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Preface 

T h i s  is  Volume V (Executive Summary) of the f i n a l  repor t  on 

Contract  FH-11-7293, "Acquisition of Information on Exposure and 

on Non-Fatal Crashes." 

I t  p r e sen t s  ba s i c  concepts of d r iv ing  exposure and accident-  

data  inaccurac ies ,  and summarizes the most important f i nd ings  of 

the  t h r ee  phases of the  s t u d y  (See Volumes I ,  11, and 111) .  

The t o t a l  r epo r t  i s  probably t he  f i r s t  comprehensive at tempt 

t o  analyze the  needs f o r  c o l l e c t i o n  of exposure data  on a  l a rge  

s c a l e ,  and t o  show the  r e l a t i o n s h i p  between exposure da t a  and 

accident  data  i n  t he  ca l cu l a t i on  of accident  r a t e s .  In t h i s  con- 

t e x t ,  the  recommendations a r e  of fundamental importance i n  fu tu re  

eva lua t ions  of highway sa fe ty  countermeasures. 

A major purpose of t h i s  Executive Summary, t he re fo re ,  i s  t o  

provide a  concise document f o r  use i n  pol icy  dec i s ions  regarding 

fu tu re  implementation of exposure surveys,  and programs t o  s tan-  

dardize  the  q u a l i t y  of accident  da t a .  
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SECTION 1 

INTRODUCTION 

T h i s  volume p r e s e n t s  a  summary of the  t a s k s  and r e s u l t s  i n  

a l l  t h r e e  phases of Contrac t  FH-11-7293, "Acquis i t ion  of In fo r -  

mation on Exposure and on Non-Fatal Crashes."  I t s  major purpose 

is t o  provide a  concise  document f o r  use i n  po l i cy  d e c i s i o n s  

regard ing  f u t u r e  implementation of exposure su rveys ,  and programs 

t o  s t anda rd i ze  t he  q u a l i t y  of aggregate  a cc iden t  d a t a .  

OBJECT1 VES 

A s  s t a t e d  i n  t h e  c o n t r a c t ,  t h e  o b j e c t i v e s  of t h e  s tudy a r e :  

To forumlate  a l o g i c a l  s t r u c t u r e  and methodology t o  
a i d  i n  t he  o rde r l y  a c q u i s i t i o n  of exposure d a t a .  
To develop sampling t echn iques  and procedures f o r  
ob t a in ing  mileage of t r a v e l  on d i f f e r e n t  c l a s s e s  of 
highways, w i t h  d i f f e r i n g  t r a f f i c  c h a r a c t e r i s t i c s ,  f o r  
s i g n i f i c a n t  dr iver-vehic le-combinat ions .  
To develop procedures  f o r  ob t a in ing  r e l i a b l e  e s t i m a t e s  
of numbers and types  of p roper ty  damage and persona l  
i n j u r y  c rashes  and t h e  a s s o c i a t e d  damage and i n j u r i e s .  

A g ene ra l  aim i n  c o l l e c t i n g  r e l i a b l e  exposure da t a  and r e l i a b l e  

acc iden t  d a t a  i s  t o  permit  the  c a l c u l a t i o n  of v a l i d  a cc iden t  r a t e s  

( a c c i d e n t s  pe r  veh i c l e  mi le )  w i t h  acc iden t  occurrence frequency i n  

t h e  numerator and a  corresponding exposure measure (mileage) i n  

t h e  denominator.  Corresponding s e t s  of a cc iden t  d a t a  and exposure 

da ta  a r e  most u s e f u l  when c l a s s i f i e d  according t o  va r ious  d r i v e r -  

vehicle-road-environment combinations.  In t h i s  way, meaningful 

comparisons may be made between d i f f e r e n t  e lements  of t h e  highway 

t r a n s p o r t a t i o n  system, thereby providing e v a l u a t i o n s  of t h e  e f f e c t -  

iveness  of highway s a f e t y  countermeasures.  The r e s u l t s  of t h i s  

s tudy a r e  in tended t o  c r e a t e  a  b a s i s  f o r  f u t u r e  eva lua t i on  programs. 

ORGANIZATION 

T h i s  volume i s  the  Executive Summary of a  five-volume f i n a l  



r e p o r t .  The l i s t i n g  below i n d i c a t e s  the  volume numbers and t i t l e s ,  

and where app rop r i a t e ,  the corresponding phases of the con t rac t  

Statement of Work (Appendix A ) .  

Volume I  - Exposure Survey Considerat ions 

(Phase I - Ekposure Information) 

Volume I 1  - Accident Data Inaccuracies  

(Phase I 1  - Information on Non-Fatal Crashes) 

Volume I11 - Procedures f o r  an Exposure Survey 

(Phase 111 - Driving Exposure Survey) 

Volume IV - Appendices 

Volume V - Executive Summary 

The th ree  main s e c t i o n s  which fol low summarize the  r e s u l t s  of 

volumes I ,  11, and 111, r e spec t ive ly .  



SECTION 2 

EXPOSURE SURVEY CONSIDERATIONS 

T h i s  s ec t i on  summarizes the  r e s u l t s  of' Phase I  (Exposure In- 

format ion) ,  a s  d e t a i l e d  i n  Volume I .  

EXPOSURE CLASSIFICATIONS 

The requirement of t h i s  t a sk  is t o  "determine the  p r inc ipa l  

c l a s s e s  of d r i v e r s  and veh ic les  and environments f o r  which exposure 

measurements a r e  needed." The c l a s s e s  may be charac te r ized  by 

va r i ab l e s  such a s  d r i v e r  age, vehic le  type and road type,  and com- 

b ina t ions  t he reo f .  The c l a s s e s  a r e  required t o  be " r e l a t i v e l y  

homogeneous w i t h  respect  t o  re levan t  exposure f a c t o r s , "  amenable t o  

sampling procedures, and "useful f o r  s tudying the  impact of s a f e ty  

countermeasures. 

T h i s  t a sk  is  the  key task  i n  the  exposure study.  I t s  r e s u l t s  

def ine  the  required content  of f u t u r e  exposure data records ,  and 

they determine f e a s i b l e  a l t e r n a t i v e s  f o r  data  c o l l e c t i o n  i n  l a t e r  

t a s k s .  

The approach was t o  perform two consecutive exposure surveys,  

and t o  analyze t h e i r  data i n  terms of the  va r i ab l e s  which a r e  bes t  

p r e d i c t o r s  of exposure. The f i r s t  survey had a  small sample (448) ,  

b u t  i t  had a  l a rge  number of p o t e n t i a l  "predic tor"  va r i ab l e s  a s  

candidates f o r  the  d e f i n i t i o n  of unique exposure c l a s s e s .  The 

second survey had a  very l a rge  sample s i z e  ( B O O O ) ,  b u t  i t  had a  

g r e a t l y  reduced number of p o t e n t i a l  p r ed i c to r  va r i ab l e s .  (Many of 

the  va r i ab l e s  of t h e  f i r s t  survey were e l imina ted  because a n a l y s i s  

showed they were not good p r e d i c t o r s  of exposure) .  

Both surveys were conducted by personal  in terviews of l i censed  

d r i v e r s  i n  l i c ens ing  o f f i c e s .  The f i r s t  was done i n  one o f f i c e ,  

and the second was done i n  37 o f f i c e s  d i s t r i b u t e d  throughout the  

country.  Drivers were asked f o r  es t imates  of mileage driven i n  

the l a s t  30 days, and f o r  information on themselves, t h e i r  veh i c l e ,  

and t h e i r  d r iv ing  p a t t e r n s .  



Data a n a l y s i s  was performed by means of a  computer program 

(AID - Automatic  I n t e r a c t i o n  D e t e c t o r )  which d i v i d e s  d a t a  samples  

i n t o  s m a l l e r  g r o u p s  by p i c k i n g  t h e  b e s t  p r e d i c t o r  v a r i a b l e  on t h e  

b a s i s  of  minimum v a r i a n c e .  S u c c e s s i v e  a n a l y s e s  of t h e  s m a l l e r  

g roups  l e a d s  t o  a  h i e r a r c h y  of b e s t  p r e d i c t o r  v a r i a b l e s ,  a s  i l l u -  

s t r a t e d  i n  F igu re  1. 

T h i s  f i g u r e  i d e n t i f i e s  f o u r  v a r i a b l e s  which de t e rmine  b e s t  

s p l i t t i n g  of sample g r o u p s :  Dr ive  on Job?,  D r i v e r  Sex, Type of 

Veh ic l e  Dr iven ,  and P e r c e n t  Dr iv ing  on Local  S t r e e t s .  The boxes 

i n d i c a t e  group  s i z e  N ,  mean m i l e s  y ,  and v a r i a b l e  l e v e l s  which 

d e f i n e  one p a r t  of a  two-way group  s p l i t .  

The f i r s t  v a r i a b l e ,  Dr ive  on Job? ,  does  n o t  co r r e spond  t o  any 

i t em of d a t a  on most a c c i d e n t  r e p o r t s .  T h e r e f o r e ,  i t  cannot  be 

used  t o  de t e rmine  a c c i d e n t  r a t e s  i n  t h e  n e a r  f u t u r e .  However, 

Type of  Veh ic l e  Dr iven  s e r v e s  a s  a  good s u b s t i t u t e  f o r  Dr ive  on 

Job? because of t h e i r  s t r o n g  c o r r e l a t i o n .  But i n  t h e  f u t u r e ,  a  - 
Drive  on Job  v a r i a b l e  s h o u l d  be c o n s i d e r e d  f o r  i n c l u s i o n  i n  a c c i -  

d e n t  r e p o r t s .  

F u r t h e r  AID r u n s  u s i n g  l o g a r i t h m  of miles and number of a c c i -  

d e n t s  a s  dependent  v a r i a b l e s  produced t h r e e  more recommended p r e -  

d i c t o r  v a r i a b l e s :  D r i v e r  Age, Model Y e w  of Veh ic l e ,  and P e r c e n t  

Dr iv ing  a t  N igh t .  

O t h e r  v a r i a b l e s  no t  s e l e c t e d  a f t e r  t h e  second su rvey  were:  

number of v e h i c l e s  d r i v e n ,  v e h i c l e  u s e ,  d r i v e r ' s  knowledge of 

e n g i n e ,  e d u c a t i o n ,  income, c a r  s i z e  and make, u r b a n i z a t i o n  i n d e x ,  

socio-economic index ,  a r e a  p o p u l a t i o n ,  and p e r c e n t a g e s  of d r i v i n g  

on f r eeways ,  r u r a l  r o a d s ,  and wet r o a d s .  

F i g u r e  2 p r e s e n t s  a  c h a r t  of 26 unique  exposu re  c l a s s e s  based  

on t h e  s i x  s e l e c t e d  v a r i a b l e s :  

Vehic le  Type (Pas senge r  Cars  and Small  T rucks  
v s .  Other  Vehic le  Types)  

D r i v e r  Sex (Male v s .  Female) 
Road Type (Loca l  S t r e e t s  v s .  O t h e r  Road Types)  
L igh t  Cond i t i on  (Day v s .  N igh t )  



FIGURE 1 Basic AID Char t  from P i l o t  Su rvey  
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T o t a l  Exposure n 

Class Numbers 
a :  25 y e a r s  or less 

Dr iver  A g e  Groups b :  26-60 y e a r s  
c :  6 1  y e a r s  or m o r e  

F I G U R E  2 

Chart of Unique Exposure Classes 



D r i v e r  Age (3  g r o u p s :  up t o  2 5 ,  26-60, ove r  60 )  
Vehic le  Model Year ( f i v e  r e c e n t  y e a r s  v s .  o l d e r  y e a r s )  

I t  i s  recommended t h a t  the s i x  v n r i r ~ b l c s  l)c\ i l ~ c l i t d e d  i l l  . C u t \ ~ l ' c \  

cxposu1.e s u r v e y s ,  and t h a t  t h e  26 c l a s s e s  be used t o  de t e rmine  t o t a l  

exposu re  and a c c i d e n t  r a t e s .  

EXPOSURE SURVEY PROCEDURES 

The requi rement  of t h i s  t a s k  is t o  "determine and a n a l y z e  

p r o c e d u r e s  f o r  exposure  sample s u r v e y s  t o  p r o v i d e  e s t i m a t e s  of 

veh ic l e -mi l eage"  f o r  t h e  dr iver -vehic le - road-envi ronment  c l a s s i f  i- 

c a t i o n s  de te rmined  i n  Task 1. 

The approach was t o  s y s t e m a t i c a l l y  d e r i v e  a  set  of f e a s i b l e  

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

s u r v e y s ,  and t o  compare t h e  a l t e r n a t i v e s  f o r  accu racy  and r e sponse  

r a t e  by means of  b r i e f  t e s t  s u r v e y s .  

I n i t i a l  a n a l y s i s  of f e d e r a l  highway s a f e t y  r e s e a r c h  needs 

conc luded  t h a t  o p e r a t i o n a l  exposure  s u r v e y s  shou ld  be o f f i c i a l l y  

sponso red ,  n a t i o n a l  i n  s cope ,  and a n n u a l  i n  f r equency .  A n a l y s i s  of 

a  s c e n a r i o  of exposure  a s  a  t r a v e l  p r o c e s s  among e l e m e n t s  of t h e  

highway t r a n s p o r t a t i o n  system l e d  t o  a  c o n c l u s i o n  t h a t  d r i v e r s  a r e  

t h e  on ly  f e a s i b l e  s o u r c e  of a c c u r a t e ,  w e l l - c l a s s i f i e d  exposure  

e s t i m a t e s .  F u r t h e r ,  t h e  p o t e n t i a l  magni tudes  of d r i v e r  s u r v e y s  

made i t  c l e a r  t h a t  s m a l l  samples  of d r i v e r s  must be u sed .  

P o t e n t i a l  methods of d a t a  c o l l e c t i o n  from d r i v e r s  were s t r u c -  

t u r e d  a s  f o l l o w s :  

Mode of C o l l e c t i o n  Mileage E s t i m a t i o n  Method 
1. O f f i c e  I n t e r v i e w  a .  E s t i m a t e  of g r o s s  mi l eage  
2 .  O f f i c e  Q u e s t i o n n a i r e  b .  E s t i m a t e s  of m i l e a g e s  

i n  s e v e r a l  c a t e g o r i e s  of  

3 .  Mail Q u e s t i o n n a i r e  
d r i v i n g  o r  components 

c .  E s t i m a t e s  of t r i p  mi l e -  
a g e s  a f t e r  r e c o n s t r u c t  i o n  
of r e c e n t  t r i p s  

4 .  Telephone I n t e r v i e w  d .  Recording of m i l e a g e s  i n  - 

5. Home I n t e r v i e w  
a  t r i p  l o g  

e .  Recording of cumula t ive  - 

odometer r e a d i n g s  



Of t h e  25 pos s ib l e  mode/estimation combinations, 14 were compared 

by smal l  s p e c i a l i z e d  surveys w i t h  a  t o t a l  sample of about 900. Of 

t h e  remaining 11 combinations, s i x  were not f e a s i b l e  and the others--  

home interviews--were r e j e c t e d  because of high c o s t .  

I n  one survey,  odometer readings  of t h e  sample were compared 

w i t h  t h e i r  own g r o s s  e s t ima te s  i n  an o f f i c e  in te rv iew.  Odometer 

reading responses by mail  were about 50%) and mean mileage r e s u l t s  

were i n  e r r o r  by only 4 pe rcen t .  

In the  o the r  surveys ,  independent d r i v e r  samples were taken i n  

the  same county. Exposure r a t e s  of about 90% were achieved f o r  a l l  

o f f i c e  in te rv iew methods and o f f i c e  ques t i onna i r e  methods, except  

those  r equ i r i ng  a  mailed t r i p  log fol lowing the  in te rv iew.  Most of 

t he  mailed ques t i onna i r e s  and mailed t r i p  l ogs  had response r a t e s  

of about 50% o r  l e s s .  The telephone response r a t e  was 58%. In 

most ca se s ,  the  r a t e s  could be r a i s e d  t o  an acceptable  80% l e v e l  

by means of one o r  two follow-up c o n t a c t s .  

Accuracy comparisons were made w i t h  the mean value of t r i p  

log responses a s  a  re fe rence  (because of i n t r i n s i c  accuracy i n  

one- t r ip  odometer r ead ings ) .  Mean values  were wi th in  15% by a l l  

methods except  the  t o t a l  of component e s t i m a t e s ,  which r e f l e c t e d  

the  compounding of overes t imat ion .  

Although the  r e s u l t s  a r e  not s t a t i s t i c a l l y  s i g n i f i c a n t ,  they 

do show t h a t  g r o s s  e s t ima te s  a r e  probably c l o s e s t  t o  t he  more 

accu ra t e  t r i p  log method. 

SURVEY COSTS AND RECOMMENDED PROCEDURES 

The requirements of t h i s  t a s k  a r e  t o  determine comparative 

c o s t s  of a l t e r n a t i v e  survey methods, and then ,  i n  conjunction w i t h  

accuracy f i nd ings  of Task 2 ,  t o  "recommend procedures t h a t  w i l l  

bes t  f u l f i l l  Bureau requirements.  " 

Cost e s t ima te s  were then made f o r  19 of t h e  a l t e r n a t i v e  s u r -  

vey methods, broken down i n t o  about 20 cos t  elements under ca te -  

g o r i e s  of p lanning,  p r epa ra t i on ,  data  c o l l e c t i o n ,  and a n a l y s i s .  



Based on a  sample of 5000, c o s t  p e r  d a t a  c a s e  ranged  from about  

$4 .50  t o  $11.00.  Mailed q u e s t i o n n a i r e s  were c h e a p e s t  (up t o  $ 4 . 7 0 ) ;  

o f f i c e  i n t e r v i e w s ,  o f f  i c e  q u e s t i o n n a i r e s  and t e l e p h o n e  i n t e r v i e w s  

were i n  t h e  $6 - $7 r a n g e ;  and home i n t e r v i e w s  were most expens ive  

( n e a r l y  $11 .00 ) .  

A t  t h e  p r e s e n t  time, t h e  o f f i c e  i n t e r v i e w  and o f f i c e  q u e s t i o n -  

n a i r e  methods a r e  no t  f e a s i b l e  because  many of t h e  s t a t e s  do no t  

r e q u i r e  d r i v e r s  t o  a p p e a r  i n  p e r s o n  a t  a l i c e n s i n g  o f f i c e  when they  

a p p l y  f o r  r enewa l .  Home i n t e r v i e w s  and t e l e p h o n e  i n t e r v i e w s  a r e  

e l i m i n a t e d  because  of h igh  c o s t s  and sampl ing  d i f f i c u l t i e s .  Thus,  

t h e  m a i l e d - q u e s t i o n n a i r e  t y p e  su rvey  i s  recommended, w i t h  a t t a c h e d  

t r i ~  l o g s  a s  t h e  mi l eage  e s t i m a t i o n  method, 

FIELD TEST PROCEDURES 

The r equ i r emen t  i n  t h i s  t a s k  is t o  "recommend f i e l d  tests t o  

e v a l u a t e  p r o c e d u r e s  deve loped"  i n  t h e  p r e c e d i n g  t a s k s .  

A f i e l d  t e s t  of a n  exposure-survey  p l a n  would r e q u i r e  r e a l -  

wor ld  imp lemen ta t ion  of a l l  a s p e c t s  of t h e  p l a n ,  bu t  i t  would be 

l i m i t e d  i n  t ime  and g e o g r a p h i c  s cope .  I t s  pu rpose  would be t o  

v a l i d a t e  c o s t  and accu racy  e s t i m a t e s  of t h e  p l a n ,  t o  d i s c o v e r  

o p e r a t i o n a l  p roblems,  and t o  e v a l u a t e  o v e r a l l  per formance .  

An o u t l i n e  of f i e l d - t e s t  p r o c e d u r e s  f o r  a  n a t i o n a l ,  mai led-  

q u e s t i o n n a i r e  exposu re  su rvey  was g e n e r a t e d ,  i n c l u d i n g  s c h e d u l i n g ,  

q u e s t i o n n a i r e  deve lopment ,  l i a i s o n ,  sample d e s i g n ,  c l e r i c a l  p rep -  

a r a t i o n ,  d a t a  h a n d l i n g ,  and a n a l y s i s .  I n  each  p a r t ,  s u b t a s k s  f o r  

a u x i l i a r y  p rocedure  e v a l u a t i o n s  were i n c l u d e d .  

Procedure  e v a l u a t i o n s  i n  a l l  p a r t s  of  t h e  f i e l d - t e s t  p l a n  

a p p e a r  t o  be s t r a i g h t - f o r w a r d ,  and c a p a b l e  of s o l i d  v e r i f i c a t i o n  

of t h e  o p e r a t i o n a l  su rvey  p l a n .  

INDIRECT EXPOSURE MEASURES 

The r equ i r emen t  i n  t h i s  t a s k  is t o  deve lop  i n d i r e c t  measures  

of exposu re  ( i . e . ,  s u b s t i t u t e s  f o r  v e h i c l e - m i l e  d a t a )  i n  s i t u a t i o n s  

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



The f o l l o w i n g  i n d i r e c t  exposure  measures  were a n a l y z e d :  gaso-  

l i n e  s a l e s ,  one-time-only odometer r e a d i n g s ,  p o p u l a t i o n ,  v e h i c l e  

r e g i s t r a t i o n s ,  roadway r ight-of-way mi l eage ,  and a u t o  i n s u r a n c e  

premiums. A l l  of t h e s e  measures  a r e  s t r o n g l y  r e l a t e d  t o  v e h i c l e  

miles, i n  a g g r e g a t e .  However, t hey  a r e  a l l  i n c a p a b l e  of being 

broken down i n t o  c l a s s i f i c a t i o n s  acco rd ing  t o  t h e  s i x  recommended 

v a r i a b l e s  of Task 1. 

Other  problems i n c l u d e  g a s o l i n e  l o s s e s ,  imprec i se  m i l e s  p e r  

g a l l o n  d a t a ,  g a s o l i n e  t r a n s f e r  between s t a t e s  and y e a r  t o  y e a r ,  

v e h i c l e  age b i a s e s  i n  samples  of odometer r e a d i n g s ,  and time l a g s  

and o t h e r  b i a s e s  i n  i n s u r a n c e  premiums. 

Cos t s  of o b t a i n i n g  i n d i r e c t  exposure  d a t a  i n  recommended 

c l a s s i f i c a t i o n s  would no t  be l e s s  t h a n  c o s t s  of d i r e c t  exposure  

s u r v e y s ;  a c c u r a c i e s  would no t  be b e t t e r .  Thus,  i n d i r e c t  measures  

do not  p r o v i d e  c o s t - e f f e c t i v e  a l t e r n a t i v e s  t o  d i r e c t  exposure  

measures .  

RECOMMENDED EXPOSURE SURVEY PROGRAMS 

The requi rement  of t h i s  t a s k  is  t o  s y n t h e s i z e  t h e  f i n d i n g s  

of t h e  p reced ing  t a s k s  -- i . e . ,  t h e  needs f o r  exposure  s u r v e y s  

and t h e  e f f o r t s  r e q u i r e d  -- and t o  make "recommendations f o r  f u t u r e  

exposure  d a t a  c o l l e c t  i o n  programs.  " 

The b a s i c  f i n d i n g s  were a s  f o l l o w s :  

1. Comprehensive exposure  d a t a  is  needed i n  highway 
s a f e t y  r e s e a r c h  t o  pe rmi t  c a l c u l a t i o n  of a c c i d e n t  
r a t e s  a s  t h e  key measure of e f f e c t i v e n e s s .  

2 .  On t h e  b a s i s  of need,  o f f i c i a l  exposure  s u r v e y s  
shou ld  be conducted .  

3 .  Fu tu re  exposure  s u r v e y s  shou ld  use  e s t i m a t e s  of 
v e h i c l e  m i l e s  of t r a v e l  a s  t h e  measure of exposu re .  

4 .  Independent  v a r i a b l e s  shou ld  i n c l u d e  v e h i c l e  t y p e ,  
d r i v e r  s e x ,  road  t y p e ,  l i g h t  c o n d i t i o n  (day ,  n i g h t ) ,  
d r i v e r  a g e ,  and v e h i c l e  model y e a r .  

5.  The s i x  independent  v a r i a b l e s  shou ld  be used t o  
d e f i n e  26 unique c l a s s i f i c a t i o n s  of exposu re ,  
i . e . ,  d r iver -vehic le - road-envi ronment  combina t ions .  



6 .  F u t u r e  exposu re  s u r v e y s  shou ld  be n a t i o n a l  i n  
s c o p e ,  on an annua l  b a s i s .  

7 .  D r i v e r s  shou ld  be t h e  s o u r c e  of exposure  e s t i m a t e s .  
8 .  Small  random samples  of d r i v e r s  a r e  adequa te  f o r  

exposu re  s u r v e y s ,  and neces sa ry  economica l ly .  
9 .  The b a s i c  mode of exposu re  d a t a  c o l l e c t i o n  shou ld  

be by means of mai led  q u e s t i o n n a i r e s ,  which have 
t h e  l owes t  r e l a t i v e  c o s t .  

10 .  The b a s i c  method of d r i v e r s '  veh ic l e -mi l e  e s t i m a t i o n  
shou ld  be by means o f  t r i p  l o g s  of one-day d u r a t i c n ,  
which b ve t h e  h i g h e s t  r e l a t i v e  a c c u r a c y .  

11. F i e l d  t e s t s ,  of a  recommended exposu re  su rvey  p l a n  
a r e  f e a s i b l e  and d e s i r a b l e  p r i o r  t o  f u l l - s c a l e  
o p e r a t i o n a l  implementa t ion .  

1 2 .  There  a r e  no a v a i l a b l e  i n d i r e c t  measures  of exposu re  
which a r e  p r e f e r r a b l e ,  on a  c o s t - e f f e c t i v e  b a s i s ,  t o  
d i r e c t  measure of v e h i c l e  miles. 

I n  t h e  p r o c e s s  of  s y n t h e s i z i n g  t h e s e  f i n d i n g s ,  t h e  f o l l o w i n g  

c o n c l u s i o n s  were r eached :  

1. E v e n t u a l l y ,  n a t i o n a l  exposu re  su rvey  programs 
shou ld  be conducted  on a  s t a t e - b y - s t a t e  b a s i s ,  
s o  t h a t  each  s t a t e  may app ly  measures  of e f f e c t -  
i v e n e s s  t o  i t s  own unique set  of highway s a f e t y  
coun te rmeasu res .  

2 .  O f f i c i a l  s p o n s o r s h i p  a u t h o r i t y  of f u t u r e  exposure  
su rvey  programs shou ld  be h e l d  by t h e  N a t i o n a l  
Highway S a f e t y  Bureau. 

3 .  Implementat  i on  r e s p o n s i b i l i t y  of f u t u r e  exposure  
survey  programs shou ld  be h e l d  by t h e  N a t i o n a l  
Highway S a f e t y  Bureau. 

F ive  f u t u r e  exposure  programs a r e  recommended: 

F i e l d  T e s t  Program - A na t ionwide  m a i l  su rvey  of 
d r i v i n g  exposu re  i n  t h e  c a l e n d a r  y e a r  1972. Q u a r t e r l y  
m a i l i n g s  would be s e n t  t o  randomly s e l e c t e d  d r i v e r s  
i n  a l l  s t a t e s ,  d i s t r i b u t e d  by random s e l e c t i o n  of 
each  of t h e  seven  t y p e s  of day of t h e  week. S t a t e  
subsamples  would be p r o p o r t i o n s 1  t o  d r i v i n g  p o p u l a t i o n .  
T o t a l  sample s i z e  would be l i m i t e d  f o r  economy t o  
about  $5 ,000  such t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  
r e s u l t s  would be o b t a i n e d  i n  t h e  26 unique  exposu re  
c l a s s e s ,  n a t i o n a l l y  bu t  no t  f o r  each  s t a t e .  

A u x i l i a r y  survey  methods c o u l d  be t e s t e d  s imul -  
t a n e o u s l y  t o  p r o v i d e  d a t a  on p o s s i b l e  e v o l u t i o n  of 
survey  method t o  home i n t e r v i e w  o r  o f f i c e  i n t e r v i e w  
p r o c e d u r e .  



A f i r s t  year  mai l  survey program would c o s t  
about $250,000, and a d d i t i o n a l  t e s t i n g  of a l t e r -  
n a t i v e s  could cos t  up t o  $125,000 more. 

Opera t iona l  Exposure Survey Program - Annual su rveys ,  
s t a r t i n g  i n  1973, i nc lud ing  mod i f i c a t i ons  de r ived  
from t h e  f i e l d  t e s t  program. S t a t e  subsample s i z e s  
would be i nc r ea sed  t o  provide  s i g n i f i c a n t  r e s u l t s  
f o r  t h e  u n c l a s s i f i e d  aggrega tes  i n  each s t a t e  and f o r  
many of t h e  26 unique c l a s s e s  w i t h i n  each s t a t e .  
Survey des igns  would cont inue  t o  evolve a s  new in-  
s i g h t s  were ob ta ined  from yea r ly  r e - eva lua t i ons .  

Cos t s  of an o p e r a t i o n a l  exposure survey would 
be about t h e  same a s  t h e  f i r s t - y e a r  f i e l d  t e s t  ($250, 
000 annua l ly )  i f  sample s i z e  remained a t  25 ,000.  A 
maximum annual  c o s t  of about $500,000 is e s t ima t ed  
f o r  even tua l  samples of 100,000 (0.1% of a l l  d r i v e r s ) .  

3 .  Continuing Survey-Evaluation Program - Data from t h e  
f i e l d  t e s t  and o p e r a t i o n a l  programs should be analyzed 
c o n t i n u a l l y  t o  determine new v a r i a b l e s  and exposure 
c l a s s e s .  T h i s  program would involve  con t inu ing  r e -  
s e a r c h ,  i n  conjunct ion w i t h  a n a l y s i s  phases of t h e  
o p e r a t i o n a l  programs, a t  modest a d d i t i o n a l  c o s t .  

4 .  Auxi l i a ry  Indi rec t -Exposure  Program - Although t h e  
p o t e n t i a l  i n  t h e  ind i rec t -exposure  a r ea  is not h igh ly  
p ~ o m i s i n g ,  i t  i s  l i k e l y  t h a t  g a s o l i n e  s a l e s  d a t a  and 
odometer da t a  w i l l  con t inue  t o  be c o l l e c t e d .  Also, 
induced exposure d a t a ,  de r ived  s o l e l y  from improved 
acc iden t  d a t a ,  i s  s t i l l  considered worthy of f u r t h e r  
i n v e s t i g a t i o n .  There fore ,  i t  is recommended t h a t  
ind i rec t -exposure  r e s ea r ch  programs be pursued i n -  
dependently a t  app rop r i a t e  t imes ,  and t h a t  t h e  r e s u l t s  
be compared w i t h  r e s u l t s  of o p e r a t i o n a l  exposure su r -  
veys.  

Other Exposure Sources - Direc t  and semi-di rec t  
exposure da t a  may be ob ta ined  o p p o r t u n i s t i c a l l y  by 
means of d r i v e r  e s t i m a t e s  o r  odometer r ead ings  a t  
t h e  time of l i c e n s i n g ,  veh i c l e  r e g i s t r a t i o n  and i n -  
s p e c t i o n ,  and acc iden t  r e p o r t i n g .  Though t he se  
exposure sou rce s  may not be capable  of d r i ve r -veh i c l e  
c r o s s - c l a s s i f i c a t i o n  they may se rve  a s  p a r t i a l  checks 
on d i r e c t  vehic le-mi le  su rveys .  I t  is  recommended 
t h a t  they be considered f o r  i n c l u s i o n  i n  f u t u r e  r e v i -  
s i o n s  of highway s a f e t y  program s t anda rds .  



SECTION 3 

ACCIDENT DATA INACCURACIES 

T h i s  s e c t i o n  summarizes t h e  r e s u l t s  of Phase I1 ( I n f o r m a t i o n  

on Non-Fatal  C r a s h e s ) ,  a s  d e t a i l e d  i n  Volume 11, 

ANALYSIS OF ACCIDENT DATA INACCURACIES 

The r equ i r emen t  of t h i s  t a s k  is t o  "ana lyze  c u r r e n t  s o u r c e s  

of c r a s h  and i n j u r y  s t a t i s t i c s "  i n ' t e r m s  of  t h e i r  r e l i a b i l i t y  and 

u s e f u l n e s s  i n  e s t i m a t i n g  t r u e  f r e q u e n c i e s  of highway a c c i d e n t s  and 

i n j u r i e s .  Emphasis was p l a c e d  on t h e  s t u d y  of  a c c i d e n t  d a t a  b i a s -  

e s  due t o  u n d e r r e p o r t i n g  of c e r t a i n  k i n d s  of a c c i d e n t s .  I n t e r v i e w s  

were made of a c c i d e n t  e x p e r i e n c e  of d r i v e r s ,  and r e s u l t s  were com- 

pared  w i t h  o f f i c i a l  a c c i d e n t  r e c o r d s  of t h e  same d r i v e r s .  A l s o ,  

i n j u r y  r e c o r d s  were compared w i t h  h o s p i t a l  d i a g n o s e s  of a c c i d e n t  

i n j u r i e s  t o  i n d i c a t e  i n t e r n a l  i n a c c u r a c i e s  of a c c i d e n t  r e p o r t s .  

T h e r e  is a  c o n s i d e r a b l e  v a r i a t i o n  i n  a c c i d e n t  r e p o r t i n g  re- 

qu i r emen t s  among t h e  s t a t e s .  Only 36 s t a t e s  r e q u i r e  immediate no t -  

i f i c a t i o n  of p o l i c e  i n  c a s e  of a  t r a f f i c  a c c i d e n t .  However, a l l  

s t a t e s  r e q u i r e  " f i n a n c i a l  r e s p o n s i b i l i t y "  r e p o r t i n g  i n  c a s e  of a  

t r a f f i c  f a t a l i t y  o r  i n j u r y ,  and most r e q u i r e  it when damage exceeds  

a  s t a t u t o r y  amount (up  t o  $ 2 5 0 ) .  I n  p r a c t i c e ,  a l l  s t a t e s  p r o v i d e  

a  form f o r  p o l i c e  r e p o r t s ,  r e g a r d l e s s  of s t a t u t e s ,  and a l l  have 

p o l i c i e s - - i f  o n l y  unwr i t t en - - to  i n v e s t i g a t e  a s  many t r a f f i c  a c c i -  

d e n t s  a s  p o s s i b l e  w i t h i n  manpower c o n s t r a i n t s ,  However, because  

of t h e s e  c o n s t r a i n t s ,  a  g r e a t  many a c c i d e n t s  go u n r e p o r t e d ,  and 

t h e r e  is c o n s i d e r a b l e  non-uni formi ty  among s t a t e s  a s  t o  t h e  d e g r e e  

of u n d e r r e p o r t i n g  w i t h i n  s t a t e s ,  F i n a l l y ,  t h e r e  is a  g r e a t  d e a l  

of non-uni formi ty  of t h e  accu racy  of r e p o r t i n g  by p o l i c e  a g e n c i e s  

b o t h  among t h e  s t a t e s  and w i t h i n  them, I n  mass a c c i d e n t  d a t a  w h i c h  

is c o l l e c t e d ,  s t a t i s t i c s  a r e  i n  e r r o r  due t o  bo th  random obse r -  

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



I n  comparison of interview accident data versus d r i v e r s t  

o f f i c i a l  records,  f~equency  of accident was determined i n  three  

categories:  those accounted f o r  i n  both survey and records,  those 

i n  survey but not in  records,  and those i n  records but not i n  sur- 

vey. There was no way t o  determine ac tua l  accidents not i n  survey 

or records.  Approximately 35% of a l l  survey accidents were i n  

dr iver  records,  and 33% of d r i v e r s t  recorded accidents  were re- 

c a l l e d  i n  the survey. For in jury  accidents ,  tow-away accidents  

and high-damage accidents ,  the percentage of reported accidents  

were much higher, 

In the  analys is  of accuracy of injury repor t ing ,  police in jury  

codes were compared w i t h  an AMA injury sca le  derived from hospi- 

t a l  records i n  Washtenaw County, The most s ign i f i can t  f inding 

was the  low incidence of severe i n j u r i e s  (AMA sca le )  i n  cases 

which were indicated as  severe in  the pol ice codes. O n l y  15.5% 

of the  vict ims w i t h  the highest  pol ice code had a  r e a l l y  severe 

in jury  according t o  the  AMA sca le .  I n  addi t ion t o  these inaccura- 

c i e s ,  a  sample of pol ice injury codes i n  17 s t a t e s  revealed a  glar-  

i n g  inconsistency in  the d i s t r i b u t i o n  of injury codes among s t a t e s .  

CORRECTIONS FOR ACCIDENT DATA INACCURACIES 

The purpose of t h i s  task was t o  determine "methods fo r  elim- 

ina t ion  of e f f e c t s  of major biases  and inaccuracies i n  current  i n -  

f ~ r m a t i o n . ~ ~  General recommendations include s tandardizat ion of 

accident repor t ing  c r i t e r i a ,  simpler report  forms, using auxi la ry  

data  ( e ,  g. l i cens ing  informat ion), improved data processing and 

improved pol ice t r a i n i n g  fo r  accident report ing.  A po ten t i a l  

quan t i t a t ive  method of e l iminat ing underreport i n g  bias  is the 

method of the preceding t a sk ,  i , e . ,  determining r a t i o s  of under- 

repor t ing  through sample surveys of d r i v e r s t  accident experience 
and compar isons w i t h  o f f i c i a l  records,  The derived r a t  ios  could 

be used t o  ext rapola te  corrected accident t o t a l s  from counts i n  



t h e  o f f i c i a l  r e co rds .  However, t h e  survey and record  s ea r ch ing  

c o s t s  would be q u i t e  high w i t h  r e s p e c t  t o  t he  normal c o s t s  of ac- 

c i d e n t  da t a  a n a l y s i s ,  even on a  sampling b a s i s .  T h i s  would be 
e s p e c i a l l y  t r u e  i f  t h e  procedures inc luded d e r i v a t i o n  of s e p a r a t e  
r a t i o s  f o r  each of t h e  exposure c l a s s i f i c a t i o n s  recommended i n  

Volume I o r  i f  performed i n  each s t a t e ,  Fur the r  s tudy  of p o t e n t i a l  

s i m p l i f i c a t i o n s  of t h e s e  procedures is recommended. 

HOSPITAL RECORDS OF ACCIDENT INJURIES 

The purpose of t h i s  t a s k  is t o  "determine t h e  f e a s i b i l i t y  of 

us ing  h o s p i t a l  r e co rds  f o r  e s t i m a t i n g  number and s e v e r i t y  of s e r -  

ious  i n j u r i e s ,  lf  The sou rce  of h o s p i t a l  r e co rds  considered most 

a p p l i c a b l e  t o  t h i s  t a sk  is t h e  Commission on P ro fe s s iona l  and Hos- 

p i t a l  A c t i v i t i e s  (CPHA), which summarizes about 30% of a l l  U.S. 
h o s p i t a l i z a t i o n s  annual ly .  Thei r  pa s t  da t a  has inc luded i n d i c a t o r s  

of highway acc iden t  v i c t i m s ,  However, i t  does not  inc lude  emer- 

gency t rea tment  i n  which v i c t ims  a r e  not  subsequent ly  admi t t t ed  

a s  i n -pa t i en t s .  CPHA da t a  on t h e  length-of-s tay  i n  a  h o s p i t a l  

appears  t o  be t h e  b e s t  measure of a cc iden t  s e v e r i t y .  T h i s  d a t a  

could  be c o r r e l a t e d  w i t h  samples of p o l i c e  i n j u r y  codes i n  o rder  

t o  de r i ve  c o r r e c t i o n s  i n  both frequency and s e v e r i t y  of i n j u r y ,  

In f u t u r e  s t anda rd i zed  acc iden t  r e p o r t s ,  i n j u r y  codes w i l l  be i m -  

proved. A t  t h a t  t ime,  cons ide r a t i on  should  be given t o  d e t a i l e d  

procedures f o r  t h e  use  of CPHA records  and samples of emergency- 

room records  i n  c o r r e c t i n g  i n j u r y  d a t a .  



SECTION 4 

PROCEDURES FOR AN EXPOSURE SURVEY 

Th i s  s e c t i o n  summarizes t h e  r e s u l t s  of Phase I11 (Driving 

Exposure Survey) ,  a s  d e t a i l e d  i n  Volume 111. 

DETAILED EXPOSURE SURVEY PLAN 

The requirement of t h i s  t a s k  is t o  "prepare a  d e t a i l e d  sampling 

p l an  and procedures  f o r  a  nationwide d r i v i n g  exposure su rvey , "  

inc lud ing  schedu le ,  r e sou rce s ,  and c o s t s  r equ i r ed .  The  approach 

was t o  begin w i t h  recommendations i n  Volume I  f o r  a  f i e l d - t e s t  

exposure survey us ing mailed q u e s t i o n n a i r e s  w i t h  t r i p - r e c o r d  forms 

a s . a  base des ign .  Then, t he  des ign  d e t a i l s  were expanded i n  a  

s t r a i g h t f o r w a r d  manner t o  an e x t e n t  t h a t  would be s u f f i c i e n t  f o r  

a  competent survey o r g a n i z a t i o n  t h a t  does not n e c e s s a r i l y  have 

e x p e r t i s e  i n  t he  t e c h n i c a l  a s p e c t s  of exposure ,  

Seven c a t e g o r i e s  of procedures  were i d e n t i f i e d :  l i a i s o n ,  

sample and survey de s ign ,  schedu l ing ,  q u e s t i o n n a i r e ,  d a t a  manage- 

ment, d a t a  c o l l e c t i o n ,  and d a t a  r educ t i on .  These c a t e g o r i e s  cover 

a l l  of t h e  work t h a t  m u s t  be done from the  beginning of t he  survey 

program t o  t h e  po in t  t h a t  d a t a  is  ready f o r  a n a l y s i s .  

L ia i son  i nc ludes  work w i t h  t h e  Bureau of t h e  Budget t o  secure  

t h e i r  approval  of t he  q u e s t i o n n a i r e  and l i a i s o n  w i t h  o f f i c i a l s  

i n  each s t a t e  t o  o b t a i n  acce s s  t o  d r i v e r  l ists f o r  subsequent 

sampling. Sample c o n s t r u c t i o n  i nc ludes  d i s t r i b u t i o n  of t h e  28,000 

sample among s t a t e s  according t o  d r i v e r  popu la t ion ,  randomly 

s e l e c t i n g  t he  proper  number of names i n  each s t a t e ,  randomly 

s e l e c t i n g  t h e  28 sampling d a t e s  (one of each type  of day of t h e  

week i n  each q u a r t e r  of t h e  y e a r ) ,  matching name t o  d a t e s  (1000 

each d a t e ) ,  a s s i gn ing  i d e n t i f i c a t i o n  numbers, and ob t a in ing  add re s se s .  

Scheduling cons ide r a t i ons  inc lude  l e ad  time f o r  p lanning and ques- 

t i o n n a i r e  approval  and m a t e r i a l s  p r e p a r a t i o n ,  13 months f o r  d a t a  



c o l l e c t i o n  ( f i n a l  month f o r  fo l lowups  on December m a i l i n g s ) ,  and 

a p e r i o d  f o r  d a t a  a n a l y s i s  and r e p o r t i n g ,  Q u e s t i o n n a i r e  deve lop-  

ment i n c l u d e s  d e s i g n  of format  and wording t o  e l i c i t  maximum 

r e s p o n s e ,  w r i t i n g  of cover  l e t t e r s  ( i n i t i a l  and each  of two re- 

minders  t o  be spaced  two weeks a p a r t j ,  p r i n t i n g  and s t o r a g e .  Data 

management i n v o l v e s  l og  books,  f i l i n g  sys t em and p r o g r e s s  c h a r t s  

t o  keep  t r a c k  of a l l  q u e s t i o n n a i r e s .  Data c o l l e c t i o n  i n c l u d e s  

assembly and m a i l i n g  of q u e s t i o n n a i r e s ,  l ogg ing  of r e c e i p t s ,  iden-  

t i f i c a t i o n  of non- respondents ,  and reminder  m a i l i n g s .  Data  

r e d u c t i o n  i n c l u d e s  checking  and coding  of i n d i v i d u a l  q u e s t i o n n a i r e s ,  

keypunching,  and b u i l d i n g  o f  a  magen t i c  t a p e  f i l e .  

The program i s  22 months i n  d u r a t i o n .  I t  r e q u i r e s  about  14 

man months of e f f o r t ,  o f f i c e  f a c i l i t i e s  and m a t e r i a l s ,  and a  l a r g e  

computer.  The approximate  c o s t  is e s t i m a t e d  a t  $253 ,000 .  

EXPOSURE SURVEY INSTRUCTIONS 

The r equ i r emen t  of t h i s  t a s k  is t o  "provide  documenta t ion  

s o  t h a t  t h e  o r g a n i z a t i o n  which a c t u a l l y  conduc t s  t h e  s u r v e y  w i l l  

have a l l  t h e  i n s t r u c t i o n s  needed t o  per form t h e  j o b . "  The results  

a r e  s imply  a  d e t a i l e d  o u t l i n e  of d i r e c t  i n s t r u c t i o n s ,  w i t h i n  t h e  

s even  c a t e g o r i e s  above.  About 100  s p e c i f i c  i n s t r u c t i o n s  a r e  

d e r i v e d .  Many of t h e  i n s i r u c t i o n s  a r e  i n  s equences  t h a t  must be 

r e p e a t e d  f o r  each  of t h e  51  sampl ing  a r e a s .  Examples of q u e s t i o n -  

n a i r e s ,  l e t t e r s  and c h a r t s  a r e  i n c l u d e d .  

ALTERNATIVE EXPOSURE SURVEY METHODS 

The requi rement  of t h i s  t a s k  i s  t o  "de te rmine  means t o  check 

t h e  r e s u l t a n t  exposu re  e s t i m a t e s  by a l t e r n a t i v e  c o l l e c t i o n  methods."  

S e v e r a l  a l t e r n a t i v e  methods were rev iewed,  based  on t r a d e o f f  d a t a  

i n  Volume I .  A n a t i o n a l  home i n t e r v i e w  method is recommended a s  

an  a l t e r n a t i v e  p l a n ,  where exposu re  d a t a  i s  o b t a i n e d  a s  a  g r o s s  

e s t i m a t e ,  i . e . ,  a  s i n g l e  v a l u e  of  mi leage  f o r  a  p a s t  t ime  p e r i o d ,  

e . g . ,  t h r e e  months.  T h i s  method i s  s e l e c t e d  p r i m a r i l y  because of 



t h e  p o t e n t i a l  low c o s t s  if i t  i s  a t t a ched  t o  an e x i s t i n g  na t i ona l  

survey.  The o t h e r  a l t e r n a t i v e s  considered (independent home in-  

t e rv iews ,  l i c e n s e  o f f i c e  i n t e rv i ews ,  independent mail  surveys)  

would have t o  be l i m i t e d  i n  scope because of sampling c o s t s ,  and 

they could be compared only w i t h  c e r t a i n  s t a t e  subsamples from 

t h e  primary survey.  

EXPOSURE DATA ANALYSIS PLAN 

The requirement of t h i s  t a s k  is t o  "prepare a  d e t a i l e d  p lan  

f o r  a n a l y s i s  of t he  da t a  t o  be c o l l e c t e d , "  inc luding resources  

and c o s t s .  The a n a l y s i s  p lan  would be an i n t e g r a l  p a r t  of the  

t o t a l  survey program, and would fo l low d i r e c t l y  from the  end of , 

t h e  p l ans  prepared i n  t a s k s  1 and 2 ,  i . e . ,  completion of t he  

magnetic t ape  da t a  f i l e .  

From the  28,000 d r i v e r s  i n  the  sample, an 80% response would 

y i e l d  about 22,400 d a t a  c a se s ,  s o r t e d  i n  the  da t a  f i l e  according 

t o  t he  28 survey d a t e s .  Each d a t a  case  inc ludes  a  number of t r i p -  

mileage e s t i m a t e s ,  w i t h  s i x  independent v a r i a b l e  l e v e l s  a s  c l a s -  

s i f i e r s .  The purpose of t he  d a t a  a n a l y s i s  is t o  computer, from 

t h e  d a t a  f i l e ,  e s t i m a t e s  of mean and t o t a l  n a t i o n a l  mileages,  i n  

aggregate  and i n  26 driver-vehicle-road-environment c l a s s e s .  

The i n i t i a l  p a r t  of t he  a n a l y s i s  p lan  is t o  prepare  a  computer 

program t o  produce the  requ i red  exposure s t a t i s t i c s .  The m i n i m u m  

requ i red  computer ope ra t i ons  a r e  de r ived .  Addi t ional  computer 

programs may be de r ived  f o r  f u r t h e r  c l a s s i f i c a t i o n s  of t he  da ta  

( e . g . ,  by q u a r t e r  of year  o r  by s t a t e ) ,  f o r  r e -eva lua t ion  of t he  

26 c l a s s e s ,  o r  f o r  accuracy checking by an a l t e r n a t i v e  da t a  source .  

In a d d i t i o n  t o  w r i t i n g ,  checking and t e s t i n g  t he  computer programs, 

t a s e s  of the  da ta  a n a l y s i s  p lan  inc lude  performance of computer 

r u n s ,  comparisons and i n t e r p r e t a t i o n s  of r e s u l t s ,  and f i n a l  tabu- 

l a t i o n s .  

The b a s i c  data  a n a l y s i s  w i l l  be performed during the  t h r e e  

months fol lowing t h e  end of da ta  c o l l e c t i o n ,  and w i l l  r equ i r e  approx- 

i m a t e l y  10 man m o n t h s  of e f f o r t .  






