

3-98) and t h e i r  gogdness of f i ~  resi l l ts  are shown i n  Tab12 3 . 5 2 .  T h e  
f r~nc- impac t  zodel 'fviti7 Delta ' 1 ,  Age a n d  ?ody 2eg;i o n  a r e  show? i rl 

Section 3.5.7 (Equatizns 3-1% t o  ?-1@3) ar,d -,heir goodness o f  f i t  i n  

T2ble 3.65. 

Severai dunmy v a r i a b l e s  were  used t o  b r i n g  i n  z ? e  v s r i c u s  

categories of 30dy 2 e ~ i c n .  These models predicted non-severe i n J J r  i 2s 

correct ly  a b o u t  90% of the ~ i m e  and severe in ju r ies  correct ly  from 43;: 

t o  67% of the t ine .  

A n  a l t e rna t ive  approach which now appears a t t r a c t i ve  i s  t o  deve 1 o p  

separate models f o r  each Body Region. I n  e f f ec t ,  one would be s tudy i  n g  

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



extremit ies ,  etc.  This approach requires that  i n j u r y  i n f o r m a t i o n  be 

collected f o r  - each body r e g i o n  of i n t e r e s t .  I n  p a r t i c u l a r ,  t h e  

occurrence of no injury t o  a pa r t i cu la r  body region would have t o  b e  

recorded. Since a1 1 i n ju r i e s  were not  recorded i n  the  NCSS study, o n l y  
the  f i r s t  s i x ,  one cannot be sure t h a t  a  g i v e n  body r e g i o n  was n o t  

injured jus t  because none i s  r e c o r d e d .  However, inaking such  a7 
- assuco:ion Tay nor. be t a c  ~ r i r e a s o n a b ? ~ .  ? i s  a5:roach would s s e n  t :  

ncr; 1 firrther ~tiork. 

A f ina l  area ~vorth n o t i n g  concerns ;he u s e  o f  c h a t  A b b r e ~ l i  3 c 2 d  

L i Injury Scale ( a n d  even a simp12 dicnotomy o f  t h i s  v a r i a b l e )  a s  Lne 

dependent variable. !ii r tual ly  a1 1 of the o u t 1  i e r s  (ni s p r e d i c ~ i o n s )  :Irere 

re la t ively  low co l l i s ion  severi ty (Delta V) inpacts w h i  ch r e s u l t e d  i n 

severe in ju r ies  (OAIS 3 + ) .  A c a s e - b y - c a s e  e x a m i n a t i o n  of t h e s e  

indicated that  the  problem seems t o  l i e  i n  the quant i f ica t ion of injury. 

Many factors  were assimilated in develcping t he  A I S  Scale: t h r e a t - t o -  

1 i f e ,  treatment period, probabil i ty of permanent impairment, e t  c .  N o t  
a l l  of these factors  are  d i rec t ly  related t o  t h e  co l l i s ion  forces. For  
example, a  substant ia l  g roup  of ou t l i e r s  i n  t h e  f r o n t a l  models were  

ankle/foot d i  s l  ocati ons o r  f rac tures .  These in ju r ies  receive an A1 S 3 .  

However, the forces which produce these i n ju r i e s  would n o t  seem t o  be 

par t icular ly  high. Often i t  would seem tha t  a siinpl e  b roken  bone o r  

contusion might resul t .  The c r i t i c a l  f a c to r  i s  probably t h e  s p e c i f i c  

p o i ~ t  a n d  d i rec t ion of force appliczt ign.  This k i n d  of prgblefil 1 

ham~er fu r the r  develop~ent  of nechanistic qodels. 

There are prgoaoly several 2sproaches :J t,h;j pr3bl3-1. Devel o ~ ;  I g 

separate models f o r  2ach 30dy  ;lecjion I:/: 1 '  scre~, i t l3:  ex:eqd t n e  ,szf , l  :ess 

of the ,\IS scale ,  since par t i cu la r  in:ury ty;es are u s ~ a l l y  a s s o c i a t e d  

w i t h  a given body region. However, the number of 7ossible A T S  levels  i s  

usdally reduced t o  2 o r  3 i~ t n i s  s i t ~ a ' l i o n .  A v o r e  d ~ ~ f ~ c u l - ,  

a l t e rna t ive  i s  :o contlnue the  original ?hilosccny advanced by ;he t h e  
2 3 developers of the A I S  sca le  ; chat I S ,  'Lo develop several sca les ,  each 

addressing the d 'fferent  dimensions of i ~ j u r y  s e v e r i t y .  I n  t h ~  s  way 

in ju r ies  would be rated o n  separate scales  f o r  rhreat-to-1 i f e ,  treatment 

UT 
I he Abbreviated Injury Scale (1975 revis ion) .  (Yort cn Grove ,  

I1  I., American Association f o r  Automotive Yedi ci ne, 1975) .  



p e r i o d  ( o r  ?!/en c o s t ) ,  l i k e l i h o o d  o f  p e r m a n e n t  i m p a i  r r n e n t  , e n e r g y  

r e q u i r e d  t o  p roduce  t h e  i n j u r y ,  e t c .  A mu1 t i - d i m e n s i o n a l  d e p e n d e n t  

v a r i a b l e  wou ld  t hen  be a v a i l a b l e .  





4 POPULATION STATISTICS 

One of the  major uses of the  FICSS data i s  t o  p r o v i d e  n a t i o n a l l y  

representat ive accident s t a t i s t i c s  f o r  t h e  U . S .  p o p u l a t i o n .  T h i s  
subsection describes the  analyses used t o  accompl i sh  t h i s  t a s k .  The 
NCSS data provides estimates f o r  the  aggregate of the  seven areas chosen 
f o r  NCSS. The methodolocy used t o  produce these est imates i s  d i s c u s s e d  

i n  Section 4.1. These s t a t i s t i c s  were organized f o r  p u b 1  i c a t i o n ,  and 

the  books of NCSS s t a t i s t i c s  produced a r e  discussed i n  Section 4.3. The 

sampling e r ro rs  f o r  se lected s t a t i s t i c s  were  c a l c u l a t e d  and t h e s e  

r e su l t s  are  presented i n  Section 4.4. 

Missing data wil l  a f f ec t  a l l  of the  s t a t i s t i c s  calculated using t h e  

NCSS data. The two major sources of missing data a r e  missing a c c i d e n t s  
i n  the  col lec t ion of the  data and i n c o m p l e t e  i n f o r n a t i o n  o n  t h o s e  

accidents collected.  In Section 4 . 2  p o s s i b l e  s o u r c e s  f o r  m i s s i n g  
accidents are  discussed and t h e  e f f e c t  on t h e  NCSS s t a t i s t i c s  i s  

evaluated. The effect  of missing data on 041s and Delta V d i s t r i bu t i ons  

i s  discussed i n  Section 4 .5 .  

A method of m o d i f y i n g  t h e  NCSS d a t a  t o  p r o v i d e  n a t i o n a l l y  
representa t ive  estimates i s  used i n  S e c t i o n  4 . 6  and some s e l e c t e d  

national projections a re  presented. In Section 4.2 the  areas i n c l u d e d  
in  MCSS a re  compared t o  t h e  n a t i o n  i n  an a t t e m p t  t o  a s c e r t a i n  t h e  
representat iveness of the NCSS areas. 

This section i s  o r ~ a n i z e d  i n  t he  following manner.  S e c t i o n  4 . 1  
p r s e m s  a l l  theoret ica l  f o u n d a t i o n s  f o r  work done i n  s u b s e q u e n t  

sabsec~ions .  Sections 4 . 2  t o  4.6 present the  analyt ic  work done i n  each 

of the areas described i n  Section 4.1. Section 4.7 provides a summary 
of the  main r e su l t s  from t h e  analysis  described i n  t h i s  section.  

Analytical Technique - Weighted Analysis 

This subsection i s  intended t o  document estimation 2rocedu r e s  and 
sampling e r r o r  procedures used in  the  analys is  of the  NCSS d a t a .  A l so  
included here i s  a  discussion of a l t e rna t i ve  approaches f o r  p r e s e n t i n g  

sampling e r ro rs  f o r  large  sca le  surveys. Procedures f o r  m i s s i n g  d a t a  
adjustments a re  reviewed and t he  ra t iona le  for the  chosen miss i  ng d a t a  
analys is  i s  presented. Finally t h e  issue o f  e s t i m a t i n g  " n a t i o n a l l y  



representat ive" s t a t i s t i c s  i s  discussed and a procedu r e  deve l  oped t o  

produce national projections. 

4.1.1 Sample Design. The National Crash Severity Study was a d a t a  
col lec t ion e f fo r t  oriented towards co l l e c t i  ng d a t a  t o  re1  a t e  i n j u r y  
severi ty t o  crash severi ty.  The origin of the NCSS design i s  descr i  bed 
in a paper by Xahane, Smith, and  harp.^^ The study design c o n s i s t e d  
of the purposive selection of seven a r e a s ,  chosen  t o  r e p r e s e n t  t h e  
United States population dis:ributicri. These seven a r e a s  i n c l u d e  4 i  

counties, 2 par t ia l  counties, and 3 police d i s t r i c t s  i n  the  c i ty  of Los 
Angeles. 

Within each area a sample design was specified f o r  the sampling of 

accidents f o r  that  area. A n  accident was e l i g ib l e  f o r  samp 1 i n g  i f i t  

included a towed passenger car  ( t h i s  def in i t ion was extended i n Pha s e 2 

of the study t o  include passenger ca r s ,  l i g h t  trucks and v a n s )  and i f  
the  most severe injury t o  any o c c u p a n t  i n  t h e  a c c i d e n t  was t o  an 

occupant of a towed vehicle. 

There were two basic sample designs used.  I n  two of t h e  s even  

areas accidents were selected w i t h  probabi l i  t i e s  related t o  the  sever i ty  
of injury i n  the accident. Those accidents t ha t  involved a f a t a l i t y  o r  

someone who was transported t o  t he  hospital and k e p t  o v e r n i g h t  were  
selected with ce r ta in ty  (Stratum 1) .  Accidents tha t  had a t  l e a s t  one 
occupant of a towed vehicle transported t o  the h o s p i t a l  b u t  not  k e p t  
were selected a t  a ra te  of 25  percent (St ra tum 2 ) .  Those  a c c i d e n t s  
where none of the occupants were transported t o  the  hospital ( those with 
-ninor in ju r ies  and those w i t h  no in jury)  were selected a t  a r a t e  of 1 0  

percent (Stratum 3 ) .  Th's sample design was used by the  i-lighway S a f e t y  
Research I n s t i t u t e  and Sou~hwest Research In s t i t u t e .  

Acc iden t s  i n  t h e  o t h e r  f i v e  a r e a s  were sampled u s i n g  two 

independent systematic samples of  days t o  sample accidents tha t  d i d  n o t  

involve transportat ion t o  a hospiral (Stratum 3 )  and a c c i d e n t s  t h a t  

required transportat ion t o  t he  hospital b u t  not hospital izat ion (Stratum 

2 4 ~ .  J .  Kahane, R .  A .  S m i t h ,  and K .  J .  Tharpe ( s i c ) ,  "The Na t i ona l  
Crash  S e v e r i t y  s t u d y  , "  1 n t e - r n a t i o n a l  ~ e c h n i c a l c o n f e r e n c e  o n  
Experimental Safety Vehicles. Sixth Report (Washington, D . C . :  N a t i o n a l  
Highway Traff ic  Safety Admi ni  s t r a t i  o n ,  19/8), pp. 493-516, 



2 ) .  W i t h i n  each o f  t he  areas every  acc i den t  i n v o l v i n g  a  f a t a l i  t,l o r  an  

occupant t r a n s p o r t e d  and k e p t  o v e r n i g h t  a t  t i l e  h o s p i t a l  was i n v e s t i g a t e d  

(S t ra tum 1). A sys temat i c  sample o f  d a y s  c h o o s i n g  e v e r y  t e n t h  d a y  

s t a r t i n g  w i t h  a  randomly chosen d a y  was u s e d  i n S t r a t u m  2 a n d  a 1  1  

acc i den t s  i n v o l v i n g  m inor  o r  no i n j u r y  t o  an occupant t h a t  o c c u r r e d  o n  

t h a t  day were sampled. An e x c e p t i o n  was L o s  A n g e l e s  w i i i c h  u s e d  a  

sys temat i c  sample chcos ing every  f i v e  days and gave each a c c i d e n t  w i t h  

m inor  i n j u r y  t h a t  o c c u r r ~ d  on t h a t  day an equal ? r o b a b i l i t y  o f  5 2 i r i g  

i n c l u d e d  o r  oxc luded i n t h e  study. A s y s t e n a t i c  sample o f  days chcos i  ng 

every  f o u r t h  day s t a r t i n g  w i t h  a  randomly chosen day was used t 3  s a m p l e  

acc i den t s  i n  S t ra tum 3 - - t  hos e  i nvo l  v i  ng an occupant who was t ranspo  r t  e d  

t o  t h e  h o s p i t a l  and released. Again  every  acc i den t  of t h i  s  t y p e  t h a t  

occur red  on t h e  sampled day was i n v e s t i g a t e d .  

NCSS da ta  was c o l l e c t e d  i n  two phases. Phase 1, t h e  f i r s t  f i f t e e n  

months, i n c l u d e d  i n  t h e  p o p u l a t i o n  o n l y  passenger ca rs  t h a t  w e r e  t o w e d  

f rom t h e  scene o f  t h e  acc iden t  f o r  damage. Phase 2 o f  t h e  s tudy i n v o l v e d  

da ta  c o l l e c t i o n  f o r  t h e  f o l l o w i n g  t w e l v e  m o n t h s .  I n  t h i s  p h a s e  t h e  

~ o p u l a t i o n  was extended t o  i n c l u d e  a l l  l i g h t  t r u c k s  arid vans t h a t  w e r e  

towed f r om scene o f  t h e  acc i den t  f o r  damage. I n  P h a s e  2 ,  S o u t h w e s t  

Research I n s t i t u t e ,  which had been sampl ing acc i den t s  w i t h  g r o b a b i l i t i e s  

r e l a t e d  t o  t h e  s e v e r i t y  o f  i n j u r y  i n  t h e  acc iden t ,  changed t h e  r a t e  o f  

sampl ing acc i den t s  t h a t  i n v o l v e d  m ino r  i n j u r i e s  i n  S t r a t u m  3.  T h e s e  

acc i den t s  were sampled a t  a  r a t e  o f  5 percent .  

I t  was no t  always t h e  c a s e t h a t  t h e  sane s y s t e m a t i c  s a m p l e  was 

used f o r  each s t r a tum w i t h i n  a  p a r t i c u l a r  s tudy area. Sore teams c h o s e  

d i f f e r e n t  s t a r t i n g  days f o r  t h e i r  sys temat i c  sample of days depending o c  

county.  A t e r n  was needed t o  i d e n t i f y  w i t h i n  each s tudy area t h e  g r o u p  

o f  coun t i es  i n  which t h e  sampl ing procedure was i d e n t i c a l .  The ter11 we 

have chosen i s  "des ign  group."  A s u m a r y  o f  +,he sample des igns f o r  each 

des ign group w i t h i n  each s t r a tum i s  g i ven  i n  T a b l e  4 .1 .  T h i s  t a b l e  

de f i nes  10 des ign  groups. 

4.1.2 E s t i m a t i o n  Methodology. The sample des igns descr ibed  i n t h e  

p reced ing  subsec t ion  a l l o w  t h e  development of e s t i w t e s  o f  s t a t i s t i c s  

r e l a t e d  t o  acc i den t s  w i t h i n  each of t h e  areas chosen. These e s t i m a t e s  

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



TABLE 4.1 

Description of Sample Designs 
within the  ?CSS S i t e s  

........................................................................ 
I F i r s t  Stage I I 

Design Group Sampl i  ng Unit l Stratum 3 I Stratum 2 I 

I 
Cal s pan I 

I 
I 

Highway Safety I 
Research Inst .  I 

I 
Southwest I 
Research Ins t. l 

1 
I 
I 
I 
I 
I 

Mi ami I 
I 

I I 
gays 110% Systematic Samplel25% Systematic Sample 

l s t a r t i n g  Jan. 7 ,  19771starting Jan. 1, 1977 
I I 

Acci dents 1 Equal probabi 1 i  ty  of 1 E q u a l  probabi 1 i t y  of 
I se lec t ion  ( p = . l O )  l s e lec t ion  (pz.25) 
I I 

Accidents l January 77 - March 781 Equal probabil i t y  
l Equal probabi l i  ty  lof se lec t ion  (?=.25) 
lof se lec t ion  (p=.10) 1 
I I 
IApril 78 - March 79 1 
l Equal probabi 1 i  t y  I 
lof se lec t ion  (p=.05) I 
I I 

Days 110% Systematic Samplel25Z Systematic Sample 
l s t a r t i n g  Jan. 3 ,  1977lstart ing Jan. 4 ,  1977 

I I I 
1 ndi anaa I Days 110% Systematic Sample125% Systematic Sainpl e 
Group A I l s t a r t ing  Jan. 3 ,  19771starting Jan. 3 ,  1977 

b I I I 
Indi ana  I Days 110% Systematic Sample(25:: Systematic Sample 
Group 3 I l s t a r t i n g  Jan. a ,  1977i s t a r t i n g  Jan. 4 ,  1977 

a Includes counties of Bartholomerv, Brown, Davi e s s ,  Duboi s ,  Gibson, 

Lawrence, Martin, idonroe, and ? i  ke. 

b~ ncludes counties of Sreene, Jackson, Knox, &en, ?erry , P O S ~ ~ ,  

Spencer, and Warri ck. 



TABLE 4.1 (Cont inued)  

I F i r s t  S t a g e  I I 
Design GrouplSampling Uni t l  S t ra tum 3 I S t ra tum 2 
------------+------------- ' - --- .---- .----------------+---------------------  

I I I 
Los Angeles 1 Days 120% S y s t e m a t i c  Sample 125:: 5ys tz :na t i c  Sample 

I l s t a r t i n g  Jan.  2 ,  1977 / s t a r t i n g  Jan.  4 ,  1977 
I lwi th  an equal  I 
I 1 orobabi l i  t y  sampl e of I 
I 1 a c c i  d e n t s  I 
I 1 on a chosen day (?=. 50) 1 
I I I 

 ent tuck^^ I Days 110% Sys temat ic  Sample 125% Sys temat ic  Sample 
Group A I l s t a r t i n g  Jan.  1 ,  1977 l s t a r t i n g  Jan.  1, 1977 

I I I 
k n t u c k y b  I Days 110% Sys temat ic  Sample 125% S y s t e m a t i c  Sample 
Group 3 I l s t a r t i n g  Jan.  2 ,  1977 [ s t a r t i n g  Jan.  2 ,  1977 

I I I 
 ent tuck^^ I Days 1 lO",ystematic Sample 125;; S y s t c ! l ~ a i i c  Sample 
Group C I l s t a r t i n g  Jan.  3 ,  1977 I s t a r t i . i j  J ir i .  3 ,  1977 

a ~ n c l u d e s  c o u n ~ i e s  of Cla rk ,  Jessarni ne, and Xadi son. 
b Inc ludes  c o u n t i e s  of l,!oodford, S c o t t ,  and 3ourbrjri. 

'Incl udes F a y e t t e  county.  



Since the areas were chosen p u r p o s i v e l y  t h e s e  a c c i d e n t  s t a t i s t i c s  

aeneralize only t o  t h e  s p e c i f i c  a r e a s  chosen .  E x t r a p o l a t i o n  o f  

estimates f o r  areas observed t o  areas unobserved, generating a nati ona l  
projection t ha t  describes the national a c c i d e n t  e x p e r i e n c e ,  wi 11 be 

presented and discussed in  Section 4 .6 .  

Of par t icular  i n t e r e s t  i s  the estimation of 9rzportions of c e r t a i n  

categories f o r  variablss t ha t  are collected i n  :ICSS. Estimates of t h i  s 
type were ilsed t o  produce the  various s t a t i s t i c s  f o r  t h e  p u t 1 1  i c a t i o n s  

describing the  NCSS s t a t i s t i c s .  These publications will be discussed i n  

Sect ion4.3 .  T h e e s t i m a t e s  can a l s o  be used t o  d e v e l o p  m o d e l s ,  

categorical models o r  1 i  near models, tha t  describe re la t ionships  between 

the  estimates o f  the population t o t a l s  o r  proportions. These models are 

described i n  Section 4.7. For each of t h e s e  t a s k s  t h e  e s t i m a t i o n  

procedure f o r  mans and p r o p o r t i o n s  i s  t h e  same. The e s t i m a t i o n  

procedure used t o  estimate means and proportions fo r  accident, v e h i c l e ,  

and occupant 1 eve1 s t a t i s t i c s  i s  presented and di scussed be1 ow. 

A11 of the sample designs described in Table 4.1 i n v o l v e  c l u s t e r  

sampling. A c l u s t e r  i s  defined by e i t h e r  an a c c i d e n t  ( f o r  Highway 

Safety Research I n s t i t u t e  and Southwest Research I  ns t i  t u t e )  o r  a day 

( f o r  a l l  other teams). Wi th in  each  a c c i d e n t  or day s e l e c t e d  a l l  

vehicles that  were towed were chosen f o r  f u r t he r  invest igat ion ( e x c e p t  

f o r  Los Angeles where only half of t h e  a c c i d e n t s  i n v o l v i n g  a towed 

vehicle were selected i n  Stratum 3 ) .  W i t h i n  each chosen  v e h i c l e  a l l  

occupants i n  tha t  vehicle were investigated. S o  there  are t h r e e  b a s i c  

se t s  of variables;  the  accident variables,  the vehicle variables and the  

occupant variabl2s. The accident  v a r i  ab l  e s  d e s c r i  be t h e  a c c i  d e n t  

environment a t  the time of the crash. The vehicle v a r i a b l e s  d e s c r i b e  

the  veh ic le ' s  s t a tus  a t  the time of t h e  a c c i d e n t  and a l s o  i n c l u d e  

information about the damage induced by the  c o l l i s i o n .  The o c c u p a n t  

v a r i a b l s  describe the  occupant and the result ing in ju r ies  the occupant 

sustained i n  the  accident. So f o r  each c lu s t e r  a  to ta l  or  a c o u n t  can 

be obtained fo r  a l l  accidents,  vehicles o r  occupants represented i n  t h e  

c lus te r .  Nhen sampling c lu s t e r s ,  the  c lus ters  become the basic u n i t  of 

observation and c lu s t e r  t o t a l s  are used as  a basis f o r  est ir iates and a re  
used in the calculat ion of the variance of these estimates. 



I n  o r d e r  t o  e s t i m a t e  means and p r o p o r t i o n s  i t  i s  necessary  t o  v i  ew 

t h e s e  s t a t i s t i c s  as a  r a t i o  o f  two sums. The sum i n  t h e  n u m e r a t o r  i s  

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

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

e s t i m a t e  o f  t h e  number o f  i t e n s  used i n  t h e  c a l c u l a t i o n  o f  t h e  numera to r  - 
s t a t i s t i c s .  Nore  s p e c i f i c a l l y ,  l e t  i v l  be  an e s t i m a t e  o f  a  p o p u l a t i o n  

mean i n v o l v i n g  a c c i d e n ~ s  ( o r  v e h i c l e s  o r  occupan ts ) .  T h e  mean  o f  T, h e  

v a r i a b l e ,  X ,  t o  be e s t i m a t e d  i s  gi31en by - - -  
(4 -1 )  41 = X / M  

where 

and 

x i s  t h e  v a r i a b l e  t o t a l  f o r  t h e  a c c i d e n t s  ( o r  v e h i c l e s  o r  i k  t h  occupan ts )  i n  t h e k  c l u s t e r  i n t h e  ith s t r a t u m ,  ( i=1 ,2 ,3 ) ,  

i s  t h e  number of a c c i d e n t s  ( o r  v e h i c l e s  o r  o c c u p a n t s )  i n  t h e  n i k  th  t h  k c l u s t e r  i n  t h e  i s t ra tum,  
t h  p .  i s  th-e p r o b a b i l i t y  o f  s e l e c t i o n  i n  t h e  i s t r a t u m ,  and 

1 
rn. i s  t h e  number o f  c l i l s i e r s  i n  t h e  i straturn.  

1 t h  

The e s t i m a t e  of a  p o p u i a t i o n  p r o p o r t i o n 2 5  of  Category  A ,  F ( A ) ,  i s  g i v e n  

where 

2 5 ~ n  t h e  f o l l o w i n q  n o t a t i o n  r e f e r e n c e  t o  c a t e g o r y  A w i l l  b e  
suppressed,  t h e  e s t i m a t e  o f  P ( A )  w i l l  b e  w r i t t e n  jj. i3 i s  t h e n  t h e  
e s t i m a t e d  p r o p o r t i o n  o f  c a t e g o r y  A. 



and 

t i k  i s  the number of accidents ( o r  vehicles o r  occupants) of Type A 

in  t he  k t h  c l u s t e r  in t he  i t h  stratum, ( i=1 ,2 ,3 )  
n i s  t he  number of accidents ( o r  vehicles or  o c c u p a n t s )  i n  t h e  i k 

k t h  c lus te r  in the  i t h  stratum, 
; t h  p .  i s  t hep robab i l i t y  of selection i n  the I s t r a tun ,  and  

1 
1" i s  the number of c lus ters  i n  the  i t h  stratum. 

I t  should be noted tha t  i n  calculat ing acciaent l e v e l  s t a t i s t i c s  
f o r  a sample of accidents each c lu s t e r  represents on ly  one a c c i d e n t .  - 
So, in Equation 4-3 a n d  Equation 4-6, N simp1 i f i e s  t o  

where p .  and  m .  are as defined f o r  Equations 4-1 t o  4-3. 
1 1 

For those teams using a systematic sample of days, t h i s  e s t ima t i on  

process ignores the  additional f ac t  t ha t  t h e  s e l  e c t e d  c l u s t e r s  were  

obtained systemat icai  ly. Estimation procedures specif ical  ly derived f o r  

systematic sample designs involve in t racorre la t ions .  Information a b o u t  

the  magnitude of these in t racorre la t ions  i s  not known. Therefore a s  an 

approximation the  systematic sample of days was t r e a t e d  a s  a s i m p l e  

random sample of days. - 
Under t he  assumption of s imp le  random sampl i n g ,  M de f  i q e d  by 

Equation 4-1 and  defined by Equation 4-4 are  zpproxiinately u n b i a s e d  

estimates of the t r ue  mean or o r o p o r t i o n .  S i n c e  t i l e  nean and t h e  

oroportion are ra t ios  of two variables,  the expected va lue  ca 1 cu l  a t e d  

f o r  the r a t i o  i s  the expected value of the Taylor Series approxi mat i o n  

t o  the  ra t io .  This method of approximation i s  discussed i n  Cochran ,  2 5 

I t  implies t h a t ,  on the average, over repeated independent samples, t h e  

r a t i o  estimate will be a good approximation t o  the  t r u e  population nean 

or proportion. For c l u s t e r  d e s i g n s  t h e r e  i s  no e x a c t l y  u n b i a s e d  

estimate of the  population mean or  proportion. 

2 6 ~ i l  liam G. Cochran, Sampling Techniques, 3rd ed. (New York: John  
Wiley & Sons, 1977), p. 319. 



4.1.3 Estimation of Variance. For every est imate an a s s o c i  a t e d  

variance o r  standard e r r o r  can be estimated. These variance e s t i m a t e s  
depend on t he  pa r t i cu l a r  design used t o s e l e c t  the  primary u n i t s .  I n  

general ,  t h e  variances decrease as the  number of primary uni ts  increase. 
Since t he  NCSS design has well defined sampling d e s i g n s  w i t h i n  each  

a rea ,  i t  i s  possible t o  ca lcu la te  an estimated variance f o r  estimates of 
means and ;;roportions f o r  a g i v e n  a r e a .  S i n c e  a r e a s  were  chosen  

independently, these individual variance estimates can be used t o  obtain 
an overall est imate of variance f o r  the  aggregate of the areas. 

I t  i s  important t o  ca lcu la te  the  sampling e r ro rs  a s s o c i a t e d  w i t h  

the  s t a t i s t i c s  calculated.  These sampling e r ro rs  2i  ve a d i r ec t  f leasure  
f o r  the  r e l i a b i l i t y  of the  est imate calculated.  I f  the  s t anda rd  e r r o r  

i s  high, then a f a i r  amount of uncertainty can be a s s o c i a t e d  w i t h  t h e  
estimate. O n  t h e  other hand, i f  the  variance i s  qu i te  smal 1 compared 

with the  magnitude of the  est imate,  then the  r e l i a b i l i t y  of the  est imate 

i s  enhanced. 

In t h i s  Section a t t en t ion  wil l  center  on estimated v a r i a n c e s  f o r  

oroportions estimated. The formulae used a r e  exactly t h e  same i f  t h e  
estimated variance of a mean i s  required. 

The estimation of the  variance of a proportion i s  specif  i  c t o  t h e  
design of the sample. In NCSS, accident level  s t a t i s t i c s  f o r  HSRI and 
SwRI a r e  c a l c u l a t e d  d i f f e r e n t l y  t h a n  v e h i c l e  o r  o c c u p a n t  l e v e l  

s t a t i s t i c s .  The variance f o r  the  l a t t e r  ca lcula t ion i s  exactly the  same 
as the variance calcula t ion f o r  those teams sampling days .  T h e r e f o r e  
the  exception w i l l  be discussed f i r s t  and f o l l o w i n g  t h a t  t h e  more 
general ca lcula t icn  of variance. 

Nhen the  c l u s t e r  i n  the sample design i s  a c c i d e n t s  and c o n c e r n  

centers on accident s t a t i s t i c s ,  the  est imate i s  given by Equation 4-4. 
As noted i n  the  previous discussion i n  t h i s  special s i tuaxion t h e r e  i s  
only one accident per c lus te r .  This implies tha t  there  i s  no va r i ab i l i t y  

i n  the  number of accidents i n  a c lus te r .  In doing t h e  actual s a m p l i n g  
t h e  t o t a l  number of accidents was not recorded so t h a t  t h e  e s t i m a t e d  
number of accidents given by Equation 4-7 must be assumed t o  be known 
without va r i ab i l i t y .  Rewrite the  numera to r  and denomi n a t o r  of t h e  

proportion, Equations 4-5 and 4-6,  as 



where 
. t h  - i s  ;he to ta l  number of accidents of Type A i n  t h e  1 stratum, i 

9 i s  the to ta l  number of accidents in t he  i t h  stratum and 
t h  p i  i s  tne 7robabil i t y  of selection of c lus ters  i n  t h e  i  stratum. 

The variance of the r a t i o  of T t o  N i s  given by 

- - 2 (4-10) Var T/N = [Var T]/N 

since the  denominator, N ,  i s  assumed t o  be k n o w n .  The variance of t h e  

numerator i s  given by 

(4-11) Var T = [var t21/~; + [ ~ a r  t 3 ~ / P i  

since tl has no variance (sampled a t  100%). 

Tn o r d e r  t o  e s t i m a t e  t h i s  v a r i a n c e  an u n b i a s e d  e s t i m a t e  ( o r  

approximately unbiased es t imate)  i s  used i n  E q u a t i o n  4 -11  and t h e  

estimated variance i s  given by 

where Var t2  and Yar t3 are  the s i m p l e  e s t i m a t e d  v a r i a n c e s  of t h e  

c lus te r  t o t a l s  within s t r a t a  d e f i n e d  i n  E q u a t i o n  4 -15 .  V a r i a n c e  

calculat ions fo r  means are completely analogous. 

I n  a l l  other s i tua t ions ,  estimated ;neans and proportions are raticls 

of two random variables,  the  numerator sum and the  denominator sum. The 

estimated variance of the r a t i o  of two random variables i s  c u s t o m a r i l y  

approxi mated by 



The e s t i m a t e d  va r iances  i n  E q u a t i o n  4-13 a r e  g i v e n  by: 

where 

(4-15)  Var N = [Var ? i21 /~g  + [Var  ?i3]/p: 

where 

- mi 2 (4-17) Var Tii = ( " i k  - ii i) / (mi - l ) ,  i=2,3 
k =I 

and 

f i nal  l y  

where 

Using E q u a t i o n  4-13 an a p p r o x i m a t i o n  t o  t h e  v a r i a n c e  o f  t h e  e s t i m a t e  can 

be obta ined.  V a r i a n c e  c a l c u l a t i o n s  f o r  t h e  mean a r e  done in a  s i m i  1 a r  

manner. 



The f i n i t e  population correction fac to r  has been e l i m i n a t e d  f rom 
the variance formulae d i s c u s s e d  above.  The e f f e c t  of t h i s  i s  t o  

s l igh t ly  over-estimate the variances i f  t h e  model of s i m p l e  random 

sampling i s  the appropriate model. The sample design was - n o t  based on a 
s i m p l e  random sample  of d a y s .  T h e r e f o r e  t h e s e  f o r m u l a e  a r e  

approximations and omitting the  f i n i t e  popula t ion  c o r r e c t i o n  f a c t o r  

seemed jus t i f i ed ,  

Treatment of sampling errors  for  a large-scale survey where many 

di f ferent  variables a r e  c o l l e c t e d  can be d i f f i c u l t ,  b o t h  i n  t h e  

calculation and p r e s e n t a t i o n .  C u r r e n t l y  t h e r e  a r e  two ways o f  

presenting sampl i ng errors.  One method graphically presents e s t ima to r s  

and t h e i r  variances. So from the calculated value of the estimate alone 

an approximation of the sampling e r ro r  can be i n t e r p o l a t e d  f rom t h e  

graph. 

Another method of summarizing t h e  e f f e c t  of t h e  d e s i g n  on t h e  

variance of an estimate i s  given by t h e  q u a n t i t y  c a l l e d  t h e  d e s i g n  

effect .  The design effect  i s  discussed by ~ i s h ~ ~  and i s  defined by 

- - 
(4-21) Design Effect = Var ( X I  Design)/Var ( X  ISRS) 

where 
- - - 

Var ( X   design) i s  the variance of X under the  given design and 
A - - 

Var (X1SRS)is the variance of X i f  simple random sampling i s  
assumed, and X i s  the  estimated mean or proportion. 

In general, f o r  c lus te r  sampling, variables will have d e s i g n  e f f e c t s  

a r e a t e r t h a n  one. Design e f f e c t s  f o r  v a r i a b l e s  o b t a i n e d  f rom a 

s t r a t i f i e d  simple random sample will generally be less  than one.  When 

s t r a t i f i c a t i on  and c lu s t e r  sampling a r e  used together the design e f fec t s  
will depend on how s t r a t i f i c a t i o n  and c l u s t e r i n g  i n t e r a c t  f o r  t h e  
par t icular  variable being estimated. 

4.1.4 Missina Data Ad jus tmen t s .  I n  most l a r g e - s c a l e  d a t a  

collect ion projects the problem of missing data needs t o  be s e r i o u s l y  

Z l Leslie Kish, Survey Sampling (New York: John Wiley & Sons, 1965), 
pp. 257-259. 



addressed. The problem of nonresponse i s  complex because of t h e  many 
kinds of nonresponse possible. This  d i s c u s s i o n  w i l l  focus  o n  t w o  
oar t icular  types of nonresponse, u n i t  a n d  i tern nonresponse.  U n i t  

nonresponse occurs when no information can be obtained about the chosen 
accident, vehicle, or occupant. The only information available i s  t h a t  

data should have been obtained b u t  was n o t  collected. Item nonresponse 
involves nonresponse t o  a few of t h e  v a r i a b l e s  c o l l  e c t e d  b u t  f u l l  

information on the remaining v a r i a b l e s .  S o  t h e r e  i s  always some 
information fo r  the particular case. A t h i r d  t y p e  of n o n  r e s p o n s e ,  

considered in Section 4 . 2 ,  i s  undercoverage of accidents. 

There are two major types of adjustments f o r  nonresponse.  The 

f i r s t  type involves a reweighting of the data t o  adjust fo r  the missing 
data. These procedures are gene ra l ly  use fu l  f o r  u n i t  nonresponse  

problems. Alternatively there are imputation techniques t h a t  impute fo r  
the missing data a "best" predicted value. summarizes most of 

these techniques and they wi 11 be briefly ou t1  i  ned here. 

Reweighting procedures involve a r ewe igh t ing  o f  t h e  means of 
different classes within the data set .  Strat i f icat ion of the data wi th  

a reweighting inversely proportional t o  the response r a t e  w i t h i n  each 
stratum i s  an example of th i s  type called "weighting class adjustments." 

Here the s t r a t i f i c a t i o n i s  chosen such that  the s t r a t a  are homogeneous 
a n d  have different response rates within each s t ratum. Raking r a t i o  

estimates involve using external data and i te ra t ive  proportional f i t t i n g  
t o  adjust fo r  missing d a t a .  Double sampling p rocedures  view t h e  

population as two populations,  t h e  respondi  n g  p o p u l a t i o n  a n d  t h e  
ncnrespondi ng population. The f i r s t  sample gives information about t h e  

responding population and the nonrespondi ng population i s  again samp 1 ed 
t o  t ry  t o  obtain a n  estimate fo r  the nonresponding p o p u l a t i o n .  The 
resulting estimate f o r  the sample i s  a weighted ave rage  of t h e s e  t w o  
means. 

2 8 ~ a v i d  W .  Chapman, " A  Survey of Nonresponse I m p u t a t  i  o n  
Procedures," American Sta t i s t ica l  Association Proceedings of the Soci a 1 
S t a t i s t i c s  Section, 1916: Part I (Washington, D.C .  : American Sta t i s t ica l  
Association, 1976) ,  pp. 245-251. 



Imputation procedures, o n  t h e  o t h e r  hand,- a r e  t e c h n i q u e s  t o  

subs t i t u t e  a value f o r  a missing data item. The "hot' deck" procedure 2 9 - 
i s  used widely. Cells are  defined by variables with no  missing da ta  t o  
form homogeneous groups. Then cases with a mi s s i n g  i tern draw t h e i r  

value from one of the cases in the  ce l l  in which the c a s e  f a l l s .  How 

the case i s  chosen determi nes variat ions on t h i s  procedure. S t a t i s t i c a l  

matching can a lso  be used t o  f ind the  "nearest neighbor" 2nd  t h e  v i ?  ue 
30 i s  then imputed based on the  match. The E M  a 1  g o r i  t h n  i s  a n o t h e r  

method o f  imputation tha t  imputes a value for a missing data item. 

A 1 1  of the procedures currenrly used nake an assumption ? b o u t  t h e  
nonresponding units .  Technically, the  items need t o  be "mi s s i n g  a t  

random. "31 iihat t h i s  means i s  t ha t  the nonresponding population i s  no t  

"special"  in any way. To  be missing a t  random does  no t  p r e c l u d e  a 

d i f ferent  d i s t r ibu t ion  of cases across a c e r t a i n  v a r i a b l e  b u t  does  

exclude the case where - a l l  extreme values f a l l  i n t o  the  non re spond i  n g  

population. The basic assunption i s  that  the n o n r e s p o n d e n ~ s  must be 

l ike  the respondents. 

A double sampl i ng approach was chosen i n t h i s  investigation o f  t h e  

NCSS missing data. The assumption of "missing a t  random" i s  a c r u c i  a 1  
assumption in a l l  imputation procedures and a double sampl e a 1  1 ows an 

investigation in to  possible deviat ions f rom t h i s  a s sump t ion .  T h i  s 

approacha l lowsfores t imat ion  of t h e  sample  d i s t r i b u t i o n s  i n  t h e  

missing and non-missing subpopulations and makes ?ossible t he  comarison 

of these two sample dis t r ibut ions .  T h i s  app roach  does  n o t  1 ead t o  

aggregate estimates f o r  tile ::CSS ?opulation since the  proportion of t h e  

aggregate t h a r :  belongs t o  each subpopulation i s  no t  k n o w n .  Tile r e s u l t  

"1nnis G .  Sande, "Hot Deck imputation Procedures, " Sympos i urn o n  
Incomplete Data: Preliminary Proceedings (k l a sh ing ton ,  9. C., S o c i a l  
Security Admi ni s t r a t i on ,  December, 1979), pp .  434-567. 

3 0 A .  P .  Demster, N .  M. Laird, and 9. B. Rubin, "Maximum Like1 i h o o d  
from Incomplete Data Via t h e  E M  A 1  g o r i  th in , "  J o u r n a l  of t h e  Royal 
S t a t i s t i c a l  Society, ser .  B ,  3 9 : l  (1977), 1-38. 

3 1 ~ .  B .  Rub in .  " M u l t i o l e  I n o u t a t i o n s  i n  Samole Su rveys - -A  
Phenomenological ~ a y e s i a n    r roach to Nonresponse ,  " l m p u t a t  i on and 



o n  t h i s  a n a l y s ' s  i s  an e s t i m a t e  of t h e  d i s t r i b u t i o n  of e a c h  

subpopulation f o r  the  daxa sampled a n d  an adjusted t o t a l  f o r  t h e  d a t a  

collected.  The subsampli ng procedure i s  discussed in Section 4.5.1 and 

4.5.3 and t he  resu l t s  of the analyses can be found in S e c t i o n s  4 . 5 . 2 ,  

4.5.4, and 4.5.5. 

4.1 .5  Iqference t o  the Rat'onal Population. UCSS f a i l s  t o  s a t i s f y  

the  r e q u l ~ e r e n t s  cf a national ? r o b a ~ i l i t y  s amp l? .  Toe ' I C S S  stud;/ 

cesign invoived choosing swen  areas i n  the  United S t a t e s  t c  c o ?  1 e c t  

accident data +or a stlidy of the  r e l a t i onsh ip  of i ~ j u r y  s e v e r i t y  t o  

crash s e v e r i t y .  T h i s  c h o i c e  depended o n  t h e  a v a i l a b i ' i t ; ~  ana  

willingness of a n  inves t igat ing team t o  perforrn  t h e  n e c e s s a r y  d a t a  

col lec t ion.  The areas covered by the  teams were c$csen i n  such  a way 

t ha t  the percentage of residents in urban areas was a p o r o x i m a t e l y  t h e  

same f o r  the  chosen areas as f o r  the  U.S. population as a whole. Within 

each area a sanpling plan was used t o  s e l e c t  a sample  of a c c i d e n t s .  

These sam?le desisns varied from s t r a t i f i e d  random sano les  t o  c l u s t e r  

samples of days where a1 1 o r  some subsample of accidents were chosen. 

Since the  choice of the  primary un i t ,  the  area,  was not s p e c i f i e d  

by a sample design, the re  i s  n o  s ingle  universal ly accepted met hod f o r  
oroducing national estimates from NCSS. The method d e v e l o p e d  f o r  

national estimates (which might more p r o p e r l y  be c a l l  ed " n a t i o n a l  

oroject ions")  uses the data collected in the  chosen areas together w i  t h  

~ i t h  demographic irlfornation ava i lab le  f o r  - a i l  a r e a s  i n  t h e  l i n i t e c  

Sta tes .  The technique i s  based on t h e  a s s u m p t i o n  t h a t  an o b s e r v e d  

re la t ionship  between acc1aent sta:ist:cs and demograph: 2 va r i  a 5  12s  i n 
the 'ICSS areas  i s  ~ 2 c r o p r i a t e  f c r  and a d e q u a t e l j  d e s c r i b e s  :he 

relat ionship i n  the  areas tha t  have n o t  been observed. The bias i n  r,be 

national ;;rejection i s  investigated,  and an estimate of the variabi 1 i t y  

of the  national arojection i s  ?rOCiUCed. 

The development of a n a t i o n a l  e s t i n a t e  f rom t h e  ?4CSS d e s i ~ n  

requi res that  ce r ta in  assumptions be inade concern: ng  the  ?opulation and 
the  study design. The population i s  t o  be t h o u g h t  of i n  t e r a s  of a 

aroup of smaller subpopulations. For the  United Sta tes  these c o u l d  be 
sTates, counties,  o r  enumeration d i s t r i c t s .  Once the  subpopu 1 a t  i o n  i s 



speci f ied ,  the  t o t a l  f o r  t he  population can be defined in t e r 7 s  of t h e  

sum of the  t o t a l s  f o r  each subpopulation. 

The following procedure makes use of r e l a t i o n s h i p s  be tween  t w o  

aroups of s t a t i s t i c s  col lec ted f o r  each spec i f i c  subpopulation. In t h e  

f i r s t  group, s r a t i s t i c s  may come f rom 3 c o m p l e t e  c e n s u s  c f  each 

subpopulaxion or a physical de sc r i p t i on  sf  t h e  subpopul  a :  i g n .  For  

examole, F A R S  ('at21 Accident Reportino Syszem) a o d  the  Caunty 2nd C i t y  
3 2 Cz;a Book prgvide census-type s:ai is t ics by county f o r  a l l  counties in 

the  United S la tes .  I t  i s  essent ia l  f o r  t h i s  procedure t ha t  t he r e  i  s a t  

l e a s t  one s t a t i s t i c  t h a t  i s  k n o w n  f o r  e v e r y  s ~ b p o p u l  a t i o n  i n  t l l e  

gooulation. These s t a t i s t i c s  form a  g r o u p  of s t a t i s i i c s  which h a v e  

values f o r  ?very subpopulation. 

The second group of s t a t i s t i c s  c h a t  need t o  be expanded nat ional ly ,  

are  k n o w n  f o r  only some of the  subpopulations in the  population. I t  i s  

necessary t h a t  t h e s e  s t a t i s t i c s  be u n b i a s e d  e s t i m a t e s  f o r  t h e i r  

subpopulation t o r a l s  a n d  t h a t  a n  estina", cf the variance of t h e  t o t a l  

be obtainable u s i n g  t h e  s am p le  d e s i g n .  NCSS p r o v i d e s  a c c i d e n t  

s t a t i s t i c s  f o r  43 of t he  3112 counties. These s t a t i s t i c s  are u n b i a s e d  

and a variance can be calculated f o r  each accident s t a t i s t i c .  T h i s  i s  

~ o s s i b l e  because t he r e  i s  a s p e c i f i e d  s amp1 i  ng p l a n  f o r  l l C S S  d a t a  

co l l ec t  ion. 

Finally i t  i s  assumed t h a t  any re ia t jonship  between s t a t i  s t  i c s  i q 

the two groups f o r  t he  observed subpopula~ions  wi 1 1  adequately de sc r i  :e 

the  re la t ionsh i s  in the  e n t i r e  oopu l a t i on .  Yore s p e c i f  i c a l  l y ,  t n e  

predict jon ;r : given va l~ ie  based on the ooser\ied data w i l i  be c l o s e  t - ~ .  

zne predic t icn  f o r  t h a t  v a l ~ e  i f  a ?  1 ihe  d a t a  were ava i l ab l? .  

Now, f o r  the  general frameworx, l e t  = ( ,  . . , )  be the  population 
I \  

t o t a l s  f o r  the  subpopulations which t o g e t h e r  fo rm t h e  p c p u l a t i o n .  

From an ince~enden t  source X = ( X  ,... X . . )  i s  a v a i l a b l e  and r e p r e s e n t s  1 I i 

?cpulation t o t a l s  on re la ted  variables of i n t e r e s t .  X 1 s  k n o w n  and 

avai lable  f o r  every subpopulation. I f  the  subpopul a t  i on  t o r a l  s ,  Y i ,  

. 5 .  Eureau of the Census, County a n d  City Data Book , 1 0  7 7 : A 
S t a r i s t i c a l  Abstract Supplement (Washington, D . C .  : Governmenr P r i  n t  i  n g  
Dff lce ,  1313). 

- 



were known, i n v e s t i g a t i o n  o f  t h e  r e l a t i o n s h i ?  between Y and X c o u l d  b e  

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

r e l a t i o n s h i p  i n  t h e  d a t a  f o r  t h e  p o p u l a t i o n .  N i t h  comp le te  d a t a  a b o u t  

t h e  t a r g e t :  p o p u l a t i o n ,  t h e r e  may be many p o s s i b l e  f u n c t i o n s  t h a t  m i g h t  

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

c l o s e l y  a3prox imates  t h e  d a ~ a  and i s  s t i l l  a  s i m p l e  f u n c t i o n .  b l i  t h o u t  

comple te  daza, ?as: e x ~ e r i e n c e  o r  :cx i n v e s t i g a t i o n  will be n e c e s s a r y  

t o  s p e c i f y  a p o s s i b l e  f u n c t i o n a l  r e l c t i c n s h i ? .  9cce t h e  fl inc:i sn, f ( X ) ,  

i s  s p e c i f i e d  every  s u b p o p u l a t i o n  can be d e s c r i b e d  by -,he f o l l o w i n g :  

where f ( X i )  i s  t h e  v a l u e  o f  t h e  f ~ n c t i o n  a t  Xi and ei i s  t h e  d e v i a t i o n  

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

s p e c i f y i n g  d i f f e r e n t  f u n c t i o n s  i t  i s  p o s s i b l e  t o  mod i f y  t h e  magn i tude o f  

t h e  ei ' s .  

Cons ide r  t h e  f o l l o w i n g  example. L e t  Y i  be t h e  number o f  a c c i d e n t s  

i n  t h e  ith coun ty  and Xi be t h e  r e t a i l  gas s a l e s  i n  t i l e  same c o u n t y .  

Suppose i t  i s  reasonab le  t o  assume t h a t  

where i s  t h e  p o p u l a t i o n  mean of X. That  i s ,  t h e  number of a c c i d e n t s  

o e r  coun ty  i s  a  l i n e a r  f u n c t i o n  o f  t h e  r e t a i l  gas s a l e s  o f  t h e  c o u n t y .  

The l e a s t  squares e s t i m a t e s  f o r  a  and b  a r e  g i v e n  by ,  

Once a and b  have been d e f i n e d ,  t h e  number o f  a c c i d e n t s  i n  e a c h  s u b  

p o p u l a t i c n  can be expressed as Y = a  + b ( l i - R )  + ei where a  + b ( x i - X )  i 
r e p r e s e n t s  t h a t  p a r t  of Y i  d e s c r i b e d  by t h e  f u n c t i o n ,  a n d  e i  n e a s u r e s  

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



;he sum of the ei f o r  the  population i s  zero  s o  t h a t  t h e  p o p u l a t i o n  

t o t a l  i s  equal t o  the  sum of a  + b(xi-R) f o r  a l l  counties. 

The model speci f ied  above describes a l l  of the e l e ~ e n t s  in a  q i v e n  

population. I f  complete information on Y a n d  X were k n o w n  thhe e n t i  r e  

?opular,ion could be described and modelled with complete ce r t a in ty .  T'le 

zroblern of ~ a k i  ng ~ a t i  onal 9roject ions 3resenls  i t s e l f  because conp l e t  e 

data on ' I  i s  not a l i a i l a b l e .  The l i l ~ i r n z t e  g o a l  i s  : c  es:i.nzi-,e a 

population t o t a l  wisn the  daza avai laa le .  

The population 3roject 'on i s  d e f i n e d  : 3  be a n  e s : ' t ; a t e  of t i e  
7 ,  e x ~ e c t e d  value of the  ;;lcpulation t o t a l  siverl t h e  sampl 2 ,  3 ( s ) .  I ne 

expecred value of the population t o t a l  given the  sample can be expressed 

as 

(4 -26 )  Q ( s )  = i (  Xyi l sample) 

i c s  ' i d s  

where the  index of summation i  c s  means summati o n  o v e r  a1 1 c h o s e n  

counties and i c s  means summation over a l l  counties not  chosen. So t h a t ,  
t h e o r e t i c a l l y ,  % ( s )  i s  equal t o  the  sum of the  subpopulation t o t a l s  f o r  

chosen counties ? lus  xhe sum of the ex7ected v a l u e  g i \ / e n  t h e  s a m p l ?  

(which may depend o n  the  sanpla)  f o r  a ?  1 ccunties n o t  chosen. 

I I 

I ne estirilates of the  o o ~ u l a c i ~ n  t o ~ a i s  f o r  t h e  ccunties  chosen a r e  
- ,  r e l a t jve ly  straightforward.  I ne assi;mption has been m d e  t hz:  wif h i  7 

each county there  i s  an unbiased est imate f o r  t h e  c o u n t y  population 

i0 ta1 .  Let t = ( t i , .  .. , t  ) ,  where n i s  the  nunber of counties chcsen, be  n 
',ye unbiased es r ina tes  f o r  t o t a l s  o f  the chosen counties. 50 t h a t  t h e  
sun of the  :;Is f o r  rhe observed counries i s  a n  u n b i a s d  e s ~ i x a t e  of the  

sun of the  t r u e  populations f o r  the  observed ccunties .  

A national projec t ion  can be o b t a i n e d  i f  an e s t i m a t e  of t h e  

zopulation t o t a l  f o r  each county can be defined f o r  those counties t h a t  
werenot  obse rved .  T h i s  e s t i m a t e  f o r  t h e  e x p e c t e d  va l i l e  of  an 

unobserved county i s  a  b i t  rnore a rb i t r a ry .  Based on t h e  p o p u l a t i o n  



model described above, i f  the function i s  chosen w e l l ,  t h e  e i  may be 

small enough so t h a t  a + b ( X i  - 1) '  may be a reasonable approximation f o r  
Y ; .  

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

avai lable  abour: the re la t ionship  i ~ p l  i c i  t i n t h e  ~ o p u l  a t  i o n .  T n i  s 

in fomat ion  i s  ~ s e d  t o  estililate the  exaected v a l ~ e  i n  an unobse rv2d  

county. Consiaer, as an es:irate of the exgecta~iot i  n f  r,he t o i ; a l  of a 

counzy n o t  observed, the  esrlmate, a 7 S ( X i  - R )  , where a a n d  b a r e  

chosen ' 3  l7 ^ - - ze  

i c s  

- , h e  e s t i na t z s  3 3nd  5 a r e  given by 

i c s  

i c s  

where ; i s  t h e  rean of X for the  u n i t s  o b s e r v e d .  In  t h e  p r e v i o u s  
S 

example X would be r e t a i l  gas sa les .  The national p r o j e c t i o n ,  i n  t h e  
l i nea r  case,  will be defined by the  f o l l o w i n g  s t a t i s t i c :  

Taking t he  expectation of $ ( s ) ,  the  nacional project ion,  o l i e r  a 1  l 
possible samples w i t h i n  each county fo r  2ach county observed, i t  follows 

t h a t ,  

I t  can be seen from Equation 4-31 tha t  the national p r o j e c t  i o n  i s not  

unbiased. The b i a s ,  i n  t h e  l i n e a r  c a s e ,  i s  a f u n c t i o n  o f  t h r e e  

quan t i t i e s :  



1. the  d i f ference  berween a + b ( x i - i S ) ,  the  prediction a t  X i  of  a  

model based on the  whole population, a n d  E2 + E6(xi -xS) ,  the  predic t  i o n  

a t  X i  of a  model based on the  expected value of the t o t a l s  observed, 

2 .  the  difference between t h e  rnean v a l u e  of X f o r  t h e  who12 

?opulation a n d  the  nean value of X f o r  observed counties, and 

3 ,  the deviat icns o f  the sampled counties f rom t h e  t r u e  1 i n e a r  

filnct i on. 

Cne of the  basic assumptions of the  procedure i s  t h a t  t h e  f i r s t  

cirantity i s  zer9. The other  two terms thax contribute to the  b i  a s  a r e  
both functions of the pa r t i cu la r  counties observed. S i n c e  :( i s  known 

f o r  a1 1 counties ,  the  difference ( x  - is)  can be calculated.  Although b 

i s  s t i l l  unknown, some infomat ion concerning t h i s  parT: of the  bias can 

be obtained by using the  estimate of 6. 

The bias due t o  the  sum of the  t r u e  devia t ions  f o r  t h e  o b s e r v e d  

units  i s  mors d i f f i c u l t  t o  a s s e s s .  The sgm of  t h e  t h e o r e t i c a l  

deviations f o r  the  observed s u b p o p u l a t i o n s  may b e  l a r g e  o r  s m a l l ,  

posi t ive or negative. The magnitude of t h i s  sum, i f  i t  i s  la rge ,  may be 
due t o  data which does not exhibi t  a  strong r e l a t i o n s h i p  or i t  migh t  
r e su l t  from a n  unfortunate choice of " d e v i a n t "  u n i t s .  T h e r e  i s  no 

n;etho,a a t  t h i s  time t o  assess t h e  magnitude of t h i s  part of t h e  bi a s .  

However i f  enough i s  known about the  re la t ionship  a n d  the  population, i t  

may be possibl? t o  minilnize t h i s  t e r n  in :he decision stage by the  r ight  

choice of subpopulations. 

The assumption has  been made t h a c  t h e  r e l ; , : i o n s h i p  between 

s t a ~ i s t i c s  i n  the  chosen counties a lso  holds f o r  ' , i o s e  c o u n t  i 3s r o t  

observed. Whether t h i s  i s  j u s t i f i e d  o r  no t  c a n n o t  be e v a l d a t e d  

d i rec t ly .  A n  assessment of whether i z  i s  reasonable must be made f o r  

every national projection tha t  i s  develaped. U n t i l  t he re  i s  evidence :o 

si;pport the posi t ' sn t h a x  the  assumption i s  n g t  v a l i d  i t  ~ r o v i d e s  a 

useful framework t o  develop a n  estimate which may c l o s e l y  a p p r o x i  mate 
the  national t o t a l .  

The variance of the national projection i s  given by t he  f o l l o w i n g  
formclla: 



(4 -32)  
N - I B S  

v B ( s )  = ,I.:, - - 
I C S  

where  \iti i s  t h e  . i a r i a n c s  o f  t n e  escima:e o f  :ne s o :  1  i . 
t h :he i c h o s e n  a r e a .  Cne mezhod of o b i a y n i n g  a n  u n b i a s e d  e s 3 i a a f  r o f  

/ $ ( s )  i s  t o  subs; i ' .~ ie  an u n b i a s e d  e s z i n a t e  f o r  the V t  S i n c e  i t  w a s  i ' 
asslirnec cha-. r h e r e  was a  s a n ; l i  n g  s l  a n  d e f i n e d  w i t n i  n e a c h  c h c s e n  

c o u n t y ,  an  u q b i a s e d  ( o r  a p p r o x i m a t e l y  u n b i a s e d )  ss::rafe ca :  b e  

o b t  a i ned. 





4.2  Sampl e  Desi gn Imp1 i  ca t  i  ons 

I n  t h i s  subsection the  relevance of the sarnple design i s  d i s cus sed  

i n  terms of i t s  e f fec t  on  the  modelling e f f o r ~  and t h e  e s t i m a t i o n  of 

accident s t a t i s t i c s .  ilodelling requires a broad range of data  s o  t h a t  

~ o d e l s  developed wi 1 1  5e app l  i  cab1 2 f a i  r l y  g e n e r a l  l y .  Var i  ous 

proportions based on cer;;orjraphic ! jar1 3512s f o r  t h e  U C S S  3 r e a  a r ?  

compared w i t h  the natisnzl 7roport:'ons. The c h a r a c z e r i  s t i  c s  of t h e  

argas <;iith respect :o ~ r 2 a n i r a t i o n  a n d  r e g i o n  o f  t h e  cour i t ry  a r e  

exani neci . 
The esti;.nation of acciderit s l a t i s t i c s  requires a s t r i c t  a l ~ h e r e n c e  

t o  the  sample design sgecif ied f o r  accident col lec t ion.  Only i f  a l l  t h e  

data a r e  obtained can i t  be expected t h a t  good r e l i ab l e  e s t i m a t e s  wi 1 1  

be zroduced. Here various sources of ~lndercoverage are considered t h a t  

pay cause the NCSS s t a t i s t i c s  t o  be underestimates of the t r u e  value. 

4 .2 .1  Samole Representativeness. A discussion of the background  

f o r  t he  pur7osive se lect ion of areas i s  given by IKahane, S m i t h ,  and 

~ h a r ~ ~ ~ .  Since a  nationally representat i  ve sample of accidents was n o t  

f eas ib le ,  areas were chosen t o  f a c i l i t a t e  t he  developnent of models t o  

predict injury severi ty from crash sever i ty .  I n t h e  d e v e l  oprnenr. of 

these  models i t  i s  necessary t o  obtain data t h a t  r e f l e c t s  the s p e c t r u m  

of accident experience of areas t h r o u g h o u t  the country. A mode1 i  s  only 
"representa t ive"  i f  i t  i s  applicable and predicts  \dell f o r  a  wide r a n g e  

of areas with d i f fe ren t  environments. The areas chosen f o r  ?ICSS were  

chosen t o  r e f l e c t  some divers i ty  i n  both urbanization and r2gisn c;f ~ h e  

cguntry. Tzbls 4 . 2  stiows which zreas r ep r e sen t  d i  f f e r e n t  I l v e l  of 

~ rban izs t i c f l  ina df f f e ren t  regions o i  the country. 

There i s  very l i t t l e  census information tha t  i s  d i rec t ly  applicable 

t o  evaluating areas i n  terms of t h e i r  accident popula t i cns .  :4easures  
l i ke  t r a f f i c  densi ty ,  number of registered vehicles,  c r  drillers or  ni les  
of i n t e r s t a t e  highway are  no t  readily a v a i l a b l e  f o r  a 1  1 of t h e  NCSS 

areas. The task i s  confounded by the  f a c t  tha t  c h a r a c t e r i s t i c s  of t h e  

C .  J .  Kahane, R. A .  Smith, and K. J .  Tharpe ( s i c ) ,  'The Plat i ona l  
Crash  S e v e r i  t y  S t u d y  , "  I n t e r n a t i o n a l  ~ e c h n i c a ? '  Con fe r ence  o n  - - - - .  

Experimental sa fe ty  ~ e K i c l  es. Sixth Report (lriashi ngton, D . C .  : ila t i ona 1 
Highway Tra f f i c  Safety Admi n i  s t r a t i on ,  1978),  pp .  493-515. 



T A B L E  4.2 

Dis t r ibu t ion  of S i t e s  by Region 
and Degree of Urbanization 

...................................................................... 
I North I North I i 

Area i Eas: 1 Central 1 S o u t h  I bres t ----- ------ - - - - - - - - - - - - - - - -+- - - - - - - - - - - -  ------------ + ----------------- 

Central c i t i e s a  

Suburbs b 

I I 
\ F1i ami I aynamic Scienca 

i I 
I i 

Other SI!SA'S~ I i SwRI(Urban) 1 
i I I I 

Non SNSA's oh  I I 
I I I 

Small SMSA's I 1 HSRI 1 Kentucky I 
I i Indiana I SwRi: (Rura l )  i 

a ~ e n t r a l  c i t i e s  of Standard Metropolitan S t a t i s t i c a l  Areas 

(SI'ISA's) containing more t h a n  1,000,000 persons 

b ~ u b u r b s  of SMSA's with more t h a n  1,000,000 persons 

C SMSA's with more than 250,000 persons b u t  l e s s  than 1,000,000 

persons 

d ~ ~ ~ ~ ' s  with fewer than 250,000 persons 

oeopls who l i v e  i n  t h e  area of i n v e s t i g a t i o n  ,nay n o t  r e q r e s e n t  t h e  

c h a r a c t e r i s t i c s  o f  tne  pecole who have accidents  i n  t h a t  area.  Thus the  

f a c t  t h a ~  areas exhib i t  s imi l a r i z i2 s  based o n  t he  c n a r a c z e r i s t i c s  o f  

- ,heir  res idents  flay ~ o t  j m l y  t h a t  t h e  a r e a s  do i rlzeec! h a v e  s i ~ i  i a r  

accident popul azions. 

The County and City Data Book was used t o  obtain t h e  following data  

on t h e  areas  cilcsen f o r  NCSS. The data ;ire ?resected in  Tab1 2s 4 . 3  :o 

4 . 5 .  Table 4.3 gives senera1 6einor;raphic information. Tzble 4.4 a i  ves  

data  on the  persons l i v ing  i n  t he  seven a r e a s .  T a b l e  4 . 5  c o n t a i n s  

information t h a t  might have some co r re l a t i cn  w i t h  t h e  number of d r i v e r s  

in t h a t  area.  

In viewing t h e  t a b l e s  i t  can be seen t h a t  f o r  some c h a r a c t e r i s t i c s  

t he  area p e r c e n t a g e s  f o r  a l l  a r e a s  a r e  q u i t e  c o m p a r a b l e  t o  c h e  









percentage f o r  the U.S. p o ~ u l a t i o n ,  f o r  example, the  Fercenta ge f  ema 1 e  

or the  percentage un~mployed. Sut, there  a re  exampl2s t o  t he  c o n t r a r y .  

The percentage of Spanish population f o r  the aggregate of the  areas will 

be larger  than the  proportion i n  t h e  t o t a l  population. The 2 r o p o r t  i  o n  
of ",e 2opulation tha t  i s  White seems t o  be s l i gh t l y  overrepresented i n 

the aggregate of the seven areas. The differences i n  these percent age s  

ciay affect  d i f fe ren t  phenomena d i f f e r e n t  i y .  These  d i f f e r e n c e s  nay 

influence, f o r  exarilplz, d i f ferent  crash t y p e s ,  i n  t h a t  a 7 a r t i c ~ i l a r  
- ,  crash t y ~ e  rnay be over or unde r  r e p r e s e n t e d ,  i n e r e  i s  n o  way t o  

guarantee that  the NCSS data i s  "national ly representat ive" b u t  the data 

presented in Tables 4 .3  t o  4 .5  suggest t h a t  on t h e  a v e r a g e  t h e  a r e a s  

when aggregated appear close t o  t h e  n a t i o n a l  d e s c r i p t i o n  f o r  most 

variables considered. 

4.2.2 Sources of Missing Data .  There a re  t h r e e  b a s i c  t y p e s  of 
missing data t ha t  can occur i n  the  NCSS d a t a  s t r u c t u r e .  A n  e n t i  r e  

accident can be missed by t he  sampling system. T h i s  t y p e  .o f  m i s s i n g  

data i s  discussed in t h i s  subsection. I f  complete information a b o u t  a  

vehicle o r  occupant i s  missing t ha t  wil l  be r e f e r r e d  t o  a s  u n i t  non- 

response. Item non-response wi 11 r e f e r  t o  par t ia l  missing data. These  

l a t t e r  two types of missing data are  discussed together in Section 4 .5 .  

There are three s i tua t ions  t ha t  cause accidents to  be omitted f rom 

the  sampling system. The f i r s t  s i t u a t i o n  where  a c c i d e n t s  ~ v i l  1 be 

rnissing will only occur i n  the Phase 1 data r e l a t i v e  t o  t h e  Phase  2 

sample design. I n  Phase 2 the  def in i t ion o f  ~ h e  qopulation of accidents 

t h a t  were be'ng sampled changed. The def in i t ion was expanded t9 include 

l i g h ~  t r ~ c k s  and vzns. i n  the  3CSS desil;n ziiere i s  a  r e s t r i c z i o n  o n  

accidents chat can be sampled. .In accident i s  e l i g i b l e  t o  be i n  t h e  

sample only i f  the most severe injury occurred i n  a  case \~ei l ic le .  !~i i  t h  

t h i s  r e s t r i c t i on  i t  i s  p s s i b l e  tha t  accidents which d i j  not q ~ a l i f y  i n  

Phase 1 r n i g n ~  have qual i f ied  f o r  incl l~s ion i n  Phase 2 .  

When combining the  data frcrn Phases ! and 2 t h e  p o p u l a t i o n  of 

accidents t o  d e s c r i b e d  n u s t  be d e f i n e d .  Tile NCSS S t a t i s t i c s  3 4  

3 4 ~ e d a  Ricci , ed. , tlCSS S t a t i s t i c s :  Passenger Cars, Report No. dbi- 
HS2I-80-36. Sponso red  by t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  
Administration, Department of Transportation, Nashington, D . C . ,  unde r  



pub1  i c a t  ion descr i  bes 2 7  months of acci dents  i nvol vi ng a towed passenger 

car .  This task required e f f o r t  t o  o b t a i n  t h e  r i g h t  s u b s e t  of  t h e  
Phase 2 da t a  t o  be combined with t h e  Phase 1 data .  Simple a g g r e g a t i o n  

nf t he  27 months of data  wi l l  produce an u n d e r e s t i m a t e  o f  a c c i d e n t s  

i n v o l v i n g  towed  p a s s e n s e r  c a r s ,  l i g h t  t r u c k s  and  v a n s  and  an  

overest imate of accidents  i nvol \/i ng cnly passenger cars .  

Accidents can a l s o  be l o s t  a t  t h e  t i n e  o f  c o l l e c t i c n ,  t h d t  i s ,  some 

acc idents  ;nay have Seen overlooked. :t i s  a l so  poss ib le  tha; a c c i d e n t s  

were co l l ec t ed  on  an incor rec t  day the re fo re  los ing  t h e  a c c i a e n t s  t h a t  

l e s i t i m a t e l y  belonged i n  t h e  szxple.  There i s  rlo way t h e  d a t a  can  be 

checked t o  s e e  i f  a l l  appropr ia te  acc idents  were sampled. B u t  d u e  t o  

random e r r o r  some d i s c r e p a n c i e s  may o c c u r .  I n  t h e  p r o c e s s  of  

ca l cu la t ing  sampling e r r o r s  i t  was found t h a t  f o r  those  teams s a n p  1 i n g  

days and inves t iga t ing  a l l  acc idents  on t h a t  day t h e r e  were e r r o r s  inade. 

Accidents were included i n  the data  t h a t  did n o t  o c c u r  on l e g i t i m a t e  

sampling days. Table 4.6 summarizes t h e  number of  a c c i d e n t s  fohns 

sampled inco r rec t ly .  Re la t ive ly ,  t hese  a r e  only a few cases  b u t  i t  does 

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

appropr ia te  accidents .  

The most s i g n i f i c a n t  evidence of missing acc idents  was obta ined  i n 

a comparison of- NCSS, FARS, and \ /ar ious s t a t e  f i l e s  conta in ing  po l  i c e -  

reported acc idents .  I n  t h i s  i nves t iga t ion ,  s u b s e t s  f r o r  t h e s e  f i 1 e s  

were c r e a t e c  including only f a t a l  occupants of gassenger  c a r s  i I NCSS 

zrsas .  This ana lys i s  was d c ~ e  only on t h e  Phzse ! data.  The m a t c h i n g  

c r i t e r i a  liseci were subjeczi ve. Corroari sons between cases were basec on 

t h e  da t e  of :he crash ,  county, age and sex of t h 2  f a t a ;  i :y, time of t ne 

acc ident ,  and t h e  rota1 n~rnber k i l l e d  i n  t h e  accident .  I f  i n f o r n a t i o n  

on one o r  two of the var iab les  l i s t e d  above was d i f f e r e n t  i n  t Cle ? I C S S ,  

FARS, o r  s t a t e  f i l e ,  and t h e  discrepancy was not s e r ious  the  cases w e r e  

zazched. I f  t he  discrepancy was se r ious ,  such 2s the  dates  d i f f e r i n g  by 

a couple of weeks, t h e  vehicle  rakes of t he  passenger ca r s  i n v o l  ved i n 
t h e  crash were compared t o  make sure  i t  was the  same case. C a s e s  w i t h  
se r ious  repor t ing  discrepancies  were rratched. For example, in  b\ich i gan  

Contract No. DOT-HS-8-01944 ( A n n  A r b o r :  H i  ghvray S a f e t y  R e s e a r c h  
I n s t i t u t e ,  The University of Michigan, June 1980). 
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TABLE 4.6 

i n e l i g i b l e  A c c i d e n t s  Sampled 

i Number o f  A c c i d e n t s  

Team I January  1973 - I A p r i l  !97gb- 
I ;4arch 1978 I 

I :la r c h  I379 

I n d i  an2 I 
I 5 I 4 
i i 

,<entucky I 6 I 3 
I I 

i li ami I 3 I 2 
I I 

Los Angeles I 11 I 9 
I - - - - - - - - - - - - - - - - - - - - - - - - f - - - - - - - - - - - - - - - - - - - - - - -  

I I 
T o t a l  I 3 1 I 2 6 .................................................................... 

a ~ a l s p a n  has v e r i f i e d  t h a t  t h e s e  a c c i d e n t s  were sampled on t h e  

wrong day. 

b ~ h e s e  a c c i d e n t s  have n o t  been v e r i f i e d  by Calspan. They may 

i n c l u d e  some cases t h a t  have an e r r o r  i n  c o d i n g  t h e  d a t e  o f  t h e  

a c c i  dent .  

a  f a t a l i t y  had t w o  r e p o r t e d  dates  d i f f e r i n g  by 16 days. I n  t h i  s  c a s e ,  

a l l  o t h e r  v a r i a b l e s  were consisten:  be',;~een NCSS and F J R S  s o  t i l e  c a s e  

\,vas cons ide red  2a:ched. 

A mis-ri latch was d e f i n e d  t o  be any case l i s t e d  i n  one f i l e  t h a t  was 

no t  l i s t e d  i n  t h e  o t h e r .  I n  M i c h i g a n  and Texas a  mis-match was a  c a s e  

l i s t e d  i n  o n l y  one o f  t h e  t h r e e  com?ar ison f i l e s .  I t  s h o ~ l d  b e  n o - e 6  

:nzlt :he p o p u l a t i o n s  d e s c r i b e d  b y  ; I C S S  a n d  F,A2S a r e  n o z  ~ o ' a l l y  

compa t ib le .  I n c l u s i o n  i n  NCSS was d e t e m i n e d  by t h e  w o r s t  i n j u r y  i n a  

towed l ~ e h i c l e .  FARS i n c l u d e s  a1 1  f a t a l  i t i e s  independent  o f  whether  t h e  

v e h i c l e  was towed. A c c i d e n t s  where a  f a t a l i t y  o c c u r r e d  a f t e r  the  c r a s h  

b u t  where t n e  a c c i d e n t  was no t  t h e  cause o f  dea th  a r e  a l s o  i n c l u d e d  i n  
T I FARS, a n d  t h e s e  c a n n o t  b e  e x c l u d e d  f r o m  a n a l y s i s .  ~ n e s e  



i ncompa t ib i l i t i e s  suggest t h a t  t h e r e  may be f a t a l  cases i n  FARS t h a t  by 

d e f i n i t i o n  should not be in  I4CSS. 

The r e s u l t s  of t h i s  analys is  a r e  ?resented i n  T a b l e  4 .  7 .  T h e s e  

f igures  ind ica te  t h a t  the re  were f a t a l i t i e s  missed in  both t h e  VCSS data 

co l l ec t ion  a n d  the  FAR5 d a t a  c o l l e c t i o n .  ? f  t h e  t o t a l  nurnber of  

f a t a l i t i e s  found 93.4" were represented i n  F.ARS and 31.9:: were found i  n 

IICSS. Th's gives an a?c rox i :~a t ion  t o  no : J  2x';ens i ve t $ e  ? r 3 b l ? m  o f  

under-coverage of f a t a l i t i s s  i s  in :ICSS. Asain, c h i  s  n u ~ b e r  i 5 o n l y  

azzr3xirr;at2 s ince  t h e  toea: nuiber of f a z a l i t i e s  f o ~ l r i d  ;nay i i c l ~ d e  

f a t a l i t i e s  not el i g i  Sle f o r  1 ~ c l u s i o n  Jnder t h e  lac55 c ies isn.  

T A B L E  4 .7  

Undercoverage of Fatal Accidents 
Phase 1 

........................................................................ 
i Total F a t a l i t i e s  Fatal i t  i  es 

Team 1 F a t a l i t i e s  Found i  n Found  i  n Matched 
1 Found NCSS FAR S  Faral i t i e s  

I 
Calspan 1 

I 
Kentucky 1 

I 
X i  ami I 

I 
HSRI I 

I 
Indiana I 

I 
SWR I I I 

* I n  Los Angeles a1 1 f a t a l i t i e s  in NCSS were found in FARS. The 
f a t a l i t i e s  for t h e  s q e c i f i c  p a r t  of Los Angeles cculd not be determined 

i n  FARS. 



4.2.3 Summary. I n  general t h e  areas chosen f o r  inclusion in NCSS 

aopear qu i te  s imi la r  t o  the  U.S. population d i s t r i b u t i o n ;  T h e r e  a r e  

some charac te r i s t i c s  tha t  appear t o  be overrepresented i n the  NCSS areas 

t h a t  may indirect ly  resu l t  in the  ove r r ep re sen t a t  i  o n  of a n  a c c i d e n t  

related cna rac t e r i s t i c .  The d i s t r ibu t ions  ? r e s e n t e d  d o  n o t  a d d r e s s  

d i rec t ly  whether the  accident population in the  NCSS areas i s  comparable 

with the 3.5 .  accidert  ?o?ulation. I i fornat ion f o r  such a n  arralysi s  s  

rc1  available.  These seven areas arcear  t o  g i  ve a  F i  rm b a s e  '-,c t h e  

iodel l ing e f f o r t s  described i n  Section 2 .  

I n  analyzing the  Phase 1 a n d  Phase 2 data t o g x h e r  i t s  hou 1 d be 

noted t ha t  the data was o b t a i n e d  s a n p l  i n g  t w o  d i f f e r e n t  a c c i d e n t  

copulations. Phase 1 data r e p r e s e n t s  a c c i  d e n t s  i  n v o l  vi n g  a towed 

passenger car. The Phase 2 data expands the accident population t o  a 1  1 

accidents involving a  towed passenger ca r ,  1 i c j h t  t r u c k  o r  v a n .  The 

result  i s  that  the  number of accidents involving a  towed vehicle sampled 

i n  Phase 1 i s  l e s s  than the  number of a c c i d e n t s  i n v o l v i n g  a towed 

vehicle t ha t  would have been required under the  Phase 2 design. The key 

observation i s  t ha t  the  Phase 1 a n d  P h a s e  2 d a t a  a r e  s amp le s  f rom 

d i f fe ren t  accident populations. 

The estimation of s t a t i s t i c s  f o r  the  aggregate depends o n  a c c u r a t e  

col lec t ion of a l l  accidents sampled under t h e  sample  d e s i g n .  I t  i s  

expected t ha t  a  s l i g h t  v a r i a b i l i t y  i s  p r e s e n t  due t o  t h e  s a m p l i n g  

Drocess. A more serious source of undercoverage was f o u ~ d  i n  t h e  t h e  

nunDer of f a ~ a l i ~ l e s  investicjated. 1 c e n s u s  of a 1  1 f a t a l i t i e s  was 

required by tile sarple  i2s'gn a n d  by aatching these f a t a l i t i e s  ;/i-,h F4RS 

:: i s  p o s s i b l a  :na: a s  ~ u c h  3s 20.1. o ;  - ,he i a z a l - ' , - 2 s  ; / e r e  no: 
i nvastigated. 

For gost e s t imated  a c c i d e n t  s t a t i s t i c s  f o r  t n e  NCSS a r e a s ,  

a d j u s t ~ e n t  f o r   iss sing f a t a l  d a t a  i d 1  1 1  no'; c h a n g s  t h e  e s t i n a z e  

a2oreciably. One inporzan~  exception i s  the ai  s t r ibur ion of 3A:S. The 

f requenc ies  a t  r,he n o r e  s e v e r e  end of t h e  O A I S  s c a l e  would be 

underestimated due t o  the  missing f a t a l  data. If  the a s s u m p t i o n  t h a t  

the  d i s t r ibu t ion  o f  OAIS fo r  the  unobserved f a t a l s  i s  t h e  same as  f o r  

the  f a t a l s  observed i s  reasonable ,  an a d j u s t m e n t  t o  t h e  nunber  o f  
f a t a l i t i e s  i n  each OAIS category can be made. This adjustment infl  a t e s  



t h e  t o t a l s  by t h e  response r a t e ,  t h a t  i s ,  t he  r a t e  of o b s e r v i n g  non-  

missing f a t a l  occupants. These adjusted t o t a l s  wi l l  grovide a modi f  i ed 
d i s t r i b u t i o n  f o r  OAIS. This estimated d i s t r i b u t i o n  wi 11  be s e n s i t i v e  t o  

t h e  est imate of the  number of f a t a l s  missing. 

Missing data due t o  missing a c c i d e n t s  f rom t h e  s a n 3 l e  i s  t h e  

hardest problern t o  address statistically s i n c e  t h e r e  i s  u s u a l l y  n o  

i n fo r ra t ion  abou: thes? acc iden t s  o r  a n  e x a c t  c o u n t  c i  t h e  n u n h e r  

m i s s i q .  The s o l ~ t i g n  t o   he ?rcblern i s  a dedicated e i f ~ r - t  t c  rxke sure  

every accident tha t  i s  designated t: be i n  t he  sainpl? i s  represented i n 

the  data cgl lec ted .  





4.3 NCSS S t a t i s t i c s  

During t h i s  project  four publicat ions were  p r o d u c e d  t o  p r e s e n t  

summary s t a t i s t i c s  from NCSS. These four  reports  a re :  
1. NCSS S ta t  i s t i c s  : January 1977-March 1978, October 1979 

3 5 

2 .  NCSS S f a t i s t i c s  : Light Trucks a n d  Vans (Prel  iminary) , December 
1979'" 

3 .  YCSS S1a-i sci  cs : Passenger Cars, dune 1980" 

7 - 7  2'0 4, '(CSS S t a t i s t i c s :  Ligh; 'r;cks and 'lans, Jzne r?cO 

T 1 i i e s e  publicat ions ?resent  ; n  a concise  for^ accidzrl: s : ? t i s x i c s  

f o r  accident ,  vehicle,  a n d  occu?an?; variables col lec ted  i  n : ICSS.  Each 

publication i s  o r ~ a n i z e d  i n t o  f i v e  major sec t ions .  The f i r s t  presznts a 

aeneral o v e r v i e w  of t h e  a c c i d e n t s  d e s c r i b e d  by t h e  p a r t i c u l a r  

publication. I n  t h e  second sec t ion ,  s t a t i s t i c s  o n  t h e  a c c i d e n t s  a r e  

presented. The t h i r d  and four th  sect ions provide i n f o r x a t i o n  o n  t h e  

vehicles and occupants respectively.  The l a s t  sec t ion  presents v a r i o u s  

c o l l i s i o n  sever i ty  (Delta \ J )  d i s t r i b u t i o n s .  The i i  r s t  p u b 1  i c a t i o n  

describes Phase I da ta  (January 1977 t o  March 1 9 7 8 ) .  The rema i ni ng 

publicat ions describe the  Phase 2 d a t a  (April 1978 t o  ?*larch 1979). The 

" ~ e d a  Ricci , ed.,  NCSS S t a t i s t i c s :  January 1977-March 1978, Report 
No. UM-HSRI-79-80. Sponsored by t h e  National Hiahway T r a f f i c  S a f e t y  
Admi ni s t r a t  i  on, Department of Transportat ion,  washi ngro n ,  D . C .  , u n d e i  
Contract No. GOT-HS-8-01944 ( A n n  A r b o r :  Hi shway S a f e r ?  R e s 2 a r c h  
I n s t i t u t e ,  The Ilniversity of Michigan, October 1379). 

sb:,da R i c c i ,  e d . ,  ?4CSS S t a t i s t i c s :  L i g h t  T r u c k s  2 n d  ' / a n ~  
( ? re l iminary ) ,  Regor: ?lo. UIrI-HSRI-79-95. S ; o n s ~ r e d  by t h e  I : ? t i o n a ?  
Highway Tra f f i c  Safety Administration, Dqartmenr 3 f  T r ? n s p o r t a t i o n ,  
liashi n g t  on, D .  C . ,  under Contract No. CCT-HS-8-01944 ( A n n  Arbor: ,;i CI hway 
Safety 2esearch I n s t i t u t e ,  The University o f  ?lichigan, December 1 2 7 9 ) .  

3 1 ieda Ricci , ed. ,  NCSS S t a ~ i s t i c s :  Passenger Cars, rep or^ Yo. 9- 
iiS21-80-36. S g o n s o r e d  by t h e  Ha:ional Y i g h ~ a y  T r a f f i c  Safer:)  
Administrazion, Department of Trans;?ortation, i iashington, D.C., b n d e r  
Contract Yc. DOT-PS-8-C!?%4 ( A n n  A r b o r :  : i ighway S a f e t y  2 e s e a r c n  
I n s t i t u t e ,  The University of Michigan, June 1980). 

3 8 ~ e d a  Ricci ,  ed.,  NCSS S t a t i s t i c s :  Light Trucks and Vans, R e p o r t  
No. UF1-HSRI-80-37. Sponsored by the  7lational Highway T r a f f i c  S a f e t y  
Administration, Department cf Transportat ion,  i iashington, D.C. ,  u n d e r  
Contract No. DOT-HS-8-01944 ( A n n  A r b o r :  Hi ghway S a f e t y  R e s e a r c h  
I n s t i t u t e ,  The University of Michigan, June 1980). 



second jubl ica t ion ' l is ted i s  a  9 r e l i m i n a r y  v e r s i c n  ~f t h e  f o u r t h  

publication 1 i  sted. 

In each publicat ion,  f o r  the  most pa r t ,  tables  are presented in two 

complementary forms. One page provides a frequency d i s t r ibu t ion  of t h e  

fac to r  under consideratjon; the  oppos i~g  page shows the c o r r e s p o n d i n g  

injury rates.  I n  each case the  columns of these ~ a b l s s  shcw the  ~ur ; lSer  

of occupants i n  eacn of several in;ury cazegories. These  c a t e g a r i e s  

were defined by the  UCSA generated v a r ~  3 ~ i e s  'lf,,OA:S2 and ' I E L I O A I  5 3 .  3 2 

These variables ar2 defined ~ s i  13 i n f c r ~ : :  2 7  f p c n  v a r i  ous i n:i,ry 
4 C vari aoles,  i ncludi 15 t h e  Abbre-ii atea Injur\/ Scale (AIS) a n d  have 1 es  s  

inissing data than the  3verall AIS. 

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

extensive graphical displays of t h e  d a t a  p r e s e n t e d  i n  t h e  t a b l e s .  
Graphical methods include h i s togram,  b a r  g r a p h s ,  p i e  g r a p h s ,  1 i  ne 

araphs, and three  dimensional ? lo t s .  The method of g ra?h i  c a l  di  s p l a y  

was chosen t o  ccmplerrient the data presznted i n  t he  table .  

All of the s t a t i s t i c s  were developed using the est imation methods 

described in  Section 4.1.2. Sampling errors  were not included in  any of 

these publications. In Section 4.4 t h e  problem of p r e s e n t a t  ion  of 

sampling errors  f o r  a large sca le  data col lec t ion e f fo r t  i s  d i  s c u s s e d .  

The sampling e r ro rs  associated with s e l e c t e d  a c c i  d e n t ,  vehi  c l  e  and 

occupant level accident s t a t i s t i c s  are a l so  presented there.  

Fcr passenger cars Phase 1 data r e p r e s e n t s  a s a a l  1 e r  a c c i d e n t  

popillation t ha t  the Fhase 2 data. I t  shculd be notsd  t n a ~  i n  o r d e r  t o  

produce a publication t h a t  describes the combi nation of the phase 1 a n d  

Phase 2 data tile Phase 2 data need t o  be s u b s a t .  T h i s  s u b s e t ~ i n g  

procedure wi 1 1  now be described. 

The r q u i  rement here was t o  el iminate those accident  s  t h a t  w o u  1 d 

have Seen excliided i t?  the l a s t  twelve months 3f 'ICSS under -,he c r i c e r i  3 

of the f i r s t  f i f t e e n  months of the study. Dur ing  t h e  f i r s t  f i f t e e n  

39These derived variables are documented i n  Appendix A. 

4 0 ~ h e  Abbreviated Injury S c a l e  ( ? l o r t on  Grove ,  I 1  1 .  : Ameri can 
Associ a t i  on f o r  Automotive i4edi ci ne, 1 9 7 6 ) .  



months only passenger cars were e l i g i b l e  f o r  se lect ion as case vehicles. 

Each accident had t o  include a t  l e a s t  one case vehicle a n d  no a c c i d e n t  

could be selected unless t h e  most s e r i o u s  i n j u r y  i n  t h e  a c c i d e n t  

occurred i n  a case vehicle. I n  the  l a s t  twelve months of t h e  s t u d y ,  

hoviever, l i gh t  trucks and vans could be case vehicles. 

The hierarchy of seriousness of i n l ~ r : !  (was ba sed  o n  t h e  " N C S S  

Class i f i ca t ion" :  

Yost Seri cus: Fatal in ju r ies  and overnigh; hcspital  i z a t i  oil. 

:!ex-, :r:ost Serious:  Trzns;orted t o  hos?i t a l  and 1-21 2ased. 

Least Serious : Any other treatment. 

I f  a l l  the  necessary data had been complete one s i rnple  a l g o r i t h m  

w o u l d  have sufficed f o r  t h e  ;roduci,ion of the passenger-car subset:  

Identify a l l  accidents i n  which the  most serious injury 
(NCSS Class i f i ca t ion)  occurred i  n a  passenger car .  

This would involve identifying f o r  each case vehicle t h e  most s e r i o u s  

injury t o  an occupant and  then identifying w i t h i n  each  a c c i d e n t  t h e  

vehicle with the most serious injury. I f  t h e  v e h i c l e  w i t h  t h e  most 

serious injury were a passenger ca r ,  o r  i  n j u r i  2s o f  equa l  s e v e r i t y  

occurred i n a  passenger c a r  a n d  a 1 ight  truck o r  van, then the acci den?: 

would be included. I f  the  most serious injury occurred in a l i g h t  truck 

or van the  acc'dent w o u l d  be excluded. 

This procedure was followed and a t o t 3 1  of 4669 accidents ( 9 u t  of 

an original t o t a l  o f  5305) lwere iden t i f i sd  f o r  i nclusicn i n  t he  subset.  

{{owever ',her? were 3 4  vehicles   is sing the  body-type $/sriab:?. I t  

was decided t o  c w n t  these vehicles as ?assenger cars.  This resulted i n  

a n  additional 27  accidents ident i f ied  f c r  i ~ c l u s i o n .  

Finally t h e w  was the ?roblem of iiiissing data o n  injury s e l v e r i t y .  

If :he data was missing f o r  any occupant of  a  vehicle i: was i y o s s i  5 1  e 

t o  ca lcu la te  t he  ~ o s t  severe injury in a vehicle and t h e r e f o r e  i n  t h e  
accident concerned. B u t  i f  an accident involved no case vehi c l s  1 i g h t  

t rucks o r  vans then that  acciden~:  should be i n c l u d e d  i n  t h e  s u b s e t  

anyway. This grocedure ident i f ied  a f u r t he r  7 appropr ia te  a c c i d e n t s ,  

resul t ing i n  a  grand t o t a l  of 4703 accidents i n  the suoset.  



The procedure could a l s o  have been reversed so t h a t  f i r s t  accidents  

involving no c a s e  v e h i c l e  l i g h t  t ' r u c k s  o r  v a n s  would  h a v e  been  

i d e n t i f i e d ,  and second, acc idents  where t h e  most s e r ious  in jury  was in a  

passenger ca r .  Under t h i s  procedure 4400 acc idents  would have f a l l e n  in  

t h e  f i r s t  category,  303 i n  t h e  second, thus  once again r e s u l t i n s  i n  4703 

se l ec t ed  accidents .  

- 1  

I ne procesilre f o r  ? rozsc4ng t h e  appropr ia te  vehic le ,  cccugant,  c s s s  

vehicle  and cas s  vehicle  cccupanx f i l 2 s  ?!as e s s e n t i a l l y  t h e  s a x  as 'ha: 

used j n  s u b s 2 t L i i ~  :he t r u c k  a c c i d e n t s ,  i nvol  vi .is 2 n a t c h  or :  t n e  

accident  ID'S beckieen t h e  newly crea ted  subss t  2nd  t he  f ~ l l  veh i  c l  2 3 r  

occupant f  i 1 es .  

The f i n a l  s t e p  was t o  combine t h e  f i l e s  (which now contained only a  

l i n i t e d  number of v a r i a b l e s )  with t h e  corresponding f i l e  from r h e  f i r s t  

f i f t e e n  months of t h e  s tudy ,  producing f i v e  d a t a s e t s ,  each covering t h e  

f u l l  27 months. 

Tne publ ica t ion  of t h e  s t a t i s t i c s  f o r  l i g h t  t r u c k s  and  v a n s  

depended on s u b s e t t i  ng t h e  Phase 2 da t a  t o  obta in  t h e  appropr ia te  s e t  of 

accidents .  This was accompl i shed i n t h e  f  01 lowi ng manner. 

The goal i n  producing t h e  truck subset  was t o  i n c l u d e  o n l y  t h o s e  

acc idents  from xhe l a s t  twelve months of NCSS t h a t  i n v o l v e d  a  towed 

l i g h t  truck o r  van. A n  a a p l ~ c a b l e  veh ic l e ,  towed from t h e  s c e n e  of an 

acc ident ,  i s  ca l l ed  a  "case  vehicle"  i n  t h e  s tudy .  D u r i n g  t h e  f i r s :  

f i f t e e n  nontns o f  t h e  d a t a  c o l l e c t i o n  o n l j  2 a s s e n g e r  c a r s  w e r e  

apz l i cab lz  veh ic l e s ,  b u t  f o r  t h e  l a s t  twelve non ths  1 ; ;nt t r u c k s  and 

\laas (zassenger  j a r s ,  c a r g  ians,  pickucs e c c . )  w e r e  a l s o  c o u r l t e a  a s  

a ~ p l i c a b l e  vehicles .  

The f i r s t  rlquirement was t o  i d e n t i f y  the  a p p r o p r i a t e  a c c i d e n t s .  

T h i s  was done by ratchirlg ;he vehic le  f i l e  with the  a c c i d e n t  f i l e .  A 

var iab le  was c rea tsd  i n  t h e  acc iaent  f i l e  t h d t  i d e n t i f i e d  a l l  a c c i d e n t s  

involliing towed l i g h t  t rucks  o r  vans. 4 net,./ a c c i d e n t  f i l e  was t h e n  

crea ted  i  ncludi ng only t h e  appropr ia te  acc idents .  There were 905 c a s e s  

in t h i s  f i l e .  

A match was then perfomed between t h e  newly crea ted  accidenr  i i  l e  

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



appropr ia te  accidents .  1563 vehicles were i d e n t i f i e d  and a new veh i c1 e 

subset  was produced, containing both accident and vehic le  var iables .  

A s i m i l a r  match was made with the  f u l l  occupant f i l e  and a s u b s e t  

of occupants was produced. This new f i l e  contained 2514 occupants. 

F inal ly  a vehicle f i l e  t h a t  included o n l y  towed l i g h t  t r u c k s  and 

vans ( a  case ' iehicle f i l e )  and a f i l ?  f o r  occuparts of those l ~ e ~ i c l e s  ( a  

case vehicle occupant f i l e )  was produced. T h 2 s e  l a s t  two d a i - , a s e t s  
contained 95: a n d  1608 cases respect i vely. 

:n summary, chere a re  s o w  key p o i x s  :O be ~ a d e  c z ~ c e r n i  15 z h e s e  
gubl ica t ions .  JCSS f a i l s  t o  s a t i s f y  the  r e q ~ i r e m e n t s  o f  a n a t i o n a l  

probabi l i ty  sample. The areas  chosen f o r  d a t a  c o l l e c t i o n  w e r e  n o t  

se lec ted  randomly. They were chosen t o  be ~ e o g r a p n i c a l  ly  diverse.  The 

areas  were a l s o  se lec ted  so t h a t  the  d i s t r i b u t i o n  ac ross  u r b a n i z a t i o n  
t y p e s  f o r  t h e s e  a r e a s  :ias a p p r o x i m a t e l y  t h e  s a m e  a s  t h e  

U.S. d i s t r i b u t i o n .  A method f o r  generat ing " n a t i o n a l  p r o j e c t  i o n s "  i  s 

described i n  Section 4.1.5 and i s  used f o r  various NCSS s t a t i s t i c s  i n  
Section 4.5. The s t a t i s t i c s  in these  p u b l i c a t  i o n s  d e s c r i b e  pol  i c e -  
reported accidents  i n v o l v i n g  towed a p p r o p r i a t e  v e h i c l e s  f o r  t h e  

aggregate of t h e  seven areas.  

For many var iables  the re  a r e  subs tan t i a l  port ions of missing d a t a .  

Missing data ccunts and percentages are  shown f o r  a1 1 row v a r i a b l e s .  

Adjustment f o r  missing data i s  discussed i n  Sect ions 4.1.4 and 4 .5 .  I t  - 
should be noted t h a t  missing data counts a n d  percentages have n o t  been 
excluded in the  ca lcu la t ion  of col snn 2ercentages and, consequently, the  
percentages shown may be s l  i c h t l y  underes:inated. 

The t o t a l  number of l i g h t  t rucks  a n d  vans described by t h e  l i g h t  
truck and  van publicat ion i s  only about 5% of t h a t  f o r  t h e  p a s s e n g e r  

cars  represented i n  ;he f i n a l  two publicat ions.  The data co l l ec t ion  
the  passenser c a r  publicat ion covered 27  months while d a r a  c o l  l e c t i c n  
f o r  l i g h t  t rucks  and vans covered o n l y  t h e  l a s t  12 mcnths  of t h a t  

period. The l i g h t  t rucks  and vans a re  d i s t r i b u t e d  among t n e  seven areas 
f a r  l e s s  unifor!nly than t h e  ? a s s e n g e r  c a r  a c c i d e n t s .  T h i s  f a c t o r  
s u g ~ e s t s  t h a t  t h e  accident experience of l i g h t  t rucks  and v a n s  i  n t h e  



aggregate of the seven areas i s  no t  described n e a r l y  a s  \ , /el 1 a s  t h e  

accident experience of passenger cars.  

In general,  the tow-away accident population f o r  l i gh t  t r u c k s  a n d  

vans i s  not d i rec t ly  ccrnparable with t ha t  of the  p a s s e n g e r  c a r s .  In 

oa r t i cu la r ,  the l i gh t  Puck and van accidents tend to occur a t  g r e a t e r  

crash s e \ ~ e r i t i e s .  The 9rgportion o f  l i g h t  t r u c k  and v a n  a c c i d e n z j  
-, t-31 occurring ;n r3ral areas :s a b o u t  1 3 0  greater  than t h a t  o f  p a s s e n s z r  

cars. f /en :he "tow-away" rhreshold i s  1 i k e l y  t o  b e  d i  f f e r e n c ,  for 

trtlc'cs 3s ccmpargd t o  passecser cars.  



Precision of Estjmates 

I n  t h i s  subsection sampling e r ro rs  are d i  s c u s s e d  f o r  a c c i d e n t ,  

vehicle,  and occupant 1 eve1 NCSS proportions. These sampl i ng e r ro rs  are  

calculated according t o  the  NCSS sample des ign  which i s  b a s i c a l l y  a 

s - ~ r a t i f i e d  c l u s t e r  sample svithin each area chosen. ?lo attern;: was made 

t:! ca lcu la te  a l l  ~ o s s i b l e  sampling e r ro rs  b u t  19 ;roportions ;ier? chosen 
t o  be represmta t ive  and s a r n c l i n g  e r r o r s  were  c a l c u l a t e d  f o r  t h e s e  

proportions. 

These sarngl 1 ng e r rors  are summarized dsfng t ~ o  techniques. I n  t h e  

f i r s t ,  estimated ;;roportions are graphed as a function of the estimated 

sainpliny errors .  In the  second, variables w i t h  the same design e f f e c t  
a re  grouped t o  give a  desc r ip t ion  of v a r i a b l e s  t h a t  have t h e  s a n e  

adjustment t o  the  s inp le  var iance  t o  a c c o u n t  f o r  t h e  ' I C S S  d e s i g n .  

Design e f fec t s  f o r  NCSS proportions are described i n  t h i s  s u b s e c t i o n .  

These design e f fec t s  a re  helpful i n  summarizing t h e  magn i tude  of t h e  

sampl ins e r ro rs  f o r  spec i f i c  types of s t a t i s t i c s  wnen data i s  collected 

from the  same design over a 1 ong  period of t ine .  

4.4.1 V a r i a n c e  E s t i m a t i o n .  P r o p o r t i o n s  and v a r i a n c e s  of 

proportions were calculated f o r  nineteen s t a t i s t i  c s .  These  ni  n e t e e n  . . 

s t a t i s t i c s  were calculated separately fo r  each  d e s i g n  g roup .  41 The 
nineteen proportions were broken down as follows: 

3 Accident Proportions : 
Proportion of rural acci dents 
Proportion of accidents duri ng rush hcur 
Proport i o n  of accidents cn dry rgzds 

5 Vehicle Prcporrions : 
Proportion of vehicles with f ront  C3C 
Proportion o f  vehicles w i t h  r ight  CDC 
Proportion o f  vehicles w i t h  back C3C 
?roport ion of vehicles which ~;nder,ient intrusion 
?roportion of vehicles which did n o t  undergo intrusi2n 
Proportion cf vehicles with low Delta ' I  
Proportion of vehicles w i t h  h i c j h  Delta '/ 
Proport ion of vehicles which h i t  another ca r  

4 1 ~ e s i g n  groups a r e d e f i n e d  i n  S e c t i o n  4 . 1 .  Some a r e a s  u s f d  
d i f fe ren t  systematic samples f o r  spec i f i c  countf es w i t h i n  the  arza. The 
ten design groups are  described i n  Table 4.1. 



3 Occupant Proportions : 
Proportion of occupants aged 16 and under 
Proportion of occupants aged 17 through 30 
Proportion of occupants aged 31 through 45 
Proportion of occupants aged 46 and over 
Proport ion of occupants not wearing a sea t  bel t  
Proportion of occupants wearing a  sea t  bel t  
Propor~ion of occupants with CAI5 0 through 2 
Propor',ion of xcupan t s  1t1i t h  OAIS 3 :hrsush 6 

The l a s t  :lt~c 9rc;cortigns were :?Ken Frcn :he ':a r i  a 3  1e PIE :C$AI  8 3 .  

This variable i s  calculated w i t h  an N C S A  designea a lgor i thm a n d  : s  an 

a-,-,ilnpx t o  overcome some 3f :he q i  s s i n g  d a t a  problems :vi th AIS. 

2ocurnentation cn t h i s  a l ~ o r i  t h m  i s  p r e s ~ n t e d  in Appendix A .  

The proportions were selected i n  the  expectation t h a t  some of them 

might show qui te  la rge  e f fec t s  from the c l u s t e r  design, b u t  others would 

be l e s s  susceptible. 

The estimated p robab i l i t i e s  and variances tha t  were calculated a r e  

presented i n  Tablas 1 t o  3 o f  Appendix C .  For those design groups ;sing 

a  c l u s t e r  design ( i . e . ,  a l l  proportions except those f o r  HSRI and SwRI 

a t  the accident l eve l )  t h e  estimated probabi l i t ies  were calculated using 

Equation 4-4. The estimated variance o f  these proportions .is g i  ven by 

Equation 4-13. The p r o b a b i  1 i t i e s  and v a r i a n c e s  of t h e  a c c i d e n t  

sroportions f o r  the  two design s r o u p s  t h a t  sampled a c c i d e n t s  were 

calculated using Equations 4-4 a n d  4-10, 

A 1 1  of the  s a ~ p l e  designs used  i n  t h e  NCSS i n v o l v e  a c l u s t e r  

sz,rs le ,  e i t h e r  accident or  day. When s a ~ p l i n g  c l u s ~ e r s ,  t h e  c l u s t e r s  

becom the  basic unit  of cbservi t ion a n d  c l l i s te r  t c t a l s  are used i n  r,he 

calcalat ion c i  the vzriance of s t a t i s t i c s  e s t  i g a z e d .  The v a r i a n c e  
.r estimation fomulae  are  presented and discgssed in S e c t i o n  4 . 1 . 3 .  I o 

ljse these formulae eizher a  program must be w r i t t e n  t o  c a l  c u l  a t e  t h e  
approori a re  vari ance or a net;/ data s t ruc tu r?  car! 5e created. Once t h i s 

d a t a  s t ruc tu re  i s  created the  variance e s t i  n i a t  i on 3 r o c e d u r e  bec31r;es 

s t r a igh t  forward. 4n algorithm f o r  crea t ing  t h e  new d a t a  s t r u c t u r e  
representing c l u s t e r  t o t a l s  i s  given i n  Appendix 3. 

A n  overview of the est imated v a r i a n c e s  of t h e  p r o p o r t i o n s  i s  

prgsented in  Table 4.3. I n  t h i s  t ab le ,  as in most of those t h a t  follow, 

the  accident-level propor~ions  f o r  HSRI a n d  SwRI a r e  n o t  i  ncl  uded a s  



they were no t  sampled u s i n g  a  c l u s t e r  d e s i g n  a n d  a r e  t h e r e f o r e  

i r re levant  t o  a  discussion of how the  estimates a re  affected by c l u s t e r  

designs. !dhere these proportions - are  inc luded ,  t h i s  w i  1 1  be n o t e d .  

Table 4.8 gives the mean e s t i m a t e d  v a r i a n c e  f o r  t h e  p r o p o r t i o n s  

ca l cu l a t ed  by v a r i a b l e  t y p e .  For  ex3my;le, t h e  t h r e e  a c c i d e n t  

~ r o ~ o r t i o n s  f o r  each of the 10 design g rou2s  have a mean e s t i ~ a t e d  

variance of .00i911. The l a r g e s t  e s t i q a e d  v i r i s n c e  f o r  t h e s e  3 0  

;r.=portions was .OCi37. The standzrd d e v i a ~ i g n  c f  these  3 0  es: i . ; lated 

\variances i s  .00171. 

T A B L E  4.8 

Overview of Estimated Variance of Proportions 

Proportion I Sample l I I I Standard 
Type I Size I Minirnum I idaxirnurn I 14ean 1 Deviation -------------+--------+----------+---------+---------+----------- 

I I I I I 
1 

Accident I I I I I 
Proportions 1 30 1 .0000159 1 .00707 1 ,001911 1 .001710 

I I I I I 
Vehicle I I I I I 
Proportions 1 80 1 .0000315 1 .00275 1 .000621 1 .000615 

I I I I I 
Occupant I I I I I 
Proportions 1 80 1 .0000017 I .00202 1 ,000346 1 ,000393 

Table 4.3 shows t h a t ,  as might oe ex?ected, the  estimated variances 

a r e  highest overall f o r  the  accidenr, proportions, f3l lowed i I t l i r n  oi/ 

cne vehicle and occupant proport ions. The accident proportions are  more 

susceptible t o  the  e f fec t s  of c lus ter ing s incs  only a few accidents were 

avai lable  f o r  se lect ion by each desian g roup  o n  each  s a m p l i n ;  d a y .  

Frequently no accidents a t  a l l ,  or  merely one or swo a c c i  den", , were 

selected by a  ? a r t i cu l a r  design group i n  the  25% or  13% sa r r~ l i ng  s;ra:a. 

The h i g h  estimated variances resul t ing indicate  the  i n s t a b i l i t y  of  t h e  
probabi l i t ies  estimated from a  design where only a  few cases ?er  c l u s t e r  

a re  available.  This was rnuch less  of a  ? rob l em a t  t h e  v e h i c l e  ano 

occupant levels  where the  much la rger  numoer of cases made t h e  p rob lem 

of producing s tab le  estimates l e s s  acute. 



A fu r the r  indication of the increasing s t a b i l i t y  of the e s t  iiiiates 

with the increase in the  number of cases i s  given by the  decline in t h e  

standard e r ro r  of the e s t i ~ a t e d  variance, from accident t o  v e h i c l e  t o  

occupant proportions, as shown in the right-most column of T a b 1  e 4 . 8 .  

Nor. only did the  estimated variance of the esxiriiated proportion decline,  

b u t  these variances became consistently smaller. This riieans that  a t  the  

occu2ait level the varjances were generally s;;lall, \vnile a:: the accident 

leve? they were larcje o~et-311, b ~ r .  nor c a n s i s ~ e n t l y  so. 

I n  the  discussion t+us  f a r  3nly one source cf 2rror  has been d e a l ' ,  

w i t h .  This source of e r r c r  resulted from the  var'ance of a ? r c ~ p o r t i o n  

within design groups. There i s  however a fu r the r  source of e r ro r  which 

occurs when averaging ?roportions t o  produce estiynates of 2 r o p o r t  i ons 

f o r  the aggregate, averaging over a1 1 design groups. Such a proport i o n  

i s  produced when an estimate i s  made of the overall proportion of r u r a l  

accidents in  a l l  the study areas. This fu r the r  source of e r r o r  i s  t h e  

variance between design groups. A rough app rox i~a t i  on of t h e  o ~ e  ra 1 1 

between-design group e r ro r  i s  given in the  f i r s t  two columns of T a b l e  

4.9. These between-design group e r r o r s  :vere c a l c u l a t e d  a s  s i m p l e  

variances of a given proportion across design groups. In  c a l  cu l  a t  i  ng 

these f igures and a l l  the others i n  t h e  t a b l e ,  t h e  a c c i d e n t - l e v e l  

proportions fo r  HSRI and S w R I  were included. 

The two right-hand columns present the s i m p 1  e mean of t h e  w i t h i n -  

design group estimated variances calculated a c r o s s  t h e  t w o  o r  e i  sht  
appropriate design groups. Looking a t  these  t:vo r - g h t - h a n d  columns 

f i r s t ,  the Rean variance f o r  the twc d e s i g n  g r o u j s  t h a :  sampled by 

accident i s  invariably lower than the  qean estimazed v a r ' s n c e  f 3 r  :fie 

2 i g h t  design groups c h a t  sampled by day. Tile p ropor t  i ons ca1 cu l  a ~ e d  

ilsing a sampls of 2cciden~;s are considerably inore s table  estimates t h a n  

the ?ropomions ca1cu:ated using a sample of days. 

The berween errors a r e ,  n o t  surprisirigly, greater  a t  the a c c i d e n t  

l eve l ,  where environmental f ac to rs  such as local cl imate o r  d e g r e e  of 
~ rban i za t i on  are  gore l ikely  t o  influence the proportions. There i s n o  

d i  scerni ble pattern t o  the  s i z e  of the between e r ro r  by sampl e de s  i g n  , 
nor should one be expected. Error i s  not invariably larger  between t h e  

design groups that  sampled by day than it i s  between t h e  g roups  t h a t  





sampl ed by accident. Between e r ro r  represents real d i  fferences between 

design groups and i s  n o t  a  function of the design. 

For some proportions a t  l e a s t ,  between e r ro r  i s  larger  t h a n  wi t h i  n 

e r ror .  Examples of t h i s  are rural accidents,  dry road accidents,  f  r o n r  

C C C  and Delta \I qroportions a n d  OAIS between O and 2 .  Thus i f  on ly  

: \ i i t h i n  e r rc r s  a re  taken i 7 t 3  account (as  they a r e  belo~i  : n  c a l  cu l  zr ,  i n g  

the  des ion  e f f e c t s )  t h e  t r u e  v a r i a n c e  of a q r o p o r t i o n  w i l l  be 

underestimated. This u n b e r e s ~ i ~ a t i o n  will sornesirnes s e  consiaerabl ? i f 
the omitt2d variance i s  larger  t h a n  the icc1,aeo variance. 

4 . 4 . 2  Graphical Presentation of Es t  i n a ~ e c i  V a r i a n c e s .  I t  was 

desirable t o  obtain a n  idea of h o w  t h e  v a r i a n c e s  of t h e  e s t i m a t e d  

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

relat ionships could be used i n  p r e d i c t i n g  t h e  v a r i a n c e s  f o r  o t h e r  

~ ropo r t i ons  beyond those calculated here. For r h i s  purpose, p lots .  one 

f o r  each design group, were made t o  show t h e  d i s t r i b u t i o n  of t h e  

estimated variance of the estimated probabi 1 i ty against t h e  e s  t i  ma t ed 

probabil i ty.  Such a  d i s t r ibu t ion  should be parabolic. Small and l a r g e  

~ r o p o r t i o n s  normally have small v a r i a n c e s ,  whi 1 e  a s  t h e  p r o p o r t i o n  

approaches . 5  the  variance should increase t o  i t s  maximum. I  ndeed t h e  

aeneral d i s t r ibu t ion  f o r  each design g r o u p  d i  d f o l  1 ow t h e  e x p e c t e d  

pattern. Two of the  d i s t r ibu t ions  a re  presented in Figures 4.1 and 4.2.  

I n  b o t h  cases a  l i ne  approximating a 9araDola cculd be drawn i  n silch a  

way as t o  minirnize deviations from i t ,  leaving one two c r o p o r t i o n s  a s  

o u t 1  i ers. 

Perhaps of more general use are the dis t r ibut ions  shcwn i n  F iou re s  

4 . 2  chrough 4.5.  Here the mean of the es t iza ted p ropor r~ ions  f o r  each 

oroportion across design groups i s  p l o t r e d  a g a i n s t  t,he rnean of t h e  

eszirnated variance of the , 2 ropo r t  i o n  a c r o s s  d e s i g n  g r o u p s .  Each 
d i s t r ibu t ion  follows the expected qarabolic c u r ~ e ,  t h o u g h  t h i  s  s  h o u  1 d 

become more apparent i f  fu r the r  points on the  graphs were c a l c u l a t e d .  

These dis t r ibut ions  could be used t o  predic t ,  f o r  any p r o p o r t i o n ,  t h e  
approximate s i z e  of the average within-design group variance. Thus a n  

estimate of t h i s  source of e r r o r  c o u l d  be made f o r  any p r o p o r t i  o n  



ESTIMATED PRCBABILITY 

FIGURE 4.1 Estimated Probabi 1 i t i e s  a n d  
Estimated Variances f o r  Indiana B 

calculated f o r  NCSS S t a t i s t i c s :  J a n u a r y  1977 - March 1978.  42 The 

oar t i cu la r  d i s t r ibu t ion  referred t o  f o r  the e s t ima t e  w o u l d  depznd o n  
whether the proportion was coded a t  the  accident, vehicl e o r  o c c u p a n t  

level .  

4.4.3 Cesign Efiscts .  Desir;n e f fec t s  were calculated f o r  a l l  193 

design grou;? proportions f o r  which ;r3portions a n d  \/at-i a n c e s  h a d  beer: 

eszimated. assign e f fec t s  are  aefined i n  S e c t i o n  4 . 1 . 3 .  No f i n i t e  

;opulation correction factors were inclided and  he denominator ilsed ~ i z s  

a simple random sample variance of unweightea cases t h a t  i n c l u d e d  t h e  

cases samp? zd w i t h  ce r ta in ty ,  

The design effect  shows the increase ( o r  d e c r e a s e )  i n  ~ i a r i a n c e  

compared t o  a simple random sample variance a n d  i n  t h e  c a s e  of t h i s  

4 2 ~ e d a  Ricci , ed., NCSS S t a t i s t i c s :  January 1977-March 1978, Report. 
No. UM-HSRI-79-80. Sponsored by the National Highway Tra f  f i c S a f e t y  
Adni n i s t ra t ion ,  ~epar tment  of Transportat ion,  washington, D . C .  , under  
Contract No. DOT-HS-8-01944 ( A n n  A r b o r :  Highway S a f e t y  Resea r ch  
In s t i t u t e ,  The University of Michigan, October 1979). 



ESTIMATED PROBABILITY 

FIGURE 4.2 Estimated Probabi l i t ies  and 
Estimated Variances f o r  Kentucky B 

study t h i s  increase i s  the e f fec t  of b o t h  s t r a t i f i c a t i o n  and c lus ter ing.  

The 190 design e f fec t s  a re  presented in Tables 4 t o  6 of Appendix C b u t  

they a re  summarized in  Table 4.10. This t a b l e  does  n o t  i n c l u d e  t h e  

accident-level proportions fo r  HSRi and SwRI. Table 4.10 gives the  mean 

est inated design e f fec t  f o r  proportions estimated by variable type. Fcr 

example, the  eighc vehicl? proportions f o r  each of the 13 design g ro i . p s  
nzve an mean esti;~ia:ed desisn e f f sc t  o f  1.836. Tne sna l l es t  e s t i m z z e d  

design e f fec t  f o r  these 80 proportions i s  ,584. The stzndard e r r o r  of 

these 80 estimated design e f fec t s  i s  1.275.  

Clearly the  est i5ated desiyn e f fec t s  f o r  the accident p r o p o r t i o n s  

,vere considerably larger  t h a n  t h o s e  f o r  t h ?  v e h i c l e  a n d  o c c u p a n t  

~ ropo r t i ons .  The extreme case,  w i t h  a  d e s i g n  e f f e c t  of 21  Idas  t h e  
proportion o f  dry road accidents f o r  the  filiami data col lec t ion area. I t  

should be borne i n  zind t ha t  the design e f fec t  r e p r e s e n t s  a r a t i o  o f  

variances: the ra t io  of standard deviations i s  the square roo t  of t h e  

design e f fec t .  The proportion of dry road a c c i d e n t s  i n  Miaiili has  a  
~Jariance tha t  i s  21 times tha t  i t  would have been frorn a s imple randcrr 



MEAN PROBABILITY 

F I G U R E  4.3 Mean Probab i l i t i e s  and Mean 
Vari ances f o r  the  Accident Proport i  ons 

sample of equal s i z e .  B u t  t h e  s t a n d a r d  d e v i a t i o n  and h e n c e  t h e  

confidence in terval  i s  4.6 times what i t  would have been from a s i m p l e  

random sample, t h o u g h  t h i s  i s  s t i l l  a very large fac to r .  

Table 4.10 would appear t o  i n d i c a t e  once  a g a i n  t h a t  a c c i d e n t  

variables a re  f a r  nore susceptible t o  the  in f luence  of e r l \ ~ i r o n n e n t a l  

f ac to r s  t h a n  vehicle a n d  occupant variaoles. The mean a c c :  ?ent , -1  eve1 

aesign e f fec t  i s  a b o u t  twice as large as the  r;le?n vehicle- o r  o c c u s a i t -  

level design e f fec t .  

Table 4.11 indicates which proportion, of those cmputed,  i s  319s t 

responsible f o r  the  high inean design e f fec t  a t  :he accident 1 e v e l .  I: 

i s  the  ;roportion of accidents  on dry roads, a s t a t i s t i c  f o r  which cns 

would expect there  t o  be a  large c lus te r ing  e f fec t .  O n  a p a r t i c u l a r  day 

the  weather i s  l ike ly  t o  be dry or  wet f o r  the  whole d a y ,  s o  t h a t  a l l  

the  accidents wil l  occur on dry roads or wet roads as the  case may be. 

Table 4.11 a lso  shows how t h e  sample clesign influences t h e  d e s i g n  

e f fec t s .  A t  the  accident level t h e  two groups tha t  sampled by z c c i d e n t  

had design e f f e c t s  t h a t  were cons is tent ly  smaller t h a n  the  e f f e c t s  f o r  



MEAN PROBABILITY 

FIGURE 4.4 Mean Probab i l i t i e s  and Mean 
Variances f o r  the  Vehicle Proportions 

the  groups t h a t  sampled by d a y .  T h i s  i s  p a r t i c u l a r l y  s o  f o r  t h e  

proportion of accidents  on dry roads. Overal l ,  the  mean desi g n  e f f e c t  

f o r  the  accident proportions was 1.623 f o r  the  groups t h a t  s ampled  by 

accident and 3.846 f o r  the  groups t h a t  sampled by day. 

At the  vehicle and occlipant levels  no such consistent  p a t t e r n  can  

be discerned. Bzck CDC stands o u t  f o r  having a mucn g r e a e e r  d e s i g n  

e f fec t  when samplsd by aay. Other ~ r o p o r t i o n s  would a J p e a r  t o  s low a 
cl,ster:ng e f fec t  by 3ccicent ( i n  r e a l i t y  more l l ~ e l j  3y venicle)  ra ther  

than by day. 

In teres t ingly  the  smallest estimated d e s i ~ n  e f f s c t s  o f  a 1  l a r e  

thosa f o r  the  ?ropor,ion of occupants with serious in ju r i e s  (OAIS 3 - 5 ) .  

The variable used t o  define the  sampling s t r a t a  i s  h i g h l y  c o r r e l a t e d  

with injury level .  I t  i s  the  NCSS treatment category of the occupant in 

the  accident with the  rnost "ser ious"  t r e a t m e n t .  So t h e  v e r y  s m a l l  

design e f f e c t s  here show t h e  benefi ts  of sampling usina a d e s i g n  t ha; 
s t r a t i f i e s  on a  variable of inxe res t ,  or  one t h a t  i s  highly c o r r e l a t e d  

with a variable tha t  i s  being studied. I t  i s  s t r i k i n g  t h a t  t h e  d e s i g n  
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MEAN PROBABILITY 

FIGURE 4.5 Xean Prooabi 1 i t i e s  a n d  ;(lean 
Variances f o r  the Occupant Proportions 

TABLE 4.10 

Overview of Design Effects  

.............................................................. 
?roportion I Sample I I I I Standard 

Type 1 Size 1 ;linimum 1 Maximum 1 Xean 1 Deviation 
- - - - - - - - - - - - - + - - - - - - - - T - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I I I 
I 4 

I 
I 

Accident I I I I I 
Prcportions 1 30 1 .970 1 21.142 i 3.846 1 4.187 

I I I I I 
Vehicle I 1 I I i 
Proportions 1 80 1 ,584 1 11.296 1 1.836 i 1.275 

I I 1 I I 

Occupant 1 I ! I I 
Proportions 1 80 1 . O Q 9  1 7.154 12.238 1 1.237 

e f fec t s  f o r  the proportion of occupants w i t h  minor in ju r ies  (OAIS 0 - 2 )  
have not been similarly affected. A possible e x p l a n a t i o n  i s  t h a t  i n  

accidents where one occupan t  r e c e i v e s  s e v e r e  i n j u r i e s  t h e  o t h e r  



T A B L E  4.11 

Design Effects  by Proportion and Sample Design 

........................................................................ 
I I Mean Design Effect  

?rgport ion 1 j - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Type I Proportion ! 2 Groups Sampling i 3 Grcups Sampling 

I I by Accident I by Day 
- - - - - - - - - - - - T - - - - - - - - - - - - - - - - - - - L L L L L L L - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - -  

Accident i Zural , I 1 .293 I I 1.9% 
I Xush dour ! 1.815 I I 2 . i33 
I Dry Road I i 1 . 75e  1 7.143 

I 
I 

"!chicle I Front C D C  I 1.491 , 1,581 
1 2 i c j h t  C D C  I 1.503 i 1 .359 
I Sack C D C  I 1.638 I 3.059 
1 Intruded I 0.958 I I 1 .C40 
I Not I n ~ r u d e d  I 1.414 ! 1.738 
1 Low Delta ' I  I 2.996 I 

I 2.571 
1 High Delta V I 1.435 I 1.434 
I Hit a Car I 2.045 I 2.115 
I 1 I 

Occupant 1 Aged 16 a n d  Under 1 2.895 I 2.698 
1 Aged 17 t o  30 1 2 . 9  21 I 2.641 
1 Aged 31 t o  45 I 1 .966 I 1.738 
I Aged 46 and Over I 2.494 I 2.614 
I Unbelted I 3.116 I 3.839 
I Belted I 3 ,033 I 3.036 
I With OAIS 0-2 I 1.470 I 1.183 
1 W i t h  OAIS 3-6 I 0.102 I 0.137 ........................................................................ 

occiipants are  jus t  as l ike ly  t o  receive minor i n ju r i e s  a s  t h e y  a r e  i n  

accidents where no occupant i s  severely i n j ~ r e d .  

The o\/eral l  mean of desisn e f f e c t  a t  i h e  v e h i c l ; ,  arid occu,;an', 
- ,  li3vels are  roughly tne  sane f o r  the  two sample designs. I ne v e h i c l e -  

le \ /e l  xean design e f fec t  i s  1 .081  f o r  the  silmpl;, of accidents and ! . 8 7 3  

f o r  tile sample of days. The zean design e f f s c t  a t  the  occupanrl-1 eve1 

a re  2.250 a n d  2.236 res?ect ively .  

A visual repres2ntation of a l l  the  design e f f e c t s  c a l c u l a t e d  i s  

aiven i n  Figures 4 .6  through 4.9.  From Figure 4.6 i t  can  be s e e n  h o w  

each i n d i v i d u a l  design group statistic c c n t r i  b u t e d  t o  t h e  h i  cjh Eean 

design e f fec t  shown f o r  t he  proportion of  a c c i d e n t s  on d r y  r o a d s  i n  

Table 4.11. The proportion f o r  :iliami has a desicin e f f e c t  o f  2 1 . 1 4 2 ,  



Only the  design groups t h a t  sarnpl2d by accident ( H S R I  a n d  S : v R I )  have  

design e f f e c t s  lower t h a n  2 f o r  t h i s  proportion. Among t h e  design group 

vehicle proport ions,  the  p r o p o r t i o n  of  v e h i c l e s  w i t h  Back C D C  f o r  

Indiana B stands o u t  with a design e f fec t  of  1 1 . 2 9 6 .  Of t h e  d e s i g n  

croup occupant proport'ons the  nost ~ r o m i  n e n t  i s  t h e  p r o p o r t i o n  of  

occupants no t  wearing sea t  b e l t s  f o r  Miami w i t h  a d e s i g n  e f f e c t  of 

7.154, 

The c l 3 s t e r i n c  e f fec t  =or  sack C D C  ~,loul d appear t o  be e x 2 1  a:  ~ e c i  i .I 

;arc, by t he  co r re la t ion  of 32ck C D C  wit:: x c i d e n t s  o n  n o n - d r y  r z z d s  

!::hat i s ,  on roads wnich ? r e  weT, snow-covered, or i c y ) .  I q  S t r a t u n  3 

( t h e  10% stratum) the re  was a corre la t ion  of . 4 2  between the  proport i  o n  

of vehicles in t h e  C a l s p a n  a r e a  w i r h  Back C D C  a n d  p r o p o r t i  o n  of 

accidents  on non-dry roads. The same corre la t ion  f o r  t h e  Ken tucky  E 
area was .47.  The explanation w o u l d  appear t o  be t h a t  t h e r e  a r e  more 

rear-end col l  i  sions on  wet roads. 

F ina l ly ,  a graphical representat ion of the  c o n f i d e n c e  i  n t e r v a l  s 

t h a t  resul ted from the  actual  sample design as compared with those t h a t  
would have resulted from a simple random sample of equal s i z e  i  s g i  ven 

in Figure 4.10. For the  accident-level proportion shown (whi ch had a 
design e f fec t  of 7.913) t h e  95% confidence in terval  s t r e t c h e s  a l l  t h e  

way from a proporti  on of .28 t o  one of .55. The 95% confidence in-cerval 

from a simple random sample of equal s i z e  would have ranged frcm $ 3 5  t o  
. 4 7 .  For t h e  veh'cle a n d  occupant proporticns shown the  d i f f e r e n c e  i  

the  confidence 'n tervals  between the  two types of s a ~ p l e s  i s  i legl igisie .  

I n  the  case of the  veiiicle ~ r o p o r t i o n  t h e  confidence in terval  f r c i ;  t i e  

s t r a t i f i e d  sarriole of days i s  ac tual ly  reduced compared c 3  tha:  'rcn t h e  

simp1 e random sample. 

I; should be noted t h a t  t h e  d e s i g n  e f f e c t s  ? r e s e n t e d  i n  t h i s  

sscxion and the  confidence in t2rvals  displayed in Figure 4 . 1 9  a r e  f o r  
- individual design group prgportions. 1 hey a r e  n o t  f o r  ? r o p o r t i o n s  

aggregated across design groups t o  flake t o t a l s  f o r  the  whole study area.  

Such t o t a l s  are affected by t he  f u r t h e r  source of variance discussed i n 

Section 4.4.1, the  be tween  d e s i g n  g r o u p  v a r i a n c e  which f o r  some 

proportions was l a r g e r  than t h e  mean within design group variance. The 
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t r ue  confidence i nterval s f o r  any proportion representing the  t o t a l  area 

will be much la rger  than those  calcula ted here. 

4.4.4 Summary. The estimated variances and t h e  d e s  i g n  e f  f e c t  s 

calculated 'ndicate  t h a t  some of the  proportions have high variances due 

'Yo t ne  sample design associaxed with them. The q e i l i c l e  and o c c u p a n t  

level cropcrt  ions a re  general ly  ianune t o  ~ ie ry  large c l ~ s t e r i  ng e f f  2 c t  s 

a n d  f o r  some of them, in pa r t i cu l a r  the  injury sever l ty  va r i a c l  e s ,  t h e  

variances a r ?  lower than they would halie Seen f ron: a s imp1 2 r a n d o r n  

s a n ~ l e .  There the  gains i ron  the  pre-saiiipllng s r r z : ; f  i c a t i  3n can b e  

seen. However the  v a r i a n c e  a s s o c i a t e d  w i t n  some a c c i d e n t - l e v e l  

iropor,ions i s  large.  The 95% confidence in tervals  flay be :;.do or e ~ h r e e  

zirnes as large as tney would have been from 3 simple randcm sarn~lo.  



Three Confidence Intervals for Calspan at the .05 Level 
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4.5 Missing Data  Analysis 

This subsection summarizes the analy t i  ca  1 r e s u l  t s  and p rob1 ems 

associated with missing data in the  PICSS data. The discussion c e n t e r s  

on t h e  key var iables ,  OAIS and Delta V, Section 4 .5 .1  looks a t  rnissi n g  

data ra tes  f o r  3AIS and Lelta  V .  The analys's of OAIS i s  a n  o c c u p a n t  

level analys is  a n d  i s  r e l a t ive ly  s t r a i g h t f o r w z r d .  The a n a l y s i s  of 
Delfa !i i s  xiore coflplicated. 7el:a V i s  '5 vehicle jiariabl? a ~ d  i s  o n l y  

defined f o r  veiiicles involved i n  ce r t a in  c s l l i s i o n s .  T h i s  ~ a k e s  t h e  

ca lcula t ion  of  iss sing data r a t e s  and adj : s~?d d i s t r ibuf ions  much v 3 r e  

complicated. The b iva r i a t e  d i s t r ibu t ion  of 3AIS and D e l t a  ',I i s  done 

w i t h  occupant-12ve1 data. I n  t he  b iva r i z t e  c a s e  t h e  p r o c e d u r e s  a r e  

s imi la r  b u t  Delta V brings a l o n g  with ; t  i t s  complexities. 

Missing data were analyzed  separate?^ f o r  f a t a l  2 n d  n o n - f a t a l  

occupants. The f a t a l i t i e s  were  c h o s e n  w i t h  c e r t a i n t y  a n d  were  

r e l a t i v e l y  few in  number. k complete review of a l l  f a t a l i t i e s  was done. 

A br ief  descript ion o= t h i s  scbss t  i s  given j n  Section 4 . 5 . 2 .  The three  

d i s t r ibu t ions  di scussed above a re  then examined f o r  the  f a t a l  occupants  

and those r e s u l t s  a re  p r e s e n t e d  i n  S e c t i o n  4 . 5 . 3 .  The n o n - f a t a l  

occupants with missing d a t a  were  sampled  t o  o b t a i n  388 n o n - f a t a l  

occupants with missing data on Delta V or OAIS. This sample d e s i g n  i s  

described i n  Section 4.5.4.  For the  non-fatals the  OAIS d i s t r i b u t i o n  

was the only d i s t r ibu t ion  studied in  depth and t h i s  i s  d e s c r i b e d  i n  

Section 4.5.5.  For a1 1 occupants, b iva r i a t e  di s t  r i  b u t  i  ons i  nvol vi n g  

Z A I S  were calculzted t o  see  what e f fec t   iss sing data adjustments h a d  crl 

the  c e l l  7roportions ard qarginal d i s t r ibc t ions .  These d i s t r - : u " , i n s  

a r e  preserixed i n  Sect i?n  4 .5 .6 .  F i ~ a l l y  the  g a i n  r e s u l z s  from r h e s ?  

analyses a re  summarized i n  Section 4.5.7.  

4.3.1 Extent of Missing D a t a .  There Nere only a  small numher of 

\variables i ' l  t h e  !ICSS d a t a  t h a t  h a d  s ~ b s t a n c i z l  $ i s s i n g  d a ' , a .  

Jnfor tunate ly ,  zinong t ' lese variablcls were the  'key va r i ab l  e s  z e e d e d  i r: 

:he modelling task of t h i s  project .  Delta V ,  t he  only variable recorded 
t o  measure crash sever ' ty ,  and the  CDC variables had subs tant ia l  missing 

data.  All of the  va r i ab les  t h a t  measured  i n j u r y  s e v e r i t y  ( s i n c e  
information had t o  come from an o f f i c i a l  medical s o u r c e )  had i n i s s i n g  

data in a  large proportion of ;he cases. 



Table 4.12 shcws the nissing data rates f o r  O A I S  a n d  i l e l t a  V i  n 

Phase 1 and Phase 2 f o r  a l l  case vehicle occupanxs i n  t h e  NCSS i i  1 e .  
The ra te  a t  which Delta '1 and O A I S  a r e  - both  m i s s i n g  i s  abou t  157; 

(unweighted). Since most data analysis  packages r e q u i r e  d a t a  on a l l  

variables,  63.6% of the occupanxs will be excluded irorr, the  analyses i n  

Phase 1 and 68.2% i n  Phase 2 .  There i s  a  missins data r a t e  of a b o u t  30% 

f s r  3AI S. 

:.!issing 2a:a Rates fo r  3e l t a  \I ano C K S  
Cas? Vehicle Occupants 

............................................................... 
Category I Weishted I dnwei shted 

- - - - -me- - - - - - - - - - -m- -  I Distr ibution i 3is t r ibu t ion  
1 ( I n p e r c e n t )  I ( I n p e r c e n t )  

OdI S DELTA '/ I - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - -  * 
I Phase l* Phase 2 1 Phase 1 ?hase 2 

I I 
Miss Miss 1 16.54 15.39 1 15.14 15.00 

i I 
M i s s  Not Miss I 16.42 12.05 1 17.10 12.44 

I I  
Not Viss Yiss I 34.65 43.69 1 31.18 40.73 

I I 
Not Miss Not Miss 1 32.38 27.87 1 36.38 31 .83  

I - - - - - - - - - - - - - - - - - - - -+-------- - - - - - - - - - - - -  
Tot a1 1 62439 49663 1 14652 :2111 ............................................................... 

* 
The o f f i c ia l  l~ers ion of the Phase ! d a t a .  

I n  consiaering the  missing data ra te  f o r  Cielta V ,  the r a t ?  s ' n c ~ l c  

actually be calculated based only on those iehicles ( o r  s c c u g a n r s )  i I 
- * col l i s ions  where Celta '1 was app rop r i a " ,  1 0  compute.  I n e r e  i s  '10 

vehicle variable i n  the  YCSS f i l e  t h a t  ' 7 d i c a t e s  i ~ r  each > i e h i c i e  

whether i~ would have been appropriate t o  c a i c ~ l a t e  a Delta 7 .  There i s  

an accident level variable (Crash Reconstruction) which i r l d i c a t e s  f o r  

the accident whether Delta V had been campueed. Table 4.13 i s  s imi  1 a r  

t o  Table 4.12 b u t  i s  r es t r i c ted  t o  t h o s e  c a s e  v e h i c l e  o c c u p a n t s  i n  

accidents where a Delta V was calculated. The r a t e  a t  which d a t a  i s  



missing o n  b o t h  variables i s  now l e s s  than 1% (unweighted) s i n c e  c h i s  

now includes only accidents wher? Delta \I was cal cu1 a t e d .  With t h i s  

subset of occupants approximately 33:; of the  occupants will be l o s t  due 

t o  missing data on OAIS when doing model estimation. 

T A B L E  4 . 1 3  

'+!issing D a ~ a  Rates f o r  Delta V a n d  0415 
Case Vehicle Qccupants i n  a n  .Accident where lel-ia 'i :.,?s C a 1 c ! " 2 t ~  , ,., , . ,d 

Catesory ! I ' de ighted I Jnweishted ..................... i z i s t r i  buticn I J i s tv ibu t icn  
i ( I n  percent)  I ( ; n percent j 

OAI S D E L T A  \/ I - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - -  ?r c 

I Phase 1 Phase 2 1 Phase 1 Phase 2 
---------------------t----------------------+-------------------- 

I I 
Miss Fli ss  1 1 . 2 2  .78 1 .98  . 87  

I I 
Miss Not Miss i 33.09 2 5 . 6 9  1 30 .39 27.19 

I i 
Not Miss Miss 1 2.14 1 . 6 8  i 2.02 2 .35  

I 1 
Not Miss Not Miss 1 63.45 7 1 . 9 0  1 6 6 . 1 1  6 9 . 5 9  

Total 

* 
The o f f i c i a l  version of the  Phase 1 data. 

To look xore closely a t  :ne m i s s l  1 5  d a r a  o n  3 e l t a  ',' f s r  c a s e  

vehicles,  the r a t e  of nissing data cn Delta '1 ! w i t h i n  eacn ca:er;ory o f  

General Area of Damage f o r  a1 1 case vehicles was cal cu1 azed. garnag2 i n 

the  f r o n t ,  r i gh t ,  back,  and l e f t  night be a good i n d i r e c t  measu re  o f  

those s i t ua t i ons  where the  calcula t ion of Delta 'J f l l c j h t  be a o ~ l  i cab1 e .  
Xizhin these  c a t e g c r i s  o n l y  a g ? r o x i  q a t e l y  6 0 - 7 2 5  ha / e  a Oel t a  ' J  

calculated.  All vehicles n i s s i ~ g  the  General Area s f  S z l a s e  had l o  

3e l t a  V c a l c u l a t e d .  T o p  and U n d e r c a r r i a g e  danage  w o u l d  n o r ,  b e  

applicable f o r  Delta \I c o m p u t a t i o n  and t n e  m i s s i n g  d a t a  r a t e  i s  

oredictably high a t  9 5 2 .  I f  the  ca lcula t ion of the n i s s i  n g  d a t a  r a t e  

f g r  Delta V i s  based on the  four general areas of damage, f r o n t ,  r i  g h  t , 



l e f t  and r e a r ,  32.4% of t h e s e  veh ic les  i n  Phase 1 a n d  4 1 . 9 %  o f  t h e s e  

veh ic les  i n  Phase 2 had Del ta  '1 q i s s i n g .  

TABLE 4.14 

Missing Data Rates f c r  Del ta  \I Within 
Types of General Area of Damage 

Case Yeh! cl  e s  

/ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
General Area i h a s e  1* Phase 2 

of 3 ama qe I , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - 
1 Percent  Percent  
I Total  :ili s s i  ng Tot  a1 Missing 

;fli s s  ing 1 I378 99.1  1341 9 9 . 6  
I 

Front 1 4532 30.3 3621 40.0 
I 

Right 1019 35.2 7 50 43.3 
I 

Back 1 358 28.6 247 38.9 

Le f t  1 1014 40.0 7 91 49.7 
I 

TOP 1 322 95.3 3 55 96.1 
I 

Undercarriage I 8 5 89.4 46 97.8 ....................................................................... 
* 

O f f i c i a l  vers ion of r he  Phase 1 da ta .  

a . 5 . 2  Fata l  S u ~ p l e m e n ~ a l  Data. In a n  e a r l y  vers ion of t h e  Phase 1 

da ta  a l l  f a r ~ a l  c a s e s  i n  t h e  NCSS f i l e  w e r e  c h o s e n  t o  be f u r t h e r  

e \ / a lua ted .  This eva lua t i on  involved ob t a in ing  t h e  hard copy c a s e s  a n d  

ccding as  nuch informat ion about occupan?: i n j u r y ,  v e h i c l ?  d a ~ z l ; e ,  and  
.F 

cr3sh s e \ ~ e r i t y  as  was p c s s i b l s .  , h i s  i n v e s ~ i g a t i o n  involved 3 3 3  f a t a l  

occupants. Each f a t a l  occupant was recoded i ndepenaent l y  from t he N CS S 

codes i f  p resen t .  

Mor2 s p e c i f i c a l l y ,  t h e  informat ion recorded included u p  t o  12 OIC's 

and an OAIS f o r  each f a t a l i t y .  For each of the i n j u r i e s  a n d  t h e  O A l S  

t h e  assurance l eve l  a s soc i a t ed  with what was coded was i nd i ca t ed  bv t h e  



coder and t h e  source i n  t h e  h a r d  copy t h a t  was used  t o  g e t  t h i s  

information. For each body region the  number of i n j u r i e s  r e c e i v e d  i  n 
t h a t  body region was recorded. For each of the  twelve OIC's the  contact 

t h a t  produced t h e  injury was recorded along with the  a s s u r a n c e  f a c t o r  

a n d  the  source of information f o r  each c c n t a c t  r e c o r d e d .  F o r  each  

;lenicle tha t  was involved in the  c o l l i s i o n  t h a r :  produced t h e  f a t a l i t y ,  
2 C 1  s  were coded a n d  a 5el:a 'I \/as calculated with I nforrnation tha t  was 

ai i : '13bls  in t h e  hard czpy. As :ii th -,he in,jiiri?s, 2; assarance  f a c r o r  

and :n i n f o r ~ a t i 3 n  source was a i  ven f o r  each fie1 t a  V. The c a d i n s  

i  str ructions f o r  codi ng  3A:S and  Delta 'I i  nstrlrcted the  coder t o  use t h e  

LnKnown code as sparingly as possible. Tiie objecr: of a o i n g  Sack o v e r  

the  hard copy cases was t o  use a l l  t he  information avai lable  in  the  hard 

copy and t o  use experienced subjec t ive  judgement t o  " g u e s s "  a t  v a l u e s  

f o r  missing data on OAIS and Delta V .  A l l  of t h e  i n j u r y  c o d i n g  f o r  
these  f a t a l s  where done by a  s ing le  coder so the  assurance f a c t o r  i s  a 

d i r ec t  measure of the r e l a t i v e  r e l i a b i l i t y  of  t h e  OAIS v a r i a b l s .  

Another coder was responsible f o r  a1 l the  crash sever i ty  coding. 

The option of coding u p  t o  t w e l v e  O I C ' s  was c h o s e n  T O  a l l o w  

deta i led  and  complete injury information on f a t a l  i t i e s .  The a v e r a g e  

number of i n j u r i e s  t o  a  occupant who received a  f a t  a 1 i  n j u ry  i  n t h i  s  

f i l e  i s  7.8. The minimum number of in ju r i e s  i s  1 and  the  maximum i s  37.  

The median number of in ju r i e s  i s  5 .  These s t a t i s t i c s  were  d e v e l  o?ed  

fron 3 count g f  the  number of in ju r i e s  t o  each body region. 

5 . 3  Fatal J i s t r i b u t i o n s  Adjusted f o r  ; l i s s ; n g  S z c a .  I n  : + i s  

subsection the  univar ia tz  i i ' s t r i ~ u t i o n s  f a r  ??$IS arid Z e l t a  ! 3 r e  

corrsarxl f o r  two c lasses  of ??",ally injured 9ccuDants: tLcse ;.iith c , - ced  

daca a n d  tnose  w i t h  m i s s i n g  c a t a .  The d a t a  used  t o  o b t a i r l  t h e  

d i s t r ibu t ions  f o r  far:als w i t h  m i s s i n g  d a t a  was o b t a i n e d  f r o n  t h e  

s ~ q p l e r n e n t  d e s c r i b e d  i n  S e c t i o n  4 . 5 . 2 .  Once t h e 8 2  3 a r g i n a l  
d is t r ibuzions  are considered the  b iva r i a t e  d ; s t r i b u t i o n s  of G A I S  a n d  

Delta \I a r e  conipared f o r  these two subsess of the  NCSS f a t a l  data. 

4.5.3.1 Univariate Distr ibution of OAIS Adjusted f o r  iilissi n g  

aata.  I n  the  f ina l  version of the  Phase 1 data of NCSS there  were  500 - 



f a t a l i t i e s .  Of the 5 0 0  f a t a l i t i e s ,  there  were 3 ~ 7 ~ ~  f a t a l i t i e s  reviewed 

by H S R I .  O f  these 327, there  were 2 1 3  f a t a i  occupants that  did not have 
an O A I S .  

There a r e  t w o  ways t o  niodify t h e  d i s t r i b u t i o n  f o r  t h e  5 0 0  

f a t a l i  t i e s  t o  incorporate t h i s  additional i nformazion: 

1. For any f a t a l  occupant nissing 8 A I S  iise the Y S R I  recoded v a :  u e  

and the  ori g i  nal NCSS ~ a l u e  fo r  a1 1 o t  hers. 

2 .  Lse a  comprcnis? )ialue f o r  those f a t a l  occupants t ha t  have b o t h  

a '4CSS C A I 5  a n d  an  HSR: C A i S .  For f a t a l  occupants -;issing 3AiS, use t h e  

value obtzined by the  hS2I revi2w. 

T h i s  subsection, and the  following subs2ctions, will only c o n s i d e r  

the f i r s t  method mentioned above. The nature of the coding a +  H S R I  of 

O A I S  allows examination of modifications t o  two v e r s i o n s  of t h e  O A I S  

dis t r ibu t ion ,  the  usual d i s t r ibu t ion  of O A I S  and t h e  d i  s t r i  b u t  i o n  of  

PIEWOAIS3. Table 4 . 1 5  shows these d i s t r ibu t ions  f o r  O A I S .  The f i r s t  

d i s t r ibu t ion  i s  the O A I S  dis t r ibu t ion  obtained from the  Off ic ia l  Phase 1 

Version of the NCSS data. The second d i s t r ibu t ion  i s  t he  d i s t r i b u t i o n .  
of a l l  t h e d a t a r e c o d e d  by H S R I .  The t h i r d  d i s t r i b u t i o n  i s  t h e  

d i s t r ibu t ion  f o r  the  missing data in NCSS based on the H S R I  recode. The 

fourth d i s t r ibu t ion  i s  the  adjusted d i s t r ibu t ion  of O A I S  i n c o r p o r a t i n g  

the data available in the  PICSS f i l e  and the  recoded infgmat ion from the  

? S R I  recode of the supplemental  d a t a .  T a b l e  4 . 1 6  shows t h e  sa-ce 

d i s t r ibu t ions  fo r  NEWOAI S3 .  

-7 9 ~ n e  a d d i t 4 0 n  of nissing d a t a  i r i f o r r a c i c n  ", c ? e  d l  s t r ib i - l ' v ion  

,b t r ibu t icn .  The l a rges t  change i n  the dis;r;bu t i o n  ncaif ies the  2 2 ; s  6;- 

of ;ne O A I S  appears i n  the  proportion of f a t a l i t i e s  w i t h  an f a t a l i r i e s  

with an O A I S  of 5  before and a f t e r  the   iss sing data adjustment. I n  t h e  

i i s t r i bu t i on  of NEinlCAIS3 tne  s h i f t  i s  f r m  " injured,  sever i ty  u n u  n o w n "  

t o  i i j ~ r y  a t  O A I S  level 3 o r  Tore. 

At best ,  looking a t  the NEWOAIS3  dis t r ibu t ion  there  i s  s t i l l  a  7 %  

missing data ra te  o n  the  sever i ty  of the i njury of the  f a t  a 1 i t y  . The 

43~orne cases coded f a t a l  i n  t he  rreliminary version of the  P h a s e  1 
d a t a  were subsequently ediced and were n o t  p r e s e n t  i n  t h e  O f f i c i a l  
Version of the Phase 1 f i l e  t ha t  t h i j  analysis  i s  based on .  



T A B L E  4.15 

Dis t r ibut ion  of 3AIS 
Missing Data  Adjustments 

Fatal Occupants 

I I OAi S / In ju red  1 I 
Djst r jbut jon  I I - - - - - - - - - - - - - - - - - - - - - - - - - -  I Seve ri ty 1 :' i~ 1 T o t  a1 

1 1  1 3 4 5 6 ] U n k n o w n  1 infcrnzs isnl  

; I I 
I 1  1 5 2 1  !:3 1121 2 5 2  

;:CSS 1 4 2 . 4 ;  3 .  11'; 44.3X1 
I I 1 

YS21 Coded I 1  1 5 6 39 2101 72 
Supplemental Data1 10.4% 1.9'6 2.3% 14.9% 80.2%1 

I I I 
NCSS Missing 1 1  1 2 1 8 1361 0 
(HSRI Recoded) 1 1 7 1 4  . 7?  5.4% 91.9% 1 

I I I 
Adjustment for l l  2 8 22 118 2481 102 
I.vlissing D.ata 1 1  .4% 1.6% 4.44 23.5% 49.6%1 20.4% 

TABLE 4.16 

Distr ibution of NEWOAIS3 
Missing Data Adjustments 

Fatal Occupants 

................................................................ 
1 1  CAIS  I I I 

3 j  s t r j  buri on 1 1 ---------- I I ~ j u r e d  i ?lo l T o t a l  
1 10-2 3-5 1 Severity U n k n o w n  I iriformati o n  I ----------------- ----------+----------------+-----------r----- / I 
I I I I I 

1 1  7 2431 250 I 0 I 500 
NCSS 112.8% 97.2$1 I I10O:L 

i I I 

I I i 
PSRI Recoded 7 3 2 6 ;  I 1 156 1 3 3 4  
Supplemental gaza 1 12.1% 97.941 I 1 100:, 

I / I I I 
NCSS t4issi ng I 1  4 2C91 C 1 102 1 213 
( H S R I  Recoded) 1 1 1.9% 98.1% 1 I 1 100% 

I I I I 1 
I 

Adjustment for 1 1  11 4521 3 7 I 0 1 300 
Fiissi ng 9ata 1 12.2% 90.48 1 7.47; I 1 1 00:; 



s i t ~ a t i o n  with OAIS i s  worse  a t  a  209: r n i s s i n g  d a t a  r a t e .  T h i s  

difference i n  missing data r a t e  i s  due t o  coding conventions c h a t  were  

allowed when coding OAIS in t h e  YSRI project.  I f  n e c e s s a r y  a c h o i c e  

could be made as t o  whether the  case f e l l  i n to  the  OAIS 0-2 category o r  

not, so t h a t  a  b i t  more inforeat ion i s  avai lable  f o r  :IEiiOAIS3. T a b 1  2 

4.17 compares the  injury codes assigned t o  these  occupants. 

C;\IS Recode Conpari son f o r  
Fat31 Occupants 

I I NCSS OAIS I 
i 

! I - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - !  
HSRI OAiS I I Injured I Total 

! I  3 4  5 6 Severity 1 
I I Unknown 1 .................... ---------------------------------------+---------  I I 
1 I I 

I 

I i 1 I , 
A I A 

I I I 
3 I I 2 I 3 

I I I 
4 I I  1 3 1 I 5 

I I 
7 

I 
5 I I 1 2 7 4 8 1 39 

I I I 
6 I I 5 ! 4 5 3 136 i 208 

I I I 

Injured 1 1  2 1 2 * , 6 5 1 71 
Severity Unknown I i I 

Total 

From tile t ab le  i t  can 3e seen tha t  the  l a rges t  d i s c r e p a n c y  ccr;;es 

from :4 cases coded 5 in  iJCSS a n d  6 ar. YSRI. This aay suggest s1ich:ly 
d i f fe ren t  methods of coding OAIS a t  rhe two locat ions and nay serve as a  

caution in reviewing some of thess  r e su l t s .  

I t  should be noted here t h a t  there  i s  information f o r  the  55 c a s e s  
shown in the  t a b l e  as being coded " in ju red ,  sever i ty  unknown" i n rICSS 

obtained from in the  YSRT review. Here, 1 of the  55 was thought t o  have 



an O A I S  l e s s  than 4 and t h e  o the r  64 f a t a l  s  were thought t o  have an OAIS 

a r e a t e r  than 3. This in format ion  w i l  1 be u s e d  i n  c o n s i d e r i n g  t h e  

d i s t r i b u t i o n  of NESIOAIS3. 

4.5.3.2 Univariate  D i s t r i b u t i o n  o f  De? t a  V A d j u s t e d  f o r  

Missing Data. The d i s t r i b u t i o n  of Delta V f o r  v e h i c l a s  i n  wh ich  a t  

l e a s t  one f a t a l i t y  occurred a r e  discussed in  t h i s  subsecrion.  There a r e  

425 vehic les  invol vi ns t h e  5 0 0  f a t a l  occupants  hat occurred i  I Phase 1. 

HSRI reca lcu la ted  a Celta  \I i g r  a  subset  of these  426 l ieb;cl?s .  The 213 

vehicles  t h a t  were rec3ded ccn ta i i ed  vehicles  t h a t  coul n, h z ' i e  a i d  l i d 

Delta V as well a s  those  where a  Delta '/ cornoutation \,vas not appl icabl? .  

Delta \J presents  a  s i t u a t i o n  t h a t  i s  r e l a t i v e l y  ancommon. T h e r e  

a r e  c o l l i s i o n s  where D e l t a  V c a n n o t  be c a l c u l a t e d .  The D e l t a  V 

a lgori thm requi res  c e r t a i n  hypotheses (e.g.  planar  c r a s h e s )  and  f l a k e s  

sense only when these  assumptions a r e  s a t i s f i e d .  I t  i s n e c e s s a r y  t o  

t ake  t h i s  i n t o  account when ca l cu la t ing  t h e  n i s s ing  data  r a t e  f o r  D e l t a  

\/ and ; n a ~ i n g  c o m p a r i s o n s  of  v a r i o u s  d i s t r i s u t i 3 n s  3 f  3 e l t a  \ J .  

Calculat ion of missing da t a  r a t e s  and d i s t r i b u t i o n s  f o r  3 e l t a  V s h o u l d  

involve only those  vehic les  where Delta V can be ca lcu la ted .  V e h i c l e s  

involved i n  c o l l i s i o n s  where D e l t a  'J c a n n o t  be  c a l c u l a t e d  b r i l l  be 

considered vehicles  where Delta V i s  not appl icable .  

The d iscuss ion  here w i l l  f o c u s  on D e l t a  V o n l y .  O f  t h e  4 2 6  

vehicles  involving a  f a t a l i t y  t he re  were 28.1% with unknown ilelca Y .  Cf 

~ h e s e  l ~ e h i c l e s  an addi t iona l  20$ wers s a c h  t h a t  t h e  c a l c u l a t i o n  o f  

Delta '/ was not a p p r o p r i a t e .  ( 3 a s e d  on t h e  C r a s h  R e c o n s : r ~ c t i o n  

va r i ab l e . )  Excluding these  20%, 25.25: of t he  v e h i c l e s  ? , h e r ?  J e l t a  'i 

could be c z l c ~ l a t e d  and had a  Delta '/ missing. 

The HSR: review supplied inforna t ion  f o r  84 v e h i  c ?  e s  of  t h e  1 2 0  

~ i e h i c l e s  where Delta 'I was coded i n  illCSS a s  unknown. F o r  t h e s e  84 

venicles  i r ,  was t h o u g h t  c a l cu l a t ion  of S e l t a  Y was appropr i a t e .  Tab?  2 

4.18 presents  rhe d i s t r i b u t i o n  of Delta \/ in  :ICSS, t h e  d i s t r i b u t i o n  of  

Cel ta  \J f o r  a l l  cases  recoded by HSZI, t h e  d i s t r i b u t i o n  of t h e  3 e l  t a  'i 

f o r  a l l  c a s e s  m i s s i n g  i n  IICSS b u t  c o d e d  by HSZI a n d  f ~ n a l l y  a 

d i s t r i b u t i o n  of Delta V modified t o  use both sources of data .  





The l a s t  d i s t r ibu t ion ,  referred t o  as "!iCSS Adjusted f o r  iyii s s i n s  

Data," was obtained by using t he  value that  was recoded a t  HSRI f c r  any 

case where Delta V was not present i n the NCSS data s e t .  This procedure 

did change the  number of vehicles considered "not appl  i c a b l e . "  U p o n  

revi2w i t  seemed appropriate t o  ca lcula te  a  Delta V f o r  some cas2s where 

the crash reconstruction code indicated c a l c u l a t i o n  o f  D e l t a  V was 

i nappropri a t? .  

Frcm T a b ? ?  4.12 i t  can be seen t ha r :  

11 4 1  * 1) The >ICSS dis t r ibu t ion  o f  3 e l t a  '/ d i f f e r s  from ri le  , , L S S  

Yissing" dis t r ibut ion.  cases. Tne proportion of cases a t  the  
highest level of 3elxa 'J appears t o  be higher i n  t h e  m i  s s  i n g  

cases than the proportion in the  non-missing i n  P4CSS. 

2 )  Comparison of the I.ICSS d i s t r ibu t ion  and the HSRI supplemental 

data d i s t r ibu t ion  indicate  soRe differences,  b u t  there szems t o  

be no c l ea r  pattern.  

3 )  The " A d j u s t e d "  d i s t r i b u t i o n  when compared t o  t h e  NCSS 

d i s t r ibu t ion  has a  smaller missing data rate.  The modification 

f o r  missing data increases the  proportion of g r e a t e r  t h a n  4 5  

mph cases s l igh t ly .  

4.5.3.3 Eivariate Distr ibution of OAIS and Delta V A d j u s t e d  
fo r  Missing Data. I n  t h i s  subsection the  j o i n t  d i s t r ibu t ion  of CIAIS and 

3e l t a  V f o r  the  f a ~ a l i t i e s  i n  t h e  PICSS d a t a  i n  P Q a s z  1 ( C f f i c i a l  

version) i s  ad;ust2d f o r   iss sing daxa. Ideally we ;foul d 1 i 4 e  1 3  f i  I(! 

the d i s t r i b u r ~ o n  cf CAIS a n d  Delta 'i f o r  only those occupants i~ a tovsa 
veh'cle where the co l l i s ion  character is t ics  wers sdch ~ n 3 ;  3 32113 i 

could have been calculated. Secause of the pressnce of  iss sing d a ~ a  o n  
Delta '1 the  subset of occupants defined by Delta \I non-missing ,nay g i  ve 

an i xcm?lete  subsz'i of occupants. A n  occupant Idas included i f  2 i  t h 2 r  

;ICSS - cr  3 S R I  detemined thar calculat ion of 3e l t a  \I was possibl? f 3 r  the  

o c c u p a n t ' s  v e h i c l e .  T h e r e  were 3 3 3  f a t a l i t i e s  used i ;7 t h i s  

analysis .  Table 4.19 shows the d i s t r i b u t i o n  o f  these f a t a l  i t i e s  by 

Delta V source. Approximately one th i rd  o f  the  f a t a l i t i e s  had a Belta V 

calculated by bo th  HSRI and NCSS.  Another  t h i r d  h a d  a D e l t a  V 

calculated only by NCSS. (These were veh ic les  t h a t  were n o t  i n  t h e  



s u b s e t  r e v i e w e d  b y  HSRI) .  The  r e m a i n i n g  t h i r d  had  a  D e l t a  V c o d e d  by 

o n l y  HS2I .  The v a r i a b l e  used  f r o m  NCSS t o  d e t e r m i n e  whe re  D e l t a  V c o u l d  

b e  c a l c u l a t e d  was C r a s h  R e c o n s t r u c t i o n  w h i l e  HS2I  made t h i s  j u d g e m e n t  

d i  r e c t  l y  . 

TABLE 4.13 

F a t a l i t i e s  
I n c l u d e d  i n  t h e  

3 j l 1 a r i a t 2  D i s t r i b i i - , !  ::n 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I ICSS SSP, I I :/umber , 

C a t e g o r y  1 V a l i d  D e l t a  '1 \/slid D e l t a  V 1 o f  Occupants 
- - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - -  

I I 
i I Yes Yes I 129  
2 I 't 2s ?! 0 I 3 
3  I Yes LJnk I 128  
4  I N o  Yes I 2  2  
5 I ?I o  N o  I 0  I 

6 i >i o  l ink I 0 
7 I d n  k  Y es  I 1 0 1  
8  I U nk Fi o I 0 
9 I Unk Unk I 9 

I I 
T o t a l  I I 383  

T a b l e  1.20 p r e s e n t s  t h e  NCSS d i s t r i b u t i o n  o f  3A;S by D e l t a  V f o r  

t h e s e  383 o c c u p a n t s  r e c o d e d  i n t o  6 c a t e g o r i e s .  T h e  c a t e g o r i e s  f o r  
- ,  3 e l t a  ' I  a r e  d e f i n e d  by 1-4, 5 - 9 ,  10-i4, i s - 1 9 ,  20-24, and o v e r  25 .  , n e  

z e r c e n t a g e s  ~ n d e r  t h e  counzs  a r e  t h e  row i 3e rcen tages .  The 7 e r c e n t  a7.s 

and t o t a l s  i n  p a r e n t h e s 2 s  e x c l u d e  a l l  m i s s i q g  aaca. 

T a b l e  4.21 i s  t h e  d i s t r i b u t i o n  o f  OAiS by D e l t a  V c a t e g o r i  z e d  t h e  

sane as above  f o r  t h e  127  f a t a l i t i e s  i n  Tab12 4.20 w i t h  n i s s i n g  D e l t a  ' i .  

T h i s  d i s t r i b u t i o n  i s  based  on  ehe m i s s i n g  d a t a  c o d e d  by H S ? I  i n  :he 

m i s s i n g  d a t a  s u p p l  ement. 

T a b l e  4 . 2 2  i s  t h e  NCSS d i s t r i b u ~ i o n  o f  O A I S  a n d  D e l t a  V 

supp lemen ted  w i t h  a d d i t i o n a l  i n f o m a t i o n  a b o u t  t h e  m i s s i n g  d a t a .  T h e  

m i s s i n g  d a t a  r a c e  has now Seen r e d u c e d  t o  l e s s  t h a n  1%. B o t h  t h e  i n j u r y  

v a r i a b l e ,  OAIS, and D e l t a  V w e r e  a d j u s t e d  f o r  m i s s i n g  d a t a .  T h i s  



Dis t r ibu t ion  of Delta V a n d  OAIS 
NCSS Dis t r ibut ion  

Fatal Occupants 

I I 
l'nkncwnl 51 4 I? 3 1 3 4 17 251 185 

1 3 3 . 9 %  2.2;; 6.5% 16.3% 13.4:; 9.2;; 1J.lrL1 
I 
I (3.2;:) ( 9 . 7 % )  (75.9';) (27.4':) (13.7f:l I 2 1  .C%) I P 2 a )  
I I 

Total I 1 2 7  1 L: 3 5 5 3 7 3 3 5 a l l i  3 3  
I 7 7  2:; 2.67; 9.1:; ls , lc '  I d e .  19.11; 9.1 i1.5'AI 
I (3.41;) ( l3.7:;)  (22.2 ' i )  (28.51:) (13.73,) (lL2;;) , ( 2 5 9  .................................................................... 

zdjustmenr, ?rocedure s i ~ p l y  replaced a  ini ss ing v a l u e  ( o r  ~ ; , k n o w n  f o r  

CAIS) i n  l i C Z S  with the  YSRI coded value i f  i t  e x i s t s ,  o :he ra / / i se  i t  i s  

l e f t  n iss ing .  

Table 4 . 2 3  presants  the  marginal di s t r i b u t i c n  of OAIS f o r  these  3 8 3  

f a t a l i t i e s .  These f a t a l i t i e s  represent  a speci a1 subpopulati o n  of  t h e  

t o t a l  population; t h a t  i s ,  occupants o f  v e h i c l e s  w h e r e  t h e  v e h i c l e  

dynamics were such t h a t  a Delta V could be ca lcula ted .  



TABLE 3 . 2 1  

D i s t r i b u t i o n  o f  D e l t a  V and  OAIS 
HSRI Coded Supp lemen ta l  Da t a  

F a t a l  Occupan t s  

........................................................ 
1 D e l t a  'I I 

I 

/ - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I  1 

X I S  1 2ver / T o t a l  
[ b l i s s i q g  1 - 4  5 -9  l:-ii i s - 1 9  26-24 2 5  ; - -- - - -- +- -- -- - -- -- -- - -- -- - - -- ---- -- -- -- -- - -- -- - - - -+ -- -- - 
I I 

;.^:ss;.,gj 1 0 0 3 13 V 7 2 1 
1 100$(3 I 
1 I 

I I 

4. I 0  0 2 1 0 0 11 4 
I 50.0% 25.0% 25.0%1 
I 

3 
I 

5. I 1  0 2 6 5  51 21  
1 4.8% 9.5% 28.6% 9.5% 23.871, 23.851 
I I 

6 .  1 1  4 8 11 26 10 201 8 0  
1 1.22 5.0% 10.071, 13.8% 32.5% 12.57; 25%i 
I I 

Unk I 0 0 2 7 5 2 51 2 1  
I 9.5% 33.3% 23.8% 9.5% 23.821 
I I 

T o t a l  1 3 4 1 4  25  33 1 7  31 1 127 
1 2.4% 3.1% 11.0% 19.71  26.0% 13.4% 24.4%1 

From t h e s e  t a b l e s  t h e  f o l l o w i n g  o b s e r v a t i o n s  can  be ~ a d ? :  
, , 1)  The a d j u s t e d  row p e r c e n t a g e s  i n  Tab12 4 . 2 2  a r e  c l s s z  t o  c n e  

- - ,  

:ICSS p e r c e n t a g e s  i g n o r i n g  t h e  q i s s i n g  d a t a  i n  > 3 b l e  4 . 2 0 .  1 0 2  

2 e r c e n t a g e  i n  t h ?  D e l l a  ' J  c a t e g s r y  " o v e r  25"  i  s c o r i s i  s t e n z l y  

l o w e r  f o r  a l l  AIS l e v e l s  i n  t h e  NCSS d a t a  ( e x c l u d i n g   iss sing 

d a t a ) .  The NCSS p e r c e n t a g e  ( e x c l u d i n g  m i s s i n g  d a t a )  i s 1 ewer 
f o r  some of  t h e  A:S c a t e g o r i e s  when D e l t a  V i s  b e t x e e n  2 3  a n d  

24. Th2r2 a p p e a r s  t o  be no o t h e r  c l e a r l y  c o n s i s t e n 1  t r e n d s .  

2 )  Comparing the m o d i f i e d  d i s t r i b u t i o n  i n  T a b l e  4.23 w i t h  t h e  ?iCSS 

d i s t r i b u t i o n  ( e x c l u d i n g  m i s s i n g  d a t a )  f rom T a b l e  4.20 i t  c an  be  

s e e n  t h a t  the PICSS d i s t r i b u t i o n  ( e x c l u d i n g  m i s s i n g  d a t a )  

u n d e r e s t i m a t e s  the p e r c e n t a g e  of f a t a l i t i e s  w i t h  an O A i S  o f  6 

and o v e r e s t i m a t e s  t h e  number o f  f a t a l i t i e s  w i t h  an O A I S  o f  5 .  



TABLE 4.22 

D i s t r i b u t i o n  of O A I S  and Delta V 
Adjusted f o r  IYlissing Data 

Fa ta l  Occupants 

I S e l t a  V 
I - - - - - - - _ _ - - _ - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - -  

I 
I 

: l i s s ingI  a v e r  ITotal  
! :d iss ing 1-4  5-9 ;3-14 15-19 2C-24 25 i 

I 
7 n 

I 
5 .  1 2  4 i 2 4  31 1 4  12i 99 

1 2.0% 4.0% 12.1% 24.2% 31.3% 14.1% 12.1%1 
I I 

6. I 0  7 2 4  38 54  27 441 194 
I 3.69 12.42 19.6% 27.8% 13.9% 22.7%1 
I I 

Unk I 0  1 3 1 4  13 8 81 47 
I 2 . 1  6.4% 29.8% 2 7 . 7 %  17.0% 17.0%1 
I I 

Total  1 3 1 4  49 84 106 5 2  751 383 
1 0.8% 3.7% 12.83L51, 21.99; 27.79; 13.52 19.6:Ll 

I: shculd be noted he r e  t h a t  :he C Z G ~ I ~  r u l e s  5 f  C A : S  ! / ? r e  

d i f f 2 r e n t  f o r  the  :.ICSS and HS21 ccders .  The o b j e c t i  \ / e  was t c  

aet  i n f o m a t i o n  not c r i g i n a l l y  c o d e d  t o  s e e  h o w  %e  Y C S S  

d i s ~ r i b u t i o n  ;7isht  pos s ib ly  change i t '  a ?  1  he d a t a  h ? d  S e e n  

ob ta i  ned o r i g i n a l  l y .  



TAELE 4.23 

Vargi nal Ois t r i  b u t i ~  o f  
OAIS for Occupants i n  

: iehicles Where Delta V Could  2 2  Calculated 

- _ - - - - - - L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

i s s i i g i .  3. 4 .  5.. 6. I T o t a l  
- - - - - - - - - - - - - - - - - i - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A - - - - -  

I I 

?4CSS Di s t r i  S u ~ i o n  1 18'5 ' 4 lo 9 2  851 382 
(including l . 3 . )  I 43.352 .35: 1.04;; 4 . 2 %  24.09: 22.25:i 

I 

I I 

JCSS Dist r ibut icni  1 2 11 6 4  5'41 132 
(excluding M.D.) i 3:; 1.5;; 8.3% 48.5;; 40 .9Y i  

Pli ss i ng Data 
HSRI Coded 

I I 
>lodi f i 2d 1 66 1 5 17 99  1941 383 
Dis t r ibut ion 1 1 7 . 2 2  .3% 1 . 6 %  4.4% 25.82 50.7%1 ......................................................... 



4.5.4 Non-fatal Supplemenral Data I n  t h e  ?ICSS d a t a ,  a l a r g e  

percentage of non-fatal occupants inves t iga ted  have rn i s s i ng  d a t a  o n  

e i t he r  Delta V or  3AIS o r  b o t h .  This subsection describes the 2rocedure 

by which a subsample of these occupants was ob ta ined .  Each c a s e  was 

examined ro get values fo r  Delta \I a n d  0,415 or informaticn a b o u t  why the  

infomat ion was unob t a ina51? .  T h i s  i n f o r m a t i o n  p i i l l  be a s e d  t o  

i w e s t i g a t ?  n i s s i n ~  data b i  3ses ii: : ICSS. 

A sample was taken of 311 occupatizs i n  the Dhase ! 'Y'CSS o c c u ? a r t  

= i l e  (bl=14491 case vehicle occupants) \,:no , /ere no t  f a ~ a l  l j  i n : u  r ed  a n d  

f o r  wnich e i the r  or boch of :f ie v a l u e s  f o r  E e l z a  ' I  a n a  3AIS were 

miss~ng.  There were 9035 such occupants, d is t r ibuted as sliown iri Table 

4.24 where the percont (shown i n  pa re r l~heses )  i s t h e  percen:  of - a 1  l 

"missing data" cases. Not? chat of the 9035 cases  i n  a 1  1 w h i c h  have 

e i t he r  OAIS, Delta V ,  or borh, m i s s i n g  21 .8% of t h e s e  c a s e s  were 

missing b o t h  elements. 

TABLE 4.24 

Frequency of Missing Data 
on  OAIS and Delta V 

Case Vehicle Occupants 

..................................................................... 
I OAI S I 

Celt a '1 I _ - - - - - _ _ - - - - - _ - - - - - - - - - - - - - - - - - - - - - I  , Total 
1 Yissing 1 '10: >?issing I 

I I 
i I 

I 2186 
? - Missing i 4514 1 s i?9 

:lot ;?issing i 2 33 5 1 I I 2335 
I I 

T o t a l  I 4 5 2: I 4514 I 312'75 I 

. .................................................................... 

Sine? p a r t i a l  information cn 3 e l t a  '7 and  OAIS i s  availabl? f o r  s o r x  

occupants, the frame was divided in to  three  groups: 

Group I - Occupants where Delta V a n d  OAIS w e e  missing 

Group 2 - Occupants !where only Delta V was missing 

Group 3 - Occupants where only 0,415 was ni ssing 



The s a m p l i n g  d e s i g n  f o r  t h e  s a r n p l ?  o f  G r o u p s  2 a n d  3 u s e d  t h e  

i n f o r m a t i o n  a b o u t  D e l t a  V o r  OAIS, when a v a i l a b l 2 ,  i n  t h e  s t r a t i f i c a t i o n  

of t h e  o c c u p a n t s .  

S t r a t i f i c a t i o n  f o r  t h e  o c c u p a n t s  i n  Group 1 was based  on t e a m ,  a g e ,  

and NCSS c l a s s .  Age was coded  i n t o  t ~ o  g r o u p s :  l e s s  t h a n  o r  e q u a l  t o  35 

and c j r e a t e r  t h a n  3 5 .  l C S S  c l a s s  w a s  r 2 c o d e d  i n t o  f o u r  g r o u ? s :  
- \ h o s p i t a l i z e d  (IjCSS c l a s s  c o d e  1), t r a n s p o r t e d  (NCSS c l a s s  c o d e  ; i ,  

inltnown t r e a t n e n t  ( ICSS c l a s s  c o d e s  6 , 7 , 9 )  a n d  no t r e a z - r e n t  (?!CSS c l  ~ s s  

c o a e  8 ) .  The d i s t r i b u t i o n  of c c c y p a n t s  i n  S r o ~ p  1 by 2 g e  and ?4CSS c l z s s  
i s  g i v e n  i n  -,he T a ~ l e  4 . 2 5  below. 

T A B L E  4 . 2 5  

S t r a t i f i c a t i o n  of  Occupan t s  i n  Group i 
by NCSS C l a s s  and Age 

................................................................. 
I NCSS C l a s s  
/ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Age I Unknown N o A1 1 
l H o s p i t a l  i z e d  T r a n s p o r t e d  T r e a t m e n t  T r e a t m e n t  

---------------+------------------------------------------------- 
I 

Less t h a n  36 . I  201 453 443 343 1530 
I 

G r e a t e r  t h a n  35 1 107 1 5 4  255 130 6 56 
I 

A11 . . . . , . I  398 6 0 7 7 08 4 7 3  2136 

T h i s  f i n a l  s t r a f i f i c a t i c n ,  by t e a m ,  a g e ,  and idCSS c l a s : ,  haa  5 6  s t r a t a  

( 7 ~ 2 x 4 ) ,   he l a r p s t  s t r a t ~ n  w i t h  139 o c c u p 2 n t s  and t h e  smal l e s t  w i  t h 2 

s c c u p a n t  s .  

Group 2 was ,  ' n  a d d i t i c n  t o  t e am and  a S e ,  s t r a t i f i o i  5y 3,415 s i n c ?  

a i l  o c c u p a n t s  have  a n  OAiS coded .  Age was r e c o d e d  a s  <;efineci above  ;rid 

OAIS was r e c o d e d  i n t o  f o u r  g r c u p s :  u n i n j u r e d  (OAIS cod?  0 ) ,  m i n o r  ( O A T S  

code  I ) ,  m o d e r a t e  (OAIS c o d e  2 )  and y o r e  t h a n  m o d e r a t e  (0 .A IS  c o d e s  3 - 5 ) .  

T h e d i s t r i b u t i o n o f o c c u o a n t ' s  i s  g i v e n  i n  T a b l e  4 . 2 6 .  T h e  f i n a l  
s t r a t i f i c a t i o n  by OAIS, a g e ,  a n d  " L a m ,  h a d  5 6  s t r a t a  ( 4 x 2 ~ 7 ) ~  t h e  

l a r g e s t  s t r a t u m  w i t h  380 o c c u p a n t s  and  t h e  s ~ a i  l e s t  w i t h  4 o c c u p a n t s .  



TABLE 4.26 

St r a t i f i c a t i on  of Occupants in Group 2 by Age and OAIS 

................................................................. 
Age I Uninjured Minor Moderate S2vere Total 

- - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I 

Less t h a n  36 . ! 1598 965 3 28 233 3134 
I 

Greater than 35 1 565 362 143 160 1330 
I 

T o t a l . .  . . . 1 2263 1327 481 443 4314 

Finally in Group 3 the  s t r a t i f i c a t i o n  var iab l2s  :./ere a g e ,  t e am,  

Delta V ,  and General Area of Clamage. Age was r ecoded  a s  p r e v i o u s l y  

s t a t ed ,  General Area of Damage was recocied i n to  2 groups ( f r o n t  v e r s u s  

elsewhere), and Delta V was recoded i n to  3  groups ( l g s s  than 10, 10 -19 ,  

a n d  20 t ) .  The d i s t r ibu t ion  of occupants in Group 3 i s  ~ i v e n  below i n  

Table 4.27. The f ina l  s t r a t i f i c a t i o n  by team, age, Delta V ,  and General 

Area of Damage had 84 s t r a t a  ( 7 x 2 ~ 3 ~ 2 ) ~  the  l a r g e s t  s t r a t u m  w i t h  203 

occupants. There was 1 stratum which was empty and two s t r a t a  with only 

one occupant. 

TABLE 4.27  

S t r a t i f i c a t i on  of Group 3 by Age, Delta ' / ,  and 
General ,Area of 3arna~e 

I General Area s f  D a m ~ e  
/ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

9el t a  'I I Age l ess  than 36 Age greater  t h a n  35 
I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I Front 3 ther  Fronr: ? t he r  

I 

Less than 13 I 254 173 i 40 
10-19 . . . 1 563 315 215 
Over 20 . . I 251  8 6 6 4 2 0 
A 1 1  . . . .  1 1368 580 419 2 58 



The sampling, f o r  a l l  th ree  groups, was a s i i i l? le  randoin sample  

w i t h o u t  replacement of two occupants w i t h i n  each s t r a t u m .  For  a1 1 

s t r a t a  with less  than 3 occupants a complete c e n s u s  of o c c u p a n t s  i n  

those s t r a t a  was made. A t o t a l  of 388 occupants are  in the  sample. 

4.5.5 Non-fatal Distr ibutions Adjusted f o r  i ~ l i  s s i  n g  Da t a .  The 

?revious subsection described the  sam?lir,g p l a n  by which a sam7le  of 

non-??;a1 occu3ants m i  5;; PCJ ? i t h e r  E e l ~ a  'I 9r '3,415 was chosen. 1 1  : h i  s 

s i l~sect io t i  r,he distriotir,icn of OAIS fo r  occii:ants w i t n  i i t i s s i l g  d a t a  

based o n  the  supplemental data c~n non-fatal: i s  sxainined. i t  snolil d be 

ncted that  i n  t h i s  subsx t i on   issi sing data" refers  :o -nissi;lg d a t a  3n 

e i ~ i i e r  OAIS o r  Delta ' 7 .  

For t h i s  discussion the  NCSS sarnole can be separzted i n t o  

S1: A 1 1  non-fatal s c c u p a n t s  w i t h  c o m p l e t e  d a t a  on O A i S  a n d  

Delta V ,  and 

: A l l  non-fatal occupants w i t h  missing data o n  e i t h e r  O A I S  o r  

Delta V or  bo th .  

Th is  discussion will focus on differences between the o c c u p a n t s  i n  S1 

and  S2. 

There are three  d i s t r i b u t i o n s  p r e s e n t e d  i n  T a b l e  4 . 2 8 .  The 

unweighted d i s t r ibu t ion  from NCSS f o r  occupants w i t h  no missing data  i s  

the  d i s t r ibu t ion  of S, i n  Phases 1 and 2 ,  The d i s t r i b u t i o n  f ro13  t h e  - 
suqple~en ta l  data i s  the estimated d i s t r ibu t ion  f:r f n e  cccu?ants i n  the 

sarnole chat belong L O  S 7 .  Associated k ~ i t h  the e s t i ~ a t e d  d !  s c r i  b u t  i o n  - 
i 

fo r  S, ar2 the  standard errors  fo r  the  proportions. - 
F r ~ i n  Table 4.25 i t  can be s een  t h a t  t h e  a i  s t r f  b u t i o n s  a c r o s s  

categories d i f f e r  f o r  the o c c u p a n t s  r e p r e s e n t i n g  S l  and S 2 .  The 

estimated d i s t r ibu t ion  of 5, has a h i g h e r  p r o p o r ~ i n  w i t h  a  n i  rlcr - 
injury. The d i s t r ibu t ion  of S1 has a i!;her propor: i on o f  o c c u p a n t s  

h no i n  Looking a t  the cumtilative p ropor t ion  o f  i n j u r y  w i t h  

severi ty less  than OAIS 3 makes the dis t r ibut ions  nore comparable. The 

proportion of in ju r ies  l e s s  t h a n  O A I S  3 i s  37.7: f o r  S 1  From t h e  
estjmated d i s t r ibu t ion  of S 2  i t  can be s e e n  t h a t  9 2 . 7 0 %  of t h e s e  

occ~pan t s  have i n j u r i e s  l e s s  t h a n  OAIS 3 .  The most s i g n i f i c a n t  

differenc2 between the  d i s t r ibu t ion  of S, a n d  the  estimated d i s t r ibu t ion  



DISTRIBUTION OF OAIS 

N o n - f a t a l  Occupants 

................................................................ 
I unwe igh teda  1 Supplemental  3 a t a  

5""- 

I D i s t r i b u t i o n  I ( i t ie igh ted)  
j ( I n  p e r c 2 n t )  I ( I n  p e r c e n t )  

CkIS ("r;-gsry / - - - - - - - - - - - - - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I I E s t i m a t e d  S tandard  
; Phase 1' Phase 2 P r g p o r t i o n  E r r o r  

-----------------C------------------------+--------------------------- 
I I 

O.No I n j ~ r y  

1. M i  n o r  

2.Yoderate 

3.Severe 

4 .Ser ious  

5 . C r i t i c a l  

9. Unknown 

0.-1. 

01-2. 
/ - - - - - - - - - - - - - - - - - - - - - - - -+--- - - - - - - - - - - - - - - - - - - - - - - - -  
I I 

S a ~ p l ?  S i z e  I 14153 11587 1 

a ~ n c l u d e s  a l l  n o n - f a t a l  occupants  vi-ch no i n i s s i n s  d a r a  on 3,415. 

9 E s t i m a t e  of a  d i s t r i b u t i o n  f o r  n o n - f a t a l  occ:?znts w i t h  z i i s i n g  

d a t a  on e i t h e r  OAIS o r  D e l t a  V m i s s i n g .  

C 
The a f f i c i a l  v e r s i o n  of t h e  Phase 1 data .  

of S i s  t h e  i n c r e a s e  i n  t h e  pe rcen tage  o f  m i n o r  i n j u r y .  The reason f o r  2 
t h i s  i s  i n h e r e n t  i n  t h e  NCSS c o d i n g  i n s t r u c t i o n s  f o r  O A I S .  2 A I S  c a n  

o n l y  be coded i f  t h e r e  i s  an  o f f i c i a l  i n e d i c a l  s o u r c e  f o r  t h e  i n j u r y  

i n f o r m a t i o n .  T h e r e f o r e  m i n o r  i n j u r i e s  a r e  m o s t  1  i k e l y  t o  b e  c o d e d  

m i s s i n g  d a t a  due t o  t h e  l a c k  o f  med ica l  records .  ':/hen l o o k i n g  a t  severe  



versus non-severe injury t he  d i s t r ibu t ion  of t h i s  d ichotomy does  n o t  

appear t o  be s ign i f i can t ly  d i f ferent .  

I n  order t o  get an estimate of rhe d i s t r ibu t ion  f o r  t h e  sarnpl e a 

weighted average of the two estimated dis t r ibut ions  in Table 4.28 c a n  be 

used. The weights are  the proportions of the szmple i n  S, and S2 .  Note 
L 

tha t  th i s  i s  no t  an e s t i ~ a t e  f o r  the aggregate of t h e  'I'CSS a r e a s  b u t  

nnly f o r  tne sample. I n  o r i e r  t o  a2proxima:e a c i  s t r i  b u t i  o n  f o r  :be 

aggregate i: : . /c~ld  be nec~s sa ry  t o  k n o e ~  the ?r:portions i n  the  aggrega;? 

:hat be1 ong t o  each subpopulation. 

4 . 5 . 5  3 ivar ia te  OAIS Sis t r ibut ions  Adjusr~ed f ~ r  ssincj D a t a .  ris 

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

differences between the occupants ( f a t a l  and non-fatal)  completely coded 

on OAIS and Delta V ,  S1, and the  occupants ( f a t a l  a n d  n o n - f a t a l )  w i t h  

s i s s ing  data f o r  a t  l eas t  one of the two variables,  S2 .  The o b j e c t i v e  

i s  t o  evaluate the differences i n  t he  observed a n d  unobserved occupants. 

Bivariare d i s t r i b ~ t i o n s  involving OAIS are i i lves t  i g a t e d  i n t h i  s  

subsection. When comparing bi var ia te  d is t r ibut ions  f o r  S1 and S 2  t h e  

change in the associat ion between the  v a r i a b l e s  i n  i m p o r t a n t .  When 

missing data i s  excluded any associat ion represented i  n t h e  o b s e r v e d  

table  i s  used as a n  estimate f o r  t h e  p o p u l a t i o n .  The p r e s e n c e  of 

information ,about the missing data could change the associa t i  o n  i n  t h e  

table  substantial  l y l  

Four Sivar ia te  tables  were investigated. The var ias les  re la tea  t o  - s OAIS werz seat  posit ion,  sex, urbanization, a n d  resr ra i  n t  u s age .  i ne 
esti,cazzs i n  t h i s  subsection were obtaiced using i n fo rmt i an  on rniss i n g  

data f o r  b o t h  f a ta l  and con-fatal occupants. A direct  s u b s t i ~ u t i o n  was 

inade f o r  a l l  f a t a l s  where there  was supplemental information availa b 1 e .  

The frequencies i n  the  contingency tab le  f o r  S2 were obtained using t h e  
weights rssul t ing from the  sample design described i n S e c t  i o n  4.5.4. 

The d i  s t r ibu t ion  of S1 i s  derernined from a l l  occupants i n t h e  s  a m p 1  a 

w i t h  complete infornation on OAIS and 3e l t a  \ I .  Cell p r o p o r t i o n s  were 

then calculated t o  a 1  low comparisons t o  be made between the d i s t r ibu t ion  

of S ,  and the  estimated d i s t r ibu t ion  of 5,. 



T a b l e s  4 . 2 ?  and 4 . 3 0  show t h e  r e s u l t s  f o r  t h e  b i v a r i a t e  

d i s t r ibu t ions  of OAIS with R e s t r a i  n t  Usage and U r b a n i z a t i  on. The 

b iva r i a t e  t ab les  of OAIS and urbanization showed t h e  most d i f f e rence  of  

a l l  of the  t a b l a s  calculated.  S i v a r i a t e  d i s t r i b u t i o n s  of  OAIS a n d  

Restraint  l'sage was typical  o f  the  d i s t r ibu t ions  c a l c u l a t e d .  I n  t h e  
t ab les  there  a r e  two d i s t r i b u t i o n s ,  the  d i s t r i b u t i o n  (unweignted) f rom 

the  NCSS f 3 r  complete data cases a n d  the  d f s t r i h u t i c n  es t i ina~ed  f o r  :ne 

missing data occupants. 

Again i r ,  can be seen t h a t  the  mar;lnal d i  s t r i  b u t  i o n  o f  O A I S  7s 

d i f f e ren t  f o r  those occupants not observes. The 7 2  j o r  chzn.;e i  s  t h e  

increase of the  probabil i t y  of qi nor i n ju ry .  The varginal di s t r i ~ u t  i on 
o f  urbanization changes s l i g h t l y  and t h e  margi  na l  d i  s t  r i  b u t  i  9 n  of  

Res t ra in t  usage s t ays  f a i r l y  constant .  Ilctable i s  t h e  c h a n g e s  of t h e  
proportions within each c e l l .  I n  both t ab les  ;he c e l l  associ a f e d  w i t h  

lower levels  of OAIS c h a n g e  n o t i c e a b l y  o v e r  l e v e l s  of t h e  o t h e r  

variable.  



TABLE 4.29 

D i s t r i b u t i o n s  o f  
t h e  Degree o f  U r b a n i z a t i o n  and OAIS 

................................................................. 
1 XCSS D i s t r i b u t i o n  , i E s t i m a t e d  D i s t r i b u t i o n  
1 Non-missing Da ta  I I f o r  M i s s i n g  Data  

O A I S  1 Unweighted p e r c e n t s  1 I Weighted P e r c e n t s  
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - I  ' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - -  

I I 

I d r ~ a n  R u r a l  T g t a l  1 1  U r ~ a n  Rural Total 

4 1 1.05 1.32 2.37 l i 0.95 0.93 1.88 
I I I 

5 1 0.96 1.05 2.1111 0.66 0.72 1.. 38 
I i I 

6 1 1.55 0.85 2.40 1 1  1.07 0.59 1.66 
I I I 

Injured 1 0.71 0.28 .99 1 1  1.79 6.50 8.29 
I-------------------------1 1-------------------111--1--- 
I 

Total 1 31.40 68.60 



TABLE 4.30 

D i s t r i b u t i o n s  o f  
R e s t r a i n t  Usage by O A I S  

Adjusted f o r  M i s s i n g  D a t a  

- -  - 

1 NCSS 2 i  stri b u t i o n  1 1 E s t i m a t e d  Distribution 
1 Pion-missing Da ta  1 [ f o r  M i s s i n g  D a t a  

3AIS 1 anweighted ? e r c s n ~ s  I I !deigh+ed ?erccnts 
I - - - - - - - - - - - - - - - - - - - - - - - - - /  I - - - - - - - - - - - - - - - - - - - - - - - - -  
o Yes d r ~ n o w n  Toizal / 1 No Yes ZflKflob~n T o t a l  

I I I 
T o t a l  177.81 11.04 11 .14  1176.27 12.50 11 .22  





4.5.7 Suri;mar;l The analysis  presented in  Section 4 . 5  o n  m i s s i n g  

data adjustnents i s  j u s t  the beginning of serious work on the  problem of 

missing data. The analysis  presented r e s t r i c t s  i t s e l f  t o  ve ry  simp 1 e 

methods of adjustment and c o n c e n t r a t e s  o n  d i  f f e r e n c e s  between t h e  

"missing" a n d  "non-mi ssing" segments of the sample observed. 

The t1,/o key 3/riCSS variables,  OAIS and Dslta V ,  have e x c e p t i o n a l l y  

ti l5i l  inissing data ra;es. The C A i S  nissing d a ~ a  races f o r  a l l  occupanss 

i s  approximately 3iX. For 2e l t z  'i tile missing dzta rat?, basect o n  t h e  

Seneral Area of Damage, i s  approx~~~a" , ly  34% in P n a s e  1 a n d  41 .7 ; :  I 1 

Phase 2 .  :/hen the  jo int  distr ibuci 'cn of Delta \i and L A I S  i s  considered 

f o r  a l l  occupants, 72% i n  ?has t  1 a n d  68.2% i n  Phase 2 J n e  o r  more of 

these two variables are  missing. 

The resu l t s  from t h e  a d j u s t m e n t  of  d i  s t  r i  b u t  i ons i  nvol v i  n g  

f a t a l i t i e s  show tha t  the proportion of occupants w i t h  maximum i n j u r y  

(OAIS-6) i s  higher a f t e r  adjustment and the  proportion of f a t a l i t i e s  a t  

higher Delta V i s  s l i gh t l y  higher a f t e r  a d j u s t m e n t .  The b i v a r i a t e  

d i s t r ibu t ion  i s  consistent  w i t h  these resul ts .  The d i s t r ibu t ion  appears 

shi f ted  s l i gh t l y  t o  higher OAIS levels. 

Examination of the n o n - f a t a l  m i s s i n g  d a t a  o c c u p a n t s  shows a 

s i sn i f i c an t  increase in t he  probabil i ty of a minor injury (OAIS 1 ) .  The 

bivar ia te  d is t r ibut ions  f o r  a11 occupants involvi n g  OAIS change  b o t h  

marginal d i s t r ibu t ions ,  the  d i s t r i b u t i o n  of OAI S chang i  n g  t h e  most 

obviotisly. Cell proportions also show differences between r:i s s i n s  a n d  

non-missing data. 

From thes2 analysss i ,  appears that  the  ,riissing data p o p u l a t i o n  has 
a d i f fe ren t  d i s t r ibu t ion  f o r  A I S  and D e l t a  ' J  t h a n  t h e  n o n - g i  s s i n g  

population has. The adjusted di s t r ibu t icns  calculated indicate  t ha t  f o r  

some categories the proporti on represented by the  NCSS data ( e  xc 1 u d i n g  

missing data)  a re  reasonable zstimates. B u t  there are  soRe c a t e g o r i 2 s  
t ha t  the :.ICSS qroportions :vi 1 1  over-estimate or  under-estina-c e w i t h o u  t 

adjustments f o r  missing data. I t  appears that  the dichotomous j~ar i  a b l 2  
based o n  OAIS i s  l e s s  sensi t ive  t o  missing data. 

Based on  these analyses i t  i s  recommended t h a t  an i m p u t a t i o n  
~ rocedu re  procedure be developed f o r  the  NCSS d a t a .  The i i n p u t a t i o n  



procedure can be chosen in such a way t h a t  the  d i s t r ibu t ions  of OAIS a n d  

, Delta V a r e  modified in  a  rnanner consistent  with the  d i s t r ibu t ion  of the  

non-missi ns data on OAIS and Delta V .  These inputation procedu r e s  a r e  

a l t e rna t ives  t o  jus t  excluding missing data and can  p r o d u c e  a d j u s t e d  

d i s t r ibu t ions  i-nore r e p r s e n t a t i v e  of the  population. C h o i c e  o f  which 

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

ifivast;;ation. 



liational Projections 

I n  t h i s  subsection nat ional ly  representat ive s t a t i s t i c s  u s i  n g  t h e  

NCSS data are  discussed and some national ~ r o j e c t i o n s  a r e  g i  ven f o r  

selected NCSS variables.  The procedure t o  generate national projections 

i s  demonstrated f o r  simple accident s t a t i s t i c s  a n d  f o r  inore complicated 

conting2ncy tables .  rilethods fo r  adjust ing these  nat ional  ~ r o j e c r ,  i  ons  

f c r  missing data are  develgzed. iloplicaticn of t h i s  ;iie:hodol 3gy w i  1 1  

depend 9n the ?a r t i cu l a r  -ilissing data a d j u s t ~ e n t  t e c h n ;  I u e  s s l  e c t e d .  

Final ly these national projeczion a re  evaluated t o  s e e  now s e n s  i t i  de 

they a r e  t o  a s s u ~ p ~ i o n s  sad? i n  :he de l i e l opmen t  of t f 1 2  e s t i m a t i o n  

procedure. 

Some of the national ?rejections developed i n  S e c t i o n  4.0.1 a r e  

compared w i t h  estimates obtained using other  methods. These methods use 

an i n f l a t i on  f ac to r  applied t o  the  aggregate NCSS estimate. There i s  no 

way t o  decide which method y ie lds  a be t t e r  n a t i o n a l l y  r e p r e s e n t a t i v e  

estimate. A choice between the  methods depends on the  reasonablsness of 

the assumptions underlying method. 

4.6.1 NCSS National Projections. The NCSS d e s i g n  c a l  l e d  f o r  a 

sample of accidents (po l ice  reported accidents involving a t  1 e a s t  one 

towed vehicle)  within each area chosen. Even t h o u g h  the sample d e s i g n  
di f fered between areas,  the  design was such  t h a t  t h e  s amp le  d e s i g n  

within each arsa ensured a proper sample within each c o u n t y .  For  t h e  
purpose of oroducing national c r o j e c t i o n s ,  c o u n t i e s  :vere chosen  t o  

represent the  u n f t  cf obsert/ai-,icn. Tnis choice was maGe because o f  t h e  
s i ze  a i  the geographical un i t ,  the  ael l-defined s t ruc tu re  of the councy, 

and  the  a v a i l a b i l i ~ y  af demographic d ? f s  f o r  each c o ~ ~ t y .  : ~ c ~ i . . e r  

po s s i~12  choice would have been :he areas :hemsel ves. Since th ' s  choice 
would have reduced t he  number of observations on  which t h e  r e g r e s s i o n  

godel could have been developed, i: was not considered fu r the r .  

Th2  seven areas chosen izr 'ICSS are ccmposed of 4 1  c 3 ~ i c : i e s  a n a  

chree par t i a l  counties. The th ree  par t ia l  counries are  defined by Yimi 

c i t y ,  Erie county (omitt ing t he  c i ty  o f  8 u f f a l o ) ,  and t h r e e  p o l i c e  
d i s t r i c t s  i n  Los d n g e l e s  c i c y .  I n  t h e  f o l l o w i n g  a n a l y s i s  4 3  

observations a re  used. These are  the  41 counties,  tliami c i t y ,  and E r i e  
county (omitt ing Suffa lo) .  The Los Angeles data were not used i n t h i  s 



analysis because very few demographic data were  a v a i l a b l e  f o r  t h o s e  

three  police d i s t r i c t s  i n  Los Angeles. I t  i s  advisable i f  p o s s i b l e  t o  

use a1 1 NCSS data from a1 l  seven areas when making NCSS projections. i n  

the  development. I t  was possible t o  c a l c u l a t e  a l l  t h e  demograph ic  

s t a t i s t i c s  f o r  the two pa r t i a l  counties because data were available f o r  
Eri? county 2nd  a l so  f o r  Yiami and Buffalo so tha t  these two areas !were 

i ncluded. S 4 - ;  , : , ; , l a r  data ;./ere n o t  avai labls  f o r  t h e  t i l r e e  L3s ,An;?l?s 

police d i s t r i c t s  so they ;yere excluded. 

7 ,  inree t r a f f i c  accident t o t a l s  were chosen t o  be est imated.  These  

s t a t i s t i c s  ar?  defined by: 

ACCIDENTS = the number of accidents which involve 
a  towed passenger ca r  (NCSS acc iden t s ) ,  

VEHICLES = t h e  number of towed passenger cars 
in NCSS accidents fo r  which Delta V could 
be calculated ( t h i s  excludes vehicles in 
rol lovers,  sideswipes, underrides, 
overrides, 
accidents with vault ing,  a n d  col l i s ions  ~ i t h  
yielding f ixed ob j ec t s ) ,  

OCCUPANTS = the  number o f  occupants in towed passenger 
cars where Delta V could be calculated. 

I n  the  NCSS data s e t  the  information on t he  above q u a n t i t i e s  i s  

e ssen t ia l ly  tha t  i s ,  every accident investigated,  along w i t h  

a l l  towed vehicles and t h e i r  occlipants, i s  represenzed in  the f i l e .  I t  

i s  assumed chat - a l l  e l i g i b l e  a c c i d e n t  r 2 , r o r t s  were sampled and n o  

accidents were " l o s t "  in che ?r$cess of c o t a i l i n g  a c c i d e n t  r e 2 o r t l s .  

' J i o l a ~ i o n  of t h i s  assumption , v i l ?  c lear ly  af fect  ",? a c c u r z c y  o f  ",he 

na~ iona l  ; rcJect icns ,  ziie 2nd r e s i l t  beins chat any :a- , l r jnzl  :ro;ec: i o n  

using the NCSS data wil l  l ike ly  underestimate the actual national t o t a l .  

1 1 ;  4. 
t i l  , h i 3  eacn of  the 43 observed counties a n  unbiased e s t l  mate f o r  

;he county t o t a l  o f  ,ACCIDEITS, V E i l I C L E S ,  a n d  3CC1I P A N T S  was ? rod2 ced .  

The cobnty estimates f c r  ACCIJEYTS, 'JEhICLES, a n d  I3CCUFAi iTS  a re  r;iven 3y 

the following formula: 

4 4 ~ h e  version of t h e  NCSS d a t a  used i r !  t h i s  a n a l y s i s  was a 
?re1 imi nary version and was missing 5 5  accidents. 



where 

tk i s  the  t o t a l  f o r  the  k t h  county, 
t h 

t :s t h e  t o t a l  f o r  the  k t h  county represented i n  the  i  stratum, 
'i k 

a n d  
. r,h i s  the  ?robabi 1 i ty 2:  se lec t  i 3 n  f o r  ;he 7 straI;;i:. r; 

These s t a t i s t ' s  were then zercsd w i t h  a d a t a  f i l e  :ylhich c o n z a i n s  

denographic i  nfomaxicn f o r  each county. 

For t h i s  analys is ,  twenty dernographic variables pier? chosen C U T  of 
4 5 

the  County and City Data Book t h a t  were thought t o  be re la ted  t o  t hese  

t r a f f i c  accident s t a t i s t i c s .  Correlations were done i n i t i a l  ly t o  narrow 

the  search t o  dernographic v a r i a ~ l e s  where  a 1 i n e a r  model f i r ,  \ / e l  1 .  

Table 4.31 gives the  c o r r e l a t i o n s  f o r  f i v e  dernocjraphi c v a r i a b l e s  

invest igated t o  show t h e  range of corre la t ions  possible. 

TABLE 4.31 

Correlation Analysis 

.................................................................. 
Variable Acci dents Vehicles Occupants 

AUTO DEALERS: ,9935 .98GO .938O 
GAS STAT1 JNS ,9689 ,9511 .J 0556 
LAPID AREAbd .I206 ,099 3 .lo62 
20P 1LATJ3ii .9463 , 3251  ,9315 
DE:iSI;"t .;a75 ,6923 . 5  904 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S 

b i?etail  s a l e s  by auuoinotive dealers  
C 
Retail  s a l e s  by gasoline service s t a t ions .  
Area in square m i  12s. 

d,, 
I ne 1975 population t o t a l  estimate. e, 
I he r3 t io  of 1975 ~ o p u l a t i s n  :o land area. 

a 4 5 ,  P n ..-- - .  3f the  Census, County and City Sata 300 k , 1977 : A 
S t a t i s t i c a l  Abstract Supplement (ilashington, D . C .  : Government P r i n t  i  n g  
n l C ; , - n  1Q7Q) 



The th ree  demographic va r i ab l e s ,  AUTODEALERS, G A S  STATIONS, and  

PGPULATION were chosen t o  i n v e s t i g a t e  f u r t h e r .  S c a t t e r  pl  o t  s w e r e  

obtained t o  check f o r  n o n l i n e a r i t i e s  i n  t h e  d a t a .  Because of i t s  h i g h  

co r re l a t ion  with a1 1 t h r e e  accident  s t a t i s t i c s  of i n t e r e s t ,  AUTODEALERS 

Idas chosen t o  use t o  develop t h e  model frclm which  t h e  v a l u e  f o r  t h e  

unobserv2d count ies  wctild be predic ted .  (Accidents a r e  p lo t t ed  aga i  ns t 

r e ~ a i l  s a l e s  by ai ; tcdeaI?r  i n  F i g l i r e  4 . 1 1 .  2 l c t s  f w  v e h i c i 2 s  and  

rjccupants look s imi l a r .  ) Linear and quadra t ic  modeis usi ni ;  AUT12DEALERS 

N e r  f i t  t o  each of rhe t h r e e  accident  var iab les .  Table 4.32 p r e s e n t s  

t he  res i l l t s  frorn 3 e s e  regression analyses .  The l i n e a r  f i t  e x 3 l a i n e d  

cver  97% o f  the v a r i a b i l i t y  in  each of the i,kree a c c i d e n t  s t z t i s t - i c s .  

The addi t ion  of t he  quadra t ic  term d id  not seem j u s t i f i  e d .  The f i  n a l  

p red ic t ive  equations t o  be used t o  p r e d i c t  f c r  t h e  t h r e e  a c c i d e n t  

s t a t i s t i c s  in c o u n t i e s  - n o t  o b s e r v e d  a r e  g i l l en  by t h e  f o l l o r v i n g  

equations : 

ACCIDENTS = 35.298 + ,025396 AUTODEALERS 

(4-34) VEHICLES = 16.580 + ,021529 AUTODEALERS 

OCCUPANTS = 5.770 + .033348 AUTODEALERS 

TABLE 4.32 

~ e ~ r e s s i o n  Analysis Summary 

.......................... .................................... 
R 2 Standard Error  

' / a r iab les  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Linear quadra t ic  Li qear Juadrat  i  c ............................................................... 

ACCI DEYTS ,987 ,982 2 44 238 
\/EHICLES ,972 .973 292 2 9 4 
OCCUPANTS ,975 .976 4 20 424 ............................................................... 

The national pro jec t ion  i s  compos2d of t he  sum o f  the  est imates  f o r  

each o f  t he  observed counties  and t h e  sum of t he  p red ic t ions ,  g i  ven by 

t h e  equations above, f o r  each of t h e  unobserved c c u n t i e s .  T a b l e  4 . 3 3  

shows the  es t imate  f o r  observed count ies  ( e x c l u d i  n g  t h e  two p a r t i a l  



RETAIL SALES BY AUTO DEALERS 

IN MILLIONS OF DOLLARS 

FIGURE 4.11 A Plot of ACCI3ENTS By A u t o  Dealer 2e:z;; Sa les  

c o u n t i e s ) ,  t h e  p red ic t ion  f o r  a1 1 unobserved count ies  ( i  n c l  u d i  ng E r i  e  

a n d  Dade c o u n t i e s ) ,  and the nat ional  pro jec t ion .  

TABLE 4.33 

National Pro jec t ions  of the 
Accident S t a t i s t i c s  

January i977 through idarch 1978 

.................................................................. 
Frojected E s t  inated 
Total f o r  

- f o r  
Vari ab? es  Cnobserved 2bserved ?;at i  o n a ?  

C o u n t  i  es C o u n t  i es Pro jec t ions  
(N=3071) (Y=4i )  .................................................................. 

'IEt? ICL ES 1,333,962 19,9C8 1,853,870 

OCCUPANTS 2,900,039 31,754 2,931,793 .................................................................. 



The se lec t ion  of t h e  f o r t y - t h r e e  c o u n t i e s  i n c l u d e d  i n  NCSS 

contr ibutes t o  the  bias in  the  n a t i o n a l  p r o j e c t i o n .  As see.n f rom 

Equation 4-31 in  Section 4 . 1 ,  one s o u r c e  of b i a s  i n  t h e  n a t i o n a l  

project ion i s  b ( ~ - n )  ( x - x S ) .  For AUTODEALERS the  d i f f e r e n c e  ( x - ; ~  ) i s  

-7360. So par t  of the  bias i s  given by -736Qb(N-n). If  the  t r u e  \ /a1 ue 

of b were known, some a d j u s t m e n t  c o u l d  be made t o  t h e  n a t i o n a l  

project ion,  b u t  s ince 5 i s  an u n k n o w n  ?ararneter, the  infcr7ia: i o n  3531it 

the  exact rnagni tude of t h i s  source of bi ss i s  i ncoirqlete. If 6 i  s  t h e  

t rue  value f o r  b, theq rhe cont r ibut icn  roward :he bias from t h ' s  t e r m  

would be about 595,617.  The ccnfidence i n r e r t i a 1  f o r  6 i s  ( .  3 2 5 4 5 ,  

,02734). Using t h ; s  i n f o r ~ a t i o n  rhe bias night be i n  the  range -617,363 

t o  -575,235. I f  t h i s  were t h e  o n l y  c o n t r i b u t i o n  t o  t h e  b i a s  t h e  

national project ion f o r  accidents  would be a n  u n d e r e s t i m a t e  of t h e  
national t o t a l  of accidents  involving towed vehicles. 

The second source of b i a s  comes from t h e  sum of each of t h e  

theore t ica l  deviat ions of the  t o t a l s  from the  t r u e  p o q u l  a t  i on 1 i n e a r  

model, t h a t  i s ,  the sum of e i  = Y i  - a - aXi e i = l  ,..., n .  T h e r e  i s  no 

d i rec t  way t o  est imate the  ei  from t h e  data.  I f  a l l  of the  ei  a re  c lose  

t o  zero then any subset of counties should produce a p p r o x i m a t e l y  t h e  

same regression l i n e  and t h e  v a r i a b i l i t y  of  t h e  p r o j e c t i o n s  f o r  

d i f f e ren t  subsets should be small. O n  t h e  other  hand, i f  a11 of t h e  e i  
a r e  la rge ,  then great  v a r i a b i l i t y  should show a p  both in the  model's f i t  

a n d  the project ions.  I f  only a small number of the  e; are l a r g e ,  t h e n  
I 

the  r e s u l t s  of the  regression modelling and the  p r e d i c t i o n s  s h o u l d  be 

sensi:ive t o  whether those counries I l a r ~ e  ei  are i n c l u d e d  i I T o e  
cnosen s e t .  3ut f o r  Zny ? a r t i c u l z r  s,as?t, 'Lnere i s  ,:o ',lay t o  knew f o r  

s d r e  which sixuation f i x  real i:y. 

Tile method of national project ions can be applied t o  c o n t i n g e n c y  

tables .  The summary s t a t i s t i c s  ( f o r  the  aggregate)  i  I a c o n t  i n sency  
cable can be adjusted t o  be betzsr  representative of t h e  a s s s c i  a t e d  

cor?r,ingency t a b l e  f o r  t h e  p o p u l a t i o n .  T h i s  i s  a c c o m p l i s h e d  J;/ 

ca lcula t ing  a national p ro jec t ion  f o r  each  f r e q u e n c y  c o u n t  i n  t h e  

contingency t a b l e .  To d e m o n s t r a z e  t h i s  t e c h n i q u e  t h e  n a t i o n a l  

project ion f o r  the  b iva r i a t e  d i s t r i b u t i o n  of case vehicle o c c u p a n t s  by 

the  NCSS c l a s s i f i c a t i o n  and the  general area of damage from t h e  C D C  was 



used. The NCSS c l a s s i f i c a t i o n  liJas r e - c a t e g o r i z s d  i  n t o  f o u r  g r o u p s ,  

f a t a l ,  hospi ta l ized ,  treatment and no t r e a t m e n t .  The d e f i n i t i o n  of 

these categories i s  give i n  Table 4.34.  Cccupants a r e  r e s t r i c t e d  t o  

those whose vehicles had f r o n t ,  r igh t ,  r ea r  o r  l e f t  damage. 

A national projection f o r  t h i s  contingency t a b l e  involves s i x t e e n  

national project ions,  one f o r  each c e l l  frequency. For t h i  s a n a l y s  i  j 

there  are sixzeen variables fo r  w h i c h  a gooc prediction equa ' i  3 n  f r s n  

deinograghic data mtist be found. Twenty v a r i a ~ l e s  from the  cen j t i s  d a c a  

were cnosen and corre la t ions  were examined. i c  was decided t o  use 1975 
nopulation as the i  ndependerlt vari able in a 1  1 sixteen recjressions. The 

1975 population had high corre la t ions  wizh a1 1 variables.  Correlat i ons 

of the sixteen frequencies with 1975 popula t ion  r a n g e d  f rom , 9 8 8  t o  

,581. The regressions were done and the r e s u l t s  from t h e  r e g r e s s i o n  
analys is  are presented in Table 4.34. I n  most of the  r e c j r e s s i o n s  t h e  

estimated in tercepts  were qu i t e  small. B u t  there appeared t o  be qu i t e  a 

b i t  of v a r i a b i l i t y  in the  estimated slopes. The l a r g e s t  e s t i m a t e  f o r  

the  slope was .0048 and t h e  smallest  e s t i m a t e d  s l o p e  was . 0 0 0 0 0 1 2 .  
These regression equations were then used t o  predict each of the  s ix teen 

frequencies f o r  a17 of the  counties not chosen in  NCSS. These n a t i o n a l  
projections a r e  given in Table 4.35. 

One important question t o  consider i s  w h e t h e r  t h e  d i s t r i b u t i o n  

based on the  NCSS aggregate frequencies d i f f e r s  from t h e  d i  s t  r i  b u t  i  on 

based on the  national projection frequencies. The d i s t r ibu t ion  bas2d o n  

the ?ICSS aggregate, the  d i s t r i s u t i  o n  b ? s e d  o n  p r e d i c t i o n s  f o r  t h e  

~nocserved counties obtai ned u s i n g  t h e  r e g r e s s i o n  ,nodel s a n d  t h ?  

cii s t r ibu t ion  based o n  'he nationa' ;r3Cections were c o r p a r e d .  T h e s e  

three d i s t r ibu t ions  are given i n  i ;bles 4.36 t o  4.38, The a i s i - , r ibu t ion  

of the NCSS aggregate does n o t  d i f f e r  inuch from the  d i s t r ibu t ion  of t h e  
national projections. i t  should be noted t h a r ,  the  d i s t r i b u t i o n  c f  t i le  

national ,;ril.i.cticn i s  c l o s e r  t c  t h e  d i s t r i b u t i o n  based  o n  t h e  

predictions f o r  the  unobserved counties. This i s  due t o  the  f a c t  t h a t  

only 43 of the 3112 counti2s were o b s e r v e d  i I N C S S .  The n a t  i ona l  

orojection i s  more h e a v i  l y  w e i g h t e d  by t h e  p r e d i c t i o n s  f o r  t h e  

unobserved counties. 



TABLE 4 .34  

R e g r e s s i o n  A n a l y s i s  Summary 
f o r  t h e  N a t i o n a l  P r o j e c t ' o n s  of t h e  

D i s t r i b u t i o n  o f  Occupants  by NCSS C l a s s  and Genera l  Area o f  Damage 

................................................................ 
I R e g r e s s i o n  S t a t i s t i c s  

Dependent / - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
V a r i a b l e  , E s x i ~ a t e d  S t a n d a  rd 

2 : : n t ? r c e p t  E s t i m a t e d  S l o p e  - 
i r r o r  

-------------t-------------------------------------------------- 

FRONT-FAT; 1 2.1173 C.35223 ;t 10:: 0.90974 1 . . . ,  07 
FRONT-HOSc 7.7916 0 .395?3  X !O 0.96837 l 2 . 7 3  
FRONT-TRT 20.372 0.14392 X 10:; 0.37128 122.50  
FRONT-V?Td 1 1.0145 0.47566 X LO-, 0 .97531 131.82 
RIGHT-FAT I 0.60184 0 10 0.81081 1 .69  
RI GHT-HOS 
RIGHT-Till 
RIGHT-NTRT 
BACK- FAT 
BACK-  HOS 
BACK-TRT 
BACK-NTRT 
LEFT-FAT 
LEFT-HOS 
LEFT- TRT 
LEFT-NTRT 

a~~~~ c l a s s i f i c a t i o n  coded 1, 2 ,  or 3. 

b~~~~ c l a s s i f i c a t i o n  coded 4. 

C ? i ~ ~ ~  c l a s s i f i c a t i o n  coded 5. 

d~~~~ c l a s s i f i c a t i o n  coded 8 .  

4 .6 .2  E v a l u a t i o n  o f  t h e  f loae l .  The e f f e c t  of s p e c i  f i  c c o u n t i e s  

was i n v e s t i g a t e d  t o  a n a l y z e  hcw s e n s i t i v e  the n a t i o n a l  p r o j e c t i o n  i s  t o  

t h e  c h o i c e  o f  a ? a r t i c u l a r  c o u n t y .  O n e  o f  r h e  t r a f f i c  ? c c i ? e n " ,  

s ~ a r i s t i c s ,  ACCIDEYTS, was chosen  f o r  t h i s  i n v e s t i g a t i o n .  T h i s  s n a l y s i s  

c o n s i s t e d  o f  u s i n g  4 2  c o u n t i e s  ( o n e  l e s s  t h a n  t h e  t o t a l  n u m b e r  

a v a i l a b l e )  t o  p roduce  a n a t i o n a l  ?rejection. T h i s  p r o c e d u r e  was done 43  

t i z e s .  Each t i n e  t h e  a n a l y s i s  was done  a d i f f e r e n t  c o u n ~ y  was e x c l u d ~ d .  

V a r y i n s  t h e  p a r t i c u l a r  c o u n t i e s  used  i n  f i t t i n g  t h e  a o d e l ,  on which t h e  

p r e d i c t i o n s  f o r  t h e  unobserved  c o u n t i e s  are b a s e d ,  does  chance  t h e  v a l u e  



TABLE 4.35 

Frequency Distr ibution 
NCSS Class i f ica t ion a n d  General Area of Damage 

Wat i onal Project i  ons 
January 1977 t o  March 1978 

.................................................................... 
I NCSS Class 

General l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Area of :ratmen?/ :I 0 
Eama~e I F a t 2 1  i o s ? i t a l  ized \ I  + Hosa. Treat,?enr 

R i g h t  1 6,052 26,502 33,799 230,856 
3ack I 175 4,310 39,679 85,113 
Left 1 5,088 24,655 85,145 264,688 .................................................................... 

TABLE 4.36 

Distr ibution of 
NCSS Class i f ica t ion and General Area of Damage 

NCSS Aggregate 
January 1977 t o  March 1978 

.................................................................... 
I PICSS Class 

General l--------------------------------------------------------  
Area of 1 Treatment/ N o 
Damags 1 Fatal Hospital i zed Not Hosp. Treatment -------- 

Front 
Right 
Back 
Left 

of the ~ r o j e c t i o n ,  F i g u r e  4.12 i s  a h i s t o g r a m  of 4 3  n a r ' o n a l  

;rejections obtained i n  t h - s  investigat 'on and descr i$ i  v e  s t a t :  s z i  cs 

can be found i n  Tab12  4 .39 .  

Frorn the histogram and the  desc r i? t i \ / e  measures i t  can be seen t ha t  

the national projections do  vary as d i f ferent  counties a re  excluded from 
the analysis. T h e r e  i s  n o  way t o  t e l l  which of t h e s e  n a t i o n a l  

projections i s  c loser  t o  " t rue"  popula t ion  t o t a l .  The m i  ninum and 



TABLE 4.37 

Dist r ibut ion  of 
NCSS Class i f i ca t ion  and General Area of Damage 

Predict ions f o r  Unobserved Counties 
January 1977 t o  March 1978 

.................................................................... 
I NCSS Class 

General l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Area of I Treatrnen~/ N o 
9anage I Fatal ;?ospital ized Plot aos?. Treatment 

- - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Fron: 0.0059 0.0456 0.1606 0.4254 
Right i 9.0025 0.0112 3.0354 0.0974 
Back I 0.0001 0.0613 0.0168 0.0359 
Left 1 C.002; 0.0104 0.0360 0.1117 

TABLE 4.38 

Dist r ibut ion  of 
NCSS Class i f i ca t ion  and General Area of Damage 

National Project  ions 
January 1977 t o  March 1978 

I NCSS Class 

Areaof  I 
Damage I Fatal 

Treatment/ N o  
Hospital ized Not Hosp. Treatment 

- - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Front 1 0.0059 0.0456 C. 1605 0.3265 
Right 1 0.0026 S.Cl:? 0.0354 C.  0974 
Back 1 0.000! 0.6012 0.3157 C. C359 
Left 1 0.3021 C .  3134 0.3359 O.ili7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

maximum national project ions presented in  Tzble 4.39 might be thought of 
as upper and l ~ w e r  bounds f o r  the  national project ion i f  only 42 of t h e  

counties crfgi  nal l y  sel2cted \{ere okser\ied. T i i s  discussion i s  no: a n  

analysis  of the  sampling variance of the  national project ion wnich must  

rake in to  account the  dncertainly in the  est imates of  t h e  p o ~ u l  a t i o n  
t o t a l s  f o r  each o ~ s e r v e d  county. Rather i t  i s  an evaluation of how t h e  

choice of observed uni ts  m i g h t  have affected the  national project  ion. 



s u n  I N  Y I L L I a N s  

f i G U R E  4 .12 A Histogram sf 'ossible Jaxional 
Project ions Obtained by Varying Counties Included 

TABLE 4.39 
Descriptive S t a t i s t i c s  f o r  the  

County Select ion Sens i t iv i ty  Analysis 

........................................................................ 
Estiinate 

Parameter ( ~ = 4 3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

:.l e  a n 
Szanda rd Devi a t  i on 
:/1i ni ;;ium 
:*ax i  m u m  

9ne f ina l  question deserves a b i t  of a t t e n t i o n .  T h a t  i s ,  how 

important i s  the  choice of the demographic variable t h a t  i s  used i n  c h e  

predict ion equation, in t h i s  estimation proc2ss. A s e n s i t i v i t y  analys is  
was done t o  inves t iga te  t h i s  problem. After a  thorough r e v i e w  of t h e  

County and  City Data Book twenty demographic variables were  f o u n d  f o r  



use i n  t h i s  s e n s i r i v i t y  a n a l y s i s .  Each of t h e  t w e n t y  dei i logra9hic  

variables was used t o  develop national p ro jec t ions  f o r  t h e  number of 

towed vehicles (not  r e s t r i c t e d  t o  those  vehicles where D e l t a  :J can  b ?  

ca lcu la ted ) .  Table 4.40 gives sorne desc r ip t ive  i  n f o r n a t  i  o n  o b t a i  ned 

fron t h i s  analys is .  For the  twenty d i f f e r e n t  demographic var iables  t h e  

national ?rejections ranged from approxlrnat?l j  1 . 8 6   illi ion t o  4 . 0 5  

 illi ion. This i n f o r x t ? o n  suscjeszs tha t  the  c h c i c e  of the &. ;oc ra? t i i c  

~ a r i a b l e  can subs tan t i a l ?* /  chang? :he project ion of the  number ;f ;oi.. isd 

vehicles. 

T A B L E  4.40 

Descript ive S t a t i s t i c s  f o r  the  
Demographic Variable S e n s i t i v i t y  Analysis 

........................................................................ 
Estimate 

Parameter (N=20) ........................................................................ 
Mean 
Standard Deviation 
Minimum 
Maximum 

To f u r t h e r  inves r iga te  t h i s  v a r i a b i l i t y ,  t h e  n a t i o n a l  p r o j e c t  i on 
2 was plo t ted  as a  function of ?, f r o n  t h e  r e g r e s s i o n  p r o d u c i n g  t h e  

oredictiori q u a t i o n  developed t o  flake the  nat ional  p r o j e c t  i o n .  T h i s  

p ? g t  i s  show i n  Figure 4.13. From t h i s  ? lo t  i t  can be s e e n  t h a t  t h e  

s x t  reme national project  ion are  associ a t f d  with regress i  a n s  t h.3 t h u e  
2 l ow  2 . The v a r i a b i l i t y  of the  national projec t ion  appears t o  a e c r e a s e  

2 s l i g h t l y  as 2 increases ,  b u t  in  general t h e  project ions a11 l i e  wi < h i  n 
L 2 , 2 9 2 , 3 0 9  a n d  3,245,200 when demographic var iabiss  whose 8 are g r e a t e r  

:ran . 5  a re  used i n  developing rbe  national ~ r o J e c r i o n s .  'here Goes not 

appear t o  be a " t r u e  value" f o r  the  number of towed vehicles a p p e a r i n g  
2 as 2 aoproaches 1. I t  i s  c l e a r  from t h i s  analys is  t h a t  the  dcnograahic 

variable t o  choose i s  one wh2re the  a s s o c i a t i o n  between i t  and t h e  

accident s t a t i s t i c  o f  i n t 2 r e s t  i s  tne  highest .  
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F I G i i R E  4.13 ,A ?lo: of Tne ;lational ?rojecr,ions by ;he 2' for -,he 
Regressions Used LO Develop The National Project  i ons 

4.6. Modification f o r  Missing Data. All of the examples i n  t h e  

previous subsections use variables t h a t  have no  iss sing d a t a .  I f  t h e  

proportion o f  inissing da ta  i s  sma l l  ( p e r h a p s  1 e s s  t h a n  5 % ) ,  some 

analys ts  would ignore niissing data and proceed w i t h  the analys i  s u n a e r  

the assumption t ha t  the small qercentage of  iss sing data w o u l d  n o t  a l t e r  

',heir analys is  s i ;n i f i can t ly .  I n  t h e  'lCSS d a ~ a  many o f  t h e  v a r i  z b l s s  

have :iuch more tnan 37: of t.i.12 c a s e s  f o r  1,vhich t h e  i n f o r ; , l a t i ~ n  i s  

.oi s s i ~g . 
A n  assumption underlying t he  nacional prc3:ect ion technique bias t il. 

a \ ~ a l l a b i l i t y  of unbiased est imates f o r  the  popula t ion  t o t a l s  f o r  : h ?  

ilnizs observed, The technique can be ~ o d i f i ? d  t3 a d j u s t  f o r  a i s s ? n S  

data ,  in t : ~ e  case where data Were nct avai lac le  f c r  c e r t a ?  n u n ~ t s  o r  

wer? 1 os t  i n the  sampl i ncj procedure. The adjustment i nvol ves ootai n i n; 

new estimates fo r  county t o t a l s  tha-c are  adjusted f o r  1 1 1 i s s i n ~  data. Tile 

rnetnod of  aaj~lstment of county t o ~ a l s  i s  usually based  o n  s u b j e c t i v e  
knowledge or from a re-sanipl ~ n g  of cases with missing daza i n  a f u r t h e r  

attempt t o  obtain t he  data. Xisslng data p r o c e a u r e s  i n  s e n e r a 1  a r e  



discussed in Section 4.1.4.  I n  Section 4.5 the  character  of the  nissing 

data of key NCSS var iables  i s  exami ned. 

The adjusted county t o t a l  i s  then used t o  develop t h e  p r e d i c t i v e  

rnodels f o r  the  unobserved units .  This est imate of the  population t o t a l  

within a county, i f  an imputation nethod were used t o  ad jus t  f o r  n iss ing  

data ,  can be expressed f o r  each county as 

* 
+ L 2 i s  the  adjusted est imate of the i" ccunty t o t a l ,  

I 

t .  i s  the  observed t o t a l  in  the  i t h  county, and 
1 

u ;  i s  the  imputed t o t a l  f o r  the  data missing i n  t he  i t h  county. 

I f  a  reweighting procedure i s  used t o  a d j u s t  f o r  m i s s i n g  d a t a ,  t h e  

adjusted estimated county t o t a l  can be expressed f o r  each county as  

where 
* 

t; i s  the  adjusted est imate of the  i t h  county t o t a l ,  

t :  i s  the  observed t o t a l  in  the  i th  county, and 
1 

u j  i s  the  reweighted adjustment f a c t o r  f o r  t h e  i t h  county. 
* 

These adjusted x i  a r e  used in  place of ti a n d  the  best T i  :: i n g  1 i n e i r  

regression ricdel with one independent variable i s  obtained by c h o o s i n g  
2 a n d  6 t c  mi ? ' ~ i z e  

as in Equation 4-27,  
* 

I f  a n  imputation aethcd i s  used and t i  i s  given by E q u a t i o n  4 - 3 5  

the  e s t i n a t e  of the na t ic?a l  groject ion i s  g i ' i en  by 

(4-38) B ( S ) = Z ( ~ ~ + W . ~ + ~ [ Z ~ + ~ ~ ( X ~  1 .  - z s ) l  
i t s  i t s  

where 2, and 6, a re  given by .. 

i c s  



(4-40) 3 ,  = 
i t s  .- 

i t s  

I f  a reweighting 2roc3aure i s  used then the e s t i n a t e  of : h e  n a t i o n a l  

lwh3r-e $ anc 5 21-2 g i v 3 n  by 2 2 

Due t o  t h e  nature of imputation methods a t  the  present t i m e  t h e r e  

i s  no method t h a t  can be used t o  ca lcu la te  the  variance o f  the est imate.  

2 ~ b i n ~ ~  advocates the use of mult iple imputations, or  au 1 t i  pl e wei g h t  

adjustments, t o  ca lcu la te  the  va r i ab i l i t y  i n  an e s t i m a t e  due t o  t h e  

inputation procedure. This method will assess the s e n s i t i v i r y  a f  t h e  
national projection t o  the  imputation procedure b u t  does n o t  i ncor;orate 

;he va r i ab i l i t y  of the c3unty r o t a l s  due t o  sanpl i n g .  

4.6.4 Alterg2ti1/e '4ethods. I n  t h i s  s j b s e c z i o n  t h e  n a t  i o n d l  

~ r s j e c t i o n s  ?res?nted i a Section 4.6.1 are ccrn~ared t o  a zerhoa c:m--o?ly 

i n  use t o  generate national ly representat ive numbers from the  NCZS data. 

This method involves applying a n  i n f l a t i on  f ac to r  t o  a NCSS a z j S r e ~ a t 2  

t o t a l .  The in f ia r ion  f a c t o r  i s  the r a t i o  o f  a 7opulatian s l a t i i r  i c  L a  

the  ccm?arable :;CSS agsrxjace s t a t i s t i c .  

B .  R u b i l ,  " l l u l  t i 7 1  e I m p u t a t i o n s  i n  S a n p l e  Su rveys - -A  
Phenomenolocjical Bayesian Approach t o  i l o n r e s p o n s e , "  I m p u t a t i o n  a n d  
Editing of Faulty or  Missin! Survey Data (liashington, D . C .  : 3epa  r t l i e n t  
of Commerce, Bureau of the  Census, 1978).  



~ a h a n e ~ '  and 0 ' 3 a y  and ~ a ~ l a n ~ ~  have  bo th  u sed  v a r i a t i o n s  o f  t h i  s 
method. Kahane i l sed ,  t o  form t h e  i n f l a t i o n  f a c t o r ,  t h e  r a t i o  o f  U . S .  

f a t a l i t i e s  t o  t h e  t o t a l  number o f  f a t a l i t i e s  i n  NCSS. G'ilay and Kap l  a n  

based  t h e  i n f l a t i o n  f a c t o r  on t h e  r a t i o  of  1970  U.S. p o p u l a t i o n  t o  t h e  

p c p u l a t i o n  r e p r e s e n t e d  by t h e  NCSS a r e a s  o b t a i n e d  from t h e  C o u n t y  a n d  

C i t y  Data ~ o c k ~ ~ .  I n  T a b l e  4 . 4 1  t h e  a c t u a l  i n f i e t i o n  f a c t o r s  a r e  

o r e s e n t e d .  T h e r e  a r e  ",ree i r l i l 3 t i o n  f a c t o r s  b a s e d  o n  f a t a l i z i e s  

p r e s e n t e d  i  I :;?is t a b l e .  In ):ahlane's p a p e r  a 2 r e l i m i n a r y  v e r s i o n  of the 

lCSS f i l e  was used.  Thi ;  d a t a  i s  r e f e r r e d  t o  a s  V e r s i o n  1. A n e a r  

c o m p l e t e  v e r s i o n  of  ;he YCSS d a t a ,  t h a t  had api ; roxir i ;a tely 55  a c c i d e n t s  

m i s s i n g  and t h a t  was ilsed t o  p roduce  t h e  n a t i o n a l  p r o j e c t  i o n s  i n  t h i s  

r e p o r t ,  i s  r e f e r r e d  t o  a s  V e r s i o n  2 .  The t h i r d  i n f l a t i o n  f a c t o r  i n  t h e  

t a b l e  i s  based  on t h e  nunDer of f a t a l i t i e s  i n  t h e  o f f i c i a l  l y  r e 1  e a s e d  

v e r s i o n  o f  t h e  1 5  month NCSS f i l e .  The t o t a l  number of  f a t a l  i t e s  f o r  

t h e  15 months of  NCSS was o b t a i n e d  f rom t h e  1977 and  1 9 7 8  FARS f i  1 e s .  
The re  were a t o t a l  o f  30 ,562  f a t a l i t i e s  i n  towed p a s s e n g e r  c a r s  f o r  t h e  

15  month p e r i o d  of  NCSS. T h e r e  were 25 ,471  f a t a l i t i e s  i n  1977 and 5 , 0 9 1  

f a t a l i t i e s  i n  t h e  f i r s t  t h r e e  months of 1978. 

A n a t i o n a l  p r o j e c t i o n  f o r  t h e  t o t a l  number o f  a c c i d e n t s  i n v o l  vi ng a 

towed p a s s e n g e r  c a r  i s  p r e s e n t e d  i n  T a b l e  4.33. The i n f l a t i o n  f a c t o r s  

were a p p l i e d  t o  t h e  e s t i m a t e  f o r  t h e  NCSS a g g r e g a t e  o f  t h e  n u m b e r  o f  
5 0 a c c i d e n t s  i n v o l v i n g  a towed p a s s e n g e r  c a r  ( 3 1 , 3 6 7  ) T h e s e  i n f l a t e d  

numbers a r e  p r e s e n t e d  i n  T a b l e  4 .41 ,  

i C .  J .  Kahane, An E v a l u a t i o n  o f  S t a n d a r d  2 1 4 .  T e c h n i c a l  F i e g o r r  
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The e s t i m a t e  p r o d u c e d  u s i n g  t h e  i n f l a t i o n  f a c c o r  b a s e d  o n  

~ o p u l a t i o n  gives the  most c o n s e r v a t i v e  number of  a c c i  d e n t s .  The 

estimates based on NCSS f a t a l i t i e s  (Versions 2 a n d  3 )  a re  approximately 

the  same. 3ut these est imates a r e  about 207: l e s s  t h a n  t h e  e s t i m a t e  

using the  project ion ~ e t h o d .  The very early i n f l a t i o n  f a c t o r  ( V e r s i o n  

1 )  predic ts  a  higner number of accidents chan the  national p r o j e c t i o n .  

The in f l a t ion  f a c t o r  ~ e t h o d  ~ n i f o r m l y  in i l azes  a1 l a r ? a s  a t  t i e  s i n e  

ra t? .  Rural and urban differences are ignored. The a g g r e g a z e  s f  3 1  1 

t he  hCSS areas i s  assumed co be perfec t ly  r e p r e s e n ~ a t i v e  cf :he e n t  i  r e  

J.S. The n a ~ i o n a l  project  method uses a differgn', i n f l a t i o n  f3cruor f o r  

each county so t h a t  the  mix of urban and rural counties has 1 e s s  of a n  
e f fec t  on the  national project  ion. 

There i s  no way t o  t e l l  which of the  nethods i s  c l o s e r  t o  t h e  t r u e  

oopulation t o t a l s .  When the re  i s  enough data (excluding r a r e  e v e n t s )  

the  method of national project ions seems t o  i n t u i t i v e l y  g i v e  b e t t e r  

estimates. These estimates a re  T o r e  compl i  c a t e d  t o  c a l  c u l  a t e  a n d  

possibly the  i n f l a t i o n  f a c t o r  method i s  useful in  giving quick numbers 

t h a t  may be reasonable. Care must be taken when u s i n g  t h e  i n f l a t i o n  

method t o  use the  most accurate data avai lable  t o  fo rm t h e  i n f l a t i o n  

f a c t o r  as  the  est imate can vary qu i t e  substantial  l y  a s  s e e n  i n  T a b 1  e 

4.41. 

4.6.5 Summary. A n  e s t i m a t i o r !  p r g c e d u r e ,  c a l  l e d  a n a t i o n a l  

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

representat iv? s t a ~ i s t i c s  from the  NCSS data.  In s ; i te  of the f a c t  t h a t  

t h i s  estimate i s  bi:sed, i t  has an i n t u i t i v e  ? ; p e a l .  The n a t i o n a l  

; r o j e c t i ~ n  co,mbines the  estimated t o t a l  f o r  t h e  o b s ? r j i e d  par: of t i l e  

zopulation with a  pr?dict ion about  t h e  m a s n i t u d e  of t o t a l  f o r  t h e  

unobszrved part  of t h e  p o p u l a t i o n .  The ? r e d i c t i o n  inakes u s e  of 

auxi l ia ry  in fomat ian  avai lable  f o r  the  e n t i r e  population, I t  i nvo lves  
developing a model ;o p r e d i c t  from t h e  aiixi 1 ;  a r y  i n f c r ~ a t  i o r :  t h e  

unobserved t o t a l  of the s t a t i s t i c  of in te res t .  This model i s  devel oped 

using the  data of the observed portion of the  population and then i t  i s  

used t o  p r e d i c t  t h e  v a l u e  of t h e  s t a t i s t i c  f o r  t h e  u n o b s e r v e d  
popul at ion.  



TABLE 4.41 
Comparison of Different  Yethods t o  

Adjust :iCSS t o  Obtain 
Nationally Representative S t a t i s t i c s  

January 1977 t o  :larch 1978 

I /!umber of 
r4et hod I F a t a l i t i e s  Ratio ACCI 9E;ITS 

I 3epresented 

I 
;icss ! 
Fatal Occupants ! 
' lersion 1 I 

PI CS S I 
Fatal Occupants I 
Version 2 ! 

I 
NCSS I 
Fatal Occupants I 
Version 3 I 

I 
19 70 1 
Population I 

I 
I 
I 

National I 
Project ion I 

I f  che relat ionship i n  t h e  select2d a r e a s  be tween t h e  a c c i d e n t  

s t a t i s t i c  and the auxi l ia ry  inforrnation i s  312 s s a 2  as the r e l a t i o n s h i ?  

in the unobserved areas i s  a r e a s ~ n a b l 2  assumption, then t h e r e  a r e  : W O  

remaining main sources of bias. One term represents the  desree -,o which 
the  data f i t  the theore t ica l  population model. The second involves t h e  

slope of the l i n e a r  model, the  number of unobserved c o u n t i e s ,  and t h e  
difference between the  population (,lean and sample mean c i  the a u x i  1 i  a ry 

variabl? us?C i i1 the  predict ion ~ o d e l .  l i i t h  she YCSS design i t  a p p e a r s  

tha t   he second source of b i a s  may c a u s ?  an u n d e r e s t i m a t e  of  t h e  
oopulation t o t a l .  Inves t i sa t ion  of the  choice of c o u n t i e s  i n d i c a t e s  

t h a t  exclusion of any one of the selected counties causes the  n a t i o n a l  
project ion t o  vary by no :nore than 4.5;;. 



Underlying t h e  p r o d u c t i o n  of a  n a t i o n a l  p r o j e c t i c n  i s  t h e  

development of a  nodel, based on the o b s e r v e d  d a t a ,  t o  p r e d i c t  t h e  

accident s t a t i s t i c .  The sens i t iv i ty  of the national projecti  o n  on t h e  
choice of the auxi l iary  variable t o  be used f o r  t h e  p r o j e c t i o n  was 

investigated. The national projections calculated separately fo r  twenty 
7 

auxil iary variables varied by about 17%. For v a r i a b l e s  w i t h  h i  cjh 2,' 

there  seemed t o  be l ess  va r iab i l i ty  b u t  nc cgnsistent trend. E x c ! ~ d ' ? c  
3 

resressirsns w i t h  ?' l3ss t h a n  . 5  ",e national  ? r o j e c t i s n s  v a r i l d  by 

? b o u t  9.4%. Extrsre zredi ct 'cns 2ccurred L~nen ?' was loh i .  

The national ?r3jections at-2 compared ,v::i7 an a i t e rya t i  ve c c c ~ c  11; 
- - zsed method chat lises a n  i n f l a t i o n  f a c t c r .  These  rilethods d 7 r . ; e r  

~ a r k e d l y .  The u s e  of an i n f l a t i o n  f a c t o r  p roduces  an e s t i m a t e  

consistently lower than the  national projection. A n  exceg t  i o n  i s  t h e  

2arly version of :he NCSS f i l e  where 40% of ;he f a t a l i t i s s  were n o t  ~n 

'he data f i l e .  The in f la t ion  fac to r  inethod based on f a t a l i t i e s  produces 
estimates approximately 15% l e s s  than the national projection. 

Based on  the  analyses presented i n  t h i s  subsection t h e  i n f l a t i o n  
f ac to r  method using f a t a l i t i e s  will provide a  quick method t o  p roduce  

national ly representat ive numbers. These may underestimate the national 

level somewhat. I f  what i s  needed i s  a  good assessment of a  n a t i o n a l  

accident s t a t i s t i c  the  n a t i o n a l  p r o j e c t i o n  method ,  a1 t h o u g h  more 
d i f f i c u l t  t o  develop, i s  appropriate. I n  summary, modifying t h e  NCSS 

aggregate daia using the  national project'l;on x t h o d  t ake s  more e f f o r t  

a n d  as a consequence w i l l  y i e l d  a  cjocd e s t i n a t e  o f  t h e  r a t i o n s !  

sxpe r i e~ce .  The in f la t ion  f a c t c r  nethod w i  : l  provide a quick x t h o c  t 3 

Get naticnally representat ive s t a t i s t i c s  b c t  agcears t o  be s ens i t i ve  ' - ,3 

t h e  ra t io  USed i n  the i n f l a ~ i o n .  





4.7 Siqnif icant  Results.  The ilCSS design spec i f i  e a  a p u r p o s i v e  

sample of seven areas. Within each area a s t r a t i f i e d  c l u s t e r  sampl e of 

accidents was taken, except i n  two areas where a simple randon sample of 
accidents was taken. For vehicles and occupants a1 1 within-area samp 1 e 

d e s i ~ n s  a re  c lus tered by accidents. Estimates f o r  the  aggregate of t h e  

ilCSS areas were c a l c u l a t e d .  T h e s e  Y C S S  a c c i d e n t  s t a t i s t i c s  a r e  
orsaniz2d and p ~ b l i  shed i n  three  pub1 i c2:i cns: 

1. PICSS S t a t i s t i c s  ? l o $ ~ e , ~ b e r  1979 .  

2 .  ?lCSS S t a t i s t ; c s :  Passencer Cars 2:ve 1980. 

3. ;iCSS S t a t i s t i c s :  L i ~ h z  Trucks and Vans Jdne l932. 

There a re  some k y  points t o  be made about these publicat ions.  The 

s t a t i s t i c s  i n  these ptiblications describe pol i c e - r e ~ o r t e d  a c c i d e n t s  
involving towed vehicles f o r  the  aggregate of the seven areas. There i s  

reason t o  believe tha t  the  accident experience of l i g h t  t rucks and vans  
in  the  aggregate of the  seven areas i s  not described nearly a s  we1 1 a s  

the accident experience of passenger cars.  So, i n  general,  t h e  tow-away 
accident population f o r  l i gh t  t rucks and vans i s  not d i rec t ly  comparable 

with t h a t  of passenger cars. F ina l ly ,  i t  should be noted t h a t  mi s s  i n g  

d a t a  c o u n t s  have no t  been e x c l u d e d  from t h e  t a b u l a t i o n s  a n d ,  

consequently, t he  percentages f o r  a ? a r t i c u l a r  category may be s l  i s h t  l y  
underestimated. 

Investigation of the NCSS data indicatzd t h a t  some accider l t s  were  
sampled erroneously and some were excluded Sron t he  data f i l e .  3~ r i  n g  

the sanal i ng process, accidents were i ncl d d 2 d  :hat were qot 1 egi t ' ~ a : e ly  
chosen accidents. The e f fec t  of zhes? e r ro rs  i s  probably smal 1 .  Tn i s 

may indicate tha t  acc iden t s  l i e r e  a1 so  e x c l u d e d  i n  t h e  ~ ~ r a c e s s  of 
sampling accidents b u t  the extent of t h i s  i s unknown. The e x c l u d e d  

accidents were t h o s e  w i t h  f a t a l i t i e s .  F a t a l i ~ i e s  were  s:udi?d 

separately and a com~arison of NCSS w i t h  FlRS a n d  various s t a t e  c e n s  , s  
f i l e s  of accidents suggested t h a t  p o s s i b l y  a s  rnuch a s  2 0 "  of t h e  

f a t a l i t i e s  occurring i n  the  NCSS s i t e s  were missing froin the  :.ICSS d a t a  
f i l e .  This w o u l d  have the  e f fec t  of makino NCSS d e r i v e d  s t a t i s t i c s  
underestimates of the  population proport ions. 



As part of t h i s  analys is ,  variance est imates,  or sampling e r r o r s ,  

were calculated fo r  selzcted s t a t i s t i c s  based o n  the  Phase 1 data. This 

analysis  was done in order t o  assess the magnitude of the e f fec t  of t h e  

c lu s t e r  design o n  the variance associated w i t h  various NCSS s t a t i s t i c s .  

The problei;: of ?resentation of sampling e r ro rs  f o r  p u b 1  i c a t i o n s  1 i ke 

YCSS S t a t i s t i c s  i s  given some a t tent ion i n  t h i s  anaiysis .  

it \+as fclind Inat  the s a m ~ l i  ng er rors  associ ar,?d i ~ i t h  scrne accident 

s t a t i s t i c s  I;:er? s-i~nifican:ly af fected by t h e  c l  , s ' , e r  de s ; ; n .  The 

confidence in tervals  basea 3n t h e  ap~ roo r - r s t e  samp1:ng e r r o r  can be t w o  

or tnree t;.nes l a r ze r  than a confidencz ~ n t e r v a l  based o n  s a m z l i n g  

errors calculated f c r  a simple randorn s a n p l ? .  The sampl i n g  e r r o r s  

associated with  sorne injury level variables were actually l e ss  than t h e  

sampling errors  under the  assumption of simple random s a n p l  i n g  d u 2  t o  

gains frorIi the s t r a t i f i c a t i o n  used i n  the  N C S S  d e s i g n .  I t  does  n o t  
appear that  using variances calculated o n  t h e  a s sumpt ion  of s i n p l e  

random samp l ing  w i l l  be a good a p p r o x i m a t i o n  f o r  a11 t h e  NCSS 

s t a t i s t i c s ,  and t ha t  t o  get more r e a l i s t i c  estiinates more comql i  c a t e d  

calculat ions a re  necessary. 

Sampl ing e r r o r s  a r e  p r e s e n t e d  i n  two ways. A g r a p h i c a l  

representation of sampling e r ro rs  was used. This method 1 ooks  a t  t h e  

estimate as a function of i t s  sampl i n g  e r r o r .  T h i s  method e a s i l y  

suminarizes a great deal of information. Design e f fec t s  can a lso  be used 

t o  categorize cer ta in  types of s t a t i s t i c s ,  l i ke  accident ,  v e h i c l e ,  o r  

occupant level s t a t i s t i c s  o r  even a f i ne r  breakdown, that  summarizes t h e  

e f i e c ~  of the design o n  the salnplin: e r ro r .  So i f  the design e f f ec t  i s 

available i t  can be multiglied by the  s i ~ ~ l e  random s a ~ p l e  variance 2 n d  

the resulx used as a n  approxiination t o  the appropriate sarnpli n g  e r r o r .  

Both procedures are  used i n  subsection 4 . 4  t o  p r 2 s e n t  t h e  s anp l  i n g  

errors cal culated. 

T?e focus of -,he analysis o f  m i  s s  i n r j  d a z a  \ v a s  o n  d ;  i f e r z n c e s  

bet~reen the vehicles or occupants tha t  were missing data and tnose t h a t  
had complete information. This i s  the f i r s t  s tep i n  finding appropriate 

inissing daca adjuscinent procedures. The l i t e r a t u r e  d e s c r i  Ses  v a r i  ous 

procedures that  are czrrent ly  being used. They a 1  1 assume chat there i s  
no basic d l  fierence between m i  ss i  ns a n d  non-mi s s i  ng data elements. That 



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

be tween  t h e  t w o  segments.  To  d e v e l  op mi s s i  ny d a t a  a d j u s t m e n t  p r o c e d u r e s  

some assessment  mus t  be  made o f  how t h e s e  t w o  segments d i f f e r .  

The  k e y  v a r i a b l e s  i n v o l  ved i n  t h e  a n a l y s e s  w e r e  O A I S  and D e  1  t a  V . 
OAIS i s  an o r d i n a l  v a r i a b l 2  t h a t  i n d i c a t e s  a  d e g r e e  o f  i n j u r y  s e v e r i t y  , 
and  D e l t a  \J i s  a  measure  o f  c r a s h  s e v e r i t y .  ? 4 i s s i  n g  d a t a  r a t e s  w e r e  

c a l c u l a t e d  f o r  OAIS and D e l t a  ' I  ano t h e  r a t e  a t  , ~ n i c h  one  o r  t $ e  o z h e r  

 as  iss sing. The  ~ ~ i i s s i r i g  d a t a  r z z e  f o r  OAIS i s  a b o u t  30'2. C a l c u 1 3 t  i c n  

s f  a  m i s s i n g  d a t a  r a t e  f o r  D e l t a  ' I  s h o u l d  b? r e l a t i v e  t o  t h o s e  v e h i c l e s  

whe re  D e l t a  V c o u l d  ce  c a l c u l a t e d .  b s i n g  t h : s  base,  t n e  , f i i  s s i  n s  d a t a  

rat,. f z r  D e l t a  'J i s  a b o u t  3a::. The r a t e  a t  w n i c h  c n e  o r  t h e  a t h e r  1 s  

i x i s s i n g  i s  a b o u t  70%. 

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

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

f o r  333 f a t a l  o c c u p a n t s  and  388 n o n - f a t a l  o c c u p a n t s .  F o r  t h e  f a t a l  

o c c u p a n t s  w i t h  m i s s i n g  d a t a  t h e r e  was a  h i s h e r  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  O A I S  coded  w i t h  a  maximum i n j u r y .  T h e r e  was a l s o  a n  i n c r e a s e  i n  

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

D e l t a  V .  F o r  n o n - f a t a l  o c c u p a n t s  t h e r e  was 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  p r o p o r t  i o n  o f  iili n o r  i n j u r i  es. 

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

e s t i n a t e s .  T h i s  p r o c e d u r e  u s e s  I C S S  s t a t i s t i c s  a n d  d e r n o g r a p h i c  

v a r i a b l a s  by c o u n t y .  4 model  r e 1  a c e s  t h e  i I C S S  s t a t i  s ~ i c s  a n d  t h e  

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

s t a t i s t i c s  f o r  t h e  c o u n t i e s  n o t  obsz r ved ,  These  p r e d i c t  i c n s  ? r e  t n e n  

combi ned ,/i", t h e  r iCSS  s t a t i s t i c ;  t o  f o r m  n a t i o n a i  2 r o J e c t  i 2 r i s .  

The p r o c e d u r e  t o  d e v e l o p  n a ~ i o n a l  ? r o J e c t  i o n s  ca t1  b e  ~ s e d  f o r  

u n i v a r i a t e  and  o ' v a r i a t e  d i s t r i b u t i o n s  as w e l l  as s i m p l e  s t a t i  s t i c s .  

The  p r o c e d u r e  appears  n o t  :o be v e r y  s e n s i t i v e  t o  ;he e x c l u s i o n  o f  a  

p a r t i c u l a r  county f r o m  :i;e n o d e l l i  ng s t a g e  o f  :he a n a l y s i s ,  t h e  n a ~ i o n a l  

o r o j e c t i o n s  \ l a r y  b y  a b o u t  5 : ; .  i n v e s t i g a t i o n  o f  t h e  s e n s i t i v i t y  o f  t h e  

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

-chat when demog raph i c  v a r i a b l e s  we re  chosen  where  t h e  c o r r e  1  a t  i o n  w a s  

s i g n i f i c a n t  ( i n  t h i s  a n a l y s i s  g r e a t e r  t h a n  . 7 5 )  t h e  n a t i o n a l  p r o j e c t i o n  

v a r i e d  b y  a b o u t  9 % .  T h i s  p r o c e d u r e  w o r k s  w e l l  a s  l o n g  a s  t h e  



corre la t ion  between the  accident s t a t i s t i c s  and de~ograph ic  vari abl e i s 

high. This method does not produce s t ab le  projections when 1 ook i n g  a t  
events with a low probabil i ty of occurrence o r  w i t h  variables tha t  h a v e  
larye amounts of missing data. 

All of tile ICSS s t a t i s t i c s  f o r  which r i a t i o n a l  p r o j e c t i o n s  were 

developed involvedonly variables with very l i t t l e m i s s i n g  d a t a .  The 

orocedure i s  modified ~3 allow f o r  d i  f i ~ r e n t  t y j e s  ~f ;ni  s s i  n S  d a t a  

adjustinents. The nodif icat ion i n v o l  i ~ ~ s  u s i  n s  t i l e  a d j ~ s t e d  c c u n t j  

s t a s i s t i c s  i n  tile analysis  ra ther  t h a n  t h e  unadjusteo t o t a l  s d i  i - e c t l y  

frxn >!CSS. This will  i n f l a t e  tne  n a t i o n a l  p r o j e c t i o n s  a s  v ~ o u l c i  b e  

ex;;?ct 2d. 

F ina l ly ,  the  n a ~ i o n a ?  project ions based on the  method developed i n 

t h i s  project  a re  compared with a f r e q u e n t l y  used p r o c e d u r e .  T h i s  

procedure involves in f l a t ing  the  !lCSS aggregate by a n  i n f l a t i o n  i a c  t or.  
One f a c t o r  of t h i s  type used i s  the  r a t i o  of U.S. f a t a l  i t i e s  t o  N C S S  

f a t a l i t i e s .  The in f l a t ion  e s t i m a t e s  were  1 awer t h a n  t n e  n a t i o n a l  

project ion of the  t o t a l  number of accidents involving a towed passenger  

car .  When an approximate est imate i s  needed the  i n f l a t i o n  method w i l l  

provide eas i ly  obtainable estimates. B u t ,  when good national e s t i m a t e s  

a re  needed the  national project ion method i s appropriate. 



5 ACCIDENT ANALYSIS MODELS 

The NCSS data contain a w e a l t h  of i n f o r m a t i o n  on t h e  c u r r e n t  

highway accident experience. Ul t imate ly ,  one woul d a1 s o  hope t h a t  
analysis  of t h i s  information would reveal modi f i c a t i o n s  which would 
reduce fu tu re  highway accident losses. Accident analysis  models a re  one 

a ~ t e i r p t  'io synthesize current information i n  a manner 1,ihich i s  in tended  
t o  aid highway safe ty  d e c i s i ~ n s .  These models use i n f o r m a t i o n  o n  t n e  

current accident ex?erience t o  e s t i m a t e   he a o t e n ~ i a l  f a r  in:ury 

reduction of proposed r e s t r a in t  systems. 

The objective cf t h i s  chapter i s  t o  review the  imp1 ica t ions  sf  t h e  

analytical  work described i n  t h i s  report f o r  the  use of the PICSS data i n  

current accident analysis  models. The f o c u s  of t h i s  e f f o r t  i s  t h e  
Kinetic Research Accident Environment Simulation and P r o j e c t i o n  :'lode1 

(KRAESP)". NHTSA i s  currently funding Ki net ic  Research t o  i ncorpora t e 

the  NCSS data in the  KRAESP nodel as part of "Basic Ordering Agreement - .- 

f o r  Systems Engineering Studies ,"  Contract No. DOT-HS-9-02096. The 
f i r s t  subsection describes accident analysis models in general , and t h e  
KRAESP model in  p a r t i c u l a r ,  f o c u s i n g  o n  t h e  r o l e  of  t h e  a c c i d e n t  
information which i s  used .  T h i s  s u b s e c t i o n  i s  f o l l o w e d  w i t h  a 

discussion of our analysis  of the NCSS data and a d i s c u s s i o n  of t h e  
implications of t h i s  work f o r  the  use of the  NCSS d a t a  i n  t h e  KRAESP 

model. 

5.1 Existing Models 

This subsection begins !with  a b r i e f  d ' s c u s s i o n  of t h e  g e n e r a l  

abjsc t ives  of accident analysis  nodels, and i s f o l  1 owed by a 1 o n 9 e r  
descript ion of the KRAES? model foc2sing on the  r o l e  of t h e  a c c i d e n t  
data which i s  required. 

5.1.1 General Objectives. C u r r e n t l y  t h e r e  a r e  more t h a n  150 
models of the motor v e h i c l e  t r a n s p o r t a t i o n  sy s t em i n  t h e  p u b l i c  

5 1 ~ .  gedmnd and K. Friedman, "Introduction t o  the  Kinetic Research 
Accident Environment Simulation and Projection ilodei," P r e p a r e d  i inder  
DOT Contract No. DOT-HS-9-02096, K i  net ic  Research Draft Report No. K R I -  
TR-041, January 1980. 



52 domain . Virtually a l l  of these focus  on economi c f o r e c a s t i n g  of 

demand in  terms of vehicle miles traveled. A n  example of t h e s e  models 

i s  the Automobile Demand Yodel d e v e l o p e d  by ' ,{harton E c o n o m e t r i c  
5 3 Forecasting Associates . However, a few models have been d e v e l o p e d  

which seek t o  forecas t  the  motor vehicle accident experience. An e a r l y  

nodel of t h i s  type developed by ~ o k s c h ~ ~  used r i m e - s e r i  e s  methods t o  

predict the number of f a t a l i t i e s  as a function of the vehicle s i z e  mix.  

B o t h  of the models of in t2res t  t o  t h i s  discussion were developed as 

part of the Experimental S a f e ~ v  V e h i c l e  programs s p o n s o r e d  by t h e  

Department of Transportaticn du r i  n g  t h e  e a r l y  i 9 7 0 ' s .  Ford Motor 
5 5 Company developed the  Safety System Optimization Xodel , and idinicars , 

5 6 Inc. developed t he  Research Safety Vehicle Accident Analys i s Model , 
which l a t e r  evolved i n to  the  Kinetic Resea r ch  A c c i d e n t  Envi ronment  

Simulation and Projection (KRAESP) model. The objective of these models 

i s  t o  es t imate  t h e  r e d u c t i o n  of d e a t h s  a n d  i n j u r i e s  f o r  f u t u r e  

~opu l a t i ons  o f  vehicles with v a r i o u s  p roposed  o c c u p a n t  p r o t e c t i o n  

systems. 

In general,  these  accident analysis  models must s y n t h e s i z e  t h e  

current information in both the  acc iden t  c a u s a t i o n  and t h e  v e h i c l e  

52~ichardson,  B . C . ,  Segel, L . D . ,  Barnett, Y.S., and Joscelyn, K . B . ,  
An Inventory o f  Selected rclaihematical Models R e l a t i n g  t o  t h e  Motor 
Vehicle Transportation System and Associated L i ~ e r a t u r e .  HSR I , 1 9  7 9 ,  
Reaort No. UM-HSRI-79-37. A n n  Arbor, Michiqan: UYi ?@search ? r e s  s , an 
imbrint of universi ty !dicrofilms in ternat ional .  Sponsored by the  flit o r  
Vehicle r4anufacturers Association. 

"G.R. Shrink and C.J. L o x e l y ,  A n  A n a l y s i s  of t h e  Automobi le  
M a r k e t :  Modeling t h a  L o n g - R u n  D e t e r m i n a n t s  of t h e  Denand f o r  
Automobiles, Final rep or^ t o  t h e  3 e p a r t m e n t  of T r a n s p o r t a ~ i o n  , 
Transportation Systems Center, February 1977. 

5 4 ~ . ~ .  Joksch, An Accident Trend Model - Final Report. Center  f o r  
the invi ronmenr and Man, Inc. Hartford, Connecticut, March 1975. 

55~es ea r ch  Safety Yehicle (RSV) Phase I Final Repor t ,  Vol une I 1,  
Ford Motor Company. Prepared f o r  the  Department of Transportation u nde r 
Contract No. DOT-HS-4-00842, June 1975. DOT HS-801 599. 

56D. Struble and G.  Bradley, Research S a f e t y  V e h i c l e  Phase  I ,  
Volume 11, Program Definition Foundation, Elli n icars ,  Inc. Prepared under 
Department of Trans portal  i on Contract No. DOT-HS-4-00844, June 1975. DOT 
HS-801 604, 



crashworthiness areas. The two major f u n c t i o n s  of c u r r e n t  a c c i d e n t  

analysis models are :  

1. Project the  accident experience (causation).  

2 .  Project the injury response (crashworthi ness) .  

Projecting t he  accident experi ence requires t ha", inf orrnat i o n  o n  t h e  
s i z e ,  composition, a n d  use o f  rhe current - a n d  hy;c:he~ical veil' c l  e a r d  

occuoant ?ccrula t ion be s ~ 3 3 1 i e d  a s  ~ i p u t .  A l s o ,  d s t a : i s : i c a l  
description of the accident ex;lerience o f  t h e  cu r r en :  ; o ~ u l  a t i  2 3  : s  

required. Current kncwledge $1  he re la t icnship  of the c h a r a c t e r : s t i c s  
of the vehicle a n d  dr iver  popl i la t ions  t o  t h e i r  r e s u l t i n g  a c c ' d e n t  

experience (causation) i s  then used t o  est imate the  accident experi e n c e  
of the hypothetical population of vehicles and drivers.  The r e s u l t  of 
t h i s  computation i s  a  complete descript ion of the number and k i n d  of  
accidents the  hypothetical population of vehicles and occupants wi 1 1 be 

- involved i n .  

Project ion of t h e  i n j u r y  e x p e r i e n c e  r e q u i r e s  an a n a l  ogous 

treatment. Havi ng estimated t h e  accident experi ence of the  hypothetical 

vehicle and occupant population, inforrnat  i on on t h e  p r o b a b i  1 i t y  o f  

injury and death f o r  bo th  t h e  c u r r e n t  - a n d  t h e  p roposed  o c c u p a n t  

orotection systems i s  used t o  est imate the  i n j u  ry e x p e r i e n c e  of t h e  
hypothe t i ca l  p o p u l a t i o n .  Aga in ,  t h e  n e c e s s a r y  i n p u t  f o r  t h i s  
ccmputation i s  the i njury experience of the current occupant popul a t i  cn. 
Current knowledge of the  relat ionship of the coll i sicn conditions C C  the  
resul t ing in ju r ies  and d e a t h s  i s  used t o  r e l a t e  t h e  p e r f o r m a n c e  

charac te r i s t i c s  of the hy9othetical occupant protect i o n  systems t o  t h e i r  
expect ?d i njury experi ence. 



5.1.2 The KRAESP Model 5 7 y 5 8 y 5 9 3 6 0 .  This subsection i s  intended t o  

nrovide a brief overview of the Kinetic Research Accident Envi ronment 

Simulation and Projection (KRAESP) model. The focus of t h i s  overview i s  

the  role of the accident data inputs t o  the  model. Consequently, o t h e r  

major operations of the nodel may be o m i t t e d  o r  g iven  on ly  p a s s i n g  

mention. 

I n  the  KRAESP model, the  a c c i d e n t  e x p e r i e n c e  i s  d i ' ~ i  ded i n t o  

numerous subsets. Injury esrimazion i s  carr iea  f o r  each subset ,  a n d  the  

resu l t s  sarnmed. The model, rhen, i s  defined by the  variables and levels  

which define the subsets. These are l i s t5d  below: 

Accidents are subset by: 

calendar year 

Vehicles a re  subset by: 

manufacturer 
model year 
weight c lass  
r e s t r a i n t  system by occ. seat  location 

Occupants are  subset by: 

co l l i s ion  severi ty 
co l l i s ion  mode (vehicle-to-vehicle, s ingle  vehicle) 
damage area (by clock di rec t ion)  
occupant seat  l ocat i on 
(occupant age) 
(body region of in jury)  

5 7 D .  Redmond and K .  Friedman, "Introduction t o  the  Kinetic Research 
Accident Envi rcnment Simulation a n d  Projectf o n  :4odel (KXAESP) ," Prepared 
under Departnerlt of Transportati on  Cont  rsct 'lo. COT-HS-9-02C96, Xi n 2 t i c 
Research Draft Report No. KRI-TR-641, January i980. 

58K. Friedman, R .  Thomson, and 0 .  Redmond, "The K i n e t i c  Resea r ch  
Accident Environment Simulation a n d  Projection Model," p r e p a r e d  u n d e r  
Department of Transportation Contract No. DOT-HS-7-01552. Mi n i c a r s ,  
Inc. Draft Report No. KRI-TR-027, July 1973, 

5gD.  Struble and G. Bradley, Research S a f e t y  V e h i c l e  Phase  I ,  
Volume 11, Program Definition Foundation, prepared under Eepa r t m e n t  of 
Transportation Contract No. DOT-HS-4-00844, June 1975 DOT HS-801 604. 

6 0 ~ .  DiNapoli, et .  a l . ,  Research Safety Vehicle Phase I I ,  Vol ume 
11, Comprehensive Technical Results,  Minicars,  I nc. , p r e p a r e d  unoe r  
Department of Transportation Contract No. DOT-HS-5-01215, November 1977. 



Occupant age and body region of injury a r e  subset va r iab l  e s  which a r e  

avai lable  in the  current  version of the  KRAESP model, b u t  which have not 

ye t  been employed f o r  lack of i n p u t  data.  

Figure 5.1 shows t h e  overall  organization of the KRAESP model and 

the  locations of the  accident data inputs. The KRAESP model r e q u i r e s  

inputs over a period of calendar years ,  and produces p r o j e c t i o n s  f o r  

each year. This discussion i s  limited t o  t he  data r e q u i r e m e n t s  f o r  a 

s ing le  year  f o r  s i n p l i c i t y .  The f i r s t  box i n d i c a t e s  t h e  v e n i c l e  
pcoulation projecxions. The necessary i n p u t  i s  the number of v e n  i c 1 e s  

intrgduced during t h e  model year  by n a n u f a c t ~ r e r  and weight c lass .  This 

in fomat ion  i s  combined with the  in fomat ion  on t he  vehicle p o p u l a t i o n  

a t  the  beginning of the year  and estimated scrappage r a t e s  t o  p r o j e c t  

the  t o t a l  population f o r  the  current  year. The r e s t r a in t  systems may be 

specif ied by sea t  location and impact mode ( f r o n t ,  s i d e ,  r e a r ,  and 

r o i l ) .  In o ther  words, t he  model allows d i f fe renr  r e s t r a i n t  systems t o  
be specif ied f o r  the  d i f fe ren t  impact d i rec t ions ;  f o r  example, an airbag 

- 

f o r  f ronta l  impacts, headrest for rea r  inpacts ,  and, perhaps, none f o r  
s ide  impacts. 

Accident data  a re  i n p u t  in t he  s e c o n d  box which d e s c r i b e s  t h e  
occupancy of each s ea t  location and the closing speed d i s t r i b u t i o n  f o r  
each impact mode (vehicle-to-vehicle and s ingle  vehicle)  and damage area 
(clock d i rec t ion) .  The information in  boxes one and two i s  combined t o  

produce the d e s c r i p t i o n  of t h e  p r o j e c t e d  " a c c i d e n t  e n v i  ronrnent"  
represented by the  t h i r d  box. A key assumptior: i s  i n \ / o l \ / e d  a t  t h i s  

poinx irl the  estimation of the nunber and d i s t r i b u t i o n  of a c c i d e n t s .  
The t o t a l  number of accidents i s  adjuszed i n  proportion -.o the  estimated 

number of vehicle-iniles. Vehicl2 mileage, in t u r n ,  i s  a s s ~ m e d  t o  b e  

only influenced by scrappage (vehicles taken o u t  of u s e )  a n d  v e h i c l e  

age. None of the accident information supolied i n  box two i s  a l t e r e d .  
Only the  t o t a l  number of accidents i s  adjuszed. One ray of viawing t h i s  
p r o j e c ~ ~ o n  procedure i s  t ha t  it e f fec t ive ly  controls  ( e l i m i n a t e s )  any 

possible changes i n  t he  probabi 1 i t y  o f  an a c c i d e n t  a s  a r e s u l t  of 

vehicle s i z e  o r  use. Consequently, any changes predicted a r e  the  resu l t  
of t he  crashworthiness analys is ,  and year-to-year changes simply r e f l e c t  



FIGURE 5 . 1  S IMFLI FIEO UIAGRAM OF THE KRAESP ACCIDENT ANALYSIS MODEL 
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the growth of the vehicle class  of in te res t  i n  r e l a t i o n  t o  t h e  t o t a l  

population of vehicles. 

A key analysis variable in t h i s  portion of t h e  model i s  v e h i c l e  

weight, which i s  generally categorized into "classes. " Vehicl e wei g h t  

i s  central because of i t s  interaction with col l is ion severi ty .  R e c a l l  
that the accident data provided i n  box two included d i s t r i b u t i o n s  o f  

closing speed f o r  each impact mode and  damage area. C l o s i n s  speed  i s  

the velocity of the struck vehicle w i t h  respect t o  the s t r iking veh i c l 2  

or object. These d i s ~ r i b u t i o n s  are f e l t  t o  be relatively independent of 
the vehicle p o p u l a t i o n  ( a l t h o u g h  t hey  may be i n f l u e n c e d  by o i l  

shortages, speed l imits ,  or o the r  major  changes i n  t h e  au tomobi l e  

transportation system). The measure of co l l i  sion severity required f o r  

the crashworthiness analysis (boxes 4-6) i s  the velocity change of t h e  
vehicle, Delta V .  Basic momentum principles indicate that  the veloci t y  
change of each vehicle ( i n  a two-vehicle co l l i s ion)  i s  r e l a t e d  t o  t h e  
closing speed and the masses of the vehicles by the following equation. 

Delta V1 = V c ( M 2 / ( M l  + M e ) )  

where: 

V, i s  the closing speed, and 
M1 and M2 are  the respective vehicle masses. 

Having specified the  weights of the vehicle population in the f i r s t  box, 

the above relationship i s  used t o  compute the distributions of De l t a  '1 

f o r  each weight class given the distributions of clcsing speed fo r  each 

impact node a n d  damaged area provided as ?ar t  of the acc i d ? n ~  d a t a  i n 

box two. 

The node1 must n o w  es i ina te  the injury response of :he proposed 
res t ra in t  systems for  the specif ic  accident subsets used i n s t e p s  one 
thrcugh three. The i n p u t  data f o r  the proposed r e s ~ r a i n t  systems i s  i n  

the form of engineering tes t s .  The major hurdle in t h i s  portion of t h e  
node1 i s  the relationship of the engineering t e s t  measurements t o  t h e  

probability of injury or death. To accomplish th is  task, accident d a t a  
describing the current injury experience ( fo r  unrestrained occupants) i s  
provided t o  the model as shown in the fourth box. The unrestrained case 
i s  also included in the engineering t e s t s .  The accident data suppl  i ed 



takes the  form of d is t r ibut ions  of AIS (Abbreviated Injury Scale)  levels  

f o r  each impact node, damage area,  occupant seat  1 o c a t i  o n ,  and 5 mp h 

increment of Delta '1. For each increment of Delta ' I  f o r  t h e  p roposed  
res t ra in t  system, the  engineering t e s t  measurements (decelera t  i o n ,  f o r  
example) a r e  used t o  identify a compa rab l e  s e v e r i t y  1 eve1 f o r  t h e  
unrestrained case. The d i s t r ibu t ion  of A18 ircm the  accident d a t a  f o r  
t h i s  Delta \J level i s  then ident i f ied  as t h e  i n Jury  r e s ? o n s e  of t h e  
7roposed res t ra in t  sys'sm. The r e s u l t s  o f  t h i s  p r o c e s s  a r e  t h e  
;rsjected injliry response functions shown i n  the s i x t h  S o x  i n F i  j u r e  
5 Separate response functions are  computed f o r  each i n p a c ~  node ,  
damage area, and occupant seat  location. 

Having projected the  numbers of occupants exposed t o  each of t h e  

accident subsets i n  the  projected accident envi ronment ( b o x  3 )  a n d  t h e  
injury response of the  proposed r e s t r a in t  systems under each of t h e s e  
same conditions ( subse t s ) ,  t h i s  information can be readily cornbi ned t o  
estimate the  numbers of in ju r ies  and deaths as shown in the f i na l  box i n  

Figure 5.1. 

In view of  the  development of m e c h a n i s t i c  models p r e s e n t e d  i n  
Section 3 of t h i s  report ,  the major question t o  be a d d r e s s e d  a t  t h i s  
point in the  model i s  w h e t h e r  c o l l  i s i o n  s e v e r i t y  ( D e l t a  V )  i s  a 
su f f i c ien t  predictor of t h e  p robab i  1 i t y  of  i n j u r y  o r  d e a t h  (more  
spec i f i ca l ly ,  the probabil i ty of a given AIS l eve l ) .  This m a t e r i a l  i s  

presented i n  the following subsection. 

5.2  The NCSS D a t a  

This subsection iden t i f i e s  the  work presented i n  t h i s  report which 
i s  relevant t o  the applicat ion of the NCSS data t o  t h e  K R A E S P  n o d e l .  
Our e f fo r t s  have been presznted under two broad h e a d i n g s ,  p o p u l a t i o n  

s t a t i s t i c s  and mechanistic models. Both of these topics are  relevant t o  

the  application of the NCSS data t o  the  KRAESP model. 

Ear l i e r  in  t h i s  sect ion,  t h e  t w o  major  t a s k s  of  t h e  a c c i d e n t  
analysis  models were ident i f ied  a s  t h e  p r o j e c t i o n  of t h e  a c c i d e n t  
environment and the  projection of the injury response. Each of t h e s e  
tasks,  in turn ,  required accident data inputs. I n  the  projection of the 
accident envi ronment, the  d i s t r ibu t ion  of accidents acros  s s u b s e t s  i s 



required. I n  the projection of injury response, the dis t r ibut ion of AIS 

i s  required f o r  each subset. For each of these, national e s t i m a t e s  of 

the accident di s t r i  butions are requi red. 

The aggregate of the NCSS areas does not provide national estimates 

since the NCSS data collection s i t e s  were selected purpos ive l ; / .  The 

development of na t ional  p r o j e c t i o n s  from t h e  NCSS s t a t i s t i c s  i s  
presented i n  Section 4.5 o f  t h i s  repor.,. T h e  metnod uses ccun:y-1 eve1 

aenrographic information which i s  p u b 1  i snea f 3r  a 1  1 c o u n ~ i  es  ' ri t h e  

United States. :lodels a r e  then  developed re1 a t  i n g  NCSS a c c i d e n t  

s ~ a ~ i s t i c s  t o  the  counxy-level variables. These relationships are used 

t o  project the accident s t a t i s t i c s  t o  the counties not  included i n  t h e  

r\iCSS program. T h e  variance of th i s  estimate i s  also examined. 

Application of th i s  method t o  the data requirements of t h e  K R A E S P  

model would be d i f f i cu l t .  I n  general, the technique i s  not sui table  f o r  

a l l  accident s t a t i s t i c s .  The n e c e s s a r y  models must be aeve l  oped - 
separately for  each s t a t i s t i c .  Some s t a t i s t i c s ,  e s p e c i a l l y  t h o s e  

d e s c r i b i n g  smal l  s u b s e t s  of t h e  d a r a ,  may n o t  e x h i b i t  s t r o n g  
relationships with any of the available demographic d a t a .  I n  t h e s e  

s i tuat ions,  the resulting national p r o j e c t i o n  i s  more 1 i ke ly  t o  be 
biased. Also d i s c u s s e d  i n  S e c t i o n  4 . 6  i s  t h e  s i m p l e  r a t i o ,  o r  

inf lat ion,  projection method. I t  appears t h a t  t h i s  method may a1 s o  
produce somewhat biased estimates. 

However, a careful application of these methods i n  conjunction w i t h  

suitable supplementary information may y i e l d  u s a b l e  r e s u l t s .  For 

example, p o p u l a t i o n  models might be used co es t i ,~ar ,e  t o t a l s  f o r  ~ a j o r  
subsets, and then ra t io  estimates cculd be a p p l i e d  f o r  t h e  s ~ a l  l e r  

cel ls .  For f a t a l  accidents, the FARS f i l e  might grovide good t o t a l s  for  
ra t io  estimates. I n  summary, the NCSS cannot by i t s e l f  eas i ly  p r o v i d e  
a l l  the required national estimates, b u t  NCSS can serve a s  a v a l  u a b l  a 
data source. 

The mechanistic models presented i n  Section 3 of t h i s  r e p o r t  a r e  
also relevant t o  t h e  K R A E S P  model. I n  t h e  p r o j e c t i o n  o f  i n j u r y  

rosponses fo r  the proposed restraint  s y s t e m s ,  d i s t r i b u t i o n s  o f  418 
derived from accident data f o r  unrestr2ined occupants a r e  a d  j u s t  ed t o  
estimate the distributions of AIS for  the proposed r e s t r a i n t  system 



based on a comparison of the r e s u l t s  of eng i  n e e r i  n g  t e s t s  and t h e  

co l l i s ion  sever i ty  measure, Delta V.  The underlying assumption here i s  
t ha t  the  resul t ing AIS dis t r ibu t ions  can be a d e q u a t e l y  p r e d i c t e d  by 

co l l i s ion  sever i ty  (Delta V ) .  This assumption wil l  be net t o  the  degree 
t ha t  the  mathematical model used accurately r e f l e c t s  the  t r u e  phys i  c a l  

relat ionship between the  relevant variables. Vodels which a t t e m p t  t o  
r 2 f l 2 c t  t h e  g o v e r n i n g  p h i s i c a l  p r i n c i 9 l  2s have been l a b e l  l e d  

"mechanistic" rodels i n  t h i s  report,. The i o l  1 orvi n g  p a p a g r a p h s  !;,i 1 1  

compare the  r e su l t s  of sur  a t tenpts  t o  develop r;echanist'c nodel  s wi t h  

the KRAESP ,nodel. 

Before beginning t h i s  discussion,  i t  should be pointed out t ha t  the  

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

crashworthiness. Given tha t  a coll  i sion has occurred, the  object ive  i s 

t o  r e l a t e  variables which describe the  nature of the col  1 i s i o n  t o  t h e  
in ju r ies  which resu l t .  I f  t h i s  can be done s u c c e s s f u l l y ,  t h e n  i t  i s  
reasonable t o  expect t o  predict  the change in the r e s u l t i n g  i n j u r i e s  
when the  charac te r i s t i c s  of one of the elements in t he  model, l i k e  t h e  

r e s t r a i n t  system, a r e  changed. Such an expectation i s  reasona bl e when 

the  model accurately r e f l e c t s  the  physical mechanisms which gove rn  t h e  
co l l i s ion  event. A s imi la r  problem i s  presented in  t ry ing  t o  e s t i m a t e  

the  number and type of accidents t o  be experienced by a hypot  h e t  i  c a l  
population of vehicles. Here, t he  more complex p rob lem of a c c i d e n t  
causation i s  involved. In projecting the a c c i d e n t  env i  r onmen t ,  t h e  
number of accidents i s  adjusted i n  proportion t o  the  es t inated number of 

vehicle miles. idea l ly ,  these a d j u s t m e n t s  w o u l d  a1 s o  be based  o n  
?hysical 9rinciplgs r e l a t i n g  t h e  t y p e  and u s e  of v e h i c l e s  t o  t h e  

resul t  i ng accident experi ence. 

I f  vehicle populations are  hypothesized with appreciably d i f f e r e n t  

d i s t r ibu t ions  of ca r  s i z e ,  f o r  example, then i t  m i g h t  also be reasonable 
t o  envision that  the  use of these vehicles ,xi g h t  be d i f fe ren t .  SmaI 1 e r  

cars tend t o  be used  more i n  u rban  env i  ronments .  The a c c i d e n t  
experience of vehicles i n  urban usage i s  a p p r e c i a b l y  d i f f e r e n t  f rom 
those i n  rural usage. Coll is ion sever i ty  i s  lower f o r  urban a c c i d e n t s ,  
as i s  the  proportion of s i n g l e - v e h i c l e  a c c i d e n t s .  O t h e r  t r e n d s  
unrelated t o  the vehicle population might a1 s o  be i m p o r t a n t .  These  



m i g h t  a r i s e  due factors  such as o i l  shortages o r  changes  i n  n a t i o n a l  

speed 1 i mi ts. 

Adjusting the  d i s t r ibu t ions  i n  the  national accident experience t o  

r e f l e c t  year-to-year changes or trends i s  a subset of the l a rger  problem 
of accident causation. A l t h o u g h  the  a c c i d e n t  a n a l y s i s  models were  
or ig inal ly  developed t o  address the  crashworthiness a r e a ,  ;he K R A E S P  

inodel has been extznded L O  (nake projections i n  trie acc iaenz  causa 'u ion  

area. The user has the o p t i o n  t o  provide inputs on the t y p e  of S r 3 k e  
systefn f o r  each vehicle. Each system i s ,  i n  t u rn ,  presumed t o  ~ o d f  f y  

t h e d i s t r i b u t i o n  of closing speeds i n  the  accident ? o o u l a ~ i o n .  W b i l e  

t h i s  seems a ~ l a u s i b l e  f i r s t  approximation,  i t  opens  u p  a \ /as:  and 
re1 a t  i  vely u n k n o w n  area. 

Projections i n  the  causation a rea  w i  1 1  on ly  be a s  good a s  t h e  

models used t o  make the  projections. The v a l i d i t y  o f  t h e  a c c i d e n t  
causation models w i l l  r e s t  on t h e i r  f o u n d a t i o n  i n  t h e  p h y s i c a l  
~ r i n c i p l e s  which deternine the  o c c u r r e n c e  or n o n - o c c u r r e n c e  of a n  

accident. This treatment of the accident causation process i s f e l t  t o  

be f a r  more d i f f i c u l t  then the  crashworthiness a r e a .  U n f o r t u n a t e l y  , 
assumptions in  t h i s  area a re  currently required i n  the accident analysis 
models jus t  t o  a d j u s t  the na t iona l  a c c i d e n t  e x p e r i e n c e  t o  r e f 1  e c t  
changes i n  the  to ta l  estimated vehicle use resul t ing from changes in t he  
vehicle population. The t o t a l  number of a c c i d e n t s  i s  a d j u s t e d  t o  
re f l ec t  estimated c h a n ~ e s  in t o t a l  veh'clz mileage. No a i f f e r e n c e s  i n  

vehicle mileage are included f o r  vehicles of d i f fe r in9  s izes .  Only t h e  
t o t a l  number of accidents i s  ad jus tx i ,  so tha t  the  dis t r ibut ions  remain 
iinchanged. Thess assumptions imply a n  accident c a u s a ~ i  o n  niodel. The 
rernai nder of t h i s  d i  scussion deals w i t h  crashwortiliness. 

The basic model used by KRAESP t o  project the i n ju ry  r e s p o n s e  of 
-r l the proposed r e s t r a in t  s y s t ~ m s  :vas suiraarized i n  S e c t i o n  5 . 1 . 2 .  i ne 

accident experience i s  f i r s t  subset,  and rhen par t i cu la r  d ' s t r i b u t i  ons 

of A I S  are  associated with 5 mph increflents i n  Delta V .  The subse t t  i n g  

f o r  development of mechanistic models presented i n  Sect i o n  3 f 0 1  1 owed 
s i n i l a r  l ines.  The i n i t i a l  Subsets separated f ront  and s i d e  impac ted  
vehicles. Back damaged vehicles were not studied,  and an examination o f  

rol lover vehicles revealed only t ha t  e jec t ion was c l o s e l y  a s s o c i  a t e d  



wi'ih severe injury.  The f ron t  and  s ide  groups wero fu r the r  divided i n to  

vehicle impacts and fixed object impacts. For the front  groups, each of 

these  were fu r t he r  separated i n t o  i inpac t s  t o  t h e  c e n t e r - f r o n t  a n d  

impacts involving the r ight-  or l e f t - f ron t  portion only. In  t h e  s i d e  

impacts, impacts t o  the  passenger compartment were seoarated f rom n o n  - 
passenger compartment impacts. Near-side and far-s ide  o c c u p a n t s  we r g  

treat2d separately i~ the  s ide  impacts, as were dri,:ers and r i g h t - f r o n t  

occupants i n  the  f ront  s u b s e ~ s .  Other seat  locations !were no t  incl lided 

i n  the front  subs2ts. 

In the  KRAESP iiiojiei, damage a r e a  i s  i d 2 n t i f i e d  by a " c l c ~ c k  

position" which "points" t o  the  l o c ~ ~ i o n  of the contact with t h e  o t h e r  

vehicle or  object.  The "clock di rect icn"  coded as p a r t  of the Coll ision 

Befarmation ~ l a s s i f i c a t i o n ~ ~  in the  ICSS d a t a  i s  defined d i f f e r e n t l y .  

I n  the  NCSS data,  and in the  CRASH program, t h i s  clock position i s  used  

t o  ident i fy  the principal d i rect ion of force. As such, i t  i d e n t i f i e s  

the  vector d i rect ion of the re la t ive  velocity with the  s t r u c k  o b j e c t ,  

a n d  the  di rect ion of the resul t ing Delta V .  The location of damage i s  

ident i f ied  by subsequent characters in the  CDC. This s i tua t ion  poses no 
conceptual problems in applying t he  NCSS data t o  the K R A E S P  model ; i t  

simply explains why our iden t i f i ca t ion  of damage location i s  s p e c i f i e d  

somewhat d i f ferent ly .  

With these subsets ,  Delta V was indeed t he  stroncjest p r e d i c t  o r  of 

injury severi ty.  However, the examination o f  r e s i d u a l s  ? r e s e n t e d  i n  

Section 3 indicates t h a t ,  although t h e  o v e r a l l  p e r c e n t  of c o r r e c t ,  

predictions was reasonably good (80-GO%), t h e  p r e d i c t i o n  of s e v e r e  

in ju r ies  was frequently less  than 50%. Addition of v a r i a b l e s  such a s  
occupant age, intrusion,  a n d  accident l o c a t i o n  ( r u r a l / u r b a n )  h e l p e d  

somewhat, although the  magnitude of t h e i r  e f fec t s  was appreci a b l y  1 e s  s  

than t h a t  of Delta V .  

Further exani nation of the mi spredi c t  ions revealed tha t  addition of 

body region, in pa r t i cu la r ,  and injury type secondarily, s u b s t a n t  i  a1 l y  

reduced the  mi spredictions. Even f o r  the severe in ju r ies ,  t h e  p e r c e n t  

6 1 " ~ o l  1 i  sion Deformation Classification--SkE Recommended P r a c t  i  c e  
J 2 2 4 a , "  SAE Handbook, 1980 Ed. (Warrendale, Pa. : Society of Automot i ve 
Engi neers, 1980), pp. 34.109-34.113. 



correct  predict ion was increased t o  70% or  more. T h i  s f i  ndi n g  p o s e s  

some problems, however. Putting injury type in to  the  model i s  a  1 i t t  1 e  

l i k e  putting t h e  dependent variable i n  as an independent var iable ,  s ince  

many injury types can only be a s s i g n e d  t o  one or two A I S  l e v e l s .  
Similarly,  the re  i s  a  strong corre la t ion between body t y p e  and i n j u r y  

type (extremities usual 1y incur f  ractures,  concljssion can only occu r  t o  

t he  head, e t c . ) .  While i t  i s  infornative t o  k n o w  t h e  s o u r c s  of t h e  

mispredictions, i t  i s  l o t  c l e a r  what t o  d o .  Ideally,  one would  l i t e  tc; 

f ind variables which would predict  the body region. i t  would seem t h a t  

contact points and/or d i rect ion of principal  f o r c e  i~li g h t  be u s e f u l .  
Effor ts  t o  use t h i s  infomiation were  n o t  p a r t  i cu l  a r l y  s u c c e s s f u l .  

Al ternat ively ,  separate models might be developed f o r  each g e n e r a l  i zed 
body region. This problem was recognized by K I   ink^,^' who rec  omme nded 

t h a t  a t  l e a s t  a  maximum Occupant Injury Class i f ica t ion ( O I C )  and contact 
ooint be coded f o r  each of a t  l e a s t  t h r e e  g e n e r a l i z e d  body r e g i o n s  

- 
including an indication of no injury and/or no contact.  We would a g r e e  

with t h i s  recommendation, although the  data col lec t ion problems would be 

d i f f i c u l t  indeed. Current e f f o r t s  t o  g e t  c o n t a c t  p o i n t s  a r e  o n l y  
marginally successful.  Our modelling e f f o r t s  seem t o  point t o  the need 
t o  t r e a t  body regions separately.  Currently, the  KRAESP model ha s  t h e  

capabi l i ty  t o  subset by body region, although t h i s  capa b i  1  i  t y  ha s  no t  

been used. Subsetting by body region would seem t o  be the  next log i  ca  1 
step. 

Another c r i t i c a l  assumption i n  the  projection of injury response i n  

the  KRAESP model i s  the  use of encirieering t e s t  measurements, such a s  

chest decelzrat ion,  t o  es tabl ish  equivalence of injury severi ty i n t h e  
accident data and the  rssponse of ~roposed res t ra  i nt s y s t e m s .  Wh i 1 e  
t h i s  topic  i s  a l so  outside the  scope of t h i s  discussion,  i t  would seem 
tha t  subsett ing on body region would somewhat improve t h i s  s i t u a t i o n ,  
since i t  would t h e n  be p o s s i b l e  t o  e n s u r e  t h a t  t h e  e n g i n e e r i n g  
measurement w o u l d  be taken from the  same general i z e d  body rerj i  o n  a s  

t ha t  of the observed i n ju r i e s  in t he  accident data. 

6 2 ~ .  Klimko and K .  F r i edman ,  S t a t i s t i c a l  A n a l y s i s  o f  Crash  
Conditions and Their Relationship t o  In ju r ies ,  K i  ne t ic  Research,  1 nc.  , 
Final Report June 19/8. 



From a practical  s tandpoint ,  m i s s i n g  d a t a  i s  one of t h e  most 

serious problems with the MCSS data. This t o p i c  ha s  been d i s c u s s e d  
extensively already. Delta V and AIS are  - both present o n  o n l y  4 0 %  of  

the  cases. Even without worrying about possible bias,  c e l l  s i z e s  a r e  
l ike ly  t o  be too sinall f o r  many of the small s u b s e t s  d e f i n e d  by t h e  

KRAESP model. Missing data on AIS i s  c o n s i d e r a b l y  r educed  o n  t h e  
:I'E);OAIS variables generated by the  XCSA algorithm. At a minimum, t h i  s  
algorithm could be nodified t o  ident i fy  OAIS 0-2,3, a n d  47. The loss  o f  

deta i l  i n  t he  f ina l  outpue would probably be wor th  t h e  r e d u c c i  o n  i n 

missing data. Beyond t h i s ,  i t  : ~ o u l d  seem necessary t o  develop some o f  

the missing data adjus t rent  techniques presentad i n  S e c t i o n  4.1.4 a n d  

discussed i n  Section 7.5.  

Missing data on  Delta \i w i l l  a l s o  be d i f f i c u l t  t o  d e a l  w i t h .  

Closing speed i s  not avai lable  i n  t h e  NCSS d a t a .  To compute  t h i s  

variable i t  will be necessary t o  c r e a t e  a " t w o - v e h i c l e "  f i l e  which 
matches the vehicle-level information f o r  the  two vehicles used i n t h e  

Delta V computation. This matching p r o c e s s  can be c a r r i e d  o u t  f o r  
nearly a l l  cases,  although some d i f f i c u l t y  i s  i n v o l v e d .  For t h i s  

project ,  a two-vehicle f i l e  was only prepared f o r  the  preliminary d a t a .  
Closing speed was not computed. 

A related problem i s  the influence of the  towaway threshold on t h e  
vehicles selected f o r  NCSS investigation.  ~l i r n k ~ ' ~  observed t h a t  sma 1 1 

cars i n  the RSEP data actually had a s l i gh t l y  lower mean D e l t a  ' I  t h a n  

la rger  cars. This i s  ce r ta in ly  contrary t o  what  one m i g h t  e x g e c t  i f  
r;hese vehicles were in9/olved i n  accidents having the  same d i s t  r i  b u t  i o n  
of closing speeds as larger  vehicles. Based on  E o ~ a t i o n  5 - 1 ,  1 i g h t e r  

vehicles would be expected t o  ha!ie h i g h e r  a v e r a g e  D e l t a  'i v a l u e s .  
Kiimko suggested t ha t  a higher Delta V f l i g h t  be required before a l a rger  

vehicle was towed from the  scene, than f o r  a s m a l l e r  v e h i c l e  t o  be 
towed. If  t h i s  were the  case,  nore small cars : v i t h  l o w  D e l t a  V ' s  a n d  

fewer large cars with low Delta V's would be towed, and s u b s e q u e n t l y  
e l i g ib l e  t o  be case vehicles. A review of Delta '1 by c a r  s i z e  i n  t h e  

b'~. Klimko and K .  F r i edman ,  S t a t i s t i c a l  A n a l y s i s  of  Crash  
Conditions and Their Relationship t o  In ju r ies ,  Kinetic Research, I n c . ,  
Final Report June 1978. 



NCSS f i l e  revealed t h a t  the  l i g h t e r  vehicles do appear t o  have s l i g h t l y  

higher Delta V values, on than average, than l a rge r  vehicles. Again, in 

order t o  pursue t h i s  a two-vehicle f i l e  i s  required. 

From t h e  standpoint of the  influence of the  towaway t h r e s h 0 1  d ,  i t  

would seem desi rable  t o  include n o n - c a s e  v e h i c l e s  a s  we1 1 a s  c a s e  

vehicles i n  the two-vehicle f i l e .  In t ha t  way, the  closing speed would 

be obtained even i f  only one vehicle were  towed.  D i s t r i b u t i o n s  o f  

closing sceed wculd then be l e s s  s e n s i t i v e  t o  any v a r i a t i o n  i n  t h e  

:owaway threshold with c a r  s i ze .  

5.3 Summary 

Two major points a r i s e  from t h i s  brief  review of accident a n a l y s i s  

models i n  general. They a r e :  

1. National est imates of the accident experience a r e  requi red. 

2. The project ions  wil l  be valid only t o  t h e  d e g r e e  t h a t  t h e y  -- 
r e f l e c t  the  actual  physical pr inciples  and mechanisms ~ h i  ch 
govern the  ?vents bei ng s inul ated. 

National est imates a r e  required s ince  i t  i s  t h e  national a c c i  d e n t  
experience which i s  being projected. The important point he re  i s t h a t  
s t a t i s t i c a l l y  based na t i ona l  e s t i m a t e s  (which  wi 11 e v e n t u a l l y  be 

ava i l ab le  from the  NASS) carry w i t h  them estimates of t h e i r  v a r i a n c e .  

I f  this  information were carr ied  through the  simul a t  i on p r o c e s s ,  one 
would be i n  a much b e t t e r  posit ion t o  evaluate the  v a r i a b i l i t y  o f  t h e  
resul t ing projections.  

The second poinr, e ~ b o d i e s  the  essence of r l ha1  \we have descr ised t s 
"mechanisric" models. For many applicat ions 2 s t a t i s t i c a l  a e s c r i  p t  i on 

of the current  s i t u a t i ~ n  i s  completely adequate. The s izaat ion i s  much 
d i f f e r e n t ,  however, when one wishes t o  g r o j e c ~  the  e f f e c t  o f  p r o p o s e d  

changes i n  the  system. S t a t i s t i c a l  c o r r e l a t  i ons p r e s e n c  b e f o r e  t h e  

changes a re  introduced may be a l tered.  Control led experinents senera1 ly 

cannot be conducted i n  a social  system. The a l t 2 rna t i ve  i s t o  g r c u c d  

t he  s t a t i s t i c a l  models i n  the  physical pr inciples  and mechani s n s  w h  i c h 

govern t he  event being simulated. This i s  the c r i t i c a l  i s s u e  i n  t h e  

projection of the  accident e x p e r i e n c e  of t h e  h y p o t h e t i c a l  v e h i c l e  
population, and a l so  i n  projecting t h e  in jury  response of the  ?reposed 



res t ra in t  systems. Pro jec t  i on of t h e  a c c i  d e n t  e x p e r i  ence  of t h e  
hypothetical vehicle population basical ly involves models o r  assumptions 
i n  the  area of accident causation. However, the current version of t h e  

KRAESP model does not appear t o  take in to  account the possibi 1 i t y  t h a t  
vehicles of d i f fe ren t  s i ze  classes may not be used in the same d r i v i  n g  

envi ronment, and, consequently, may have d i f fe ren t  accident exqerie nce .  
For example, small vehicles nay be used mostly i n  urban env i  r o n n e n t s  
;mere they are cj/?i cal l y  ' n v o l  ved i n  fewer singlz-vehicle acci d2nts and, 
i n  seneral ,  cc i l i s ions  of lower sever it:^. The i ; p l i c a t i o n s  o f  :he 
assumptions currently employed i n  t h e  p r o j e c t i s 9  o f  t h e  a c c i d e n t  

experience appear t o  need careful rev: ew. 

In t he  crashworthiness area ( t h e  projection of i n j u r y  r e s p o n s e ) ,  

the  subsets used by the  KRAES? nodel are  generally com~arable with those 
which evolved from our work. The important observation h e r e ,  i s  t h a t  
the  prediction of severe i njuries was correct  only a b o u t  502 of the time 
unless body region was included in  the  model. The irnpl i ca t ion  i s t h a t  

separate models s h o u l d  be d e v e l o p e d  f o r  a t  l e a s t  t h r e e  o r  ;nore 
generalized body regions. Since not a1 1 in ju r ies  are coded f o r  the  NCSS 
data, separate injury dis t r ibut ions  f o r  each body region may be somewhat 
underestimated. We concur w i t h  the recommendation previ ously a t t r ibu ted  
t o  Klimko; t ha t  a t  l e a s t  the most severe injury should be recorded  f o r  
each of a t  l e a s t  t h r e e  g e n e r a l i z e d  body r e g i o n s ,  i n c l u d i n g  t h e  
occurrence of no injury t o  the  body region. 

A f inal  observation i s  t h a ~  missing data will be a serious problem. 

Either Delta V or C A I S  are  missing on 6OSA of the f i l e .  Cur mode? 1 i n g  

e f fo r t s  cnly addressed the  nost promising f ront  and s ide ':pact subsets. 

Alternative techniques will be needed wnere 2el ta  V i s  nc: a s u i t a b l e  
ineasure of col l i s ion severi ty.  S t a t i s t i c a l  t echn iques  such a s  t h o s e  

discussed i n  Section 4.1.4 o r  7.5 w i 7 1  have t o  be employed t o  a d d r e s s  
the missing data problem. 



6 CLINICAL WORK 

A major purpose of the NCSS program has been t o  develop a data s e t  

which would permit predict ive modeling of  he re1  a t  i on sh i  ps between 

crash sever i ty  (and t y p e )  and o c c u p a n t  i n j u r y .  Such models  a r e  

discussed i n  Section 3. I n  addition t o  such s t a t  i s t i  c a l  p r o c e d u r e s ,  
however, the  NCSS case reports a re  re la t ive ly  rich i n  de ta i l  and of i e r  

the poss ib i l i ty  o f  c l i n i c a l  r e  Th 's  s e c t i o n  o f  :he r e p o r t  
d i  scusses the goals of the c l in ica l  review process, the ~ e r n o d s ,  and the  

principal findings. These c l in ica l  s t u d i  a s  have been p u b 1  i shed  i n  

separate project reports  as well a s  i n  t h e  s c i e n t i f i c  1 i t e r a r , u r e .  
Readers are referred t o  the  original  reports  f o r  rnore d e t a i l ;  s ucna r i e s  
wi 11 be presented here. 

As a resu l t  of the coding conventions used i n  the  NCSS progrzm soRe 
information which was available i n  the  f i e l d  reports  was n o t  coded i n t o  

the computerized f i l e s .  Such information ranged from i n f o r m a l  i n j u r y  
descript ions ( n o t  f u l l y  s u p p o r t e d  by medica l  d o c u m e n t a t i o n )  t o  

uhotographs of crash damage (which contain more c o m p l e t e  d e t a i l  t h a n  
could be coded in to  the  Coll ision Deformation C l a s s i f i c a t i o n  sy s t em.  
Further, injury de t a i l s  in the  writ ten reports  were usually provided on 

an anatomical diagram, and could be interpreted more f u l  l y  by p e r s o n s  
with medical t ra in ing.  In t he  following c l in ica l  s tudies  much u s e  was 
made of these documents. 

!lihile the NCSS f i e l d  r e p o r t s  have been f o u n d  v a l u a b l e ,  t n e  
reviewers halie noted some shortcomings wnich 1 imi ted t h e i r  us e f u l  l e s s .  

I t  i s  hoped  hat comments regarding the  quality a n d  complereness o f  t i le  
d a ~ a  and  the reporting methods w i l l  serve t o  guide the a c q u i s i t i s r i  o f  

data i n  fu tu re  programs. Consequently, one part  of t h i s  section of t h e  
report will discuss t h i s  matter. 

The f i ve  separate reports produced under the  c l in ica l  t a s k  d u  r i  n g  

t h i s  project include ( 1 )  a bi b l  i o g r a p h i c  r e v i e w ,  ( 2 )  a s r u d y  o f  

? a r t i cu l a r  s ide  impact cases, ( 3 )  an analysis  of cervical i n ju r i e s ,  ( 4 )  

an analysis  of ocular i n ju r i e s ,  and ( 5 )  an analysis  of lower e x t r e m i t y  
in ju r ies .  



6.1 The B i  bl i ography 

As a f i r s t  s t e p  toward  t h e  c l i n i c a l  s t u d i e s ,  t h e  r e c e n t  

bi omechanics and automotive injury 1 i t e ra tu re  was reviewed. The purpose 

was t o  deternine the  s t a t e  o f  knowledge re la t ive  t o  i n j u r y  t y p e ,  body 
region, frequency, sever i ty ,  and cause, and t o  d e f i n e  t h o s e  c l i n i c a l  
areas in which the NCSS d a t a  m i g h t  b e s t  f i l l  gaps  i n  t h ?  c u r r e n t  
knowledge. The b ib l i o~ r ; t ?h i c  report w ; t s  d i v i d e d  i n t o  s i x  s e c t i o n s  
according t o  body region, 3s follows: 

1. The head a n d  facz 
2.  The neck and throat  
3. The thorax 
4. The abdomen 
5. The ve.rtebra1 column 
6. The extremities 

Although the t i t l e s  of many a r t i c l e s  i n  t he  medical l i t e r a t u r e  a r e  
enticing,  most such p a p e r s  a r e  conce rned  w i t h  t r e a t m e n t  p l a n s ,  
associated medical problems, and/or case h i s to r ies  of a ve ry  s p e c i f i c  
type of injury.  There i s  usually l i t t l e  crash i n f o r m a t i o n  c o n t a i n e d  
w i t h i n  any of these a r t i c l e s .  A typical  crash descript ion might r e a d :  
"The patient. .  .was an occupant of a c a r  t ha t  h i t  a t r e e  a t  high speed.  " 
Needless t o  say, such "crash data" do not add much t o  our understanding. 

Biomechanics research l a b o r a t o r y  d a t a  on human t o l e r a n c e  a r e  
generally very spec i f i c  i n  terms of the imposed impact c o n d i t i o n s ,  t h e  

body region impacted, and the  subject kinematics. However, t h e  t e s t  
conditions may not be t o t a l l y  representat ive of f i e l d  cond i  t i o n s ,  and 

may only consider a ;ortion of the overall sequence of events i n  a r e a l  
crash. Biomechanics research on injury i s  fur ther  res t r i c ted  by the  use 
of surrogates of the l i v i n g  human (cadavers and animals) a s  models t o  

study the mechanics of trauma. Often the  number of subjects  tes ted  i n  a 

? a r t i cu l a r  study i s  necessarily small. The lack of large data  sampl e s  
i s  counteracted somewhat by the  !well-defined test: c o n d i t i o n s  and t h e  
degree of control of the mechanical variabl2s during a t e s t .  

The 1 i t e ra tu re  review suggested t ha t  the study of accident det a i 1 s 
i n t he  NCSS program might bridge the  gap between past medi ca1 s t u d i  e s  
and laboratory experimentation. A measure of crash sever i ty ,  admittedly 
l e s s  precise than laboratory instrumentation, i s  available i n  t h e  form 



of a computer recons t ruc t ion  ( D e l t a  V c a l c u a l a t e d  by t h e  C R A S H - 2  

i ~ r o ~ r a m ) . ~ ~  Most of the  NCSS i n j u r y  d a t a  have been a c q u i r e d  f rom 
aua l i f i ed  medical sources. This information, combined w i t h  a c a r e f u l  
implementation of a sampling p l a n ,  s h o u l d  p r o v i d e  a b e t t e r  b r i d g e  

between biomechanics, i n ju r i e s ,  and i n j u r y  c a u s a t i o n  t h a n  has  been 
previ ously avail able. 

lu'hile the biomechanics of severe head i n ju r i e s  are re la t ive ly  we? 1 

understood, knowledge of the frequency of such  i n j u r i e s ,  and o f  t h e  

sources (con tac t s )  i s  n o t  well defined. The sampling proc2dures used i n  

NCSS should permi: scch frequency estirzates. 

Anterior neck ( t h r o a t )  i n ju r i e s  are  occasional ly described i n t h e  
l i t e r a t u r e ,  b u t  t h e i r  frequency i s  not we11 r eao r t ed .  Again a m a j o r  
contribution of NCSS nay be t o  provide tha t  knowledge. 

With regard t o  thoracic  i n ju r i e s ,  the  NCSS data should provide both 
- overall frequency informat ion and a d a t a  b a s e  t o  an swer  s p e c i f i c  

question regarding occupant age, d i rect ion and t y p e  of l o a d i n g ,  and 
crash conditions. Such i n f o r m a t i o n  shou l  d compl ement p r e s e n t l y  
avai lable  biomechanics research. 

Probably t h e  abdominal region has a greater  lack of human tolerance 

data than any other  area. While more biomedical/biomechanica1 r e s ea r ch  
i s  needed, the  NCSS data may be e x p e c t e d  t o  complement t h i s  w i t h  
frequency and crash condition information. 

The cervical regian of the  v e r t e b r a l  column i s  of p a r t i c u l a r  

imisorrance. The presence of a large nurnDer of autopsy r e p o r t s  i n t h e  

>iCSS data should permit a more complece understanding of the number a n d  

ty?e of such in ju r ies ,  as ;vel l as the  crash circlimstances which lead t o  
them. 

Some human t o l e r a n c ~  data are  availabl2 o n  the lower extremity, b u t  

since i n ju r i e s  t o  t h i s  region are  seldom f a t a l ,  they have n o t  r e c e i v e d  
much a t tent ion.  The NCSS data may be e x p e c t e d  t o  c o n t r i b u t e  bo th  

64 R. R .  Mcilenry and J .  P .  Lynch,  " C R A S H 2  Users  Wanual."  D O T /  
HS 802-106, November 1976 



overall frequency information and more deta i led  injury descript ions than 

have been available t o  date. 

Within the  l imi t s  of time and funds available f o r  t h i s  project , ,  the  

l i t e r a t u r e  review led d i r e c t l y  t o  s t u d i e s  of  t h r e e  s p e c i f i c  body 

regions--the eye, the  lower extremity,  and t h e  neck.  In  a d d i t i o n ,  
selected side impact cases were studied so a s  t o  compare t h e  a c t u a l  

accident exserience with typical  laboratory side-impact sirnu1 a: ions. 

6 . 2  Side Impact Studies 

Approximately 90 selected side-impact c a s e s  from t h e  N C S S  were 
studied t o  determine simi 1 a r i t i e s  and differences bexween actual crashes 
and laboratory ( s l ed )  crash t e s t s .  Sled t e s t s  s imulating s i d e  impac t  
have generally been conducted a t  a 90' impac t  a n g l e ,  and t h e  c a s e s  
reviewed i n  de ta i l  were those with a near-side occupant and a reported 3 

o'clock or 9 o'clock impact vector. 

Of approximately 90 cases studied, 51 were judged comparable t o  the  

laboratory s i tuat ion.  The remainder generally involved cars  struck a t  a 
point remote from the  passenger compartment, of ten  w i t h  c o n s i d e r a b l e  
rotat ion of the vehicle. In jur ies  f o r  the  51 cases were t a b u 1  a t e d  by 

crash sever i ty  (Delta V )  and t he  conclusion was drawn t h a t  t h e y  were  
qu i te  s imi la r  t o  those observed in  laboratory ( s l ed )  t e s t s  a t  a s l i gh t l y  
higher Delta V. 

The report has been published separatedly as "Analysis of NCSS Side 
Impact Cases", by J .  1J. H e l v i n ,  0. H Robb in s ,  D .  F .  Hue ike ,  and 

J .  0 '3ay,  and was subsequently published as SAE Paper 800176. Feb rua ry  
1980, ?resented a t  the SAE Congress and E x p o s i t i o n ,  2 5 - 2 9  F e b r u a r y ,  

1380. 

6.3 Leg Injur ies  

Lcwer extremity in ju r ies  are ident i f ied  i n  the  NCSS d a t a  by b o d y  

region ( ?e lv i s ,  th'gh, knee, l e g ,  and a n k l e / f o o t ) ,  by i n j u r y  t y p e  

( f rac tu re ,  lacera t ion,  e t c . ) ,  and by the  s o u r c e  o r  p o i n t  of c o n t a c t  



( i  nstrument panel, foot  controls ,  e tc . ) .  I n  t he  paper prepared on t h i s 

topic ,  only i n ju r i e s  a t  AIS-3 o r  above were studied i n  d e t a i l .  
6 5 

Analysis of the NCSS data i n d i c a t e s  t h a t  i n j u r i e s  of  t h e  n o r e  

severe nature (A15 3 and 4 )  i n  the  lower  e x t r e m i t y  a r e  exceeded  i n  

frequency of occurrence only by those i n  t h e  t h o r a c i c  r e y i  o n .  i \ i h ? n  

national estimates are made, i t  appears tha t  there are some 2 7 , 0 0 0  c a r  
crash survivors eacn year  s u s t a i n  t h e  more s e v e r e  1 o w e r - e x t r e m i t y  
in ju r ies .  This i s  approximately equal t o  the t o t a l  number o f  ?assenger  

ca r  occupants w h o  a r?  k i l l ed  annually. 

The medical corlsequences of lower-extremi ty in jur i  e s  of t h e  no r e  

severe nature may be ex?;reme, including grolonged imtxobil i za t  i  on ,  1 o n g  

recovery geriods, and t h e  potential  f o r  the  devel opment of t r a u m a t i c  

a r t h r i t i s .  Bone infection i s  a hazard t h a t  can cause bone weaken ing ,  

r ecur ren t  i n f e c t i o n ,  and l i f e  l ong  t h r e a t  of d i s a b i l i t y .  b lo t  

infrequently many of the individuals w i t h  t h e s e  A15  3 and 4 l o w e r -  - 

extremity in ju r ies  wi 11 have some degree of permanent impairment. 

Front r ight  passengers more o f t e n  had t h e  more s e v e r e  l ower  
extremity i n ju r i e s  than did other  occupants; dr ivers  sustained a 1 owe r 
than average frequency of the more severe lower limb in jur ies .  

The more severe lower-extremi ty  in ju r ies  a re  most often s u s  t a i ned 

by unrestrained occupants impacting objects  in f ront  of them, w i t h  t h e  
lower instrument panel being the  main contact location. F r a c t u r e s  a r e  

the  most ccmcion type of the nore ser ious  lower-extremity in ju r ies .  

The instrument panel i s  associated with i n j u r i s s  of t h e  p e l v i s ,  
t h i ; h ,  knee, and l q ,  ::hereas the ankle/foot resi o n  i s  a l n o s t  a lways  

- 3 injured by f l oo r  or 'oot control contacts. I ne 2aCk of the f r c n t  s e a t  
a n d  the  s ide  i n t e r i o r  a r e  the  contact points most ofr~en l i s t e d  fo r  s i d e  
impact crashes. 

O f  a l l  of the sub-regions o f  t h e  l o w e r - e x t r e m i t y ,  t h e  ; ? l i / i c  

i n ju r i e s  are found most i n  d r ive rs ,  whereas the f r o n t  p a s s e n g e r s  had 
pelvis  or t h i g h  as the two areas most often injured. 

55 "Lower Extremity In ju r ies  i n  Automobile Crashes--an analysis  of :ICSS 
da ta , " ,  by Donald F .  Huelke, James O'Day, John D .  S t a t e s ,  and Thomas 
E.  Lawson, report number UN-HSRI-80-10, January 1980. 



Di rect  impact 1 oadi ng t o  any areas of the lower-extremi ty  can cause 

in ju r ies  i n  t h a t  body region. In many cases force transmission th rough  
bone t o  other l o w e r - e x t  r e m i t y  a r e a  can c a u s e  f r a c t u r e s  a n d / o r  
dislocations remote f romthe  impact s i t e .  Compress ion  or t w i s t i n g  
forces,  especial ly a t  the ankle area ,  a re  believed t o  be the  main c a u s e  
of the  i n ju r i e s  t o  the  ankle and foot .  

Seat bel t  systems a p ~ a r  t o  reduce the Tore severe lower-extremi :y 

in ju r ies ;  however, there are  t o o  f ? w  cases available i n  zhe >lCSS data t o  
make a de i i  ni t i  ve statement. 

Increased a t t e n t  i o r i  t o  i n p a c t  c h a r a c t e r i s t i c s  of t h e  1 ower 

instrument panel may prove beneficial i n  reducing the  occurrence of t h e  
more severe 1 ower-ext remi ty  i njuri  es. 

6 .4  Ocular In jur ies  

Tempered windshields commonly used i n  Europe have been shown t o  be 
highly related t o  ocular  in jur ies .  Althoush w i n d s h i e l d s  of  t h e  H P R  

(High Penetration Resistance) type i n  cars i n  North America a r e  no t  a t  
a l l  s ign i f i can t ly  involved in  ocular  i n ju r i e s  s t i l l ,  abou t  5 0 %  o f  t h e  
i n ju r i e s  of the eye area are  c aused  by g l a s s .  The H P R  w i n d s h i e l d  
orobably i s  the m i n  reason f o r  the  re la t ive ly  low occurrence of ocul  a r  

i n ju r i e s  in United S ta tes  crashes compared t o  these  i n j u r i e s  r e p o r t e d  
from countries w i t h  tempered windshields. 

No ocular in ju r ies  were observed among bel ted  o c c u p a n t s  i n  t h i s  
s t~ ldy .  Inc reased  u s e  o f  l a p - s h o u l d e r  b e l t s  w o u l d  d e c r e a s ?  t h e  

likelihood f o r  occupant contact with the windshield, n i r ro rs ,  A - P i 1  1 a r ,  
s teer ing column and ins t rument  p a n e l - - a b o u t  n a l f  of t h e  o c c u p a n t  

contacts f o r  ocular injury--and thus fu r the r  reduce t h 2  i n c i d e n c e  of 
in ju r ies  leadi ng t o  decreased vision. 

Data from the  f i r s t  f i f t e en  months of the NCSS program p r o v i d e  a n  
estimate of 7 . 5  cases of blindness i n  one eye among 52,000 occupants o f  

passenger cars damaged severely anough t o  require t o w i n g  from the  scene. 
Among t h i s  group, no survivors were blinded i n  both eyes. 



6.5 Cervical Injuri  es 

Previous studies due t o  t r a f f i c  accidents cervical i n j u r i e s  have 

been based on c l in ica l  reviews, and n o t  from a known automotive accident 
~opu l a t i on .  The National Crash Severity Study has  p r o v i d e d  f o r  t h e  
f i r s t  time an adequate sample of actual crashes so t ha t  cervical i n j u r y  

frequenci es and sever i t i e s  can be determi ned. 

The NCSS datas?t  iised f o r  t h i s  study represents 52,025 occzpants of 
rowed passenger ca r s ,  and  thus the frequencies quoted here appl] 3 ssch 

a group. Of a1 1 such ?ersons, one i n  300 had a cervical i n ju ry  i I t h e  
range AIS-3 -,o ,415-5 or f a t a l .  For ccntainea occupants ( i .  e . ,  ze r sons  

who were not  ejected frcm t h e i r  ca r s )  t h i s  race rvas orle i n  4 3 3 .  For 
ejected occupants, the  r a t e  was one i n  fourteen. There are ,  of ccu r s e ,  

many differences between accidents i n  which p e r s o n s  a r e  e j e c t e d  a s  
compared with those i n  which persons were n o t  e j e c t e d ,  b u t  t h i s  one 

f ac to r  seems t o  be the strongest  explanation of serious neck injury.  .- 

Given an AIS 3 t o  5 level neck injury to  an occupant ,  t h e  w o r s t  

non-neck injury t o  t h a t  occupant i s  l e s s  severe than t he  neck in jury  i n 
62% of the  cases. 

More occupants sus ta in  severe neck i n j u r i e s  i n  f r o n t a l  o r  s i d e  

impacts, b u t  the  ra te  of such in ju r ies  i s  higher in r o l l  o v e r s  t h a n  i n  
any other crash type. Such i n j u r i e s  a r e  r e l a t i v e l y  r a r e  i n  r e a r -  
impact ed passenger cars.  

Car occupants between 16 and 2 5  years o f  age  s u s t a i n  s e v e r e  t o  

f a ta l  neck in ju r ies  four tirres as often (9.437;) as those younger than 16 

and twice as 3f:e.n 3s d o  those older than 2 5  yea r s .  Of t h e  131 more 

severe neck in ju r ies  l i s t ed  f o r  the 130 c a r  occupants, 53 (40%) led t o  a 
f a t a l i t y ;  a l l  these in ju r ies  !were in the  cervical spine. The re  were  8 

individuals who had in ju r ies  of level AIS-3 o r  A I S - 4  i n  t h e  a n t e r i o r  
neck. Most of these involved throat  s t ruc tu res ,  including f r ac tu r e s  o r  

transection of the larynx o r  t r a c h e a ,  o r  l a c e r a t i o n s  of t h e  neck 
i nvol vi ng major blood vessels o r  thei  r branches. 

Rarely, i f  a t  a l l ,  i s  the neck fractured o r  d i s l o c a t e d  by d i  r e c t  
impact t o  the  cervical area. The an te r io r  neck s t ructures ,  however, are  



almost al;~ays injured by d i rec t  blunt impacts o r  impacts c a u s i n g  deep  
lacerat ions . 

For those not ejected from the  car  the more serious o r  f a t a l  neck 

in ju r ies  are  inore often associated w i t h  windshield c o n t a c t s ,  a1 t hough 
nany of these may a lso  involve contact w i ~ h  more substantial  s t r u c t u r e s  

around the windshield. 

6.6 Commen~s on the  K S S  3ata 

I n  the  process sf reviewing t he  fi21d notes and q h o t o g r a p h y  f o r  
these  c l i n i ca l  s t u d i e s ,  t h e  c l i n i c a l  a n a l y s i s  s t a f f  has  had z n  

ooportunity t o  obser14e the  quali ty and p e c d l i a r i t i e s  o f  t h e  o r i g i n a l  
reports. Case se lect ion f o r  deta i led  reading was generally accompl i shed 
by using t he  computer f i l e  f o r  sor t ing and i d e n t i f i c a t i o n ,  and t h e n  
se lect ing and reading t he  cases from the  f i l e s  maintained a t  C A L S P A N  o r  
a t  the MVMA. 

A f i r s t  problem i n  t h i s  process occurs when the  computer f i l e  does  
not contain the  de ta i l  necessary t o  case iden t i f i ca t ion .  :flost of t h e  

c l in ica l  s tudies  addressed par t i cu la r  injury types or body regions, and 
when the  Occupant Injury Class i f ica t ion codes were not a s s i g n e d ,  some 

cases o f  i n t e r e s t  would be missed. For example, n e a r l y  h a l f  o f  t h e  
f a t a l i t i e s  in the  NCSS data had no OIC's coded, since there  was no t  an 
autopsy o r  medical examiner's report provided. Thi s  de f  i  c i  ency was 
largely countered by a f u l l  review of a l l  f a t a l  cases,  assisning AIS and 

OIC values (adrni t t ed ly  w i t h  1  ower confidence) . We woul d recommend t h a t  
fu tu re  data col lec t ion proc~dures  provide f o r  (computer) recording of as 
much injury deta i l  as  possible, w i t h  a p p r o p r i a t e  n o t a t i o n  a s  t o  t h e  
qua1 i ~ y  of the scurce. Our review of such ( f a t a l  ) cases was necessari  1 y 

oerformed w i t h  available writ ten mater ia l ,  and i t  seems l ike ly  tha t  t h e  
original  investigators could have more information a t  hand t o  make such  

estimates. A s imilar  argument would hold for other coded v a r i a b l e s - -  
including the  Collision Defamation Class i f ica t ion ( C D C )  and Delta V .  

A speci f ic  example wil l  i l l u s t r a t e  t h i s  problem, I f  an a n a l y s t  
wished t o  study cases i n  which an occupant suffered a closed head injury 
a t  AIS-3 o r  above, he would ask t he  computer t o  l i s t  a1 1 c a s e s  w i t h  a  
head injury i n  t h a t  range. B u t  the d i f f e r ence  between an A I S - 2  and 



AiS-3 c o n c u s s i o n  depends  on t h e  l e n g t h  o f  t i m e  t h e  p e r s o n  was 
unconscious (more o r  l e s s  than 15 minutes). The i n v e s t i g a t o r  nay be  
unable t o  determine a precise value, and i s  then required t o  e n t e r  an 

"unknown" value f o r  the  sever i ty  level--even though he i s  c e r t  a i  n t h a t  

i t  must be e i t h e r  a "2"  or a "3". Some provision s h o u l d  be made f o r  

recording the  degree of uncertainty,  perhaps with a most probable ,value  
and a range. 

Reviewing of the f i e l d  records was ma62 ;nore d i f f i c u l t  x h a n  i :  

;;light have been because of va r i ab i l i t y  i n  tne  reporting foms  frcm t i q e  

t o  t i r e  and Team t o  'i?am, penciled en t r i es  and margi nal  n o t e s  !,vni ch 
sometimes bordered on i l l e g i b i l i t y ,  and t he  lzck of a simple n a r r z ; i \ i e  

describing the  general sequence of events i n  t he  crash. 

The reporting form va r i ab i l i t y  was iindoubtedly the  resu l t  of a f a s t  
s t a r t up  f o r  the  NCSS program. Several teams col lec ted injury data ,  f o r  

example, on forms they had used i n  previous studies. As a r e s u l t ,  one  -- 

team's pink form would be the  equivalent of another ' s  blue form. Whi 1 e 

t h i s  may not have const i tu ted a ser ious  problem f o r  k e y p u n c h i n g ,  i t  

often f rus t ra ted  the  c l i n i ca l  reviewers. 

I t  seems l i ke ly  t h a t  the  f i e l d  personnel made marai na l  n o t e s  f o r  
t h e i r  own use. Yet i t  i s  j u s t  such  n o t a t i o n  which may p r o v i d e  a 
necessary piece of information f o r  a c l in ica l  reviewer. In a s p e c i f i c  
case,  a contact f o r  a head i n j u r y  was coded  a s  " ~ n k n o w n " ,  b u t  a 
scribbled marginal note (which t o o k  some e f f o r t  t o  d e c i p h e r )  s a i d  
something l i k e ,  "Mr. xxxx s ta ted  t ha t  his head  hi^ ----- ( p o i n t i n g  t o  

the A-pi l lar ) ."  I t  lay have been qu i te  appropriate,  g iven  t h e   round 
rules of the study, t o  code the "unknown" value, b u t ,  f o r  a s ~ e c '  f i c 

research t ask ,  the nargi nal information was most helpful .  

The c l in ica l  reviewer usually wants t o  form a general  p i  c t  u r e  of  
the  accident circumstance, learning, f o r  example, t ha t  two cars qet  a t  a 

(certain angle or  speed, had more t h a n  one impact, etc.  Such information 

may be derivable from coded en t r i es - - fo r  example, the  p r e s e n c e  of two 
Coll ision Deformation C l a s s i f i c a t i o n  codes  would s u g g e s t  a s e cond  
impact, b u t  t h i s  i s  not easy t o  i n f e r  from the  available material.  



I f  the occupant kinematics, as they a r e  unders tood by t h e  f i e l d  

invest igator ,  were included in  a narra t ive  of the accident, t h i s  would 
lead t o  a more accurate p ic ture  of t h e  i n j u r y  s equence  t h a n  i f  t h e  

reviewer had t o  construct the  pic ture  from a sequence of Occupant Injury 

Class i f ica t ion codes, impact values, e t c .  F u r t h e r ,  t h e  p r o c e s s  of 

writing the  narrat ive nzy a s s i s t  the  f i e l d  investigator i n  h i s  c o d i n g  

tasks ,  and resul t  in a r!or? complete and accurate report. 

5.7 2econrnendat i  ons 

t o  fu tu re  

spec i f i c  reccmmendations are given her2 as possible 

data col l ect  i on programs. 

g u i d a n c e  

1. P u s h  the  f i e l d  investigators t o  make estimates of t h e  i n j u r y  
d e t a i l s ,  i n c l u d i n g  r e p o r t i n g  t h e m  i n  O I C  f o r m  f o r  
computerization. There were many cases i  n whi ch r z l  a t  i  v e ly  
accurate injury information could be inferred frcm i nformat i  o n  
available t o  the  invest igators ,  and there should be a sy s t em 
f o r  recording the  best de ta i l  possible. 

2 .  Contacts which were responsible f o r  various in ju r ies  shoul d 'be 
be t t e r  and more completely reported. Some of t h e  d e f i c i e n c y  
h e r e  seems t o  be t h e  r e s u l t  of m in ima l  t r a i n i n g  o f  
i n v e s t i g a t o r s ,  b u t ,  a g a i n ,  t h e  f i e l d  p e o p l e  s h o u l d  be 
encouraged t o  make best guesses and tag  them as such. 

3. Field invest igators  shou ld  be in formed  t h a t  a n a l y s t s  and 
c l in ica l  reviewers may be reading t h e i r  f i e l d  n o t e s .  They 
should complete t h e i r  reports  with such reviewers in mind, a n d  
t r y  t o  make t h e i r  marginal notes understandable t o  a1 1 .  

4. The procedure i n  the NCSS program of c cmp le t i ng  e s s e n t i a l l y  
only the  coding forms leaves much t o  be desired. The c l i n i  ca 1 
reviewer would be aided material ly by a short (one or two page) 
summary of the  accident and occupant k i  nenatics sequence. This 
shortcoming was par t icular ly  n o t  i c e a b l ?  i n t h e  NCSS c a s e s  
because of the va r iab i l i ty  a f  reporting f o r m s ,  b u t  would be 
he1 pful a1 so in more structured recordi ng.  

5. Photographic quali ty in many of the FiCSS cases was m a r g i n a l .  
Some o f  t h i s  evidently resulted from d i f f i c u l t i e s  i n g e t t i n g  
inside the vehicles, b u t  soine o f  it frcm limited pho tograp i t i c  
t r a in ing  of the investigators.  Given the to ta l  cost  of a NCSS  
investigation,  i t  would seem appropriate t o  s ~ e n d  a few more 
dol lars  pe,r case t o  insure tha t  a11 photos a re  usable. 



7 IMPLICATIONS FOR NASS 

The ana ly se s  used i n  t h i s  r e p o r t  f o c u s e d  o n  two d i f f e r e n t  
approaches t o  analyzing t h e  NCSS data. The sample design was used a s  a  

basis f o r  obtainina p r o b a b i l  i t y - b a s e d  e s t i m a t e s  of t h e  a c c i d e n t  
experience f o r  t h e a g g r e g a I e o f  the seven lCSS a r e a s .  O n  t h e  o t h e r  

hand, the  accident analysis  nodels require analysis of r e 1  a t  i ons h i  9s 
I I beliveen v a r i a b l e s  w i t h i n  a s p e c i f i c  s u b s s t  o f  a c c i d e n t s .  ? e r e  

mechanistic models were developed t o  predict  injury sever i ty  from c r a s h  

sever i ty .  These t w o  approaches t:, analysis  are n o t  c n l y  t e c h n i c a l  l y  
d i f f e r en t ,  b u t  address d i  i f e r en t  ques-lions. The r e l a t i  o n s  h i p be tween 

these two approaches i s  cli scussed and compared by Srewer and :le 1 1 o r  6 6 

and Holt and Smi th .  5 7 

The purpose of t h i s  section i s  t o  indicate  imp l i ca t i ons  from t h e  

analyses done with the NCSS data f o r  analysis  of the National A c c i d e n t  
Sampling (#ASS) data. HASS i s  an ongoing p robab i l i ty  sample  - 
of accidents within the  United S ta tes  sponsored by YIHTSA. The p r ima ry  
se lect ion units are  a  s t r a t i f i e d  sample of s i t e s .  lJithin each s i t e ,  a  

probabil i ty sample of accidents i s  chosen. The NASS design d i f f e r s  from 
the  NCSS design in t ha t  the  primary se lect ion s i t e s  are  chosen randomly 
within s t r a t a ;  the  NCSS s i t e s  were  p u r p o s i v e l y  chosen .  Ano the r  

difference is t ha t  the  weights attached t o  pa r t i cu la r  accidents wil 1 i n  
aeneral be more complicated than t h e  w e i g h t s  a s s i g n e d  t o  t h e  NCSS 
accidents since NASS inves t iga tes  a1 1 t r a f f i c  a c c i d e n t s  i ncl  u d i  n g  

3edestr ians,  motorcycles and heavy trucks. Finally wnen :/ASS i s  f u l l y  

j 6 y .  R .  V. Brewer and R .  W. Me1 l o r ,  "The Effecr of S a ~ c l e  St ructure  
on Analytical Surveys," The Austral ian J o u r n a l  of s t a t i s t i c s ,  ! 3 : 3  
( 1 9 7 3 ) ,  145-152. 

b ' ~ .  Holt and T .  M. F .  S m i t h ,  "The Design S u r v e y s  f o r  P l a n n i n g  
Pur?oses," The Austrai ian Journal of S t a t i s t i c s ,  i 3 : l - 2  (August 19 7 5 )  , 
37 -44. 

68 
H. John Edmonds, Robert H .  Hanson, David R .  Morsanst e i  n ,  J o s e p h  

Waksberg, National Accident Sampl i n g  System Sampl e  Design, Phases 2 and 
3--Volume 1: Final T e c h n i c a l  R e p o r t ,  Repo r t  No .  DOT-HS-805-273, 
Sponsored by t he  National Highway T r a f f i c  S a f e t y  ildmi n i s t r a t i o n ,  
Department of Transportation, lashington D. C . ,  under contract No. D O T -  
HS-7-01706 (Spri ngf i s l d ,  Va. : National Technical Informa t i on Se r v i  c e ,  
November 1979) .  



operational i t  will have 75  primary s i t e s  i n  the United S ta tes ;  NCSS had 

data collect ion in seven s i t e s .  

In the  following, fu r the r  research and analy s i  s  i s  d i  s c u s s e d  i n 

f i ve  areas. These a r e a s  pa r a1  l e l  work done w i t h  t h e  NCSS d a t a .  
Extensions of the modelling e f fo r t  t o  develop m e c h a n i s t i c  models i s  
discussed in Section 7.1. ~rnplicat ions f o r  futclre work :vi t h  a c c i d e n t  
analysis ,nodels i s  aresentad i n  Section 7 . 2 .  Ceveiopmenr, of n a t i  anal 

estimates a n d  related problems are reli'ewed i n  S2ct'on 7 . 3 .  ,An over-+~jevt 
of modelling national s t a t i s t i c s  i s  p r e s e n t e d  i n  S e c t i o n  7 . 4 ,  and 
cossible applications are presented. F i o a l  ly ,  a  crucial proo1er;i i n  a1 l 
znalyses donewas that  of missing o r  incomple teda ta .  T h i s  t o p i c  i s  
discussed in Section 7 . 5 ,  and recommendations f o r  fu r the r  r e s e a r c h  a r e  
presented. 

7.1 Mechanistic Models 

The objective of t h i s  analysis  was t o  derermi ne nlodels appropri a t e  
f o r  predicting injury severi ty from crash severi ty.  I n  t h i s  analysi s  a  
recoded variable tha t  dichotomized i n j u r y  s e v e r i t y  was used  a s  t h e  
dependent variable. The l og i t  model was chosen  t o  be used i n  t h i s  

analysis. The accident analysis  models require a  d i s t r ibu t ion  f o r  OAI S 

as a  function of  crash severi ty.  The model used i n  t h i s  p r o j e c t  has  
been generalized t o  model, a s  t h e  dependen t  v a r i a b l e ,  an o r d i  na l  
variable. This technique i s  d e s c r i b e d  by A i  t c h i  son and S i  I vey. 6 9 

Investigation in to  l~he ther  t h i s  nodel i s  appropriate f o r  OAIS would be a  
logical continuation of t h i s  analysis. 

A l l  of the  analysis done i n  ;nis project was cone w i t h i n  co l l i  s i  o n  

types. These classes :vere defined by a r e a  of t h e  v e h i c l e  damaged, 
direction o f  impact, and seat  position. These types were an attempt t o  

form groups of accidents homocjeneous within grcups and d i f fe ren t  between 
aroups. The models would then r e f l e c t  d i f f e r e n c e s  i n  t h e  s u b s e t s .  
Another apprgacii would be t o  focus on i n j u r y  t o  a  g e n e r a l i z e d  body 

region and use t h i s  t o  c l a s s i f y  occupants i n t o  groups. T h i s  has  t i l e  

6 9 ~ .  Aitchison and 5 .  O. Silvey,  "The G e n e r a l i z a t i o n  of P rob i  t 
Analysis t o  the  Case of Multiple Responses," B iome t r i  k a ,  4 4  ( !957) ,  
131-148. 
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advantage of making the  OAIS more meaningful w i t h i n  types. To approach 

the  problem in  t h i s  manner would require information coded o n  t he  l e v e l  
of injury f o r  each generalized body region, including no injury.  T h e r e  

i s  not enough information avai lable  i n  NCSS t o  do th is  s ince  only u p  t o  
s ix  i n ju r i e s  are  coded. Using t h i s  approach i~oul d i  n v o l  ve a n a l y z i  n g  

mult ivariate dependent variables,  each with ordinal c2t e g o r i  e s .  T h i s  

tyze of analysis  would need some fu r t he r  res2arch. 

3ur wok< w i t h  the c echan i s t i c  madels  has  a l s o  g e n e r a t e d  some 
suggestions :.ritii ?.gird t o  tile quantif icat ion of the dependent vari a b l 2 

~ s e d ,  and a l so  some suggested a d d i ~ i o n s  t o  :he i n d e p e n d e n t  d a r l a b l s s  

available.  The dependenr variable used idas a dichotomy based  o n  t h e  
Abbreviated Injury Scale. f l i sp red ic t ions  were  found T O  f r e q u e n t l y  
involve re la t ive ly  low t o  moderate co l l i s i on  s e v e r i t y  i m p a c t s  which 
resulted in severe in ju r ies .  For  example ,  a  s u b s t a n t i a l  g roup  of 
mispredictions in the  Near PCD subset of rhe s ide  i m p a c t s  ( p a s s e n g e r  -- 
compartment damage, n e a r - ~  ide occupants) were ankle di sl ocati ons. These 

receive an AIS 3 code. :{any factors  were assimilated i n developins t h e  

AIS scale:  threat-to-1 i f e ,  treatinent period, probabi 1i t y  o f  pe rmanent  
impairment, etc. Not a l l  these  fac to rs  a re  d i r e c t l y  r e l a t e d  t o  t h e  
co l l i s ion  forces,  especial ly when comparisons invol ve d i f f e r e n t  body 
regions and/or injury types. The ankle dislocations do not seem t o  be 
the  resul t  of g rea te r  co l l i s ion  forces,  b u t  ra ther  the pa r t i cu la r  ooi  n t  
and, perhaps, direction of force application. The p r e d i c t i o n  3 f  t h i s  

so r t  of injury ~ o u l d  seen t o  be beyond the capabil i ty of qodels based o n  
variables (which define the  coil i s i o n  c o n f i g u r a t i o n ,  n o  m a t t e r  h o w  

deta i led  the descr is t ion.  

Yany of the ou t l i e r s ,  or m i s p r e d i c t i o n s ,  from t h e  m e c h a n i s t i c  
models developed seemed t o  have s imi lar  e x p l a n a t i o n s .  R u p t u r e s  a n d  

hemorrhages were other severe i njliri es which ',vere frequently i rcorrectly 
~ r e d i c t e d  in  the  l o w  t o  rnoderate  c o l l i s i o n  s e v e r i t y  r an32  by t h e  
mechanistic models. The  more general pro~lem involved here scems t o  be 
the  comparison between i n  j u  r i  e s  t o  d i  f f  e r e n t  body r e g i  ons and of 
d i f fe ren t  types. This problem i s  c r i t i c a l  f o r  t h e  a c c i d e n t  a n a l y s i s  
models because our models indicate t ha t  t h i s  problem i s  a large  pa r t  of 
the  reason that  only about 50% of the  severe  i n j u r i e s  a r e  p r e d i c t e d  



correctly.  The implication of t h i s  f i n d i n g  i s  t h a t  a s u b s t a n t i a l  

proportion of the  severe in ju r ies  a re  not strongly linked t o  c o l  1 i ' s i  on 
sever i ty ,  and, therefore,  t h e  e s t i m a t e d  b e n e f i t s  p r o j e c t e d  by an 
accident analysis  model which presumes a1 1 i n ju r i e s  t o  be " c a u s e d "  by 
co l l i s ion  sever i ty  wil l  be subs tan t ia l ly  overestimated. The a l t e rna t ive  
i s  t o  develop more sophist icated dependent v a r i a b l e s  and a s s o c i a t e d  
model s. 

One approach might be to  ex~end  the  i n j ~ r y  s c a l e  deve lopment  t o  
encompass several d i f fe ren t  scales  f o r  each of the vari o u  s d i ~nerls i ons 

such as t h r ea t - t o - l i f e ,  treatment ~ e r i o d  ( o r  even c o s t ) ,  prcbabi l i ty  of 
oemanent impairment, forts required, energy required, e t c .  I n j u r i e s  
could then be coded on each of t h e s e  s c a l e s ,  and one would have a 

multidimensional dependent variable t o  work with. 

A t  t h i s  point ,  subsett ing on body region i n  addition t o  c o l l i s i o n  

type would seem t o  be the  more feas ib le  approach despi te  the  uncertainty 
of the  NCSS data. Separate nodels would t h e n  be d e v e l  oped f o r  each 

seneralized body region (say head and neck, to r so ,  and e x t r e m i t i e s ) .  
For use in  t h e  a c c i d e n t  a n a l y s i s  mode l s ,  t h e  n a t i o n a l  a c c i d e n t  

experience would a l so  have t o  be c h a r a c t e r i z e d  by t h e  f r e q u e n c y  of 
injury t o  each of these generalized body regions. Since  a1 1 i n  j u r i e s  
were not coded in the NCSS, t h e r e  would be some u n c e r t a i  n t y  a s  t o  
whether a given body region in  f a c t  had no in jury ,  or t h a t  t h e  i n j u r y  

was not coded in ju r ies ,  t h i s  problem might n o t  be serious. 

Improvements could a lso  be made i n  t h e  i n d e p e n d e n t  d a r i a b i e ,  

, -ol l is ion severi ty.  Currently, Delta ' I  i s  the prizary var iab le  i n t h e  
data f i l e .  The current accident analysis nodels are :ir;tten in t e r ~ s  of 
closing speed so tha t  the  e f fec t  of a l tered we igh t  d i s x r i  b u t i o n s  i n  

fu tu re  vehicle populations can be t rea ted.  While t h i s  va r i ab l e  c a n  be 

senerated a f t e r  :he f a c t ,  our work has indicated t h a t  t h e r e  a r e  some 
aroblerns i n  determining which two vehicles were ~ s e d  i n t h e  o r i  cji na l  

C2ASH run. I t  would seem simpler i f  t h i s  information were coded i n  t h e  
f i r s t  place. The c l in ica l  analysis  of the s ide  impact cases s u g g e s t e d  
that  angular velocity may play an important r o l e  i n  d e t e r m i n i n g  t h e  
occupant contact poi n t  in non-passenger cmpartment imp a c t  s . A f i r s  t 
approximation t o  the post-impact angular velocity can be added t o  t h e  
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NCSS data. This topic  i s  discussed fu r t he r  i n  Section 7 . 4 ,  Model 1 i ng 
Population S t a t i s t i c s .  

Adjusting t he  d i s t r ibu t ions  in the  national accident experience t o  
r e f l e c t  year-to-year changes o r  trends i s  a  subset of the l a rge r  problem 
of accident causation. Although the  a c c i d e n t  a n a l y s i s  model s  were  
o r ig ina l ly  developed t o  address the  crashwortiiiness a r e a ,  t h e  K R A E S P  

model has been extended t g  gal<? ~ r o j e c t i o n s  i n  the a c c i d e n t  c a u s a t i c n  
- area. ha user has tne o p t i o n  to provide inputs on the  r,yae o f  h r ? ; ?  

system f o r  each vehic??. Each systern i s ,  i n  t u rn ,  presumed t o  nodi  f y  

the  d i s t r ibu t ion  of closing speeds i n  che accident p o p u l a 5 o n .  ' h h ; l e  

t n i s  seems a  plausible f i r s t  app rox ina t i on ,  i t o p e n s  u p  a  va sc  and 

re la t ive ly  unknown area. I t  has already been s t ressed t ha t  the  va l id i ty  

of the crashworthiness projections res t s  on t h e  d e g r e e  L O  which t h e  
mechanistic models r e f l e c t  the governing physical principles.  Prob 1 e n s  

previously discussed in the  crashworthiness area include co l l i s i on  types 
f o r  which good measures of co l l i s i on  s e v e r i t y  d o  n o t  e x i s t  such  a s  

rol lovers,  and substant ia l  portions of the  severe i n ju r i e s  t h a t  do no t  
appear t o  be we11 determined by t he  co l l i s i on  sever i ty .  

Similarly,  projections in  the  causation area wil l  only be a s  good 
as  the  models used t o  make t h e  p r o j e c t i o n s .  The v a l i d i t y  of t h e  
accident causation models wil l  a l so  r e s t  on t h e i r  f o u n d a t i o n  i n  t h e  
physical pr inciples  which determine the  occurrence o r  non-occurrence of 

an accident. This t r e a t ~ e n t  of the accident causation process i s f e l t  
t a  be f a r  more d i f f i c u l t  then the crashworthiness area. Unfor tunate ly ,  
assumptions i n  t h i s  area a re  currently required i n  the  accident analysis  
models jus t  t o  adjusr, t h o  natiorlal z c c i  d e n t  expe r f  ence  t o  r e f  1 e c t  

cnanges i n  the  t o t a l  estimated vehicle use resul t ing from changes i n  t?? 

vehicle population as already mentioned. The t s t a l  number of x c i a e n t s  

i s  adjusted t o  r e f l e c t  e s~ imated  changes in t o t a l  vehicle mi leage .  No 

differences i n  vehicle millage are  included f o r  vehicles of d i  f f e r i  n g  

s izes.  Only the  t o t a l  number of accidents i s  a d j u s t e d ,  s o  t h a t  t h e  
d i s t r ibu t ions  remain unchanged. These assumptions imply an a c c i  d e n t  
causation model. I t  wil l  be important t o  review t h e  i m p l i c a t i o n s  of 
these  assumptions. 



7.3 Descriptive Population S t a t i s t i c s  

An important use of the  NCSS data was t o  provide summary s t a t i s t i c s  

t h a t  describe tile accident population studied. These s t a t  i s t  i c s  f ron 

NCSS, w i t h o u t  a d j u s t m e n t ,  may no t  be a d e q u a t e  t o  d e s c r i b e  t h e  
U.S. accident population. NASS wi 11 provide probabi lity-based estimates 
f o r  the  U.S. accident populat ion.  The e s t i m a t i o n  p r o c e d u r e s  a r e  
spec i f i c  t o  the ? /ASS design a n d  a r e  discussed i n  t h e  f i n a l  t e c h n i c a l  

report on ?lASS. 7 O 

I n  t h i s  report '-,he zethod of ca lcula t ing sznpling a r r o r s  i s  a:  s o  

oresented. in designing software t o  ca lcu la te  est imates,  the s a r ? 1  i n g  

e r ro r  should a l so  be calcuia ted.  I t  i s  very  d i f f i c u l t  h3;vevar t o  
t abu la te  large numbers of s t a t i s t i c s  and along w i t h  each i t s  s amp1 i n g  

7 1 error .  Design e f fec t s  were calculated f o r  selected NCSS s t a t i s t i c s  
and some patterns could be seen. These a e s i g n  e f f e c t s  w i l l  - not  be 

applicable t o  NASS since NASS i s  based on a  completely d i f fe ren t  sample  
design. Investigation of design e f fec t s  t o  summarize sampl i ng e r r o r s  

neeas t o  be done over a period of time t o  see  i f  c o n s i s t e n t  g roups  of 
variables appear w i t h  the  same design effects .  

To adjus t  the  NCSS data t o  re f l ec t  the  national accident experiencg 
a method was developed t o  produce a national projection. This method i s  

not res t r i c ted  t o  the  NCSS data. The projection method could be thought 
of as a type of pos t - s t ra t i f i ca t ion .  I t  i s  possible tha t  by u s i n g  t h e  
projection nethod a b e t t e r  e s t i m a t e  w o u l d  be o b t a i n e d .  T h 4 s  i s  
o a r t i c u l a r l y  t r u e  when f o r  a c e r t a i n  v a r i a b ; ?  t h e  o r i g i n a l  
s t r a t i f i c a t i o n  of the XASS design i s  n o t  e f f ic ienz  a c d  there i s  tnown t o  

ce a be t t e r  s t r 3 t ' f - c a t i on .  It  i s  t h i s  s t ra t i f i cac 'on  var iac??  that  the  

projection method woulc be based on .  

70~. John Edmnds, Robert H .  Hanson, David R .  :?organst e i  n ,  J n s e p h  
kiaksberg, National Accident Sampl i ng System Sample Des"n, Fhaszs 2 and . --  3--Volume 1: Final T ? c h n i c a l  R e p o r t ,  ? e ~ o r t  ;.(o. U L ,  -dS-eO5-274. 
Sponsorea by the  National i i i  ghway 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 ,  
Departnent of Transportation, Washington D .  C . ,  under contract No. D O T -  
HS-7-03706 (Spr ingf ie ld ,  Va. : National Technical Inforrnat i o n  S e r v i  c e ,  
November 1979). 

7 1 ~ e s l  i e  Kish, Survey Sampling (New York: John ililey d Sons, 1365) .  



7.4 Modellina Po~u la t i on  S t a t i s t i c s  

The analysis of complex survey data has been r ecen t l y  gi  ven some 
a t tent ion i n  the s t a t i s t i c a l  l i t e r a tu r e .  These  " p o p u l a t i o n  mode ls"  
involve model l ing population s t a t i s t i c s  obtained from survey d a t a .  In  
contras t ,  the "mechanistic models" a re  models that  describe p a r t  i cu l  a r  

elements in the  population. I f ,  i~ f a c t ,  a l l  elements were described ay 

the  same mechanis3ic yodel there  would be n o  d i f i e r e n c a  between c h 2  

~ o p u l a t i o n  aild ,zechan:stic inod2ls. 2 u t  i f  the populat im i s  rnade c 1 u  o f  

siibsets tha t  are described by d i f ferent  mechanistic models t h e  o v e r a l  1 

2opulat ion model w ' l l  d e s c r i b e  " a n  a ; e r ; , ge "  of  t h e  i n d i v i d u . 1  

mechanistic models. 

These population models could be simple models such as independence 

i n  a contingency tab le ,  or  more complicated models sucn a s  r e g r e s s i o n  
analysis ,  time s e r i e s ,  or  t he  1 ogi  t a n a l y s i s .  Koch, Freeman, and 

 ree em an^' present a general frainework f o r  u s i n g  t h e  we igh t ed  l e a s t  
squaresapproach i n  analyzing these p o p u l a t i o n  models .  T h i s  i s  an 

extens-ion of work presented by  ree em an'^ where regressi o n  ana  1 y s i s i s 
discussed i n  t h i s  context. Shuster and e own in^^^ present  a method t o  

t e s t  f o r  independence when the  proportions i n  t h e  contingency t ab l e  a r e  
~ o p u l a t i o n  estimates based on  a sample design. Rao and s c o t t 7 '  have 

been investigating goodness of f i t  models and models of independence f o r  
contingency tables based on complex survey data. They have found  t h a t  

chi-square t e s t s  f o r  goodness of f i t  need t o  be a d j u s t e d  by d e s i g n  
- -  

7 2 ~ a r y  G .  Koch, Daniel H .  Freeman, d r .  , a n d  J e a n  L. Freeman,  
"Stra tegies  f n  the Yulzivariate Analysis of Data from Complex Surveys , "  
International S t a t i s t i c a l  Review, 4 3  :1 (1975), 59-73. 

7 3 D. H .  Freeman. The Reqression Anal ~ s i  s of 3a;a from C o m u ?  ex 
Sample Surveys: A n  Emp i r i c a l  I n v e s t i g a t i o n  o f  C o v a r i a n c e  M a t r i x  
Estimation, mimeo ser .  No. 1020 (Chape l  iii  1 1 ,  N. C . :  I n s t i t u t e  of 

. . - ---.  - - --  

7.1J . J .  Shuster and 3 .J .  Downing, "Two-way Contingency Tab? e s  f o r  
Complex Sampl i ng Schemes, " Biometrika 63:2 (1976), 271-275. 

7 5 ~ .  N. K. Rao and  A. J .  Scot t ,  "The Analysis of Cateqori c a l  Data 
from Complex Sample Surveys I : Chi-squared Tests f o r  (Soodness of f i t , " 
Paper presented a t  the  American S t a t i s t i c a l  Association Meeting, August 
1979. 



ef fec t s  o r  generalized design e f f ec t s .  F i n a l  ly  ,  mi t h 7 6  c o n s i d e r s  

problems of time se r ies  analysis when there i s  an on-going survey. 

One 9ossible avenue of research i s  t o  see  whether these rethods a re  

useful in  analyzing t he  NASS data,  i n  a c c i d e n t  a n a l y s i s  m o d e l s ,  i n  

developing causal nodels, and i n  ana lyz ing  t i m e  s e r i  e s .  C a u s a t i  o n  

models may well be expressed in terms of these ? o p u l a t i o n  ~ o d e l s  a ~ d  

iqccrporated i n t o  accident analysis  models t o  a l i o \ i  f g r  a ,:or? r z a l i s t i c  

a i c x r e  of the accidenx e n v i r o n m e n t .  A f z a r  t h r e e  y e a r s  of dzza  
collect ion i n  NASS :here will be  enough daca t o  est imate monthly  t i m e  

ser i  2s. 

7.5 Incorn~lete Data 

While working with the FiCSS data,  missing data appeared t o  be one 

of the biggest obstacles. There can be no d o u b t  tha t  the best s o l u t i o n  
t o  the  missing data problem i s  t o  encourage  f i e l d  i n v e s t i g a t o r s  t o  

. - employ procedures t o  minimize missing data. B u t  missing data conti nues  
t o  be a problem and a s t a t i s t i c a l  approach t o  tile p ro  b 1 eln of mi s s  i n g  

data i s  a lso  necessary. 

In t he  NCSS S t a t i s t i c s  p u b l i c a t i o n s ,  d i s t r i b u t i o n s  ba sed  o n  
variables w i t h  missing data were c a l c u l a t e d  i n c l u d i n g  a s e p a r a t e  

category f o r  missing data. The analysis  done in Section 4.5 i  ndi c a t e d  
t h a t  d is t r ibut ions  of key NCSS va r i ab l e s  d i f f e r s  i n  t i l e  c a s e s  g i t h  

nissing data, so t ha t  d i s t r ibu t ions  from PICSS ignoring missing data may 
be biased. 

in the  development o f  the n e c h a n i s t i c  mode l s ,  o c c u p a n t s  w i t h  

rnissing data on any variable included i n  the nodel had 10 be e x c l u d e d  

from the  l o g i t  analyses. The effecr i s  that  o n l y  a  re1  a t i ' j e l y  smal 1 

subset of occupants a re  included. This i s  n o t  a  problem spec i f i c  t o  the 
l og i t  analysis ,  b u t  would occur i n  any m u l t i v a r i a t e  a n a l y s i s  u n l e s s  
adaptive procedures are developed. 

These two analytical  problems are s imi lar  i n  t ha t  tiale f o c u s  i  s  o n  
contingency tables :  d is t r ibut ions  being a contingency t a b l e  w i t h  o n l y  

'I5r. M. F. Smi th ,  " P r i n c i ~ l e s  and Prob lems  i n  t h e  A n a l v s i s  o f  
Repeated Surveys," in-survey sampl ing and Measurement, ed. rl. ~ r i  sh nan 
Namboodi r i  (New Yo&: Academic Press, Inc. , 1978), 201-216. 



one dimension. The analysis  techniques d i f f e r  b y  w h e t h e r  o r  no t  t h e  

sampling w e i g h t s  a r e  i n c l u d e d .  Weigh ted '  d a t a  t o  g e n e r a t e  t h e  
d i s t r ibu t ions  i n  NCSS S t a t i s t i c s  a r e  used  t o  o b t a i n  u n b i a s e d  ( o r  

approximately unbi ased) estimates of aggregate t o t a l s  and pro p o r t  i on s .  
In model development the most i m p o r t a n t  c o n c e r n  i s  t o  o b t a i n  good 

estimates of specif ied model parameters t o  best describe t he  mechanistic 
model. Analysis modifications wil l  be beavi ly dependent o n  t he  type  of 

analysis ,  whether es t inat i3n of d i s t r ibu t ions ,  #node? i i ng of contingency 
tab les ,  o r  a l o g i :  analyses. The e f f e c t s  of w e i g h r i n g  w i l l  be o f  

secondary importance. 

One approach t o  the  missing data problem i s  t o  iinpute f o r  each case 

with a missing item a "best  predicted value." The a d v a n t a g e  of t h i s  

approach i s  t ha t  the data s e t  i s  now "complet?." Tabulations p roduced  
from such a data s e t  w i l l  a lways  g i v e  c o n s i s t e n t  t o t a l s .  These  
procedures use infomat ion obtained from the  non-missing c a s e s  i n  t h e  
sample t o  obtain t he  predicted value. 

Many procedures haw been dev i  s e d  f o r  on-go i  ng s u r v e y s  where  
missing data occurs. A t r ad i t iona l  approach i s  t o  use a v a r i  a t  i o n  o f  

77 
I / the  "hot deck" procedure. B u t  t h e r e  a r e  a1 t e r n a t i v e  i m p u t a t i o n  

orocedures. The EM algorithm1' can be used in  t h i s  context. - - A genera1  

orocedure referred t o  a s  "weighting c lass  a d j u s t m e n t s " ' l J  i s  a n o t h e r  
a l ternat ive .  A11 of these methods can be used t o  modify a d a t a  s e t  s o  

t ha t  i t  resembles a "complet~"  d a t a  s e t .  Ni t h  t h e  many a v a i  1 a b l e  
orocedures, the f i na l  choice depends on the  type of data and  the  use t o  

~ h i c h  the  data i s  intended. 

" 1nnis G .  Sande, "Hot Deck Imputation Procedures, I f  Sympos i u m  o n  
Incomplete Data: Preliminary Proceedings ( Y a s h i n g t o n ,  D .  C . ,  S o c i a l  
Security Administration, December, 1 9 / 9 ) ,  pp.  484-507, 

A .  2.  Cemster, N .  #. Laird, and D. 3. Rubin, "Maxi~um L ike l i hood  
from Incomplete Data Via the  EM A 1  g o r i  thum,  " J o u r n a l  of t h e  Royal 
S t a t i s t i c a l  Society, ser .  B ,  39:1 ( 1 9 7 7 ) ,  1-38. 

"David W .  Chapman, "A Su rvey  of Nonresponse  I m p u t  a t  i o n  
Procedures," American S t a t i s t i c a l  Association Proceedings of the Soc i a 1 
S t a t i s t i c s  S e c t i o n ,  1976:  P a r t  I ( W a s h i n g t o n ,  D. C . :  American 
S t a t i s t i c a l  Association, 1976), pp.  245-251. 



Every d i sc ip l ine  has i t s  own v a r i a b l e s  u n i q u e  t o  t h a t  a r e a .  
Imputation methods need t o  be designed with the  nature of the va r i  ab l  e  

i n  mind. Accident variables may be d i f f e r e n t  t h a n  a g r i c u l t u r a l  o r  
economic data. Different  p r o c e d u r e s  may be more a p p r o p r i a t e  f o r  

categorical o r  ordi nal o r  continuous variables. 

There are  various c r i t e r i a  t ha t  need t o  be evaluated i n  choosing an 
i m ~ t a t i o n  arocedure. ?i 1 of these impuration p r o c e d u r e s  a f  i e c x  t h 2  

bias ,  variance, and corre la t ion s t ruc tu re  of the r e s u l t i n g  e s t i f l a t e s .  

Caremust be taken in t h e c h o i c e o f  the procedure. I d e a l l y  t l ? o  b i a s  

shouia be mininized and and corre la t ions  affected as l i t t l?  as 
possible. The choice of a pamicu la r  method becornes com?lex when many 

variables are  involved, so tha t  key variables need t o  be d e f i n e d  and 
procedures chosen with respect t o  these variables. Final ly ,  t h e r e  a r e  

d i f fe ren t  costs  associated w i t h  each imputation procedure. These c o s t s  
may involve computer time and development t ine .  U l t i m a t e l y  t h e  b e s t  - 
orocedure wil l  be a compromise between c o s t s  and t h e  e f f e c t  of t h e  

imputation procedure on the  data. 

The  other approach t o  missing data i s  t o  modify t h e  s t a t i s t i c a l  
inethodology t o  incorporate more of the data available in  t h e  a n a l y s  i s .  
There has been some work i n  t h i s  a r e a  i n  r e g r e s s i o n  a n a l y s i s  and 

categorical analysis. ~ a i t o v s k y ~ '  looks a t  the  e f fec t  of missi  n g  d a t a  
i n  regression analysis. Various methods f o r  using more of the avai lable  
data i n  regression analyses are  d i scussed  a n d  e v a l u a t e d .  l i t t l  e 3 1 

investigates the  e f fec t  of the d i f fe ren t  methods o n  s t a t i s t i c a l  t e s t s  
and confidence in tervals  f o r  t h e  regression coeff ic i  ents. 

Nhen analyzi ng caregori cal da ta ,  d i  fferenr. inocels m y  be 3s  s zned. 

Hocking and 0xspr inga2 c o n s i d e r  mu1;inorniai sampl i n g  where  some 

80 Yoel Haitovsky, "Missing Data i n  Regression ,il,nalysis, " Journal of 
the Royal S t a t i s t i c a l  Society,  ser .  B,  3 0 : l  67-82. 

8 1 Roderick J .  A. L i t t l e ,  "Maximum Likelihood Inference f o r  ivlultiple 
Regression with Missing Values: A Simulation S t u d y , "  J o u r n a l  or' t h e  
Royal S t a t i s t i c a l  Society, se r .  B ,  41: l  ( 1 9 7 9 ) ,  75-87. 

8 2 ~ .  R .  Hocking and H .  t!. Oxspring, "Maximum Likelihood E s t i n a t  i  o n  
w i t h  Incomplete Multinomial Data," Journal of the  American S t a t i s t i c a l  
Association, 66:333 (March 1971), 65-70. 



observations have missing data on one or more variables. They d e r i v e  

maximum likelihood estimates for  the multinomial d i  s t r i  bu t ion  us ing  
variables with only marginal distributions. Adaptation of the weighted- 

l e a s t  s q u a r e s  approach t o  a n a l y z i n g  cont ingency t a b l e s  where 
observations have some missing data i s  presented by Koch, Imrey,  a n d  

Rei n f u r t .  8 3  There i s  n 3  l i t e r a t l l r e  examining t h e  e f f e c t  o f  

modifications of the analysis f c r  ~ i s j i n g  data. 

A l t h o u g h  investigation of the NCSS d a t a  does no: 2rovi  de a g o o d  

indication o f  missing data rates or t y ~ e s  of missing d a t a  i n  N A S S ,  i t  

goes 7oint o u t  t h a t  the analysis of data becomes nuch more c s ~ p l e x  i n  

the presence of :nissing data. NASS will undoubtedly have a c e r t a i n  
amount of missing data. From the experience of analyzing the  YCSS d a t a  

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

distributions f o r  accident s t a t i s t i c s  and a reduction i n  sample s i z e s  
available fo r  developing s t a t i s t i ca l  models. 

Future act ivi ty  in th i s  area would include a .review of impu ta t ion  

procedures. For NASS an imputation procedure could be chosen such t h a t  
the bias i s  minimized, the covariance structure maintained and i s  c o s t  

effective. Software could be developed t o  create a "complete" data s e t  
t o  be used f o r  tabulation of accident s t a t i s t i c s .  Addit ional  w o r k  i n  
modification of s t a t i s t i ca l  methods t o  incorporate inore avai 1 a b l  e d a t a  
could also be undertaken. Modifications such as these will a 1  1 ow more 

of the available data t o  be used i n  the s t a t i s t i ca l  analysis. 
-- - 

83~ar i  G .  Koch, Peter B .  I m r ,  a n d  D o n a l d  k.. Rei n f u r t ,  ' L i n e a r  
;<lode1 ~ n a l y s i s  of Categorical D a t a  lnri t h  Inccnplete 2espons e ' l e c : ~ r s ,  " 
iliornetrics, 28 (Septei-nber 1972j, 663-692. 
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APPPENDIX A 
THE ALGORITHMS FOR CREATING THE NEWOAIS INJURY VARIABLES 

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

w r i t t e n  a t  NCSA. They a r e  d e s c r i b e d  i n  a memorandum f rom Sue  ? a r t y k a  a t  

NHTSA, d a t e d  March 1979 and e n t i t l e d  "Documentat ion f o r  Newoai s i n j u r y  

v a r i a b l e s . "  

The r e c c d e  i s  i n t ~ g $ r ,  

I f  ' IXJURY SE'/ERITY -PO?;CE' EQUALS 5 T:-iE'i ' :IEbJOAIS2 ' =O 
i ?  'INJURY SEVERITY -POLICE1 ElUALS i TIJEN 'NE:IOAiSZt=l 
I F  ' INJURY SEVERITY - P O L I C E 1  DOES NOT E Q U A L  5 O R  1 T H E 4  

' NEWOAI S2 ' =MI SSI NG 
IF ' NCSS CLASS' EQUALS 8 THEN ' NENOAI S2 '  =O 
IF ' NCSS CLASS' EQUALS(1-3) THEN ' NE\iOAIS2 ' = 1  
IF ' OIC1-AIS SEVERITY ' EQUALS(0-1) TaEN ' NEWOAIS2'=0 
IF 'OIC1-AIS SEVERITY' EQUALS(2-6) O R  'OIC2-AIS SEVERITY' EJUALS(2-6) 3R 

'OIC3-AIS SEVERITY ' EQUALS(2-6) THEN ' NEWOAI S2 ' =1 - 
I F  ' OAIS' EQUALS(0-1) THEN ' NEWOdIS2'=O 
IF 'OAIS' EQUALS(2-6) THEN ' NEWOAIS2'=1 

To c a l c u l a t e  NEWOAIS3: 

IF  ' INJURY SEVERITY -POLICEt EQUALS 5 THEN 'NEWOAIS3'=0 
IF  ' INJURY SEVERITY -POLICE1 EQUALS 1 THEN ' NEWOAIS3'=1 
I F  ' INJURY SEVERITY - P O L I C E f  DOES NOT E Q U A L  5 O R  1 THEN 

' NEWOAI S3 ' =MI SSI NG 
IF 'NCSS CLASS' EQUALS 8 THEN ' NEWOAIS3'=0 
IF 'NCSS CLASS' EQCALS(1-3) TFIE?i ' NE\\IOAIS3' =1 
IF  ' OICl-AIS SEVERITY' EQUALS(0-2) THEN 'NEWOAIS3' =O 
IF ' OIC1-AIS SEVERITY ' EQUALS(3-6) O R  'OIC2-AiS SE'JERITY ' EqUALS(3-6) 22 

I ?  ~ 1 ~ 3 - A I S  r SEVERIT'I ' EQUALS(3-6) T3EN ' NEkC4IS3 ' =1 
IF ' C A I  S '  EQUALS(0-2) T$E)I ' NEliOAIS3 ' SO 
I F  'OA;S1 EQUALS(3-6) ThEI ')lihOAIS3'=! 

To c a l c u l a t e  XEWOAIS4 : 

IF ' N O  OF DAYS IN HOSPITAL' EQUALS 0 THEN ' NE\v'OAIS4' =O 
IF ' N O  OF DAYS IN HOSPiTAL' DOES ?JOT EQUAL 0 TI-(EN ' :IE;~IOAIS.?' =1)1:3S:'iS 
IF ' IJJURY SEVERITY -POLICE' EQUALS 5 THEN ' NEWOAI S4 '=O 
IF  ' INJURY SEVERITY -POLICE1 EQUALS 1 THEN ' NEWOAIS4' =I 
IF  ' NCSS CLASS ' EQUALS 8 THEN ' NEWOAI S4 ' =O 
IF 'NCSS CLASS' EQUALS(1-3) THEN 'NEWOAIS4'=1 
IF  ' OIC1-AIS SEVERITY ' EQUALS(0-3) THEN ' NEWOAIS4' =O 
I F  ' OIC1-AIS SEVERITY ' EQUALS(4-6) OR ' OIC2-AIS SEVERITY ' iqUALS(4-6) O R  

'OIC3-AIS SEVERITY' EQUALS(4-6) THEN ' NEWOAIS4 ' = I  



I F  ' O A I S '  E Q U A L S ( 0 - 3 )  THEN ' NEWOAIS4'  =O 
I F  ' O A I S '  E Q U A L S ( 4 - 6 )  THEY ' NEWOAIS4'  =1 
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APPENDIX 8 
DATA STRUCTURE FOR VARIANCE COMPUTATIONS 

In order t o  ca lcu la te  the sampl ing variances f o r  NCSS s t a t i s t i c s  i t  

i s  necessary t o  create  a data s t r uc tu r e  t ha t  summarizes data by c l u s t e r  
a t  the appropriate sampling un i t ,  whether day o r  zccident. The c lus te r s  
a r e  defined by Ju l i an  dats. Each design group, excluding HSRI a n d  SaRI, 
used a di : ' f?r~nt systematic sample of days. This adds a compl e x i  t y  t o  

the problm since in=ornation i s  needed f o r  each s??cific des ign  g roup  
sample dzsign i n  o r d e r  t o  s e l e c t  t i l e  a p p r o p r i a t ?  J u l i a n  d a t e  t o  

represent the c lus t2 r  i n  the  dai-,? s t ruc tu re .  i t  i s  nece s sa ry  t o  haj/e 
each case,  represented by a pa r t i cu l a r  d2sig:i group a n d  J u l  i an d a t e ,  
contain the  t o t a l  of the variable of i n t a r e s t .  

The f i r s t  s tep in t h i s  task i s  the  creation of a da taset  i n which 
each case would represent a design g roup /Ju l i an  d a t e .  T h i s  d a t a s e t  
would have 4550 cases (10 f o r  the  number of design groups, 455 f o r  t h e  
number of days o n  the  f i r s t  f i f t e e n  months of the study).  

A se r i es  of variables then need t o  be c r e a t e d .  A d e s i g n  g roup  
variable,  numbered 1-10, i s  created by coding t h e  f i r s t  455 cases a s  1 ,  

t he  second 455 as 2 ,  etc.  A yea r  var iable  i  s  c r e a t e d  by c o d i n g  t h e  
f i r s t  365 days f o r  each design group as 7, the  l a s t  90 d a y s  a s  8 ( f o r  
1977 and 1978). Similarly,  a  month variable was c r e a t e d  w i t h i n  each  
design group year combination. F i r s t  the  days ordinalized w i t h i n  each  
design g roup  year and t h2n  f o r  each year  t h e  f i r s t  31 days wero coded 1, 

the  second 28 days 2 ,  the  next 31 days 3 ,  etc.  

Yext within each design-group-year-month combi natiion t ! ~ ?  days de ~2 

cluiilbered i n  sequence. Thus a dataset  i s  creazed c h a t  i d e n t i f i e d  f o r  

each design group, every Jul ian  date  in the  f i f t e en  month pe r i od .  Two 
aesign groups were dropped from the  dataset .  They were the  teams t h a t  

sampled by accident ra ther  than by day: HSRi and SWRI. 

Two indicator  variables were created,  one t o  indicats  a a p r o p r i a t e  

days within each design group f o r  the  252 systematic sample of days, the  
other t o  indicate  appropriate days for the  10% s y s t e n a t i  c  sampl a o f  

days. Each was coded w i t h  the  appropriate design group number ( 1 - 1 0 )  
for days on which the sample was drawn, and w i t h  O f o r  days on which the 
sample was not supposed t o  be drawn. For the  25% sample indicator  every 



fourth day from the  design-group's s t a r t i n g  day was coded  w i t h  t h e  

number of the  design-group. For t he  10% sample i nd i ca to r  e v e r y  t e n t h  
day from the  s t a r t i ng  day was coded. 

Two ID variables were created,  one f o r  the  25% stratum and one f o r  

the  10% stratum. A l i n ea r  combination of the indicator  variable (coded  

with the  number of the d2sign group), the year ,  the l n o n t h  and t h e  day 
i den t i f i e s  each cl i ls ter .  By recodi rlg csan t o  3 s j r i i l a r  ",n-leliel design 
ilroup and foming t i le  same l i nea r  combination the s a n e  v a r i a b l e s  a r e  

created i n  one of the original  datasets  (accident ,  vehicle or occuoant). 
!lihen the  cases i n  the original dataset  are  res t r i c ted  t o  t i l e  ap;ropriate 
sampling stratum (using a  f i l t e r )  inatches 3r-3 {nade bet'y~e?: ",?e o r i q i  n a l  

da taset  and the sample day dataset .  This matching p r o v i d e s  a way t o  

count the overall number of accidents,  vehicles o r  occc ;pan t s  o n  e ach  
appropriate design-group-day. Counts  c o u l d  a1 s o  be nade  = o r  any 
category of i n t e r e s t ,  e.g. rural accidents, bel ted  o c c u p a n t s .  These  

-- 

counts were then writ ten i n t o  two permanent da t a f i l e s  one f o r  t h z  257: 

sample, one f o r  the  10% sample. This was done by writing them o u t  w i t h  

a  f i l t e r  from the  f i l e  i n i t i a l l y  c r e a t e d .  The f i l t e r  was t h e  non- 

missing cases on the  25% or the  101 i nd i ca to r  v a r i a b l e .  Thus ,  days  '+ 
where the  count was zero f o r  a  va r i ab l e  of i n t e r e s t  would s t i  11 be 

included in the  dataset .  

An  analogous data s t ruc tu re  was created f o r  t h e  two teams  t h a t  

sampled accidents rat ' ler  than days. For these t w o  teams veh i  c l  e s  and 
occupants are  clustered by acc iden~ .  A sample d a t a s e t  " S A 4 1 P L E 2 "  wzs 

c r ~ a t e d  by 2aking the Team, year ,  zonth, day and sequence numbers f r s  ( I  

the accident f i l e  f o r  the two teams. The variable iqdicatinq s a ~ a i  i 15 

stratum was also included. A l i n ea r  combirlation of team, y e a r ,  ;13nYi,  

day nand sequence number was created as an ID v a r i a b l e  i n  t h e  sample  

dataset  and in the  vehicle and occupant f i l e s .  C o u ~ t s  were  g b t a i  ned 

using the same matching procedure, taking care once agai n ' ,g  r g s t r i  c t  
cases in the  original dataset  t o  the  appropriate saryl ing s t r i i t ~ n .  

Once again the  counts were writ ten o u t  in to  two permanent datasets .  

This writ ing was done w i t h  a  f i l t e r  i n  t h e  sample  d a t a s e t  f o r  t h e  
sampling stratum so t ha t  only appropriate accidents would be included i n  

t he  count. 



I t  wa5 now possible t o  obtain counts and s t a t i s t i c s  by design group 

a t  the original  level or a t  the  c l u s t e r  l e v e l  f o r  a n y  v a r i a b l e  of 

in te res t .  These were four c l u s t e r  datasets :  
1) The eight  design groups a t  the  25% level .  
2 )  The eight  design groups a t  the  10% level .  
3 )  HSRI and SWRI a t  the  25% level .  
4 )  HSRI and SWRI a t  the 10:; level .  

Thes2 datasets  cotild be ils~?d t o  ca lcula te  means, t o t a l s ,  va r iances  

and covariances a t  the  c l u s t e r  level f o r  any variable by desi g n  ; r s i ip .  

The numbers so produced could be used t o  ca lcu la te  t h e  des'gn e f fec t s .  
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APPENDIX C 
VARIANCES AND DESIGN EFFECTS FOH SELECTED DESIGN GROUP STATISTICS 

Note: the f igures  in t he  tables presented i n  t h e  f o r m  ".00360 - 3 "  a r e  - 
equivalent t o  ".00360 x 

TABLE 1 

Proportions and 'idri anc2s a t  the Cl~s:?r '-we1 
Accident S t a t i s t i c s  

-------------------------------------------------------------------- 
I I Estimatzd I i s t i3a ' ?d  

S t a t i s t i c  1 Design Group I ?rcbaSi l i t y  1 Variance 
---------------t------------------t-----------------+--------------- 

Rural I Calspan I . I 8 8 1  1 1 .45696 -3 
I HSRI I ,43414 I ,60080 -3 
I Ind. A I .53191 1 ,59220 -3 
I Ind. B I ,67108 1 . la558 -2 
I Kent. A 1 ,61311 1 ,26009 -2 
I Kent. B I ,78762 1 ,14289 -2 
I Kent. C I ,20432 1 ,51872 -3 
I Mi ami I .OOOOO I none 
I SSdR I I . I5607 1 .11250 -3  , 

I DynSci I ,00695 1 -15884 -4 
RushHour I Cal span I .28926 1 ,35035 -3 

I HSRI I .32077 1 .56360 - 3  
I Ind. A I .33865 1 -74008 -3 
I Ind. B I ,32893 1 ,17175 -2 
I Kent. A I ,39741 1 , 1 9 5 6 4 0 2  
I Kent. B I .77671 1 ,47997 -2 
I Kent. C I .31063 1 . l o 1 0 3  -2 
I l i  arni I .329 51 1 .28734 -3 
I ShR I I .32002 1 .22940 -3 
I DynSci I ,32506 i ,54152 - 3  

Dry Road 1 Calspan I ,42552 1 .2C958 - 2  
I HSRI I .51723 1 .63090 -3 
I I nd .  A I .52067 1 ,25299 -2 
I I n d .  B I ,57349 i .23678 - 2  
I Kent. A I .SO761 1 ,70669 -2  
I Kent. B I ,53393 1 .44239 -2 
I Kent. C I ,61574 1 , 2 3 9 1 5 - 2  
I :li ami 1 .76201 1 .29191 -2  
I SWR I I .80514 1 .I6320 -3 
I CynSci I .8?445 1 ,79353 -3 .................................................................... 



TABLE 2 

Back CDC 

Intruded 

Proportions and Variances a t  the  Cluster  Level 
Vehicle S t a t i s t i c s  

-------------------------------------------------------------------- 
I I Estimated I Estimated 

S t a t i s t i c  I DesignGroup I Probability 1 Variance 
"""----""-f------------------A-----------------+--------------- 

Front C D C  I Calspan I ,56496 1 .2828? -3 
I fiS21 I .SO752 1 ,39490 -3 
I i na .  4 I ,60863 1 ,46035 -3 
I Ind. 2 I I .49020 I .'33004 -2 
I Kent. A I .10560 1 ,20959 -2 
1 
I Ken:. 2 I .45635 1 .23703 -2 
I Kent. C I I .5439 7 1 ,8757: -3 
I Mi ami I .40634 1 ,20048 -3 
I SkR I I ,55576 1 ,07030 -3 
I DynSci I ,38770 1 .433i59 -3 

R i g h t  C D C  I Ca 1 span 1 .96884-1 1 .88435-4 
I HSRI I ,02462 1 .20304 -3 
I Ind. A I .00960 I ,07652 -3 
I Ind. B I .04897 1 ,40849 -3 
I Kent. A I 79028 -1 1 ,46039 -3 
I 

I Kmt. 8 I .go638 -1 1 ,30756 -3 
I Kent. C I ,00559 1 .30422 -3 
I M i  ami I .00096 1 -84078 -4 
I SIR I I • 02020 1 .79905 -4 
I DynSci I .80000 -1 1 ,02498 -3 
I Calspan I ,50763 -1 1 ,00098 -3 
I H SR I I .32699 -1 1 .55395 -4 
I Ind. A I ,36202 -1 1 .00628 -3 
I Ind. B I ,57225 -1 1 ,00377 -2 
I Kent. A I ,40977 -1 1 ,24335 -3 
I Kent, B I ,38204 -1 ,25454 -3 
I Kent. C I ,56209 -i 1 ,03227 -3 
I Yi ami I ,37935 -1 1 .35300 -4 
I 
I SWRI I ,40330 -1 ,30524 -4 
I 3y nSci I -55769 -1 1 ,37392 -4 
I Calspan I ,20434 1 ,05062 -3 
I YSRI I .23044 1 ,27455 -3 
I Ind. A I ,29298 1 ,37420 -3 
I Ind. 3 I ,32773 I ,02350 -2 
I Kent. A I .2C073 1 .GC275 -2  
I Kent. B I .27584 1 .03752 -2 
I Kent. C I . (28495 i .32595-3 
I Xi ami I . '30209 1 72'326 -4 
I SWR I I .2'3078 1 .99766 -4 
I DynSci I .00346 1 ,00503-3 .................................................................... 



TABLE 2 (CONTINUED) 

I I Estimated I Es t ima~ed 
S t a t i s t i c  1 Design Group I Probabil i t y  I Variance 

------------------+------------------+-----------------+--------------- 
Not Intruded I Calspan ! .68704 1 .25036 -3 

I HSRI I ,66892 1 .40976 -3  
I Ind.  A I ,66386 1 .35527 -3 
I I Ind. B I ,63788 1 .03660 -2 
I Kznt. A I .53269 1 ,29605 -2 

Kent. B I ,50033 I i .2CC96-2 
I K2nt.  C I ,73660 1 ,77829 -3 
I Yi ami I .58709 I ,34003 -3 
I SWR I I ,66545 i ,06532 - 3  
I DynSci I .50607 1 ,50603 -3 

LowDeltaV I Cal s ?an I .25034 1 ,35248 -3 
I HS2I I .25000 1 , 5 2 6 4 0 - 3  
I Ind. A I ,25933 1 -68450 -3 
I Ind. B I ,24980 1 ,02247 -2 
I Kent. A I .20070 1 ,02550 -2 
I Kent. B I .08023 1 ,00383 -2 
I Kent. C I ,38395 1 ,98029 -3 
I l Y i  ami I ,05873 1 ,20297 -3 
I SWR I I ,29360 1 , 2 2 9 5 4 - 3  
I DynSci I .04605 1 ,20336 -3  

High Delta \I I Calspan I ,29304 1 ,27859 -3 
I HSR I I ,08502 1 .30409 -3 
I Ind .  A I .38734 1 ,66864 -3 
I Ind. B I .33384 1 ,05029 -2 
I Kent. A I ,20463 1 ,00572 -2 
I Kent. B I .082 32 1 .02268 -2 
I Kent. C I .08802 1 ,54200 -3 
I :li ami I ,04007 I ,00898 -3 
I SNR I I ,26070 1 ,07499 -3 
I DynSci I .05423 1 ,20535 -3 

Yit a Car I Ca l span  I ,53993 ( .42982 -3  
I HSRI I ,47532 1 .60577 - 2  
I 
I Ind. A I ,45575 1 . 5 8 2 7 5 - 3  
i l n d .  3 I .40439 1 ,27475 -2  
1 Kent. A I ,45560 1 .09030 -2  
I Kent. B I ,33080 1 .07007 -2 I 

I Kent. C I ,59066 1 ,39294 -3 
I Mi ami I ,57830 1 ,25295 -3 
I SWRI I . 5 7 2 6 2  1 ,23449 -3 
I 3ynSci ,53654 1 .42523 -3 4 



TABLE 3 

Propor t ions  and Variants a t  t h e  C l u s t e r  ? w e 1  
Occupant S t a t i s t i c s  

-- - - - ------------------------------------------------------------------ 
I I Es t imated I Es t imated 

S t a t i s t i c  1 Des ignGroup  I P r o b a b i l i t y  I ' i a r i ance  
,----,---,-,,,-,,,-CCCCC------CCC-C---C-------------~------------- 

Aged 1 5  8 J n d e r  1 Calspan i ,12947 I . i ? 0 5 0  -3  
I HSRI 1 ,13503 1 ,29898 -3  
I Ind. A 1 ,207119 1 .38462 -3 
I Ind. B I , l 6 3 7 2  1 .72i?79 -3 I 

I Kent. A 1 ,13546 I .152692 -3  
I Xent. B 1 . I 7325  1 ,62631: -3 
1 Kent. C 1 , 16472 1 ,59061 -3  
I Mi ami 1 ,93454 -1 1 ,71790 -4 
I SWR I 1 . I 8690  1 . I 1175  -3 
I DynSci 1 ,84374 -1 1 ,20452 -3 

Aged 17 t o  30 1 Calspan 1 ,52055 1 ,33537 -3 
I HSRI 1 ,56563 1 .55651 -3 
I Ind. A 1 ,50389 1 ,67464 -3  
I Ind. B 1 ,54231 1 . I 4782  - 2  
I Kent. A 1 ,51423 1 .72747 -3  
I Kent. B 1 ,52843 1 ,20176 - 2  
I Kent. C 1 .53355 1 ,81057 -3 
I Mi ami  1 ,42785 1 ,17598 -3 
I SWRI 1 ,50475 1 ,19077 -3 
I DynSci 1 ,48352 1 , 41255  -3 

Aged 31 T O  45 1 Calspan 1 ,14942 1 ,13899 -3 
I HSR I 1 . I 2921  1 ,15816 -3 
1 Ind. A 1 . I 0 0 7 8  1 . I 6075  -3  
I Ind. B 1 . I 3099  1 .35020 -3  
I Xent. A 1 ,14173 1 .37366 -3  
I Kent. B 1 ,11947 1 .36842 -3 
I Kznt. C 1 ,15501 1 , 19871  -3 
I >4i ami i ,20312 i . l o 7 1 1  -3  
I SCljR I 1 .;4287 r r 7 Q  ] .03,,0 -4 
I DynSci 1 .!9321 1 ,23546 -3 

4yed 46 h 3ver  1 Calspan 1 ,18202 1 ,15569 -3 
I HS2 I 1 ,14290 1 .26384 -3 
I : nd .  A i ,17139 1 .27421 -3  
1 Ind .  B 1 ,14169 1 ,55056 -3 
I K e n t . A  I .13069 I .7020C -3 
1 Kent. B 1 . I 7 3 8 3  1 ,13614 -2 
I Lent. C 1 ,14359 1 ,35838 -3 
I Mi ami 1 ,26362 1 .:9279 -3 
I SWRI 1 . I 5035  1 . a1733 -4 
I DynSci 1 . I 5377  1 ,23457 -3 .................................................................. 



TABLE 3 (CONTINUED) 

I I Est imated  I Es t imated 
S t a t i s t i c  I Design Group 1 P r o b a b i l i t y  j Var iance 

Be l ted  

-------------------+------------------f-----------------A--------------- 

llnbel t e d  I Calspan 1 .77423 1 ,32791 -3 
I HSR I I .69022 1 ,40267 -3 
I Ind.  A I ,83250 1 .42691 -3 
I Ind.  B I .85118 1 ,34652 -3  I 

I Kent. A I .69021 1 .10G86 -2 
1 Kent. 3 I ,79328 1 ,20229 -2 
I Kent. C I ,30475 1 ,52526 -3  I 

I i4i ani  I .7 1043 1 ,53492 -3 1 

I SXR; I .76129 1 , 1 5 3 4 4 - 3  
I DynSci I .50C51 I ,43113 -3 
I Calspan I ,10448 1 ,89736 -4 I 

I HSR I I . l o235  I . I5329 -3 
I Ind. A I ,44333 -1 1 . I3573  -3 
I Ind. 5 I ,30582 -1 1 . I2141  -3 
I Kent. A I .30032 -1 1 ,13750 -3 
I Kent. B I ,35398 -1 1 .24275 -3 
I Kent. C I .69941 -1 1 . I7706 -3 
I M i  ami I .27637 -1 I ,24831 -4 
I ShR I I ,87749 -1 1 .51717 -4 
I Dy nSci I .82127 -1 1 ,13084 -3 

With OAIS 0-2 1 Calspan I .86746 1 ,94289 -4 
I HSR I I .75115 1 ,27069 -3 
I Ind. A I ,86106 1 . I9214  -3 
I Ind. B I .81091 1 ,49249 -3 
I Kent. A I .92150 1 .25981 -3  
I Kent. B I ,92984 1 ,12569 -3 
I Kent. C I ,90294 1 ,17445 -3 
I Ni arni I .74877 1 ,15602 -3 I 

I S PIR I I .809 58 1 e83581 -4 
I DynSci i ,56590 i ,41393 - 3  

Y i t h  OAIS 3-5 1 Cal span  I .30248 -1 1 -66904 -5 
I HSRI .34057 -1 I , 42134 -5  
I I q d .  A j ,34735 -1 1 ,37509 - 5  
i I n d .  B I ,74414 -1 1 .376GO -4 
I 
I Kent. A I ,46364 -1 i .67395 -4 
I Kent. 3 I ,39189 -1 1 .29258 -4 
I Kent. C I ,26834 -1 i ,62265 -5 
I Mi arni I ,15147 -1 1 . I6575  -5 
I S tliR I I , 3 2 5 0 1 - 1  , 4 2 4 0 2 - 5  
I DynSci I ,15727 -1 i ,34794 - 5  ------------------------------------------------------------------------ 



TABLE 4 

Des ign E f f e c t s  
Acc iden t  S t a t i s t i c s  

........................................................................ 
S t a t i s t i c  I Des ign Group I Des ign E f f e c t  

- - - - - - - - - - - - - - - - - - - - -+- - - - - - - - - - - - - - - - - - - - - - - -&-- - - - - - - - - - - - - - - - - - - - - - - -  

Rura l  I Calspan 
I 1 , -  

I 2.3724 
I 7 LR I I 1.50'83 
I I nd .  A I 1. J?03 
I I ind .  B I 3.3155 
1 Kent. A I 2.4993 
I Kent. 3 , 1.420; 1 

!' 
I ,ent. C I ,35353 
I *~1i mi , none 
I SWRi I 1.0178 
I DynSci I 1.8870 

Rush Hour I Calsaan I 1.7177 
I HSR I I 1.7951 
1 Ind.  A I 2.0445 
1 Ind.  B 1 2.5630 
I Kent. A I 1.9823 
I Kent. B I 4.1379 
I Kent. C I ! ,8391 
I M i  ami I 1.4856 
I SWR I I 1.8373 
I DynSci I 1.5748 

Dry Road I Calspan I 7.9128 
I HSRI I 1.7835 
I Ind. A I 6.4672 
I Ind .  B I 3.9439 
I Kent. A I 6.5497 
I Kent. B I 3.3611 
I Kent. C i 3.7483 
I N i  am i  I ?:.I42 I 

I SWR I I :.7334 
I DynSci I 4 ,  J204 ............................................... ------------- ----- - -  -- --- 



TABLE 5 

Design E f f e c t s  
Vehicle  S t a t i s t i c s  

S t a t i s t i c  I Design Group i Design Effect 

Front  C D C  Ca 1 span 
i i S ? I  

Zigh t  C D C  

Back CDC 

: n t  ruded 

1 I n d .  A I 1.1441 
I I Ind. B I 1.9619 
1 Kent. A I 2.3791 
I Kent. B 1 ! .31C6 
I Kent. C 1 1.6521 I 

I ;Vli ami I 1.2759 
I ShRI I 1.4695 
I DynSci I 1.4038 
I Calspan I 1.0601 
I HSRI I 1.5415 
I Ind. A I 1.1553 
I Ind. B I 1,2784 
I Kent. A I 1.7058 
1 Kent. B 1 .  1.9054 
I 
I Kent. C I 1.2147 
I Mi ami  I 1 .3321 
I SWRI I 1.5836 
I DynSci I 1.2181 
I Calspan I 3.2497 
I HSRI I 1.4389 
I Ind. A I 2.4511 
I Ind .  B I 11.296 
I Kent. A I 1.5191 
I Kent. B I 1.6050 
I Kent. C i 1.5070 
I Mi ami I 1.2564 
I S!s!R I ! 1 .a362 I 

I 3ynSci I 1.5373 
I Calspan I ,83504 
I 3 SR I I ,97994 
I Ind. A I 1.1274 I 

I Ind. B I 1.8967 
I Kent. A I 1.1594 
I Kent. B I 1.2275 
I I Kent. C I ,78500 
I :li ami I ,30151 
I SlvR I I .93514 
I DynSci I .58353 ------------------------------------------------------------------------ 



TABLE 5 (CONTINUED) 

S t a t i s t i c  I Design Group I Design E f f e c t  

Low D e l t a  'J 

----------------------f------------------------+----------------------- 

Not I n t r u d e d  I Calspan I 1.3074 
I HSRI I 1.4145 
I Ind. A I 1.0624 
I Ind. B I 2.0222 
i Kent. A I 2.3250 
I Kent .  8 I 1.9536 
I Kent. C I 1.4357 
I Mi ami 1 2.1131 
I S11R I I 1.4133 
I 9ynSci i 1.6271 
I Calspan I 2.6397 I 

1 YSRI I 2,8859 
I Ind. A I 3.7619 
I Ind. B I 3.6822 
I Kent. A I 2.6066 
I Kent. 3 I 1.7547 
1 Kent. C I 2.1852 
I Mi arni 1 2.5214 
I SWRI I 3.1064 
I DynSci I 1.4236 

High D e l t a  V I Calspan I 1.4216 
I HSRI I 1.2731 

Hi t  a Car 

I Ind. A I 1.9957 
I Ind. B I 2.2892 
I Kent. A I 1.4862 
I Kent. B I 1.1889 
I Kent. C I 1.1670 
I Mi arni I .99316 
I S\iR I I 1.5977 
I Dyr~Sci I ,93367 
I Calspan I 2.1497 
I H SR I 1 2.0773 
I Ind. A 1 1 ,7907 
I 
I lnd.  B I 4.3611 
I Kent. A 1 2.2558 
I Kent. 3 ! 1.6384 
i Kent. C I 1 .a652 
I Mi a m i  i 1.6235 
I SNR I I 2.01:7 
I DynSci 1 1.4218 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - -  



TABLE 6 

Design E f f e c t s  
Occupant S t a t i s t i c s  

........................................................................ 
S t a t i s t i c  I 

I Design Group I Design E f f e c t  
- - - - - - - - - - - - - - - - - - - - - - - - - t - - - - - - - - - - - - - - - - - - - - - - A - - - - - - - - - - - - - - - - - - - - - - -  

A g ~ d  15 3 Under 1 Calspan I 3 ,3396 
I il SR 1 I 3.1142 
I 
I I n d .  A I 3.1525 
! I n d .  B I 2.9402 
I Yent. A I 2.0505 
I den t .  3 I 1 .5561 
I Kent. C I 3.7724 
I +1i ami I 1.8446 
I SWRI I 2.6752 
I DynSci I 2.9318 

Aged 17 t o  30 I Calspan I 2.7694 
I HSRI I 3.0095 
1 Ind. A I 3.3495 
I Ind.  B I 3.7509 
I Kent. A I 1.5443 
I Kent. B I 3.2519 
I Kent. C I 2.5227 
I Mi ami  I 1.8532 
I SkRI I 2.8326 
I DynSci I 2,0818 

Aged 31 t o  45  I 

I Calspan 1 2.2937 
I HSRI I 1.8679 
I Ind. A I 1.8264 
I Ind. B I 1,9743 
1 Kent. A I 1.7674 
1 Kent. B I 1.2141 
1 Yent. C I 1 .I330 
I :,l i ani  I 1.7057 
I S ldR I I 2.0635 
i DynSci I 1.9856 

Aged 46 & Over I I Calspan 1 2.2864 
I iiSRI I 2.8059 
I Ind. A I 2.4039 
I Ind. B I 2.8174 
I Kent. A I 3.1268 
I Ksnt. 3 I 3.4248 
I Ken-c. C i 2,0969 
I Ni ami I 2.4131 
I SWR I I 2,1814 
I DynSci I 2.3434 ------------------------------------------------------------------------ 



TABLE 6 (CONTINUED) 

...................................................................... 
S t a t i s t i c  I Design Group I Oes i gn E f f e c t  

I 

I 
I 
I 
I 
I 
I 
I 
I 

With OAIS 0-2 i 
I 
I 
I 
I 
I 
I 
I 
I 
I 

X i t h  CAIS 3-6 I 
I 
i 
I 
I 
i 
i 
I 
I 
I ........................... 

Cal span 
HSR I 
Ind.  A 
Ind. B 
K2nt .  A 
Kent. 6 
Ken t .  C 
:,li ami 
SSiR I  
9ynSci 
Caispan 
I4SRI 
Ind. A 
Ind. B 
Kent. A 
Kent. B 
Kent. C 
Mi ami 
S'dR I 
GynSci 
Calspan I 1 ,0548 
HSRI I 1.5223 
Ind. A I 1 .I472 
Ind. B I 1.3348 
Kent. A I ,85297 
Kent. B I ,31328 
Kent. C I ,90068 
M i  arni 
SWR I 
DynSci I 2 .1221 
Calspan I ,13530 
HSRI I .48531 
Ind. A I .6537! 
:nd. B I , 2 9 3 7 8  
Kent. A I , 2 6 5 7 7  
Kent. B i ,37355 
Kent. !: I .51434 
Mi ami I .7809! 
SWRI I . I5485 
OynSci I . l o 7 1 2  

I - - - - - - - - - - - - - - - - - - - - - - - - -  - - .--- - -  - - -  




