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were fewer and less critical in the other areas--roadway (6), 
pedestrian (3) , physical environment ( 4 )  , social environment 
(7), and highway services (10). The latter two areas have 
been recognized as such only recently, and their gaps reflect 
very broad requirements. The composite list of research gaps 
provided the key link between the two phases of the study. 

Another task performed during the first phase was a 
review of existing and potential methods of organization of 
highway safety research, as presented in section 4, Five 
types of organization were considered: universities, research 
firms, government agencies, industry, and foundations, Possible 
organizational forms within these basic types were also 
considered, e.g., multidisciplinary institutes, departments, 
individual consultants, The organizational role of IIHS in 
the research program was examined, and a few examples of 
overall organizational forms were derived, 
At the end of the first phase of the study, the existing 
situation in highway safety research had been reviewed and 
analyzed sufficiently to set the stage for future projections 
of research that could be supported advantageously by IIHS. 

The first step in these projections was an anlysis of 
the research program goals of IIHS, as presented in section 
5 .  The goals were carefully examined in the light of HSRI 
experience, and were found to be complete, objective, and 
reasonable. Therefore, it was determined that the IIHS goals 
would serve ideally as a basis for evaluation criteria in 
assessing potential research programs. As a result of the 
goals analysis, a set of criteria was derived, as follows: 

1. Amount of knowledge produced 

2. Uniqueness of knowledge produced 

3. Use of insurance industry data 

4. Relative benefits to the younger population 

5. Cost of research 

6. Use of demonstration projects 

7. Applicability of new knowledge to implementation 
programs 

8. Potential for near-term implementation programs 

9. Potential for early effectiveness of implementation 
programs 

10. Relative cost for suggested implementation programs 



2,P, Effect an the public image of the automobile insurance 
i.ndcas try 

12. Appropriateness of organizational form 

13,  FlexiLiPity and adaptability 

In section 6 ,  twelve alternative proqram plans are 
presented for rr3seareh in highway safety. The researcln themes 
listed below for these twelve aBternatives were selected from 
the 1ist.s of  research yaps der ived earlier. 

1, Imp:roved Methods of Response to Highway Accidient 
:$~:.~juri .es 

2. Reduction in the Traffic Accident Involvement of 
Young Drivers 

3, The Effectiveness of Legal Sanctions in 1-Iighway 
S a f e t y  

4 .  Methods of Evaluating Hiqhway Safety Implementation 
lF3rsyrams 

5. Optimum Location and Design of Fixed Roadside Objects 

6. Public Palicy and Highway Safety 

7. Reduction in the Role of Alcohol Misuse in Traffic 
Accidents 

8. Risk Taking in Driving Behavior 

9. Improved Methods of Driver Education 

10. Basic Understanding o f  the Driving Process 

11. Reduction in Losses Due to Vehicle Damage 

12. Influence of the Social Environment and Public 
%mfsr&natisn on Driver Behavior 

As a basis for evaluating and comparing the twelve re- 
search alternatives, brief program plans were synthesized 
for each, Included were detailed objectives, descriptions 
of research areas and techniques, listings of subprojects, 
organizational reesinmendations, and estimates of required 
manpower, scheduling, and casts ,  

Section 7 presents the evaluations of the alternative 
program p l a n s ,  En the first step, numerical ratings were 
derived f o r  each of the twelve alternative plans on the 



basis of each criterion. From the consensus ratings of a 
team of five evaluators, a tentative order of preference of 
the alternatives was established. The list of research 
themes given above was arranged to indicate this order of 
preference. 

Following objective evaluations, a final selection 
committee began the job of subjective evaluation. Alternatives 
were eliminated one by one until only the young-driver theme 
remained. The basic reasons for this choice were a positive 
effect on public image of the industry, good implementation 
potential, and strong relationships to several of the other 
alternatives, i.e., risk-taking, legal sanctions, and social 
environment effects. Thus, while it is recommended that the 
program theme focus on the young driver, it is felt that the 
added benefits of interrelationships with certain parts of 
other alternatives should also be included. 

Details of the recommended program plan are presented 
in section 8. The title of the program is The Young 
Driver Research Program, and its objective is to reduce the 
traffic accident involvement of young drivers. In addition 
to investigations into the unique characteristics of young 
drivers and techniques for modifying them, the program would 
cover those aspects of risk taking, legal sanctions, the 
social environment, alcohol misuse, and driver education 
which have a particularly strong effect on the young driver. 

The potential effectiveness of this recommended plan 
is great because of the poor record of young drivers (on 
the average) which exists at present, and their greater 
opportunity for improvement. The potential in man-years of 
life saved is obviously greater for young drivers. If the 
techniques developed from research are effective, their im- 
pact may be seen statistically before the end of the program. 
Meanwhile, the image of the insurance industry will be enhanced 
by sponsorship of this program at least as much as any other 
because of the high proportion of direct, beneficial influence 
of individual policy holders in the driving population. 

The program plan is presented for a period of ten years, 
with an average annual cost of about 1.4 million dollars 
for the first three years. The recommended organizational 
form is a large multidisciplinary research organization in a 
university setting, with moderate use of subcontracts and 
establishment of several independent professorial chairs. 

Conclusions of the program definition study are pre- 
sented in section 9. The status of highway safety research 
is uncoordinated, inadequate, and minimally applicable. The 
area of driver behavior research is the most critical. Re- 
search gaps exist also throughout the other areas: vehicle, 
roadway, pedestrians, physical environment, social environment, 
and highway services. A system approach is needed for the 
whole field. Many different organizational forms are appro- 
priate for highway safety research, but university institutes 



and resea rch  f i rms  are b e s t .  E i t h e r  of t h e s e  two should 
perform t h e  program management for t h e  IIHS proqram, and 
s e v e r a l  subcon t rac to r s  should be employed. Technical  re- 
c r u i t i n g  would be a problem of a l a r g e  program wi th in  1:IHS. 
Techni.ca.1 l i a i s o n  between IIHS and t h e  c o n t r a c t o r  wouldl be 
impor,tand. A t en  year program a t  one m i l l i o n  d o l l a r s  il 
year  i s  a minimum f a r  d e s i r e d  r e s u l t s .  Programs on i n j u r y  
t r ea tment ,  young d r i v e r s ,  l e g a l  sanc t ions  and implementation 
eva lua t ions  appear a t t r a c t i v e .  Research on t h e  young d r i v e r  
provides great oppor tuni ty  for  improvement and man yea rs  of 
l i f e  saved, A Young Driver Research Program of 1 0  yea r s  a t  
1 4  m i l l i o n  d o l l a r s  would be b e s t  f o r  IIHS sponsorship.  The 
o rgan iza t ion  shomld be a m u l t i d i s c i p l i n a r y  i n s t i t u t e  a t  
a u n i v e r s i t y ,  P r o f e s s o r i a l  c h a i r s  should be e s t a b l i s h e d .  
Csmnunity l a b o r a t o r i e s  and a d a t a  f a c i l i t y  a r e  e s s e n t i a l  t o  
t h e  Young Driver Research Program. Insurance d a t a  could be 
used for t h e  resea rch  i f  improved i n  scope. 





INTRODUCTION 

This report presents the results of a program definition 
study in highway safety research, including recommendations 
of a specific program plan to the automobile insurance in- 
dustry. The recommended program plan represents the final 
step in analyses aimed at selecting the research plan most 
deserving of industry support. The purpose of the report is 
to describe the recommended research plan and to justify its 
selection by summarizing the analyses. 

1.1 OBJECTIVES OF THE PROGRAM 

The concept of a large, comprehensive research program 
in highway safety was conceived by the automobile insurance 
industry in response to growing national concern over highway 
accident fatalities and other losses, and an awareness of the 
potential impact of highway safety on the industry. Thus, 
the industry goals for highway safety research, as developed 
by IINS, reflect both the national concerns and industry 
concerns in highway safety. Ultimately, these concerns will 
be alleviated by action, i.e., the implementation of research 
findings in the highway transportation system. It is suggest- 
ed that the ultimate desired outcome of industry-sponsored 
research is represented by the following action objectives: 

1. To reduce the number of motor vehicle accidents, 
and resulting deaths, injuries, and damage. 

2. To reduce the personal, public, and private 
economic losses resulting from motor vehicle 
accidents. 

3. To establish a positive and respected role for 
the insurance industry in the national effort 
to improve highway safety. 

1.2 SUBJECT MATTER OF HIGIGVAY SAFETY RESEARCH 

The subject matter of highway safety can be defined in 
terms of the elements and operations of the highway transpor- 
tation system and related systems. The highway transportation 
system (HTS) is defined as the combination of physical com- 
ponents or elements which are essential to the actual move- 
ment of people and goods in the highway traffic process. 
The subsystems sf the HTS are : (1) drivers, (2) vehicles, 
(3) roads (including all stationary auxiliary devices), and 
(4) pedestrians. The phases of HTS operations are: (1.) con- 
ditioning (preparation for normal-mode functioning), (2) traf- 
fic (actual normal-mode functioning of HTS elements), (3) 
accident initiation, (4) collision, and (5) post-accident 
phases. Normal-mode functioning of the HTS occurs in phase 2, 
the traffic phase of operations. 



The s y s t m s  related t o  t h e  MTS are d e f i n e d  a s  fo l lows:  

1. The Phys ica l  Environment. The composite of p h y s i c a l  
e n t i t i e s  and phenomena whieh surround t h e  HTS i n  i t s  normal 
modes s f  o p e r a t i o n ,  

2. The S o c i a l  E n v i r s m e n t .  The a s p e c t s  of t h e  organiza-  
t i o n a l  system of s o c i e t y ,  as a whole, which i n f l u e n c e  t h e  HTS. 

3 .  The Highway S e r v i c e s  System. The a u x i l i a r y  s e r v i c e s  
whieh f a c i l i t a t e  use  s f  t h e  highways i n  emergencies and f o r  
purposes o t h e r  than normal operations, 

Deta i l ed  component l i s t i n g s  of t h e s e  seven subsystems and 
systems a r e  given i n  Appendix 1, 

The subsystems and systems may be r e l a t e d  t o  t h e  phases 
of o p e r a t i o n  by means of t h e  s u b j e c t  m a t t e r  framework o r  
matr ix  shown i n  Table 1-1. All b u t  f o u r  of t h e  35 c e l l s  i n  
t h e  mat r ix  a r e  marked, i n d i c a t i n g  t h a t  most of t h e  p o t e n t i a l  
i n t e r r e l a t i o n s h i p s  are p e r t i n e n t  s u b j e c t  m a t t e r  i n  t h e  f i e l d  
of highway safe ty .  The entries i n  a g iven c e l l  s f  t h e  mat r ix  
are a b b r e v i a t i o n s  f o r  s y s t m s  which a f f e c t  t h e  system/phase 
r e l a t i o n s h i p  corresponding t o  t h a t  ce l l ,  These e n t r i e s  
c o n s t i t u t e  a t h i r d  d b e n s i o n  t o  t h e  m a t r i x ,  which i s  u s e f u l  
i n  t h e  s tudy of i n t e r a c t i o n s  among elements  of t h e  v a r i o u s  
systems, The block diagram of F igure  1-1 a l s o  i n d i c a t e s  t h e  
system i n t e r f a c e s ,  

1 .3 STUDY WPRBACH 

The s tudy was conducted i n  two phases.  The f i r s t  phase 
d e a l t  wi th  a review of t h e  e x i s t i n g  s i t u a t i o n  i n  highway 
s a f e t y  r e s e a r c h ,  inc lud ing  r e s e a r c h  a r e a s  s t u d i e d ,  r e s e a r c h  
techniques  employed, o r g a n i z a t i o n a l  forms and resources .  
The second phase d e a l t  w i t h  t h e  s y n t h e s i s  and e v a l u a t i o n  of 
a l t e r n a t i v e  program p l a n s ,  and t h e  f i n a l  s e l e c t i o n  of one 
p r e f e r r e d  plan.  The key l i n k  between t h e  two phases of t h e  
s tudy was t he  i d e n t i f i c a t i o n  a£ r e s e a r c h  gaps which e x i s t  
i n  t he  c u r r e n t  s t a t e  o f  t h e  a r t  and t h e  use  of these gaps a s  
themes f o r  t h e  a l t e r n a t i v e  p l a n s ,  

The major e f f o r t  dur ing  phase 1 depended upon l i t e r a t u r e  
sea rches  and b i b l i o g r a p h i c  m a t e r i a l  i n  t h e  v a r i o u s  s p e c i a l  
areas of highway safe ty  r e s e a r c h  d e a l i n g  wi th  t h e  d r i v e r ,  
v e h i c l e ,  roadway, and a t h e r  elements  s f  t h e  system. I n t e r -  
f a c e s  msng t h e s e  elements  were recognized s o  t h a t  no impor- 
t a n t  r e s e a r c h  areas would be missed, F i n a l l y ,  b r i e f  reviews 
of t h e  s t a t u s  i n  each area were prepared ,  inc lud ing  t h e  
r e s e a r c h  gaps,  

I n  phase 2 ,  the approach was ts t r a n s l a t e  t h e  r e s e a r c h  
gaps i n t o  b a s i c  themes f o r  new programs, t o  expand t h e  themes 
i n t o  a l t e r n a t i v e  p r o g r m  p l a n s ,  t o  e v a l u a t e  and compare t h e  
a l t e r n a t i v e s  by means of a r a t i n g  methodology, t o  s e l e c t  one 
basic theme f o r  f i n a l  recommendation, and t o  s y n t h e s i z e  t h e  
d e t a i l s  of a p r s g r m  based on t h i s  s e l e c t e d  theme. 







2. STATUS OF HIGHWAY SAFETY RESEARCH 

The major t a s k  d u r i n g  t h e  f i r s t  phase of t h e  program 
d e f i n i t i o n  s tudy  was a review of t h e  s t a t u s  of highway s a f e t y  
r e s e a r c h .  The review was conducted by a team of s p e c i a l i s t s  
a s s igned  t o  t h e  seven system a r e a s  mentioned i n  t h e  1nt:ro- 
d u c t i o n ,  i .e . ,  t h e  d r i v e r ,  v e h i c l e ,  roadway, p e d e s t r i a n ,  
p h y s i c a l  environment,  s o c i a l  environment,  and highway s e r v i c e s .  
Th i s  t a s k  was t h e  l o n g e s t  one i n  t h e  e n t i r e  s tudy ,  and it 
provided t h e  e s s e n t i a l  b a s i s  f o r  a l l  o f  t h e  succeeding t a s k s .  

Because each of t h e  seven a r e a s  i n t e r a c t s  w i t h  a l l  t h e  
o t h e r s  i n  terms of o p e r a t i o n s  of t h e  highway t r a n s p o r t a t i o n  
system o r  a d j u n c t  o p e r a t i o n s ,  most r e s e a r c h  i n  highway s a f e t y  
d e a l s  w i t h  a t  l e a s t  two of t h e  a r e a s ,  o r  systems.  For example, 
r e s e a r c h  on t r a f f i c  c o n t r o l  s i g n s  d e a l s  w i t h  bo th  d r i v e r  v i s i o n  
and roadway l o c a t i o n  and des ign ;  and r e s e a r c h  on v e h i c l e  hand- 
l i n g  d e a l s  wi th  bo th  v e h i c l e  performance and d r i v e r  s k i l l s .  
There fo re ,  many of t h e  r e s e a r c h  p r o j e c t s  t o  be reviewetl could  
l o g i c a l l y  be c a t e g o r i z e d  i n  two o r  more of t h e  seven a r e a s .  
I n  o r d e r  t o  avoid  d u p l i c a t i o n  i n  t h e  t y p e s  of r e s e a r c h  review- 
ed i n  each a r e a ,  t h e  i n t e r f a c e s  among t h e  seven systems were 
d e f i n e d  and ass igned  t o  c e r t a i n  a r e a s  a s  d e s c r i b e d  i n  llppendix 
2. 

The r e s e a r c h  s t a t u s  reviews were conducted i n  t h e  manner 
of l i t e r a t u r e  s e a r c h e s ,  cover ing  in fo rmat ion  a t  t h e  Highway 
S a f e t y  Research I n s t i t u t e  L i b r a r y  and o t h e r  p u b l i c  sources .  
The purpose of t h e  reviews was t o  de termine  t h e  g e n e r a l  s i t u a -  
t i o n  o r  s t a t u s  of highway s a f e t y  r e s e a r c h  s o  t h a t  a r e a s  i n  
which r e s e a r c h  i s  l a c k i n g  could  be c l e a r l y  i d e n t i f i e d  a s  " re -  
s e a r c h  gaps."  

I n  o r d e r  t o  de termine  t h e  p r e c i s e  s t a t u s  of highway 
s a f e t y  r e s e a r c h ,  a s t a t e - o f - t h e - a r t  review would be  r e q u i r e d .  
However, t h e  g r e a t  magnitude of  such a review precludet l  i t s  
f e a s i b i l i t y  i n  t h i s  s tudy .  I n s t e a d ,  s p e c i a l i s t s  were r e l i e d  
upon f o r  t h e i r  c o n t i n u i n g  awareness of c u r r e n t  r e s e a r c h  i n  
t h e i r  f i e l d s ,  and t h e i r  informed a b i l i t y  t o  s e l e c t  a manage- 
a b l e  number of r e s e a r c h  r e p o r t s  from t h e  a v a i l a b l e  m a t e r i a l  
f o r  review. Thus, though some minor a s p e c t s  may have been 
omi t t ed ,  it is f e l t  t h a t  t h e  g e n e r a l  s i t u a t i o n  i n  each a r e a  
has  been well covered. 

One approach cons ide red  was an a t t e m p t  t o  update  a pre- 
v i o u s  s t a t e - o f - t h e - a r t  review, "The S t a t e  of t h e  A r t  i n  T r a f f i c  
S a f e t y ,  A C r i t i c a l  Review and Analys is  of t h e  Technica l  I n f o r -  
mation on F a c t o r s  A f f e c t i n g  T r a f f i c  S a f e t y "  (Ar thur  D. L i t t l e ,  
Inc . ,  June 1966) .  I t  i s  c e r t a i n l y  t h e  b e s t  review of  t h e  
f i e l d  y e t  produced, and perhaps t h e  on ly  one which adequa te ly  
d e f i n e s  p a r t s  of t h e  s t a t e  of t h e  a r t .  Never the less ,  i n  s p i t e  
of i t s  l a r g e  magnitude, it f a i l s  t o  d i s c u s s  s e v e r a l  o f  t h e  
p e r t i n e n t  system/phase r e l a t i o n s h i p s  d e f i n e d  e a r l i e r  in 
Figure  1-1, and it f a i l s  t o  p o i n t  o u t  t h e  need f o r  f u r t h e r  



r e s e a r c h  i n  o t h e r  a r e a s ,  Therefore ,  it was no t  used a s  a 
b a s i s  f o r  updat ing ,  On t h e  o t h e r  hand, many of i t s  r e f e r -  
ences were used and t h e  complete s e t  of over  1800 r e f e r e n c e s  
i s  being ob ta ined  by BSRI ,  

Because of t h e  very  l a r g e  mass and h igh ly  t e c h n i c a l  
n a t u r e  of t h e  d a t a  compiled i n  t h e  r e s e a r c h  review, it has 
been placed a t  t h e  end of t h e  r e p o r t  (Apendix 3 ) .  However, 
an overview of t h e  s t a t u s  of highway s a f e t y  r e s e a r c h  can 
be summarized b r i e f l y  as fol lows:  

1. The Driver  -- This  a r e a  has r ece ived  more a t t e n t i o n  
than  any o t h e r  throughout  t h e  h i s t o r y  of highway s a f e t y  
resea rch ,  bu t  t h e  r e s e a r c h  f i n d i n g s  have been l e s s  s u b s t a n t i v e  
because of t h e  complexity of t h e  problem. Most of t h e  re -  
sea rch  on d r i v e r  behavior  has been conducted a t  t h e  u n i v e r s i -  
t i e s ,  l a r g e l y  by independent r e s e a r c h e r s .  Primary emphasis 
has been on sensory-perceptual  processes  and p e r s o n a l i t y  
mechanisms i n f l u e n c i n g  d r i v i n g  behavior .  

2 .  The Vehicle  -- This a r e a  has been covered very  
heav i ly  by t h e  automobile manufacturing i n d u s t r y ,  a l though 
t h e  resea rch  f i n d i n g s  a r e  on ly  p a r t i a l l y  r e l e a s e d  f o r  pub l i -  
c a t i o n .  Government suppor t  f o r  resea rch  i n  v e h i c l e  s a f e t y  
has grown i n  t h e  P a s t  two y e a r s ,  and it i s  t h e  primary in -  
t e r e s t  of t h e  Nat ional  Highway Safe ty  Bureau. S p e c i f i c  
progress  has been achieved i n  t i r e  r e sea rch ,  passenger re- 
s t r a i n t s ,  i n t e r i o r  i n j u r y  mechanisms, door l a t c h e s ,  and 
o t h e r  minor f a c t o r s  r e l a t i n g  t o  v e h i c l e  des ign .  

3 ,  The Roadway -- Research on roadway s a f e t y  f a c t o r s  
has been done i n  t h e  p a s t  by v a r i o u s  f e d e r a l  and s t a t e  
agencies .  Often it has been an i n c i d e n t a l  a s p e c t  of re- 
s e a r c h  o r i e n t e d  toward new roadway des ign  concepts  which 
develop i n  an evo lu t ionary  way. However, r e s u l t s  d e a l i n g  
w i t h  pavement s u r f a c e s  and highway geometrics  have been 
impress ive ,  Resu l t s  d e a l i n g  wi th  ad junc t  f e a t u r e s  such a s  
s i g n s  and s i g n a l s  have been t o o  cons t ra ined  by convent ional  
approaches. 

4 ,  The P e d e s t r i a n  -- I n  t h i s  a r e a ,  r e s e a r c h  has d e a l t  
with observed acc iden t  s t a t i s t i c s  r a t h e r  than  behav io ra l  
experimentat ion.  The young, t h e  aged, and t h e  i n t o x i c a t e d  
have been i d e n t i f i e d  a s  problem p e d e s t r i a n s ,  b u t  l i t t l e  has  
been done t o  understand why. 

5. The Phys ica l  Environment -- Weather f a c t o r s  have 
been i d e n t i f i e d  f a i r l y  comprehensively wi th  regard  t o  t h e i r  
p o t e n t i a l  e f f e c t s  on t r a f f i c  a c c i d e n t s .  However, t h e  
s o l u t i o n s  appear t o  be completely encompassed by v e h i c l e  
and rsadway f a c t o r s .  



6. The S o c i a l  Environment -- The a r e a  has  been recog- 
n ized  on ly  r e c e n t l y  a s  a  major system r e l a t e d  t o  highway 
t r a n s p o r t a t i o n  s a f e t y .  P a s t  r e s e a r c h  i n  t h e  a r e a  has been 
uncoordinated ,  e .g . ,  independent  s t u d i e s  i n  d r i v e r  educa t ion  
and t r a f f i c  law enforcement ,  and r e s u l t s  have been v e r y  
inconc lus ive .  Research on soc io log . i ca l  f a c t o r s ,  whi le  
ske tchy ,  has shown i t s  p o t e n t i a l  importance. 

7 ,  Highway S e r v i c e s  -- This  a r e a ,  a l s o ,  has  been 
recognized on ly  r e c e n t l y .  Primary s t u d i e s  have been on 
t r e a t m e n t  of i n j u r i e s  and ambulance s e r v i c e s .  The r e s u l t s  
have been i n s t r u m e n t a l  i n  sugges t ing  a  systems approacln. 

A g e n e r a l  assessment  of t h e  s t a t u s  of highway r e s e a r c h  
i s  t h a t  p a s t  r e s u l t s  have been uncoordinated  and on ly  
p a r t i a l l y  a p p l i c a b l e ,  t h a t  r e s e a r c h  i n  d r i v e r  behavior  has  
been t h e  most p r o l i f i c  b u t  t h e  l e a s t  s u b s t a n t i v e ,  t h a t  re- 
s e a r c h  on t h e  p h y s i c a l  f a c t o r s  has  k e p t  pace w i t h  d e s i g n s ,  
t h a t  r e s e a r c h  i n  s o c i a l  f a c t o r s  and highway s e r v i c e s  slnows 
g r e a t  p o t e n t i a l ,  and i n  summary, t h a t  t h e  o v e r a l l  r e s e a r c h  
s t a t u s  i s  no t  adequate  f o r  t h e  c u r r e n t  needs i n  highway 
s a f e t y  . 

I n  t h e  f u t u r e ,  highway s a f e t y  r e s e a r c h  w i l l  be guided 
p r i m a r i l y  by t h e  l e a d e r s h i p  of  NHSB. Two p o i n t s  a r e  
e s p e c i a l l y  c r i t i c a l :  (1) l e a d e r s h i p  i n  t h e  use  of t h e  
systems approach f o r  highway s a f e t y  r e s e a r c h ,  and ( 2 )  l e a d e r -  
s h i p  i n  expanding and c o o r d i n a t i n g  r e s e a r c h  on d r i v e r  be- 
hav io r .  

The f i n a l  r e s u l t  of  t h e  r e s e a r c h  s t a t u s  review -- a  
l i s t i n g  of c u r r e n t  r e s e a r c h  gaps -- i s  p resen ted  i n  t h e  
n e x t  s e c t i o n .  





3 .  THE NEEDS IN HIGHWAY SAFETY RESEARCH 

In the preceding section, the current status of ni-ghway 
safety research was reviewed in order to define the foundation 
upon which future research can be based. In some areas the 
foundation is solid and meaningful, while in other areas it is 
vacuous. The purpose of this section is to define the areas 
of the research foundation which are lacking both in content 
and in quality, 

Two aspects of the needs in highway safety research are 
presented. One - -  the research gaps -- provides the key link 
between the two phases of the study. The other aspect is an 
indication of the research needs expressed by practitioners in 
highway safety implementation programs. 

3.1 RESEARCH GAPS 

The current research gaps in highway safety research have 
been compiled for each of the seven system areas prtviously 
defined. The composite list presented below is limited to those 
highway safety research areas which represent the most critical 
questions of the future, in the context of a nationally coordin- 
ated systems approach. 

The Driver 

Lffects of alcohol consumption on drivers and driving 
performance 
Reasons for overinvolvement of young drivers in 
traffic accidents 
Improved methods of driver education 
Effects of driver vision capabilities on driving 
performance 
The role of nonvisual sensory cues in uriving 
Effects of social influences on driver attitudes, 
motivations, and personality 
Effects of aasic attitudes, motivations, and 
personality on driving behavior 
Basic understanding of the driving operations, 
task requirements, sequences, and in~errelationships. 
Basic unkerstanding of human driving sJ~ills, vehicle 
handling performance, and man-machine interfaces 
Emergency driving operations 
Reasons for risk-taking in driving and means for 
reducilig risk-taking 
Basic understanding and applications for the decision- 
making process in driving 
Knowledge of the kinds of information needed by 
drivers in traffic 
Knowledge of the means and content of public infor- 
mation most effective in improving citizens' driving 
behavior 
Effects of various enforcement techniques on driving 
behavior. 



16. Effects of various regulations and legal sanctions 
on drivers' attitudes 

17. Improved methods of driver licensing and testing 
18. Effects of drugs on driving behavior 
19. Effects of fatigue on driving performance 
20. Basic understanding of injury mechanisms in highway 

accidents and resulting trauma 

The Vehicle 

Basic understanding of vehicle control operations 
requirements, sequences, and interrelationships 
Determination of explicit, objective measures of 
vehicle dynamic performance 
Improved interior design of vehicles to minimize 
passenger injuries 
Improved methods for passenger restraints 
Knowledge of the dynamic effects of braking perfor- 
mance 
Knowledge of tire deformation mechanics near friction 
limits 
Effects sf time, aging, deterioration, and operation- 
al wear (degradation) on vehicle components and per- 
f ormance 
Knowledge sf vehicle damage mechanisms 
Knowledge of energy-absorption materials and struc- 
tural designs to minimize transfer of impact energy 
to passengers 
Knowledge of design techniques to minimize vehicle 
damage in a collision 
Knowledge of techniques to minimize cost of vehicle 
damage repair 
Effects of vehicle design on passenger comfort in 
terms of position, temperature, and vibration 
Improvements in viewing limitations of vehicles 

The Roadway 

1. Improved friction characteristics of roadway surfaces 
for minimizing vehicle skidding 

2. Impr~ved illumination and delineation of roadway sur- 
faces by passive and active means 

3. Basic understanding of the effect of intersection 
design on traffic flow and accident causation 

4. Determination of new methods for control of traffic 
volume flow and redistribution by automatic means 

5. Basic understanding of the role of fixed roadside 
objects on traffic accidents, and means for allevi- 
ating the problem 

6. Knowledge of correlation of highway accidents with 
types of roadway locations 



The P e d e s t r i a n  

Many of t h e  r e s e a r c h  gaps i n  p e d e s t r i a n  s a f e t y  are 
analogous t o  t h o s e  f o r  t h e  d r i v e r ,  b u t  a r e  l e s s  c r i t i c a l .  
Three a r e a s  s t and  o u t .  

Overinvolvement of aged p e d e s t r i a n s  i n  t r a f f i c  
a c c i d e n t s  
Overinvolvement of young c h i l d r e n  a s  p e d e s t r i a n s  
i n  t r a f f i c  a c c i d e n t s  
Overinvolvement of a l c o h o l  consumption a s  a  f a c t o r  
i n  p e d e s t r i a n  a c c i d e n t s  

The Phvs ica l  Environment 

1. E f f e c t s  of reduced n igh t t ime  i l l u m i n a t i o n  of t h e  
roadway 

2. E f f e c t s  of s l i p p e r y  road s u r f a c e s  due t o  r a i n ,  i c e ,  
and snow 

3 .  E f f e c t s  of g l a r e  on d r i v e r  v i s i o n  
4 .  E f f e c t s  of fog  on viewing of t h e  roadway 

The S o c i a l  Environment 

1. E f f e c t s  of t r a f f i c  laws on t h e  d r i v e r  
2. E f f e c t s  of p o l i c e  enforcement on t h e  d r i v e r  
3 .  E f f e c t s  of l e g a l  s a n c t i o n s  on t h e  d r i v e r  
4 .  E f f e c t s  of d r i v e r  educat ion  on t h e  d r i v e r  
5. E f f e c t s  of  d r i v i n g  r e g u l a t i o n s  on t h e  d r i v e r  
6. E f f e c t s  of p u b l i c  informat ion  on t h e  d r i v e r  
7. Impact of s o c i a l  s t r u c t u r e s  and v a l u e s  on t h e  d r i v e r  

The Hishwav S e r v i c e s  

Methods of reducing t h e  s e v e r i t y  of e f f e c t s  of high- 
way a c c i d e n t  i n j u r i e s  
B e t t e r  methods of d e t e c t i n g  t h e  occurrence  of 
a c c i d e n t s  
Methods of e x t r i c a t i n g  passengers  from wrecked 
v e h i c l e s  
Better methods of removing wrecked v e h i c l e s  from 
a c c i d e n t  scenes  
Methods of semiautomatic la^ enforcement,  e.g., of 
speed l i m i t s  
Improved methods of t r a f f i c  s u r v e i l l a n c e  
Methods f o r  communications f o r  v e h i c l e s  i n  t r a f f i c  
Improved methods of r e p a i r  of d i s a b l e d  v e h i c l e s  
Improved v e h i c l e  i n s p e c t i o n  techniques  
Improved methods of highway p a t r o l  



3.2 INFORMATION NEEDS OF HIGHWAY SAFETY PRACTITIONERS 

Practitioners of highway safety are defined as those 
who create laws, regulations, and policy, prepare implement- 
ing programs, administer function, or perform specific actions, 
all of which relate to highway safety. The information needs 
of these personnel were analyzed primarily from informal dis- 
cussions with members of the Michigan State Safety Commission 
and officials and administrators within the Michigan Departments 
of State, Highways, Police, and Education. 

The general categories of practitioners and their major 
subcategories include: 

Law Makers: 

Federal Legislators 
State Legislators 
Local Boards and Councilmen 

Policy Makers: 

Secretary of Transportation 
State Governors 
Secretaries of State 
Highway Commissioners 
Transportation Commissioners 
Safety Commissioners 

Administrators: 

Federal Highway Administrator 
National Highway Safety Bureau 
Bureau of Public Roads 
Governor's Coordinators 
Motor Vehicle Registrars 
Driver Examiners and Licensors 

Developers and Operators: 

Highway Designers and Builders 
Highway Operations Managers 
Traffic Engineers 
Automotive Engineers 
Equipment Suppliers 

Educators: 

State Directors for Education 
Educational Institutions 
Traffic Safety Teachers 
Driver Education Teachers 
Professional Highway and Traffic Safety Associations 
Traffic Safety Organizations and Councils 



Enforcers: 

State and Local Traffic Police 
Transportation Regulators, Inspectors, Investigators 
Traffic Court Judges 

Medical Service Providers: 

State and Local Health Departments 
Hospitals 
Doctors 
Ambulance Operators 

The most frequently enumerated categories of information 
required by highway safety practitioners were determined 
recently by HSRI in its Documentation Center Contract for 
NNSB, as follows: 

Laws, Regulations, Standards 
Technical Data 
Administrative Procedures 
Operating Techniques 
Training Methods 
Statistics on: 
Accidents 
Driver Exposure 
Vehicle Mileage 
Traffic Volumes 
Population 
Costs 
Resources 
Perf onnance 

Public Attitudes and Response 
Program Analysis and Evaluation Techniques 
Forecasts 
Reporting Requirements and Techniques 
Periodic Reviews, Summaries, State-of-the-Art Reports 
Research in Progress 
Current Activities of Others in the Field 
Directories of Organizations and People 
Speech and Brochure Material 
Services and Aids Available 

The normal and preferred formats for transmitting infor- 
mation requirements to highway safety practitioners include: 

Newsletters 
Bulletins 



Lists 
Guides 
Synthesized Summaries 
Survey Reports 
Handbooks 
Manuals 
Reference Books 
Document Lending Services 
Audio-Visual. Material 

Naturally the many psacitisners have varying information 
requirements. However, much of the needed information depends 
on successfuL highway safety research. But to be useful the 
information generally has to be up-to-date, timely, and 
synthesized in a form that is understandable to intelligent 
laymen and readily applicable, 

Surveys indicate, however, that practitioners seem to 
be inarticulate about describing their information needs or 
are vaguely aware of what needed infornation is available 
and where to find it. Therefore, user rates of existing 
information systems are low, Those who know what they want 
complain that the information available is not screened for 
essentials, i s  out-of-date, or arrives too late to be of use. 

At times there is a wide gap between researchers and 
practitioners. It has been charged that many highway safety 
researchers work in a vacuum on isolated problems and fail 
to consider the whole problem, and that some practi- 
tioners feelthat researchers often try to disprove imple- 
mented program results rather than evaluate them. Legis- 
lators in particular are continually overwhelmed by vast 
quantities sf undigested or unsynthesized informa- 
tion, often have little dialogue with researchers, and don't 
always understand researchers and their programs, 

An exception to the generally weak communications pre- 
vailing among highway safety researchers and practitioners 
is in the area of highway engineering and construction, prim- 
arily because sf the close fraternity that exists among the 
professionals who constitute the membership of the American 
Association of State Highway Officials, the Highway Construc- 
tion Industry, the Bureau of Public Roads, and the Highway 
Research Board. Even within this information system weak- 
nesses are recognized, but serious attempts to eliminate 
them are being made by the Highway Research Board via a 
contract under the National Cooperative Highway Research 
Program to synthesize existing information on important 
highway problems. 

The National Highway Safety Bureau, aware of the short- 
comings in furnishing information requirements to highway 
safety practitioners, has funded studies to determine users 
and their information needs and to recommend solutions. The 
Highway Safety Bureau has instituted its own Information and 



Documentation Center which so far exists primarily as an in- 
house service and does not fulfill all user needs. 

The IIHS newsletter, Status Re ort, also serves an 
important function in fulfl + ing practitioners needs. This 
kind of service should be continued and expanded. 

To fulfill the ever growing information requirements of 
all practitioners of highway safety, it is urgent that a 
National Traffic Safety Documentation Center be established. 
The principal functions of this Center should include: 

Serving as a single point of access to all highway 
safety information 

Formulating a Highway Safety Thesaurus of concepts, 
subjects, terms, nomenclatures 

Issuing periodic newsletters 

Providing definitive, authoritative, federally sponsored 
and approved state-of-the-art reports and critical 
reviews 

Maintaining a universal personality-organization-facility 
file. 





4. HIGHWAY SAFETY RESEARCH ORGANIZATION 

Research i n  highway s a f e t y  may be done i n  f i v e  o rgan i -  
z a t i o n a l  c a t e g o r i e s ,  as fo l lows:  

1. Col leges  and u n i v e r s i t i e s  
2. Research and c o n s u l t i n g  f i r m s  
3 .  Government agenc ies  
4. I n d u s t r i a l  o r g a n i z a t i o n s  
5. Foundations,  a s s o c i a t i o n s ,  and s o c i e t i e s  

Th i s  s e c t i o n  i n d i c a t e s  t h e  e x t e n t  t o  which t h e s e  o r g a n i -  
z a t i o n a l  c a t e g o r i e s  have been used i n  t h e  p a s t  f o r  highway 
s a f e t y  r e s e a r c h ,  and i n d i c a t e s  t h e  o r g a n i z a t i o n a l  forms t h a t  
might be used i n  t h e  f u t u r e .  

4 . 1  EXISTING HIGHWAY SAFETY RESEARCH ORGANIZATIONS 

A survey of highway s a f e t y  r e s e a r c h  r e p o r t s  was conduct- 
ed w i t h  a sample of documents i n  t h e  HSRI L i b r a r y  i n  o r d e r  t o  
c o r r e l a t e  r e s e a r c h  w i t h  o r g a n i z a t i o n a l  t y p e .  From a random 
sample of 135 documents, 47 of them (35%) were prepared  a t  
c o l l e g e s  o r  u n i v e r s i t i e s .  T h i s  number was approximately 
twice  a s  many documents a s  prepared  by e i t h e r  government 
agenc ies  o r  r e s e a r c h  f i r m s .  Foundations and i n d u s t r i e s  pro- 
duced on ly  abou t  one t h i r d  a s  many documents a s  t h e  c o l l e g e s  
and u n i v e r s i t i e s .  R e s u l t s  of t h e  survey (see Appendix. 4 )  
i d e n t i f y  t h e  c e n t e r s  of  e x c e l l e n c e  i n  highway s a f e t y  r e s e a r c h .  

Although t h e  sample number was on ly  about  2.5% of t h e  
HSRI c o l l e c t i o n ,  it was enough t o  v a l i d a t e  t h e  r e s u l t s .  Thus, 
c o l l e g e s  and u n i v e r s i t i e s  appear  t o  be t h e  t y p e  of  o r g a n i z a t i o n  
i n  which t h e  l a r g e s t  amount of  highway s a f e t y  r e s e a r c h  i s  done. 

4 . 1 . 1  COLLEGES AND UNIVERSITIES. U n t i l  about  t h r e e  
y e a r s  ago, t h e r e  were o n l y  about  t h r e e  o r  f o u r  l a r g e  r e s e a r c h  
i n s t i t u t e s  f o r  highway s a f e t y  r e s e a r c h  a t  t h e  u n i v e r s i t i e s .  
There were a l s o  a few smal l  r e s e a r c h  p r o j e c t s  r e l a t e d  t o  high- 
way s a f e t y  w i t h i n  academic depar tments .  However, most of  t h e  
work was done by i n d i v i d u a l  p r o f e s s o r s  doing r e s e a r c h  i n  addi-  
t i o n  t o  t each ing .  Thus, t h e r e  a r e  two b a s i c  t y p e s  of o rgan i -  
z a t i o n s  f o r  highway s a f e t y  r e s e a r c h  a t  c o l l e g e s  and u n i v e r s i -  
t i e s :  t h e  s t a f f  o r g a n i z a t i o n ;  and t h e  d i v e r s e  approach where 
work i s  sp read  around campus. The s t a f f  o r g a n i z a t i o n ,  whether 
i n  an i n s t i t u t e  o r  academic department ,  is t h e  o n l y  d e a s i b l e  
approach f o r  a t r u e  program. 

Within t h e  p a s t  t h r e e  y e a r s ,  s e v e r a l  new r e s e a r c h  c e n t e r s  
o r  i n s t i t u t e s  f o r  highway s a f e t y  r e s e a r c h  have sprung up i n  
t h e  u n i v e r s i t i e s .  These groups a r e  now doing t h e  bulk  of  t h e  
highway s a f e t y  r e s e a r c h  a t  t h e  u n i v e r s i t i e s .  I n  g e n e r a l ,  t h e  
c e n t e r s  and i n s t i t u t e s  a r e  f a i r l y  l a r g e  and t h e y  emphasize 
i n t e r d i s c i p l i n a r y  programs. T h e i r  suppor t  comes from endow- 
ments,  g r a n t s ,  and government c o n t r a c t s .  



Colleges and universities, bemuse of their teaching 
departments, research institutes, and laboratories, have 
traditionally been the pioneers in basic research, Even so, 
in some fields, suck as engineering, their work is often 
directed toward the solution a f  particular problems. In 
performing this work they are dependent upon a wide variety 
of sponsors for financial support. 

A unique feature sf educational institutions is that 
they often are able to enlist the support of competing in- 
dustries or companies in conducting research in a single area. 
Another strong point is their ability to draw upon a wide 
variety of disciplines represented on their staffs and 
facilities. 

4.1.2 RESEARCH AND CONSULTING FIRMS. Research 
and consulting firms (profit, non-profit, private, quasi- 
public) are quite prolific in the field of highway safety. 
Although they have organizational structures much like 
industrial firms, they deal not in products, but rather in 
applying basic knowledge to practical problems. These fims 
may be large or quite small but they are usually specialists 
in one OK more related fields, Their functions range from 
science and technology to management and business analysis. 
Like universities, they delve into basic knowledge, though 
in many their primary direction is in applications. Most 
of the highway safety research done by private firms is sup- 
ported by government contracts, and therefore they are faced 
with a continuing competitive problem of obtaining new contracts. 

4.1.3 GOVERhrNENT AGENCIES. The role of government in 
highway safety research is fundamentally one of financial 
sponsorship. However, there is a great deal of self-sponsored 
research being conducted within the government agencies 
themselves. 

Of most recent importance is the National Highway Safety 
Bureau and the funds that it has available to initiate research. 
Until the establishment of NHSB, the federal government's 
support of highway safety research was on a small contract or 
grant basis directed at solving a variety of rather diverse 
problems. Financial support from state governments has also 
been small and directed at solving specific problems raised 
by a highway department or public safety department. The 
NHSB has been formed with a legislative mandate to attack 
highway safety on a coordinated basis. Nevertheless, other 
government agencies will continue to be involved. 

4.1.4 INDUSTRIAL ORGANIZATIONS. Although automobile 
industries are very active in highway safety research, much of 
their work is proprietary, and not published for open use. 
Therefore, the true magnitude of their research is probably 
not evidenced by the survey. Endustries are product-oriented, 



and therefore their research is directed at a limited :realm 
of highway safety. However, their research is often covered 
by overhead. Some of their research branches also compete 
for government contracts in highway safety. 

4.1.5 FOUNDATIONS, ASSOCIATIONS, AND SOCIETIES. Foun- 
dations and similar organizations (e,g. ASF, AASHO, and SAE) 
are basically sponsors or promoters of highway safety research 
or implementation programs. Sponsorship may be manifested 
either by providing whole or partial funding to research 
organizations sr by initiating programs through cooperi3tive 
participation sf the foundation" supporting members. More- 
over, some of these organizations are prepared to condilct 
research themselves. The financial support offered by these 
organizations is usually not great and the research programs 
undertaken are usually small in scope, On the other hand, 
demonstration or implementation programs, supported by such 
organizations in cooperation with other agencies, are often 
nationwide in scope. Appropriate foundations and socic2ties 
are often related to the autonlobile or highway construcztion 
industries and they sometimes derive their support directly 
from the industries. Membership dues also contribute to 
modest mounts sf research in the technical societies. 

4.2 POTENTIAL ORGANIZATIONAL FORMS 

Each of the five types of organizations may be utilized 
to some extent in carrying out a large-scale highway safety 
research program. However, some are more versatile and 
flexible than others. To illustrate, the operational require- 
ments of such a research program can be broken down into a 
hierarchy of functions, such as: 

. Undertaking the entire research program . Undertaking management and technical coordination 
of both in-house and subcontracted efforts 

3. Undertaking technical coordination of subcontracted 
activities (no in-house research) 

4. Undertaking subcontracted research projects only 

The capabilities of various organizational types (and their 
major subelements) may be related to thie hierarchy, as shown 
graphically in the chart of Table 4-1. 

By applying various constraints to the chart, it is 
possible to select the appropriate organizational form,, or 
combination of forms, for a given need. For example, n f  
IIHS prefers to have the entire program performed within 
one outside organization, the choice of a type of organization 
is quite broad (only foundations are eliminated). If, in 
addition, possible conflicting interests are to be avoided, 



TABLE 4 - 1  

O r g a n i z a t i o n a l  Forms, Types,  and Scopes 

Large ,  i n t e r d i s c i -  1, 2 ,  3 ,  4 
p l i n a r y  r e s e a r c h  
i n s t i t u t e  

Medium, s p e c i a l i z e d  1, 2 1  3 1  4 
r e s e a r c h  c e n t e r  

Small  P r o j e c t  o r  
Department 

Scope: (1) E n t i r e  Research Program 
( 2 )  O v e r a l l  management and some r e s e a r c h  
( 3 )  O v e r a l l  management o n l y  
( 4 )  S u b p r o j e c t  r e s e a r c h  o n l y  



then large industrial firms and government agencies woluld 
probably be eliminated, Thus, based on two restraints 
(whole program and nonconflicting interests) the choice 
is narrowed to universities and research firms. If 
another desire is to ensure that the program will cornland 
frequent attention from the top executive personnel, 
the choice is narrowed to a larqe, interdisciplinary research 
institute at a university versus a large program organization 
or staff department in a research firm. 

Ansther possibility fulfilling all of the constraints 
in the preceding example is the establishment of an in-house 
research program at I'IHS. Such a program could be organized 
within the present IIWS structure, or it could be established 
in a separately incorporated subsidiary of IIHS, either newly 
created OP purchased. 

A second example is the case where IIHS specifically 
prefers the program to be conducted by a large number (of 
organizations. The first decision, then, is to select the 
organizational form for the overall management of the program. 
Some organizations would accept the management job only if 
they were also to perform a good sized share of the research 
and others might accept only the management job. Assuiming 
either is acceptable, the choice of management form would 
depend on the feasibility of subcontracting to various other 
forms. Although the potential relationships among various 
organizational forms for subcontracting purposes are not 
shown on the chart, it should be assumed that there woluld be 
some obstacles to certain combinations. These would come 
about due to various competitive aspects and conflicts in 
goals. Fox these reasons, it again appears that universities 
and private research firms would be the best choices for an 
overall management organizational form. 

A final example is the case where IIHS chooses to perform 
the overall management job itself. Possible conflicts with 
subcontractors is avoided, though there might be reluctance 
of contractors ta cooperate if the various results of research 
were fully coordinated. It is desirable to have full eoordin- 
ation, and yet it would not be fair to disclose interim re- 
sults among cerkain contractors with conflicting interests. 
The magnitude o f  the coordination job would be difficult for 
IIHS because of the large technical staff that would be needed. 
Recruitment of the staff would, sf necessity, be gradual in 
the first few years, which would mean a more lengthy planning 
phase than necessary. 

Simple organization charts for these three examples are 
given in Figi~res 4-1,4-2, and 4-3. 

Regardless of the organizational form chosen, it is 
important that the functions of the organization do not 
become too formalized or cumbersome. Many new manaqem~ent 
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l n g l e  Contract 

PROGRAM MANAGEMENT 

SUBPROJECTS WITHIN PROGRAM MANAGEMENT ORGANIZATION 

F i g u r e  4-2. O r g a n i z a t i o n  by S u b c o n t r a c t s  
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F i g u r e  4-3 .  O r g a n i z a t i o n  by Many C o n t r a c t s  
Magnitude of  
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the IIHS public relations staff would probably be increased 
to handle a larger flow of information to the media. 

Regardless of the role which IIHS chooses to adopt, 
it is clear that the magnitude of the research program, 
compared to previous IIHS implementation support, will 
change the balance of IIHS interests impressively. In fact, 
the research program could become a leading influence in 
changing the organizational structure of IIHS, and its 
role in our society. 



5. THE GOALS FOR HIGHWAY SAFETY RESEARCH 

In the Introduction the objectives of the automobi,le 
insurance industry were postulated in terms of the results 
of implementation programs which might follow from industry- 
sponsored highway safety research. In summary, these ob- 
jectives are: 

1. To reduce accidents, deaths, injuries, and damage 
2 .  To reduce economic losses 
3. To enhance the image of the industry 

The research program goals produced by IIHS provide 
a more detailed outlook on these objectives. The I I H S  
goals pertain to the highway safety research which pre-8 
cedes implementation, but they all relate to the ultima~te 
objectives in a basic, complementary fashion. From the 
original I I H S  statement, the goals have been separated, 
paraphased and condensed as follows: 

To contribute to knowledge of the highway 
accident process 
To contribute to the national strategy in 
highway safety 
To create and support a scholarly program in 
highway safety 
To ensure a long-term, coherent program 
To provide a basis for implementation of pro- 
grams to correct highway safety problems 
To encourage action in both the public and 
and private sectors 
To estimate the effect of early action on the 
automobile insurance industry 
To complement other highway safety activities 
To conduct the program in the national interest 
To produce the largest possible benefit to the 
public and the industry 
To produce knowledge of value to the industry 
in considering its own problems 
To suggest industry responses to future problems, 
in both the near future and the long term 
To make use of industry sources of information 
applicable to highway safety 
To focus on efforts which do not duplicate oth.er 
programs, i.e., the driver 
To produce interrelated results 

These goals have been reviewed carefully, and the general 
assessment is that they are very complete, objective, and rea- 



sonable, As a basis for research in the private sector, 
they are highly responsible and responsive to the needs 
of a national effort in highway safety. They indicate 
a desire on the part of the industry to cooperate with 
all other programs in highway safety research, both cur- 
rent and future. Although there are some precedents for 
private sponsorship of specific research in this field, 
very little of it is so logically founded or freely in- 
tended for the public domain. Further, the previous 
private research has never occurred in the large magni- 
tude proposed by PPHS. For this reason perhaps, the 
federal government has not prepared guidelines for pri- 
vate participation on a truly complementary basis. The 
IIHS goals take a large step toward the creation of such 
guidelines. They represent a most significant gesture 
on the part of the private sector, and they should have 
a striking influence on the national highway safety pro- 
gram. In particular, it is felt that the National High- 
way Safety Bureau will come to recognize the serious 
intent on the part of the industry, and they will surely 
accept the challenge to make use of the proffered re- 
sources in mutually beneficial ways. 

The research goals serve two purposes. They serve 
as guidelines for the synthesis of industry-sponsored 
research programs plans, and they also provide a basis 
for criteria which can be used to evaluate the potential 
of suggested plans. Both purposes were served in this 
study . 

While the use of goals as guidelines was informal 
and unstructured, the derivation and use of goals was 
quite analytical and objective in nature. The first 
step was tocategorizeeach of the goals under each of 
the three basic objectives. Some goals related to more 
than one objective, The goals were translated into 
evaluation criteria and expanded into concise details. 
For instance, the criteria on effectiveness of a program 
in producing accident-process knowledge included amount, 
applicability, uniqueness, and validity criteria. The 
total list of possible criteria was then analyzed for 
duplications and overlaps. The final list of criteria 
for evaluation of alternative program plans is as 
folllows: 

1. Amount of knowledge produced 

2, Uniqueness of knowledge produced 

3. Use of insurance industry data 



4 .  Relative benefits to the younger population 

5. Cost of research 

Use demonstration projects 

7. Applicability of new knowledge to implementation 
programs 

8. Potential for near-term implementation programs 

9. Potential for early effectiveness of implement,ation 
programs 

10, Relative cost of suggested implementation programs 

11. Effect on the public image of the auto insurance 
industry 

Appropriateness organizational form 

13. Flexibility and adaptability 





6. UTEWATITK: PROGRAM PLANS 

This section contains descriptions of the twelve alter- 
native program plans which were synthesized for comparison in 
the evaluation process. The themes for the program plans 
were developed from the listing of research gaps presented 
in section 3, The twelve summaries contain brief statements 
of objectives, research areas and techniques, subprojects, 
schedule, manpower, and cast. 

The choice of the twelve research themes was made by 
a special four-man working committee which had monitored the 
analysis of the research gaps and had become familiar with 
the needs and interrelationships of the gaps. Each mennber 
was already familiar with the general needs in all areas of 
highway safety. Consultation was provided by advisory 
specialists in several of the areas. 

Because of time limitations for synthesizing and evalu- 
ating the plans, it was necessary to limit the number of 
alternative programs. By screening the list of research 
gaps and assessing the possible magnitude of related programs, 
a manageable list of potential program titles was derived. The 
intention was to synthesize the program plans simultaneously 
by means of several research terns working in parallel,, con- 
centrated efforts over a period of one to two weeks. It was 
felt that this approach was essential to project scheduling 
so that all plans could be evaluated together. During the early 
stages of the synthesis effort, a few programs were combined 
and others were added as certain gaps became more appa~eent. 
One program was added later, giving a final total of twelve 
alternatives, represented by the program plan summaries which 
follow. 

Among the guidelines used to develop the program themes 
were the need for long-range study and the IIHS suggestions 
for program periods up to ten years and costs on the order 
of one million dollars a year. Further, it was felt that 
many o f  the themes, in order to be fully and adequately studied, 
deserved the total amount of: support which could be made avail- 
able. Therefore, it was decided to synthesize separate programs 
based on each of the selected themes. This was done with clear 
realization that the magnitude finally estimated for some of 
the programs might not require the full amount of available 
resources, Also ,  it was foreseen that some of the program 
themes might eventually be combined because of their inter- 
relationships. Nevertheless, it was felt that initial develop- 
ment of separate program plans for the selected themes was the 
most straightforward approach at the mid-point of the program 
definition study, and that it afforded maximum flexibility for 
further use of the data. 

In order to achieve consistency in the cost estimates for 
the twelve alternative programs, a common cost factor was used 
in all eases. This cost factor was $30,000, representing the 



equivalent of one man yeas of professional research effort 
and supporting functions, The cost factor is based on an 
average salary of $17,600, overhead of 50%, and an additional 
25% for the average researcher's share of travel expenses, 
clerical support, and special equipment. A 1 1  o f  these com- 
ponents are included in the salary items of the cost charts 
which follow, unless otherwise specified. It is assumed 
that programs would be housed in existing facilities owned 
by the contractors, and that existing laboratory equipment 
would be used for a large share of the experimental needs. 
Estimated costs for special facilities such as a driving 
test track or computer are added separately. 

6.1 THE YOUNG DRImR 

The theme of the program is "Reduction in the Traffic 
Accident Involvement of Young Driversan The problem of over- 
involvement among young drivers is well substantiated by acci- 
dent statistics, and the general purpose is to alleviate this 
problem. The basic concepts of this program plan were devel- 
oped by Dr. Stanley K, Schuman of the Department of Epidemi- 
ology, The University sf Michigan. 

1. OBJECTIVES 

To describe the unique problems of young drivers in a 
detailed manner. 

To identify and establish models of the risk factors, 
social influences, and other factors involved. 

To determine and evaluate ways of modifying and control- 
ling young driver behavior. 

2.  mSEARCH AREAS 

Determine all possible factors relating to characteris- 
tics of young drivers that might influence their driving 
behavior. 

Determine which factors are most important in driving 
behavior of the young driver. 

Determine ways in which factors may combine to influence 
his driving behavior, 

Determine whether these factors may be affected by new 
or changed external influences. 

Determine whether changes in external influences can 
change a young driver's behavior. 



Determine which changes in external influences have 
the most effect on a young driver" behavior. 

Determine how changes in external influences may ble 
brought about, 

Evaluate effectiveness of actions to change external 
influences, and hence driving behavior. 

3 .  RESEARCH TECHNIQUES 

Data collection on young drivers, data storage, program- 
ming, data analysis. 

Modeling of young driver risk problems. 

Case studies, surveys, interview, school studies, family 
patterns, school seminars, etc., all in a community 
laboratoryR 

Experiments on advanced-driving test courses. 

4 .  SUBPROJECTS 

( I )  Establishment and continued administration of a 
Community Laboratory. 

(2) Establishment and continued administration of a 
Central Data Bank. 

( 3 )  Series of in-depth analytical studies of youilg 
drivers. 

( 4 )  Series of experimental group studies of young 
drivers. 

(5) Follow-up studies of individual young drivers. 

(6) Establish driving test courses. 

(7) Driving-course experimental studies. 

(8% Demonstration projects. 

(9) Evaluation of demonstration projects. 



5. ORGANIZATION 

A special subsidiary research center to house and admin- 
ister data project, community liaison project, driving 
range planners, interview and seminar rooms, experimen- 
tal labs, and staff offices. The center could be created 
as a new non-profit corporation, or as an adjunct to an 
existing or university-related research organization. 

University consultants and industry contracts to assist 
in establishing program. 

University consultants and other contracts to conduct 
studies, including fellowships and professional chairs. 

Contracts to contruct and operate driving test course. 

Consultants and contracts to conduct demonstration eval- 
uation projects. 

6. MANPOWER 

Over 300 man-months of professional research work, pri- 
marily by psychologists, sociologists, and data analysts. 

7. SCHEDULING 

The distribution of man-years of effort on subprojects 
over a ten-year period is given in the following chart. 

SUBPROJECTS 

In-depth Studies 

Follow-up Studies 

Driving Range 

Driving Studies 

Demo. Projects 



The total cost over 10 years is $9,675,000 as given in 
the cost chart below: 

6,2 RESPONSE TO INJURIES 

The theme of this program is "Improved Methods of Re- 
sponse to Highway Accident Injuries." It is based on a fund- 
amental assumption: If a highway accident victim is severely 
injured but not instantly killed, he often suffers various 
changes in his vital systems (respiratory, circulatory, 
nervous) and associated organs so that death may occur as an 
unnecessary secondary result of his injuries, to the extent 
that interaction of body defense mechanisms and the direct 
consequences of a given injury eventually lead to irreversible 
deterioration that could have been prevented by prompt; and 
appropriate treatment. 

Thus it is desirable to develop knowledge of proc!edures 
essential to discontinuing, reducing, temporarily halting, 
or reversing the chain of events created by injuries, and to 
disseminate this knowledge appropriately to medical, paramed- 
ical, and lay groups. A need exists to establish correlations 
between injuries, first aid, emergency room diagnosis, clini- 
cal findings, operating room reports, post-surgical complica- 
tions, laboratory data, and autopsy findings. 

According to an AMA brochure, "Suggestions for Community 
Action on Emergency Medical Services," January 1968, the or- 
ganizational structure at the community level, which must 
coordinate all the components of the emergency medical ser- 
vices system, must assure citizens... 



That they are being provided with the most up-to-date 
methods of first aid and emergency medical care 
which can be given by a laymen, an ambulance 
attendant, a policeman, or a physician. 

That the vehicles transporting them will be the 
best staffed and best equipped attainable. 

That emergency communications will assure them 
timely response when they are ill or injured, 
both in discovery and in treatment. 

And, finally, that the personnel and equipment 
in their emergency facilities assure them the 
highest quality medical care. 

Several research projects are presently being implemented 
in attempts to improve communication networks, to study the 
economic feasibility of helicopters, and to provide special 
physician teams on the scene of an accident. 

Other critical questions already being investigated in 
other countries and in several American institutions concern 
survival periods and mortality rates for different kinds of 
injuries; mortality rate correlations with early or late 
therapy, misdiagnosis, and surgical versus conservative 
therapy; feasibility of telemetry, advanced communications, 
and TV applications during treatment; and delay-minimization 
techniques. 

A number of other questions exist, to which trauma 
surgeons are frequently asked to give answers based only on 
observations and without the necessary statistical validaity. 
Some of these will develop into the main objectives of this 
program: 

(a)  What are the most frequent causes of death? 

(b) How do injury patterns correlate with the ultimate 
cause of death? 

(c) What are the probabilities of survival given the 
condition that injury was sustained in a given 
environment (site, time, therapy, etc. ) ? 

(d) What are the clinical parameters whose measurements 
can be used as indicators for certain irreversible 
conditions? 

(e) What are the real-time sequences of systemic changes 
in the human body, given the condition that injury 
was sustained? 



(f) What are the best methods for diagnosis, prevention, 
and therapy of serious cansequences of injury (such 
as fat embolism, shock, circulatory deficiencies 
in the brain, anoxia, etc.) ? 

OBJECTIVES 

To develop criteria that allow for methodical evaluation 
of highway trauma and the whole sequence of events in- 
volving the injured patient from post-injury analysis 
to final recovery. 

To reduce the number of accident victims who die as a 
result of their injuries, even though an early response 
by a properly equipped ambulance and properly trained 
attendants could have prevented death. 

To reduce the number of cases that suffer death or per- 
manent impairment as a result of actual mismanagement 
of the patient in the ambulance or in the hospital. 

To produce a valid data bank that will permit the estab- 
lishment of priorities to be employed in the emergency 
rooms of hospitals. To produce data that will be useful 
to suggest areas of research for improved diagnostic 
techniques in the trauma receiving hospital and for 
initial treatment. 

2 .  RESEARCH AREAS 

Autopsy records 
Operating room records, medical records, laboratory data 
Emergency room diagnosis and evaluation of ambulance 
service 

Ambulance records (first aid and time elements) 
The organization of injury records 

RESEARCH TECHNIQUES 

Knowledge of the morbidity process following highway 
injury will be gained by means of studies and data collection 
at accident scenes, in ambulances, and at hospitals. A very 
detailed reporting procedure must be devised in each (of these 
areas to provide consistent data among various agencies. 

A properly structured training program for impraving 
paramedical attention at the scene of the accident and during 
transportation can develop after (1) autopsy data have statis- 
tically validated the claims that are presently made by many 
isolated trauma researchers, and (2) interactions among injury, 
body defense mechanisms, and systemic deterioration are esta- 
blished. Current beliefs about what is important in ambulance 



attendant training programs can be proved or disproved from 
the results of applying new paramedical techniques. The ex- 
pectation is that there will be a change in the relationships 
between various observation vectors after these techniques 
are applied. 

4. SUBPROJECTS 

(1) To determine the elements of care at the scene of 
an accident and during transportation that will assure 
the victim an increased probability of survival, a re- 
duction in morbidity of his injuries, or both. 
To accomplish this it will be required to record the 
description of the injury, of the early care given by 
ambulance personnel, the delays involved in getting the 
patient to definitive medical care, the emergency room 
diagnosis and treatment, surgical procedures, and the 
causes of death. 

(2) As a result of the frequency distribution of the 
data collected in subproject (l), it is possible to plan 
new ambulance services, emergency room facilities, and 
trauma centers in order to optimize therapy at each of 
the stages of the recovery and to minimize the respective 
time delays. 

(3) A special research team, working in the emergency 
rooms of the trauma receiving hospitals, would take blood 
samples, conduct laboratory tests for blood gases and 
pH spirometer readings, measures of cardiac output by 
the dye dilution technique, serial electrocardiograms, 
and blood volumes measured through the isotope technique. 
This research unit would have several objectives: 

a. To feed back useful information regarding the 
adequacy of the types of resuscitation that the 
rescue workers have provided. 

b. To gather the biological data about the effects 
of injury on the physiology and metabolism of the 
injured patient. 

c. To study specific injuries regarding their mechan- 
ism and physiologic and metabolic consequences 
with regard to gaining a better understanding of 
these problems in order that new and better 
methods of treatment might be instituted. 

(4) A special demonstration project and implementation 
activity will make use, on a continuous basis, of the 
highly trained and experienced corpsmen when they return 
from their tour of duty in Vietnam. Measurement of the 



effectiveness of these corpsmen as ambulance attendants 
will demonstrate some of the new lifesaving techniques 
currently being deployed in Vietnam. 

(5) The findings of the preceding subprojects are then 
to be applied toward the development of curricula for 
training courses for ambulance attendants, and special 
trauma courses for physicians in the medical schools. 

(6) A micro- and macroscopic autopsy procudure set up 
for the specific purposes of this investigation can lead 
to new autopsy techniques and to an expansion of autopsy 
research as an adjunct of medical research activities. 

5. ORGANIZATION 

All preliminary planning, design of experiments, and 
development of data collection procedures to be carried 
out at a research institution which is associated with 
a trauma receiving hospital and a medical school. 

Data collection to be carried out in four to six envir- 
onments that can offer combinations of all types of 
trauma, detection and communication, transportation of 
the injured and therapy. These sites to be selected such 
that a good trauma center and a research-oriented univer- 
sity be located nearby. 

Data processing and analysis to be carried out in two 
phases : 

Phase I. At the local level, in each one of the 
data collection centers, so that an immediate feedback 
allows for detection of errors, incomplete forms, in- 
adequate approaches. 

Phase 11. In the data processing facility of the 
central research organization. 

6. MANPOWER 

Each of the subcontractors needs a fairly complete team 
made up of: 

One trauma surgeon (1/4 time) 
One pathologist (1/2 time) 
One pathology laboratory technician (full time) 
One emergency room intern (full time) 
One emergency room and laboratory technician (full time) 
Data-processing personnel (part time) 



In addition, the central srganization needs the following: 

One chief investigator, preferab ly  a trauma surgeon 
(full time) 

One pathologist ( f u l l  time) 
One systems analyst (full time) 
One comunications engineer ( % / 2  time) 

7 .  SCHEDULING 

The schedule over a ten-year period is given in the 
following chart. 

SUBPROJECTS 

Emergency R Q O ~  

Autopsy Research 

Statistical 

Demonstrations: 

Demonstrations: 

Training courses: 

Ambulance Per- 
sonnel, Police, 

Final Data 
Collectian and 



8, COSTS 

A. Cost per item: 

(a) Research Cost: uniformly spread 
over first seven years at about 
$5Q0,000/yr. $3,500,000 

(b) Demonstration Cost (subproject 2) : 
ambulance services, communications 
equipment, $300,000 (year 6), 
$200,000 (Year 7) 

(c) Demonstration Cost (subproject 4): 
in payroll subsidies, equipment, 
medical supplies, years 4, 5, and 6 
at $240,000 per year in 12 ambulances, 
about 2 in each geographical area. 720,, 000 

(d) Implementation: Reduced subsidy for 
corpsmen payroll. Economic analysis 
to be conducted with higher ambulance 
charges, better services, 4 years, 12 
ambulances, total of $60,00O/yr. 240,000 

(e) Training courses for ambulance atten- 
dants. Cost for training only at pilot 
project, $80,00O/yr for 4 years. Pay- 
roll for new graduates subsidized min- 
imally on basis comparable to corpsmen 
implementation program. About 10 grad- 
uates each year (year 8, $10,000; 
yeas 9, $20,060; year 10, $30,000) 6O,OOO 

(f) Data processing and analysis (years 
7-10) Final Report 300,000 

B. Cost per year: 

Year - 
1 

2 

3 

4 



Year 
P 

6 . 3  SOCIAL ENQBRONbENT 

The theme of this program is "The Influence of the Social 
Environment and Public Information on Driver Behavior and 
Highway Safety." A basic hypothesis here is that human be- 
havior in some way reflects human attitudes and that these 
attitudes may be amenable to modification by means of public 
information or other influences in the social context. 

Another hypothesis to be considered is that driving 
behavior is strongly governed by the influences of our social 
and public institutions, and that one way of improving drivers 
is to restructure the institutions, In this context, many 
traditionally accepted institutional roles may have to be 
very seriously questioned. For instance, the role of current 
police practices in traffic law enforcement is now considered 
by many as completely ineffectual, and the next step may be to 
reconsider the desirability of traffic policing of any sort. 
Although the alternatives are not yet clear, some method of 
automatic traffic law enforcement now appears to be feasible. 
While the time may not be quite ripe for this king of change, 
it is important that some creative thinking along these lines 
be supported. In the future, research on the effects of the 
social environment may become a prime approach in the highway 
safety field. 

1. OBJECTIVES 

To gain insight into the influence of the social environ- 
ment on the driver 

To determine effects of an individual's social behavior 
on his driving behavior 

To determine potential ways of modifying driving behavior 
through the social environment 



To determine  changes i n  t h e  s o c i a l  environment which 
may h e l p  t o  improve d r i v i n g  behavior  

To determine ways i n  which p u b l i c  in fo rmat ion  teclhniques 
can i n f l u e n c e  d r i v i n g  behavior  

2.  ESEARCH AREAS 

C h a r a c t e r i s t i c s  of s o c i a l  groups and i n f l u e n c e s  which 
a f f e c t  humans, d i r e c t l y  o r  i n d i r e c t l y ,  i n  t h e i r  r o l e s  
a s  d r i v e r s .  

F a c t o r s  i n  s o c i a l  behavior  which i n f l u e n c e  d r i v i n g  
behavior  

Changes i n  s o c i a l  behavior  which might i n f l u e n c e  d r i v i n g  
behavior  

Changes i n  s o c i a l  groups and i n f l u e n c e s  which might 
p o s i t i v e l y  i n f l u e n c e  s o c i a l  behavior  and d r i v i n g  behavior  
( v i a  a t t i t u d e s  and mot iva t ions )  

Ways of e x p l o i t i n g  s o c i a l  groups and i n f l u e n c e s  t o  
modify s o c i a l  behavior  and d r i v i n g  behavior  

Aspects  and t echn iques  of p u b l i c  informat ion  which a r e  
most e f f e c t i v e  i n  governing behavior  ( s o c i a l  and d r i v i n g )  

3 .  RESEARCH TECHNIQUES 

Surveys of group a t t i t u d e s  and mot iva t ions  

In-depth in te rv iews  of a t t i t u d e s  and mot iva t ions  

Experimental  t e s t i n g  of s o c i a l  a t t i t u d e s  and mot iva t ions  

Experimental t e s t i n g  of d r i v i n g  a t t i t u d e s  and mot iva t ions  

Experimental t e s t i n g  of d r i v i n g  behavior  

C o r r e l a t i o n a l  s t u d i e s  of s o c i a l  and d r i v i n g  behavior  

Experimental s t u d i e s  of e f f e c t s  of changes i n  s o c i a l  
groups upon s o c i a l  behavior  and d r i v i n g  behavior  

T e s t  e f f e c t i v e n e s s  of  v a r i o u s  k inds  of p u b l i c  informat ion  
media i n  terms of s o c i a l  behavior  and d r i v i n g  behavior  

Test e f f e c t i v e n e s s  of v a r i o u s  k inds  of p u b l i c  informat ion  
messages i n  terms of s o c i a l  and d r i v i n g  behavior  



Conduct demonstration studies of promising group techniques 
and evaluate them 

(1) Attitudes and Motivations 

( 2 )  Social vs Driving Behavior 

(3) Group Interaction Effects 

(4) Attitude-Behavior Correlations 

(5) Social Changes and Effects 

(6) Public Information and Effects 

(7 )  Demonstration and Evaluation 

5. ORGANIZATION 

One large program organization would be appropriate, with 
liberal use of consultants and a few subcontracts. Either a 
university research institute or a non-profit research company 
would have to be the parent organization in order to attract 
the required professional staff. 

The total professional manpower requirement is 248 man 
years. The special research qualifications required are in 
psychology, sociology, system analysis, public information 
and media, data processing and statistics. 

'7, -8, SCHEDULE AND COST 

Man-years of professional manpower are distrubed over 
a 10-year period as indicated. The subprojects are highly 
interrelated, and therefore are conducted simultaneously. 



Total cost: $7,440,000. 

6.4 THE DRIVING PROCESS 

The theme of this program is "Basic Understanding of the 
Driving Process." This includes a taxonomy of all the 
driving tasks and their relationships, skill requirements, 
and interfaces between the driver and the vehicle. 

1. OBJECTIVES 

To derive detailed knowledge of all the requirements, 
mechanics, relationships, sequences, and outcomes of 
the complete set of possible driving tasks for all types 
of traffic situations. 

To determine levels of performance of the driving popu- 
lation with respect to the systematized driving process. 

To determine methods for modifying performance in the 
driving process. 



The main reaseach areas are: (1) investisation of 
driving requirements, (2) investigation of dri6ing skills 
(3) investigation o f  driver-vehicle interfaces; (4) inves 
gation of sensory processes in driving, (5) investigation 
driving task performance, (6) investigation of vehicle pa 
characteristics, ( 7 )  investigation of vehicle controls 
improvements, ( 8 )  investigation of sensory aids and decis 
making aids. 
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3. WSEARCH TECHNIQUES 

Techniques include: predictive modelling, driving process 
observations, simulator studies, driver interviews. 

SUBPROJECTS 

The basic subprojects will correspond to the research 
areas above. In addition, studies will be added as needed 
under various subprojects, viz, 

(I) Study of the alcohol-driver-environment relation- 
ship from the behavioral aspect, 

(2) Research on sensory physiology and psychology. 

(3) Research an motor-reflex behavior in driving. 

(4) Operator-vehicle-road interrelationships systems 
analysis. 

(5) Accident research with respect to component design, 
performance error in driving, external factors. 

ORGANIZATION 

A small, central research organization would coordinate 
the program at a university or research company. The central 
group would plan, coordinate, and administer a series of 
contracts of three different types. 

The first type of contract would be small in magnitude, 
and would support individual research subprojects at 
universities or foundations over the first five years. These 
studies would investigate the fundamental concepts of driving 
skills, sensory processes, and interfaces. Five studies would 
be funded initially on an annual basis, subject to renewal. 

The second type of contract would be the same magnitude 
as all individual subprojects combined. Contractors would 



be a t  o t h e r  u n i v e r s i t i e s  o r  research  f i rms.  Each c o n t r a c t  
would l a s t  f o r  t h r e e  years ,  and would be i n  a sequence of 
t h r e e  such c o n t r a c t s  over 9 years .  These s t u d i e s  would cor-  
respond t o  t h e  t h r e e  phases of t h e  t o t a l  program: problem 
d e f i n i t i o n  and ana lys i s ,  experimentation,  and eva lua t ion  

The t h i r d  type of c o n t r a c t  would be t h e  same yea r ly  
magnitude a s  t h e  second, bu t  would cover t h e  e n t i r e  9 year  
per iod,  s u b j e c t  t o  pe r iod ic  renewal. This study would draw 
on t h e  work of t h e  o t h e r  two types ,  and would f i l l  t h e  voids  
i n  t h e  program i n  order  t o  maintain uniform progress.  This 
s tudy would be subcontracted,  o r  performed by t h e  c e n t r a l  
research  organiza t ion  i f  des i red .  

6. MANPOWER 

The ind iv idua l  research  p r o j e c t s  of type 1 would each 
depend upon the  d i r e c t i o n  of a s i n g l e  expe r t  i n  d r i v e r  
psychology o r  system engineering.  A t y p i c a l  team would be 
t h e  p r o j e c t  d i r e c t o r  ( a  research professor ,  hal f  t i m e )  , a 
f u l l  time research  a s s o c i a t e ,  and seve ra l  graduate  s tuden t s  
doing t h e s i s  research.  

Both t h e  three-year and nine-year p r o j e c t s  would :have 
mul t i d i s c ip l ina ry  research  teams of approximately t e n  
psychologis ts ,  system engineers ,  and da t a  ana lys t s .  

7.-8. SCHEDULE AND COSTS 

The c h a r t  i n d i c a t e s  t h e  d i s t r i b u t i o n  of programs c o s t  
according t o  subpro jec t  scheduling.  The t o t a l  c o s t  over 
nine  years  would be $9,525,000. 

thousands of 

51 



6.5 RISK TAKING 

The theme of this program is "Risk taking in Driving 
Behavior." An underlying assumption is that risk is involved 
in almost all driving decisions, and that there are ways to 
discourage risk-taking, The four objectives have one focus: 
to create measurable and applicable parameters of "dangerous 
driving." This qualitative classification of a driver can be 
useful only when it is measured with respect to known roadway 
and traffic hazards. 

While it is possible that risk taking behavior of drivers 
may be modified, a contrasting theory--focussing on the over- 
riding role of fate imposed by the traffic system--should also 
be considered. The notion here is that risks are imposed by 
the system, rather than being self-generated by the driver. 
Research should be directed at both concepts. However, in 
either case the approach of differentiating between high-risk 
and low-risk drivers can be used. 

OBJECTIVES 

Risk response index: To develop a risk response index 
which can be used to measure the driver's risk behavior 
in hazardous driving situations. If the hazard in a 
situation increases, the driver's risk response index 
should sirnultaneeusly increase. 

Situational risk: To define situational risk to be 
used in constructing and presenting hazardous situations 
to samples of driver populations for the purpose of 
derivins a valid risk response index. The situational 
risk wiil then be used £0; the purpose of discrininating 
between different driver populations on the basis of how 
their risk response index-.varies with the risk value of 
the situation. The risk value will be a number assigned 
to a hazardous situation, 

Risk diagnosis: To identify the high risk driver for 
sating purposes when he applies for insurance, for an 
operator's license, and in other circumstances when his 
fitness for driving must be evaluated. Diagnosis of his 
driving an a risk scale will pinpoint deficiencies that 
might be related to training o r  to more idiosyncratic 
driver variables. 

Countermeasures for risky driving: This objective 
depends upon deriving appropriate risk response measures 
for the risk response index. These measures may be used 
for detection and analysis of those driving behaviors 
that must be modified to change the risk response index 



t o  a c c e p t a b l e  l e v e l s  i n  r i s k  s i t u a t i o n s .  Ra t iona l  bases  
f o r  remedia l  measures w i l l  be provided by a f u n c t i o n a l  
a n a l y s i s  of d r i v i n g  behavior  t h a t  occurs  i n  s i t u a t i o n s  
where t h e  degree  of hazard can be measured. 

2 . - 3 .  KIESEARCH AFtER9 AND TECHNIQUES 

When a d r i v e r ?  r i s k  response  index v a r i e s  d i r e c t l y  w i t h  
t h e  s i t u a t i o n a l  r i s k  t h e  d r i v e r  i s  a  low-risk d r i v e r ;  o t h e r -  
wise he is  a h igh- r i sk  d r i v e r .  The assumption h e r e  i s  t h a t  
t h e  Pow-risk d r i v e r  w i l l  t a k e  i n t o  account  h i g h - r i s k  s i t u a t i o n -  
a l  cues  whereas t h e  h igh- r i sk  d r i v e r  e i t h e r  does n o t  s e e  r i s k  
cues  or sees them and makes i n a p p r o p r i a t e  d e c i s i o n s .  

Some of t h e  c r i t i c a l  q u e s t i o n s  t o  be asked i n  t h i s  pro- 
gram a r e  as fo l lows :  

Are low-claim d r i v e r s  a l s o  low-risk d r i v e r s ?  

A r e  t h e r e  measurable behav io r s  which d i f f e r  f o r  t h e  low- 
c la im d r i v e r  popu la t ion  w i t h  r e s p e c t  t o  t h e  high-claim 
d r i v e r  popu la t ion?  

Can t h e  d r i v i n g  behavior  of t h e  h igh- r i sk  d r i v e r  be 
modif ied such t h a t  h i s  a c c i d e n t  h i s t o r y  chanqes tioward 
t h a t  of t h e  low-risk d r i v e r  and h i s  r i s k  response  index 
d e c r e a s e s  accord ing ly?  

Can t h e  r i s k  index be used f o r  de termining t h e  p o t e n t i a l  
c la im r a t e  of t h e  d r i v e r  who a p p l i e s  f o r  insurance?  

Can an i n d i v i d u a l  d r i v e r ' s  h igh- r i sk  response  index be 
u s e f u l  f o r  de termining what must be modif ied through 
a p p r o p r i a t e  t r a i n i n g ?  

What a r e  t h e  v a r i a b l e s  which w i l l  be used when s e l e c t i n g  
t h e  d r i v e r  t e s t  samples? 

Using some of t h e s e  q u e s t i o n s  a s  b a s i s ,  t echn iques  w i l l  
i n c l u d e  individlual  d r i v i n g  s i m u l a t i o n  s t u d i e s ,  s t u d i e s  of 
insurance  c la ims f i l e s ,  c o l l e c t i n g  of a c c i d e n t  s t a t i s t i c s  
f o r  d e r i v i n g  s i t u a t i o n a l  r i s k ,  de termining response  p a t t e r n s  
t o  r i s k ,  and remedia l  t r a i n i n g  procedures f o r  h i g h - r i s k  d r i v e r s .  

4, SUBPROJECTS 

The s u b p r o j e c t s ,  which correspond t o  t h e  r e s e a r c h  objec-  
t i v e s ,  a r e :  

(1) R i s k  Response Index: Th i s  may be a  f u n c t i o n  dependent 
upon p h y s i o l o g i c a l  i n d i c a t o r s  (e .g.  h e a r t  r a t e ) ,  per- 
c e p t i o n  scanning r a t e ,  and o t h e r  response  systems.  



These systems must be explored as possible inputs for 
a reliable index. Current methodologies exist for 
measuring these response systems, therefore no new 
basic research in such techniques need be developed. 

(2a) Construction of the Risk Situation: One possible 
approach to this task would depend on empirical deter- 
mination of the traffic and roadway conditions which 
give high accident rates. An accident file data search 
might be useful in validating the simulated risk situa- 
tions. Risk properties abstracted from high-accident- 
frequency situations would then be used to construct 
the simulated risk situations. 

(2b) Risk Situations Simulation: This may be carried 
out through motion picture techniques, which may also 
include additional stereo, mechanical, and auditory cues. 

(3) Risk Diagnosis: Once the risk response index has 
been obtained, longitudinal studies of, for example, 
newly licensed drivers, will further validate the index 
as a reliable predictor of future driving behavior. 

(4) Countermeasures: Remedial training procedures which 
reduce the risk response index should also be tested 
against future driving performance, traffic violation 
records, and insurance claims of the re-trained drivers. 

ORGANIZATION 

Because of the continuity of the research, most of it 
should be done in the same research organization, either at 
a university institute, a psychology department, or a small 
research firm with access to a data processing facility. The 
remedial driver training demonstrations might be done by the 
insurance industry directly. 

7.-8, SCHEDULE AND COST 

The professional manpower would be distributed according 
to the following schedule. The total cost would be $5,940,000. 



Risk Response Index 

Situational Risk 

Risk Diagnosis 

6.6 LEGAL SANCTIONS 

The theme of this program is "The Role of Legal Sanctions 
in Highway Safety." In particular, the interest is directed 
at the effects of the awareness of sanctions on drivers' 
attitudes and behavior. 

OBJECTIVES 

To develop basic knowledge of legal sanctions and social 
controls for the purpose of regulating behavior related 
to highway safety. 

To develop basic understanding of the institutions 
employing the sanctions and social controls. 

To use this knowledge for benefits to society in terms 
~f better regulation of driver behavior. 

To present suggestions for change in institutions employ- 
ing sanctions and controls. 

To continually reassess the system of sanctions and 
social controls. 

2 .  RESEARCH AREAS 

To determine descriptions of basic sanctions and 
institutions employing the sanctions. 

To determine attitudes of law enforcement officia1.s and 
judicial and administrative officials toward the 
applicat.ion of sanctions. 



To determine knowledge and attitudes of the general public 
toward sanctions 

To determine effectiveness of sanctions 

To determine the effect of changes in parameters related 
to highway safety due to changes in social sanctions. 

3. RESEARCH TECHNIQUES 

Legal research 

Surveys of enforcement attitudes and sanction attitudes 

Testing and analysis of sanction effectiveness. 

Demonstration projects, data collection, and evaluation. 

4 .  SUBPROJECTS 

The subprojects will correspond to the five research 
areas, as follows: 

(1) Investigations of existing sanctions and institutions. 

(2) Investigations of official attitudes: 

(a) Law enforcement 

(b) Judicial 

(c) Administrative 

(3) Investigations of public attitudes and potential 
changes 

(a) Existing attitudes 

(b) Desired attitudes 

(c) Methods of changing attitudes 

(4) Investigations of changes in sanctions 

(5) Evaluations of sanction effectiveness 



Subpro jec t s  4 and 5 would encompass demonst ra t ion  pro- 
j e c t s ,  

The program would be d i r e c t e d  from a  c e n t r a l  orgainizat ion 
i n  a u n i v e r s i t y  law school .  A p r e s t i g i o u s  adv i so ry  colnrnittee 
would be formed from a s e l e c t  group of law e x p e r t s  concerned 
wi th  s a n c t i o n s  and highway s a f e t y  on t h e  n a t i o n a l  scene.  
While much of t h e  work would be done a t  t h e  c e n t r a l  organiza-  
t i o n ,  ano the r  l a r g e  s h a r e  would be done a t  v a r i o u s  unkversi- 
t i e s  cen te red  around d i s t i n g u i s h e d  p r o f e s s o r i a l  c h a i r s  i n  law 
and socio logy.  Grants  and s u b c o n t r a c t s  would a l s o  provide  
some of t h e  s u b p r o j e c t  suppor t .  

6.-7. SCHEDULE AND PROFESSIONAL MANPOWER 

This  c h a r t  i n d i c a t e s  t h e  number of man y e a r s  scheduled 
f o r  each s u b p r o j e c t  over  t h e  t o t a l  program per iod  of 1 0  yea r s .  

E x i s t i n g  Sanc t ions  

O f f i c i a l  A t t i t u d e s  

P u b l i c  A t t i t u d e s  

Changes i n  Sanc t ions  

8, COSTS 

Costs  a r e  g iven below i n  thousands of d o l l a r s  f o r  each 
of t h e  1 0  yea r s .  The t o t a l  c o s t  i s  $6,550,000. 



Central Project 

6.7 IMPLEMIINTATION EVALUATIONS 

The theme of this program is "Methods of Evaluating High- 
way Safety Implementation Programs." In this context, imple- 
mentation programs are the coordinated actions which are taken 
to apply highway safety research findings to real-world situa- 
tions, primarily through government agencies. The need for 
methods of evaluating implementation programs has been a 
glaring weakness in highway safety for many years. Though 
national standards are now established, the need for precise 
evaluation methods still exists. 

The intention in this program is to investigate the 
broad question of evaluation methods. However, it should be 
noted that the approach must be related to specific implemen- 
tation areas. 

1, OBJECTIVES 

The general objective is to develop methods for evalua- 
ting highway safety implementation programs, and the specific 
objectives are as follows: 

To develop criteria for evaluating implementation pro- 
gram effectiveness. 

To determine interdependencies of programs in reducing 
highway losses. 

To determine contributions of certain existing programs 
in reductions of losses. 

To develop criteria for measuring state and local com- 
pliance with federal standards. 

To develop criteria for comparing effectiveness of state 
and local programs. 



To determine the relative safety environments of various 
states and localities. 

To develop indices for measuring the national highway 
safety environment, 

2. RESEARCH AREAS 

What observable and measurable factors concerning 
safety program effects on accident rates have been over- 
looked? 

What minimum data must accident reports contain and 
how can complete and accurate accident reporting be 
achieved? 

What long range, continuing effects has driver education 
on the driving public? 

How do rigid driver licensing standards affect driver 
attitudes and performance? 

How do vehicle inspections affect the accident rate? 

How do traffic court punishments and imposed driver 
improvement courses affect the accident rate? 

What ratio of law enforcement agencies versus population 
and environment ensures full adherence to traffic laws? 

What benefit-cost methodologies realistically measure 
highway safety programs? 

How much and in what way is the driving public influended 
by a given highway safety information program? 

What percent in accident reductions should be expected 
of a given program or standard? 

What is a reasonable accident and survival rate in a 
given traffic environment? 

What are the components of a valid highway safety index? 

3. RESEARCH TECHNIQUES 

Select an environment which assures overall administrative, 



police, and legal cooperation (e.g., a county containing 
elements of all social, economic, and geographic factors), 
and develop a demonstration project as a field laboratory. 

Conduct performance and attitude surveys. 

Implement highway safety programs for observation and 
measurement, using investigating teams, traffic counters, 
photo and TV cameras, computers, etc. 

With local enforcement agencies, investigate accidents. 

Correlate findings with official accident reports and 
driver, police, traffic court, and insurance company 
records. 

Make analyses, predictions, follow-ups, feedbacks. 

Synthesize findings. 

4. SUBPROJECTS 

(1) Observe and measure the existing environment. 

( 2 )  Identify pertinent environmental variables such 
as road mileage, population, vehicle population, 
vehicle types and vintages; economic, social, and 
educational levels; and industrial development. 
Assess or weight such variables. 

(3) Select highway safety variables such as driver 
education, status of vehicle maintenance, road 
conditions, traffic controls, law enforcement, 
sanctions, driver licensing and vehicle registra- 
tion requirements, public information programs, and 
safety programs, Assess or weight such variables. 

(4) Select programs for implementation and measurement. 

(5) Analyze and test findings. 

(69 Select control. areas or communities for comparison 
of findings. 

( 9 )  Synthesize accumulated research results into hand 
books for implementation by practitioners. 

5. ORGANIZATION 

The span of disciplines involved, the cooperation and 



coordination required among researchers and governmental 
agencies, and the resources required in professional and 
technical personnel, documentation, library facilities, labor- 
atory tools, computers, reproeuction facilities, etc. auto- 
matically indicate eXle need for a broad, interdisciplinary 
approach. Therefore, a large interdisciplinary research 
institute, prefeeable  one associated with a well-endowed 
university, is deemed the most appropriate organization for 
such  a n  urndc.rtalr i. r x q ,  

6. MANPOWER 

(a) Program Director and eight Project Leaders in Motor 
Vehicle Administration, Driver Education, Engineer- 
ing, Accident l?ecords, Public Information, Medical 
Care and Alcohol, Laws and Courts, Police Traffic 
Supe.rvisicun 

(b) Up to 24 research engineers, scientists, and 
analysts, 

(c) About l0 field investigators divided into teams 

(d) An average of 10 outside consultants per year. 
Approxirr~ately 40 professional personnel, on the 
average, are required during the peak years of the 
program. During the first year and the last four 
years, the number would be about 30. 

7. SCHEDULE 

Organization and Planning (the first half year): 
Assemble key personnel; select laboratory site; coordin- 
ate arrangements; analyst; and measure; site environment; 
select tentative test projects. 

Operation Preparation (the second half year): Test and 
verify environmental findings; make hourly, daily, 
seasonal, situational comparison measurements of traffic 
volumes, speeds, peaks, origins-destinations, etc; 
check efficiency of procedures, e.g., accident reporting, 
police and field team response to traffic situations, 
etc.; design experimental safety indices; analyse and 
compare written standards, 

~xpexirnental Test Projects (the second year): Implement 
one or two simple projects; refine concepts, theories; 
verify reporting and data gathering techniques; develop 
effectiveness indices of highway safety projects; 
refine indices; evaluate selected safety standards. 



Expansion of Tests and Evaluations (the third year): 
Implement an evaluation program; develop evaluation 
criteria; testing of trial indices, refinement; continue 
evaluation of safety standards. 

General Evaluation Program (the fourth through tenth 
years): Evaluate all implemented highway safety programs; 
Evaluate proposed programs; continue evaluation of 
developed safety standards; continue development of 
safety program indices; develop community and regional 
highway safety indices; develop national highway safety 
index. 

9. COSTS 

During year 1, and years 7-10: $920,000 Per Year 

During years 2-6: S18120,Q00 per year 

Total Cost: About $10,200,000. 

6.8 DAMAGE LOSSES 

The theme of this program is "Reduction in Losses due 
to Vehicle Damage." According to the NSC, the national 
repair bill for vehicle damage was 2.8 billion dollars in 
1964, Insurance Facts (1967) states that the average 
vehicle property damage paid claim in 1966 was $221, while 
the typical repair bill was slightly higher ($235.) There 
are two basic ways to reduce vehicle damage losses: to 
find ways to minimize resulting damage and to reduce costs 
of repair once the damage occurs. 

One very important tradeoff must be considered in 
attempts to minimize collision damage. On the one hand, 
it may be possible to develop vehicle components which 
have minimum susceptibility to collision damage. On the 
other hand, these very same components may not be compatible 
with other independent attempts to minimize occupant injuries 
by the use of crushable components for absorbing shock. Al- 
though the problem of occupant injury is very important, it 
is not encompassed within this program. 

1. OBJECTIVES 

To determine ways of minimizing the damage to motor 
vehicles involved in accidents. 

To determine ways of improving repair practices. 

To determine ways of minimizing the costs of repair. 



To deternine the possible effect of motor vehicle in- 
spection on reducing losses due to vehicle damage. 

2 ,  RESEARCH AREAS 

Study and comparison of damage mechanisms of body, 
structure, and other components under impact. 

Study sf damage reduction by new designs and materials. 

Determination of a rating system for damage potential 
of various vehicles 

Determination of ways of influencing changes in high- 
dcmage, patented designs. 

Determine high-cost areas of repair. 

Determine new, cheaper repair methods (automated, modular). 

Determine if inspection leads to reduced damage in 
accidents. 

3 .  FU3SEARCH TECHNIQUES 

Study of wrecked vehicles. 

Laboratory impact tests. 

Manufacturer interviews. 

Comparative loss models. 

Repair industry interviews and visits to facilities. 

Studies of repair methods and special designs. 

Economic analysis. 

Surveys and data analysis of inspection effects. 

(1) Component Damage Analysis: 

Study wrecked vehicles to determine resultant damage 
to body and structural components. 

Conduct laboratory impact tests on components to 
categorize damage characteristics. 



Evaluate resultant damage to comparative components. 

Evaluate manner in which components might be redesigned 
to reduce damage. 

( 2 )  Damage Rating System: 

Develop rating system of components based on results 
of damage study and data from insurance company files. 

Develop and establish program by which component 
rating information is fed back to manufacturers to 
induce them to make design improvements. 

( 3 )  Repair Method Analysis: 

Review garage repair methods and practices and 
recommend improved techniques based on new components 
design and economical procedures. 
(Travelers Research Center has been involved in this 
approach). 

(4) PMVI Effects 

Determine what relationship exists between motor 
vehicle inspection and accidents. 

Determine if vehicles subject to inspection have 
reduced damage repair costs. 

Determine insurance benefits of requiring vehicle 
inspection prior to the issuance of insurance and 
immediately following any crash damage repairs. 

Determine owner maintenance attitudes and methods 
the insurance industry might use to promote better 
maintenance. 

5. ORGANIZATION 

This program would be coordinated by a small staff in a 
consulting firm or research organization. The subprojects 
would be handled by separate contracts. The component testing 
work should be accomplished by research testing laboratories 
and engineering consulting firms. The ratinq system study 
should be handled by a consulting firm having considerable 
experience in design and manufacturing. Consulting firms well 
experienced in systems, processes and management should conduct 
the repair analysis and inspection subprojects. Professional 
manpower would be largely mechanical engineers, system 



engineers, and data analysts, with support from 1aborat.ory 
technicians and mechanics. 

6.-8. MANPOWER, SCHEDULING, COST 

The schedule is given in terms of professional manpower 
requirements for the subprojects over an 8-year period. The 
total cost is $5,200,000. 

6.9 ALCOHOL MISUSE 

SUBPROJECT 

Coodination 

Component Damage 

Damage Rating 

Repair Methods 

Inspection Effects 

Total man years 

Cost in thousands 
of dollars 

The theme of this program is the "Reduction of the Role 
of Alcohol Misuse in Traffic Accidents." Statistics show 
clearly that the consumption of alcoholic beverages by drivers 
has a very high correlation with accident involvement, 
especially in fatal accidents. However, in spite of much 
work, the precise role of alcohol in this correlation i~s still 
not known. If this role could be identified and alleviated, 
the payoff in saving lives, suffering and dollars would be 
exceptionally high. 

1. OBJECTIVES 

1 

YEAR 

To determine the frequency of occurrence of alcohol mis- 
use in highway accidents, especially in non-fatal accidqnts, 

To determine the role of alcohol misuse in accident causation. 

10 

400 

To determine ways in which the role of alcohol in traffic 
accidents could be diminished. 

1 2  
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Develop and use methods for screening out problem drink- 
ing drivers. 

Develop and use diagnostic methods for diagnosing 
alcoholism. 

Develop and use treatements for rehabilitating problem 
drinkers. 

Study the effectiveness of the treatments and of trad- 
itional controls such as legal sanctions. 

Develop base-line data for measuring the significance 
of the problem locally; this will involve obtaining 
blood-alcohol concentration data on fatally injured 
and surviving drivers involved in atuomobile crashes. 

Develop methods for measuring the public's knowledge 
of the problem. 

Develop methods for disseminating appropriate information 
to all the driving population. 

Develop legally and socially acceptable methods and 
procedures for conducting research in very sensitive 
areas involving the right to be personally free of 
harassment. 

Research and demonstration projects will be concentrated 
in a single localized geographic area. The principal goal 
will be to demonstrate the effectiveness of full implementation 
of countermeasures so as to improve their acceptance nation- 
wide while at the same time extending research into little 
understood areas such as the place of social drinking in 
automobile crashes. The National Highway Safety Bureau's 
proposed project on alcohol and highway safety will complement 
the effort. 

4 .  SUBPROJECTS 

The following four subprojects would be conducted simul- 
taneously over about 8 years of the 10 year program. 

(1) Problem people subproject: 

(a)  Screening: locating suspected problem drinking 
drivers 

(b) Diagnoses: Examining the suspects to confirm or 
dismiss the results of screening 

(c) Treatment and rehabilitation 

(2) Crash investigation subproject 

(a) Measure blood-alcohol concentrations in the 
fatally injured, 



(b) Measure blood-alcohol concentrations in surviving 
drivers who come under implied consent coml?ulsion. 

(c) Measure blood-alcohol concentrations in su~rviving 
drivers who are not under legal compulsion but who 
volunteer upon request. 

Public information subproject 

( 4 )  Evaluation subproject 

5. ORGANIZATION 

The basic organization should be centralized at a 
university or research firm. In addition, self-contained 
research units should be established at the geographical 
locations of the subprojects, and they should have a demon- 
strated expertise in social or alcoholism research. Tlhe 
subproject efforts will entail major participation and cooper- 
ation with local law enforcement authorities; courts; social 
service institutions; medical institutions; and private treat- 
ment facilities. 

6. MANPOWER 

A total of 122 man years is required. Profes~ion~al 
personnel should have research qualifications in medicine, 
physiology, psychology, psychiatry, and data analysis. 

7 .  SCHEDULE 

I YEAR I 



8, COSTS 

The average cost per year will be about $400,000, and 
the total cost will be about $4,000,000. 

6.10 ROADWAY OBJECTS 

The theme of this program is "Optimum Location and 
Design of Fixed Roadside Objects." It is a problem which 
has not been studied in depth as yet, even though its criti- 
cally is growing. On limited-access divided highways in 
Michigan where the conflicts in opposing streams of traffic 
have largely been removed, single-vehicle accidents are over 
50% of the total, Of these, 66% result in collision with a 
guardrail, sign pole, utility pole, ditch, slopes, delineator, 
road curb, tree, fencinga bridge pier or other fixed object 
within the road cross-section. 

1. OBJECTIVES 

Achieve an understanding of reasons for vehicles 
going off the road in the vicinity of roadside objects, 
and the impact forces involved in collisions with 
these objects. 

Determine methods for delineating roads and evolving 
warning systems so that drivers may be especially 
careful when roadside objects present hazards, 

Determine strategies and rationale to justify removing 
nonyielding objects from the possible path of vehicles 
going off the road or into median areas, or buffering 
such objects with deflecting rails, etc, 

Determine methods for reducing the extent of property 
damage in case the vehicle gets off the road and hits a 
fixed ob j e e t  . 
Determine an optimum offset of fixed objects and minimum 
flat areas for vehicles going off the road to recover 
without collision. 

Determine optimum slopes for roadside embankments and 
ditches to ensure the stability and safe recovery of 
vehicles going off the road. 

To reorient the thinking of highway engineers toward 
Limiting structural elements within the paved and unpaved 
roadway width to those which create minimum damage due 
to vehicle impact. 



Even though a special MSHO committee in 1967 rec:om~ended 
an intensive program to remove roadside hazards and to improve 
roadsides of new roads, little has been done. Though there 
is an awakening to the problem, there is n3 coordinated 
activity at the federal level. Some research has been done 
at General Motors to suggest minimum distances from the pave- 
ment edges which must be kept clear, but it is only preliminary 
and quite narrow in scope. The studies proposed here aim to 
understand the problem of vehicles getting off the roa~d or 
left of center, the hazards of objects or steep slopes on the 
roadside; to suggest remedies therof, to implement the recom- 
mendations in selected study areas across the country, and 
evaluate the results in accident involve~xent. 

2. RESEARCH AREAS 

Review past and current research in optimum offset of 
fixed objects from the road edge; design and location 
sf guard rails; design of supporting structures for 
signs, lighting, and signals; uses of roadside curbs, 
delineators, and barricades; and delineation of diriving 
lanes, shoulders, exits, entrances, forbidden areas, 
cross-walks, and stop lines. 

Prepare an inventory of existing cross-sections of various 
types of roads, and actual locations of fixed objects 
thereon. 

Evaluate impact forces on collision witn nonyield.ing 
objects, and establish a rating scale as a measure of 
collapsing force with reference to the type of object 
and vehicle speeds. 

Conduct applied research on yielding materials for the 
construction of support structures for signs, lights, 
billboards, or beautification material. 

Study the trajectories of vehicles running off the road 
at various speeds under different light and weather 
environments. Evaluate the chances of a vehicle return- 
ing to its original path or stopping without overturning. 

Determine driver requirements for steering and confining 
the vehicle within the boundaries of a defined lane. 

Invent suitable materials and devices, either active or 
passive, so as to be of aid, in all light and weather 
conditions especially at night and in snowy weather. 



Investigate the maximum steepness of slopes for ditches 
or embankments for roadway or median areas so that vehicles 
do not overturn. 

Determine the minimum clearances of piers of overpass 
bridge structures or bridge-curb railings. 

Evaluate potential implementation by means of demonstra- 
tions of tile findi~lgs in the preceding areas. This will 
involve establishing a permanent accident data collection 
and data from selected study areas throughout the country. 

3 .  RESEARCH TECHNIQUES 

Simulations of vehicle trajectories while leaving the 
road at various speeds. 

Testing of instrumented vehicles in collision with road- 
side hazards under simulated conditions on test roaas, 
measurinq of impact forces. 

~odcliing of collision concepts of vehicles and dynamics 
on very steep slopes or soft slippery ground. 

Desiqn of yielding type support structures in a material 
testinq lab with different types of materials, alone or 
in combination. 

Testing of yielding support structures in collision with 
vehicles on test roads. 

Field testing of demonstration projects. 

Computer analysis of accident data before and after 
making changes. 

Comparison of costs of dmaqes to vehicles before and 
after changes. 

4 SUBPROJECTS 

The subpro-jects correspond to the ten research areas 
above, and the brici titles in the schedule. 

ORGANIZATION 

Because of the sequential nature of many of the subpro- 
jects, it would bt? possible to handle the program by a series 
of contracts to difEerent organizations. However, the 
.'.;.r..iwnstrati.~n projects in the last few years should have some 
continuity with their predecessor subprojects. To provide this, 



it is recommended that the program be based in a single 
coordinating organization for the lo-year period, but that 
many subcontracts be awarded and coordinated by the central 
organization. This organization could be at a university, 
a research firm, or a state highway department, Even 
though the work deals primarily with the roadway, there is a 
large amount of interdisciplinary work to be done, Thus, a 
multidisciplinary institute at a university would be most 
easily able to form the required staff team. On the other 
hand, several of the subcontracts should be awarded to non- 
profit research firms which have the appropriate experience 
in applied research areas. 

A total of 177 man years of professional manpower is 
required, with emphasis on highway engineering, vehicle engin- 
eering, system engineering, simulation, and data analysis. 

7 . ~ 8 .  SCHEDULE AND COST 

The professional manpower will be assigned to the 
various subprojects over a 10-year period according to the 
schedule below. 

SUBPROJECT 

Planningcoordination 

Review 

Inventory 

Impact Forces 

Yielding Material 

Vehicle Trajectories 

Driver Requirements 

Delineation Materials 

Slopes 

Clearances 

Demonstrations 

Total Man Years 

Cost in thousands of 
dollars 
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The total cost is $5,610,000. 

6.11 IMPROVED METHODS OF DRIVER EDUCATION 

This alternative program plan covers two new approac-~es 
to driver education: one involves driving skills instruction 
and practice for both school children and advanced drivers, 
and the other is a systems approach to driver education. The 
first approach was developed by Dr. George Briggs of Ohio State 
University and the second by Dr. Frazier Damron of the Univer- 
sity of Wisconsin. 

OBJECTIVES 

To determine the influence of early skill training on 
driving performance 

To determine the influence of early skill training and 
driving familiarity experience on driving attitudes. 

To determine the influence of more advanced skill 
training prior to driver licensing. 

To determine the advantages of more skill training over 
longer periods in conventional driver education programs. 

To determine the influence o f  advanced skills training 
during periods following initial driver licensing. 

To determine what things a person must learn by means 
of driver education. 

To determine what elements of driver education instruc- 
tion, curriculum, and learning are most effective. 

To determine the required inter-relationship among the 
instruction, curriculum and learning. 

2 .  NSEARCH AREAS 

The research areas in the driver education program bear 
a direct correspondence to the objectives. In one part 
of the program the emphasis is almost entirely on driving 
skills, though some research would cover the transfer of 
skills training and basic familiarization into driving 
attitudes. The second part of the program would cover a 
wide variety sf driver education factors in a very 
systematic way. 

3 .  SUBPROJECTS 



The f i r s t  p a r t  of t h e  program on d r i v i n g  s k i l l s  would be 
d iv ided  i n t o  f o u r  s u b p r o j e c t s ,  a s  fo l lows:  

(1) Grade School Driving S k i l l s :  This  i s  concerned 
p r i m a r i l y  wi th  l e a r n i n g  t h e  r u l e s  of t h e  road i n  a  
m i n i a t u r e  road system wi th  pedal -cars  o r  perhaps slow 
battery-powered c a r s  s c a l e d  down t o  c h i l d r e n ' s  s i z e .  

( 2 )  J u n i o r  High Driving Maneuvers: Th i s  would a l s o  
r e q u i r e  a  scaled-down r e p l i c a  of a  s t r e e t  system. 
I t  would a l low s t u d e n t s  t o  become f u r t h e r  f a m i l i a r i z e d  
wi th  d r i v i n g  s k i l l s  and t o  s t a r t  p r a c t i c i n g  d i f f i c u l t  
maneuvers. 

( 3 )  Senior  High Driver  Education: This  would be a  
convent ional  d r i v e r  educa t ion  course  excep t  i t s  c l a s s -  
room p o r t i o n  would be g iven over  a  longer  t ime anjd 
more hours of a c t u a l  road exper ience  would be inc luded.  

( 4 )  Advanced S k i l l s  Tra in ing:  T h i s  would be conlducted 
on a s p e c i a l  d r i v i n g  course  wi th  f a c i l i t i e s  f o r  high- 
speed maneuvers, sk idd ing  p r a c t i c e ,  o b s t a c l e  avoi'dance, 
etc. S p e c i a l  s a f e t y  p r o v i s i o n s  would be used. 

The second p a r t  of t h e  program on d r i v e r  educatio:n 
system a n a l y s i s  would be d i v i d e d  a s  fo l lows:  

(5)  Dr ive r  Learning Requirements 

( 6 )  Optimum Driver  Educat ion Curriculum, I n s t r u c t i o n ,  
and Learning Processes .  

( 7 )  Driver  Educat ion Curriculum, I n s t r u c t i o n ,  and 
Learning I n t e r r e l a t i o n s h i p s .  

4, RESEARCH TECHNIQUES 

During t h e  s u b p r o j e c t s  a t  t h e  grade  school  and j u ~ n i o r  
h igh  l e v e l s ,  t h e  d r i v i n g  courses  would be e s t a b l i s h e d  a t  
s e l e c t e d  l o c a t i o n s ,  i n s t r u c t i o n  t echn iques  would be developed, 
and groups of c h i l d r e n  would be in t roduced  t o  d r i v i n g  s k i l l s .  
Psycho log i s t s  would observe  t h e  c h i l d r e n ' s  behavior  i n  groups 
and a s  i n d i v i d u a l s  and i n t e r v i e w s  would be conducted both  
be fo re  and a f t e r  t h e  t r a i n i n g .  Contro l  groups of c h i l d r e n  n o t  
r e c e i v i n g  t h e  i n s t r u c t i o n  would a l s o  be  s t u d i e d .  Resu l t ing  
d a t a  would be analyzed t o  de termine  immediate r e s u l t s .  Longer 
range  r e s u l t s  would be determined i n  a  few y e a r s  when t h e  f i r s t  
groups a t  t h e  grade  school  l e v e l  reached t h e  j u n i o r  h igh  l e v e l .  
By t h e  end of a ten-year  program, r e s u l t s  would a l s o  be d e t e r -  
mined f o r  some groups which had gone a l l  t h e  way through d r i v e r  
educa t ion  and l i c e n s i n g .  Resu l t s  of t h e  advanced-sk i l l s  t r a i n -  
i n g  r e s e a r c h  ( o b s e r v a t i o n s  and i n t e r v i e w s )  could  a l s o  be c o r r e l a -  
t e d  wi th  i n i t i a l  d r i v e r  educa t ion  r e s e a r c h .  



The techniques used during the driver education system 
analysis would be development of conceptual models of improved 
curricula, instruction and leaning processes and their inter- 
relationships, testing of these models by experimental simula- 
tion and evaluation of the various alternatives to determine 
t h e  optimum. 

The program would require the cooperation of a large 
public school system and the state motor vehicle 
administration. A university environment would be best 
for both parts of the program. An interdisciplinary 
research organization at a university would be best for 
the qrade school through advanced skills subprojects, 
while a school of education project organization would 
be best for the system analysis. The two parts would 
interact to a small extent, but they would not need to 
be at the same university, 

Most of the researchers in the first part of the program 
would be psychoPogists, with a few sociologists, psychia- 
trists, traffic engineers, automotive engineers, and 
data analysts. 

In the second part would be driver education specialists, 
psychologists, system analysis engineers, and data analysts. 

7, SCHEDULE 
YEARS 1 



8. COST 

Average $30,000 per  year  s a l a r i e s ,  i n c l u d i n g  overhead. 
Costs  are given i n  thousands of d o l l a r s  i n  t h e  fo l lowing 
c h a r t .  

T o t a l  Cost:  $7,170,000. 

PUBLIC POLICY 

The theme of t h i s  program plan  i s  "Research on P u b l i c  
P o l i c y  i n  Highway Safe ty . "  The p lan  was submit ted by t h e  
Michigan S t a t e  Univers i ty  Highway T r a f f i c  S a i e t y  Center .  

1. INTRODUCTION 

P u b l i c  p o l i c y  d e c i s i o n s  on a  m u l t i t u d e  of problems 
and i s s u e s  a t  f e d e r a l ,  s t a t e  and l o c a l  l e v e l s  have t o  be made, 
have been made, and a r e  qoing t o  be made. The problems re -  
s u l t i n g  i n  t h e  tremendous highway a c c i d e n t  l o s s e s  r e q u i r e  
t h a t  more be done and b e t t e r  highway s a f e t y  p r a c t i c e s  be 
found and adopted. 

Recently skep t i c i sm has been voiced repea ted ly ,  and 
from var ious  q u a r t e r s ,  concerning t h e  e f f e c t i v e n e s s  of 
e x i s t i n g  a c t i v i t i e s  which have f o r  many yea r s  been eon,sidered 
t h e  means of prevent ing  highway a c c i d e n t s .  More f r e q u e n t l y  
it is  being s a i d  t h a t  t h e r e  i s  l i t t l e  evidence t h a t  d r i v e r  
educat ion ,  o r  enforcement,  o r  d r i v e r  l i c e n s i n g  i s  e f f e c t i v e  
i n  achieving t h e  p r e p a r a t i o n  o r  i n f l u e n c i n g  of d r i v e r s  t o  be 
s a f e r  v e h i c l e  o p e r a t o r s .  

Unfor tunate ly ,  c r i t e r i a  and d a t a  a r e  l a c k i n q ,  and l i t t l e  
bona f i d e  r e s e a r c h  has been done t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  
of t h e  e x i s t i n g  highway s a f e t y  a c t i v i t i e s  which have been 
organized and developed f o r  t h e  most p a r t  on a b a s i s  of 
b e s t  judgement o r  l o g i c a l  deduct ion .  There has been much 
con t roversy  about  t h e  b e s t  means of achieving highway s a f e t y  
and whether t h e  methods adopted have been good enouqh i n  
terms of q u a l i t y  and q u a n t i t y  t o  make any a p p r e c i a b l e  impact 
upon t h e  problems under ly ing hiqhway a c c i d e n t s  and c a s u a l t i e s .  



m d) a, 
Q) k k 
k a, 5 7  a 
7c C d  
m -4 -4 z 
rd tnrt rd u 
a, m-4w s - E 
hC C  0 
+J+s 0 0  
a, . - 4 *  
w 0 h-c, @a*-& m 
m  a , a c  
O W  C - 4  

m c l a o x  
E 
tnUC 

-4 
s - 4  r: tslk 
m~ L ~a 
-4 0 -4 
d )  CIk 

k m t d a  
zn -4 - 4  & 4J 
+J ZSG Qlw 
m w  ard 
- 4 a o o  
m k c ,  m 
8 U) C 
k & d W - 4  
o a a >  

h -4 m  -4 
rtEU k 
rd o s ~a 
rda a,-pl 
uarn a 
7Q9rnaF: 
-u k (Ud @ 
(dw U  
C a-p.l - 

m k C  rn 
C - r l  (d a r ,  
a ,  3 4  
N tin a 
- 4 c l  > m a  
4J -4 @ -d 
-4 -4 s h 
- 4  e, 

4 s G a, 
rl a-pdW 

. . 
5 s  a %  
-4 -n tam a a 
a -4 8 

I 
a, -4 
0 C  

4 % 
-4 a 
rl a 
Qc 
E h 
0 4J 
0 a, 

w 
br rd 
C m  * 
-4 m 
+J mc, 
+J a c 
3 a, 

m c  E ma, 
C - 4  k 
-4 s -4 

3 
a- w 
a, a, a, 
k N k  
a, -4 
C, U 4  
C - 4  rd 
7 d  m 
or4 a, 
o 5 4  
C  C4 
a, m 
G a, 

a U U 
CJ 5 G 
C E rd 
a c, 
+ ~ - a  m  
m C G 
-d rd -4 
m 
a,au 
uarn 

ad 0 
ar a~ 
L: (U 
,-rJ U E 

ti -4 
'44 a 
Q a 
tD C 

m c r d  
Qs 0 
4 4  - 
f$ m 
E c  c 
r f d @  .90 
X .a -d 
as F-ea 

a, 
A 
Q 
.c c=k 
m a  

0 -4 4J 
Q E $ 
-0.c 
a o w  
E-d 0 
0s  
4J 3 m 
+I E 
Id a, aJ 
Fd 

0 C . 4  
4 J r d Q  

rC k 
u o a  
0 
C W a ,  

2 - P  
k U r d  
0 0) 
k k  

'-id 0 
a, a, 
F l w a  
0 4 
E k 7 
0 0 

o w  3 r: 
a B) 

Q C d  
a 0-4 
a z  

Q  3 
4J m s  

C cl 
--4 k 
ma, 0 
CSJ 3 
-4 
scrim 
4 J - 4  td 
0 
c4Ja 

I aa, 
0 G - v  
Q 3 

i 

0 6)8, 
4J 3 tJl 
0 r: 

aJ k g 
a 
rrrEGJ 
E -4 

m a c  -0 
m -4 r6 k  -4 
0 2  0 a, 
a m  +J m 
a 0 m 
-krda,ka, 
hrd3k(Uk 
r lc m G a  
r, m C G  
m  k-4 aard 
0 0s 
h) + J a E + J  

m 3 F t m  
a,+JGa,rd1 
-0 G - 4 - 4  O E 
4 -4 .c -4 
3 a ht) E-cl 
5'kr-i 5 0 G 

4 J F :  ca, 
cU m 0 r l  0 E aa, r l u a  
k -4010 

m * 3  4 
r d ~ m  +1a, 
E a , & C r n >  
C a J U O a ,  

C @  >-4 Era 
U k - d C  
-47 k 3 a a  
c w a  s c  

a,*@ 
a a a  

m ~ 6 r d ~ s  a) 0 rO E - d U  
k k  & 
7 ~ r n a s a  
m-rf k a c 1  a, 
rd 0) a m  
a, hr: m w  a, 
E r d 3 C K J L i  

E O O ~  
k -4 k 
0.c @ m m u  
w UA-PI a-4  
- 4 u u  3 4  

u s - 4  a,& 0 
~c 3 . ~ ~ 5  m a  
0 Q) -4 
av3arcCit 
OcC 4 -4 
l rd (Unwr (  
s E r 6 O . Q  
0 -  7 

-3 E m W  8 &  
a 0  .-((?I 

m f:a I-s 
a x 4: 0t4 a) a ~ ~ a a ?  
C a.4 2 .?-a 



cedures which if adopted will produce significant favor- 
able results in the reduction of accidents and casualties? 

( 2 )  What are the problems involved in instituting them 
and what are the costs? Does the expected reduction 
justify the expenditures, the restraints, the possible 
hardships? 

(3) Are the changes politically and socially feasible, 
or can the needed acceptance climate be developed, and 
if so, how? 

PUBLIC POLICY RESEARCH DEFINITION 

From the foregoing, the following definition of public 
policy research can be arrived at: 

Public policy research relating to highway safety is 
the investigation of major issues, problems and qilestioi 
in regard to the means of achieving the desired public 
goals of safe, rapid, efficient and economical movement 
of persons and goods by motor vehicles. It embraces 
the very wide and important field of organization,, 
management, standards and operation of public and 
private agencies in the field of highway safety. 

Techniques for operations research and management re- 
search have been worked out and are well known from industrial 
and military areas, and these should be applied to highway 
safety operations and management whenever possible. 

Even more important, however, is research on the guiding 
principles or policies to be followed in achieving the desired 
goals of public organizations in the field of highway safety. 
Such research is especially important since there have been 
few opportunities for analysis, evaluation and reformul.ation 
of guiding principles in most public organizations. 

The necessity in the past for immediate action in fields 
such as enforcement, legal approaches and the courts, driver 
licensing, traffic engineering and regulation, and others, 
resulted in action proqrams based for the most part on the 
best judgment of those involved and the conditions at the time. 
It is now, however, highly desirable that a new look and eva- 
luation of these programs, their guiding principles and 
standards be undertaken, as well as the devising and evaluation 
of possible alternatives since highway safety problems are 
becoming more and more acute as the nunzber of vehicles, the 
number of drivers, the miles of highway and the increased 
capability of vehicles grow. 

It is thus of highest importance that exploratory research 
to point the way to attack such problems and devise possibly 



better alternative methods of resolving them should be started 
to substantiate the need and importance of such research and 
demonstrate the kind of results which can be achieved. 

3 .  MAJOR AWAS O F  P U B L I C  POLICY RESEARCH I N  HIGHWAY S A F E T Y  

Some of the major areas related to highway safety which 
involve public policy questions, problems and decisions are 
the following: 

(1) The legislative process including laws, codes and 
regulations 

( 2 )  The traffic law enforcement process 

(3) The judicial and penalization process 

( 4 )  Less formal official persuasion 

( 5 )  Driver preparation including initial driver educa- 
tion and periodic subsequent training 

(6) Driver licensing 

(7) Highway improvements, facilities and services 

(8) Traffic operation and control engineering 

(9) Vehicle regulation, inspection and licensing 

(10) Financing highway transportation--taxes, fees, 
earmarked funds, appropriate allocation of finance 
burden, etc. 

(11) Vehicle insurance requirements and regulations 

(12) Emergency medical services 

In each of these subareas slightly different means of 
carrying out the function to differing levels of fulfillment 
have developed in different states and communities. There 
are important questions as to which organization, what kind 
of organization, and by what approaches the objectives can 
best be achieved. Further, under what guiding principles 
can this be done most effectively. Equally important is the 
assessment of the public's values, desires, and probable 
acceptance of changes which may involve constraints, regula- 
tions, more taxes, etc. as the price of safer motor vehicle 
travel. 

4. T Y P E S  OF P U B L I C  P O L I C Y  RESEARCH I N  HIGHWAY SAFETY 



Research on the guiding principles and policies for best 
achievement of highway safety objectives by public organizations 
can be of two major types, i.e. theoretical and appliebd. 

In the area of theoretical research, questions of basic 
philosophy should be considered without the constraint of 
meeting practical everyday considerations. Thus under 
theoretical research the whole basis of social relationships 
and philosophy underlying the need for social control of high- 
ways, vehicles, and drivers should be considered. This type 
of research might result in suggestions of completely new 
methods which could not be implemented under present conditions. 

On the other hand, applied research on public policy and 
highway safety would consider, contrast, analyze and evaluate 
not only present procedures but other alternatives which 
might be developed within the general frame of reference 
of present conditions. This research would not, however, 
assume that present policies, standards and procedures must 
be followed. On the contrary, it would look for better methods 
of evaluating present activities, and develop and test more 
promising alternative approaches which would be practical to 
adopt within the next five or ten years. 

The methods to be employed in the theoretical type of 
research would include theoretical discussion conferences, 
comparison of different philosophies, analysis of social 
principles involved, analysis of research findings in related 
fields, concentrated development of new proposals by theore- 
tical experts, and the like. 

Methods which might be used in the applied type of re- 
search would include development and use of check lists and 
questionnaires, interviewing of expert practitioners, 
development of new indices and methods of measurement, and 
the like, 

Also, among the methods of great importance in the applied 
type of public policy research should be included experiments 
and demonstration projects in which are measured the benefits 
to be derived from improving to the greatest degree possible 
the quality and quantity of existing practices. Likewise, 
demonstration projects are needed to measure the effectiveness 
of new concepts or methods, determine the problems and costs 
involved and the feasibility of universal application. 

In all of these methods a first consideration must be 
development of criteria, data acquisition, and analysis 
systems to enable measurement of results and for comparative 
processes. 

Although reconsideration and revamping of the underlying 
basic principles should not be ignored, the more applied re- 
search in which existing principles and concepts are consider- 
ed in relation to the present problems is recommended as 
yielding more immediate payoff. 



5. TYPES OF WSEARCH PEOPLE 

For such research, at least two general types of people 
should be involved. The first are the technical research 
people with background in social science and psychological 
measurement and statistics, and technical research people 
in areas specially related to each of the subareas. In 
addition, practitioners knowledgeable in the practical area 
of concern and its constraints should be involved. Without 
both types of people, the results of the applied research 
projects may miss the advantages of known technical develop- 
ments in the social sciences and methods of measuring human 
behavior, or on the other hand, overlook certain practical 
and political constraints and methods of conforming to them 
or of changing procedures to avoid unfortunate results. 

6. EXAMPLES TO ILLUSTRATE MAJOR PUBLIC POLICY RESEARCH 
A W A S  IN HIGHWAY SAFETY 

The important areas of public policy research in highway 
safety are so numerous that research of a continuing nature 
should be conducted to define them, determine priorities in 
undertaking them, and design research project proposals. This 
should be an essential continuing aspect of the plan for public 
policy research in highway safety. 

A few examples are hereinafter provided for possible 
research of a manageable size to illustrate possible approaches, 
dimensions and costs of typical projects in the field of public 
policy research in highway safety. Until the more extensive 
research recommended in the preceding paragraph provides a 
better decision making base, it will be impossible to select 
the most critically needed projects deserving priority. The 
following examples arc offered not as research proposals but 
as suggestions of types of projects in several of the major 
areas. 

A total program combining several such examples could 
extend for a period of ten years at a level of about $800,000 
per year. 

THE ENFORCEMENT PROCESS 

Definition of the Area: Police traffic supervision is 
the process concerned with regulating the safe and expeditious 
transportation of people and goods from one point to another. 
Police control of highways, automobiles, and people is intended 
to facilitate the safe and rapid movement of automobiles and 
pedestrians. 

A Major Question: Should police be involved in enforcing the 
traffic laws and regluations, or should traffic enforcement be 
carried out by another agency? If so, of what type? 



Study Objective: To ascertain and evaluate those public 
policies that have any influence over the police enforcement 
of the traffic laws and regulations and related to traffic 
safety. 

General Methods: Would include research of the litera- 
ture, personal interviews, demonstration projects on a sampling 
basis and a committee of outstanding authorities to evaluate 
findings and make recommendations. 

Manpower Estimates: Two researchers, ten pro- 
fessional interviewers, two police personnel, two 
governmental personnel. 

Estimated Costs: $350,000 per year. 

Estimated Time: One year, in one state covering all 
levels of police jurisdiction. Research should be extended 
to other states on a sampling basis during two additional 
years. 

Expected Results: Resulting data would indicate in what 
ways police functions and traffic enforcement functions enhance 
or interfere with each other and also advantaqes and problems 
of alternate methods of handling traffic enforcement. These 
findings would be valuable in allocating manpower and funds 
for this function. 

TRAFFIC ENGINEERING 

Definition of Area: Encompasses the use of traffic 
control devices and regulations to improve street traffic flow 
and increase safety; the features of street and highway design 
which relate to traffic operations thereon, and the development 
of street traffic systems. 

A Major Question: Is traffic engineering considered an 
important function by local government and how is it provided 
in small communities? 

Study Objective: To evaluate the local understanding and 
attitudes of traffic engineering and highway safety and deter- 
mine how problems within the sphere of traffic engineering are 
now being handled. Determine the various means by which 
smaller communities can obtain better traffic engineering 
services. 

General Methods: A combination of mailed questionnaries 
and personal interview. These would be used to obtain infor- 
mation on the state of traffic engineering in the small community 
throughout the country. Opinions of qualified traffic engineers 
would be obtained. 



Manpower Estimates: For a minimum effort, it is estimated 
that two researchers and supporting staff would be needed. 

Estimated Costs: It is estimated that the project would 
cost $100,000 per year. 

Estimated Time: Two years. 

Expected Results: From such a project, information 
would be obtained about what is being done to utilize traffic 
engineering approaches in smaller localities, what needs to 
be done, what organizations provide services needed and how 
local officials and groups may be interested in availing them- 
selves of these services to a greater extent. 

THE JUDICIAL PROCESS 

Definition of the Area: The judicial process involves 
the filing of a complaint or an apprehension by an enforcement 
officer, submission of the issue to a court possessing appro- 
priate jurisdiction, adjudication of the case, and, when there 
is a finding of guilty, application of the best principles 
of penalization. 

A Major Question: Is adjudication of traffic law enforce- 
ment cases, as it is presently practiced, accomplishing the 
goal to the greatest degree possible? 

Study Objective: To research the entire areas of legal 
sanctions to determine objective evaluations of the present 
system and possible alternatives. 

General Methods: Surveys and studies commencing at the 
initial enforcement level and continuing through the courts 
and the records of motor vehicle administrators would allow 
comparative evaluations to be developed. In the research 
all conceivable innovations and alternatives to the criminal 
approach should be utilized, including experimental demonstra- 
tions. 

A series of such studies should be carried out in several 
different states and localities selected to be representative. 
At least three projects should be planned. 

Manpower Estimates: Substantial staff, including enforce- 
ment specialists, lawyers, psychologists, sociologists and 
clerical and logistical support. Research on a local basis 
would require three practitioners in the enforcement and 
judicial fields, and one social scientist, with appropriate 
supporting clerical and other staff. 



Costs: Estimated costs for each project would range 
from $200,000 to $300,000 per year depending upon the size 
and scope. 

Time: Each individual project is estimated to require 
one year to conduct necessary field work, nine months for 
evaluation with a total of six men over an 18-month period, 
for a total of nine man years. 

For three projects, a total of four and one-half years 
would be required if they were conducted sequentially. 

Expected Results: Methods of treating traffic offenders 
other than one a criminal basis would be suggested and 
evaluated, as well as conclusions and recommendations for 
modification of the present system. 

DRIVER LICENSING 

Definition of the Area: Driver licensing is the granting 
by the state of the privilege to operate a motor vehicle on 
public streets and highways to those deemed qualified. It 
includes maintaining a record of drivers' accidents and con- 
victions and exercising the authority to suspend or revoke 
the privilege for cause. 

Major Question: What information on persons, drivers and 
potential drivers should be considered in preparing driver 
examination, evaluating test performance, withholding or with- 
drawing a license and other decisions relating to licensing 
which ultimately serve the individual and public interest? 

Study Objective: To explore methods of improving those 
aspects of the driver licensing system based on acquisition 
of skills and knowledge required and the developmental process 
in acquiring them. 

General Methods: A three to five year comparative study 
of drivers in age groups most frequently licensed involving: 
(1) development of new tests designed to measure the increas- 
ing development of skills and adjustment to various driving 
conditions; (2) administration of new tests periodically to 
subject and control groups of drivers to compare levels of 
achievement; (3) evaluation of actual driving performance of 
drivers; and (4) a long-term study of these drivers to eval- 
uate this developmental approach. 

Manpower Estimates: One researcher, two profes- 
sional staff, two field study personnel, two temporary 
personnel. 



Estimated Costs: Estimated costs are from $200,000 to 
$300,000 per year. 

Estimated Time: Minimum of three years at a level of 
84 man months per year. 

Expected Results: Establish the value of a new approach 
in licensing providing for gradual releasing of limitations 
or restrictions imposed on new drivers in response to the 
development of their abilities and performance as measured 
by tests of increasing difficulty, 



7. EVALUATION OF ALTERNATIVE PROGRAM PLANS 

Evaluation of the twelve alternative program plans was 
conducted in two steps. First, numerical ratings were de- 
rived for each plan with respect to each of the 13 criteria. 
And, second, subjective judgements were made of the plans with 
the highest ratings, and plans were eliminated from consider- 
ation successively until only one plan remained as the basic 
recommendation. During this process, potential relationships 
among the program plans were noted. At the end sf the evalua- 
tion, a new research theme was derived, based on the basic 
recommendation plus several adjunct research areas. Th,ese 
adjunct areas were extracted from plans which had been pre- 
viously elirni-nated, but which had significant relationships 
to the basic theme. 

The evaluation criteria used for ratings were listed in 
Section 5. Each criterion was applied to the program plan 
under consideration, and a numerical rating from 1 to 5 was 
derived by each evaluator, as follows: 

5 - Superior 
4 - Better than average 
3 - Average 
2 - Fair 
1 - Least desirable 

Five evaluators from the project staff were assigned to each 
plan, and a consensus rating for each criterion was establish- 
ed from the average rating. The consensus ratings are given 
in Table 4-1, and the resulting order of preference is given 
in Table 7-2. 

The second step of program evaluation was performed by a 
committee composed of the director of HSRI, the project 
director, a member of the HSRI executive committee, and two 
other members of the project staff. Initial discussions of 
the committee centered on the advantages and disadvantalges 
of the top-rated programs as reflected in their ratings for 
certain criteria. Although there had been no weighting factors 
applied to any of the criteria earlier, it was generally felt 
that the uniqueness of knowledge produced, applicability to 
implementation, and effect on the public image of the auto- 
mobile insurance industry were the most important. On this 
basis, three program themes were selected as a temporary focus 
for further consideration: the young driver theme, the response 
to injuries theme, and the legal sanctions theme. 

In the elimination process which followed, programs were 
dropped successively on the basis of low ratings, nonrelation- 
ship to the three top themes, and other considerations, In 
each case, if a program had any significant relationship to 
the three top themes, this fact was noted for future use. 



TABLE 7-1 

CONSENSUS NUMBERICAL RATINGS OF ALTERNATIVES 

ALTERNATIVE 

Uniqueness  of knowledge 

Use o f  insurance data 

Benefits to youth 

Cost of research 

Use of demonstrat ion projects 

Applicability to implementation 

Near-term implementation potential 

ReLa tive cost of implementation 



TABLE 7-2 

Order of Preference. from Numerical Ratings of Alternative 
Program Plans 

1. Improved Methods of Response t6 Highway Accident 
Injuries 

2. Reduction in the Traffic Accident Involvement 
of Young Drivers 

3 .  The Effectiveness of Legal Sanctions in Highway 
Safety 

4 .  Methods of Evaluating Highway Safety Implementation 
Programs 

5 .  Optimum Location and Design of Fixed Roadside 
Objects 

6. Public Policy and Highway Safety 

7. Reduction of the Role of Alcohol Misuse in Traffic 
Accidents 

8. Risk-Taking in Driving Behavior 

9. Improved Methods of Driver Education 

10. Basic Understanding of the Driving Process 

11. Reduction in Losses Due to Vehicle Damage 

12. Influence of the Social Environment and Public 
Information on Driver Behavior 



The first two programs to be dropped were those dealing 
with vehicle damage losses and roadway objects. The former 
is a partial duplication of similar programs just recently 
initiated by Saab in Sweden and by the Travelers Research 
Center. Further, it is in the area of vehicle research which 
is being emphasized by NHSB. The roadway objects program is 
fairly unique in its comprehensive approach and yet it also 
is in an area which is being very well handled by other 
organizations, especially AASHO. 

The third and fourth programs eliminated were the ones 
on evaluation of implementation programs and public policy. 
Their objectives are being covered partially already by the 
federal highway safety program standards. Although the 
federal plan is not yet clear as to the details of the evalua- 
tions which might be performed eventually, there is some like- 
lihood that they will be fairly well systematized in another 
ten years. Though the evaluation program was dropped as an 
entity, it was noted that methods for evaluation of imple- 
mentation program in specific areas might be appropriate for 
inclusion in several of the other alternative plans. The 
same would be true of parts of the public policy program. 

Next, the alcohol misuse and driver education programs 
were eliminated, again because both areas are being given 
strong support in the federal program. Even though the 
proposed programs are unique, there are many possibilities 
for redundancy, and industry contributions might tend to be- 
come lost in the mass of other contributions. 

At this point, four of the eliminated programs had 
nothing to do with driver behavior, and the other two had only 
an indirect bearing. Of the six remaining, five had a signi- 
ficant bearing on driver behavior. This result is consistent 
with earlier views of the most critical gaps in highway safety 
research, Nevertheless, the next program eliminated was the 
one on the driving process, which perhaps is the one with the 
most direct bearing on driver behavior. Its ratings were low 
because of weaknesses with respect to implementation and public 
image. Further, it did not relate well to any of the other 
programs. 

The amount of deliberation necessary to eliminate seven 
programs provided sufficient bases for the committee to crystal- 
lize its comparative views regarding the remaining five program 
plans. Thus, 'it developed that the programs on response to 
injuries and the young driver were selected as the final con- 
tenders. 

The final choice was made on the basis of increased bene- 
fits that could be achieved in the programs by adding related 
research elements from some of the other alternatives. It 
was felt that the last three programs eliminated (risk-taking, 
legal sanctions, and social environment effects) were most im- 
portant in this regard. All three of them contained elements 
which were particularly appropriate to the young driver, and 



which would l e a d  t o  a  mutual enhancement when combined, On 
t h e  o t h e r  hand, t h e  response  t o  i n j u r y  program d i d  n o t  have 
a r e l a t i o n s h i p  t o  any of t h e  o t h e r  a l t e r n a t i v e s .  Therefore ,  
t h e  young d r i v e r  program p lan  was s e l e c t e d ,  s u b j e c t  t o  impro- 
vements gained from elements  s f  several of t h e  o t h e r  programs. 





8 . TT'EXE RI3CQMMENl3ELl PROGRAM PLAN 

T h i s  s e c t i o n  p r e s e n t s  a d e t a i l e d  d i s c u s s i o n  of t h e  rec- 
ominended program p l a n :  The 'Young D r i v e r  Research  Program. 
F i r s t ,  t h e  import-:ant rol..e of t h e  s e l e c t e d  theme w i t h i n  t h e  
entire f i e % l  of 11.Eyhway s a f e t y  r e s e a r c h  i s  d i s c u s s e d .  'Then, 
a l e n g t h y  d e s c r i p t i o n  of t h e  s i x  b a s i c  s u b p r o j e c t  i s  p re -  
s e n t e d ,  i n e l u d i n g  both  t h e  e a r l y  p h a s e s  of b a s i c  e x p e r i m e n t a l  
d o r k ,  and t h e  l a t e r  p h a s e s  of demor is t ra t ion  p r o j e c t s  and e v a l -  
u a t i o n .  Next ,  t h e  adminis.trat:.ive a s p e c t s  of t h e  program a r e  
outlined, . incl.udirig o rgan iza . t io r r ,  sched 'u le ,  manpower and c o s t  
e s t i m a t e s .  F i n a l l y ,  a few broad  r e s u l t s  o f  t h e  program a r e  
f o r e c a s e s .  

The o b j e c t i v e  of t h e  Young D r i v e r  Research  Program i s  t o  
p roduce  knowledge which ,  when a p p l i e d ,  can  r educe  t h e  over -  
involvement  of young d r i v e r s  i n  t r a f f i c  a c c i d e n t s .  The 
r e s e a r c h  c o n t e n t  o f  t h e  program f o c u s e s  on t h i s  o b j e c t i v e .  
The program s c h e d u l e  i s  t e n  y e a r s  i n  l e n g t h ,  and t h e  t o t a l  
css t is csti.ma.ted a s  $ 1 4 , 0 0 0 , 0 0 0 .  The b a s i c  o r g a n i z a t i o n a l  
form recornmended f o r  tlae program i s  a m u l t i d i s c i p l i n a r y  re- 
s e a r c h  ~ n s t i t u t e  a t  a u n i v e r s i t y .  

8 . 1  THE 'YOUNG DRIVER AS A THEME FOR HIGHWAY SAFETY RESEAlRCH 

Up u n t i l  a b o u t  two y e a r s  ago  one might  have s e l e c t e d .  any 
one of a number of themes d e d i c a t e d  t o  highway s a f e t y  r e s e a r c h  
w i t h  t h e  e x l ~ e c t a n c y  of making a genu ine  p i o n e e r i n g  e f f o r t .  
S i n c e  then ,  n a t i o n a l  conce rn  l e a d i n g  t o  mass ive  i n f u s i o n s  of 
s u p p o r t  for highway s a f e t y  r e sea rch .  h a s  a f f e c t e d  a lmos t  e v e r y  
broad  t o p i c  t o u c h i n g  i m p o r t a n t l y  on highway s a f e t y ,  and r e l a -  
t i v e l y  few r e s e a r c h  t o :p i c s  of major  impor tance  remain un- 
.tout-hed by this a c t i v i t y ,  F 'c r r  t h e s e  r e a s o n s ,  t h e  t a s k  of 
B1efinin.c-g a u n i q u e  r e s e a r c h  area  i n  highway s a f e t y  and s t r u c -  
t u r i n g  a r e s e a r c h  program t h a t  w i l l  j u s t i f y  s u b s t a n t i a l  
e x p e n d i t u r e s  of r e s o u r c e s  on the p a r t  s f  i t s  sponso r  and 
the research cormunity has  p r e s e n t e d  a major  c h a l l e n g e  i n  
o u r  ~n~:'cag ram clef ri.n:k:tic?n s t u d y  , 

The Young D r i v e r  Research  Program meets  t h i s  c h a l l e n g e .  
I n  a d d i t i o n  t o  b e i n g  un ique  among t h e  p r o l i f e r a t i n g  highway 
safety o r i e n t e d  r e s e a r c h  programs,  t h e  recommended theme of 
ywuxiy. d r i v e r  r e s e a r c h  i s  e s p e c i a l l y  a t t r a c t i v e  because  t h e  
needs for improvements i n  young d r i v e r  performance a r e  s o  
garea.t, and because  t h e  p o t e n t i a l  p a y o f f s  a r e  s o  h i g h ,  Yoi~ng 
d r i v e r s  under 25 c o n s t i t u t e  n e a r l y  o n e - q u a r t e r  of t h e  d r i v i n g  
p o p u l a t i o n ,  and t h e  p r o p o r t i o n  i s  i n c r e a s i n g .  They a l s o  
have approximately one- th i rd  of a l l  t r a f f i c  a c c i d e n t s .  I f  
some method c a n  be found t o  d e c r e a s e  t h e  over involvement  
0% young d r i v e r s  i n  t r a f f i c  a c c i d e n t s ,  t h e  payof f  w i l l  b e  t h e  
h i g h e s t  pos s ib l e  i n  terms of man-years of l i f e  s aved .  



The emphasis on h e l p  f o r  t h e  young d r i v e r  i s  a n  appro- 
p r i a t e  one f o r  I I H S  i n  terms of p u b l i c  image and reduced 
c la ims.  F u r t h e r ,  t h e  insurance  i n d u s t r y  has a l r e a d y  e s t a b -  
l i s h e d  a  good r e p u t a t i o n  f o r  i t s  s u p p o r t  of d r i v e r  e d u c a t i o n ,  
and t h e  young d r i v e r  theme p rov ides  a  ve ry  n a t u r a l  t r a n s i t i o n  
i n t o  a  h i g h l y  r e l a t e d ,  b u t  broader  r e s e a r c h  a r e a .  

Who i s  t h e  young d r i v e r  and why i s  he of  p a r t i c u l a r  
concern i n  highway s a f e t y  r e s e a r c h ?  B a s i c a l l y ,  t h e  young 
"problem d r i v e r "  i s  drawn from t h e  p o p u l a t i o n  of male 
d r i v e r s  25 y e a r s  o l d  and younger. young female d r i v e r s  a r e  
n o t  excluded from concern ,  b u t  t h e i r  s p e c i a l  d r i v i n g  pro- 
blem ( i f  t h e r e  i s  one)  i s  n o t  v i s i b l e  t o  r e s e a r c h e r s  y e t .  
D i f f e r e n c e s  i n  d r i v i n g  exposure may be t h e  key t o  t h i s  d i s -  
t i n c t i o n .  Also ,  age 25 i s  n o t  n e c e s s a r i l y  a  f i r m  c u t - o f f .  
The problem i s  t h a t  young d r i v e r s  k i l l  and i n j u r e  themselves 
dnd o t h e r s  i n  highway c r a s h e s  a t  r a t e s  f a r  exceeding t h o s e  
which would be p r e d i c t e d  on t h e  b a s i s  of t h e i r  numbers 
a l o n e .  Moreover, automobile  a c c i d e n t s  c o n s t i t u t e  t h e  p r i n -  
c i p a l  cause  of d e a t h  f o r  people i n  t h i s  age group,  and t h e  
r a t e s  appear  t o  be i n c r e a s i n g  i n  c o n t r a s t  t o  s i g n s  of 
d e c r e a s i n g  highway d e a t h  r a t e s  f o r  t h e  o l d e r  age groups .  

These s t a t i s t i c s  sugges t  two broad s e t s  of o b j e c t i v e s  
f o r  a  Young Dr ive r  Research Program. The f i r s t  i s  people-  
o r i e n t e d :  t o  reduce t h e  d e a t h s  s u f f e r e d  and caused by t h e s e  
young people ;  t o  reduce t h e  p a i n ,  s u f f e r i n g ,  and c r i p p l i n g ;  
and t o  reduce  p r o p e r t y  d e s t r u c t i o n .  I n  achieving t h e s e  
g o a l s  our n a t i o n a l  i n t e r e s t s  w i l l  a l s o  be served through 
t h e  p r e s e r v a t i o n  of our  most v a l u a b l e  r e s o u r c e ,  t h e  f u t u r e  
economic and c r e a t i v e  p o t e n t i a l  of our  youth.  

The second o b j e c t i v e  i s  a  longer-range one and perhaps 
u l t i m a t e l y  even more s i g n i f i c a n t :  t o  permeate t h e  t o t a l  
d r i v i n g  popu la t ion  wi th  a  new a n d . s a f e r  p a t t e r n  of automobile  
d r i v i n g ,  a  p a t t e r n  producing f a r  fewer c r a s h e s .  The n o t i o n  
i s  ve ry  s imple .  I f  young d r i v e r s  can be made s a f e r  d r i v e r s  
i n  t h e i r  y o u t h f u l ,  dangerous d r i v i n g  phase ,  then  more of 
them w i l l  s u r v i v e  a s  s a f e r  d r i v e r s  and w i l l  remain s a f e r  
d r i v e r s  throughout  t h e i r  d r i v i n g  y e a r s  than  they o the rwise  
would have been. Thus, a l though t h e  d r i v i n g  performance of 
t h e  young d r i v e r s  should improve f i r s t ,  i n  t ime t h e  o v e r a l l  
d r i v i n g  popu la t ion  w i l l  be s a t u r a t e d  wi th  t h e  new breed and 
d r i v i n g  performance w i l l  be u n i v e r s a l l y  improved. 

The glowing p o t e n t i a l  impl ied  by t h e s e  o b j e c t i v e  must 
be tempered by t h e  p r o s p e c t i v e  f e a s i b i l i t y  of achieving them. 
The p rocess  w i l l  be long-term and slow t o  mature,  b u t  g iven 
t h e  suppor t  d e f i n e d  i n  t h i s  p l a n ,  i t s  chances of success  a r e  
h igh .  



Se.veraX of t h e  resea . rch  i d e a s  which f o l l o w  d e l v e  ra t lher  
deeply  i n t o  personal aspects o f  t h e  l i v e s  o f  r e s e a r c h  sub -  
j e c t s ,  Al though t h e  i n -dep th  p a r t i c i p a t i o n  of i n d i v i d u a l s  
w i l l  be lar:gel.y v o l u n t a r y ,  neve r t : he i e s s ,  t h e  need f o r  p ro-  
tecting t h e  r i g h t s  of incai.vidua.1 . i n t e g r i t y ,  d i g n i t y ,  and 
freeclorn are rec:og:ni.zed and endor sed .  Counterba lanced  a g a i n s t  
these concerns i s  o.ur pe:reep..tion s f  a c o n t i n u i n g  t r e n d  fo:r 
s o c i e t y  t o  forl~ri t i g h t e r  and more d e n s e l y  compacted g roups  
i n  wcl7liich t h e  unchecked a b e r r a n t  behav io r  o f  any inclividua:L 
i s  more likely t o  l-sarm o the r s .  Reconc i l i ng  t h e s e  two con- 
cerns i s  a dilermna w i t h  wle?Tclic:h o u r  c u l t u r e  w i l l  w r e s t l e  f o r  
some time. Accorc!iin?gly, t h roughou t  t h i s  p r o j e c t ,  t h e  
r e s e a r c h e r s  shou ld  be especiaX1.y s e n s i t i v e  t o  s o c i o - l e y a l  
prc:lblerns and may Xx3 expect.ed t o  exper iment  w i t h ,  deve lop ,  
and, report:  on ,  ai.:ce?ptahle ssl.z~t:i.ons. 

8.2  SUBPROJECTS IN A YOUNG DRIVER RESEARCH PROGRAM 

Achieving t h e  o b j e c t i v e s  s t a t e d  above i s  a  monumentalL 
t a s k  and canno t  be f u l l y  a t t a i n e d  q u i c k l y  nor  by c o n c e n t r a t i  
on any one f i e l d  of s tudy- - indeed  t h e r e  i s  no s i n g l e  "young 
d r i v e r "  d i s c i p l i n e .  I n s t e a d ,  a  s y s t e m a t i c  e f f o r t ,  drawing 
upon many and v a r i e d  c l i s c i p l i n e s ,  i s  r e q u i r e d  t o  

(1) Bu i ld  a compos i te  d e s c r i p t i o n  of y o u t h f u l  d r i v i n g  
I~eliuavior, 

( 2 )  Acqui re  a  r e a s o n a b l e  u n d e r s t a n d i n g  of i t ,  and 
( 3 )  Develop e x p e r i m e n t a l l y  a means f o r  i n f l u e n c i n g  young 

d r i v e r  performance toward s a f e t y .  

Consequent ly ,  a l t h o u g h  a  w e l l  d e f i n e d  program can  be 
S a i d  o u t  i n i t i a l l y ,  i t  m u s t  a l s o  be f l e x i b l e  enough t o  fu l . l y  
aceorm\odats changes i n  d i r e c t i o r l  and emphasis  a s  i n i t i a l  
f i n d i n g s  c l a i l f y  a r e a s  w i t h  t h e  g r e a t e s t  p o t e n t i a l .  More- 
o v e r ,  t h e  r e s e a r c k e r s  chosen t o  c a r r y  o u t  t h e  program must. 
be g i v e n  considerable l a t i t u d e  i n  shap ing  it and u s i n g  t h e  
L a t e s t  and best r e s e a r c h  methoclal_ogy, The s u b p r o j e c t s  
deve loped  i n  l a t e r  s e c t i o n s  a r e  proposed i n  t h a t  s p i r i t .  
Briefly, t h e y  are :  

S u b p r o j e c t  A :  S tudying  t h e  Young D r i v e r  To Desc r ibe  H i s  
Dr iv ing  Performance and A t t i t u d e s ,  

A l .  Measuring t h e  young d r i v e r ' s  d r i v i n g  and a c c i -  
d e n t  r e c o r d :  c l e a r l y  d e s c r i b e  i t s  s i g n i f i c a n c e ;  
e s l - ab l i sh  a performance b a s e l i n e ;  and l a y  t h e  
ground f o r  mcasur inq improvement. 

A 2 .  Learn ing  how the  young problem d r i v e r  i s  d i f -  
f e r e n t :  measure and d e s c r i b e  t h e  young a c c i d e n t -  
i nvo lved  and v i o l a t i o n - i n v o l v e d  d r i v e r ;  measure 



and d e s c r i b e  h i s  no-accident ,  no-v io la t ion  
c o u n t e r p a r t ;  s e a r c h  f o r  s i g n i f i c a n t  d i f f e r e n c e s .  

A 3 .  Explore t h e  range of c r i t i c a l  behavior :  measure 
and d e s c r i b e  t h e  s i g n i f i c a n c e  of  r i s k  t a k i n g  and 
a l c o h o l  misuse i n  y o u t h f u l  d r i v i n g .  

Subpro jec t  B: Studying t h e  Young Dr ive r  To Learn How He 
Shapes His Persona l  and Driving A t t i t u d e s  and How He May B e  
Encouraged To Improve H i s  Performance. 

B 1 .  Measuring and d e s c r i b i n g  t h e  p r e s s u r e s  of t h e  
p e r s o n a l  and s o c i a l  environment and l e a r n i n g  
how they  may b e t t e r  o p e r a t e  t o  improve y o u t h f u l  
d r i v i n g  performance. 

B 2 .  Measuring and d e s c r i b i n g  t h e  p r e s s u r e s  of t h e  
l e g a l  environment and l e a r n i n g  how they  may b e t t e r  
o p e r a t e  t o  improve y o u t h f u l  d r i v i n g  performance,  

B3. Experimenting wi th  t h e  lear-ning environment t o  
develop programs f o r  improving t h e  y o u t h f u l  
d r i v i n g  performance. 

Sub r o ' e c t  C:  Demonstrating and Eva lua t ing  Product ive  
Crp1--- ountermeasures f o r  Improving Young Dr ive r  Performance. 

Subpro jec t  D:  Program Assessment and Formulat ion of Fu tu re  
Goals f o r  Young Dr ive r  Research and Implementat ion.  

Although t h e s e  a r e  conceived a s  s e p a r a t e  s u b p r o j e c t s ,  
they  a r e  by no means independent ,  and t h e  f i n d i n g s  of some 
may r e p r e s e n t  p o s t u l a t e s  f o r  o t h e r s .  However, even where 
one p r o j e c t  i s  i n  a  sense  a  p r e r e q u i s i t e  of a n o t h e r ,  por-  
t i o n s  of t h e  l a t t e r  p r o j e c t  may begin  on t h e  b a s i s  of 
j u d i c i o u s l y  posed hypotheses .  

Many of t h e  proposed t a s k s  w i l l  n e c e s s a r i l y  g e n e r a t e  
l a r g e  amounts of d a t a .  Some of t h e  d a t a  w i l l  be r e l e v a n t  
t o  more than  one p r o j e c t  and a l l  of t h e  programs w i l l  need 
d a t a  p rocess ing  and a n a l y s i s  s e r v i c e s .  Moreover, much of 
t h e  d a t a  ga the red  i n  t h i s  program may be v a l u a b l e  t o  i n -  
dependent r e s e a r c h e r s  and o r g a n i z a t i o n s  and,  j u s t  a s  l i k e l y ,  
t h e i r  d a t a  may prove  v a l u a b l e  t o  t h i s  p r o j e c t .  Accordingly,  
it i s  recommended t h a t  a  Dr iv ing Behavior Data Center  be 
suppor ted ,  s t a f f e d ,  and mainta ined a s  a  p a r t  of t h e  program 
and t h a t  it s e r v e  a s  a d a t a  s e r v i c e s  r e s e a r c h  f a c i l i t y  f o r  
t h e  Young Dr ive r  Research Program and t h e  l a r g e r  s c i e n t i f i c  
r e s e a r c h  community a s  w e l l .  

The t h r u s t  of t h e  recommended program e n t a i l s  s tudy ing  
human behavior  and l e a r n i n g  t o  modify it, a s  it i s  e x h i b i t e d  
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F i g u r e  8-1. Diagram of t h e  Young D r i v e r  R e s e a r c h  Program 



improper exposure  o r  r i s k  index .  There fo re ,  a  key r e s e a r c h  
g o a l  i s  t o  c a r e f u l l y  d e s c r i b e  t h e  problem a s  d e f i n e d  by t h e  
young d r i v e r s '  d r i v i n g  and a t t i t u d e s .  The fo l lowing  t a s k s  
are d i r e c t e d  t o  t h a t  end.  

8.3.1.  MEASURING THE YOUNG DRIVER D R I V I N G  AND ACCI-  
DENT RECORDS (Subpro jec t  A l ) .  Measuring t h e  d r i v i n g  and 
a c c i d e n t  r e c o r d  be ing  compiled by young d r i v e r s  has  t h r e e  
purposes  i n  t h e  c o n t e x t  of t h e  t o t a l  program: t h e  f i r s t  
i s  t o  c l e a r l y  d e s c r i b e  t h e  s i g n i f i c a n c e  of t h e  young d r i v i n g  
problem; t h e  second i s  t o  e s t a b l i s h  a  performance measurement 
b a s e l i n e ;  and t h e  t h i r d  i s  t o  p r e p a r e  t h e  way f o r  measuring 
improvement. 

S ince  t h e  t r u e  e x t e n t  of t h e  y o u t h f u l  d r i v i n g  problem 
i s  n o t  w e l l  known, an i n i t i a l  t a s k  w i l l  be t o  remedy t h a t  
d e f i c i e n c y  by c o l l e c t i n g  s u f f i c i e n t  a c c i d e n t ,  v i o l a t i o n ,  
exposure ,  and d r i v i n g  performance d a t a  f o r  adequate  des-  
c r i p t i o n .  I t  i s  recommended t h a t  t h i s  t a s k  be approached 
i n  t h e  fo l lowing  s t e p s .  

The i n i t i a l  s t e p ,  which i s  ext remely  impor tan t  i n  t h a t  
i t  e s t a b l i s h e s  t h e  scope of t h e  p o t e n t i a l  f i n d i n g s ,  i s  t o  
d e f i n e  t h e  parameters  which w i l l  be measured. One group 
w i l l  be such a c c i d e n t  pa ramete r s  a s  d r i v e r  age and a c c i -  
d e n t  s e v e r i t y .  A second major group w i l l  be d r i v i n g  pe r -  
formance pa ramete r s  d e s c r i b i n g  t h e  exposure t o  hazard  of 
t h e  d r i v i n g  p o p u l a t i o n  according  t o  a g e .  Measuring ex- 
posure  i s  c r u c i a l  t o  q u a n t i f y i n g  t h e  young d r i v e r  p e r f o r -  
mance r e c o r d ,  and has  proved an i n t r a c t a b l e  problem t o  
d a t e .  However, i t s  c o n s i d e r a t i o n  has  been l i m i t e d  mainly 
t o  a b s t r a c t  d i s c u s s i o n .  Thus, measuring exposure  may prove 
more f e a s i b l e  when p laced  i n  t h e  c o n t e x t  of a  comprehen- 
s i v e  exper iment  such a s  t h i s .  Developing d a t a  requi rements  
and s o u r c e s  w i l l  be a  p r e r e q u i s i t e  t o  t h e  s u c c e s s  of t h i s  
t a s k ,  

The second s t e p  i s  t o  de termine  t h e  amount of d a t a  
necessa ry  t o  produce s t a t i s t i c a l l y  r e l i a b l e  conc lus ions  and 
t o  e s t i m a t e  t h e  p o p u l a t i o n  s i z e  and geographic  e x t e n t  of 
a  1 o c a l i t . y  s u f f i c i e n t  t o  produce t h e  needed d a t a .  Th i s  
s t e p  w i l l  be r e p e a t e d  f o r  each d i f f e r e n t  s e t t i n g  t o  be 
s t u d i e d :  e . g . ,  r u r a l ,  sma l l  town, m e t r o p o l i t a n ,  c o l d  
c l i m a t e ,  warm c l i m a t e ,  mountainous,  p l a i n s ,  e t c .  

The t h i r d  s t e p  i s  t o  s e l e c t  a  geographic  l o c a l i t y  o r  
l o c a l i t i e s  t o  s e r v e  a s  t h e  community l a b o r a t o r y .  The s i t i e s  
chosen must be s u i t a b l e  bo th  f o r  conduct ing  t h i s  t a s k  and 
f o r  conduct ing  t h e  t a s k s  under s u b p r o j e c t  B s o  a s  t o  
f a c i l i t i a t e  measuring t h e  e f f e c t s  of c o r r e c t i v e  a c t i v i t i e s .  



The f o u r t h  s t e p  i s  t o  de termine  t h e  t ime i n t e r v a l s  
over  which measurements a r e  t o  be made. A t  l e a s t  t h r e e  
measurement p e r i o d s  a r e  env i s ioned :  t h e  b a s e l i n e  p e r i o d ;  . 
an i n t e r m e d i a t e  moni tor ing  p e r i o d ;  and a  p o s t - p r o j e c t  
e v a l u a t i n g  pe r iod .  

F i n a l l y ,  a l l  p r e p a r a t i o n s  w i l l  have been made t o  
implement t h e  measurement program. T h i s  r e q u i r e s  p lanning 
f o r  numerous l o g i s t i c  requi rements  and poses  a  s u b s t a n t i a l  
t a s k  of  o b t a i n i n g  t h e  c o o p e r a t i o n  of l o c a l  t r a f f i c  and law 
enforcement a u t h o r i t i e s .  

The r e s u l t  of t h i s  t a s k  w i l l  be t h e  g e n e r a t i o n  of 
a c c i d e n t  r a t e s  based on some c o n t r o l  parameter  o r  parameters  
t h a t  w i l l  a l low v a l i d  comparisons among d i f f e r e n t  groups 
of d r i v e r s .  I t  w i l l  probably Be d e s i r a b l e  t o  produce 
s e p a r a t e  a c c i d e n t  r a t e s  f o r  d i f f e r e n t  k inds  of a c c i d e n t s  
( e . g . ,  f a t a l ,  s e v e r e ,  p e r s o n a l  i n j u r y ,  and m i n o r ) .  I n  o r -  
d e r  t o  have a  v a l i d  b a s i s  of comparison t o  show how bad 
( o r  good) y o u t h f u l  d r i v i n g  performance i s ,  s i m i l a r  d a t a  
d e s c r i b i n g  one o r  more c o n t r o l  groups drawn from t h e  o l d e r  
d r i v i n g  popu la t ion  should be genera ted  a s  a p a r t  of t h e  
experiment .  

The r e s u l t s  w i l l  be u s e f u l  i n  s e v e r a l  ways: 

( a )  The y o u t h f u l  d r i v i n g  performance d a t a  w i l l  estab- 
l i s h  a  b a s e l i n e  f o r  comparison w i t h  l a t e r  d a t a ,  ga the red  
a f t e r  c o r r e c t i v e  a c t i o n  has  been t aken .  Comparing t h e  two 
w i l l  p rovide  a  measure of program e v a l u a t i o n .  

(b )  Comparing t h e  y o u t h f u l  d r i v i n g  performance d a t a  
t o  t h e  d a t a  genera ted  by t h e  c o n t r o l  groups of o l d e r  d r i v e r s  
w i l l  p rov ide  a  meaningful measure of t h e  young d r i v e r s '  
performance and i n d i c a t e  i t s  good and bad f e a t u r e s .  

( c )  F u l l y  e v a l u a t e d  y o u t h f u l  d r i v i n g  b a s e l i n e  d a t a ,  
measured i n  s e l e c t e d  community l a b o r a t o r i e s ,  might provide  
a  s t a n d a r d  a g a i n s t  which t o  measure performance d a t a  
genera ted  i n  o t h e r  l o c a l i t i e s  f o r  t h e  purpose of de termining 
whether t h a t  l o c a l i t y  needs c o r r e c t i v e  a c t i o n .  

8 . 3 . 2 .  LEARNING HOW THE YOUNG ACCIDENT-INVOLVED 
DRIVER IS DIFFERENT (Subpro jec t  A2). Assuming t h a t  young 
d r i v e r s  as a subpopula t ion  c o n s t i t u t e  a  p e c u l i a r  and 
measurable d r i v i n g  hazard ,  t h e r e  a r e  a t  l e a s t  two explana-  
t i o n s  f o r  it. E i t h e r  something about  t h e  young a s  a  c l a s s  
g i v e s  them unusual  s u s c e p t i b i l i t y  t o  a c c i d e n t s  and t h e  
a c t u a l  v i c t i m s  a r e  produced more o r  l e s s  randomly, o r  w i t h i n  
t h e  c l a s s  of young d r i v e r s  t h e r e  a r e  one or more s u b c l a s s e s  
which p r e s e n t  unusual  r i s k  and t h u s  contaminate t h e  



s t a t i s t i c a l  image of t h e  e n t i r e  group. I n  e i t h e r  e v e n t ,  
l e a r n i n g  how t h e  acc ident -producing y o u t h f u l  d r i v i n g  
populat iorl  d i f f e r s  from p o p u l a t i o n s  producing fewer acciz- 
d e n t s  i s  a c r i t i c a l  g o a l .  I f  a  measurable set of parameters  
appears  t o  d i s t i r l g u i s h  t h e  groups ,  then  they  w i l l  form 
p o i n t s  upon which t o  c o n c e n t r a t e  s t u d i e s  f o r  l e a r n i n g  
how t h e  phenomena being measured may be i n f l u e n c e d .  

The program w i l l  proceed g e n e r a l l y  a s  fo l lows .  A 
f i r s t  s t e p  w i l l  be t o  develop t h e  l i s t  of parameters  t o  
be measured o r  t e s t e d .  These might  i n c l u d e :  a l l  circum'- 
s t a n c e s  surrounding t h e  a c c i d e n t ,  p e r s o n a l  h i s t o r y ,  f ami ly  
background, e t c .  The need f o r  e x p l o r i n g  t h e  behavior  of 
young d r i v e r s  by examining a r e a s  o u t s i d e  of t h e  d r i v i n g  
realm has been d e s c r i b e d  a s  fo l lows :  

The automobile  i s  a  symbol of economic and s o c i a l  
worth;  i t  prov ides  a  v i c a r i o u s  sense  of power; it 
r e p r e s e n t s  freedom and escape  from p a r e n t a l  a u t h o r i t y ;  
i n  many a r e a s  it i s  a n  e s s e n t i a l  f e a t u r e  i n  d a t i n g  
and c o u r t s h i p .  For many young people  it prov ides  
an o u t l e t  f o r  h o s t i l i t y ,  d i s c o u r t e s y ,  emotional  con'- 
f l i c t  and r e v o l t .  A l l  of t h e s e  f a c t o r s  may combine 
t o  make t h e  automobile  f o r  some a weapon r a t h e r  tha:n 
a  convenience,  and u n s a f e ,  r a t h e r  t h a n  s a f e ,  d r i v i n g  
h a b i t s  t h e  more s a t i s f y i n g  way t o  o p e r a t e  a  c a r . *  

Along w i t h  developing t h e  parameters  t o  be measured, 
t h e  s e t  of d e s c r i p t i v e  parameters  t o  be h e l d  c o n s t a n t  
between a c c i d e n t  and nonaccident  groups must a l s o  be chosen 
( e . g . ,  s e l e c t e d  age b r a c k e t s ,  socioeconomic s t a t u s ,  e t c . ) .  
Together t h e s e  r e p r e s e n t  a s i g n i f i c a n t  t a s k  s i n c e ,  i f  t h e r e  
a r e  c a u s a t i v e  d i f f e r e n c e s  between a c c i d e n t  and nonaccide:nt 
groups and i f  they  a r e  t o  be d e t e c t e d ,  t h e n  t h e  measuring 
t o o l  must be adequate  f o r  t h e  job. 

Next, Ghe numbers of i n d i v i d u a l s  i n  each group needed 
f o r  producing s t a t i s t i c a l l y  r e l i a b l e  conc lus ions  must be 
determined and community l a b o r a t o r i e s  of a p p r o p r i a t e  
dimensions and c h a r a c t e r i s t i c s  must be s e l e c t e d .  I t  mig:ht 
be d e s i r a b l e ,  b u t  i s  n o t  necessa ry ,  t h a t  t h i s  p r o j e c t  be 
conducted i n  t h e  same s i tes  a s  chosen f o r  A l .  A f t e r  t h e  
necessa ry  l o c a l  l i a i s o n  and suppor t  i s  o b t a i n e d ,  exper imenta l  
programs w i l l  begin .  When t h e  d a t a  have been g a t h e r e d ,  they 
w i l l  be analyzed f o r  t h e  p resence  of i d e n t i f i a b l e  parameters  
d i s t i n g u i s h i n g  t h e  young d r i v e r  groups.  

* McFarland and Moore, "Youth and t h e  ~ u t o m o b i l e , "  Golden 
Anniversary White House Conference on Chi ld ren  and Youth, 
1 9 6 0 ,  



A complementary t a s k  w i l l  d e t e r m i n e  whether  young 
a c c i d e n t  d r i v e r s  a r e  d i f f e r e n t  ( a p a r t  from age )  from o l d e r  
d r i v e r s .  A c a r e f u l l y  s e l e c t e d  group  of o l d e r  a c c i d e n t -  
i nvo lved  d r i v e r s  and a  c o n t r o l  group of non-acc ident  
d r i v e r s  w i l l  be s t u d i e d .  Comparisons between t h e  young- 
d r i v e r  and o l d e r - d r i v e r  s t u d i e s  shou ld  d i s c l o s e  t h e  impor- 
t a n t  d i f f e r e n c e s .  

A t  t h i s  p o i n t ,  t h e  e x p e r i m e n t e r s  must be p r e p a r e d  f o r  
s o b e r i n g  f i n d i n g s .  Many b e h a v i o r a l  s c i e n t i s t s  would pro-  
bab ly  p r e d i c t  t h a t  bad d r i v i n g  performance i s  mere ly  a  
s u p e r f i c i a l  m a n i f e s t a t i o n  of d e e p e r  problems;  t h e r e f o r e ,  
s t u d y i n g  problem d r i v i n g  b e h a v i o r  may uncover a  s t r a t u m  
of  u n d e r l y i n g  t r o u b l e s  needing  a t t e n t i o n .  Such a f i n d i n g  
may s u b s t a n t i a l l y  i n c r e a s e  t h e  scope  of t h e  c o r r e c t i v e  pro-  
grams. On t h e  o t h e r  hand,  i t  would s i m u l t a n e o u s l y  open 
up t h e  p o s s i b i l i t y  of p roducing  g r e a t e r  b e n e f i t s  t h roughou t  
t h e  s o c i a l  r ea lm.  

I n  a d d i t i o n  t o  t h e  r a t h e r  sweeping program d i s c u s s e d  
above ,  more s p e c i f i c  p r o j e c t s  w i l l  e v o l v e  d u r i n g  i t s  c o u r s e .  
For  example,  D r .  Schuman a t  The U n i v e r s i t y  of Michigan has  
sugges t ed  a  p r o j e c t  d e a l i n g  w i t h  young v e t e r a n s ,  18-25, 
r e t u r n i n g  from m i l i t a r y  s e r v i c e  t o  c i v i l i a n  l i f e  and c i v i l i a n  
d r i v i n g  c o n d i t i o n s .  The purpose  of t h e  s t u d y  would be  t o  
de t e rmine  t h e  e f f e c t  o f  m i l i t a r y  d i s c i p l i n e  and d u t y ,  
i n - s e r v i c e  t r a i n i n g ,  new r o l e s  and r e s p o n s i b i l i t i e s ,  and 
m i L i t a r y  d r i v i n g  e x p e r i e n c e s  on t h e  r e t u r n i n g  v e t e r a n ,  and ,  
from an  a c t u a r i a l  v i e w p o i n t ,  whether  t h e  r e t u r n i n g  v e t e r a n  
is i-n s u b s t a n t i a l l y  t h e  same r i s k - c a t e g o r y  a s  h i s  non- 
v e t e r a n  p e e r s ,  D i f f e r e n c e s  between v e t e r a n s '  c i v i l i a n  
d r i v i n g  r e c o r d s  and t h e i r  i n - s e r v i c e  r e c o r d s  ( r a n k ,  t y p e  of 
d u t y ,  conduc t ,  a c c i d e n t  r e c o r d ,  i n - s e r v i c e  d r i v e r  t r a i n i n g  
c o u r s e s ,  e t c . )  would be s t u d i e d .  Numerous e x c e l l e n t  s t u d i e d  
on a c c i d e n t  p r e v e n t i o n  have been conducted i n  t h e  r e l a t i v e l y  
"cl .osedU environment  of m i l i t a r y  b a s e s ;  t h e  a p p l i c a b i l i t y  
of these s t u d i e s  t o  t h e  " f r e e r g '  environment  of c i v i l i a n  
life i s  s u b j e c t  t o  s p e c u l a t i o n .  However, a  s t u d y  of t h e  
m u l t i p l e  and changing f a c t o r s  i n f l u e n c i n g  a c c i d e n t  behav io r  
and e x p e r i e n c e  i n  t h e  young male i n  t r a n s i t i o n  from m i l i t a r y  
t o  c i v i l i a n  l i f e  p r e s e n t s  an  i n t r i g u i n g  t a r g e t  group f o r  
s tudy  and f o r  p o s s i b l e  i n s i g h t  i n t o  t h e  r o l e  of l i f e -  
s i t u a t i o n s  and m o t i v a t i o n s  i n f l u e n c i n g  a  young man's  po ten-  
t i a l  f o r  s u r v i v a l  on t h e  highway. 

Another p o s s i b l e  demons t r a t i on  p r o j e c t  might  be con- 
duc ted  i n  c o o p e r a t i o n  w i t h  one o r  more i n s u r a n c e  companies.  
T h i s  would i n v o l v e  t h e  s c r e e n i n g  of a p p l i c a t i o n s  f o r  automo- 
b i l e  l i a b i l i t y  i n s u r a n c e ,  w i t h i n  a  younger a g e  g roup ,  by t h e  
u s e  of m i l i t a r y  s e r v i c e  c a t e g o r i e s ,  i n  a  manner ana logous  
t o  t h a t  p roposed  f o r  u s e  of h ~ g h  s c h o o l  g r a d e s .  Follow-up 



of a  d r i v e r ' s  exper ience  and a c c i d e n t s  over  t ime would pro- 
v i d e  one k ind of comparison s t u d y .  The c o n f i d e n t i a l i t y  of 
t h e  in fo rmat ion  ob ta ined  would be a  b a s i c  c o n s i d e r a t i o n  i n  
each phase of t h i s  s tudy .  

I n  summary, t h e  young male a d u l t  p o p u l a t i o n  r e t u r n i n g  
t o  c i v i l i a n  l i f e  and t o  c i v i l i a n  d r i v i n g  s u g g e s t s  t o  t h e  
e p i d e m i o l o g i s t  a t a r g e t  group f o r  contemporary s tudy  of t h e  
e f f e c t s  of young men i n  t r a n s i t i o n  on a  s c a l e  n o t  p r e v i o u s l y  
a v a i l a b l e .  Such a  segment o r  sample of t h e  popu la t ion  could 
provide  v a l u a b l e  i n s i g h t s  i n  our  unders tanding of some 
a s p e c t s  of s o c i o l o g i c a l  f a c t o r s  i n  t h e  a c c i d e n t  p rocess .  

8 . 3 . 3 .  EXPLORING THE RANGE OF C R I T I C A L  BEHAVIOR OF 
THE YOUNG D R I V E R  (Subpro jec t  A3). Some t h e o r i e s  of a c c i d e n t  
c a u s a t i o n  hold  t h a t  c e r t a i n  k inds  of behavior  a r e  more l i k e l y  
t o  produce a c c i d e n t s  t h a n  o t h e r s .  Risk t a k i n g  and a l c o h o l  
misuse a r e  b e l i e v e d  t o  be two such predominant f a c t o r s .  
Accordingly,  i n  i n v e s t i g a t i n g  t h e  range of c r i t i c a l  behav io r ,  
s p e c i a l  a t t e n t i o n  w i l l  be g iven  them. I f  o t h e r s  appear  d u r i n g  
t h e  program, t h e y ,  t o o ,  w i l l  be g iven  s p e c i a l  emphasis.  

8.3.3.1. The S i g n i f i c a n c e  of Risk Taking To t h e  Young 
Dr ive r .  I t  would be f o r t u i t o u s  i f  t h e  r i s k - t a k i n g  behavior  
of a  d r i v e r  could be modeled, o r  expressed  i n  some mathematical  
form analogous t o  a  gambling s i t u a t i o n .  There a r e  a  number 
of r easons  why t h i s  i s  n o t  d i r e c t l y  f e a s i b l e .  

( a )  Awareness of a  r i s k :  I t  i s  q u i t e  obvious t h a t  
tremendous d i f f e r e n c e s  d i v i d e  d r i v e r s  wi th  res- 
p e c t  t o  t h e i r  a b i l i t y  t o  p e r c e i v e  c e r t a i n  c.ues 
which i n d i c a t e  hazardous s i t u a t i o n s ,  and more- 
o v e r ,  t h a t  f o r  one and t h e  same d r i v e r  t h i s  
a b i l i t y  t o  d e t e c t  danger s i g n a l s  changes wi th  
t ime and e x p e r i e n c e ,  

( b )  Dr iv ing s k i l l :  I f ,  on t h e  one hand, i n c r e a s e d  
exper ience  can b r i n g  about  e a r l i e r  d e t e c t i o n  of 
a  hazardous s i t u a t i o n ,  then  on t h e  o t h e r  hand 
t h i s  same exper ience  may l e a d  t h e  d r i v e r  t o  a  
new l e v e l  of  t e c h n i c a l  s k i l l  such t h a t  t h e  
former "danger" s i t u a t i o n  no longer  e x i s t s ,  s i n c e  
t h e  d r i v e r  may have acqu i red  t h e  r e q u i r e d  tech-  
n i c a l  and b e h a v i o r a l  knowledge and s k i l l s  t o  
c o u n t e r a c t  a g iven  s i t u a t i o n  p r o p e r l y .  

( c )  M u l t i p l e  f a c t o r s  i n t e r a c t i n g  t o  c r e a t e  a  r i s k  
s i t u a t i o n :  Usual ly  a  number of e v e n t s  occur  
s imul taneous ly ,  invo lv ing  many v a r i a b l e s  a s  
w e l l  a s  s e v e r a l  d r i v i n g  and p e r c e p t i o n  t a s k s ,  
which i n t e r a c t  t o  produce a  success ion  of 



b o r d e r l i n e  vehicle dynamics b e h a v i o r s  ( w i t h  
va r i ab l e  risks) t h a t  can  b e  c o n t r o l l e d  LO a  
c e r t a i c  excen t  by a keen ,  s k i l l f u l ,  and 
al .est  c i r d  vcr , 

fc l )  Randornnes of o c c u r r e n c e  of t h e  r i s k  s i t u a t i o n :  
The driver can seldom p r e d i c t  a l l  e l e m e n t s  t h a t  
ic te- rvene i n  a d r i v i n g  s i t u a t i  on .  

The researchersi task, therefore, becomes t h a t  of 
i s o l a t i n g  a s  many risk factors a s  p o s s i b l e ,  of conduc t ing  
controlled experiments, and of deve lop ing  a  ne thodo logy  

.v " that, by e i ~ m l a ~ a . t i n g  ex t raz~eous  i n f l u e n c e s ,  a l l o w s  him t o  
mea,su:re or to evaluate the conscious w i l l i n g n e s s  of a  
dr:',.ver to face a ce r t a in  .rj-sk, 

Anony ch& impor kan k d r i v e r - s i t u a t i o n  v a r i a b l e s  t o  be  
s c u d i e d  (some Incepeadent of d r i v i n g  s k i l d s )  a r e :  

1, Length of "camc available t o  make a  g i v e n  r i s k  
s i t u a t ~ a ~ :  decj s j  a n ,  1 s i t  a f r a c t i o n  of a  secnnd 
rcq~iein? reactions a l m o s t  a t  t h e  r e f l e x  l e v e l ,  
cr % a  there time t o  think and r e a s o n ?  

2 ,  Is the d r i v e s  alone i n  t h e  c a r ?  Are t h e r e  o t h e r  
young d r i v e x s ,  male or  female, i n  t h e  same c a r ?  

3 ,  1s the drlve:c a lone on t h e  road,  or a r e  o t h e r  
cars belonging Lo f r i e n d s  ahead of him o r  behind  
him? 

4, Is $be d r i v e r  ander t h e  e f f e c t  of  any s t i m u l a n t ,  
depressan!. ,  or alcohol? 

5 ,  What is chc s t a t e  of c o n s c i o u s n e s s ,  a l e r t n e s s ,  
or c x h a ~ s t i o n  of t h e  d r i v e r ?  

5 ,  Can the e f f e c t  uymn r i s k  t a k i n g  of  t h e s e  and 
other. parameters be measured,  e i t h e r  q u a n t i t a -  
tively car q ~ a & j . t a t % v e l y ?  

These will be impor-tant  f a c t o r s  i n  d e t e r m i n i n g  t h e  v a l u e  
of any research f'indi.ny about risk t a k i n g .  By c o n t r a s t ,  it 
should b e  statefi that t h e  amount of v a l u e  t o  be  d e r i v e d  from 
simulated s t u d i e s  of risk taking i n  young d r i v e r s  w i l l  be 
a ful~ct iol l i  o f  how o r e l l  the sim.ul.ated c o n d i t i o n  d u p l i c a t e s  
frequently a c e u r r i n g  s i t u a t i o n s  i n  t h e f r  d a i l y  l i v e s .  

8 , 3 . 3 , 2 ,  The Significance of Alcohol  Misuse t o  t h e  
~eailvzg D r % ~ 7 e r ,  kLcohol misuse  1 s  the s a n g l e  most  c u l p a b l e  



f a c t o r  known t o  be a t  work i n  autombile  a c c i d e n t  c a u s a t i o n ,  
p a r t i c u l a r l y  i n  f a t a l  a c c i d e n t s ,  However, a  f u l l  descrkp- 
t i o n  of a l c o h o l  involvement i s  l ack ing .  Even though alcoholics 
have been shown t o  be represen ted  d i s p r o p o r t i o n a t e l y  i n  
a c c i d e n t s ,  t h e  p l a c e  of s o c i a l  d r i n k i n g  i n  a c c i d e n t  c a u s a t i o n  
i s  n o t  known, nor  have p a t t e r n s  of a l c o h o l  involvement by 
age of d r i v e r  been developed. Moreover, a l though a lcohol ism 
i s  popu la r ly  b e l i e v e d  t a  be a n  " o l d e r "  p e r s o n ' s  problem,, 
some r e c e n t  stud.:ies have shown t h a t  i t s  symptoms may be 
d i s p l a y e d  a t  e a r l y  ages .  However, even i f  t h e  a lcsho l i sm 
problem is l a i d  a s i d e  s o  f a r  as  young d r i v e r s  go,  it i s  
t r u e  t h a t  young people s t a r t  t o  drirzk about  t h e  same tirne 
they  s t a r t  t o  d r i v e  and it seems i n t u i t i v e l y  sound t o  assume 
t h a t  t h e  mixture  may be i n  p a r t  r e s p o n s i b l e  f o r  t h e  bad 
y o u t h f u l  d r i v i n g  performance. Thi.s,  t h e n ,  sets t h e  s t a g e  
f o r  exp lo r ing  a l c o h o l  misuse i n  y o u t h f u l  d r i v i n g .  

Desp i t e  t h e  c r i t i c a l i t y  of t h i s  t a s k ,  a  comprehensive 
p roposa l  cannot  be developed y e t  because of t h e  f e d e r a l  
government 's a c t i v i t i e s  i n  t h e  f i e l d .  One of t h e  i n i t i a l  
highway s a f e t y  program s t a n d a r d s  developed by NHSB concerns 
a l c o h o l  misuse i n  highway a c c i d e n t s .  P a r t s  of t h e  program 
w i l l  g e n e r a t e  l a r g e  amounts of d a t a  t o  supplement preseint 
knowledge and o t h e r  p a r t s  w i l l  encourage s t a t e  and l o c a l  
governments t o  apply s p e c i f i e d  a c t i o n  programs ( e . g . ,  High- 
way S a f e t y  Program Manual, Vol. 8 ,  "Alcohol i n  Re la t ion  t o  
Highway S a f e t y " ' ) .  However, t h e  c u r r e n t  p l a n s  do n o t  p l a c e  
s p e c i a l  emphasis on y o u t h f u l  d r i v e r s .  

There fo re ,  because t h e  a r e a  i s  n o t  s p e c i f i c a l l y  
covered by t h e  f e d e r a l  program, and becuase of t h e  slow 
pace a t  which t h a t  program i s  l i k e l y  t o  move, t h e r e  w i l l  be 
conspicuous gaps i n  r egard  t o  young d r i v e r s  which should be 
f i l l e d  a s  a  p a r t  of t h i s  p r o j e c t .  Moreover, some s t u d i e s  
of a l c o h o l  misuse i n  you th fu l  d r i v i n g  may be begun a s  a  
p a r t  of s u b p r o j e c t  A% (and perhaps A 1  a s  w e l l ) ,  r e g a r d l e s s  
of what t h e  f i n a l  shape of t h e  f e d e r a l  program i s  t o  be.  

To t h e  e x t e n t  t h a t  t h i s  i s  p r a c t i c a b l e ,  t h e  d a t a  
c o l l e c t e d  i n  A 1  should i n c l u d e  a d e s c r i p t i o n  of a l c o h o l  
involvement i n  t h e  c r a s h e s .  Never the less ,  because p r e s e n t  
a c c i d e n t  r e p o r t i n g  may n o t  be adequate  f o r  producing 
meaningful d a t a  f o r  t h i s  purpose ,  t h i s  t a s k  may no t  be u s e f u l  
u n l e s s  it i s  expanded t o  such an e x t e n t  t h a t  it d u p l i c a t e s  
t h e  f e d e r a l  p l a n ,  I n  t h a t  c a s e ,  it should be dropped a s  a  
p a r t  of A l .  However, s i n c e  A 2  a n t i c i p a t e s  an in-depth 
s tudy  of smal le r  samples of young d r i v e r s ,  a  number of ques- 
t i o n s  r e l a t i n g  t o  a l c o h o l  use  may be i n s e r t e d  i n t o  t h e  
exper imenta l  des ign .  Comparing t h e  in fo rmat ion  ob ta ined  
from t h e  c rash  groups wi th  t h a t  ob ta ined  from t h e  c o n t r l ~ l  
groups w i l l  p rov ide  a measure of a l c o h o l  over  involvement 
i n  t h e  c r a s h e s .  I t  w i l l  be p a r t i c u l a r l y  u s e f u l  t o  l e a r n  i f  



e x c e s s i v e  d r i n k i n g  i s  more p r e v a l e n t  i n  s e r i o u s  c r a s h e s  t h a n  
i n  t h e  less s e r i o u s .  

Moreover, t h e  c o n t a c t s  w i t h  young peop le  and t h e  o l d e r  
c o n t r o l  g roups  w i l l  p r o v i d e  an o p p o r t u n i t y  t o  l e a r n  more 
abou t  t h e  y o u t h f u l  u s e  o f  a l c o h o l  t h a n  can be  l e a r n e d  from 
s t u d y i n g  t h e  s i t u a t i o n s  p r e c e d i n g  a c c i d e n t s  a l o n e ,  Among 
c r i t i c a l  q u e s t i o n s  t h a t  may be e x p l o r e d  a r e :  

( a )  What k i n d s  of  a c t i v i t i e s  a r e  u s u a l l y  a s s o c i a t e d  
w i t h  y o u t h f u l  d r i n k i n g ?  Is d r i v i n g  a  n e c e s s a r y  
a d j u n c t  t o  them? 

( b )  What s o r t  o f  p a r e n t a l  a p p r o v a l  f o r  d r i n k i n g  do 
young d r i v e r s  have? Do t h e  p a r e n t a l  a t t i t u d e s  
i n f l u e n c e  t h e  combina t ion  of  d r i v i n g  and d r i n k i n g ?  

( c )  What do t h e  young d r i v e r s  know abou t  t h e  e f f e c t s  
of  a l c o h o l  on t h e  human body and b r a i n ?  What 
do t h e y  know abou t  t h e  e f f e c t s  on d r i v i n g  pe r -  
formance? How do t h e y  o b t a i n  t h e i r  i n f o r m a t i o n ?  

( d )  What a r e  t h e  peer -group  p r e s s u r e s  t h a t  might  
cause  young peop le  t o  d r i v e  w h i l e  d r i n k i n g ,  even 
a g a i n s t  t h e i r  b e t t e r  judgment? 

C a r e f u l l y  deve lop ing  a  sound se t  o f  hypo theses  and ques-  
t i o n s  f o r  t e s t i n g  them, such a s  t h o s e  above ,  w i l l  be done 
e a r l y  i n  c o n j u n c t i o n  w i t h  t a s k  A 2  and t h e  i n v e s t i g a t i o n s  w i l l  
p roceed  c o n c u r r e n t l y  w i t h  t h a t  t a s k .  I f  t h i s  s u b p r o j e c t  
p roves  s u c c e s s f u l ,  much v a l u a b l e  new i n f o r m a t i o n  d e s c r i b i n g  
y o u t h f u l  d r i n k i n g  and d r i v i n g  p r a c t i c e s  w i l l  be a v a i l a b l e .  
Tha t  i n f o r m a t i o n  would p r o v i d e  needed background f o r  t h e  work 
i n  s u b p r o j e c t  B ,  which w i l l  be devoted  t o  l e a r n i n g  how t h e  
s o c i a l ,  l e g a l ,  and l e a r n i n g  envi ronments  may be  employed i n  
i n f l u e n c i n g  more h e a l t h f u l  p r a c t i c e s .  

8 . 4  STUDYING THE YOUNG DRIVER TO LEARN HOW HE SHAPES HIS 
D R I V I N G  ATTITUDES AND HOW HE MAY BE ENCOURAGED TO 
IMPROVE HIS PERFORMANCE. ( S u b p r o j e c t  B) 

S u b p r o j e c t s  A l ,  A2, and A3 a r e  i n t e n d e d  t o  i n v e s t i g a t e  
y o u t h f u l  d r i v i n g  performance and a t t i t u d e s  f o r  t h e  purpose  
of l e a r n i n g  what t h e y  a r e  r e a l l y  l i k e ,  The t h r e e  s u b p r o j e c t s  
i n  t h i s  sec t ion- -B1,  B 2 ,  and B3--are i n t e n d e d  t o  e x p l o r e  why 
t h e y  a r e  a s  t h e y  a r e ,  and from t h a t  t o  a t t e m p t  t o  l e a r n  what 
may be  done t o  i n f l u e n c e  them toward s a f e t y .  C o n c e p t u a l l y ,  
t h e  f i n d i n g s  o f  t h e  former  s u b p r o j e c t s  shou ld  precede \  t h e  
l a t t e r  s u b p r o j e c t s .  However, i t  i s  e x p e d i t i o u s  t o  b e g i n  t h e  
l a t t e r  p r o j e c t s  b e f o r e  t h e  former  a r e  comple ted ,  based  on 
c a r e f u l l y  deve loped  hypo theses .  A s  f i n d i n g s  from s u b p r o j e c t  
A become a v a i l a b l e ,  t h e  hypo theses  shou ld  be mod i f i ed  and t h e  



t a s k s  r e d i r e c t e d .  

I t  should  a l s o  be  p o i n t e d  o u t  t h a t  t h e  v a r i o u s  t a s k s  
i n  s u b p r o j e c t  B a r e  themselves  c l o s e l y  r e l a t e d .  Indeed ,  t h e  
t h r e e  envi ronments  be ing  c o n s i d e r e d - - s o c i a l ,  l e g a l ,  and l e a r n -  
ing- -a re  a l l  p a r t s  of  t h e  t o t a l  m i l i e u  i n  which young d r i v e r s  
f i n d  themse lves ,  and t h e  s e p a r a t i o n  i n t o  s u b o r d i n a t e  e l emen t s  
i s  l a r g e l y  a r t i f i c i a l .  However, t h i s  d i v i s i o n  i s  n e c e s s a r y  
i n  o r d e r  t o  break  t h e  o v e r a l l  problem c o n t e x t  i n t o  segments 
manageable by a v a i l a b l e  a n a l y t i c a l  t o o l s ,  The d i v i s i o n  made 
h e r e  seems d e s i r a b l e  from t h e  p o i n t  of  view of r e s e a r c h  d i s -  
c i p l i n e s .  

8.4.1. MEASURING AND DESCRIBING THE PmSSURES OF THE 
PERSONAL AND SOCIAL ENVIRONMENT AND LEARNING HOW THEY MAY 
BETTER OPERATE TO IMPROVE YOUTHFUL D R I V I N G  BEHAVIOR (Sub- 
p r o j e c t  B 1 ) .  The young d r i v e r  i s  an i d e a l  focus  f o r  s tudy ing  
t h e  i n f l u e n c e  of t h e  s o c i a l  environment  upon d r i v i n g  be- 
h a v i o r .  

F i r s t  of a l l ,  he  r e p r e s e n t s  a  s p e c i a l  problem: abou t  
1 /3  t h e  highway d e a t h s ,  i n j u r i e s  and p r o p e r t y  damage a r e  of 
h i s  do ing .  

Second, he  h a s  a  g r e a t  many person-years  a t  s t a k e  w i t h  
a l l  t h a t  i m p l i e s  i n  terms of  n a t i v e  r e s o u r c e s .  Th i s  con- 
t r a s t s  w i t h  t h e  p o t e n t i a l  pay-off from c o n c e n t r a t i n g  upon t h e  
e l d e r l y ,  who have r e l a t i v e l y  few y e a r s  and p o t e n t i a l  r e s o u r c e s  
a t  s t a k e .  

T h i r d ,  t h e  young d r i v e r s  a r e  c r o s s i n g  a  p o r t a l - o f - e n t r y  
i n t o  t h e  d r i v i n g  p o p u l a t i o n .  The d r i v i n g  a t t i t u d e s  of  each  
new c l a s s  h a s  a  profound e f f e c t  upon t h e  n a t i n n ' s  f u t u r e  
d r i v i n g  performance.  

F o u r t h ,  t h e  young have f l e x i b i l i t y .  Not y e t  hardened 
i n  t h e i r  a t t i t u d e s  and t h i n k i n g ,  t h e y  may be  more amenable 
t o  change t h e n  a r e  o l d e r  d r i v e r s .  

F i f t h ,  p s y c h o s o c i a l  f a c t o r s  seem t o  be o f  g r e a t  s i g n i f -  
i c a n c e  i n  t h e  d r i v i n g  behav io r  o f  t h e  young. For example,  
on ly  o c c a s i o n a l l y  do t h e  young have s o l o  f a t a l  a c c i d e n t s .  
F r e q u e n t l y ,  t h e y  t a k e  t h r e e  o r  f o u r  p e e r s  a l o n g ,  a  p a t t e r n  
n o t  s o  p r e v a l e n t  i n  o l d e r  d r i v e r s .  However, t h e  p s y c h o s o c i a l  
component has  one handicap  from a  r e s e a r c h  p o i n t  of  view 
i n  t h a t  s t u d y i n g  it r e q u i r e s  r e s o r t i n g  t o  t h e  t o o l s  of t h e  
s o c i a l  s c i e n c e s  which a r e  n o t  s o  p r e c i s e  a s  t h o s e  a v a i l a b l e  
i n  t h e  ha rd  s c i e n c e s .  

S i x t h ,  s t u d y i n g  t h e  young d r i v e r  has  p o t e n t i a l  f o r  
e x t r a o r d i n a r y  p u b l i c  impact  s i n c e  t h e  youth  d r i v i n q  recc ' rd  



i s  a  m a t t e r  o f  n a t i o n a l  conce rn  ( a s  p o l i o  once w a s ) ,  and 
might  even  be  s a i d  t o  be a  d i s g r a c e ,  

Enough s t u d y  h a s  been made of young d r i v e r s  t o  conv ince  
some r e s e a r c h e r s  o f  t h e  soundness  of  c e r t a i n  fundamenta l  
hypo theses .  One of  them i s  t h a t  a  young p e r s o n ' s  d r i v i n g  
b e h a v i o r  i s  an end p r o d u c t  of  an  amalgamation of  l i f e  s i t -  
u a t i o n  p r e s s u r e s ,  p e r s o n a l i t y  and c h a r a c t e r  p r e s s u r e s ,  and 
immediate conce rns .  These i n t e g r a t e  t o  form demands o f  
one s o r t  o r  t h e  o t h e r  and t h e  young p e r s o n  r e a c t s  t o  t h e  
demands by t h e  way he d r i v e s ,  among o t h e r  t h i n g s ,  A second 
h y p o t h e s i s  i s  t h a t  t h e  young b e g i n  t h e i r  d r i v i n g  d u r i n g  
t h a t  p e r i o d  i n  which t h e y  e n t e r  adu l thood .  T h i s  i s  t h e  - 

e x p e r i m e n t a l  s t a g e  of  l i f e :  t h e  young p e r s o n  t r i e s  smoking, 
d r i n k i n g ,  s e x ,  and  a  g r e a t  number of o t h e r  t h i n g s .  Almost 
i n v a r i a b l y  he t e s t s  h imse l f  i n  t h e  au tomobi le  under  a l l  
s o r t s  of c i r c w n s t a n c e s .  A t h i r d  h y p o t h e s i s  (and  one t o  b e  
t e s t e d  by e a r l i e r  e l emen t s  of t h e  program) i s  t h a t  t h e  
dangerous  young d r i v e r  ( t h e  one who had a c c i d e n t s )  i s  drawn 
more o r  l e s s  a t  random from t h e  p o p u l a t i o n  of young d r i v e r s .  
One migh t  c h a r a c t e r i z e  t h e  young d r i v e r  p o p u l a t i o n  by t h e  
d i s t r i b u t i o n  c u r v e  i n  F i g u r e  8-2 .  One s i x t h  w i l l  a l m o s t  
n e v e r  have a  d r i v i n g  problem,  o r  any r e a l  b e h a v i o r a l  problem 
o f  any k i n d  because  t h e y  a r e  f o r t u n a t e l y  endowed and w e l l  
a d j u s t e d ;  one s i x t h  w i l l  c o n t i n u a l l y  be  i n  t r o u b l e ,  d r i v i n g  
and o t h e r w i s e ,  because  t h e y  a r e  p o o r l y  endowed and malad- 
j u s t e d ;  and abou t  two t h i r d s  w i l l  be " a v e r a g e . "  The 
hypothesis i s  t h a t  t h e  m a j o r i t y  s u p p l i e s  most  of  t h e  a c c i -  
d e n t  v i c t i m s ,  a s  a  m a t t e r  of  chance ,  depending upon which 
young p e r s o n  had an unusua l  r e i n f o r c e m e n t  of p r e s s u r e s  
a g a i n s t  him a t  some c r u c i a l  t ime .  J u s t i f y i n g  t h i s  h y p o t h e s i s  
i s  v i t a l  s i n c e  shap ing  coun te rmeasu res  f o r  e f f e c t i v e  c o n t r o l  
depends upon a d e q u a t e l y  d i a g n o s i n g  t h e  problem.  The f o u r t h  
h y p o t h e s i s  i s  t h a t  t h e  young d r i v e r  i s  i n  t r a n s i t i o n .  The 
p r e s s u r e s  p r e v a i l i n g  a g a i n s t  him change a lmos t  c o n t i n u o u s l y ,  
a s  do h i s  r e a c t i o n s  t o  them and h i s  a t t i t u d e s .  The young male 
seems t o  be b e s e t  w i t h  newer and s t r o n g e r  p r e s s u r e s  d u r i n g  
t h i s  p e r i o d ,  answer ing  q u e s t i o n s  l i k e ,  what w i l l  I do? ;  
s h a l l  I go c o l l e g e ?  W i l l  t h e  army g e t  me? S h a l l  I g e t  
m a r r i e d ?  How t o  g e t  ahead? Job?  d e b t s ?  e tc .  F i g u r e  8-3 
shows a  h y p o t h e t i c a l  c u r v e  of  t h e s e  p r e s s u r e s  from a u t h o r i -  
t a r i a n  s o u r c e s  a s  t h e y  b u i l d  up a g a i n s t  young males  ( t h e  
d e c l i n i n g  cu rve  f o r  f ema les  i s  shown f o r  c o n t r a s t ) .  Moreover,  
t h e  young d r i v e r ' s  d r i v i n g  s k i l l s  and c o n f i d e n c e  l e v e l s  a r e  
changing  d u r i n g  t h i s  p e r i o d .  F i g u r e  8-4 shows a  h y p o t h e t i c a l  
c u r v e  d e p i c t i n g  s k i l l  ( o r  e x p e r i e n c e )  and c o n f i d e n c e .  The 
gap between t h e  two,  where c o n f i d e n c e  exceeds  s k i l l ,  r ep -  
r e s e n t s  a  dange rous  p e r i o d .  With ag ing  and t h e  e x p e r i e n c e  
of d r i v i n g  t h e  two c r o s s  o v e r  i n t o  a  more ma tu re  and s a f e r  
p a t t e r n  f o r  t h e  m a j o r i t y  of t h e  p o p u l a t i o n .  F i n a l l y ,  and 
v e r y  i m p o r t a n t ,  t h e  p e e r  i n f l u e n c e s  ove r  t h e  young d r i v e r s  







change s i g n i f i c a n t l y  d u r i n g  t h i s  exper iment ing  p e r i o d ,  
d e c r e a s i n g  a s  t h e  young people  develop  i n d i v i d u a l  person-  
a l i t i e s  l e s s  dependent  upon p e e r  i n f l u e n c e s .  T h i s  s u g g e s t s  
t h e  d e s i r a b i l i t y  of  s t a r t i n g  some programs e a r l y  enough t o  
op t imize  t h e  peer-group g o a l - s e t t i n g  and r e i n f o r c i n g  con- 
s t r u c t i v e  b e h a v i o r a l  p a t t e r n s .  

Having l a i d  t h i s  founda t ion ,  one may now g a i n  some 
i n s i g h t s  about  how t o  s tudy  t h e  s o c i a l  p r e s s u r e s  a f f e c t i n g  
t h e  d r i v i n g  behav io r  o f  t h e  young. F i r s t ,  t h e  young d r i v e r  
must be cons ide red  a s  an e n t i t y .  Understanding h i s  d r i v i n g  
assumes under s t and ing  h i s  l i v i n g ,  because d r i v i n g  i s  such 
a  d i r e c t ,  a v a i l a b l e ,  and a t t r a c t i v e  o u t l e t  f o r  r e a c t i n g  t o  
t h e  problems of l i v i n g  dur ing  t h e  metamorphosis from c h i l d -  
hoold t o  adul thood.  Second, doing something about  t h e  
young d r i v e r ' s  a t t i t u d e s  r e q u i r e s  c a r e f u l  t iming t o  be s u r e  
of reaching  him where it coun t s  wh i l e  it coun t s .  

The purpose of t h i s  program e lement  w i l l  be t o  a t t e m p t  
t o  f i n d  o u t  what c o u n t s ,  when it coun t s  and how it may :be 
made t o  count .  The r e s u l t s  from s t u d i e s  d e s c r i b e d  i n  sub- 
p r o j e c t  A w i l l  i n f l u e n c e  t h e s e  e f f o r t s  t o  be s u r e ,  b u t  i n  
t h e  meantime, t h e s e  e f f o r t s  w i l l  go forward.  

Understanding young d r i v i n g  behav io r  (and t h e  f a c t o r s  
t h a t  i n f l u e n c e  it) i s  ext remely  d i f f i c u l t  t o  ach ieve .  The 
most widely used t echn iques  of s tudy  now a v a i l a b l e  a r e  c a s e  
s t u d i e s ,  s u r v e y s ,  in-depth  i n t e r v i e w s ,  group s e s s i o n s ,  
s choo l  s t u d i e s ,  f ami ly  p a t t e r n  s t u d i e s ,  exper imenta l  t r i a l s ,  
e t c .  A 1 1  of  t h e s e  a r e  conducive t o  t h e  community l a b o r a t o r y  
approach d e s c r i b e d  e a r l i e r  and some of t h o s e  e a r l i e r  s t u d i e s  
w i l l  have more t h a n  u s u a l  s i g n i f i c a n c e  f o r  t h i s  work. More- 
o v e r ,  a  t o t a l  community approach i s  i n h e r e n t l y  economical 
i n  t h a t  it p rov ides  s u p p o r t  f o r  a  number of r e l a t e d  s t u d i e s .  
For example,  a  s i n g l e  group of young d r i v e r s  may be unusua l ly  
r e l e v a n t  t o  s tudy ing  (1) why a  p r e f e r e n c e  f o r  h igh  powered 
s p o r t s  c a r s ? ,  ( 2 )  c o n t r o l  r e a c t i o n s  t o  good v e h i c l e  p e r f o r -  
mance c h a r a c t e r i s t i c s  of a  new eng inee r ing  development,  
( 3 )  e f f e c t  of new l e g a l  s a n c t i o n s  aimed a t  r i s k y  d r i v i n g ,  
( 4 )  t h e  i n f l u e n c e  of o f f e r i n g  i n c e n t i v e s  such a s  in su rance  
r e b a t e s  a s  rewards f o r  s a f e  d r i v i n g ,  o r  ( 5 )  d i f f e r e n c e s  i n  
t y p e s  of d r i v i n g  exposure of s p o r t s  c a r  d r i v e r s  from owners 
of sedans .  

I n  a d d i t i o n  t o  t h e  r e l a t e d  t a s k s  d e s c r i b e d  i n  A2, t h i s  
program element  w i l l  i n c l u d e  s e v e r a l  group o r i e n t e d  p r c j e c t s  
t o  s e t  t h e  s t a g e  f o r  s tudy ing  s o c i a l  p r e s s u r e s ,  p a r t i c u l a r l y  
from t h e  p e e r  group.  The p r o j e c t s  i n c l u d e  seminars ,  i n .  which 
t h e  r e s e a r c h e r  obse rves  t h e  r e a c t i o n s  t o  v a r i o u s  t o p i c s  
r a i s e d  by t h e  l e a d e r  o r  by members of t h e  group i t s e l f ,  and 
p e e r  group a c t i o n  programs i n  which a  c o r e  of young people  i s  



-.c.se! t , c  d xi : i , t i  -1 and i s  g i v e n  t h e  m i s s i o n  o f  
I E " : , ~ " L C ; : T -  a  ,, .. : ? d i n g  w i t n  it. A s  s e n s i t i v e  f ac -  

r ,  - .A - iZ A- fa A 1- c 7 r e c l s e  t a s k s  w i l l  be  f o r m u l a t e d  
, J Y  1~:; s ~9 I r1.q be i n f l u e n c e d  one way o r  t h e  
a he:- 'r J cLxncl;es ,L- : t. ~,xesszRres imposed by t h e  e n v i r o n -  

'7kiesi.: f : :?~iing~; ;';:.a!: be ased i n  such  group  programs 
dr j--c , -, ,- ~..3.,cation, aclvanzed d r i v e r  c o u r s e s ,  depar tment  of 

-,tat% re~nedia l .  d r i v i r l g  programs,  rnaxs media campaigns,  
d r i v e r  intern pragi-arm, and o t h e r s .  A number s:f t h e  
s t1;ld.i.e~ 1 l r i l . l  he ciin;?uc-t:erI :in a p i l o t  o r  expe r  ;.mental b a s i s  
i n  one o r  a few s c h o o l s  o r  other s o c i a l  s e t t i n g s .  A s  more 
co r~c~ :e t e  program p9.ans erner:ge and a s  eonfi .dence i n  t h e i r  
e f f  e c t i ~ ~ e n e s s  bu.il:ic;, s e ? . e c t ~ d  p r o j e c t s  o f  more t h a n  o r d i n a r y  
prospects bo th  c j  :;;ac,r-+:;s ax?..! of a c c e p t a b i l i t y  w i l l  be con- 
due-led :In c? large-sca I ,. .-,~~-.;i;,lanst-.ration b a s i s .  

8 - 4  a 2 ,  bEASiiRl l . i i ;  .ASL'9 D E S C R I B I N G  THE PRESSURES OF THE 
LEGAL E:NVIRO2<XEZ\:'$7 AND LEARNING WOW THEY MAY BETTER OPERATE 
33 IMPROVE YOUTWFIJL DRIVING I Z R F O W A N C E  ( S u b p r o j e c t  B2). 
Our lzgal s t r u c t , a r e  i s  faunded i n  p a r t  upon l o o s e l y  l a i d  
hypotheses  t h a t  certain k i n d s  of human b e h a v i o r  need regu-  
latiny and t h a t  pun ishments  f o r  i n f r a c t i o n s  e f  t h e  r e g u l a -  
tions will d e t e r  u n d e s i r a b l e  b e h a v i o r .  T h i s  d e s c r i p t i o n  i s  
p a r t i c u l a r l y  a p p l i c a b l e  t o  law enforcement  a s  it o p e r a t e s  
i n  reguf a t i n g  d r iv i r tg  b e h a v i m  . T r a f f i c  laws g e n e r a l l y  
f o c u s  upon one or the other of  two g o a l s :  e f f i c i e n t l y  
managing t r a f f i c  flow, o r  p r e v e n t i n g  dangerous  d r i v i n g  
p r a c t i c e s .  D e f i n i t i o n s  of dangerous  d r i v i n g  behav io r  seem 
t o  haxe  d.eveloped a long  w i t h  the growth of au tomobi le  u s e  
by a p r o c e s s  of loosely c o r r e l a t i n g  a c c i d e n t s  w i t h  t h e  
a r - t i v l t i e s  ., L.. .L e,ngaged in b y  the d r i v e r s  just  before t h e i r  
~sciden"bs. . P e n a l t i e s  d o u b t l e s s  grew i n  a  s i m i l a r  way b u t  
gcn t s r a l i y  have been d i . r e c t e d  toward d e p r i v a t i o n ,  e . g . ,  f i n e s ,  
jail sentences, l o s s  of driving p r i v i l e g e s .  Even though t h e  
!:(;-La1 syxtenw. grew quickly, i t  h a s  been  t e s t e d  and r e f i n e d  
th - r suqhoa t  t h i . . ~  c e n t u r y .  Nevertheless, some c r i t i c s  s ay  
that modern Paw en.forcernen.t r e a l l y  doesn" c o n t r o l  dangerous  
& r i v i n g  behavior  a s  1~e l .1  as  i t  s h o u l d ,  and t h a t  it h a s  been 
largely free of e r i t i c a l  and comprehensive p r o f e s s i o n a l  
exarni.riation, F a c t o r s  reqizrkri.ng c o n s i d e r a t i o n  a r e  : 

:'he r e d a t i o n s h i p  between dange r s  be ing  guarded  a g a i n s t  
and t h e  .behaviors being c o n t r o l l e d  

The reascsrls d r i v e r s  errqage i u i  undes i  r a b l e  behav io r  

The r e l e v a n e e  af t h e  u s u a i  p e n a l t i e s  in changinq 
l 7hava or pa -c t e rn i~  ( p a r t i c u i a r l y  w i t h  respect t o  
dj.fic;i,-pni- $:a tegor ies of  drivers) 



The e f f e c t i v e n e s s  of new p e n a l t i e s  o r  o t h e r  
s a n c t i o n s  i n  c o n t r o l l i n g  d r i v i n g  behav io r .  

The pu rpose  of t h i s  t a s k  i s  t o  unde r t ake  a  s t u d y  of t h e  
l e g a l  environment  a s  it r e g u l a t e s  d r i v i n g  behav io r  w i t h  
emphasis  on y o u t h f u l  d r i v i n g  b e h a v i o r .  A s  w i t h  a l l  t h e  rest  
of t h e  programs,  h i g h l i g h t i n g  young d r i v e r s  p romises  b e n e f i t s  
ex t end ing  f a r  beyond t h e  young themselves .  Not o n l y  a r e  t h e  
f i n d i n g s  l i k e l y  t o  app ly  b r o a d l y  t o  d r i v e r s  of a l l  a g e s ,  b u t  
a l s o  t h e  b e t t e r  r e g u l a t e d  young d r i v e r s  a s  t h e y  grow o l d e r  
w i l l  permeate  t h e  d r i v i n g  p o p u l a t i o n  w i t h  b e t t e r  r e g u l a t e d  
o l d e r  d r i v e r s .  However, i n  d i r e c t i n g  t h e  a t t e n t i o n  of law 
enforcement  s t u d i e s  t o  a  p a r t i c u l a r  c l a s s  o f  i n d i v i d u a l s  
c a u t i o n  must be a p p l i e d ,  s i n c e  any new l e g a l  c o n t r o l s  
recommended must be based upon behav io r  and n o t  s t a t u s .  
T h e r e f o r e ,  some a s p e c t s  of t h i s  program may be focused  
upon more g e n e r a l  l e g a l  i n s t i t u t i o n s ,  r e g u l a t i o n s ,  and 
p r a c t i c e s  t h a n  upon t h e  young d r i v e r s  themse lves .  

The broad o b j e c t i v e s  of t h e  t a s k  w i l l  be: 

( a )  To deve lop  a  b a s i c  knowledge and a ,  comprehensive 
d e s c r i p t i o n  of o u r  s o c i e t y ' s  l e g a l  c o n t r o l s ,  
having t h e  purpose  of r e g u l a t i n g  behav io r  r e l a t e d  
t o  highway s a f e t y  ( w i t h  p a r t i c u l a r  a t t e n t i o n  t o  
y o u t h f u l  b e h a v i o r ) ,  and t o  deve lop  a  b a s i c  under- 
s t a n d i n g  of t h e  i n s t i t u t i o n s  which employ them. 

( b )  To deve lop  a  b a s i c  unde r s t and ing  of what beh.aviors  
r e a l l y  need c o n t r o l l i n g ;  why i n d i v i d u a l s  engage 
i n  t h o s e  b e h a v i o r s ;  and what k i n d s  of a c t i o n s  
need t o  be  t a k e n  t o  e l i m i n a t e  them. 

( c )  To p r e s e n t  s u g g e s t i o n s  f o r  change,  where s tudy  
r e v e a l s  t h e  d e s i r a b i l i t y  of change,  i n  t h o s e  
i n s t i t u t i o n s  i n  command of t h e  r e l e v a n t  p r o c e s s e s ;  
t o  encourage t h e  adop t ion  of p i l o t  o r  expe r imen ta l  
programs; and t o  p rov ide  a s s i s t a n c e  i n  implementing 
and e v a l u a t i n g  them. 

( d )  F i n a l l y ,  t o  c o n t i n u a l l y  r e a s s e s s  t h e  l e g a l  env i*  
ronment,  t h e  s i g n i f i c a n c e  of  changes  made t o  i t ,  
t h e  need f o r  con t inued  s t u d y  and change,  and t h e  
con t inued  p l a c e  of t h i s  sponsored a c t i v i t y  i n  
encourag ing  t h e  p r o d u c t i o n  of knowledge, c a t a -  
l y z i n g  change and d i s s e m i n a t i n g  i n f o r m a t i o n .  

These o b j e c t i v e s  a r e  much t o o  ambi t i ous  t o  a n t i c i p a t e  
a t t a i n i n g  them f u l l y  w i t h i n  t h e  c o u r s e  of  any s i n g l e  s t u d y .  
However, a  beg inn ing  would be made by answering some c r i t i c a l  
q u e s t i o n s  posed below t o  form hypotheses  f o r  r e s e a r c h  p r o j e c t s :  



( a )  What do w e  c o n t r o l ?  What harmful  y o u t h f u l  d r i v i n g  
b e h a v i o r  shou ld  be  suppres sed?  What b e n e f i c i a l  
y o u t h f u l  d r i v i n g  b e h a v i o r  shou ld  be encouraged?  

(b )  Mow do w e  c o n t r o l  b e h a v i o r ?  What c o n t r o l s  a r e  
a v a i l a b l e  f o r  s u p p r e s s i n g  u n d e s i r a b l e  o r  i n d u c i n g  
f a v o r a b l e  a c t i v i t i e s ?  What i n s t i t u t i o n s  a d m i n i s t e r  
them and how do t h e y  work? 

kc) How e f f e c t i v e  a r e  e x i s t i n g  c o n t r o l s  i n  r e g u l a t i n g  
d r i v i n g  behav io r?  How e f f e c t i v e  i s  e a c h  r e l e v a n t  
s a n c t i o n  i n  c o n t r o l l i n g  y o u t h f u l  d r i v i n g  b e h a v i o r ?  
Is a  g i v e n  s a n c t i o n  e f f e c t i v e  a g a i n s t  some i n d i -  
v i d u a l s  b u t  n o t  a g a i n s t  o t h e r s  o r  on some occa-  
s i o n s  b u t  n o t  on o t h e r s ?  

( d )  What a r e  t h e  a t t i t u d e s  of law en fo rcemen t ,  j u d i c i a l  
and a d m i n i s t r a t i v e  o f f i c i a l s  toward d e t e n t i o n  and 
apprehens ion  of y o u t h f u l  d r i v e r s  and toward t h e  
r e l e v a n e e  and a p p l i c a t i o n  of s a n c t i o n s ?  Do t h e y  
differ from t h o s e  a p p l y i n g  t o  o l d e r  d r i v e r s ?  How 
do t h e y  e f f e c t  young d r i v e r s '  a t t i t u d e s  and pe r -  
f o m a n c e ?  

(e )  What do young d r i v e r s  know abou t  and what a r e  t h e i r  
a t t i t u d e s  toward e x i s t i n g  c o n t r o l s  and t h e i r  
enforcement?  

( $ 1  What a r e  t h e  p r o c e s s e s  which d i s s e m i n a t e  knowledge 
abou t  l e g a l  c o n t r o l s  t o  t h e  young d r i v e r s ?  A r e  
t h e r e  any s p e c i f i c  s u b p o p u l a t i o n s  which f a i l  t o  
" g e t  t h e  word"? Where a r e  t h e  communication b locks?  

This s u b p r o j e c t  h a s  i m p o r t a n t  i m p l i c a t i o n s  f o r  l e g a l  
and s o c i a l  i n s t i t u t i o n s  i n  o u r  c u l t u r e .  I t  must  be  under-  
t a k e n  w i t h  d e l i b e r a t i o n  and r e s t r a i n t  s i n c e  n e i t h e r  t h e  
requirement f o r  immediate change a s  a  paramount t r a f f i c  
s a f e t y  f u n c t i o n  nor  t h e  p r o s p e c t  t h a t  s t u d y  w i l l  r e s u l t  i n  
s i g n i f i c a n t  changes are s u r e .  I t  i s  a n t i c i p a t e d  t h a t  a  
l a rge  p r o p o r t i o n  of t h e s e  s t u d i e s  w i l l  o r i g i n a t e  f rom i n d i -  
v i d u a l  s c h o l a r s  o r  r e s e a r c h e r s  i n  t h e  academic community. 

8 , 4 , 3 ,  EXPERImNTING WITH THE LEARNING ENVIRONMENT TO 
DEVELOP PROGRAMS FOR IMPROVING YOUTHFUL D R I V I N G  PERFORMANCE 
[Subpro jec t  B 3 ) .  I n  p a r t i c u l a r ,  t h i s  s u b p r o j e c t  w i l l  
i s o l a t e  for i n d i v i d u a l  s t u d y  t h o s e  f a c t s  and p r o c e s s e s  
r e l a t i n g  t o  l e a r n i n g  a b o u t  d r i v i n g  p e r  se, a s  opposed t o  
those which i n d i r e c t l y  i n f l u e n c e  t h e  way young p e o p l e  d r i v e .  
Obviously, t h e  two are c l o s e l y  r e l a t e d  and t h e  f i n d i n g s  of  
each shou ld  r e i n f o r c e  t h e  e f f o r t s  of t h e  o t h e r .  



A s t a t e m e n t  keyno t ing  t h e  need f o r  t h i s  p a r t i c u l a r  
s t u d y  was c o g e n t l y  e x p r e s s e d  i n  HEW'S Repor t  of t h e  Secre-  
t a r y "  Advisory Committee on  T r a f f i c  S a f e t y ,  a s  f o l l o w s :  

The Hlghway S a f e t y  Act of 1966 r e q u i r e s  t h a t  S t a t e s  
s h a l l  p rov ide  comprehensive highway s a f e t y  programs, 
i n c l u d i n g  d r i v e r  e d u c a t i o n .  U n f o r t u n a t e l y ,  t h e  
p r e s e n t  s t a t e  of knowledge a s  t o  t h e  e f f e c t i v e n e s s  
of d r i v e r  e d u c a t i o n  p r o v i d e s  no c e r t a i n t y ,  and 
much d a u b t ,  t h a t  t h e  r e t u r n  on t h i s  enormous pros-  
p e c t i v e  e f f o r t  w i i l  be  commensurate w i t h  t h e  
i nves tmen t .  A b road  and s y s t e m a t i c  e n q u i r y  i s  
needed i n t o  t h e  q e n e r a l  q u e s t i o n  of how d r i v i n g  
b e h a v i o r  i s  a c q u i r e d ,  and how d r i v e r s  can  be 
t a u g h t  n o t  o n l y  t o  o p e r a t e  au tomob i l e s ,  b u t  a l s o  
t o  unde r s t and  t h e  major problems o f  highway s a f e t y ,  
i n c l u d i n g  i t s  c r a s h  and p o s t - c r a s h  a s p e c t s .  

The r e p o r t  goes  on t o  p o i n t  o u t  t h a t  d e s p i t e  t h e  expendi-  
t u r e  of c o n s i d e r a b l e  sums of money o v e r  s e v e r a l  d e c a d e s ,  
i n c l u d i n g  generous  inves tmen t  by t h e  i n s u r a n c e  i n d u s t r y ,  t h e  
p roduc t  of  today" d r i v e r - e d u c a t i o n  programs may be  no b e t t e r  
p repa red  f o r  h i s  t a s k  t h a n  t h e  youngs t e r  t a u g h t  t o  d r i v e  on 
back r o a d s  by h i s  f a t h e r .  

The N a t i o n a l  Highway S a f e t y  Bureau p l a n s  t o  g i v e  s t r o n g  
a t t e n t i o n  t o  p r e s e n t  d r i v e r  e d u c a t i o n  programs,  p a r t i c u l a r l y  
t h o s e  o p e r a t e d  by t h e  p u b l i c  s c h o o l s  (See Highway S a f e t y  
Program S tanda rd  4 . 4 . 4 . ) .  For t h a t  r e a s o n  and ,  more funda- 
m e n t a l l y ,  because  contemporary d r i v e r  e d u c a t i o n  i s  i l l - s u i t e d  
f o r  s u p p o r t i n g  t h e  k i n d s  of r e s e a r c h  r e a l l y  needed,  t h e  pro-  
gram recommended h e r e  w i l l  i n v e s t i g a t e  more b a s i c  a s p e c t s  of 
l e a r n i n g  a b o u t  d r i v i n g .  

An e a r l y  t a s k  w i l l  be t o  a t t e m p t  t o  l e a r n  whether  t h e r e  
a r e  some s o r t s  of t h i n g s  t h a t  can  be t a u g h t  i n  " d r i v e r  educa- 
t i o n "  and appea r  a l s o  t o  be invo lved  i n  a c c i d e n t  c a u s a t i o n .  
Some concLusive s t u d i e s  have been a t t empted  t o  show d i f f e r -  
ences  between t h e  a c c i d e n t  involvement  r a t e s  of t h o s e  w i t h  
and w i t h o u t  d r i v e r  e d u c a t i o n .  The absence  of measurable  
d i f f e r e n c e s  s u g g e s t s  t h a t  n e i t h e r  group i s  l e a r n i n g  more t o  
h e l p  avoid  a c c i d e n t s .  The approach sugges ted  h e r e  i s  t o  
l e a r n  what s o r t s  of f a c t o r s  o p e r a t e  t o  i n f l u e n c e  a c c i d e n t s  
d u r i n g  t h e  moments j u s t  p receding  t h e i r  occu r rence .  An 
a t t e m p t  shou ld  be made t o  c l a s s i f y  t h e  f a c t o r s  acco rd ing  t o  
a  r e l e v a n t  s e t  of c h a r a c t e r i s t i c s  i n c l u d i n g :  t h o s e  i n v o l v i n g  
manual s k i l l ;  t h o s e  i n v o l v i n g  judgment; t h o s e  i n v o l v i n g  
ignorance  of performance c h a r a c t e r i s t i c s ;  and p robab ly  o t h e r s .  

A c a t a l o g  of  c r i t i c a l  p r e - c r a s h  f a c t o r s  may a p p e a r .  I f  
t h e y  do,  t h e y  w i l l  p r o v i d e  a  beg inn ing  i n v e n t o r y  of f a c t s  and 



p r o c e s s e s  t o  be l e a r n e d  i n  d r i v e r  educa t ion .  A c a r e f u l  i n -  
q u i r y  should a l s o  be made i n t o  t h o s e  same f a c t o r s  a s  they  
appear  i n  t h e  d r i v i n g  p r a c t i c e s  of nonaccident  young d r i v e r s .  

Another major p a r t  of t h i s  s u b p r o j e c t  d e a l s  wi th  t h e  
e f f e c t i v e n e s s  of d r i v e r  educa t ion  c u r r i c u l a  throughout  t h e  
school  y e a r s .  Learning-about-driving should extend throughout  
a  c h i l d ' s  developing y e a r s  and could be emphasized i n  a t  
l e a s t  f o u r  d i f f e r e n t  s t a g e s  of t h a t  development: (1r :  e a r l y  
grade  schoo l ,  ( 2 )  j u n i o r  h igh  s c h o o l ,  ( 3 )  s e n i o r  h igh  schoo l ,  
and ( 4 )  pos t -h igh schoo l .  

I t  i s  a n t i c i p a t e d  t h a t  t h e  knowledge t o  he ob ta ined  i n  
t h e  program o u t l i n e d  i n  t h e  preceding d i s c u s s i o n  w i l l  even- 
t u a l l y  shape t h e  pace ,  form and c o n t e n t  of t h i s  t a s k .  I n  
t h e  meantime, t h e  work should go ahead on t h e  s t r e n g t h  of 
s e v e r a l  hypotheses :  

(1) Good d r i v i n g  performance demands coopera t ive  
management of t r a f f i c  f low. The need f o r  coopera t ive  
d r i v i n g  p r a c t i c e s  and how t o  make use  of them should be 
l e a r n e d  e a r l y .  

( 2 )  Far  t o o  l i t t l e  formal  t r a i n i n g  i n  a c q u i r i n g  
d r i v i n g  s k i l l  i s  a v a i l a b l e  t o  l e a r n i n g  d r i v e r s .  

( 3 )  Formal t r a i n i n g  i n  maneuvers r e q u i r i n g  s k i l l  
and c o n t r o l  ( such a s  high-speed maneuvering) can  s a t i s f y  
t h e  young d r i v e r s '  need t o  know about  t h e  l i m i t s  of t h e i r  
s k i l l s  and about  t h e  l i m i t s  of t h e  veh ic le - road-dr ive r  
system. 

Based on t h e s e  hypotheses ,  a  sugges ted  program can be 
o u t l i n e d  i n  f o u r  s t a g e s .  

S tage  1. S tage  1 would i n t r o d u c e  e a r l y  g rade  schoo l  
c h i l d r e n  t o  d r i v i n g .  The primary concerns  would be wi th  
t each ing  them t h e  " r u l e s  of t h e  r o a d . "  The youngs te r s  would 
apply t h e  r u l e s  i n  smal l  pedal -opera ted  o r  s e l f - p r o p e l l e d  
min i -ca r s ,  w i t h i n  a  smal l - sca le  r e p l i c a  of t h e  r e a l  t r a f f i c  
environment.  Emphasis would be p laced  upon demonst ra t ing  
why c o n t r o l s  a r e  necessa ry ,  how t o  o p e r a t e  under them, and 
what could happen when they  a r e  v i o l a t e d .  

S tage  2 .  S tage  2 would use  a s imula ted  d r i v i n g  envi -  
ronment dur ing  j u n i o r  h igh  y e a r s .  I n  many r e s p e c t s ,  t h e  
s t a g e  1 exper ience  would be r e p e a t e d ,  us ing  l a r g e r  v e h i c l e s  
i n  l a r g e r  r e p l i c a s  of t h e  t r a f f i c  environment.  The s t u d e n t s  
would be in t roduced  t o  t h e  s k i l l s  needed i n  complicated 
maneuvers and t h e  l i m i t s  of t h e  veh ic le - road-dr ive r  system. 



S t a q e  3 .  T h i s  would be a  c o n v e n t i o n a l  h i g h  s c h o o l  
d r i v e r  t r a i F i n g  c o u r s e  w i t h  expanded c o n t e n t  o v e r  a  l o n g e r  
time p e r i o d .  

S a g e  4 .  A f t e r  an  a p p r o p r i a t e  amount o f  d r i v i n g  ex-. 
p e r i e c c e  ( abou t  5 0 0 0  miles) t h e  s t u d e n t s  would r e t u r n  f o r  t h e  - 
l a s t  s t a g e s  o f  t h e i r  t r a i n i n g .  T h i s  would e n t a i l  o p e r a t i o n  
of au tomobi les  i n  demanding maneuvers on  s p e c i a l l y  des igned  
d r i v i n g  r a n g e s .  The e x p e r i e n c e  shou ld  produce s k i l l  i n  
maneuvering out of dangerous  s i t u a t i o n s ;  show t h e  young 
d r i v e r s  t h e  performance l i m i t s  of  t h e  v e h i c l e - d r i v e r - r o a d  
combina t ion ;  and s a t i s f y  some of  t h e  u r g e s  f o r  t e s t i n g  t h o s e  
l i m i t s .  

All f o u r  s t a q e s  would be  i n i t i a t e d  s i m u l t a n e o u s l y  f o r  
t h e  e n t i r e  sequence ,  a  l a r g e  enough sample of  y o u n s t e r s  shou ld  
be  p roces sed  th rough  t h e  c o u r s e  d u r i n g  t h e  span  of  t h e  pro-  
j e c t  t o  produce s t a t i s t i c a l l y  r e l i a b l e  c o n c l u s i o n s .  A l so ,  
o f  c o u r s e ,  an a p p r o p r i a t e  c o n t r o l  g roup  of  y o u n g s t e r s  who 
a r e  n o t  t o  r e c e i v e  t h e  t r a i n i n g ,  shou ld  be s e l e c t e d  s o  a s  t o  
e v a l u a t e  t h e  change i n  performance produced i n  t h e  t e s t  
group .  Not o n l y  shou ld  t h e  t w o  g roups  be compared by t e s t i n g  
( e i t h e r  a s  t o  knowledge o r  performance o r  b o t h )  t h roughou t  
t h e  c o u r s e ,  b u t  t h e y  shou ld  be fo l lowed  f o r  a time a f t e r  
t h e y  g r a d u a t e  s o  as  t o  make comparisons of  t h e i r  l a t e r  
driving r e c o r d s .  

8 . 5  DEMONSTRATING AND EVALUATING PRODUCTIVE COUNTERMEASURES 
{ S u b p r o j e c t  C )  . 
To be s u c c e s s f u l  t h e  Young D r i v e r  Research Progranl rnust 

produce knowledge which,  when u t i l i z e d ,  w i l l  r educe  t h e  a c c i -  
d e n t  r a t e s  of young d r i v e r s .  Whether o r  n o t  t h i s  o c c u r s  can  
be t e s t e d  i n  one o r  more community l a b o r a t o r i e s  chosen a s  
s i tes  f o r  demons t r a t i on  p r o j e c t s .  The l a r g e r  q u e s t i o n ,  
whether  t h e  e n t i r e  d r i v i n g  p o p u l a t i o n  i s  i n  t i m e  be ing  imbued 
w i t h  a s a f e r  s e n s e  of  d r i v i n g ,  w i l l  t a k e  l o n g e r  t o  answer 
t h a n  a 10-year  program. N e v e r t h e l e s s ,  t h e  demons t r a t i on  
p r o j e c t s  w i l l  be i m p o r t a n t  p a r t s  o f  t h i s  program, p a r t i c u l a r l y  
i n  i t s  la te r  y e a r s .  They w i l l  be  t h e  means f o r  showing t h e  
v a l i d i t y  o f  g i v i n g  young d r i v e r s  t h e  n a t i o n a l  a t t e n t i o n  
they d e s e r v e  and f o r  conv inc ing  s t a t e  and l o c a l  a u t h o r i t i e s  
t o  adop t  a p p r o p r i a t e  programs l o c a l l y .  

I n  a  s e n s e  many of t h e  r e s e a r c h  t a s k s  o u t l i n e d  i n  sub- 
p r o j e c t s  A and B a r e  d e m o n s t r a t i o n  p r o j e c t s  i n  t h a t  they w i l l  
demons t r a t e  how t h e  community l a b o r a t o r y  concep t  may be used 
for r e s e a r c h i n g  very  d i f f i c u l t  problems. Moreover, many of 
the r e s e a r c h  p r o j e c t s  themselves  ( p a r t i c u l a r l y  in s u b p r o j e c t  
B )  c o n s t i t u t e  s m a l l  d e m o n s t r a t i o n s  of t e n t a t i v e  countermt  l a s u r e s  
under  t e s t  on a p i l o t  b a s i s .  I n  s h o r t ,  t h e n ,  t h e  community 



l a b o r a t o r i e s  c o u l d  be  c a l l e d  d e m o n s t r a t i o n  communi t ies ,  
Demons t ra t ion  p r o j e c t s  w i l l  p roduce  f rom a l l  p h a s e s  of t h e  
program and might  i n c l u d e :  d e m o n s t r a t i n g  t h e  e f f e c t i v e n e s s  
of a  new law en fo rcemen t  program i n  c o n t r o l l i n g  a  p a r t i c u l a r l y  
haza rdous  d r i v i n g  b e h a v i o r ;  d e m o n s t r a t i n g  t h e  f o u r - s t a g e  
d r i v e r  e d u c a t i o n  program o r  some p a r t s  of i t;  d e m o n s t r a t i n g  
young-dr iver  i n t e r n  programs i n  which young d r i v e r s  e a r n  f u l l  
l i c e n s i n g  p r i v i l e g e s  by d e g r e e s  a s  t h e y  accumula t e  s a f e  
d r i v i n g  p o i n t s ;  d e m o n s t r a t i n g  t h e  i n f l u e n c e  of young d r i v e r s '  
s a f e t y  c o u n c i l s  i n  t h e  s c h o o l s ;  and many more. 

A s m a l l - s c a l e  d e m o n s t r a t i o n  p r o j e c t ,  which may be 
i l l u s t r a t i v e  of t h e  t y p e s  t h a t  c o u l d  be employed, i s  
p r e s e n t l y  b e i n g  t e s t e d  i n  s e v e r a l  Michigan h i g h  s c h o o l s ,  
and p l a n s  a r e  a l r e a d y  b e i n g  made f o r  expanding i t .  The 
program may be b r i e f l y  d e s c r i b e d  a s  a  p i l o t  d e m o n s t r a t i o n  
p r o j e c t  f o r  h i g h  s c h o o l  s e n i o r s  i n  a  sample  of Michigan 
s c h o o l s  f o r  t h e  1968-1969 s c h o o l  y e a r .  I t  i s  based  on t h e  
H S R I  L o n g i t u d i n a l  S tudy  of  Young D r i v e r s ,  and i s  aimed a t  
s m a l l  g roups  of young e x p e r i e n c e d  d r i v e r s  who a r e  encouraged  
t o  p a r t i c i p a t e  i n  s e l f - e x a m i n a t i o n  and s h a r i n g  of  1 - 2  y e a r s  
of on- the-road d r i v i n g  e x p e r i e n c e s .  The program c o n s i s t s  of 
e i g h t  one-hour seminar  s e s s i o n s  under  a  t r a i n e d  i n s t r u c t o r  
who i s  w e l l  v e r s e d  i n  g r o u p - d i s c u s s i o n  t e c h n i q u e s .  U s e f u l  
seminar  t ime  i s  a l s o  devo ted  t o  advanced d r i v i n g  problems 
conce rn ing  p e r c e p t i o n a l  s k i l l s ,  d i a g n o s i s  of a c c i d e n t  c a u s a t i o n ,  
and a c c i d e n t  p r e v e n t i o n  t o p i c s .  

8 . 6  PROGRAM ASSESSMENT AND FORMULATION OF FUTURE GOALS 
( S u b p r o j e c t  D) . 

The t o t a l  program and e a c h  of i t s  s u b p r o j e c t s  s h o u l d  be 
e v a l u a t e d  p e r i o d i c a l l y .  Achievements s h o u l d  be  weighed t o  
p r o v i d e  i n f o r m a t i o n  on t h e  v a l u e  of t h e  program. 

The e v a l u a t i o n  shou ld  c o v e r  such  q u e s t i o n s  a s :  

(1) Does mass ive  a t t e n t i o n  t o  young d r i v e r s  have 
measu rab l e  e f f e c t  i n  r e d u c i n g  t h e i r  c r a s h  
r a t e s ?  

( 2 )  Do newly imbued s a f e  d r i v i n g  p r a c t i c e s  c a r r y  
o v e r  i n t o  a d u l t h o o d ?  

( 3 )  What a r e  t h e  c o s t s  and what a r e  t h e  b e n e f i t s ?  

( 4 )  What were t h e  s u c c e s s f u l  s u b p r o j e c t s  and why? 

What were t h e  problems and t h e i r  s o l u t i o n s ?  

( 6 )  What were t h e  g a p s  i n  t h e  program,  and means of 
f i l l i n g  them? 



The u l t i m a t e  e v a l u a t i o n  w i l l  be  seasoned w i t h  s u b j e c t i v e  
judgment. N e v e r t h e l e s s ,  many o b j e c t i v e  measures  w i l l  be  a v a i l i  
a b l e  and have been b u i l t  in t ,o  t h e  e x p e r i m e n t a l  p l a n .  For  
example,  p a r t  aC t h e  p l a n  d e a l s  w i t h  o b t a i n i n g  b a s e l i n e  d a t a  
d e s c r i b i n g  t h e  e x i s t i n g  young d r i v i n g  r e c o r d  i n  terms oE 
c r a s h  anct exposure  r a t e s .  C o n t r a s t i n g  pos t -demons t r a t ion  
r a t e s  w i l l  p rov ide  an o b j e c t i v e  e v a l u a t i o n .  

Of c o u r s e ,  i n  a  s i t u a t i o n  s o  complex and f l u i d  a s  t h e  
t r a f f i c  sys tem,  it i s  ex t r eme ly  d i f f i c u l t  t o  produce numer ica l  
d a t a  which d e s c r i b e  t h e  e f f e c t s  of a  s i n g l e  program when s o  
many o t h e r  f a c t o r s  a r e  invo lved .  C a r e f u l  s t a t i s t i c a l  p ro-  
c e d u r e s  w i l l  be necessa ry  and t h e  f a c i l i t i e s  of a  Data Bank 
shou ld  p r o v i d e  them. A s  an  i l l u s t r a t i o n ,  one r e s e a r c h e r  has  
sugges t ed  a r e g i o n a l  t r a f f i c  a c c i d e n t  s u r v e i l l a n c e  systlem. 
The proposed system would p r o v i d e  c u r r e n t  and on-going su r -  
v e i l l a n c e  of a l l  f a - t a l  and s e r i o u s  i n j u r y  c r a s h e s  occur . r ing  
t o  young d r i v e r s  i n  a  s t a t e  ( o r  o t h e r  geograph ic  a r e a ) .  
P e r t i n e n t  d e t a i l e d  i n f o r m a t i o n  from t h e  p o l i c e  t r a f f i c  a c c i -  
d e n t  f i l e s ,  d r i v e r  r e c o r d  f i l e s ,  and t h e  d e a t h  r e c o r d s  would 
be c o l l a t e d  monthly f o r  t h e  age group 15-24, by d r i v e r  i n -  
volvement ,  s i n g l e  y e a r  of a g e ,  k ind  of a c c i d e n t ,  number 
k i l l e d  arlcl i n j u r e d ,  ev idence  of  a l c o h o l ,  e t c .  Over about  a  
t h ree -yea r  p e r i o d  t h e s e  d a t a  should  p rov ide  an  ongoing index  
of  t h e  e f f e c t i v e n e s s  of major  s a f e t y  e f f o r t s  i n  a  popullous 
r e g i o n  of a s t a t e  f o r  an i m p o r t a n t  age-segment of  t h e  
d r i v i n g  p o p u l a t i o n  i n  which d r i v e r  behav io r  seems t o  p18ay a  
c r i t i c a l  r o l e .  The dimensions of t h e  problem i n  terms of 
l i v e s  t o  be saved ,  d i s a b i l i t y  p r e v e n t e d ,  and unmet needs i n  
d r i v e r  e d u c a t i o n ,  d r i v e r  r e - e d u c a t i o n ,  and p r e v e n t i o n  would 
be more c l e a r l y  and c u r r e n t l y  documented a s  a  b a s i s  f o r  
promoting s t a t e - w i d e  a c t i o n  programs. 

Throughout t h e  l i f e  of  t h e  program, i t s  g o a l s  shou ld  be 
c o n t i n u a l l y  r e a s s e s s e d  i n  t h e  l i g h t  of deve lop ing  knowledge, 
t h e  i n c u r s i o n s  of t h e  a c t i v i t i e s  of o t h e r  p r o j e c t s  and t h e  
r e v e l a t i o n  o f  new a r e a s  sf concern .  

The program d i r e c t o r  shou ld  be a b l e  t o  s t a y  f u l l y  
a b r e a s t  of  t h e  f i e l d  s o  t h a t  he  may keep g o a l s  i n  t h e  r i g h t  
p e r s p e c t i v e .  A t  t h e  end of t h e  program, f u t u r e  g o a l s  should  
be d e f i n e d  s o  t h a t  t h e  p reced ing  s u p p o r t  w i l l  s e r v e  a s  a  
sp r ingboa rd  f o r  f u r t h e r  work i n  t h e  f u t u r e .  

8 . 7  PROGRAM ORGANIZAT'ION 

The o r g a n i z a t i o n  form chosen f o r  conduct ing  t h e  Young 
Dr ive r  Research Program i s  fundamenta l ly  i m p o r t a n t  t o  
a c h i e v i n g  t h e  g o a l s  of I I H S  s p o n s o r s h i p .  The o r g a n i z a t i o n  



must be capab le  of c a r r y i n g  o u t  a  l a r g e ,  h i g h - q u a l i t y  re- 
s e a r c h  program which i s  w e l l - s u i t e d  t o  t h e  s c i e n t i f i c  aims 
j u s t  d e s c r i b e d .  F u r t h e r ,  t h e  o r g a n i z a t i o n  must be respons ive  
t o  t h e  sponsor wi th  r e s p e c t  t o  p u b l i c  r e l a t i o n s  needs of 
t h e  automobile insurance  i n d u s t r y .  

O f  t h e  f i v e  types  of o r g a n i z a t i o n s  sugges ted  i n  s e c t i o n  
4 ,  i t  i s  f e l t  t h a t  only  u n i v e r s i t i e s  and r e s e a r c h  f i rms  need 
t o  be cons idered  s e r i o u s l y .  The others--government a g e n c i e s ,  
i n d u s t r i a l  f i r m s ,  and foundations--would p r e s e n t  problems t o  
IIHS i n  terms of c o n f l i c t s  i n  g o a l s .  Government agenc ies  
would be concerned on ly  w i t h  t h e  p u b l i c  i n t e r e s t ,  i n d u s t r i a l  
f i r m s  would be concerned w i t h  r e l a t i o n s h i p s  between t h e  re -  
s e a r c h  and t h e i r  p r o d u c t s ,  and founda t ions  would be con- 
cerned wi th  narrow s p e c i a l  i n t e r e s t s .  

The o r g a n i z a t i o n a l  forms w i t h i n  u n i v e r s i t i e s  o r  r e s e a r c h  
f i r m s  would probably  t end  t o  be q u i t e  s i m i l a r  f o r  t h i s  pro- 
gram. Both would be comple te ly  a c c e p t a b l e  f o r  conducting 
t h e  whole program, f o r  managing t h e  program and c o o r d i n a t i n g  
s u b c o n t r a c t s ,  o r  f o r  performing s u b c o n t r a c t s  only .  Desp i t e  
t h e  s i m i l a r i t i e s ,  i t  i s  c l e a r  t h a t  a  u n i v e r s i t y  environment 
should be s e l e c t e d  a s  t h e  primary o r g a n i z a t i o n a l  form. The 
major r eason  i s  i t s  s u p e r i o r  a b i l i t y  t o  a t t r a c t  t h e  most 
p r e s t i g i o u s  and p roduc t ive  r e s e a r c h e r s ,  and t h i s  i s  e s p e c i a l l y  
t r u e  i n  t h e  f i e l d  of human behav io r .  Another f a c t o r  i s  t h e  
lower s a l a r y  and overhead r a t e s  a t  t h e  u n i v e r s i t i e s .  

For  a  comprehensive p l a n  such a s  t h e  Young Dr ive r  Re- 
s e a r c h  Program, it w i l l  be necessa ry  t o  have a  s t r o n g  t e c h n i -  
c a l  c o o r d i n a t i o n  f u n c t i o n  i n  t h e  s e l e c t e d  u n i v e r s i t y  
o r g a n i z a t i o n .  I n  a d d i t i o n  t o  t h e  c o o r d i n a t i o n  f u n c t i o n ,  t h e  
s e l e c t e d  o r g a n i z a t i o n  w i l l  c e r t a i n l y  be involved i n  a  l a r g e  
pe rcen tage  of t h e  s u b p r o j e c t  r e s e a r c h  work. However, ano the r  
l a r g e  percentage  should be performed by s u b c o n t r a c t  t o  o t h e r  
u n i v e r s i t i e s  o r  r e s e a r c h  f i r m s .  

The o r g a n i z a t i o n a l  form w i t h i n  t h e  s e l e c t e d  u n i v e r s i t y  
could be any of t h e  fo l lowing:  

1. A s p e c i a l l y  e s t a b l i s h e d  r e s e a r c h  i n s t i t u t e  i n -  
volved s o l e l y  i n  t h e  Young Dr ive r  Research Program. 

2. A program d i r e c t o r a t e  w i t h i n  an e x i s t i n g  mul t i -d i s -  
c i p l i n a r y  r e s e a r c h  i n s t i t u t e .  

3 .  A program d i r e c t o r a t e  w i t h i n  an e x i s t i n g  i n s t i t u t e  
i n  psychosoc ia l  r e s e a r c h .  

4. A s p e c i a l l y  e s t a b l i s h e d  program o r g a n i z a t i o n  w i t h i n  
an academic department .  



Each o:f these sho~altl  be consi.dcred by IIHS i n  s e l e c t i n g  
the basic  <,o:rxg,par'.~m e -." , t - .  @ ~ : f  the wbls le  effc2rt i s  t o  be done by 
one o r s~an iza t , i o r~ ,  i:..lne;-r. a program wi tk r i rx  an academfc depar t -  
men,t s:hsuJ.d be  aa,rsj.u3,ir?c!. 1:~ecau.se o f  %he 1.arge s i z e .  I f  t he  
pfj.E.1~ Ee e.fijo r"!:: i. $ 5  n~~:l.~t.. \,Y:;J Sse d.i>r.~e irry u3rn.le ciry ani z a  t ion , t he  
crzation of a new ir-bs.t.i"~utl~? wc!uld ncet. be j u s t i f i e d .  There-. 
;,loxc?, t-ka,e ~ ~ ~ ~ ~ ~ ~ g ~ ~ ~ ; ,  . ,:c;irai,biw,%i"tie~ existing research 
:,.y~s t i t :u tes ,  wtrickn !:1,:1,li"c2 the  f l .exibi1it .y to vary  t he  s i z e  of 
e:heir r~rajor ppr.agr.a.c.\s and. t h e i r  subcorat,racting l e v e l .  

I t  i s  recommended tlaa,l: research management be separated 
complete1.y frarib spo~:zsor,slaip f o r  ' t w o  reasons.  One, it would 
be very di.:ff'ic:ieill.,t. :fcs:t:. :i:i.:EiS kca secu:ce the large, exper t  
staff requ.ired ts pe:rfsr.ro the  research  manayernent funct ion, ,  
'l'wn , r e s e a ~ c k ~  nranec:c:irl ou.;:s:i.de t h e  us~,:!a.l s t r u c t u r e s  of re -  
search nnae?agemeii.t: ~liorais?. R L ? ~  ~ecieve- f u l l  p:rofessional ac- 
r ; e ~ ~ . ~ , ~ ~ n e e  by the zLcadi~mie r e ~ - ~ ~  . , ,arch cumrriunity . Even without 
tire ~:c.sea:r-:ih nta:rIa$rcr.na?n,"i:. :f~,a;r.bc,t:ion, .LIHS would play a  major 
x:oPe i n  atl~n?.:,n:i.s 1 : : r ~ i . r  61. .the research c o n t r a c t s ,  l i a i s o n ,  
and moni lrc>ri,.ny (:,j. j . , l :~~gress ,  

In addition t o  the bas i c  o rgan iza t iona l  form f o r  t h e  
Young Driver Researczh Program, i t i s  recommended t h a t  IIHS 
provide  sever.al spons~red p r o f e s s o r i a l  c h a i r s  f o r  t he  dura t ion  
of t h e  pr:oigyram, These c h a i r s  would provide f u l l  r esearch  
s u p p a r t  and educational development support  f o r  perhaps 
t h r e e  or. E s u r  ~.i!~s"iinq.uishe s c i e n t i s t s  and schola rs  a t  uni-• 
versit.ies ot:i~e:: t:lran the one with the bas ic  program. Appro- 
p r i a t e  f i e l d s  Ear i:Y:esti: chai rs  in~rtalwe behavioral ,  s o c i a l ,  
l e g a l ,  and ki.narnan el-.iq:lneering disciplines. The c h a i r s  woulll 
be awarded di;:.ectly by I I H S  on xrecsmmeradation of t h e  program. 
2 i r e c t s r  w i t 2 1  t h e  c:c,:?ec:.t:a tion that t h e i r  research would focxs 
on scslrre aspec.t- 2:: t:..!?e jrcy.ing driver, The c h a i r  awards would 
a l s o  incjil'w.de felio:.~sizi.p grants f o r  graduate s tuden ts  t o  work 
wi'kh t h e  cha i r  .recl;;g:ients, In additi.ox1 t o  t h e i r  campus work, 
t h e  r e c i p i e n t s  would ,A a l s o  be ava i l ab l e  t o  consu l t  with t h e  
progrdm st:;xff and ~ianor?q thcrns&ivea occas iona l ly .  

A.n sr-ganizatioal chart of the Young Driver Research Pro-  
gram i s  skaown i.n F i g u r e  8-5. The I IHS  func t ion  i s  keyed t o  
a research prograrai ad rn in i s t r a t fon  d i r e c t o r  who would draw 
an merrlbers of t h e  PLI1S s t a f f ,  as  needed. The IIHS d i r e c t o r  
would have d i r e c t  c o n t a c t  w i t h  t he  program d i r e c t o r  a t  t h e  
selected u n i v ' e r s l t y  i n  terms of fund ing  , general  l i a i s o n ,  and 
r'eeei.pt s f  p:rogress ~::epsrts,  The : l ink between t h e  two 
d i r e c t o r s  i s  ara i.m:portant key  to t he  success of t h e  program. 
I:nEs.mal working I:i.nPca cou ld  axso e x i s t  between t h e  IIHS 
a n 1  program s t a f f s  a t  the discretion of t he  d i r e c t o r s ,  
Anst1le.r s e t  s f  l i a i s o n  l i n k s  W O U . P ~  operate  in f requent ly  
between t h e  s u b p r o j e c t  d i r e c t o r s  and p u b l i c  r e l a t i o n s  per- 
sonne l  on the 'IIHS s t a i L  By this means, PIHS would i d e n t i f y  



Sponsored 
Professor ia l  

I Chairs I 

I IHS 

Research Program 
Administrat ion 

Director 

Research 
Advisory 
Committee 

Selected Organization 

Program Director 

, 

Administration 
i 

rn a 

7 

Subproject Subproject Subproj ec t  Data Center 
Director .I - Director Direct or I - -1 Coordinator 
and Staff  

I 
and Staff  --I ,and Staff 

t I I 
and S ta f f  

I "  
I I I I 

I 

Community 
Laboratories 

Figure 8-5. Recommended Organization Chart 



f i n d i n g s  a p p r o p r i a t e  t o  i n d u s t r y  needs ,  s o  a s  t o  b e t t e r  
communicate t h e  r e s e a r c h  p rog re s s  p e r i o d i c a l l y  t o  t h e  sup- 
po r t i ng  i n su rance  companies. 

Three o r  more subprojec:t d i r e c t o r s  would be i n  charge 
of t h e  b a s i c  sequences  of r e s e a r c h  e f f o r t  shown e a r l i e r  i n  
Figure  8-1. I n i t i a l l y ,  t h r e e  groups would be e s t a b l i s h e d  t o  
correspond t o  s u b p r o j e c t s  A l ,  A 2 ,  and A 3 .  A s p e c i a l  coor- 
d i n a t o r  would be a s s igned  t o  t h e  Dr iv ing  Behavior Data 
Center', and h i s  s t a f f ,  i n  a d d i t i o n  t o  computer d u t i e s ,  would 
a s s i s t  i n  e s t a b l i s h i n g  d a t a  p o l i c i e s  i n  t h e  community 
l a b o r a t o r i e s .  I n  a d d i t i o n ,  t h e y  would c o n t i n u a l l y  work 
toward t h e  p o s s i b i l i t y  of expanding p r e s e n t  i n su rance  i n -  
dus t ry  d a t a  c o l l e c t i o n  p r a c t i c e s  w i th  r ega rd  t o  d r i v e r  char-  
a c t e r i s t i c s  and c l a i m s ,  s o  t h a t  t h e  d a t a  could  be used i n  
l a t e r  p a r t s  of t h e  s u b p r o j e c t s .  

The IIHS Research Advisory Committee, o r  a  s i m i l a r  body, 
would a l s o  s e r v e  a n  impor tan t  f u n c t i o n  i n  t.he o v e r a l l  program. 
The committee would prov ide  t e c h n i c a l  adv ice  t o  t h e  IIHS 
d i r e c t o r ,  and would meet p e r i o d i c a l l y  w i t h  t h e  program 
d i r e c t o r  t o  d i s c u s s  t h e  r e s e a r c h  approaches  which would be 
c o n t i n u a l l y  reshaped i n  response  t o  new f i n d i n g s .  Th i s  pro- 
cedure  w i l l  h e l p  t o  r e t a i n  f l e x i b i l i t y  i n  t h e  program, 
e s p e c i a l l y  du r ing  t h e  middle  phases  a s  new f i n d i n g s  beg in  t o  
evolve r a p i d l y .  However, i n  o r d e r  t o  p rov ide  f u l l  opportunity 
f o r  t e s t i n g  of i n i t i a l  p l a n s  and hypotheses ,  it i s  recommended 
t h a t  t h e  b a s i c  p l an  of a c t i o n  n o t  be changed du r ing  t h e  
f i r s t  t h r e e  y e a r s .  

A program c h a r t e r  shcu ld  be supp l i ed  by IIHS, s e t t i n g  
ou t  t h e  g e n e r a l  o b j e c t i v e s  and d e l e g a t i n g  t h e  miss ion  of t h e  
recommended program t o  t he  s e l e c t e d  i n s t i t u t i o n .  The Young 
Driver  ~ e s e a r c h  Program w i l l  be  charged w i t h  prov id ing  an 
o v e r a l l  framework f o r  t h e  program and i n s u r i n g  r ea sonab le  
p rog re s s  th roughout  i t s  l i f e ;  conduct ing t h e  s u b p r o j e c t s  
e i t h e r  w i t h i n  t h e  p a r e n t  o r g a n i z a t i o n  o r  by c n n t r a c t s  and 
g r a n t s ;  i d e n t i f y i n g  new c r i t i c a l  r e s e a r c h  a r e a s ;  s o l i c i t i n g ,  
a ccep t ing ,  and awarding c o n t r a c t s  and g r a n t s ;  p l a c i n g  new 
knowledge i n t o  c o n t e x t  w i t h i n  t h e  scope of t h e  program; 
r e p o r t i n g  t o  t h e  sponsor ;  and performing a l l  o t h e r  admini- 
s t r a t i v e  f u n c t i o n s .  

One ve ry  impor tan t  p o i n t  t o  be worked o u t  i s  t h e  p r i o r i t y  
of p u b l i c a t i o n  of r e s e a r c h  r e s u l t s .  The r e s e a r c h e r s ,  of 
cou r se ,  w i l l  want t o  (and should be encouraged t o )  p u b l i s h  
t h e i r  i n d i v i d u a l  work i n  t e c h n i c a l  j o u r n a l s .  Such j o u r n a l  
p u b l i c a t i o n  should be coo rd ina t ed  w i t h  any p l a n s  f o r  inde-  
pendent r e l e a s e  of t h e  f i n d i n g s  by IIHS..  Delays i n  IIHS 
r e l e a s e  can be minimized by e x p e d i t i n g  t h e  submission of manu- 
s c r i p t s  t o  t h e - j o u r n a l s  EIS soon a s  r e s e a r c h  i s  completed.  



Then, s imul taneous w i th  j ou rna l  p u b l i c a t i o n ,  t h e  f i n d i n g s  
would be r e l e a s e d  by I'IHS. Lead time f o r  j o u r n a l  publ ica -  
t i o n  would a l s o  prov ide  IIHS l i a i s o n  personne l  time t o  
summarize t h e  f i n d i n g s  i n  s u i t a b l e  form f o r  p u b l i c  r e l a t i o n s  
r e l e a s e .  

The t e c h n i c a l  manpower w i t h i n  t h e  s e l e c t e d  o r g a n i z a t i o n  
w i l l  be p r i m a r i l y  p s y c h o l o g i s t s ,  s o c i o l o g i s t s ,  e n g i n e e r s ,  and 
d a t a  a n a l y s t s .  The program d i r e c t o r  and h i s  s u b p r o j e c t  
d i r e c t o r s  should be c a r e f u l l y  s e l e c t e d  on t h e  b a s i s  of t h e i r  
r e p u t a t i o n s  a s  recognized r e s e a r c h e r s  i n  a p p r o p r i a t e  d i s c i -  
p l i n e s ,  p l u s  exper ience  i n  r e s e a r c h  program management. - 

During t h e  cou r se  of t h e  program, t h e  s e l e c t e d  o r g a i ~ i z a -  
t i o n  w i l l  overwhelmingly dominate t h e  a r e a  of young d r i v e r  
r e s e a r c h  i n  highway s a f e t y .  Also,  because of i t s  many i n t e r -  
r e l a t i o n s h i p s  among o t h e r  a r e a s ,  t h e  Young Dr iver  Research 
Program w i l l  become s t r o n g l y  involved i n  in formal  coope ra t i ve  
a c t i v i t i e s  throughout  t h e  highway s a f e t y  r e s e a r c h  community. 
The growing t r e n d  toward such coope ra t i ve  a c t i v i t y  a l r e a d y  
i n d i c a t e s  t h a t  a  n a t i o n a l  p r o f e s s i o n a l  s o c i e t y  i n  t h e  broad 
a r e a  of highway s a f e t y  r e s e a r c h  i s  an imminent need. The 
impetus f o r  e s t a b l i s h i n g  t h i s  kind of o r g a n i z a t i o n  w i l l  
probably come from among t h e  e x i s t i n g  u n i v e r s i t y  r e s e a r c h  
c e n t e r s .  Assuming t h a t  t h i s  o c c u r s ,  it w i l l  be very  n a t u r a l  
f o r  t h e  Young Driver  Research Program t o  p l a y  a  major r o l e  
i n  t h e  new s o c i e t y ,  e . g . ,  by c o n t r i b u t i n g  i t s  r e s e a r c h  f i n d i n g s  
i n  t h e  form of j ou rna l  a r t i c l e s  o r  p r e s e n t a t i o n s  a t  t e chn i -  
c a l  meet ings .  

8 . 8 .  PROGRAM SCHEDULE 

A s  emphasized th roughout ,  t h e  Young Dr iver  Research Pro- 
gram i s  long term and elements  of it w i l l  e a s i l y  span t e n  
y e a r s  o r  l onge r ,  Because of t h e  designed pace and because 
of t h e  n a t u r e  of t h e  i n s t i t u t i o n s  which w i l l  be  p a r t i c i p a t i n g ,  
it i s  impor tan t  t h a t  t h e  program be c a r e f u l l y  planned very  
e a r l y  i n  o r d e r  t o  be f r u i t f u l  w i t h i n  a  r ea sonab le  pe r iod  of 
t ime.  

The schedule  i s  p re sen t ed  i n  f o u r  over lapping  phases of 
development: 

Phase I :  Planning and Development Phase,  cover ing  t h e  
f i r s t  two y e a r s ;  

Phase 11: I n i t i a l  Research,  cover ing  t h e  second through 
f i f t h  y e a r s ;  

Phase 111: Continuing Research,  Demonstration,  and Eva lua t ion  
Phase,  cover ing  t h e  s i x t h  through t e n t h  y e a r s ;  



Phase I V :  M a t u r i t y ,  y e a r s  f o l l o w i n g  t h e  t e n t h .  Discussi .on 
of each  f o l l o w s .  

Phase I :  P lann ing  and Development Phase.  The i n i t i a l  t a s k  
w i l l  be  t h e  e s t a b l i s h m e n t  of a  Younq D r i v e r  Research Pro- - 
gram a t  a n  a p p r o p r i a t e  i n s t i t u t i o n ,  and t h e  appoin tment  of a  
program d i r e c t o r  w i t h i n  t h e  s e l e c t e d  i n s t i t u t i o n .  

The d i r e c t o r  w i l l  f a c e  two pr imary  t a s k s  immedia te ly .  
The f i r s t  w i l l  be t o  deve lop  an o v e r a l l  framework f o r  t h e  
program w i t h i n  t h e  c o n s t r a i n t s  of t h e  c h a r t e r  g i v e n  him by 
t h e  s p o n s o r ,  i n c l u d i n g  t h e  b a s i c  o b j e c t i v e s  and r e s e a r c h  
p l a n s .  Second, he must b e g i n  t o  assemble a  s t a f f ,  and s t a r t  
t h e  p r o c e s s  of  b r i n g i n g  t h e  program t o  t h e  a t t e n t i o n  o f  
a p p r o p r i a t e  s c h o l a r s  and r e s e a r c h e r s  and s e l e c t i n g  c o l l e g e s  
and u n i v e r s i t i e s  s u i t a b l e  f o r  and w i l l i n g  t o  e s t a b l i s h  pro-  
f e s s o r i a l  c h a i r s .  

The d i r e c t o r  should be  a l lowed d i s c r e t i o n  i n  h i s  o r d e r  
of approach ,  b u t  it should  be expec ted  t h a t  t h e s e  a c t i v i t i e s  
be s u b s t a n t i a l l y  completed a t  t h e  end of t h e  f i r s t  y e a r .  
During t h e  f i r s t  y e a r ,  t h e  growing program s t a f f  w i l l  b eg in  
t o  per form some of t h e  in-house r e s e a r c h  and t o  i n i t i a t e  
c o n t r a c t s  f o r  s u b p r o j e c t  work i n  o t h e r  o r g a n i z a t i o n s .  During 
t h e  second y e a r ,  more d e t a i l e d  p l ann ing  of s u b p r o j e c t s  and 
t h e i r  i n t e r r e l a t i o n s h i p s  w i l l  be completed.  

Phase 11: I n i t i a l  Research  Phase .  I n  t h i s  p h a s e ,  a l l  of t h e  
r e s e a r c h  s u b p r o j e c t s  w i l l  be i n i t i a t e d  and some w i l l  be com- 
p l e t e d .  Most of t h e  s i g n i f i c a n t  c o n t r a c t s  and g r a n t s  w i l l  be 
made d u r i n g  t h i s  per io t l  and t h e  p r o f e s s o r i a l  c h a i r s  w i l l  be 
awarded. I n t e r i m  r e s u l t s  from s u b p r o j e c t  A w i l l  be e v a l u a t e d  
and used  i n  i n i t i a t i n g  s u b p r o j e c t  B .  Although t h e  r e s u l t s  of 
s e v e r a l  s u b p r o j e c t s  should  be  expec ted  i n  l a t e r  y e a r s ,  t h e  
fundamental  s i g n i f i c a n c e  and s t a t u s  of t h e  program should  be 
a s s u r e d  and wide ly  r ecogn ized  by t h e  end of  t h e  f i f t h  y e a r .  

Phase 111: Cont inu ing  Resea rch ,  Demons t ra t ion ,  and E v a l u a t i o n  
Phase .  During t h i s  phi3se, t h e  r e s u l t s  of t h e  r e s e a r c h  sub- 
p r o j e c t s  w i l l  be a c c u m i ~ l a t i n g  and b e n e f i t s  of t h e  p r o f e s s o r i a l  
c h a i r s  w i l l  b e g i n  t o  appea r .  Although t h e  e v a l u a t i o n s  of t h e  
demons t r a t i on  p r o j e c t s  w i l l  n o t  be  a v a i l a b l e  u n t i l  t h e  l a . t t e r  
y e a r s  of t h i s  phase ,  t h e  e x i s t e n c e  of t h e  demons t r a t i on  pro-  
j e c t s  shou ld  have a  s t r o n g  c o n t i n u i n g  i n f l u e n c e  on t h e  
n a t i o n a l  highway s a f e t : y  e f f o r t ,  and t h e y  w i l l  d r a m a t i z e  
p u b l i c  awareness  of thje program. Not o n l y  w i l l  i n d i v i d u a l  
r e s e a r c h  and s c h o l a r l y  p r o d u c t s  be e v a l u a t e d  t h r o u g h o u t ,  
b u t  t h e  s i g n i f i c a n c e  and v a l u e  of t h e  e n t i r e  Young Dr ive r  
Research Program w i l l  be a s s e s s e d  d u r i n g  t h e  t e n t h  y e a r .  
The g o a l s  of  f u t u r e  a c t i v i t i e s  i n  young d r i v e r  r e s e a r c h  a l s o  
should  be  de te rmined  d u r i n g  t h a t  y e a r .  



Phase I V :  M a t u r i t y .  Some! Phage I1 and I11 s u b p r o j e c t s  might: 
p r o f i t a b l y  be  con t inued  a f t e r  t h e  t e n t h  y e a r  i n  o r d e r  t o  Eul-. 
f i l l  t h e  o r i g i n a l  o b j e c t i v e s .  The need f o r  such continua ti or^ 
w i l l  p robably  o c c u r  because  of  v a r i o u s  a s ses smen t s  and r e -  
d i r e c t e d  e f f o r t s  a s  new a ~ l p r o a c h e s  a r e  r e q u i r e d .  

Also  a s  t h e  e v a l u a t i o n  r e s u l t s  o f  demons t r a t ion  p r o j e c t s  
a r e  cons ide red  by v a r i o u s  governmental  a g e n c i e s ,  some of them 
w i l l  s u r e l y  be adopted  a s  implementa t ion  programs,  Concur- 
r e n t  w i t h  t h e  development of t h e s e  implementa t ion  programs,  
t h e r e  w i l l  be  a  need f o r  r e f i n e d  r e s e a r c h  and e v a l u a t i o n s  t o  
c l a r i f y  and o p t i m i z e  d e t a i l s .  

A s chedu le  f o r  t h e  f i r s t  t h r e e  p h a s e s ,  o v e r  a  p e r i o d  o f  
t e n  y e a r s ,  i s  shown i n  F i g u r e  8-6. A more d e t a i l e d  schedu le  
f o r  t h e  f i r s t  t h r e e  y e a r s  i s  shown i n  F i g u r e  8-7,  wherein 
t a s k  s c h e d u l e s  a r e  i n d i c a t e d  by d i s t r i b u t i o n s  of p r o f e s s i o n a l  
manpower l e v e l s  of e f f o r t *  

8 . 9  PROGRAM COSTS 

The major  c o s t s  of t h e  Young D r i v e r  Research Program 
w i l l  be s a l a r i e s  and overhead c h a r g e s .  C o s t s  f o r  t h e  d a t a  
c e n t e r  w i l l  a l s o  be s i g n i f i c a n t  th roughout  t h e  program, and 
c o s t s  f o r  t h e  s p e c i a l  d r i v i n g  r a n g e s  w i l l  be s i g n i f i c a n t  
nea r  t h e  midpoin t  of t h e  program. 

D e t a i l e d  c o s t  e s t i m a t e s  have been p repa red  f o r  t h e  f i r s t  
t h r e e  y e a r s  of t h e  program, based  p r i m a r i l y  on t h e  p r o f e s -  
s i o n a l  manpower d i s t r i b u t i o n  shown i n  F i g u r e  8-7. I f  t h e  
p r o f e s s o r i a l  c h a i r s  a r e  e:scluded, t h e  numbers i n  F i g u r e  8-7 
cover  o n l y  t h e  s u b p r o j e c t  d i r e c t o r s  and r e s e a r c h e r s .  The 
program d i r e c t o r  and two a d m i n i s t r a t o r s  must be added t o  
g i v e  t h e  t o t a l  p r o f e s s i o n a l  manpower e s t i m a t e ,  a s  i n d i c a t e d  
i n  t h e  c h a r t  t h a t  f o l l o w s .  Suppor t  manpower i s  e s t i m a t e d  
on t h e  b a s i s  of a  g r a d u a l l y  i n c r e a s i n g  r a t i o  a s  more 
t e c h n i c i a n s  become invo lved  i n  expe r imen ta l  work and a s  
documentat ion i s  produced more f r e q u e n t l y .  

MANPOWER CHART: YOUNG DRIVER RESEARCH PROGRAM 

Manpower 

P r o f e s s i o n a l  man 
y e a r s  

Suppor t  man-years 

P r o f e s s o r i a l  c h a i r s  

T o t a l s  





Months 

Note :  E n t r i e s  I n d i c a t e  Average Leve l s  of  
E f f o r t  o f  P r o f e s s i o n a l  Manpower 
Over 6-Month P e r i o d s  

S u b p r o j e c t s  and Tasks 

P l a n n i n g  and Development 

A l -  Measuring Performance 

Def ine  Pa ramete r s  

Determine Data Needed 

F i g u r e  8-7. D e t a i l e d  Three-Year Schedu le  

S e l e c t  Community Lab. 

C o l l e c t  Data  

Analyze Data  

A2- A s s e s s i n g  Bad Performance 

Def ine  Parame e r s  

Determine Data Needed 

Organ ize  Data C o l l e c t i o n  

C o l l e c t  Data 

C o l l e c t  C o n t r o l  Data 

Compare Data S e t s  

Analyze Data  

Data on Ve te rans  

A3a- A s s e s s i n g  C r i t i c a l  Performance 

Def ine  Risk  S i t u a t i o n s  

Design F i e l d  Exper iments  

Conduct Exper iments  

Analyze Data 

S i m u l a t o r  T e s t s  

V e r i f y  Data 

A3b- Alcohol  Misuse/Performance 

B1- P e r s o n a l  and S o c i a l  P r e s s u r e s  

Hypothes i s  Development 

S e l e c t  Community Lab. 

Group I n t e r a c t i o n  S t u d i e s  

P i l o t  P r o j e c t s  

B2- Legal  P r e s s u r e s - P l a n n i n g  

B3- Lea rn ing  P r e s s u r e s - P l a n n i n g  

Data Cen te r  

P r o f e s s o r i a l  C h a i r s  
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The peak y e a r  i s  t h e  f i f t h  y e a r ,  when a s  many a s  75 
p e o p l e  cou ld  be invo lved  d u r i n g  t h e  t r a n s i t i o n  toward more 
demons t r a t ion  p r o j e c t  a c t i v i t y .  

The b a s i c  s a l a r y  c o s t s  a r e  e s t i m a t e d  on t h e  ave rage  
a s  f o l l o w s :  

Program D i r e c t o r :  $30,000 p e r  y e a r  

S u b p r o j e c t  D i r e c t o r s :  22,000 p e r  y e a r  

Resea rche r s :  

A d m i n i s t r a t o r s :  

T e c h n i c i a n s :  

S e r v i c e s  P e r s o n n e l :  

17 ,000  p e r  y e a r  

13,000 p e r  y e a r  

10 ,000  p e r  y e a r  

10 ,000  p e r  y e a r  

Research A s s i s t a n t s :  7 ,000 pe r  y e a r  

S e c r e t a r i e s :  7 ,000 p e r  y e a r  

The ave rage  s a l a r y  c o s t  f o r  t h e  p r o f e s s i o n a l  p e r s o n n e l  i n  t h e  
f i r s t  f o u r  c a t e g o r i e s  i s  e s t i m a t e d  a t  $18,000 p e r  man-year. 
The ave rage  s a l a r y  c o s t  f o r  t h e  s u p p o r t  p e r s o n n e l  i n  t h e  
lower c a t e g o r i e s  i s  e s t i m a t e d  a t  $8,500 pe r  man-year. 

Based on t h e  manpower and s a l a r y  e s t i m a t e s ,  t h e  c o s t  
breakdown f o r  t h e  f i r s t  t h r e e  y e a r s  o f  t h e  Young D r i v e r  
Research Program g i v e n  i n  t h e  f o l l o w i n g  c h a r t :  

COST CHART: YOUNG DRIVER RESEARCH PROGRAM 

C o s t  Elements  

P r o f e s s i o n a l  S a l a r i e s  
Suppor t  S a l a r i e s  
Overhead ( 6 0 % )  
S t a f f  B e n e f i t s  ( 1 2 % )  
T r a v e l  
Data F a c i l i t y  

( l e a s e - p u r c h a s e )  
M a t e r i a l s  and S e r v i c e s  

Program T o t a l s  

P r o f e s s o r i a l  c h a i r s  

Year 
2 

The program c o s t  f o r  t h e  f i r s t  t h r e e  y e a r s  i s  e s t i m a t e d  
a t  $3,800,000,  and t h e  ave rage  i s  n e a r l y  $1.3 m i l l i o n  p e r  
y e a r .  



By e x t r a p o l a t i n g  t h e  c o s t s  f o r  t h e  f i r s t  t h r e e  y e a r s ,  
e s t i m a t e s  f o r  t h e  t o t a l  program on a  y e a r l y  b a s i s  have been 
d e r i v e d ,  a s  fo l lows :  

Year -- T o t a l  c o s t  t o  IIHS 

The t o t a l  e s t ima ted  c o s t  t o  I I H S  f o r  a  t en-year  Young 
Dr iver  Research Program i s  t h u s  e s t i m a t e d  t o  be approximate1:y 
$14 m i l l i o n .  The ave rage  c o s t  p e r  y e a r  i s  about  $1,400,000.  

O f  t h e  c o n t r a c t e d  work, it cou ld  be expected t h a t  about 
7 5 %  would be  s p e n t  d i r e c t l y  by t h e  prime c o n t r a c t o r  and 25% 
would be  s p e n t  on s u b c o n t r a c t s .  The l a t t e r  amount ($3 ,500 ,000)  
could  be subcon t r ac t ed  by t h e  prime c o n t r a c t o r  o r  could be 
c o n t r a c t e d  d i r e c t l y  by I I H S  (wi th  t h e  unders tanding  t h a t  t h e  
prime c o n t r a c t o r  would ma in t a in  complete  t e c h n i c a l  d i r e c t i o n ,  
of t h e  s u b c o n t r a c t s )  . 

I n  t h e  i n i t i a l  s y n t h e s i s  of t h e  young d r i v e r  program p l a n  
a s  one of  t h e  twelve a l t e r n a t i v e s ,  t h e  magnitude of t h e  re- 
s e a r c h  was based p a r t i a l l y  on a  g u i d e l i n e  of approximately 
one m i l l i o n  d o l l a r s  p e r  y e a r  c o s t .  The i n i t i a l  c o s t  e s t i m a t e s  
were ve ry  c l o s e  t o  t h i s  l e v e l .  A subsequent  assessment  of 
t h e  program p l a n  bed t o  a  f e e l i n g  t h a t  t h e  one m i l l i o n  do l -  
l a r  l e v e l  was a p p r o p r i a t e  and adequate  f o r  a s t r a i g h t - f o r -  
ward r e s e a r c h  program on t h e  young d r i v e r  theme a s  t hen  con-  
ce ived .  Thus, t h e  one m i l l i o n  d o l l a r  l e v e l  was e s t a b l i s h e d  
a s  a " c r i t i c a l "  l e v e l  f o r  t h e  i n t ended  scope of t h e  program, 
i . e . ,  t h e  l e v e l  below which t h e  program could n o t  f a l l ,  by 
any s i g n i f i c a n t  amount, i f  it were t o  p rov ide  t h e  compre- 
hens ive  coverage d e s i r e d .  

When t h e  Young Dr ive r  Research Program was s e l e c t e d  f o r  
recommendation, i t s  scope was extended t o  cover  r e l a t e d  



s u b j e c t s  such as  l e g a l  s a n c t i o n s  and r i s k  t a k i n g .  While it 
was r e a l i z e d  t h a t  t h e  ex tended  scope  would l e a d  t o  h i g h e r  
c o s t s ,  it was expec ted  t h a t  t h e  c o s t s  cou ld  be  k e p t  w i t h i n  
a  r e a s o n a b l e  r ange  of t h e  g u i d e l i n e .  A c t u a l l y ,  t h e  f i n a l  
e s t i m a t e s  f o r  c o n t r a c t e d  work were about  4 0 %  h i g h e r .  How- 
e v e r ,  because  t h e  s u b p r o j e c t s  a r e  f l e x i b l e  enough t o  be 
sp read  o u t  f u r t h e r  i n  t i m e ,  t h e  manpower e s t i m a t e s  p e r  
y e a r  can  be reduced ,  and c o s t s  d u r i n g  t h e  e a r l y  y e a r s  can  
be brought  c l o s e r  t o  one m i l l i o n  d o l l a r s  p e r  y e a r .  

The i n c r e a s i n g  t r e n d  of  c o n t r a c t e d  c o s t s  d u r i n g  t h e  
f i r s t  t h r e e  y e a r s  r e f l e c t  an o p t i m i s t i c  e s t i m a t e  of t h e  
r e q u i r e d  s t a f f  b u i l d u p  by t h e  prime c o n t r a c t o r .  However, 
s i n c e  t h e  r a t e  of  b u i l d u p  i s  r e a s o n a b l e  and d e s i r a b l e  from 
t h e  t e c h n i c a l  and management s t a n d p o i n t ,  it was r e t a i n e d  
t o  i l l u s t r a t e  .the optimum program. F u r t h e r ,  e v e n , i f  t h e  
r e q u i r e d  b u i l d u p  i s  n o t  p o s s i b l e  w i t h i n  t h e  o r g a n i z a t i o n  
of  t h e  prime c o n t r a c t o r ,  i t  can  be compensated f o r  by a  
h i g h e r  r a t e  of s u b c o n t r a c t i n g  t h a n  would o r d i n a r i l y  be 
planned du r ing  t h e  e a r l y  y e a r s .  However, a s  p o i n t e d  o u t  i n  
t h e  p reced ing  pa rag raph ,  it would a l s o  be p o s s i b l e  t o  sp read  
o u t  t h e  s u b p r o j e c t s  and reduce  c o s t s  d u r i n g  t h e  f i r s t  few 
y e a r s .  

FORECASTS 

A t  t h e  end of t e n  y e a r s  it should  be expec ted  t h a t  t h e  
Young D r i v e r  Research Program w i l l  have produced l a r g e  amounts 
of s i g n i f i c a n t  knowledge p e r t a i n i n g  t o  t h e  t r a f f i c  a c c i d e n t  
p r o c e s s  of young d r i v e r s ,  and w i l l  have provided  a  s t r o n g  
impetus  f o r  t h e  adop t ion  o f i m p l e m e n t a t i o n p r o g r a m s  and coun- 
t e rmeasu res  t o  h e l p  r educe  t h e  r a t e  of young d r i v e r  a c c i d e n t s .  
I t  i s  l i k e l y  t h a t  some of t h e  s t iggested implementa t ion  pro-  
grams may be adopted  by t h e  s even th  o r  e i g h t h  y e a r  of t h e  
program. T h e r e f o r e ,  by t h e  end of t h e  program it would 
a l r e a d y  have h.ad some d i r e c t  highway-safety  i n f l u e n c e  on 
o u r  s o c i a l ,  l e g a l ,  and e d u c a t i o n a l  sys tems .  Among t h e  
p o s s i b i l i t i e s  a r e  new l e g a l  c o n t r o l s  a tuned  t o  t h e  young 
d r i v e r ,  b e t t e r  b u t  less a u t h o r i t a r i a n  t r a f f i c - l a w  en fo rce -  
ment t e c h n i q u e s ,  j u d i c i a l  methods w i t h  g r e a t e r  b u i l t - i n  
i n c e n t i v e s  f o r  t h e  young v i o l a t o r ,  new l i c e n s i n g  and 
l e a r n i n g  methods f o r  young d r i v e r s ,  and t h e  beg inn ings  of  
new s o c i a l  a t t i t u d e s  abou t  d r i v i n g  i n  t h e  younger g e n e r a t i o n .  

Th i s  program w i l l  be more comprehensive t h a n  any o t h e r  
i n  t h e  h i s t o r y  of highway s a f e t y  r e s e a r c h .  I n  f a c t ,  t h e r e  
a r e  no p r e c e d e n t s  i n  t h e  f i e l d .  However, p r e c e d e n t s  i n  t h e  
ae rospace  f i e l d  a t  s e v e r a l  u n i v e r s i t i e s  have been succes s -  
f u l ,  and woulci seem t o  po r t end  s u c c e s s  i n  t h e  Young D r i ~ r e r  
Research Program. N e v e r t h e l e s s ,  t h e  v a l u e  of s u c c e s s  i n  
t h e  r e s e a r c h  can  be l o s t  i f  t h e  r e s e a r c h  r e s u l t s  a r e  n o t  



t r a n s l a t e d  i n t o  a c t i o n .  The b e s t  a s su rance  t h a t  t h e  re- 
s e a r c h  r e s u l t s  w i l l  be p r o p e r l y  a p p l i e d  i s  t h e  wide d i s -  
semina t ion  of r e s e a r c h  r e s u l t s  i n  t h e  t r a d i t i o n a l  way so  
t h a t  a s  many r e s e a r c h e r s  a s  p o s s i b l e  a r e  i n  a  p o s i t i o n  t o  
advoca.te ,the r e s e a r c h  recommendations and t o  augment them 
wi th  t h e i r  own work. If t h e  program r e s u l t s  a r e  widely 
p u b l i s h e d ,  a s  recornrnended, it i s  p r e d i c t a b l e  t h a t  t h e  Young 
Dr ive r  Research Program w i l l  a ch i eve  a  p o s i t i o n  of eminence 
i n  t h e  highway s a f e t y  f i e l d .  

I t  would be unwise t o  f o r e c a s t  t h e  changes i n  a c c i d e n t  
p a t t e r n s  and f a t a l i t i e s  t h a t  might r e s u l t  from implementa- 
t i o n  of t h e  young d r i v e r  r e s e a r c h  f i n d i n g s .  However, it i s  
f e l t  w i t h  some conf idence  t h a t  t h e  independent  c o n t r i b u t i o n  
w i l l  t end  t o  reduce a c c i d e n t s  t o  a  measurable e x t e n t ,  
assuming a l l  u n r e l a t e d  f a c t o r s  a r e  c o n s t a n t .  

I t  can be expec ted  t h a t  some of t h e  p r o g r e s s  i n  t h e  
e a r l y  y e a r s  w i l l  b'e slow. T h e r e f o r e ,  t h e  sponsor  should not, 
expec t  t o o  much i n  terms of e a r l y  r e s u l t s  i n  ach iev ing  t h e  
fundamental  g o a l s .  The r e s e a r c h  w i l l  be ha rd ;  r e s e a r c h  i n t o  
human behavior  i s  l e s s  e x a c t  ( t h u s  perhaps  h a r d e r ) ,  and i s  
more d i f f i c u l t  t o  e v a l u a t e ,  t h a n  r e s e a r c h  i n  o t h e r  a r e a s .  
Furthermore,  much of t h e  p r e l i m i n a r y  work, such a s  fo rmula t ing  
s p e c i f i c  work s t a t e m e n t s ,  c r e a t i n g  needed f a c i l i t i e s ,  and 
e s t a b l i s h i n g  s u b c o n t r a c t s ,  w i l l  be ve ry  time-consuming. 
F i n a l l y ,  o b t a i n i n g  t h e  s e r v i c e s  of competent ,  r e s p e c t e d  
r e s e a r c h e r s  i s  perhaps  t h e  most impor t an t  and most d i f f i c u l t  
p r e l i m i n a r y  s t e p .  The supply  of such people  i s  s h o r t ,  and 
t h e  demand i s  h igh ;  consequent ly  o b t a i n i n g  d e s i r a b l e  i n d i -  
v i d u a l s  w i l l  t o  some e x t e n t  r e q u i r e  meet ing t h e i r  s t a n d a r d s .  
I n  sum, t h i s  means t h a t  most a s p e c t s  of t h e  a c t u a l  r e s e a r c h  
p lanning  and a c t i v i t i e s  w i l l  proceed a t  an academic pace.  
I f  al lowed t o  do s o ,  t h e  rewards should  be commensurate-- 
h i g h - q u a l i t y  r e s e a r c h  accomplishments t h a t  w i l l  be r ece ived  
w i t h  r e s p e c t  by t h e  r e s e a r c h  community; and t h a t  w i l l  a f f o r d  
t h e  b a s i s  f o r  p o s i t i v e  c o n s t r u c t i v e  a c t i o n  i n  highway s a f e t y .  



CONCLUSIONS 

1. The f i e l d  of highway s a f e t y  r e s e a r c h  is  b e s t  summarized 
i n  seven system a r e a s :  d r i v e r ,  v e h i c l e ,  roadway, pedes- 
t r i a n s ,  p h y s i c a l  environment ,  s o c i a l  environment ,  and 
highway s e r v i c e s .  

2 .  The a r e a  of d r i v e r  behav io r  r e s e a r c h  i s  t h e  one which 
h a s  been g iven  most a t t e n t i o n  i n  t h e  p a s t ,  t h e  one i n  
which r e s u l t s  have been l e a s t  s u b s t a n t i v e  because o f  
i t s  complexi ty ,  and t h e  one i n  which t h e  f u t u r e  needs 
a r e  most c r i t i c a l .  

3 .  Within  t h e  a r e a  of d r i v e r  r e s e a r c h ,  t h e  t o p i c s  of  
s enso ry -pe rcep tua l  p r o c e s s e s  and p e r s o n a l i t y  mechanisms 
have been and should  c o n t i n u e  t o  be t h e  most impor t an t .  

4 .  Research d e a l i n g  w i t h  t h e  p h y s i c a l  f a c t o r s  i n  highway 
s a f e t y  has  kep t  pace w i t h  t h e  e v o l u t i o n  of v e h i c l e  and 
roadway d e s i g n s .  

5. Research on v e h i c l e  f a c t o r s  i s  be ing  emphasized by t h e  
Na t iona l  Highway S a f e t y  Bureau. 

6 .  Research i n  t h e  o t h e r  a r e a s  of highway s a f e t y  has  
touched on misce l l aneous  t o p i c s ,  most of wiiich w i l l  have 
t o  be r e c o n s i d e r e d  i n  a  system c o n t e x t  t o  be of va lue .  

7 .  I n  g e n e r a l ,  highway s a f e t y  r e s e a r c h  has  been uncoord ina ted ,  
i nadequa te ,  and on ly  minimal ly  a p p l i c a b l e  t o  t h e  c u r r e n t  
needs.  

8. Programs t o  implement highway s a f e t y  r e s e a r c h  f ind i . ngs  
a r e  e s s e n t i a l  i f  t h e  r e s e a r c h  i s  t o  be of any v a l u e .  

9, A g r e a t  need e x i s t s  f o r  a p p l i c a t i o n  of t h e  system approach 
t o  t h e  o v e r a l l  problem of highway s a f e t y .  

1 0 .  Two impor t an t  system a r e a s  r e l a t e d  t o  highway sa fe ty - -  
t h e  s o c i a l  environment and highway se rv i ces - -wh i l e  o n l y  
r e c e n t l y  recognized  a s  such ,  can  be seen  t o  have e s p e c i -  
a l l y  great p o t e n t i a l  f o r  s o l u t i o n s .  

11. C r i t i c a l  r e s e a r c h  gaps  e x i s t  i n  a l l  seven  system a r e a s ,  
and a l l  must be accorded a p p r o p r i a t e  s u p p o r t  t o  m a i n t a i n  
uniform p r o g r e s s .  

12.  F ive  t y p e s  of  o r g a n i z a t i o n s  a r e  a p p r o p r i a t e  f o r  highway 
s a f e t y  r e s e a r c h :  u n i v e r s i t i e s ,  r e s e a r c h  f i r m s ,  gowern- 
ment, i n d u s t r y  and founda t ions .  



14. More research has been done in the universities (both 
in staff organizations and individual or team approaches) 
than in other types of organization. 

15. Appropriate organizational forms within the basic 
organizations range from individual consultants, through 
small pro jests and departments, to large, multidiscip- 
linary research cen,ters or institutes. 

16. Within the various organizational forms, the work done 
on a large, coordinated research program may be the 
whole job, the management job plus some research, the 
management only, or subprojects only. 

17. Universities and research firms are the best types of 
organizations for performance of the type of large, 
coordinated highway safety research program proposed by 
I JHS . 

18. The program to be sponsored by IIHS could be performed 
within TIHS itself. 

19. The program management of the IIHS-sponsored program 
is a technical job which can be done adequately only 
within a technically oriented organization. 

20. The program director should have direct authority over 
all research work on the program, and should be not 
only a capable manager but also a highly-respected 
researches in the highway safety field. 

21. W severe disadvantage of having the technical manage- 
ment (and the majority of the research work on the 
program) in any organization other than a university 
or research firm js the extreme difficulty of recruiting 
and attracting a staff away from their positions in 
universities and research firms. 

22. The IIHS program should be conducted by several different 
organizations, either on the basis of subcontracts from 
the prime contractas sr many direct eontracts from IIHS. 

23. Technical liaison between IIWS and the research organi- 
zation i s  very important. 

24. The research program goals established by IIHS on behalf 
af the automobile insurance industry are complete, 
objective, and reasonable. 

25, The I fHS goals are valuable as guidelines for selecting 
potential program themes and as bases for evaluation 
criteria. 



26 .  On t h e  b a s i s  of t h e  twelve a l t e r n a t i v e  r e s e a r c h  program 
p l a n s  cons ide red ,  a  ten-year  program a t  an approxinnate 
suppor t  l e v e l  of one m i l l i o n  d o l l a r s  a yea r  i s  adequate  
and necessa ry  f o r  t h e  achievement of major syn theses  i n  
highway s a f e t y  . 

27.  For a  ten-year  program a t  one m i l l i o n  d o l l a r s  a y e a r  
sponsored by ITIIS, t h e  themes of r e sponses  t o  a c c i d e n t  
i n j u r i e s ,  younq d r i v e r s ,  l e g a l  s a n c t i o n s ,  and imple- 
menta t ion  e v a l u a t i o n s  a r e  s u p e r i o r  a l t e r n a t i v e s  when 
cons idered  independent ly .  

28. C e r t a i n  combinat ions of v a r i o u s  a s p e c t s  of a l t e r n a t i v e  
r e s e a r c h  themes have s r e a t e r  p o t e n t i a 1 , e v e n  a t  equal  
c o s t  l e v e l s ,  than  any of t h e  a l t e r n a t i v e s  taken inde-  
pendent ly .  

There 
young 

i s  a  g r e a t e r  
d r i v e r s  than  

o p p o r t u n i t y  f o r  
among any o t h e r  

improvement among 
group of d r i v e r s .  

30. There i s  a  g r e a t e r  p o t e n t i a l  f o r  man-lives saved 
among improved young d r i v e r s  than  among any o t h e r  
group of d r i v e r s .  

3 1 .  The image of t h e  automobile  insurance  i n d u s t r y  wou1.d 
be enhanced by sponsorsh ip  of a  Young Driver  Research 
Program a t  l e a s t  a s  much a s  by any o t h e r  program. 

32.  A Young Driver  Research Program, l a s t i n g  t e n  y e a r s  and 
c o s t i n g  1 4  m i l l i o n  d o l l a r s  i s  t h e  b e s t  cho ice  f o r  1:IHS 
sponsorship .  

3 3 .  The b e s t  o r g a n i z a t i o n a l  form f o r  a  Young Driver  Research 
Program i s  a  l a r q e ,  m u l t i d i s c i p l i n a r y  r e s e a r c h  i n s t i t u t e  
a t  a  u n i v e r s i t y ,  performing t h e  program management 
f u n c t i o n  and p a r t  of t h e  a c t u a l  r e s e a r c h .  

34. P r o f e s s o r i a l  c h a i r s  should a l s o  be e s t a b l i s h e d  by I:IHS 
t o  augment t h e  Young Driver  Research Program. 

35. An impor tant  f e a t u r e  of t h e  Young Driver  Research Pro- 
gram i s  i t s  b a s i s  w i t h i n  one o r  more community l abor -  
a t o r i e s  which provide  d i v e r s e  d r i v i n g  popu la t ions  and 
environments f o r  s tudy.  

3 6 .  Use of a  d a t a  c e n t e r  w i t h i n  t h e  community l a b o r a t o r y  i s  
e s s e n t i a l  t o  t h e  Young Driver  Research Program. 

3 7 .  Data from automobile insurance  i n d u s t r y  f i l e s  would 
n o t  be u s e f u l ,  i n  i t s  p r e s e n t  form, f o r  use  i n  t h e  
Young Driver  Research Program. 



38. Data from selected insurance companies could be useful 
in the Young Driver Research Program if the extent of 
data collected from insurees were significantly in- 
creased according to requirements established by the 
research. 



Appendix 1 

ELEMENTS OF THE HIGHWAY TRANSPORTATION SYSTEM AND RELATED SYSTEMS 





1.1 P h y s i c a l  C h a r a c t e r i s t i c s  
1.1.1 A n t h r o p o m e t r i c  C h a r a c t e r i s t i c s  
1 . 1 . 2  S e n s e  Organs 

1 1 1 . 2 . 1  Eyes 
1 . 1 . 2 . 2  E a r s  
1 . 1 . 2 . 3  P r o p r i o c e p t o r s  ( k i n e s t h e t i c  s e n s e )  
1 . 1 . 2 . 4  V e s t i b u l a r  o r g a n s  ( b a l a n c e  and m o t i o n )  
1 . 1 . 2 . 5  O t h e r  

1 . 1 . 3  B r a i n  
1 . 1 . 4  Nervous System 
1 . 1 . 5  Motor Organs  

1 . 1 . 5 , l  A r m s ,  Hands 
1 . 1 . 5 . 2  Legs ,  F e e t  
1 . 1 . 5 . 3  Neck 
1 . 1 . 5 . 4  T o r s o  

1 . 2  Menta l  F u n c t i o n s  
1 . 2 . 1  Sensory  P e r c e p t i o n  
1 . 2 . 2  I n f o r m a t i o n  P r o c e s s i n g  
1 . 2 . 3  Memory 
1 . 2 . 4  D e c i s i o n  Making 

Per fo rmance  C a p a b i l i t i e s  
1 . 3 . 1  V i s i o n  

1 .3 .1 .1  Focus  
1 . 3 . 1 . 2  Image R e s o l u t i o n  
1 . 3 . 1 . 3  Sub-image D i s c r i m i n a t i o n  
1 . 3  . l .  4 I n t e n s i t y  D e t e c t i o n  
1 . 3 . 1 . 5  D i s t o r t i o n  
1 . 3 . 1 . 6  C o l o r  D e t e c t i o n  
1 . 3 . 1 . 7  F i x a t i o n  
1 . 3 . 1 . 8  Scann ing  
1 . 3 . 1 . 9  P e r i p h e r a l  V i s i o n  

1 . 3 . 2  H e a r i n g  
1 . 3 . 2 . 1  Volume D e t e c t i o n  
1 . 3 . 2 . 2  Frequency D e t e c t i o n  
1 . 3 . 2 . 3  S o u r c e  D i s c r i m i n a t i o n  

1 . 3 . 3  P r o p r i o c e p t i v e  S e n s i n g  C a p a b i l i t y  
1 . 3 . 4  V e s t i b u l a r  S e n s i n g  C a p a b i l i t y  
1 . 3 . 5  O t h e r  Sensory  C a p a b i l i t i e s  
1 . 3 . 6  I n f o r m a t i o n  I n p u t  Accep tance  Ra te  
1 . 3 . 7  I n f o r m a t i o n  P r o c e s s i n g  Response R a t e  
1 . 3 . 8  Memory C a p a c i t y  and R e c a l l  R a t e  
1 . 3 . 9  D e c i s i o n  Making C a p a b i l i t y  
1 . 3 . 1 0  Motor S k i l l s  

1 . 3 . 1 0 .  1 S t e e r i . n g  A c t i o n  
1 . 3 . 1 0 . 2  B r a k i n g  A c t i o n  
1 . 3 . 1 0 . 3  A c c e l e r a t i o n  A c t i o n  
1 . 3 . 1 0 .  4  C l u t c h i n g  Ac t ion  
1 . 3 . 1 0 . 5  S h i f t i n g  A c t i o n  
1 . 3 . 1 0 . 6  A u x i l i a r y  A c t i o n  



1 . 4  Gene ra l  S t a t u s  
1 . 4 . 1  Age 
1 . 4 . 2  Sex 
1 . 4 . 3  M a r i t a l  S t a t u s  
1 . 4 . 4  Employment 
1 . 4 . 5  Socioeconomic Leve l  
1 . 4 . 6  E d u c a t i o n a l  S t a t u s  
1 . 4 . 7  Race 
1 . 4 . 8  Family 
1 . 4 . 9  D r i v i n g  Expe r i ence  
1 . 4 . 1 0  D r i v e r  L i c e n s i n g  S t a t u s  
1 . 4 . 1 1  Car Ownership 
P . 4 . 1 2  D r i v i n g  Record 
1 . 4 . 1 3  Cour t  Record 

1 . 5  B e h a v i o r a l  A t t r i b u t e s  and I n f l u e n c e s  
l , 5 . 1  Genera l  C o n d i t i o n  

1 . 5 . 1 . 1  P h y s i c a l  C o n d i t i o n  
1 . 5 . 1 , 2  P h y s i o l o g i c a l  H e a l t h  
1 . 5 . 1 . 3  Menta l  H e a l t h  

1 . 5 . 2  Immediate C o n d i t i o n  
1 , 5 . 2 . 1  S t a t e  of Arousa l  
1 . 5 . 2 . 2  F a t i g u e  
1 . 5 . 2 . 3  Emot iona l  S t a t e  
1 . 5 . 2 . 4 '  I n f l u e n c e  of  Alcohol  o r  Drugs 
1 . 5 . 2 . 5  Comfort 

1 . 5 . 3  I n t e l l i g e n c e  
1 . 5 . 4  P e r s o n a l i t y  and C h a r a c t e r  
1 . 5 . 5  A t t i t u d e s  and M o t i v a t i o n s  

( c o o p e r a t i v e n e s s ,  r e s p o n s i b i l i t y ,  h a b i t ,  a g g r e s s i v e n e s s ,  
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Appendix 2 

INTERFACES WITHIN THE HIGHWAY TRANSPORTATION SYSTEM (HTS) 

The i n t e r f a c e s  w i t h  t h e  HTS may be i d e n t i f i e d  i n  Diagram A .  
Each e l e m e n t  of t h i s  i n t e r f a c e  m a t r i x  r e p r e s e n t s  t h e  i n t e r -  
f a c e  between a  p a i r  of  s u b s y s t e m s .  The s u b s y s t e m s  o f  t h e  
HTS a r e  d r i v e r  ( D ) ,  v e h i c l e  ( V ) ,  roadway ( R ) ,  p e d e s t r i a n  ( P ) ,  
p h y s i c a l  env i ronment  ( P E ) ,  s o c i a l  env i ronment  ( S E ) ,  and h i g h -  
way s e r v i c e s  (HS) .  The s u b s y s t e m s  a l o n g  t h e  l e f t  s i d e  a r e  
i n p u t s  t o  t h e  i n t e r f a c e s  and  t h o s e  a l o n g  t h e  t o p  a r e  o u t p u t s ,  -- 
The d e s i g n a t i o n s  o f  t h e  i n t e r f a c e s  c o n s i s t  of two let ' ters  
s e p a r a t e d  by a s l a s h  mark.  The f i r s t  l e t t e r  is t h e  i n p u t  
a ~ d  t h e  s e c o n d  is t h e  o u t p u t .  Thus ,  t h e  d r i v e r - v e h i c l e  i n t e r -  
f a c e  ( w h e r e i n  t h e  d r i v e r  a f f e c t s  t h e  v e h i c l e )  i s  d e s i g n a t e d  
by D / V ,  and  t h e  c o n v e r s e  is V/D.  

There  a r e  o p p o r t u n i t i e s  f o r  42 s u c h  i n t e r f a c e s ,  b u t  5 
d o  n o t  e x i s t ,  t h u s  l e a v i n g  37 v a l i d  i n t e r f a c e s .  The 5 t h a t  
do  n o t  e x i s t  would h a v e  been D/R,  D/PE, P/V, P/R, and P/PE. 
Most of  t h e  i n t e r f a c e s  a r e  p a i r e d  ( i . e . ,  D/V and V/D). Of 
t h e  2 1  p o s s i b l e  p a i r s ,  1 6  i n c l u d e  two i n t e r f a c e s  and  5 a r e  
s i n g l e  i n t e r f a c e s .  The 16 p a i r s  c a n  be viewed as  a c t i o n -  
r e a c t i o n  o p e r a t i o n s .  

I n  a d d i t i o n  t o  t h e s e  2 1  b a s i c  se ts ,  t h e r e  a r e  7 o t h e r  
i n t e r f a c e s  a l o n g  t h e  d i a g o n a l  which a r e  a c t u a l l y  i n t e r -  
a c t i o n s  w i t h i n  s u b s y s t e m s :  D/D, V / V ,  R / R ,  P/P,  PE/PE, 
SE/SE, and  HS/BS. These  w i l l  be viewed a s  i n t e r f a c e s  
b e c a u s e  t h e y  c a n  r e p r e s e n t  i n t e r a c t i o n s  among s e p a r a t e  
e n t i t i e s ,  e . g . ,  D/D c a n  r e p r e s e n t  a  d r i v e r ' s  hand s i g n a l  
t a  a n o t h e r  d r i v e r .  

Most of t h e  28 s e t s  come i n t o  p l a y  d u r i n g  more t h a n  one 
of t h e  f i v e  p h a s e s  of  o p e r a t i o n .  The p h a s e s  are c o n d i t i o n -  
i n g  ( 1 1 ,  t r a f f i c  ( 2 ) )  a c c i d e n t  i n i t i a t i o n  ( 3 ) )  c o l l i s i o n  ( 4 ) )  
and  p o s t - a c c i d e n t  ( 5 ) .  I n  Diagram B t h e  a p p r o p r i a t e  p h a s e s  
a r e  e n t e r e d  i n  e a c h  e l e m e n t  of t h e  i n t e r f a c e  m a t r i x .  A l l  
f i v e  p h a s e s  a r e  i n v o l v e d  i n  1 4  of  t h e  i n t e r f a c e s .  The t o t a l  
number of e n t r i e s  is 164 .  

D e s c r i p t i o n s  of  t h e  s y s t e m  i n t e r f a c e s  a r e  l i s t e d  below. 
The c o m p o s i t e  of t h e  d e s c r i p t i o n s  s h o u l d  c o v e r ,  i n  g e n e r a l ,  
a l l  o c c u r r e n c e s ,  o p e r a t i o n s ,  e v e n t s ,  s i t u a t i o n s ,  p o l i c i e s ,  
f e e l i n g s ,  a n d  c h a r a c t e r i s t i c s  which i n f l u e n c e  highway 
s a f e t y .  A l s o ,  t h e  i n t e r f a c e  d e s c r i p t i o n s  may be combined 
i n t o  v a r i o u s  k i n d s  of  g r o u p i n g s  which d e f i n e  d i f f e r e n t  
a p p r o a c h e s  t o  highway s a f e t y  r e s e a r c h .  
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A 2 . 1 .  D r i v e r - I n i t i a t e d  System I n t e r f a c e s  

D/D: D I D  D r i v e r  p r e p a r e s  h i m s e l f  f o r  d r i v i n g  
D2 D D r i v e r  p e r c e i v e s  t h e  i n p u t s  f rom t r a f f i c  

s i t u a t i o n s  and  makes d e c i s i o n s ;  o n e  
d r i v e r  s i g n a l s  o r  y e l l s  t o  a n o t h e r .  

D3 D D r i v e r  makes and  p e r c e i v e s  a  judgment  e r r o r  
a n d  r e a c t , s  ( n e a r  miss o r  c o l l i s i o n )  

D4D D r i v e r  b r a c e s ,  e x p e r i e n c e s  c o l l i s i o n  
D5D D r i v e r  o b s e r v e s  a n d  p a r t  ic:i p a t e s  i n  a f t e r -  

math  

D/V: D l V  D r i v e r  o b t a i n s  a n d  m a i n t a i n s  v e h i c l e ,  
i n d i r e c t l y  i n f l u e n c e s  v e h i c l e  d e s i g n  

D2 V D r i v e r  p e r f o r m s  m e c h a n i c a l  d r i v i n g  t a s k s  
D3 V D r i v e r  makes i n i t i a t i n g  o r  r e a c t i n g  

m e c h a n i c a l  d r i v i n g  e r r o r  ( i m p r o p e r ,  
i n a d e q u a t e ,  i n e f f i c i e n t )  

D4 V D r i v e r  i m p a c t s  v e h i c l e  

D/P: DIP D r i v e r  makes i m p r e s s i o n  on  p e d e s t r i a n  i n  
n o n - t r a f f i c  c o n t e x t  

D2 P  D r i v e r  communica tes  w i t h  p e d e s t r i a n  ( s i g n a l s ,  
y e l l s  from c a r ! )  

D3 P D r i v e r  a c t i o n  i m p e l l s  p e d e s t r i a n  i n t o  u n s a f e  
a c t i o n  

D5P D r i v e r  h e l p s  i n j u r e d  p e d e s t r i a n  i n  a f t e r m a t h  

D/SE: DlSE D r i v e r  s o c i a l  a t t i t u d e s ,  r e a c t i o n s ,  b u s i n e s s  
demands,  o p i n i o n s ,  e t c .  i n f l u e n c e  p l a n n i n g  
o f  SE components  

D2 SE Observed  d r i v i n g  a c t i o n s  i n f l u e n c e  p l a n n i n g  
of  SE components  

D5SE Observed  a f t e r m a t h  p a r t i c i p a t i o n  of  d r i v e r s  
i n f l u e n c e  p l a n n i n g  o f  SE components  

D/HS: DlHS D r i v e r  demands highway s e r v i c e s  
D2HS D r i v e r  i n  t r a f f i c  communicates  w i t h  highway 

s e r v i c e s  s u b s y s t e m  ( y e l l s ,  w a r n s ) .  
D5HS D r i v e r  p r e s e n t s  p rob lem t o  HS o r  augments  HS 

A2.2. V e h i c l e - I n i t i a t e d  Svstem I n t e r f a c e s  

V/D: V 1 D  V e h i c l e  c a p a b i l i t y ,  c o n d i t i o n ,  and  v a l u e  
a f f e c t  d r i v e r  a t t i t u d e s  

V2 D V e h i c l e  s u p p o r t s  d r i v e r ,  p e r m i t s  v i s i b i l i t y ,  
p r o v i d e s  i n f o r m a t i o n  and  f e e d b a c k ,  and is 
v i s i b l e  i n  v a r y i n g  numbers a n d  s p e e d s  t o  
o t h e r  d r i v e r s ,  g o v e r n s  d r i v e r  accom~modation 
t o  i t .  

V e h i c l e  p e r f o r m a n c e  r e s p o n s e s  l i m i t a t  i o n s  o r  
f a i l u r e s  r e q u i r e  emergency a c t i o n s  o f  t h e  
d r i v e r  and  o t h e r  d r i v e r s  o r  may s t i m u l a t e  
u n s a f e  a c t i o n s  o f  o t h e r  d r i v e r s .  



V 4 D  Vehic l e  r e s t r a i n s  and/or  i n j u r e s  d r i v e r  
V5D Veh ic l e  t r a p s  o r  impedes d r i v e r  a f t e r  

c o l l i s i o n  

V / V :  V2V V e h i c l e  p a r t s  i n t e r a c t  i n  normal d r i v i n g  
V 3  V Vehicle performance a s p e c t s  i n t e r a c t  i n  

u n s a f e  ways. 
i74V Vehic l e  p a r t s  i n t e r a c t  i n  c o l l i s i o n  damage; 

one v e h i c l e  damages a n o t h e r ,  

V/R: V 1 R  Veh ic l e  wears  down pavement 
V2  R Vehicle o c c u p i e s  r o a d ;  wears  down pavement 
V 3  R Vehicle  b l o c k s  roadway, h i d e s  s i g n s  o r  s i g n a l s  
V4R Veh ic l e  damages roadway components 

V/P: VlP P o t e n t i a l  v e h i c l e  t h r e a t  a f f e c t s  p o t e n t i a l  
p e d e s t r i a n  a t t i t u d e s  

If2 P Vehic le  i s  v i s i b l e  t o  p e d e s t r i a n  i n  t r a f f i c  
V 3  P Vehi.e'lc a c t i o n  may r e q u i r e  emergency r e s p o n s e  

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

1'4 P V e h i c l e  i n j u r e s  p e d e s t r i a n  
V5P Veh ic l e  impedes p e d e s t r i a n  a f t e r  c o l l i s i o n .  

V/PE: V%PE V e h i c l e s  emi t  p o l l u t a n t s ,  d i s p e r s e  w a t e r  from 
pa.vement , wear down snow. 

V2 PE VehlcPes emi t  p o l l u t a n t s ,  d i s p e r s e  w a t e r  from 
pavement ,  wear down snow. 

V3 PE V e h i c l e  s p r a y s  w a t e r  on o t h e r  v e h i c l e  wind- 
s h i e l d  

V4PE Veh ic l e  damages r o a d s i d e  o b j e c t s  
V5PE Veh ic l e  f i r e  makes smoke 

V/SE: VlSE E x i s t e n c e  of v e h i c l e  r e q u i r e s  government 
s e r v i c e s ,  laws,  m a n u f a c t u r i n g ,  r e s e a r c h  
and i n s u r a n c e .  V e h i c l e s  i n f l u e n c e  f a m i l i e s ,  
s o c i a l  l i f e .  

V5SE C o n d i t i o n  of v e h i c l e  a f t e r  an  a c c i d e n t  s p u r s  
s o c i e t y  ts p r o v i d e  b e t t e r  s y s t e m s ,  

V/HS: VI.HS E x i s t e n c e  of v e h i c l e s  r e q u i r e s  highway s e r v i c e s  
V5HS V e h i c l e  needs  a f t e r  a n  a c c i d e n t  r e q u i r e  highway 

s e r v i c e s .  

A 2 , 3 .  Roadway-In i t ia ted  System I n t e r f a c e s  

R/D:  RID Genera l  highway e f f e c t i v e n e s s  a f f e c t s  d r i v e r  
a t t i t u d e s ;  s p e c i f i c  highway a f f e c t s  p l a n s  

R2 D Vis ion  of road  a f f e c t s  d r i v e r ;  s i g n s  and 
s i g n a l s  a f f e c t  d r i v e r .  

WD Road f a i l u r e s  o r  weaknesses  p r e s e n t  problems 
t o  d r i v e r ;  s i g n a l s  c o u l d  c o n f u s e  d r i v e r .  



It4 D Jloa t i  c:omponents may Pn,jure dr iver  
R 5 D  Ro:~d C ' C ) M P O ~ C ~ ~ S  wnay i i i l : l i  :j::  drc i  ver 

R/V: R2V Road wears t i r e s ,  causci% t :mpi ng , road supportx 
vch i 6: Lt3 .  

R3 V Bumps and edges cause d;r* l,:eibous n io t i on~  of 
v o h i  c;lc . 

R 4 V  Road damages vehic le  
R5V Road components may impede vtbhicle towing 

o ~ ~ ( ~ p n i r .  

R 'R:  R l R  Exi 5 t ing road a f f e c t s  aec:l i!n of adjacent  cntl 
R4 R Road components interac31 i 1 :  c o l l i s i o n  
R5R Road components block one another 

R/P: R1P Road c h a r a c t e r i s t i c s  af l'or I n c ? d ~ s t r i a n  
a t t i t u d e s  and plans  

R2 P Vision of road,  s igns  1 1 1 , ;  1; r (:lrr~ls ,af fecc 
pcdest r  i sn  

R3 P Rontl rnay be unsafe f o r  ,,t.dlt:strian c ros s ing ;  
s i g n a l s  confuse pedestrian. 

R4 P Road components i n j u r e  pedes t r i ans  
R5P Road may impede pedes t r i an  

R/PE: RIPE Road design may a f f e c t  topography and scene;  
accurriulate and melt salo,w, accumulate arid 
channel r a i n  

R2 PE Accumulate i c e  and melt snow, accumulate and 
channel r a i n  

R3PE Road accumulates and accentuates  p r e c i p i t a -  
t i o n  accumulations, 

R / S E :  RISE Existence of roads a f f e c t s  s o c i e t y ' s  a t t i t u d e s  
RSSE Damage t o  roads a f f e c t s  s o c i e t y ' s  under- 

s tanding af needs 

R/HS: R l H S  Road needs a r e  apparent t o  highway se rv i ce s  
R2HS Road needs a r e  observed during t r a f f i c  by 

s e rv i ce s .  
R5HS Road needs a re  observed a f t e r  a  c o l l i s i o n  

Pedest r ian  I n i t i a t e d  System In t e r f aces  

P/D: p l ~  P o t e n t i a l  pedes t r i an  makes impression on 
po ten t ia , l  d r ive r  i n  non- t ra f f ic  context  

P2 D Pedes t r ian  communicates w i t h  d r ive r  ( y e l l s ,  
waves) 

P3 D Pedes t r i an  ac t i on  impells  d r ive r  i n t o  unsafe 
ac t i ons  o r  emergency response 

P5D Pedes t r i an  helps  d r i v e r  a f t e r  ca l l i s i .on  



P/P: P IP  P e d . e s t r i a n  becomes accustomed t o  p e d e s t r i a n  
r o l e  

P2 P  P e d e s t r i a n  a c t s  i n  t r a f f i c  s i t u a t i o n ,  communi- 
c a t e s  w i t h  o r  a s s i s t s  a n o t h e r  p e d e s t r i a n  

P3P P e d e s t r i a n  makes and p e r c e i v e s  an e r r o r ,  
and r e a c t s  

P4P D r i v e r  f o r e s e e s  c o l l i s i o n ,  b r a c e s ,  and  
e x p e r i e n c e s  i t  

P5P P e d e s t r i a n  o b s e r v e s  and  p a r t i c i p a t e s  i n  a f t e r -  
math 

P/SE: PlSE P e d e s t r i a n ' s  s o c i a l  a c t i o n s  a f f e c t  s o c i a l  
environment  p l a n n i n g .  

P2 SE P e d e s t r i a n ' s  observed  a c t i o n s  i n  t r a f f i c  
i n f l u e n c e  s o c i a l  environment  p l a n n i n g .  

PSSE P e d e s t r i a n ' s  obse rved  a c t i o n s  i n  a f t e r m a t h  
i n f l u e n c e s  s o c i a l  environment  p l a n n i n g .  

P/HS: PlHS P e d e s t r i a n s  demand highway s e r v i c e s  
P2HS P e d e s t r i a n  a c t i o n s  a t t r a c t  highway s e r v i c e s  
P5HS P e d e s t r i a n  needs  a t t r a c t  highway s e r v i c e s  

A2.5. P h y s i c a l  E n v i r o n m e n t - I n i t i a t e d  System I n t e r f a c e s  

PE/I): PElD Known dange r s  of p h y s i c a l  environment  a f f e c t  
d r i v e r  a t t i t u d e s  i n  l o n g  and s h o r t  r ange  

PE2 D P h y s i c a l  environment  i n f l u e n c e s  d r i v i n g  
p r o c e d u r e s ;  p r e s e n t s  s i t u a t i o n  and informa-  
t i o n  t o  d r i v e r .  

PE3D P h y s i c a l  environment  o b s t r u c t s  v i t a l  in forma-  
t i o n  t o  d r i v e r ;  i r r i t a t e s  

PE4D D r i v e r  c o u l d  be h i t  by an o b j e c t  o r  drown i n  
w a t e r  

PE5D I r r i t a n t  and d e t e r r e n t  t o  r e c o v e r y  of d r i v e r  

PE/V: PElV Sun can  h e a t  up c a r ,  r a i n  can l e a k  i n  and 
a f f e c t  i g n i t i o n  

PE2 V Rain o r  snow cove r  p a r t  of w i n d s h i e l d ,  h e a t  
a f f e c t s  e n g i n e ,  t i res ,  i c e  o r  snow a f f e c t  
t i r e s ,  wind blows.  

PE3V Windshield  cove red ,  e n g i n e  o r  t i r e s  f a i l ,  t i r e s  
l o s e  f r i c t i o n ,  v e h i c l e  yaws 

PE4V Objec t  c o u l d  damage v e h i c l e ,  w a t e r  c o u l d  r u i n  i t  
PE5V Darkness  h i d e s  v e h i c l e  f o r  s e r v i c e ;  snow c o u l d  

cove r  v e h i c l e  o r  w a t e r  f l o o d  i t ;  snow banks 
b lock  v e h i c l e  

PE/R:  PElR P r e c i p i t a t i o n  accumula t e s  and b l o c k s  r o a d ,  
h e a t  expands roadway e l e m e n t s ;  topography 
a f f e c t s  r o a d  geometry d e s i g n s  

PE2 R P r e c i p i t a t i o n  accumula t e s  and  b l o c k s  r o a d ,  
h e a t  expands roadway e l e m e n t s ;  topography 
a f f e c t s  road  geometry d e s i g n s  



PE3 R Snow c o v e r s  s i g n s ,  s i g n a l s ,  o r  l a n e  marking.  
Accumulation p r e s e n t s  h a z a r d ,  blowout from 
h e a t .  

PE5R P r e c i p i t a t i o n  b locks  road  f o r  highway s e r v i c e ;  
d a r k n e s s  h i d e s  r o a d  f o r  s e r v i c e .  

PE/P: PElP Known dange r s  of p h y s i c a l  environment  a f f e c t  
p e d e s t r i a n  a t t i t u d e s  

PE2 P  P h y s i c a l  environment  p r e s e n t s  s i t u a t i o n  and 
lnces  i n f o r m a t i o n  t o  p e d e s t r i a n  and inf luc,  

h i s  a c t i o n s  
PE3P P r e c i p i t a t i o n  h i d e s  s i g n s ,  s i g n a l s ,  l a n e s ;  

accumula t ion  f o r c e s  u n s a f e  d e t o u r s .  
PE4P P e d e s t r i a n  cou ld  be h i t  by o b j e c t ,  and 

drown i n  w a t e r  
PE 5P I r r i t a n t  and d e t e r r e n t  t o  r ecove ry  of 

p e d e s t r i a n  

PE/PE:PElPE Wind a f f e c t s  snow d r i f t i n g ,  s l o p e  a f f e c t s  
wa te r  f low 

PE2PE Wind d r i v e s  snow o r  r a i n ;  shadows; tempera- 
t u r e / i c e  

PE3PE Wind d r i v e s  snow o r  r a i n ;  shadows; tempera- 
t u r e / i c e  

PE5PE Snow-dr i f t i ng  and w a t e r  f low e f f e c t s  a f t e r  
c o l l i s i o n  

P E / S E : P E ~ S E  E f f e c t s  of p h y s i c a l  environment  accounted  
f o r  i n  s o c i a l  environment  p l a n n i n g  

PE/HS:PElHS E f f e c t s  of p h y s i c a l  environment  accounted  
f o r  i n  highway s e r v i c e s  p l a n n i n g ;  need 
f o r  p1owing;weather ex t remes  h i n d e r  h igh -  
way s e r v i c e s  p r e p a r e d n e s s  

PE2HS Diminished a c c e s s i b i l i t y  of r o a d s i d e  s e r v i c e s ;  
need f o r  snow plowing 

PE5HS Hindrance t o  p o s t  a c c i d e n t  s e r v i c e s  

A2.6 S o c i a l  Environment I n i t i a t e d  System I n t e r f a c e s  

SE/D: SElD S o c i a l  environment  governs  development of 
d r i v e r s  a t t i t u d e s  and p r e p a r a t i o n  

SE2D S o c i a l  environment i n f l u e n c e s  d r i v e r  behav io r  
i n  t r a f f i c ;  more i n  dayt ime;  more d r i n k e r s  
a t  n i g h t  

SE3 D S o c i a l  environment  a f f e c t s  d r i v e r  e r r o r s  
SE5D S o c i a l  environment  i n f l u e n c e s  d r i v e r  p a r t i c i -  

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

SE/V: SElV S o c i a l  environment  governs  d e s i g n ,  manu- 
f a c t u r e ,  maintenance and r e p a i r  of v e h i c l e  

SE5V S o c i a l  environment  i n f l u e n c e s  r e p a i r  of v e h i c l e  
a f t e r  a c c i d e n t  



SE/PE:SElPE Highway needs govern l o c a t i o n  ( s c e n e ,  t opography) ;  
smog 

SE2PE More t r a f f i c  needs  i n  dayt ime;  s o c i a l  demand 
i n f l u e n c e s  a r t i f i c i a l  l i g h t i n g  

SE3PE Smoke 

SE/SE:SElSE S o c i a l  system i n t e r a c t i o n s  r e l a t i v e  t o  highway 
t r a n s p o r t a t i o n  

SE2 SE Enforcement a f f e c t s  custom 
SE5SE S o c i a l  sys t ems  i n t e r a c t  a f t e r  a c c i d e n t s  ( e . g . ,  

i n s u r a n c e  and enforcement  and l aws ,  e t c . )  

SE/HS:SElHS S o c i a l  sys tems  demand and p r o v i d e  highway 
s e r v i c e s  

SE5HS S o c i a l  sys tems  e v a l u a t e  highway s e r v i c e s  

A2.7. Highway S e r v i c e s - I n i t i a t e d  System I n t e r f a c e s  

HS/D: HSlD E x i s t e n c e  of  s e r v i c e s  governs  d r i v e r  a t t i t u d e s  
HS2D Presence  of s e r v i c e s  governs  d r i v e r  a t t i t u d e s  

and a c t i o n s  
HS3D Ac t ions  o r  p rox imi ty  of s e r v i c e s  governs  d r i v e r  

a t t e n t i o n  and a c t i o n s  
HS4D Components of s e r v i c e s  i n j u r e  d r i v e r  
HS5D S e r v i c e s  h e l p  d r i v e r  a f t e r  a c c i d e n t  

HS/V: HSlV S e r v i c e s  p r e p a r e  v e h i c l e  f o r  t r a v e l  
HS2 V Road c l e a r i n g  i n e f f e c t i v e n e s s  cou ld  a l l o w  

v e h i c l e  bumping, e t c .  
HS3 V Road c l e a r a n c e  i n e f f e c t i v e n e s s  cou ld  a l l o w  

dangerous  v e h i c l e  bumping 
HS4V S e r v i c e  v e h i c l e s  c a u s e  damage t o  o t h e r  

v e h i c l e s  i n  c o l l i s i o n  
HS5V S e r v i c e s  a f f e c t  v e h i c l e s  a f t e r  c o l l i s i o n  

HS/R: HSlR S e r v i c e s  p r e p a r e  roadway 
HS2R Roadway s e r v i c e s  d u r i n g  t r a f f i c  
HS5R Roadway s e r v i c e s  a f t e r  an a c c i d e n t  

HS/P: HSlP E x i s t e n c e  of s e r v i c e s  governs  p e d e s t r i a n  
a t t i t u d e s  

HS2P Presence  of s e r v i c e s  governs  p e d e s t r i a n  
a t t i t u d e s  and e v a l u a t i o n s  

HS3P Ac t ions  o r  p rox imi ty  of s e r v i c e s  governs  
p e d e s t r i a n  a t t e n t i o n  e v a l u a t i o n s  

HS4P Components of s e r v i c e s  i n j u r e  p e d e s t r i a n  
HS5P S e r v i c e s  h e l p  p e d e s t r i a n  a f t e r  a c c i d e n t  

HS/PE:HSlPE S e r v i c e s  a l l e v i a t e  environment  e f f e c t s  i n  
advance 

HS2PE S e r v i c e s  a l l e v i a t e  environment e f f e c t s  i n  
t r a f f i c  



Services accentuate environment e f f e c t s  
unintent ional ly  

Services a l l e v i a t e  environment e f f e c t s  
a f t e r  accident 

Highway serv ices  image governs s o c i a l  aware- 
ness 

Highway serv ices  effect iveness  governs soc ia l  
demand 

Services i n t e r a c t  i n  continued improvements 
and planning 

Services i n t e r a c t  i n  t r a f f i c  
Services in te rac t  i n  accident i n i t i a t i o n  
Services in te rac t  i n  c o l l i s i o n  
Services i n t e r a c t  i n  post accident phase 





Appendix 3 

REVIEWS OF IIIGIlWAY SAFETY RESEARCH 

3.1 THE DRIVER 

The review of d r i v i n g  behavior  r e s e a r c h  a t tempted t o  cover  
a s  wide a range of p e r t i n e n t  l i t e r a t u r e  a s  p o s s i b l e  i n  t h e  time 
a v a i l a b l e .  Previous  b i b l i o g r a p h i e s  i n  t h e  a r e a  were screened 
i n  o r d e r  t o  p ick  o u t  r e p o r t s  and papers  of g r e a t e s t  importance, 
and o t h e r  l i t e r a t u r e  review techniques  were used t o  limit t h e  
number of documents. A l i s t  of 180 r e f e r e n c e s  was sel lected,  
and i s  presented  a t  t h e  end of t h i s  s e c t i o n .  

There is no s i n g l e  r e p o r t  which s e r v e s  a s  a c l a s s i c  i n  
t h e  whole f i e l d  of d r i v i n g  behavior .  However, one e x c e l l e n t  
document deserves  mention because of i t s  forward-1ooki:ng i n -  
t e n t ,  v i z .  " ~ e h a v i o r a l  Approaches t o  Accident Research,"  
published by t h e  Associa t ion  f o r  t h e  Aid of Cr ippled  Children 
i n  1961. Many of t h e  concepts  and methodologies p resen ted  
t h e r e  were cons idered  i n  t h i s  review, and they  should be adopted 
i n  f u t u r e  d r i v e r  behav io ra l  r e s e a r c h .  

Although summaries of f i n d i n g s  from previous  reviews 
were cons idered  i n  t h e  i n i t i a l  l i t e r a t u r e  sea rch  on d r i v i n g  
behavior ,  t h e  primary approach i n  t h i s  s tudy d i d  n o t  a t t empt  
t o  compile f i n d i n q s  from o t h e r  summaries. Rather ,  it encom- 
passed a broad sweep of t h e  whole d r i v i n g  behavior  a r e a  i n  
o r d e r  t o  avoid c o n s t r a i n t s  of previous  c a t e g o r i z a t i o n s .  Thus, 
t h e  c a t e g o r i e s  s e l e c t e d  he re  r e f l e c t  t h e  c u r r e n t  s t a t u s  i n  
terms of t h e  d i s t r i b u t i o n  of s i g n i f i c a n t  r e sea rch  t o p i c s ,  
r a t h e r  than  preconceived no t ions  of needed resea rch .  The 
s e l e c t e d  c a t e g o r i e s  inc lude  g e n e r a l  c o n s i d e r a t i o n s ,  t h e o r e t i c a l  
c o n s i d e r a t i o n s ,  sensory-perceptual  p rocesses ,  psychomot:or 
p rocesses ,  p e r s o n a l i t y  mechanisms, d r i v e r  educa t ion ,  drugs  and 
a l c o h o l ,  and medical a s p e c t s .  A f i n a l  subsec t ion  compiles t h e  
r e s e a r c h  gaps de r ived  from each of those  c a t e g o r i e s .  

The l a r g e  number of r e f e r e n c e s  reviewed i n  t h i s  s e c t i o n  
r e f l e c t  a f e e l i n g  developed g r a d u a l l y  throughout  t h e  course  of 
t h e  s tudy t h a t  t h e  a r e a s  of t h e  d r i v e r  and d r i v i n g  behavior  a r e  
e s p e c i a l l y  a p p r o p r i a t e  f o r  p r i v a t e  suppor t  i n  highway s a f e t y  
r e s e a r c h ,  i n  comparison t o  o t h e r  elements  of t h e  highway t r a n s -  
p o r t a t i o n  system. A s  a r e s u l t ,  t h e  d r i v i n g  behavior  review 
continued a f t e r  o t h e r  phases of program planning had begun. 
However, t h e  l a r g e  number of r e f e r e n c e s  i n  t h i s  sec t ion ,  does 
not  r e f l e c t  t h e  r e l a t i v e  s t a t u s  of d r i v e r  r e sea rch .  On t h e  
c o n t r a r y ,  it has been concluded t h a t  t h e  needs i n  d r i v e r  
r e sea rch  a r e  p a r t i c u l a r l y  c r i t i c a l ,  because of t h e  complexity 
of t h e  s u b j e c t ,  t h e  r e l a t i v e l y  long time pe r iods  r e q u i r e d  f o r  
meaningful r e s u l t s ,  and t h e  r e l a t i v e  d i f f i c u l t y  i n  d e r i v i n g  
models o f  d r i v i n g  behavior i n  c o n t r a s t  t o  o t h e r  r e l a t e d  systems. 



Of the driving behavior research categories covered here, 
two stand out in terms of the large amount of research done 
and their apparent criticality as potential bases for ultimate 
improvements in the driver's performance. These categories are 
sensory-perceptual processes and personality mechanisms. 
Though much has been done in these areas, there has been no 
serious attempt to define their research objectives and to 
promote establishment of comprehensive, cooperative research 
activity which attacks their inclusive problems on a long-term 
basis. Until this is done, the research on driver behavior 
in these two critical areas, or any other area, will probably 
continue to be as diverse and loosely related as it is now. 

3.1.1 GENERAL CONSIDERATIONS. The material reviewed in 
this section covers several broad subjects which give a general 
view of the problems of driver behavior. Most do not fit into 
the remaining specific categories. Several deal with the 
driver in a system context, though none are self-identified as 
such. 

McFarland (1966)* has discussed the measurement of human 
factors in accident research, and concluded that most accidents 
have a multiple causation with a nonspecific etiology. One 
very important factor not taken into account is an assessment 
of driver exposure, i.e., some measure of the amount, intensity, 
and danger of various driving experiences. 

McFarland (1966) has also presented information on the 
older driver and accidents. It has been found, for example, 
that the ratio of "blameworthy to nonblameworthy accidents" 
was higher for inaccurate turning into or crossing of junctions 
for those over 65 years of age. It was concluded that those 
over 65 are involved in accidents because of failure to give 
the right of way, improper turning, ignoring of stop signs, 
and improper starting. 

Pelz and Schuman (1968) have found that young drivers 
with repeated accidents and violations were more involved in 
cars, drove more miles during the year, were more aware of 
social pressures and tensions, more likely to use driving as 
an outlet for such tensions, more likely to come from a 
working-class home, and less successful in school. 

While the youngest drivers had the most accidents, it 
was not until the "dangerous years" from 19 to 22 that their 
accidents became severe and traffic tickets increased. Social 
pressures and involvement with cars were highest at 19-20 
years. These results suggest that tensions surrounding the 
onset of adulthood spill over into driving behavior, and that 
feelings of resentment against adult authority are high. 

- 
*References for 3.1 are included in section 3.1.10 

and are listed alphabetically by author. 



Versace (1967) surveyed t h e  l i t e r a t u r e  i n  t h e  a r e a  of 
d r i v i n g  and s a f e t y  and i n d i c a t e d  t h e  many c o m p l e x i t i e s  of t h i s  
t o p i c .  Experiments have been conducted t o  r e l a t e  t o  d r i v e r ' s  
speed t o  h i s  a c c i d e n t  r a t e .  blunden (1967) recorded t h e  speed 
and l i c e n s e  numbers of more than  31,000 c a r s  a t  t e n  d i f f e r e n t  
s i t e s  on r u r a l  main roads .  He ob ta ined  a  "speed r a t i o " ,  which 
was t h e  observed speed d i v i d e d  by t h e  mean speed of ne ighbor ing  
c a r s  i n  t h e  t r a f f i c  stream. Accident  d a t a  f o r  more t h a n  
13,000 c a r s  was c o l l e c t e d .  Munden concluded t h a t  t h e r e  was 
a  U-shaped v a r i a t i o n  between t h e  a c c i d e n t  r a t e  and r e l a t i v e  
speed,  wi th  t h e  average  speed d r i v e r  having t h e  lowes t  r a t e  
and h igh a c c i d e n t  r a t e s  f o r  t h e  slow and f a s t  d r i v e r s .  

Rockwell and Sn ide r  (1965) explored  v a r i a b i l i t y  i n  d r i v i n g  
performance on t h e  highway. I n  a th ree -yea r  s tudy  us ing  d i f f e r -  
e n t  l o n g i t u d i n a l  c o n t r o l  t a s k s  f o r  both  p r o f e s s i o n a l  and non- 
p r o f e s s i o n a l  d r i v e r s  i n  an ins t rumented  passcnqer  c a r ,  a  
" t h r e s h o l d  c o n t r o l "  model was dev i sed .  Parameters  used i n  t h e  
model i n c l u d e  v e h i c l e  v e l o c i t y ,  v e h i c l e  v e l o c i t y  change, v e h i c l e  
a c c e l e r a t i o n ,  v e h i c l e  j e r k ,  r e l a t i v e  headway, r e l a t i v e  headway 
change, and r e l a t i v e  v e l o c i t y .  The r e s u l t s  showed t h a t  t h e  
s u b j e c t s  tend t o  damp o u t  t h e  e f f e c t s  of t h e  l e a d i n g  v e h i c l e  
v e l o c i t y  variability through a  corresponding headway i n c r e a s e .  
These r e s u l t s  suppor ted  t h e i r  model. 

T i n d a l l  (1966) dev i sed  methods f o r  measuring v a r i a b l e s  
a long a highway. Two v e h i c l e s  were ins t rumented  f o r  d a t a  
c o l l e c t i o n  from t h e  highway. The o b j e c t i v e  was t o  a s s e s s  t h e  
r a t e  a t  which d a t a  i s  p resen ted  t o  a  d r i v e r  and t h e  r a t e  w i t h  
which it i s  absorbed;  t h e  d i s t r i b u t i o n  of d i s c r e t e  and c o n t i n -  
ous  v a r i a b l e s  t h a t  are r e l a t e d  t o  a c c i d e n t s ;  t h e  a b i l i t y  t o  
r a p i d l y  a u t o m a t i c a l l y  c o l l e c t  d a t a  f o r  a  hiqhway inven to ry ;  
and photographic  t echn ique  f o r  r ecord ing  d a t a .  One conc lus ion  
was t h a t  time l a p s e  photography accomplishes a f l o a t i n g  c a r  
survey,  a  c l a s s i f i c a t i o n  count ,  an inven to ry  of t r a f f i c :  e v e n t s ,  
and an inven to ry  of many highway v a r i a b l e s ,  I t  may have an 
impor tant  r o l e  i n  human f a c t o r s  s t u d i e s .  

"Ergonomics" has been d e f i n e d  by S i n g l e t o n  (1966) a s  
systems d e s i g n  wi th  t h e  c h a r a c t e r i s t i c s  of t h e  human o p e r a t o r  
a s  a  frame of r e f e r e n c e .  Arnong t h c  t echn iques  used i n  t h i s  
a r e a  a r e  s t u d i e s  of cues  of assumed importance (e .g .  v i s i b i l i t y ) ,  
c r i t i c a l  i n c i d e n t  s t u d i e s  (e .g.  t h e  occurrence  of e r r o r s ) ,  
i n t e r n a l  environment measures ( e .g .  v i b r a t i o n  e f f e c t s ) ,  
performance measures ( e .g .  mental  a r i t h m e t i c ) ,  control1,ed 
environment s t u d i e s  (e.g. s i m u l a t o r s ) ,  conceptual  mode1.s 
(e .g.  d e c i s i o n  theory  models) . 

A model has been developed f o r  s p e c i f y i n g  a  v e h i c l . e l s  
t r a j e c t o r y  i n  an emergency maneuver. Sher idan and Roland 
(1967) s p e c i f y  a ma.thematica1 model, embodied i n  a  d ig i . t a1  
computer, t o  be used i n  con junc t ion  wi th  both  a  c l o s e d - , c i r c u i t  
TV l a b o r a t o r y  s i m u l a t o r  and a c t u a l  road t e s t s .  

Vehic le  speed changes have been s t u d i e d  a t  road curves  
by ~ o f f m a n n  (1967) .  The v a r i a b l e s  inc luded  a n g l e  of d e v i a t i o n ,  



speed of entry, and longitudinal acceleration effect. The 
results showed that the longitudinal acceleration of vehicles 
is accompanied by an increase in the lateral acceleration at 
a given entry speed, and that the optimum vehicle response 
time was 0.20 seconds for a driver's maximum performance. 
Driver characteristics at interesections were measured by 
Betz and Bauman (1967) in Phoenix, Arizona. They showed that 
out-of-state vehicles have significantly longer headways than 
do in-state vehicles. Brown (1965) explored the effect of a 
car radio on driving in light versus heavy traffic. The three 
varaibles used were music, speech, and silence. The results 
showed that the effects are opposite. In light traffic, 
speech and music reduces the time and number of control move- 
ments, whereas in heavy traffic, both increase. 

In his doctoral dissertation at Purdue, Dunlap (1955) 
investigated human factors involved in the design of vehicle 
cab areas. Using a mock-up truck cab and a mock-up road, the 
subject adjusted the seat, the steering wheel position, and 
the angle of the toe pan. From the criteria of subject corn- 
fort, time off the road, and frequency off the road, Dunlap 
found significant differences for vertical seat heiqht, hori- 
zontal seat position, length of seat bottom, heightWof post 
pivot, and length of the steering post. He concluded that 
people of different height perfer different settings for 
each of the five criteria, and that a good design, in terms 
of spatial relationships within the cab, decreases accidents. 

Bacon, Breuning & Sim (1965) analyzed the passing habits 
of Michigan drivers. McCarroll & Hadaon studied automobile 
accident fatalities in New Uork City. Watson (1960) explored 
the insurance aspects of traffic accidents in his doctoral dis- 
sertation at Ohio State University. Wierwille, Gagne, & Knight 
(1967) presented a model and closed-loop analysis methods for 
high-speed driving. Todosiev & Fenton (1966) studied velocity 
thresholds in following cars under night-time conditions. 
Taylor, Foody, Blackwell, Treiterer, & Branden (1967) related 
accident occurrences to traffic control devices. Snider & 
Ernst (1965) explored driver variability in car following and 
in open road driving. Severy (1967) related rear-end collisions 
to motorist injuries. Schuster (1966) attempted the prediction 
of accident records for youthful drivers. Schlegel (1965) 
discussed preventive aspects of accidents. Rolls & Joubert 
(1967) experimented with driver free turns an a horizontal 
surface, Reilly & Woods (1967) related the driver to traffic 
control devices. Rasllevsky (1965) analyzed the man-machine 
interaction in car driving. Peck, Coppin, & Marsh (1967) 
presented statistical information on driver records by age, 
sex and marital status. lilohler (1966) discussed the causes 
and therapy for crashes. Mittenecker (1966) studied the 
so-called "accident tendency" on the highway. And Miller 
(1967) obtained results for accidents occurring on a highway 



under fog c o n d i t i o n s .  Lohr (1966) d i scussed  psychologica l  
a n a l y s i s  of c a r  d r i v i n g ,  and Litman and Tabachnick (1967) 
analyzed f a t a l  one-car a c c i d e n t s .  Klehelsberg  (1954) d i scussed  
t r a f f i c  s i g n s ,  and Hulber t  & Beers (1966) analyzed wrong-way 
d r i v i n g .  Fenton (1966) p resen ted  an improved man-machine 
i n t e r f a c e  f o r  t h e  d r i v c r - v e h i c l e  system. Donigan & F i s h e r  
(1966) p resen ted  r e c k l e s s  d r i v i n g  c a s e s .  D i l l e  & Morri-s (1966) 
summarized human f a c t o r s  i n  g e n e r a l  a v i a t i o n  a c c i d e n t s ,  
C o s y r i f f ,  Eny l i sh ,  & Raeca (1966) p resen ted  an automati-c 
system f o r  the 1-ongitudinal  c o n t r o l  of i n d i v i d u a l  vchicAes. 
Coppin & SmueLs (1961) reviewed t h e  c h a r a c t e r i s t i c s  of ney- 
P igen t  d r i v e r s  i n  the s t a t e  nf C a l i f o r n i a ,  Coppin & Van 
Oldenbeek ( 1 9 6 6 )  presented. informat ion  concerning t h e  n e g l i -  
g e n t  d r i v e r  s i x  yea r s  i n  d u r a t i o n .  And Coppin and Van Olden- 
beek (1962 )  a l s o  d i scussed  t h e  d r i v i n g  performance of xlegli- 
g e n t i i r i i v e r s .  C o l l i n s  ( 1 9 6 7 )  analyzed the freeway p i l e u p .  

3 . 1 - 2  THEORETICAL CONSIDERATIONS. The papers  reviewed 
i n  t h i s  s e c t i o n  d e a l  w i t h  v a r i o u s  methods of t h e o r e t i c a l  model- 
i n g  of d r i v e r  behavior .  Such techniques  may have a  s t r o n g  
r o l e  i n  f u t u r e  r e s e a r c h  i n  o t h e r  c a t e g o r i e s .  

New concept ions  of t h e  d r i v i n g  s i t u a t i o n ,  a s  t h e o r e t i c a l l y  
anal.yzed through t h e  use  of mathematical models and of simula- 
t o r s ,  were r e c e n t l y  in t roduced a t  a  conference  held  a t  
I lassachuset t s  I n s t i t u t e  of Technology (1967) .  A wide range 
of papers  d i s c u s s e s  t h i s  t o p i c  from a  v a r i e t y  of v iewpoints .  

Algea ( 1 9 6 4 )  has formulated a p re l iminary  t h e o r e t i c a l  
framework i n  what he c a l l s  a  d r i v e r - v e h i c l e  feedback c a ~ n t r o l  
node l ,  This  model c o n s i s t s  of a r e f e r e n c e  i n p u t  variabl le  
( t h e  d e s i r e d  v e l o c i t y ) ,  an error-measuring dev ice ,  t h e  d r i v e r ,  
t h e  v e h i c l e ,  a  c o n t r o l l e d  o u t p u t  v a r i a b l e  ( t h e  a c t u a l  v e l o c i t y ) ,  
and feedback. T h i s  model i s  d i f f e r e n t  from t h e  u s u a l  type  i n  
t h a t  it focuses  on t h e  i n d i v i d u a l  d r i v e r ,  a s  a p a r t  from l a r g e -  
s c a l e  models. 

Herber t  ( 1 9 6 3 )  used A i r  Force and Army v o l u n t e e r s  on an 
i n i t i a l  t e s t  b a t t e r y  of 1 2  d r i v i n g  t e s t s  (wi th  a t r u c k )  a t  
t h e  Yuma Deser t  Tes t  S t a t i o n  i n  Arizona. The t e s t  b a t t e r y  
was readmin i s t e red  a f t e r  v a r i o u s  numbers of hours of d e s e r t  
f a t i g u e  drivi-ng.  Factor  a n a l y s i s  of t h e  d r i v i n g  performance 
under t h e s e  c o n d i t i o n s  produced f i v e  s i g n i f i c a n t  f a c t o r s :  
rnultilirnb c o o r d i n a t i o n ,  s p a t i a l  o r i e n t a t i o n ,  p ropr iocep t ion ,  
response  o r i e n t a t i o n ,  and r e a c t i o n  time. 

E h r l i c h  (1966) used t r a c k i n g  performance i n  an  a t t empt  
t o  e s t a b l i s h  a taxonomy of automobile d r i v i n g .  

2 ,1 ,3  SENSORY-PERCEPTUAL PROCESSE1S. The human process  
of v i s i o n  p rov ides  t h e  primary in fo rmat iona l  i n p u t  t o  t h e  
d r i v e r  of an automotive vehicle. The v i s u a l  pe rcep t ion  pro- 
c e s s  which t r a n s l a t e s  t h e  a c t u a l  highway image to a perce ived 
image i s  probably t h e  most c r i t i c a l  of all d r i v i n g  behaviors ,  
s i n c e  it provides  an es t ima ted  9 0 %  of t h e  informat ion  used by 



t h e  d r i v e r  in h i s  decisron makinq process. Other sensory pro- 
cesses, such as hear ing  and propxisceptive cues (i .e., "feel") , 
are also important in complet ing the picture. In spite of the 
large amount of work i n  this area, rea l  progress has only re- 
cently begun w i t h  exg~eriments an informational input needs and 
input rate capab i l i t i e s  of the d r i v e r ,  

Duration, distance, and speed of travel were judged in an 
experiment by Cohen, Qno, h S k e l i y  BE5GQ), 75 subjects drove 
over an experimental rou t e ,  during which these three factors 
were estimated, The r e su l t s  showed t h a t  speed is more accur- 
ately j r~dqed E P . I ~ ~ B  t h ~ a  o ther  LWO f actorsp $.hat speed is over- 
esti~ated at nigh  speed and underestimated at" Law speed, that 
distance is uvesesti:~iated J n  general., that speed is underesti- 
mated in] g e n e r a l ,  t h a t  ciuxa"c;ion is underestimated in general, 
ana that the so-czkled b p p a  and tau effects were confirmed. 

Gsrdc3c $ 1 9 6  h ]  exgerimcntal ly xcolated the ariver % visual 
input th rough t he  uze ok ark aperture device which restricted 
b i s i a n  and reccjrded i:k-ie visual tixs;btion pssik,icans. Results 
shawed that the essclxtial ar c r i t i c a l  input was the road edges 
and center Pine, Gqrdon (19661 abso re la ted  vehiclar guidance 
$8 the vxsual  env i ronment  i n  terms sf posssian and movement. 
On the bas is  of h i s  extremeLy intricate analysis, in mathe- 
matical terms, he presented the toelswinq s u m a r y .  (1) Inter- 
pre t ive  s e a l i n g  0.k v i sua l  ang le  i s  a key factor; (2) simple 
and obvious features ot % b e  v i s u a l  environment are aids for 
vehicular guidance; ( 3 )  k i ~ e  d r i v e r  may see his vehicle or 
same part of the erhviror\ment as a reference f o r  motion; (4) 
rcadway bsundaries and Lane marlcings are used in aligning the 
vehicle with t h e  road;  ( 5 )  anqular  acceleration increases as 
the square of vehicle speed; ( 6 )  the pattern s f  the angular 
acce l e r a t i on  f i e l d  does not scsemble any fantiliar pattern of 
visual experience; ( 7 %  t h e  matian pa ra l l ax  cue t o  distance 
f a i l s  when the observer f 9 l l . o ~ ~  a curved p t l : :  ( 8 )  when vehicle 
is aligned with s t x a i g h t  or regular curv6:d hd(;hbfay, the road 
assumes a steady li;t~at:C? appearance; ( 9 1  if the flloying vel~icle 
is nisaligncd laterally with the road, the entire field moves 
as a u n i t ;  (19) the e x t e n t  of  lateral misa l igmen t  is indicated 
by the rate and e x t e n t  s f  sid6:slipping of the road borders and 
Pane markers; ell 1 a n t i c  ipa t* ion  zequ~renicnts are  considered 
impesrtarlt in the dcsigxr of m a d  Eeabax%-es: ( 1 2 )  estimates of 
time tea reach an cbject anay be baseti on estimates of per-  
ceived diss:anee; ( 8  3 4  v;.sLm'l, ~ t ~ . m ; ~ 1 a & i o n  to ear foblowing a 
c u r v i l i n e a r  path ~ Q C ~ S  empdricaB val  doti ion; and (14) t h e  
fea tures  of a veloc..lly f i c . % u  shif t  wi h h  xlae ved~ ic le ' s  curved 
path af motion, 

Olson  g.196.3) , ~mpiuying a dial ar~onitoring task, studied 
the variables %n%.Lueneinq information processing. The criterion 
measures were t lw kanne to nst.e a dev ian t  dial, and the time off 
the track $in a tracking task), Reaction time (initial criterion) 
s i g n i f i c a n t l y  v a r i c d  f e r :  e ~ ~ r a n g e m e n i  d2f the dials, rate for 



d i a l  d e v i a t i o n ,  load  o r  number of d i a l s ,  and l o c a t i o n  of  d i a l s ,  
The t r a c k i n g  t a s k  s i g n i f i c a n t l y  d i f f e r e d  f o r  t h e  f i r s t  t h r e e  
f a c t o r s  mentioned. 

Judgment of v e h i c l e  v e l o c i t y ,  under time l i m i t a t i o n  and 
viewing r e s t r i c t i o n s ,  was i n v e s t i g a t e d  by S a l v a t o r e  (1967) 
u s i n g  two camera iris diaphragms and two s l a t s  running p a r a l l e l  
t o  t h e  o p t i c a l  a x i s ,  Under d i f f e r e n t  r a t e s  of v e h i c l e  speed,  
t h e  s u b j e c t s  made v e r b a l  e s t i m a t e s  of  t h a t  speed,  

Vis ion  t e s t  s c o r e s  were e v a l u a t e d  wi th  r e s p e c t  t o  d r i v i n g  
record  i n  t h e  s t a t e  of C a l i f o r n i a  by Burg (1967) .  Among o t h e r  
f i n d i n g s  was t h e  conc lus ion  t h a t  d r i v i n g  performance was pre- 
d i c t e d  b e s t  by a dynamic v i s u a l  a c u i t y  t es t ,  by a  s t a t i c  a c u i t y  
tes t ,  by a  g l a r e  recovery  tes t ,  and by a t es t  of t h e  v i s u a l  
f i e l d .  

A t h e o r e t i c a l  d e r i v a t i o n  of t h e  d r i v i n g  s t i u a t i o n  has pro- 
duced an u n c e r t a i n t y  model t h a t  i s  based on " s t e a d y - s t a t e  d r i v -  
ing  w i t h  i n t e r m i t t e n t l y  occluded v i s i o n "  (Senders ,  K r i s t o f f e r s o n ,  
e t  a l .  , 1967) . They used two k inds  of experiments .  One employed 
a  c o n s t a n t  pe r iod  of o c c l u s i o n  and a  cons tance  o b s e r v a t i o n  time. 
The o t h e r  used a c o n s t a n t  speed. The r e s u l t s  showed t h a t  t h e  
less f r e q u e n t  t h e  o b s e r v a t i o n s ,  t h e  s lower w i l l  be t h e  speed 
t h e  s u b j e c t  ma in ta ins .  These f i n d i n g s  a r e  a p p a r e n t l y  i n  agree-  
ment w i t h  t h e i r  model. 

Kao & Nagamachi a t  The U n i v e r s i t y  of Michigan i n v e s t i g a t e d  
feedback requi rements  i n  t h r e e  k inds  of d r i v i n g :  backing,  
p a r a l l e l  parking,  and forward d r i v i n g .  Two c o n d i t i o n s ,  ob- 
s t r u c t e d  ( t aped  window) and normal,  showed t h a t  feedback i s  
s i g n i f i c a n t l y  a f f e c t e d  by t h e  o b s t r u c t e d  s t a t e ,  w i t h  a l l  t h r e e  
d r i v i n g  behav io r s  s i g n i f i c a n t l y  worse. 

S c h l e s i n g e r  & S a f r e  (1965) t e s t e d  a  p e r c e p t u a l  model by 
t h e  use  of an exper imenta l  c a r  making i n s i d e  and o u t s i d e  t u r n s  
a t  d i f f e r e n t  speeds.  The r e s u l t s  were i n  t h e  p roper  d i r e c t i o n .  

Car d r i v e r s  were t e s t e d  f o r  t h e i r  a b i l i t y  t o  remem,ber road 
s i g n s  by Johansson & Rumar (1966) .  I n  s topp ing  1 , 0 0 0  d r i v e r s  
p a s t  f i v e  s i g n s ,  they  found 47% could  remember t h e  s i g n  j u s t  
passed. 

V i s i b i l i t y  from t h e  p o s i t i o n  of t h e  d r i v e r ' s  s e a t  was 
exp lo red  by Moore & Smith (1966) ,  who found t h a t  95% of a l l  
d r i v e r s  have t h e i r  eye p o s i t i o n  i n  a  zone seven inches  by f o u r  
inches .  They a l s o  d i s c u s s e d  t h e  f a c t o r s  i n d i c a t i n g  t h e  pre-  
sence  a f  a  v e h i c l e ,  and t h e  p rocess  of s i g n a l l i n g  i n t e n t i o n .  

The v i s u a l  t a s k  e v a l u a t o r  (VTE) was employed by Blackwell 
e t  a l .  (1965) t o  show t h a t  t h e r e  a r e  many d i f f e r e n t  degrees  
of d i f f i c u l t y  i n  performing v i s u a l  t a s k s .  Luminance and t a s k  
c o n t r a s t  i n f l u e n c e  t h e  degree  of d i f f i c u l t y ,  b u t  c o n t r a s t  
a p p a r e n t l y  i s  more impor tant  i n  d e f i n i n g  v i s u a l  t a s k s ,  

I n t e n s i t y  requi rements  f o r  a r e d  t r a f f i c  s i g n a l  were ex- 
plored  by Cole (1966).  X t  was recommeded, on t h e  b a s i s  of 
minimum d r i v e r  r e a c t i o n  time, t h a t  a l i g h t  of 200 c a n d l e s  a t  
a dis tance af 100 meters  be used when observed a g a i n s t  a 
b r i g h t  sky ,  



Allen et al. (1967) made an interesting study of the 
visibility of different colored traffic lights. This was 
achieved by projecting a movie onto the back of a translucent 
screen and, as the subject counted the cars approaching (in 
the movie), additionally presented a colored test spot of 
light, whose color and brightness was varied. The concluded 
that relative brightness is the dominant influence on detect- 
ability (and not color per se). 

The state of California (1965) has presented information 
on reduced visibility under fog conditions, Richards (1967) 
described vision at different levels of night-time illumina- 
tion. Iie also discussed the needs for visual control of the 
car at nighttime in another article. Rumar (1965) tested 
visibility conditions under nighttime driving conditions 
with misaligned, meetinq, dipped headlights. Stabell & 
Stabell (1967) explored night vision as chromatic vision, 
Bugelski (1967) investigated the relationship between 
traffic signals and depth perception, osberry & Mills 
(1959-60) summarized the measurement of driver visibility. 
Gordon also presented an article on visual input, experimentally 
isolated. Hoffmann analyzed driver detection of vehicle 
velocity changes, Keese & Cleveland (1966) reported on 
intersection and sign illumination. Klipple (1967) explored 
the variables affecting the perception of angular change. 
~igliorino (1965) summarized visual perception in re- 
lation to speeding vehicles. Mortimer & Olson (1966) inves- 
tigated front-turn siqnals, and the variables affecting their 
power of attraction. lilullin (1966) summarized the role of 
visibility in the design of roads. Reading (1966) tested the 
relationship between age and yellow and white headlamp glare. 
Richards (1966) presented information on the relationship 
between age and acuity changes and contrast sensitivity, at 
levels of nighttime illumination. Taburri & Theobald (1967) 
presented data on reduced visibility under fog conditions, 
under the auspices of the state of California. The amount 
of perceptual latency in drivers during car following was 
explored by Torf & Duckstein (1966). Ungar & Barnett (1966) 
discussed vision and the driver. Wilson (1965) presents 
additional information on the topic of reduced visibility 
under fog conditions in the state of California. Wolf studied 
the diminution af the visual field with age, Burg & Coppin 
(1966) dicussed visual acuity and driving record. Case & 
HulSert (1966) also comment on reduced visibility in an article 
for the state of California. The effect of glare from street 
lights on the vision of drivers at different ages was discuss- 
ed by Christie & Fisher (1966). Cole & Brown (1965) describe 
the intensity of traffic lights. Connolly (1966) discussed 
the safety aspects of visual limitations. Schmidt & Connolly 
(1966) summarize the topic of vision for hiqhway use. And 
Schober (1965) has reviewed the influence of glare on visi- 
bility in fatigued versus normal subjects. 



3,1,4 PSYCIIOMOTOR PROCESSES. The pyschomotor process 
research reviewed in this section deals with the least under- 
stood area of driving behavior. Especially in topics such as 
decision-making, techniques are limited to empirical methods. 
Although much is known of the mechanical aspects of driving 
skills, little is known of the motor initiatory processes. 

Human motor control of vehicles was surveyed and analyzed 
by Biggs (1966). Cumming (1967) likewise analyzed the critical 
habits involved in driving performance. Burns, et al. (1966) 
made a study of electrocardiographic changes occurring during 
prolonged driving. They found that the electrical activity 
of the heart responds to the duration of driving and to cri- 
tical road situations. For example, there are periods where 
the T-wave is flattened or inverted. Therefore, the conclu- 
sion is obvious that the myocardium is involved in the stress 
of driving. 

The reduction in driving perfornance occurring during a 
continuous twenty-four hour driving period was studied by 
Safford & Rockwell (1967). An instrumented automobile record- 
ed vehicle velocity, gas pedal position, steering wheel posi- 
tion, and brake pedal position. Although seven subjects drove 
for a twenty-four hour period, there were rest breaks at re- 
fueling stops. The results showed that (1) change in any one 
of the four variables (whether increase or decrease) was not 
systematically related to fatigue, (2) the more demanding 
the task, the more will deteriorated performance be related 
to the passage of time, (3) within a one-way trip period (two 
and a half hours), most of the variables showed greater vari- 
ability, (4) the physiological measures did not significantly 
change, and (5) a drug used (dextroamphetanine sulphate) more 
than doubled the steering wheel reversal rate. 

An eight-hour driving period was used by Brown (1963) to 
study fatigue in eight British policemen. Their performance 
was evaluated a the beginning and end of the experimental 
period by means of two auditory tests. A test of attention 
was employed by presenting numbers and requiring the detection 
of an odd-even-odd sequence. A test of memory was employed 
by presenting letters and requiring the detection of a twice- 
occurring letter out of a sequence of ten. The results showed 
that both tests were significantly worse while the subjects 
were driving, that the test of attention was significantly 
worse at the beginning of the period but that the test of 
memory was significantly worse at the end of the period, 
and that, amazingly, both tests were significantly better 
at the end of the driving period. Brown (1967) perforrt~ed 
additiox work in this area by noting habit deterioration 
after seven hours of driving, in another study. 

Fatigue effects on vigilance have also been measured. 
Mast & ~eimstra (1964) reported their work, and Mast, Jones 



and Heimstra (1966) also reported the effects of fatigue on 
performance in a driving device. Herbert & Jaynes (1963) 
studied performance decrease during driving, and Greenshields 
(1966) also investigated the changes in performance with time 
in driving. 

3.1.5 PERSONALITY MECHANISMS. As previously mentioned, 
this area has great potential for future highway safey research. 
Although personality mechanisms such as attitudes and motiva- 
tions are not fully understood, many of the psycho-social fac- 
tors involved are at least identified. 

The development of a method for predicting high-accident 
and high-violation drivers has been the concern of Greenshields 
& Platt (1967) . Using a Drivometer in an instrumented car 
allows them to record three categories of events: driver 
control actions, vehicle motions, and traffic events. Four 
groups were employed, a controb group (consisting of driver 
education teachers and Low-accident drivers), a high-accident 
group, a high-violation group, and a beginning drivers group. 
Using an uncommon statistical technique called "discriminatory 
analysis," they found that five variables (measures) signifi- 
cantly differentiated between any two of the groups. The 
measures were: traffic density, running time, accelerator 
reversals, gross steering reversals, and fine steering rever- 
sals. They concluded that the inexperienced or poor driver 
tends to make more reversals of the controls, and is therefore 
operating closer to his limits. 

Another approach to predicting driver accidents was that 
developed by Schuster (19671, who investigated the validity of 
the "Driver Attitude Survey." This instrument is supposed to 
predict accidents and violations. Tested on Iowa driver li- 
cense renewals, he found that the attitude scale best predict- 
ed accidents, when compared with the use sf the previous record 
of violations and accidents and/or annual mileage. The per- 
centage of correct prediction, however, was only 30%. 

In McFarland's (1966) summary of the relationship between 
psychological adjustment and accident rate, he stated that the 
most significant biographical predictor was a history of previous 
accidents. He also stated that the personality structure of 
the accident repeater was "eccentric, impulsive, and mildly 
psychopathic." 

Shaw (19651,  and Shaw & SicheE (1961) have been concerned 
with developing more effective accident control in a South African 
transportation company. They oriqinally discovered that in 
charting the accident experience of their bus drivers the most 
significant factor associated with individual records was the 
time interval between accidents. That is, they discovered that 
they could improve their initial assessment of accident prob- 
ability by including two specially designed projective test 
of the TAT type. Follow-up studies show highly significant 
differences between t h e  use or non-use of these techniques. 



Selling (1940) made a neuropsychiatric study of traffic 
offenders in the city of Detroit. He found a considerable 
distribution of neurological findings among a random sampling 
of serious violators. Crancer (1967) presented differences 
in the state of Washington between problem drivers versus 
typical drivers. Hackley (1963) found no significant differ- 
ences on two behavioral tests between those receiving a "risk 
technique" driver improvement course versus those receiving 
the normal course. David (1966) explored the reasons behind 
the passing of railroad signals by British railroad engineers. 
The conclusions fell into a variety of categories. Scott 
(1966) observed that "feedback" in the form of a test plus 
the observations by supervisors of airmen reduced the accident 
rate by 46.5% over a control group. Adams (1968) measured 
hazard judgment by a so-called "stimulus accretion technique". 
Stimulus accretion occurs by the uncovering of a hazard picture. 
A caution-impetuousness dimension apparently is involved. 

Smart & Schmidt (1962) reviewed psychosomatic disorders 
and traffic accidents. Schuster & Guilford (1964) presented a 
psychometric approach to the prediction of problem drivers. 
Kaestner (1963) analyzed driver immaturity in fatal accidents. 
Quenault (1967) discussed safe and unsafe drivers. Kole (1964) 
investigated the reactions to traffic cartoons as a means of 
distinguishing between problem and nonproblem drivers. Adams 
& Weinstein (1965) presented the stimulus accretion technique 
in an earlier article. 

Denton (1966) attenpted to scale the sensation of speed 
into arbitrary units against real or actual speed in miles per 
hour; in an attempt to find a law relating the two. A ratio- 
setting technique was used, in which the subjects halved or 
doubled the speed at which they were previously driving. The 
results showed that in halving or doubling the speed, under- 
estimation becomes larger at higher speeds. This finding in- 
dicates that the sensation of speed is not a siinple power 
function of the objective stimulus for speed, but that the 
response has become distorted due to positive time error, 
adaptation, or visual after-effects. 

Farber & Silver (1967) conducted three experiments re- 
lating the knowledge of a car's oncoming speed to a driver's 
passing behavior. On the basis of their results, they con- 
cluded that drivers can estimate distances to oncoming cars 
moderately well, and that drivers can use verbal knowledge of 
oncoming car speed in making passing judgements. 

Kole & Henderson (1966) created a 40-item cartoon reaction 
instrument whose function is specifically directed toward 
driving behavior. The reliability and validity are consider- 
ably significant, for the groups so far tested. 

llichaels (1965) measured driver attitudes by an attitude 
scale on the Maine Turnpike. The traffic characteristics of 
two routes were measured, and the tension generated on each 
route was determined. These routes were an expressway toll 



road and a parallel rural primary. A summated rating attitude 
scale was administered to 3,259 drivers. The results showed 
that reliable attitudes distinguished between the two routes. 
Michaels concluded that the total stress incurred in driving 
was a more important determinant of route choice than either 
operating costs or travel-time costs. He further concluded 
that drivers evaluate the use of alternative highways in 
rational although subjective ways illdependent of financial 
plans. 

Levonian (1965) studied the effectiveness of traffic safety 
films in relation to the emotional involvement of Los Angeles 
high school students. Emotional involvement was determined 
by measuring the skin resistance. A 30-item questionnaire was 
administered immediately after the film, and repeated one week 
later. The results showed that there was a small arousal in- 
crease for forgetting, a medium arousal increase for retention, 
and a larqe arousal increase for reminiscence. Levonian con- 
cluded that an effective film for traffic safety is one which 
presents information during the arousal-increasing sections. 

A discriminative reaction test of a multiple performance 
type was developed by Naqatsuka (1967) . Michaels (1966) con- 
sidered the problem of route choice by drivers. Klebelsberg 
(1963) discussed the l'psychological right-of-wayu at inter- 
sections. Jones & Weimstra (1966) analyzed the ability of 
drivers to make critical passing judgments. Gibbs (1968) in- 
vestigated the effect of psychological stress on the ability 
to make decisions in a tracking task. Quenault (1967) dis- 
cussed the driving behavior of professional drivers. 

3.1.6 DRIVER EDUCATION. This is one of the traditional 
areas for driver research and many of the results have a strong 
relationship to highway safety. Some researchers claim that 
driver education has a beneficial effect in this regard. 
Though the research basis for driver education techniques is 
not yet well developed, it is obvious that driver education is 
one of the most direct types of countermeasures for highway 
safety, 

Conger, Miller & Rainey (1966) investigated the effect 
of motivation, intelligence, social class, and exposure on the 
results due to driver education. Three groups of male Denver 
high school students were selected: those electing driver 
education, those wanting to take driver education but unable 
to do so, and those who d i d  not wish to take driver education. 
Intelliqence was determined by the Otis test; socioeconomic 
status Ly percent dilapidation of neighborhood. The results 
showed that the first group were significantly lower in "points" 
and violations. Then, matching the three groups for all vari- 
iables, a smaller subsample of 40 subjects was derived from 
the larger groups. This matching proauced results which 
showed that groups two and three were significantly different 



from the first group in legally responsible accidents. The 
previous significant result was eliminated. On the basis of 
these results, the authors concluded that driver education 
plays a significant role with regard to accidents but not 
with regard to points and violations. 

In their book on driver education, Aaron & Strasser (1966) 
pay special attention to classroom instruction, laboratory 
instruction, and extended driver education. 

Dunn (1963) in a doctoral dissertation at Michigan State 
University developed a test of the knowledge of traffic safety 
concepts. A cross-validation procedure showed 29 items in 
the test significantly distinguished between traffic violators 
and nonviolators. Results showed that nonviolators have 
significantly more knowledge of traffic laws and safe driving 
practices. 

Schlesinger (1967) discussed objectives, methods, and 
criterion tests in driver training. Among other statements 
was one which specified that there are no systematic routines 
for the purpose of identifying the significant cues in the 
environment and the vehicle. 

Glassman (1965) found no significant differences between 
a teaching machine program and traditional instruction in the 
learning of correct responses to hazardous driving situations, 
in a doctoral dissertation at New York University. 

Coppin et al. (1967) studied the effects of short, 30-40 
minute individual driver improvement sessions. Using a control 
and an experimental group, they found that the experimental 
group received significantly fewer citations in the first year 
following the sessions but were not significantly different 
the second year. 

The high school driver education program in the state of 
Illinois has been evaluated in a five-year study published by 
the University of Illinois (1963). Hayes (1964-65) investigated 
immediate reinforcement of driver training with motion pictures 
in a publication by the Harrisburg City School District.. Clark 
(1967) found that a driver improvement course reduced the number 
of traffic infractions and the accident fatalities. Schuster 
(1966) studied operant behavioral methods in the training of 
problem drivers under stress at Iowa State University. 

Cornell University has developed an on-the-road driving 
simulator, whereby a separate front cab houses the student 
driver and the controls are modulated by an electronic computer. 
The safety driver sits in a cab behind and above the student. 
Learner (1960) describes a minimum analog driving simulator 
composed of three subsystems: a pulse-width modulation re- 
cording and reproducing unit that provides road geometry, a 
vehicle dynamics computer to solve the automobile motion 
equations, and a cathode-ray tube display that provides a 
representation of visual information required by the driver. 
Denton (1966) describes a "moving road simulator". This 
device produces apparent movement of a road surface in a 



three dimensional display on a viewing screen. Hand control 
and foot control allow study of motion after-effects. Mc- 
Knight & Hunter (1966) found no significant differences in 
knowledge between simulator and control groups in evaluating 
a driver simulator for safety training at George Piashington 
University. Von Buseck (1965) in his doctoral dissertation 
at The University of Michigan explored the effect of augmented 
feedback in a driving simulator. Bishop (1967) discussed 
simulator instruction in driving education. And McGlade (1960) 
in a doctoral dissertation at New York University evaluated 
the road test phase of various states' driver licensing exam- 
inations. 

3.1.7 ALCOHOL AND DRUGS. The effects of alcohol and 
drugs on driving behavior is a subject of very strong interest 
in highway safety. There is a great deal of statistical evi- 
dence to support the view that alcohol, especially, may be a 
direct causative factor in traffic accidents. However, much 
more needs to be done to separate these factors from the re- 
lated sociological factors. 

Carpenter (1962) reviewed the effects of alcohol on the 
major psychological processes. His conclusions show that 
reaction time is increased from up to 200%, that motor skills 
are either unaffected or may be moderately affected (with 
large individual variation), that positional nystagmus is 
observed at an early stage in all subjects, that nearly all 
sensory processes are impaired, that there is considerable 
impairment of intellectual functions, and that automobile 
driving is moderately to considerably impaired. 

Miller (1962) used an AAA auto trainer to evaluate the 
effects of drugs on driving behavior. Miltown, Equanil, 
Dexedrine, Meprobamate, and alcohol were the drugs investigated 
in twice normal dosage. Miller concluded that drugs should 
be evaluated for their behavioral toxicity, that drugs can be 
validly tested in their relationship to driving, and that 
most of the tranquilizers do not have serious behavioral 
toxicity. 

McFarland (1966) sumnarized the present knowledge con- 
cerning alcohol and highway accidents. He stated that driving 
deterioration begins at blood alcohol levels of 0.03 to 0.04% 
that there are significant effects in all drivers if 0.10% 
is reached, that the risk of accident involvement is one and 
half times greater with blood alcohol concentration between 
0.05-0.10% than if it is below 0,05%, and that the evidence 
indicates that alcohol is causally related to about 50% of 
fatal accidents in the United States. 

Goen found that the enforcement system is not adequate 
to influence behavior involving alcohol and traffic accidents. 
Wadsworth (1966) discussed the etiological approach to evalua- 
ting the effects of alcohol on behavior, and stated that al- 
cohol is widely part of the social and economic structure of 



Canada. The state of California (1967) published a report on 
alcohol, drugs, and organic factors in fatal single-vehicle 
traffic accidents, Gibbs (1966) studied the effect of minor 
alcohol stress on decision processes in a step-tracking task. 
Carpenter & Varley (1963) summarized the action of tranquil- 
lizers and alcohol on driving behavior. Selzer, et al. (1967) 
analyzed the possibility that automobile accidents are an 
expression of psychopathology for alcoholics. Waller & Turkel 
(1966) discussed alcoholism and traffic deaths. 

3.1.8 MEDICAL ASPECTS. The literature on medical aspects 
in highway safety of drivers is not extensive, but it is com- 
plete enough to identify all the potential factors which might 
have a causative effect on accidents. Heart attacks appear to 
be the greatest single medical problem in accidents. 

Simonson, et al. (1968) studied cardiovascular stress 
produced by autonobile driving. They found that the heart 
rate responds to critical situations, and that there may be a 
lowering or flatteninq of the T-wave decreased to one-half 
its original size. At other times, there may be transient 
flattening or inversion of the T-wave, Imachi (1968) continu- 
ously recorded blood pressure in automobile driving. Quevau- 
viller (1966) dicussed medical aspects of driving, and Zanaldi 
(1967) discussed the preventive measures due to such medical 
considerations, 

Imagawa et al. (1963) studied reaction time in relation 
to traffic medicine. The Vienna symposium on epilepsy and 
driving licenses (1965) stated that three out of 10,000 traffic 
accidents (on the basis of the Herner study in Sweden in 1965) 
are caused by epilepsy, and that a knowledge of the prognosis 
for epilepsy was important for evaluating the fitness to 
drive. Falconer & Taylor (1967) evaluated driving behavior 
after temporal lobectomy for epilepsy. Of 15 subjects who 
obtained driving licenses, three had accidents in a three to 
ten year period. Ross (1964) was the chairman of the symposium 
on epilepsy in relation to me6icine and law, which also dis- 
cussed insurance problems. Espir (1967) in reviewing the 
topic of epilepsy and driving found that the granting of driving 
licenses was based on clinical judgments of the different types 
and forms of epilepsy, and discussed how this process should be 
handled. 

3.1.9 RESEARCH GAPS IN DRIVER RESEARCH. From the pre- 
ceding reviews of driving behavior research in several categories, 
a list of research gaps has been derived. Although the reviews 
were limited in terms of the number of specific documents, many 
other general impressions of the status of driver research were 
utilized to derive the research gaps. Discussions were held 
with several consultants in this regard, and the combined 
expertise of the HSRI staff was employed to the fullest in 



subjective assessment of the problem. In the final list, 
only one--understanding of injury mechanisms in traffic 
accidents--was not covered in the detailed review. 

Effects of Alcohol Consumption on Drivers and Driving 
Performance 
Reasons for Overinvolvement of Young Drivers in Traffic 
Accidents 
Improved Methods of Driver Education 
Effects of Driver Vision Capabilities on Driving 
Performance 
The Role of Nonvisual Sensory Cues in Driving 
Effects of Social Influences on Driver Attitudes, 
Motivation, and Personality 
Effects of Basic Attitudes, Motivations, and Personality 
on Driving Behavior 
Basic Understanding of the Driving Operations, Task 
Requirements, Sequences, and Interrelationships 
Basic Understanding of Human Driving Skills, Vehicle 
Handling Performance, and Man-Machine Interfaces 
Emergency Driving Operations 
Reasons for Risk-Taking in Driving and Means for Re- 
ducing Risk-Taking. 
Basic Understanding and Applications of the Decision- 
Making Process in Driving 
Knowledge of the Kinds of Information Needed by 
Drivers in Traffic 
Knowledge of the Means and Content of Public Informa- 
tion Most Effective in Improving Citizens' Driving 
Behavior 
Effects of Various Enforcement Techniques on Driving 
Behavior 
Effects of Various Regulations and Legal Sanctions 
on Drivers Attitudes 
Improved Methods of Driver Licensing and Testing 
Effects of Drugs on Driving Behavior 
Effects of Fatigue on Driving Performance 
Basic Understanding of Injury Mechanisms in Highway 
Accidents and Resultinq Trauma 
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The review of vehicle research in relation to highway 
safety was limited to factors which were prejudged to be re- 
search gaps. The results of the review emphasize the several 
areas in which additional or continuing knowledge is required. 
Some of these areas either have been previously recommended or 
have studies being initiated by the National Highway Safety 
Bureau. This discussion will indicate the broad areas where 
work has been done or is being done, and will note the areas 
which require further investigation. 

Vehicle factors were reviewed from the standpoint of 
each of the five phases of operation occurrinq in the highway 
transportation system. The first phase, conditioning, in- 
volves the preparation of the vehicle prior to entering the 
normal mode of the system. This includes desiqn, manufacture, 
and maintenance prior to and between periods of usage. Traffic 
is the second phase and it is the functional normal-mode of the 
highway transportation system. Basically, this phase deals 
with the performance of the vehicle. The third phase, crash 
initiation, is the transient period during which the normal- 
mode function breaks down and a collision is inminent. Phase 
four, collision, covers the time, often less than one second, 
during which the vehicle strikes an object and comes to rest. 
The last phase, post-accident, is concerned with everything 
that takes place after collision, i.e., emergency services 
such as vehicle towing. For the vehicle, this phase lasts 
until repair work is begun, at which time the vehicle again 
enters the conditioning phase. 

The references for this section represent only a small 
sample of the literature covered in this review. 

3.2.1 COIJDITIOIJING PHASE. This phase begins with the 
design of the vehicle where human factors aspects influence 
the physical design of the vehicle. This area of influence 
is concerned with three classes of vehicle requirements dictated 
by operator needs: visibility, control accessibility, and 
control operation. 

The human factors affecting vehicle design have been 
covered many times over by researchers (4, 5, 6, 7)" based on 
the needs sf a "standard" operator from a physical viewpoint. 
The standard concept breaks down when one considers that an 
ordinary passenger automobile may be driven by people ranging 
from little old ladies to huge professional athletes. To be 
safe, the vehicle must meet the physical requirements of this 
wide range of people. Meetinq vehicle design requirements 
for a wide variety of operators is recommended throughout the 
literature. 

For example, visibility from within the vehicle is con- 
cerned with the ability of the operator to see the road ahead, 

"Numbers in parentheses refer to references in section 3.2.6. 



the surrounding area, the road behind, and the instruments 
and controls within the vehicle. To accomplish this, design 
standards have been drawn up and human physical capabilities 
described. Standards (10) prescribe the minimum area that 
should be used for proper windshield visibility, but there 
are no standards showing the influence of vision obstruction 
by hood, fenders, and rear deck. There are standards concern- 
ing the wiping area of windshield wipers and the recommended 
eye height for proper forward vision. Studies have been 
conducted which indicate requirements for rear-view mi:rrors 
(11) and the loss of visibility of transmitted light through 
clear and tinted windshield (4, 12, 13) . Standards (8, 10) 
have been established for the type of glazing to be used and 
the recommended window sizes. 

In addition to visibility, the same approach has been 
made in the field of control accessibility. Much data has 
been gathered on the placement of controls for the standard 
human, but again, not all human operators are standard. 

An area not so adequately covered by research is that 
of control operation. Here again much knowledge exists about 
how controls should operate, but minimum force requirements 
are not so well known. 

The National Highway Safety Bureau has had or currently 
has under investigation most of the areas discussed in general 
above. At this time these programs have not been completed, 
and therefore the results are not known. Also, although there 
is not much information in the recent literature, it can be 
assumed that the automobile manufacturers are working on 
proprietary projects in these areas themselves. However, 
several researchers (e.g., McFarland, 2) have indicated that 
the greatest need is not necessarily more research but that 
factual information on existing design deficiencies are not 
fed back to the manufacturers to correct any existing problems. 
It appears that the Highway Safety Act of 1966 will provide 
more impetus to action in this area. 

The engineering design of the mechanical components of 
the vehicle involves not only basic engineering knowledge 
but also performance testing of the designs prior to starting 
production. For this discussion, only the components that 
directly affect vehicle safety are considered; these include 
the brake system, steering, suspension, tires and wheels, 
structures and lighting. 

Over the years much research and design work has been 
done on these systems by automobile manufacturers and 
coinponents suppliers in their efforts to improve designs. How- 
ever, because so much of this work is of a proprietary nature, 
important findings are not published in the open literature. 
The recent pressure from the federal government is resulting 
in the release of some of this information. In addition, the 
NHSB has launched many studies on these various systems. Part 



of t h e  reason f o r  t h i s  i s  t h a t  t h e  work done by t h e  manufac- 
t u r e r s  i n  t h e  p a s t  has not  gone deeply  enough i n t o  t h e  b a s i c s  
of t h e  v a r i o u s  systems. 

Xn o r d e r  t o  a s s u r e  t h a t  c e r t a i n  s a f e t y  f e a t u r e s  a r e  
inc luded i n  v e h i c l e  d e s i g n ,  t h e  NHSB has i s s u e d  t h e  Federa l  
Motor Vehicle  S a f e t y  S t a n d a r d s ( 9 ) -  I n  a d d i t i o n  t o  t h o s e  
a l r e a d y  i s s u e d ,  o t h e r s  a r e  being reviewed f o r  i n c o r p o r a t i o n  
a t  a  l a t e r  d a t e .  These s t a n d a r d s  no t  on ly  d e s c r i b e  t h e  
i tems t o  be inc luded b u t  a l s o  s p e c i f y  t h e  manner i n  which 
they  must be t e s t e d .  F u r t h e r ,  t h e  manufacturers  must c e r t i f y  
t h a t  they  have complied w i t h  t h e s e  s t andards .  Means of a s s u r i n g  
t h e  f e d e r a l  government t h a t  t h e  manufacturers  have complied 
w i t h  t h e  s t a n d a r d s  have been under s tudy ,  and r e p o r t s  (1, 1 4 )  
have been is  sued. 

Once t h e  v e h i c l e  has been manufactured and s o l d ,  t h e  
problem becomes one of mainta in ing some l e v e l  of roadworthi-  
ness  dur ing  i t s  p r i v a t e l y  owned and opera ted  phase. Although 
p reven t ive  maintenance programs a r e  recommended by t h e  manu- 
f a c t u r e r s  it i s  riot known t o  what Bevel of maintenance owners 
a c t u a l l y  keep t h e i r  v e h i c l e s .  The NHSB has s t u d i e s  underway 
d e a l i n g  wi th  t h e  s u b j e c t  of maintenance. I t  has long been 
f e l t  t h a t  p e r i o d i c  motor v e h i c l e  i n s p e c t i o n  i s  a way of r e -  
q u i r i n g  owners t o  mainta in  t h e i r  v e h i c l e s  a t  c e r t a i n  minimum 
performance l e v e l s .  I t  has been shown (17 )  t h a t  v e h i c l e s  a r e  
i n  b e t t e r  o v e r a l l  mechanical c o n d i t i o n  where i n s p e c t i o n  i s  
requ i red  than  where it i s  no t .  Also, NHSB has been conducting 
a s tudy on what d e f e c t s  a r e  found i n  t h e  o p e r a t i n g  v e h i c l e  
popula t ion  wi th  a view t o  i s s u i n g  f e d e r a l  s t a n d a r d s  based on 
the  r e s u l t s  of t h e s e  i n v e s t i g a t i o n s .  

3 . 2 . 2  TRAFFIC PHASE. This  phase covers  t h e  normal-mode 
func t ion ing  of t h e  vehic le- - in  o t h e r  words, v e h i c l e  perform- 
ance. I t  d e a l s  wi th  moving t h e  d r i v e r  i n  h i s  v e h i c l e  s a f e l y  
from one l o c a t i o n  t o  ano the r .  The manner i n  which t h e  v e h i c l e  
does t h i s  is of prime in~por tance .  Many s t u d i e s  ( 3 ,  5) have 
been done on t h e  way i n  which t h e  d r i v e r  performs h i s  t a s k  
and what h i s  a t t i t u d e s  a r e .  However, one a r e a  i n  which t h e r e  
is  no t  much knowledqe i s  t h e  e f f e c t  of t h e  v e h i c l e ' s  i n t e r i o r  
environment on d r i v e r  behavior .  One r e s e a r c h e r  ( 4 ,  6 )  p o i n t s  
o u t  t h a t  whi le  much i s  known about  t h e  i n f l u e n c e  of  tempera ture  
and humidity i n  i n d u s t r i a l  s a f e ty ,  t h i s  knowledge has n o t  
been a p p l i e d  t o  hiqhway s a f e t y ;  work i n  t h i s  a r e a  i s  recommend- 
ed, 

Other a s p e c t s  i n  t h i s  phase a r e  concerned wi th  v e h i c l e  
performance on t h e  road.  Although automobile manufacturers  
have been working i n  t h i s  f i e l d  f o r  y e a r s ,  many of t h e i r  g o a l s  
have no t  n e c e s s a r i l y  been sa fe ty -o r i en ted .  The NHSB i s  cur-  
r e n t l y  sponsoring s t u d i e s  on v e h i c l e  handling,  braking systems, 
tires, and l i g h t i n g  systems. 

Another a r e a  where d e f i n i t i v e  knowledge is l a c k i n g  concerns 
t h e  e f f e c t s  o f  t ime-aying d e t e r i o r a t i o n  and o p e r a t i o n a l  wear 



degradation of components on vehicle performance. In this 
regard it would be beneficial to know what performance systems 
are affected and how they react in this condition. In addition, 
this wear information would be useful in recommending preven- 
tive maintenance procedures that would assist in keeping vehicle 
performance at as high a level as possible. 

3.2,3 CRASH INITIATION PHASE. The point at which the 
normal-mode function of the highway transportation system 
breaks down is the beginning of this phase. Knowledge of 
the system breakdowns would be valuable in preventing them 
or in averting the resulting collision if breakdown does occur. 

Of the many contributing factors, one of the most critical 
is skidding, Skidding can be initiated by a number of causes 
such as brake locking, tire blow-out, slippery pavement, 
excess speed, or even loss of steering control. With regard 
to brake locking, several anti-skid devices have been pro- 
posed, but few have performed satisfactorily. However, a 
recent development, pulsating brake systems, may have promise. 
Tire damage from either road hazards or excessive wear may 
contribute to a large nunber of skidding incidents. On 
slippery pavement or at excessive speeds for the road surface, 
skids are directly related to the loss of friction between 
the tires and road surfaces. Better knowledge of the physical 
characteristics of the friction phenomenon would assist in 
designing better tires. Also, more tire mechanics data at 
levels of tire deformation at or near the friction limit are 
needed. 

The extent to which loss of control may be caused by 
mechanical defects has not been sufficiently substantiated. 
A team of accident investigators have thoroughly examined (2) 
wrecked vehicles and have discovered broken and worn parts 
along with willful sabotage in some cases. Defects of this 
type are not usually detected because police officers investi- 
gating accidents do not have the time, nor, in most cases, the 
training to discover these defects. More complete accident 
investigations need to be carried out in order to establish 
what causative effects vehicle defects provide. If sufficient 
knowledge could be made available to manufacturers this would 
pave the way for component improvement. Such knowledge would 
also help to pinpoint poor maintenance practices on the part 
of the owners. In addition, such thorough investigations 
would provide factual data on the influence of periodic in- 
spection on accidents. 

3.2.4 COLLISION PHASE. This phase covers that period 
of time, usually less than one second, during which the 
vehicle collides with some object. In this phase, rapid 
deceleration occurs, the vehicle is deformed, occupant re- 
straint devices (if worn) are utilized, and occupants may 
collide (second collision) with interior surfaces. 



S t u d i e s  sponsored by t h e  NHSB a r e  being conducted i n  
t h e s e  a r e a s  a s  we l l  a s  independent r e s e a r c h  programs, I t  
appears  t h a t  a  cons ide rab le  amount of knowledge w i l l  be 
c r e a t e d  f o r  use  i n  des igning b e t t e r  occupant p r o t e c t i o n  systems. 
One a r e a  i n  which work has been done and more needs t o  be 
known is  t h a t  of energy absorp t ion  by s p e c i a l l y  developed 
m a t e r i a l s  and s t r u c t u r a l  systems which have a c o n t r o l l e d  de- 
formation c a p a b i l i t y .  

Research sponsored by NHSB, manufacturers ,  and o t h e r  
p r i v a t e  i n t e r e s t s  i s  being conducted on occupant r e s t r a i n t  
systems,  I t  has long been known t h a t  t h e  use  of l a p  b e l t s  
would g r e a t l y  reduce i n j u r i e s  and f a t a l i t i e s ,  bu t  t h e  p u b l i c  
has been very  slow t o  adopt  t h e i r  usage. With t h i s  i n  mind, 
perhaps more e f f o r t  should be d i r e c t e d  toward developing 
systems which a r e  a u t o m a t i c a l l y  a c t i v a t e d  by impact o r  high 
f a r c e s  t o  p r o t e c t  passengers  from i n j u r y .  

The second c o l l i s i o n  has been much d i scussed  and cons i -  
d e r a b l e  work has gone i n t o  redes ign ing  v e h i c l e  i n t e r i o r  
handles ,  knobs, dev ices  and s u r f a c e s .  Reports on t h e  laminat-  
ed windshield (15) and energy-absorpt ion s t e e r i n g  column (16) 
have shown a g r e a t  r e d u c t i o n  i n  f a t a l i t i e s  and i n j u r i e s .  
Resu l t s  of work c u r r e n t l y  i n  p rogress  i n  t h i s  a r e a  should be 
a v a i l a b l e  i n  t h e  near  f u t u r e .  

3 . 2 . 5  POST-CRASH PHASE. The f i n a l  phase i s  concerned 
wi th  what happens fo l lowing impact and t h e  l o s s - l i m i t i n g  
f a c t o r s  t h a t  can be a p p l i e d ,  This  covers  t h e  emergency s e r -  
v i c e s  employed, inc lud ing  v e h i c l e  towing and r e p a i r ,  

Accident i n v e s t i g a t i o n  begins  a t  t h e  t ime t h e  f i r s t  p o l i c e  
o f f i c e r  a r r i v e s  a t  t h e  scene of t h e  t r a f f i c  a c c i d e n t .  Aside 
from o b t a i n i n g  a i d  f o r  i n j u r e d  people,  t h e  o f f i c e r ' s  f i r s t  
concern is  t o  t h e  c l e a r  t h e  scene t o  avoid p r e s e n t i n g  a f u r t h e r  
t r a f f i c  hazard. However, i n  performing t h i s  f u n c t i o n ,  he 
d e s t r o y s  much v i t a l  informat ion  concerning v e h i c l e  p o s i t i o n ,  
t r a j e c t o r y ,  and speed. This  i s  t h e  p o i n t  a t  which a compre- 
hensive i n v e s t i g a t i o n  should begin t o  r e c o n s t r u c t  t h e  a c c i d e n t  
t o  o b t a i n  v a l u a b l e  informat ion  f o r  use  i n  de termining t h e  
r e a l  causes .  

However, once t h e  v e h i c l e  has been towed away t o  t h e  
garage ,  t h e  damage must be assessed  and a d e c i s i o n  made a s  t o  
i t s  r e p a i r a b i l i t y .  I n  c a s e s  of severe  damage it i s  u s u a l l y  
more economical t o  s c r a p  t h e  v e h i c l e .  Vehicle  r e p a i r  c o s t s  
are u s u a l l y  high because of both components and l a b o r ,  It 
would appear  t h a t  improved r e p a i r  methods and p r a c t i c e s  could 
reduce t h e s e  c o s t s ,  and NHSB i s  sponsoring a s tudy of  garage  
r e p a i r  p r a c t i c e s .  I n  Sweden t h e  Saab Company has opened a 
s p e c i a l i z e d  p l a n t  t o  d is inant le  wrecked c a r s  and r e b u i l d  them 
f o r  subsequent s a l e .  This  reduces  t h e  l o s s e s  involved i n  
scrapping a damaged v e h i c l e ,  and r e t u r n s  t o  t h e  road a v e h i c l e  
which i s  i n  b e t t e r  c o n d i t i o n  than t h e  average used c a r .  



This discussion has reviewed the status of the vehicle 
in general terms with respect to highway safety rather than 
component-by-component. There have been some improvements 
since the A. D. Little state-of-the-art report of 1966, but 
more important, research activity has burgeoned since that 
time, and many research programs have been or soon will be 
initiated. However, it is too early to realize many signi- 
ficant results from the new programs. 

3 .2 .6  RESEARCH GAPS I N  VEHICLE RESEARCH. 

1, Basic understanding of vehicle control operati.ons 
requirements, sequences, and interrelationshi~ls 

2. Determination of explicit, objective measures of 
vehicle dynamic performance 

3 .  Improved interior design of vehicles to minimize 
passenger injuries 

4. Improved methods for passenger restraints 
5. Knowledge of the dynamic effects of braking perfor- 

mance 
Knowledge of tire deformation mechanics near friction 
limits 
Effects of time, aging, deterioration, and operation- 
al wear (degradation) on vehicle components and per- 
formance 
Knowledge of vehicle damage mechanisms 
Knowledge of energy-absorption materials and struc- 
tural designs to minimize transfer o f  impact energy 
to passengers 
Knowledge of design techniques to minimize vehicle 
damage in a collision 
Knowledge of techniques to minimize cost of vehicle 
damage repair 
Effects of vehicle design on passenger comfort in 
terms of position, temperature, and vibration 
Improvements in viewing limitations of vehicles 
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3 . 3  THE ROADWAY 

There is an abundance of roadway r e s e a r c h  d e a l i n g  wi th  
highway s a f e t y ,  most of which i s  covered i n  t h e  A. D. L i t t l e  
r e p o r t .  Another e x c e l l e n t  source  i s  " T r a f f i c  Con t ro l  and 
Roadway Elements,  The i r  R e l a t i o n s h i p  t o  Highway Safe ty , , "  
prepared  by t h e  Automotive S a f e t y  Foundation i n  1963. A 
r e v i s i o n  of t h i s  document i s  now underway a t  The U n i v e ~ r s i t y  
of Michigan under t h e  d i r e c t i o n  of  P r o f e s s o r  Donald Cleveland.  
The review of roadway r e s e a r c h  conducted f o r  t h e  program 
d e f i n i t i o n  s t u d y  has  covered many of t h e  works mentioned i n  
t h e  two r e p o r t s  above, However, on ly  a  few a r e  r e f e r e l x e d  
t o  i n d i c a t e  t y p i c a l  r e s u l t s ,  

Most of t h e  r e s e a r c h  d e a l s  wi th  f a c t o r s  which a r e  per-  
t i n e n t  i n  t h e  a c c i d e n t  i n i t i a t i o n  phase of system o p e r a t i o n ,  
and a  few i n  t h e  c a l l i . s i o n  phases .  

3.3.1 RESEARCH ON ROADWAY DESIGN FACTORS . Roadway 
des ign  f a c t o r s  i n c l u d e  a l l  t h e  a s p e c t s  of road geometr ics ,  
pavements, c h a r a c t e r s  of a d j a c e n t  f e a t u r e s ,  and t h e  a d j u n c t  
s i g n s  and s i g n a l s .  Most of  t h e  a t t e n t i o n  i s  g iven  he re  t o  
geometr ics  and a d j a c e n t  f e a t u r e s .  

I n t e r r e l a t i o n s  between a c c i d e n t  frequency and road geo- 
m e t r i c ~  have been developed by r e g r e s s i o n  t echn iques ,  r e l a t i n g  
number of a c c i d e n t s  t o  g r a d i e n t  r a t e ,  degrees  of c u r v a t u r e ,  
number of driveways opening on t h e  road ,  s i g n a l i z e d  o r  non- 
s i g n a l i z e d  i n t e r s e c t i o n s ,  median width,  l e v e l  of s e r v i c e ,  
number of l a n e s ,  l a n e  width ,  and shou lde r  width  (11, 1 2 ,  5, 
17 ,  18 ,  32) . * Raff (1) conducted an e x t e n s i v e  s tudy  of one- 
y e a r  a c c i d e n t  d a t a  on 5,000 miles s f  highway i n  f i f t e e n  s t a t e s .  
H e  determined t h e  a c c i d e n t  r a t e  p e r  m i l l i o n  v e h i c l e s  f o r  
d i f f e r e n t  t y p e s  of roads  w i t h  va ry ing  road geometr ics ,  g r a d i e n t ,  
cu rve ,  shou lde r  width ,  paved/unpaved shou lde r ,  median width ,  
l a t e r a l  cleararrce f o r  overpass  s t r u c t u r e s ,  e t c .  The a c c i d e n t  
r a t e s  a r e  s t a t i s t i c a l l y  eva lua ted  (42, 43, 4 4 ,  45) t o  de termine  
hazardous s p o t s  (6 ,  2 6 ) .  The h igh-accident  l o c a t i o n s  a r e  pro- 
grammed f o r  improvements (21,  22, 7 )  and then  t h e s e  improve- 
ments a r e  eva lua ted  (25,  20, 2 4 ) .  Byington ( 1 4 )  found t h a t  
t h e  a c c i d e n t  r a t e s  on t h e  i n t e r s t a t e  highway system a r e  
about  ha l f  a s  g r e a t  a s  t h o s e  on nearby highways, and i n j u r y  
and f a t a l i t y  r a t e s  a r e  about  one- th i rd  a s  g r e a t .  The i n t e r -  
s t a t e  system produced t h e  g r e a t e s t  r e d u c t i o n s  i n  f a t a l i t i e s  
i n  r u r a l  a r e a s ,  and t h e  g r e a t e s t  a c c i d e n t - r a t e  r e d u c t i o n s  
i n  t h e  more dense ly  popula ted  a r e a s  wi th  h e a v i e r  volume. 

A .  . Ramp and in te rchange  de- 
s i g n s  hav s e v e r a l  d e t a i l e d  s t u d i e s  wi th  

*Numbers f n  pa ren theses  r e f e r  t o  t h e  r e f e r e n c e s  i n  s e c t i o n  
3 e 3 . 4 .  



conclusions t y p i f i e d  by the following: the accident rate 
for off-ramps is double t h a t  for on-ramps, the increase 
being mainly due to esllisisn o f  single vehicles with fixed 
objects %P3), Smoother vehicle paths and speeds are attain- 
able on circular ramps than on an elongasbed ramp (19). Ade- 
quate length of acceleration and deceleration lanes together 
with careful treatment of temfnals  and esntrok of access 
can practically eliminate accidents at interchanges (9). 
Left-hand entrances and e x i t s  have poor accident records. It 
is desirable to have increased width and bentb of entrance 
ramps (16). The gore areas a t  t h e  e x i t  sn a freeway should 
be kept clear sf heavy structures and unyielding sign supports 
( 2 4 )  

Proper spacing should be provided between interchange 
ramp terminals and cross-route access poin ts  dependent on 
traff i e  volumes and rou te  speed ~ f a l u e s  (31) , On-ramps on up- 
grades and off-ramps on downgrades should be provided with 
full visibility as one o f  %he important requisites at all 
points on the ramps ( 2 9 ) .  Accident rates are considerably 
higher (68%) for l e f t -hand  ramps than f o r  r ight-hand entrance 
ramps (40%), 

B e  Shoulders .  There are conflicting results from 
shoulder- dies ,  Though i t may generally be argued 
that the wider the shoulder  t h e  Lower the a c c i d e n t  rate, it has 
not been conc1usivel.y proved (2, 3 ,  4) , Raff concluded that 
the accident rate an a curved alignment goes down with each 
addi t iona l  f a a t  of s h o u l d e r  but t h a t  sn two-lane aksaight 
sections the shoulder width has ns constant r a t i s  t s  accident 
rate. 

Property-damage-aceider~t frequency shows a significant 
tendency t o  increase as paved shoulder-width increases ( 4 ) .  
Researehers agree on the difficulty sf showing whether in- 
creasing the width o f  paved skksuldeus is really helpful in 
reducing the aeefdent frequencyg Hawever, shoulders should 
he f l u s h  with the adjoining through Lane and width should be 
carried across a l l  structures ( 2 3 1 ,  CePor controls are re- 
camended ts discourage use sf shoulders by through traffic. 

C, Medians and Guard Rails, It is an accepted fact 
that sepa f f i c  streams w i t h  a median 
strip considerably reduces the accident r a t e ,  However, there 
are conflicting opinions  on t h e  optimum width, The design of 
guard rails has been improved in the recent years,  Median 
widths of 60-80 f e e t  are recommended (23) and median barriers 
should  provided f a r  w i d t h s  less t h a n  30 fee t ,  Openings 
in medians sheu16 be avoided, A precise optimum spacing of 
median openings f o r  lnaximum safety and leve l  of service has 
not been detemined $ 1 2 1 ,  The geometric design o f  a highway 
seenns to influence t h e  number of collisions w i t h  aedian- 
barrier guard rails, e ~ g , ,  interchange areas and curves have 



more r a i l  c o l P i s i o n s  (30). The optimum median width may be 
narrow, medium, o r  wide, depending on t h e  t r a f f i c  volume us ing  
t h e  road. A t r a v e r s a b l e  d i v i d e r  seems t o  be t h e  b e s t  s o l u t i o n  
f o r  s u r f a c e  s t r e e t s .  

D. Number and Width of Lanes. The number of l a n e s  r e -  
q u i r e d  d 'erage and peak hour t r a f f i c ,  
and l e v e l  of s e r v i c e  d e s i r e d .  The s u b j e c t  of des ign  c a p a c i t y  
f o r  c a r r y i n g  l e v e l  of s e r v i c e  has been i n v e s t i g a t e d  a t  g r e a t  
l e n g t h  ( 3 7 ) .  Lundy ( 3 6 )  ma in ta ins  t h a t  t h e  t o t a l  number of 
freeway a c c i d e n t s  can be s i g n i f i c a n t l y  reduced by i n c r e a s i n g  
t h e  number of t r a f f i c  l a n e s  even though such an  i n c r e a s e  may 
n o t  be requ i red  by t r a f f i c  volumes. 

Wide p a v a ~ ~ e n t s  encourage s a f e t y  on two-lane curves  b u t  
t h e r e  i s  no c o n s t a n t  r e l a t i o n  f o r  s t r a i g h t  a l ignments  (1). 
Typica l  l a n e  widths were formerly 1 0  f e e t ,  b u t  t h e  c u r r e n t  
t r e n d  i s  to a  s t andard  12-foot  width f o r  each l a n e .  Lane 
drops  must be avoided a s  f a r  a s  f e a s i b l e ,  and advance n o t i c e  
should be give.n ( 2 3 ) .  Separa te  t r u c k  cl imbing l a n e s  should 
be provided where warranted by commercial v e h i c l e  usage. 

There a r e  c o n f l i c t i n g  r e p o r t s  on numbers of l a n e s  neces- 
s a r y  f a r  adequate s a f e t y  on Pow volume r u r a l  roads .  Some 
have found t h r e e  Panes s a f e r  than  two l a n e s ,  and o t h e r s  have 
ob ta ined  d i f f e r e n t  r e s u l t s .  The d i v i d e d  highway minimum i s  
f o u r  lanes, 

C ,  Alignment and Gradient .  The al ignment  and g r a d i e n t  
should be t h e  b e s t  o b t a i n a b l e  trom t h e  p r e v a i l i n g  topography 
and f u t u r e  development. Zig-zag al ignment  and sha rp  curves  
should be avoided. Adequate s i g h t  d i s t a n c e  commensurate wi th  
t h e  type  of roadway must be provided s o  a s  t o  permi t  t h e  
d r i v e r  t o  a d j u s t  t o  t h e  merging o r  approaching t r a f f i c .  Evi- 
dence i n d i c a t e s  t h a t  s i g h t  d i s t a n c e  i s  t h e  l i m i t i n g  f a c t o r  i n  
many a c c i d e n t s .  Often t h e  d r i v e r  does no t  s e e  t h e  v e h i c l e  
o r  p e d e s t r i a n  coming o u t  of a  driveway o r  c ross road .  

Curves a r e  t h e  scenes  of many a c c i d e n t s .  Many r e s e a r c h e r s  
have c o r r e l a t e d  t h e  degree  of c u r v a t u r e  wi th  a c c i d e n t  frequency. 
Raff found t h a t  a c c i d e n t  r a t e  i n c r e a s e d  by about  15% f o r  two- 
l a n e  roads  and by about  4 0 %  f o r  four - l ane  d iv ided  roads  f o r  
each a d d i t i o n a l  degree  of c u r v a t u r e .  The e f f e c t  of frequen- 
c i e s  of curves  i s  u n c e r t a i n .  

On s t r a i g h t  s e c t i o n s  t h e r e  does no t  appear  t o  be any 
r e l a t i o n  between grade  and a c c i d e n t  r a t e s .  A t  high volumes 
above 5,060 v e h i c l e s  pe r  day,  t h e  a c c i d e n t  r a t e s  a r e  h igher  
on roads  wi th  s t e e p  g rades .  

The g rades  a f f e c t  highway c a p a c i t y  and s a f e t y  (29,  4 0 ) .  
The t r u c k  speeds are reduced even on 2% grades  and t h e  slow- 
down of t r u c k s  on tws-lane highways a f f e c t  c a p a c i t y  adverse ly  
when volume reaches  an  optimum va lue .  Grades over  5% i n  com- 
b i n a t i o n  wi th  curves  over  5% degrees  a r e  a s s o c i a t e d  wi th  



higher  a c c i d e n t  r a t e s .  BitzeX (28) found t h a t  a c c i d e n t  r a t e  
inc reased  r a p i d l y  wi th  an i n c r e a s e  i n  grade t o  t h e  h i g h e s t  
g r a d i e n t  (over  4 % ) .  

Major changes i n  v e r t i c a l  al ignment  ( c r e s t s  and s a g s )  
g e n e r a l l y  c r e a t e d  a  concen t ra t ion  of a c c i d e n t s  a t  t h e s e  s p o t s  
( 4 1 )  a 

D. , Fixed 
o b j e c t s  s s i d e  
curbs ,  d e l i n e a t o r s ,  mbankments,  and d i t c h  s l o p e s  a r e  involved 
i n  a  ma jo r i ty  of i n j u r y  a c c i d e n t s ,  S t a t e  highway o f f i c i a l s  
( 2 3 )  recommended an i n t e n s i v e  program t o  remove roads ide  
hazards  and t~ provide  embankment and c u t  s l o p e s  n o t  s t e e p e r  
than 6 : l  o r  even f l a t t e r .  A e l e a r  recovery a r e a  of 30 f e e t  
from t h e  edge of t r a v e l l e d  way is  recommended i n  r u r a l  a r e a s .  

Increased l a t e r a l  c l e a r a n c e s  a t  overpasses  and b r idges  
reduce a c c i d e n t  r a t e s  and p roper ty  damage c o s t s  ( C i r i l l o ,  1 0 ) .  
Stonex of General M ~ t o r s  concludes t h a t  a 33-ft o b s t a c l e -  
c l e a r e d  roadway will provide  s a fe ty  f o r  a t  l e a s t  80% of d r i v e r s  
l eav ing  t h e  road,  and 50 ft f o r  a t  l e a s t  90%.  I f  a  c l e a r  
roadway cannot  be provided,  guard r a i l  may be i n s t a l l e d  i n  
such a way t h a t  a v e h i c l e  l e a v i n g  t h e  roadway r e t u r n s  a f t e r  
impact,  

Center  p i e r s  and abutments should be surrounded by guard 
r a i l s  s f  t h e  p l a t e  type .  Posts should be designed s o  t h a t  
they w i l l  break o f f  s u c c e s s i v e l y  i f  s t r u c k  on t h e  end. 

The t o p  of t h e  c o n c r e t e  foundat ions  of p o l e s  o r  towers 
f o r  suppor t ing  s i g n s ,  s i g n a l s ,  o r  Bights  should be below 
t h e  rsadway l e v e l .  

A g e n e r a l  conclus ion  i s  t h a t  t h e r e  is no un i fo rmi ty  i n  
road geometr ies  o r  s i g n i n g  among t h e  s t a t e s .  The v a r i a t i o n  
i s  e s p e c i a l l y  apparent  i n  t h e  des ign  s f  a c c e l e r a t i o n  and de- 
c e l e r a t i o n  l a n e s .  

3 . 3 . 2  RESEARCH ON ACCIDENT RATES FOR VARIOUS ROAD TYPES. 
Many r e s e a r c h e r s  have found t h a t  t r a f f i c  volume has a  s t r o n g  
e f f e c t  on a c e i d e n t  r a t e s .  The g e n e r a l  consensus i s  t h a t  t h e  
a c c i d e n t  r a t e  i n c r e a s e s  wi th  i n c r e a s i n g  volumes, and t h a t  
volume is r e l a t e d  t o  road type .  

According t o  Raff ,  t h e  common p a t t e r n  i s  f o r  a c c i d e n t  
r a t e s  t o  i n c r e a s e  a s  volume i n c r e a s e s ,  except  a t  ve ry  high 
volumes, where t h e  a c c i d e n t  r a t e  drops  somewhat due t o  
conges t ion .  

McDonald ( 3 5 )  cla ims t h a t  a c c i d e n t  r a t e s  a t  i n t e r s e c -  
t i o n s  are much more s e n s i t i v e  ts changes i n  c ross road  (minor 
road)  volume than t o  changes i n  d iv ided  highway (major road)  
volume. 

Rihlberg  and Tharp (15) observed a f t e r  conducting s t a t i s -  
t i c a l  a n a l y s i s  of a c c i d e n t  d a t a  from Ohio, C a l i f o r n i a ,  and 
Lousiana t h a t  t h e  a c c i d e n t  r a t e  on a highway segment i s  de- 
pendent on type  of highway, average  d a i l y  t r a f f i c ,  and seg- 
ment l e n g t h .  They a l s o  concluded from t h e  a c c i d e n t  d a t a  



t h a t  ( a )  four - l ane  highways had h i g h e r  a c c i d e n t  r a t e s  t h a n  
two-lane highways when t h e r e  was no median, and no access  
c o n t r o l ;  ( b )  a c c e s s  c o n t r o l  was the most powerful acc iden t -  
reducing measure; ( c )  medians tended t o  reduce  number of 
a c c i d e n t s ;  and (d )  there was no evidence t h a t  geometr ic  
e lements  a f f e c t e d  s e v e r i t y  ra tes .  

A t  i n t e r s e c t i o n s ,  t h e  pe rcen tage  of t o t a l  t r a f f i c  (on 
t h e  minor road is extremely impor tant  and 15% c r o s s  t r a f f i c  
can make an i n t e r s e c t i o n  more than  twice  a s  hazardous a s  
16% c r o s s  t r a f f i c .  

There have been very  few t r a f f i c  c o n t r o l s  t o  p reven t  
t h e  development s f  conges t ion  on roads .  Ramp meter ing  has 
been t r i e d  of l a t e  w i t h  minor s u c c e s s ,  S i g n a l s  a c t u a t e d  by 
t r a f f i c - c o u n t e r s  need t o  be i n v e s t i g a t e d  f u r t h e r  f o r  remedy- 
ing  such ~ i t u a ~ i o n s ,  

F indinqs  t o  d a t e  do n o t  i n d i c a t e  optimum speeds f o r  com- 
b i n a t i o n s  o f  v a r i o u s  types  of d r i v e r s ,  v e h i c l e s ,  highways, 
t r a f f i c  and env i ronnen ta l  c o n d i t i o n s .  A low speed may be 
unsa fe  on a divided l i m i t e d  access  highway b u t  s a f e  f o r  c i t y  
streets. Speed must be r e l a t e d  t o  g iven c o n d i t i o n s ,  type  of 
road ,  t r a f f i c ,  s i g h t  d i s t a n c e ,  v i s b i l i t y ,  and pavement con- 
d i t i o n ,  and t h e  same i s  t r u e  of t h e  spread i n  speeds from 
h i g h e s t  t o  lowest. 

The e f f e c t  of road geornetr ics ,  v e h i c l e ,  t r a f f i c ,  and 
environment on t r a v e l i n g  speed has been s t u d i e d  i n  d e t a i l  
by Rowans and Keese ( 3 3 )  and Oppenlander ( 3 4 )  , and they  con- 
c luded t h a t  h o r i z o n t a l  and v e r t i c a l  cu rves ,  s i g h t  d i s t a n c e ,  
changes i n  c r o s s - s e c t i o n ,  type  of r o a d s i d e  development (com- 
m e r c i a l  o r  r e s i d e n t i a l  a r e a ) ,  r u r a l  o r  urban a r e a ,  speed 
zoning, and highway p a t r o l  had tremendous i n f l u e n c e  on t h e  
v a r i a t i o n  i n  t r a v e l i n g  speeds .  L igh t  c o n d i t i o n s  and t h e  
d e n s i t y  of t r a f f i c  a l s o  a f f e c t  v e h i c u l a r  speeds.  The t r a f f i c  
responds t o  changes made i n  roadway, r o a d s i d e  development, 
and environmental  c o n d i t i o n s  s o  a s  t o  keep w i t h i n  s a f e  limits. 

Inadequate  i l l u m i n a t i o n  of t h e  pavement a t  n i g h t  i s  a  
s i g n i f i c a n t  f a c t o r  i n  h igher  a c c i d e n t  r a t e s  a t  n i g h t .  Much 
r e s e a r c h  has been done t o  d e t e r n i n e  t h e  e x t e n t  of minimum 
l i g h t i n g  necessary ,  b u t  no f i r m  r e s u l t s  have been reached.  

Driving performance under n igkt ime c o n d i t i o n s  does  n o t  
degrade c o n s i d e r a b l y  and one i s  capab le  of d r i v i n g  a t  a con- 
s t a n t  speed and c o n s t a n t  l a n e  p o s i t i o n  (Matanzo and Rockwell, 
3 8 ) .  Minimum s t r e e t  l i g h t i n g  s t a n d a r d s  which should ensure  
p o t e n t i a l  r e d u c t i o n  i n  a c c i d e n t s  have been sugges ted  ( F i s h e r ,  
3 9 ) .  Current  U.S. s t a n d a r d s  f o r  i l l u m i n a t i o n  of  roadways 
have been prepared  by t h e  I l l u m i n a t i n g  Engineers  S o c i e t y ,  
r e v i s i o n  adopted i n  1963.  

Night d r i v i n g  c o n d i t i o n s  can a l s o  be  improved by t h e  
use  of s u r f a c e  t r e a t m e n t s ,  r e f l e c t o r  s i g n s ,  markings, d e l i n -  
e a t o r s ,  r e s t r i c t e d  l i g h t i n g  of e x i t s  and p o t e n t i a l l y  hazardous 
o b j e c t s .  ~ 1 l  b e f o r e  and a f t e r  s t u d i e s  fo l lowing  i n s t a l l a t i o n  
of s t r e e t  l i g h t i n g  wideby suppor t  t h e  assumption of improve- 
ment i n  a c c i d e n t  exper ience  fo l lowing  t h e  i n s t a l l a t i o n  of 



improved street lighting, However, continuous lighting of 
rural freeways is not recornended (LqSEIFCa, 28) in view of 
scanty accident data. They recornend higher mounting heights 
for lighting installations, reducing the number of lighting 
standards, and la.tesa% placement further from the roadway - 
to minimize glare, 

Further work is warranted in the following areas to achieve 
a reduction in accidents and their severity: 

(1) Determine mxiniurn traffic vsEume for each type of 
road geometrics for free flow conditions and automatic diver- 
sion of additional traffic to the alternate adjacent streets. 

(2) Deternine minimum offset from the road edge of fixed 
objects, and maximum steepness o f  ditch/enbankment slopes for 
safe recovery of the vehicle, 

( 3 )  Improve :<kid-resistance of the pavement surfaces. 
(4) Design intersection and traffic signals accurately 

based on the actual and projected traffic volume. 
65) Determine min%sunn lateral clearance of the bridge 

piers of overpass structures for  maximum safety, 
(6) Determine n e c e s s i t y  to provide separate lanes for com- 

merical traffic and buses, 
(7) Determine break point between the cost of making 

improvements in road geometriss, delineation, or traffic con- 
trols and the increased benefits in the reduction of accidents. 

(8) Determine minimum level of illumination of pavement 
or roadside hazards and exits/entrances for maximum safety. 

(9) Determine speed limits on scientific basis consider- 
ing road geometrics, traffic volume, weather, light conditions, 
vehicle characteristies,etc, 

3 . 3 . 3  mSEARGH G.APS I N  WBAL3WRY RESEARCH. 

1, Tmproved friction characteristics of roadway surfaces 
for minimizing vehicle skidding 

2. Improved illumination and delineation of roadway sur- 
faces by pass ive  and active means 

3. Basic understanding of the effect of intersection 
design on traffic flow and accident causation 

4, Determination sf new methods for control of traffic 
volume flow and redistribution by automatic means 

5. Basic understanding of the role of fixed roadside 
objects on traffic accidents ,  and means for allevi- 
ating the problem 

6. Knowledge of correlation s f  highway accidents with 
t ypes  of roadway loca t ions  
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3 , 4  THE PEDESTRIAN 

Haddon e t  a l e  ( l 9 6 % I 4  s tud ied  t h e  c h a r a c t e r i s t i c s  of 
p e d e s t r i a n s  k i l l e d  i n  motor v e h i c l e  a c c i d e n t s  i n  New York C i t y  
(Manhattan).  Using an  epidemioloyicaE approach, a  c a s e  s e r i e s  
of 50 p e d e s t r i a n s  was obta ined,  while a c o n t r o l  group of 200 
p e d e s t r i a n s  was matched i n  terms of a c c i d e n t  s i t e ,  sex ,  day 
of week, t ime s f  day, and age, The c o n t r o l  group rece ived  
a b r e a t h  t e s t  and an i n t e r v i e w .  The pe r iod  s t u d i e d  covered 
May-November, 1 9 5 9 ,  The resul ts  showed t h a t  73% s f  t h e  
f a t a l i t i e s  occurred  i n  the 12-hour per iod  s t a r t i n g  a t  3:00 p.m. 
The a c c i d e n t s ,  s t a t i s t i c a l l y  speaking,  tended t o  occur  o u t s i d e  
sf t h e  major bus iness  and shopping a r e a s ,  and weather  c o n d i t i o n  
was not  a s i g n i f i c a n t  f a c t o r ,  The p e d e s t r i a n s  k i l l e d  were 
more o f t e n  fore ign-born ,  Less o f t e n  mar r i ed ,  more o f t e n  o f  a  
lower socioeconomic s t a t u s ,  and t h e  presence of e t h y l  a l c o h o l  
i n  t h e  blood was h i g h l y  assoc ia ted  w i t h  a c c i d e n t  involvement. 
51% of t h e  a c c i d e n t s  occurred  i n  t h e  s i x  hours preceding mid- 
n i g h t .  The smallest number of a c c i d e n t s  occurred  i n  t h e  6- 
9: 80 a.m, per iod ,  The mean age of those  k i l l e d  was 58.8 y e a r s .  

Uaksich (1960) s t u d i e d  p e d e s t r i a n  f a t a l i t i e s  i n  Washington, 
B.C, dur ing  t h e  years 1 9 4 8  t o  1 9 5 7 ,  He found t h a t  n e a r l y  
50% of all f a t a l i t i e s  occurred  i n  t h e  4-8:00 p.m. pe r iod ,  t h a t  
mare p e d e s t r i a n s  were k i l l e d  on Saturday,  and t h a t  71% of t h e  
a d u l t  p e d e s t r i a n s  k f l P e d  an  weekends were under t h e  i n f l u e n c e  
of a lcohol .  Yaksieh Sound t h a t  a l a rge  number of p e d e s t r i a n s  
were killed i n  t h e  cen t ra l  bus iness  d i s t r i c t .  Nearly 2 0 %  were 
k i l l e d  dur ing  inclement weather. The  p e d e s t r i a n  was a t  f a u l t  
i n  n e a r l y  75% of t h e  a c c i d e n t s .  Alcohol was involved i n  a t  
Leas t  25% of %he f a z a l i t i e s ,  

Garwosd & Moor ( 1 9 6 2 )  described p e d e s t r i a n  a c c i d e n t s  i n  
Great  B r i t a i n .  They found t h a t  p e d e s t r i a n  c a s u a l t i e s  a r e  n o t  
i n c r e a s i n g  as r a p i d l y  a s  i s  t h e  q u a n t i t y  of t r a f f i c ,  and 
t h a t  pedes t r i an  accidents are  not: i n c r e a s i n g  as r a p i d l y  a s  
are  o the r  k ind  0% accidents, I t  was found t h e  p e d e s t r i a n s  
w i l l  u s e  a b r idge  ss subway i f  t h e  t i m e  involved i s  a t  l e a s t  
25% less than  u s i n g  t h e  s t r e e t ,  The o v e r a l l  e f f e c t  of pedes- 
tcri an kraff  i c  crsssj ngs ( ;Xi .qht-control led o r  uncon t ro l l ed )  i s  
$0 i n c r e a s e  s a f e ty .  

Severy & B r i n k  ( 1 9 6 6 )  employed a s e r i e s  of 38 anthropo- 
m e t r i c  d u m i e s  i n  s imula t ing  automsbi le-pedes t r ian  c o l l i s i o n s .  
Independent va r i ab le s  consis ted s f  impact speed,  s i z e  of t h e  
ear ,  and pedestr ian size, Bepeadent v a r i a b l e s  c o n s i s t e d  of  
p o s i t i o n  at. h p a c t ,  brakes,  ear s t r u c t u r e ,  car bumper, where 
p e d e s t r i a n  was s t r u c k ,  and pedes t r ian  pos tu re .  

McLean & Ryan ( 1 9 6 5 )  surveyed t r a f f i c  a c c i d e n t s  i n  Ade- 
l a ide ,  A u s t r a l i a ,  They obtained information a t  t h e  scene of 

ces f o r  t h i s  s e c t i o n  a re  inc luded i n  s e c t i o n  
3,1.%0 and are l i s t e d  a l p h a b e t i c a l l y  by au thor .  



a c c i d e n t s  dur ing  a  six-month pe r iod  of 1962 .  They found t h a t  
Saturday had t h e  h i y h e s t  frequency of a c e i d e n t s ,  and t h a t  t h e  
4-9:OQ p.m. per iod  Pikewise had t h e  h i g h e s t  frequency.  

Accident F a c t s  ( 1967 )  i n d i c a t e s  t h a t  p e d e s t r i a n s  most 
f r e q u e n t ~ ~ r ~ s ~ - e  street between i n t e r s e c t i o n s .  Johnson 
( 1965 )  e v a l u a t e s  freeway pedestrialz a c c i d e n t s  i n  terms of 
youth,  d i s r e g a r d  for  law, and c a r e l e s s n e s s .  Marks ( 1 9 5 7 )  
emphasizes t h e  need for  c h i l d  p e d e s t r i a n  s a f e t y  educat ion .  
HazPett  & A l l e a a  d i s cus s  n ight - t ime v i s i b i l i t y  of p e d e s t r i a n s  
i n  r e l a t i o n s h i p  t o  c l o t h i n g ,  r e f L e c t o r i z a t i o n ,  and d r i v e r  
i n t o x i c a t i o n .  

Research f i n d i n g s  i n  p e d e s t r i a n  s a f e t y  have s t i l l  no t  
uncovered b a s i c  c a u s a t i v e  f a c t o r s  i n  p e d e s t r i a n  a c c i d e n t s .  
However, overinvolvement of t h e  aged,  c h i l d r e n ,  and a lcoho l  
consumption i n  p e d e s t r i a n  a c c i d e n t s  con t inue  t o  s t and  o u t  a s  
t h e  broatl problem areas. 

The p h y s i c a l  environment surrounding t h e  highway t r a n s -  
p o r t a t i o n  system inc ludes  t h e  weather ,  t h e  l o c a l  scene (urban 
o r  r u r a l ) ,  t h e  topography, t h e  t ime of day and season,  t h e  
l i g h t i n g ,  and such ext raneous  f a c t o r s  a s  d e b r i s .  Most of 
t h e s e  f a c t o r s  have been s t u d i e d  f a i r l y  w e l l  i n  t h e  c o n t e x t  
of t h e i r  i n f l u e n c e  an  t h e  d r i v e r ,  v e h i c l e ,  o r  road dur ing  
t r a f f i c  and t h e  o n s e t  of a c c i d e n t s .  

Weather f a c t o r s  have been h e a v i l y  s t u d i e d ,  and t h e r e  
i s  no doubt t h a t  poor weather  l e a d s  t o  an upswing i n  a c c i d e n t  
r a t e s .  However, no s i n g l e  r e p o r t  appears  c l e a r l y  a u t h o r i t a t i v e  
on this t o p i c .  S l i p p e r y  roads  caused by snow o r  i c e  a r e  t h e  
most f r e q u e n t l y  s t u d i e d  problem. Although a  g e n e r a l  t:endency 
t o  sk idd ing  and longer  s topp ing  d i s t a n c e s  on s l i p p e r y  roads  
a r e  noted ,  l i t t l e  has been done t o  understand t h e s e  p rocesses  
i n  f u l l  de ta i l .  However, c o n s i d e r a t i o n s  of c e n t e r  of g r a v i t y  
and c o e f f i c i e n t  of f r i c t i o n  have c o n t r i b u t e d  t o  s u b s t a n t i a l  
bprovements  i n  braking systems and t i r e  des ign .  

Nighttime d r i v i n g  f a c t o r s ,  e s p e c i a l l y  n i g h t  v i s i o n ,  a r e  
a l s o  ve ry  impor tant  i n  t h e  a c c i d e n t  p rocess .  The problems 
of g l a r e  and l i m i t e d  i l l u m i n a t i o n  a r e  paramount a t  n i g h t ,  
and g l a r e  i s  e s p e c i a l l y  bad on r a i n y  n i g h t s .  Improved road 
i l l u m i n a t i o n  and d e l i n e a t i o n  methods a r e  c u r r e n t l y  under 
s tudy and w i l l  probably provide  a b a s i s  f a i r l y  soon f o r  dimin- 
i s h i n g  t h e  danger of n igh t t ime  d r i v i n g .  

V i s i b i l i t y  i n  fog is  ano the r  s e r i o u s  environment problem 
being s t u d i e d  i n  terms of h e a d l i g h t  des ign  and fog  swc- >e  p  e r s .  

Other  f a c t o r s  covered i n  t h e  l i t e r a t u r e  inc lude  e f f e c t s  
of t i n t e d  windshie lds  a t  n i g h t ,  e f f e c t s  of h i l l s  on t r a f f i c  
flow, e f f e c t s  of roads ide  s t r u c t u r e s  on d r i v i n g  p a t t e r n s ,  
monotony on freeways, sun shadow p a t t e r n s  on s i g n s ,  and pro- 
blems a f  water  thrown up by v e h i c l e s .  
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r e s e a r c h ,  The inev i t ab le  conclusions a r e  g e n e r a l i z a t i o n s  t h a t  
we need s t r i c t e : r  Paws, mo2::e palicemen, and b e t t e r  d r i v e r  educa- 
tion, Such conclusions are af li.kt8.e value because they do 
not  reveal new information regarding t h e  b a s i c  impact 05 t h e  
ssciab enrvira~nmne~t. c:rrr ~<IT~VIL?TL" be:t"~a$rji.~r~ 

Two prcjblenrr, areas c,l..e;.:r."k.y iderrt,:.%ified by s e v e r a l  r e -  
searchers a re  the rs9c sf alcohol csnsump.tion i n  highwaly 
s a f e t y  and t2xe r o l e  s6 t he  young d r i v e r .  However, l i t t l e  has 
been dolze t o  dit5eove:r t h e  k~asi.e reasons f o r  t h e s e  s o c i a l  
pxssbl-ems . 

Even in those areas where some work has been done, 
the= is a great need f t r r  rtlo~:~"ork, There fo re ,  t h e  re :search  
gaps i n  t h e  socia l  environment a r e a  i n  highway s a f e t y  cover  
t h e  ,whole qamu.t,, as  f sllows : 

Effect  of t r a f f i c  laws an t h e  dr iver  
Effect  o f  puiict:  en~f~xcerneant on t h e  d r i v e r  
Effect  s f  t h e  l e g a l  s a n c t i o n s  on t h e  d r i v e r  
E%feet of d r i v e r  educa t ion  on t h e  d r i v e r  
Effect of driving r egu la t i ons  on t h e  d r i v e r  
Effect 0% p u h l ~ a :  irlformatic9n on t h e  d r i v e r  
Impact sf social s t ruc tures  and v a l u e s  on t h e  d r i v e r  

(e.y., custom, c u l t u r e ,  s o ~ i o e c o n o m i c  s t a t u s ,  employ- 
ment, farnil y ,  e l c ,  ) 

The highway s e r v i c e s  sys  tern i n c l u d e s  a l l  t h o s e  a u x i l i a r y  
f u n c t i o n s  which f a c i l i t a t e  u se  s f  t h e  highways i n  emergencies 
and f o r  o t h e r  ptarpsses mot d : i r ee t ly  r e l a t e d  t o  t h e  normal 
t r a n s p o r t a t i o n ,  These f u n c t i o n s  i n c l u d e  highway p a t r o l ,  
emergency a i d ,  on-the-scene medical  s e r v i c e s ,  ambulances, 
deb r i s  cleanup,  towing, and s e r v i c e  s t a t i o n s .  

The research areas which have been t r e a t e d  a r e  a s  f a l l o w s :  

Accident  Sens ixq  and S u r v e i l l a n c e ,  Emergency Medictzl 
Care, Safe ty  of P e d e s t r i a n  Cross ings ,  Parking as  an 
Element  of Urtlbala Txaxxsportaticsn1 Planning,  Motorists ' 
Needs sara Pr l terwtake Highways, Frrnergency C a l l  Systems, 
Disabled Vehic le  Handling,  Vehic le  De tec t ion ,  Road 
S p l a s h i n g p  I c y  Road Warnings, P o l i c e  T r a f f i c  S e r v i c e ,  
Snow Removal and Ice Control  i n  Urban Areas, Snow 
Plow Blade MateriaPs, S u r ~ r e i l l a n c e  Methods and Means 
to C o m u n i s a t e  with Drivers, Audio Signs .  

f n  general, t h e  f i n d i n g s  i n  these a r e a s  d e a l  w i t h  needs 
f o r  hprovements  i n  var ious  eqtxipn~ent, o p e r a t i o n s ,  o r  s e r v i c e s ,  
a l l  along conventisnal l i n e s ,  F u r t h e r ,  the r e l i a n c e  of each 
element i n  t h e  system on many of t h e  o t h e r s  i s  o f t e n  noted. 
Although t he  c o o r d i n a t i o n  of t h e s e  f u n c t i o n s  has n o t  been 
reported i n  t h e  research l i t e r a t u r e ,  t h e  need f o r  a systems 
approach is  q u i t e  sbviotxs , 



Among the current research projects in highway services, 
the following would seem to be outstanding: 

1. "Motorists Needs and Services on Interstate Highways," 
Airborne Instruments Laboratory 

2. "Motorway Service Areas," University College, London 

3. "Factors Affecting the Siting of Service Stations, 
Royal Institute of Technolagy, Sweden 

4 .  "Evaluation sf Emergency Communication Systems," 
Bureau of Public Roads 

5. "Statistical Analyses of Accident Data as a Basis 
for Planning Selective Enforcement," UCLA 

An assessment of the research gaps related to highway 
services has produced the fallowing: 

Methods of reducing the severity of effects of high- 
way accident injuries 
Better methods of detection the occurrence of accidents 
Methods of extricating passengers from wrecked vehicles 
Better methods of removing wrecked vehicles for 
accident scenes 
Methods of semi-automatic law enforcement, e.g., of 
speed limits 
Improved methods of traffic surveillance 
Methods for communications for vehicles in traffic 
Improved methods of repair of disabled vehicles 
Improved vehicle inspection techniques 
Improved methods of highway patrol 



Appendix 4 

HIGHWAY SAFETY RESEARCH IN VARIOUS ORGANIZATION CATEGORIES 

These l i s t i n g s  summarize t h e  r e s u l t s  of a  s u r v e y  made t o  
c o r r e l a t e  highway s a f e t y  r e s e a r c h  w i t h  v a r i o u s  o r g a n i z a t i o n a l  
c a t e g o r i e s ,  a s  r e p o r t e d  i n  S e c t i o n  4 .  Because t h e  s u r v e y  was 
based  on  a random sample  of highway s a i e t y  r e s e a r c h  documenta- 
t i o n ,  no t  aPI of t h e  c e n t e r s  o f  e x c e l l e n c e  a r e  i n c l u d e d .  Fur- 
t h e r  l i s t i n g s  ( app rox ima te ly  700 o r g a n i z a t i o n s )  may be  found 
i n  S a f e t v - O r i e n t e d  B r ~ a n i z a t i o n s ,  p u b l i s h e d  by t h e  Automotive 
S a f e t y  I n f o r m a t i o n  ( S A S I ) ,  Genera l  Motors Research  L a b o r a t o r i e s ,  
September ,  1967. Another comprehensive r e f e r e n c e  is t h e  I n t e r -  

, second  e d i t i o n ,  Organ- 
i z a t i o n  f o r  Econamic Co-Operation and Development, P a r i s ,  1966. 



4.1 COLLEGES and UNIVERSITIES 

Antioch College -1 
anthropometric manikins 

Arizona, University of -1 
computer software 

California, University of -30 
impact survival 
passenger eject ion 
computer software 

College of Engineering 
traffic flow 
street planning 
controls design 

Operations Research Center 
traffic flow models 
traffic controls 

Institute of Transportation and Traffic Engineering 
highway capacity 
traffic flow 
crash studies 
problem drivers 
driving skills 
impact studies 
computer simulation 
traffic control 
occupant eject ion 
accident and investigation 
accident reporting 
safety education 
vehicle lighting 
highway surfaces 
highway planning 

California at Los Angeles, University of -9 
information retention 
mathematics 

Department of Engineering 
graphical analysis 
vision and accidents 
collision analysis 

Department of Surgery 
trauma 

Carnegie Institute of Technology -1 
Graduate School of Business Adninistration 

cost effectiveness analysis 

Chicago, University of -10 
Committee on Mathematical Biology 

biophysics of driving 

Cincinnati, University of -1 
College of Medicine 

injuries and licensing 



COLLEGES and UNIVERXSTIES, c o n t .  

Columbia U n i v e r s i t y  -2 
Teache r s  C o l l e g e  

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

C o r n e l l  U n i v e r s i t y  -15 
Medical  C o l l e g e  

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

Denver ,  U n i v e r s i t y  of  -2 
demographic models 

F r a n k l i n  I n s t i t u t e  -I 
human o p e r a t o r  d y n a n ~ i c s  

George Washington U n i v e r s i t y  -19 
D r i v e r  Behavior  Research  P r o j e c t  

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

Georg ia  I n s t i t u t e  of  Technology -1 
t i r e  hydrop lan ing  

Harvard U n i v e r s i t y  -36 

School  of P u b l i c  H e a l t h  
urban  t r a n s p o r t a t i o n  

human f a c t o r s  
v e h i c l e  d e s i g n  
a c c i d e n t  p r e v e n t i o n  
a c c i d e n t a l  trauma 
a c c i d e n t  i n v e s t i g a t i o n  
human f a c t o r s  e n g i n e e r i n g  

Medical  School  
highway d e a t h s  
emergency c a r e  
i n j u r y  mechanisms 

I l l i n o i s ,  U n i v e r s i t y  of  -20 
road  georne t r ics  
v i s u a l  d i s c r i m i n a t  ion 
s t e e r i n g  c o n f i g u r a t i o n s  
b e h a v i o r a l  f a c t o r s  

Department of  C i v i l  E n g i n e e r i n g  
s i g n  d e s i g n  
speed  c o n t r o l s  

E n g i n e e r i n g  Experiment  S t a t i o n  
speed  l i m i t s  
b r i d g e  d e s i g n  
roadway d e l i n e a t i o n  
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COLLEGES and UNIVERSITIES, cont . 

Highway Traffic Center 
registration and titles 

College of Medicine 
alcohol and driving 

Research and Educational Hospitals 
emergency service 

Indiana, University of -12 
Division of Optometry 

night driving ability 
night vision 
color recognition 
glare reduction 
vehicle lighting 
windshield optics 

Kansas State College -1 
Applied Mechanics Department 

friction phenomena 

Kentucky, University of -1 
Department of Civil Engineering 

roadway delineation 

Maryland, University of -2 
School of Medicine 

perceptual information 
shock/trauma 

Massachusetts Institute of Technology -19 
gear design 
vehicle handling models 
high speed traffic 
automobile aerodynamics 

Department of Civil Engineering 
highway planning 
urban transportation 
traffic flow 

Department of Mechanical Engineering 
friction and wear 
automated transportation 
vibration isolation 

McGill University, Montreal Canada -1 
Department of Neurology and Neurosurgery 

injury/trauma 

Michigan State University -25 
accident record analysis 
traffic engineering 
driver performance 
highway olanning 

Graduate School of Business Administration 
systems analysis 
decision models 



COLLEGES and UNIVERSITIES, cont. 

Department of Communication 

Highway Traffic Safety Center 

Department of Psychology 

Department of Social Science 

opinion surveys 

driver skid control 
road surface friction 
driver improvement 
driver education 
driver performance 
visual acuity 

visual acuity 

socio-economic aspects 

Michigan, University of -63 
College of Engineering 

transportation systems 
computer education 
tire characteristics 
paving materials 
automatic highway system 

Highway Safety Research Institute 
biomechanics 
collision simulation 
legal sanctions 
driver regulation 
driver studies 
motor vehicle inspection 
vehicle handling properties 
documentation 
systems analysis 
human factors 

Institute for Social Research 
survey research 

Institute of Industrial Health 
crash injuries 

Medical School 
anthropometric spaces 
alcoholism 
anatomical properties 
trauma management 
fatal injuries 
injury mechanics 
restraint effects 
impact injury 

Minnesota, University of -11 
School of Engineering 

aU.tomotive construction 
human crash studies 
suspension geometry 



COLLEGES and UNIVERSITIES, cont 

School of Medicine 
physiological performance 
fatigue 
traffic fatalities 
injury rehabilitat,ion 
abdominal injuries 
shock 

Mississippi, University of -1 
Medical Center 

arterial injuries 

Newark College of Engineering -1 
traffic simulation 

New York City College -1 
psychological modeling 

New York University -22 
College of Engineering 

friction characteristics 
prosthetic devices 
biomechanics 

Law School 
legal studies 
driver licensing 

School of Medicine 

Center for Safety Education 
respiratory systems 

driver education 
young driver accidents 

Northwestern University -33 
Traffic Institute 

law enforcement 
alcohol/accidents 
accident investigation 
enforcement and training 
accident reduction 
traffic control 
driver testing 

Transportation Center 
urban transportation 
system models 

Ohio State University -26 
College of Engineering 

driver-vehicle modelling 
automatic steering 
traffic flow 
automobile simulation 
accident prevention 
electronic traffic devices 
nighttime driving 
roadside development 



COLLEGES and UNIVERSITIES, cont 

College of Medicine 
trauma 
thoracic injuries 
aeceleration/acceleration effects 

Oklahoma, University of -1 
School of Medicine 

restraint systems 
impact injury 

Oregon, University of -1 
Medical School 

nervous systems 
shock 

Purdue University -28 
night vision performance 
tire force  measurement,^ 
human factors 

School of Civil Engineering 
friction phenomena 
highway systems modeling 
traffic flow 

Joint Highway Research Project 
naving materials 
highway design 
accident analysis 
tnaffic flow 
traffic control 

Rensselaer Polytechnic Institute -1 
soil-vehicle systems 
handling mechanics 

Rhode Island 'School of Design -1 
environment and man 

Southern California, University of -10 
School of Medicine 

human factor/accident 
shock/narcotics 
cardiovascular system 
computer patient monitoring 
injury/trauma 

Stanford University -1 
School of Medicine 

carbon monoxide effects 

Tennessee, University of -5 
Department of Civil Engineering 

pavement skid testing 
towed vehicle testlng 
highway materials .testing 



COLLEGES and UNIVERSITIES, cont. 

Texam A & M University -19 
Texas Transportation Institute 

transportation planning 
sign supoort structures 
interchange design 
traffic capacity 
computer analysis 
ramp control 
traffic surveillance 

Tufts University -9 
Institute for Psychological Research 

human engineering 

Virginia Medical College -1 
Department of Ophthalmology 

visual injury 

Virginia, University of -1 
School of Medicine 

crash injuries 

Wayne State University -8 
human acceleration response 
modeling, svstems analysis 
impact testing evaluation 

College sf Medicine 
penetrating heart injuries 
bone/stress-strain 
injury/trauma 
penetration injuries 

Western Ontario, University of (Canada) -3 
Medical School 

problem drivers 
group therapy 

West Virginia, University of -1 
biomechanics 

Wisconsin, University of -1 
Department of Mechanical Engineering 

friction phenomena 

Wyoming, University of -1 
College Commerce and Industry 

traffic accident costs 
highway economics 

Yale University -13 
Center of Alcohol Studies 

alcoholism 
behavioral skills 



COLLEGES and UNIVERSITIES, cont 

Bureau of Highway Traffic 
qarking, planning 
highway administration 
traffic engineering 
urbam transportation 

School of Medicine 

Department of Psychology 

ambulatory medical case 
hospital emergency services 

driving skills 
degrading influence 



4 .2 RESEARCH AND CONSULTIKG I'  ICRhlS 

American I n s t i t u t e s  f o r  R e s e a r c h - 1  
human f a c t o r s  i n  a c c i d e n t s  

Appl ied  Psychology  C a r p o r a t i o n  -1 
mid -a i r  v i s u a l  c o l l i s i o n  
avo idance  r e s e a r c h  

Aui :one t ics  -1 
two v e h i c l e  s i t u a t i o n s / s t u d i e s  

BisTechnology ,  I n c .  -1 
v i s u a l  i n f o r m a t i o n  t r a n s l a t i o n  
v e h i c u l a r  c o n t r o l  a c t i o n s  

Bold ,  Bcranek and Newman, I n c .  -2 
human r e sponse / sudden  change 

Booz, A l l e n  and Hami l ton ,  I n c .  -1 
r e s e a r c h  c e n t e r  c r e a t i o n  
D e t r o i t  a r e a  

C o n t r o l  S p e c i a l i s t s ,  I n c .  -I 
human o p e r a t o r  r e s p o n s e  

C o r n e l l  A e r o n a u t i c a l  L a b o r a t o r y  -56  
au tomob i l e  l a t e r a l  s t a b i l i t y  
au tomob i l e  c o n t r o l  
dynamics of  s t e e r i n g  sys t em 
t r a f f i c  s u r v e i l l a n c e  
cornmunieation w i t h  d r i v e r s  
au tomob i l e  c r a s h  i n j u r i e s  
v e h i c l e  v i b r a t i o n  dynamics 
c r a s h  s a f e t y  r e s e a r c h  
au tomob i l e  l a t e r a l  mo t ions  
s i m u l a t i o n  
s t e e r i n g  c o n t r o l / a u t o m o b i l e  r e s p o n s e  
au tomob i l e  s t a b i l i t y  
b a r r i e r  sys tems/ impac t  c o n d i t i o n s  
highway b a r r i e r  d e s i g n  

Automotive Crash  I n j u r y  Research  
au tomob i l e  d o o r s / c r a s h  c o n d i t i o n s  
s i d e  window g l a s s / g l a s s  damage 
e j e c t i s n / a u t o m o b i l e  f a t a l i t i e s  
s a f e t y  b e l t s / r e p o r t  
d a t a  accumula t i on  
door  Pock e f f e c t i v e n e s s  
Peading c a u s e s  of  au tomob i l e  i n j u r y  
t r a f f i c  a c c i d e n t s / g a u r d r a i l s  
f i r e  i n  au tomob i l e  a c c i d e n t s  

I n d u s t r i a l  D i v i s i o n  
au tomob i l e  c r a s h  s a f e t y  r e s e a r c h  

T r a n s p o r t a t i o n  Research  Depar tment  
d e s i g n  e l e m e n t s  o f  r u r a l  highways 
v e h i c l e  a c c i d e n t  r a t e s  



RESEARCH AND C Q N S a T I N G  FIRMS, c o n t .  

D e  Eeuw, Ga the r  and Company, E n g i n e e r s  -1 
e d n t r o l  d e v i c e s  on  t r a f f i c  o p e r a t i o n s  

Dunlap and A s s o c i a t e s ,  I n c .  -2 
a c c i d e n t  c a u s a l i o n / p e r s o n a l  f a c t o r s  
human behav io r /ma thema t i ca l  models 

Human F a c t o r s  Resea rch  -1 
v i g i l a n c e / p s y c h o l o g y  

I n s t i t u t e  f o r  Resea rch  i n  Human R e l a t i o n s  -1 
ground  s a f e t y  
psychology 

Roy J o r g e n s o n  and A s s o c i a t e s  -4 
snow and i c e  c o n t r o l  
non-chemical  methods 
managing highway main tenance  

L o u i s  T .  Klauder  and A s s o c i a t e s  -1 
a u t o - o n - t r a i n  p ro j ec t J equ ipmen t  

Mayo C l i n i c  -1 
S e c t i o n  on Medicine 

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

U n i v e r s i t y  o f  Michigan T r a n s p o r t a t i o n  I n s t i t u t e  -1 
d r i v i n g  b e h a v i o r / d r i v i n g  a c c i d e n t s  

Mi l le r -Warder  A s s o c i a t e s  -1 
c o n s t r u c t i o n  c o n t r o l  p r o c e d u r e s  

P l a n n i n g  Resea rch  C o r p o r a t i o n  -1 
t r a f f i c  s i g n a l s  
i n d i v i d u a l  i n t e r s e c t i o n s  

Rand C ~ r p o r a t i o n  -PO 
m a r g i n a l  c o s t  f u n c t i o n  
highway c o n s t r u c t i o n  and o p e r a t i o n s  
r e s e a r c h  and development  c o s t s  
u rban  t r a n s p o r t a t i o n  
d e c r e a s i n g  f reeway t r a v e l  t ime  
c o m p u t a t i o n a l  l i n g u i s t i c s  
l a n d  t r a n s p o r t a t i o n  v e h i c l e s  

S t .  J o s e p h ' s  H o s p i t a l  -2 
Dep t .  o f  P s y c h i a t r y  

Wilbur  Smith A s s o c i a t e s  -3 

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

motor  v e h i c l e  a c c i d e n t s  
Washington,  D .  C .  a c c i d e n t  s t u d y  
f u t u r e  highways 
u r b a n  growth 



RESEARCH AND CONSULTING FIRKS, c o n t .  

S t a e f s r d  Research  I n s t i t u t e  -1 

Sysiems Technology,  I n c .  -2 

i n t e r c i t y  t r a f f i c  movement 

q u a s i - l i n e a r  p i l o t  models  
h a n d l i n g  q u a l i t i e s ,  a t h e o r y  

1,inited Research, I n @ .  
f u t u r e  t r a n s p o r t a t i o n  needs  



4 # 3  GOVERNMENT AGENCIES 

Air Force Systems Command -7 
Aeromedical Research Laboratory 

impact injury/pregnant female 
lap belt restraint 

Aerospace Medical Research Laboratories 
human body model 
computer software 
controls and handles 
rim surfaces 
manikin fabrication and development 
human engineering 

Air Research and Development Command -2 
Air Force Missile Development Center 

hydraulic bumper 
roll-over structure 
multiphase acceleration profiles 

Army Medical Research and Development Command -5 
Driver Control Branch 

static muscle endurance measurement 
body position 
strength/endurance/manual pull 
body stabilization 
relative muscle/loading and endurance 

Army Office of Surgeon General -1 
accident facts 
accident prevention 

Army Tank-Automotive Center -1 
Land Location Laboratory 

educational aspects/land locomotion 

Bureau of Public Roads -22 
bridge lighting 
composite networks 
sign supports 
expressway medians/evergreen trees 
continuous highway bridlges 
highway research 
development studies 
highway statistics 
traffic flow on trunkline system 
motor vehicle registration 
model traffic ordinances 
highway construction/regulations 
highway accidents/prevention 
roadside control 
highway finance bibliography 
parking guide 
accident records 
speed today 



GOV?:XNMEN% AGENCIES? e s n t .  

Csllfornia Highway Patrol -2 
s i n g l e  car accidents 
safety be1 ts 

California Highway Transportation Agency -14 
reduced visibility/fog 

D e p t .  of Public Works, B i v .  of Highways 
skid resistance test 
freeway fatal accidents 
comparative freeway study 
truck classification counter 
median bar=;-ier effectiveness 

Traffic Department 
freeway pedestrian accidents 
freeway accident rates 
traf fie volume 
number of lanes 
freeway illurninat ion 
wrong-way driving 
ramp type/accidents 
geometry/accidents 

California State Department of Public Health -2 
Di'visihsn of Accident Prevention 

traffic deaths 
Family Research Center 

accidental injury 
children 

Be~::>tment of Commerce -7 
highway safety program standards 
high speed ground transportation 

Bbsiness and Defense Services Administration 
Automotive and Transportation Equipment D i v ,  

mstor vehicle production 
motor vehicle registration, 1959-60 

Transportation Equipment Div .  
motor vehicle production 
mstor vehicle registration, 1960-63 

Connec t i cu t  State Department sf Motor Vehicles -1 
motor vehhcle accident prevention 

Federal Aviation Agency -70 
federal aviation regulations 
airworthiness standards 

Aircraft De'irekanp~r...ent Service 
carbon monxide indicators/evaluation 

Office of A v i a t i o n  Medicine 
Bight adaptation , 
vision considerations 
human factors 



GOVERNMENTAL AGENCIES, con t 

Civil Aeromedical Research Institute 
deceleration/human body 
extreme vertical impact 
human tolerances/extreme impacts 
tranquilizing analeptic effects 
vasadilation drugs effects 
acceleration, impact, weightlessness 
emergency escape 
restraint systems 
vibration 
human face tolerances 
human tolerance/water impact 
padding materials/crash protection 
pregnant female/impact- injury 
lap belt restraint 

Department of Wealth, Education and Welfare -9 
alcohol/accidental injury 

Office of Assistant Secretary for Program Coordinator 
injury prevention program 

Secretary's Advisory Committee on Traffic Safety Research 
insurance industry 
traffic safety 

Social Security Administration, Office of Research and Statistics 
economic value of human life 

Traffic Safety Branch 
emergency medical care 

Highway Research Board -10 
poor drivers 
highway safety bibliographl 
roadway delineation system 
highway research information service 

Denartment of Traffic and Operations, Committee on Highway Safety 
research needs report 
research problem 



GOVERNMENT AGENCIES, cant 

National Cooperative Highway Research Program 
disabled vehicles location 
running cost of motor vehicles 

'fchigan State Highway Department -14 
freeway traffic/incidents 
skid resistance/pavement surfaces 
survey and design manual 
lane changes/urban freeway 
state road accidents 
road standard plans 

Trayfie Division 
traffic flow on trunkline system '65 
traffic flow on trunkline system ' 5 8  
freeway ramp closure 
traffic flow on trunkline system ' 6 0  
traffic flow on trunkline system '62 
traffic flow on trunkline system '64 

NaAional Aeronautics and Space Administration -8 
impact acceleration stress 

Langley Research Center 
crushable structures 
acceleration protection 
impact charaeteristics/materials 
pneumatic tire hydroplaning 

National Bureau of Standards -7 
infrared/visibilit!r imoro~7ement 
colors of signal lights/standards 
information systems 

National Highway Safety Bureau -9 
highway dangers 
safety program standards 
highway safety 

Division of Emergency Treatment and Transfer of the Injured 
medical evacuations/helicopters 
accident lanes 

National Institutes of Health -1 
alcohol and traffic safety 

New Ysrk Port Authority -1 
theory of traffic flow 

Mew York State Department of Health -4 
Driver Research Center 

alcohol 
single vehicle fatal accident 

Epidemiology Residency Program 
fatal automobile accidents in N.".C. 
adult pedestrians/fatally injured 



GOVERNMENT AGENCIES, cont . 

New York State Department of Motor Vehicles -11 
alcohol 
single vehicle fatal accidents 
accidents involving excessive speed 
farm vehicle accidents 

Division of Research and Development 
motorcycle safety problems 
compact vehicles 

New York State Department of Public Works -6 
Bureau of Physical Research 

new highway barriers 
railing type bridge lighting 
traffic paints/glass beads 

Division of Construction 
design standards/interstate highways 

Subdivision of Transportation Planning and Programming 
composits networks 

Office of Naval Research -2 
information systems 
mechanics of human posture 

Post Office -1 
post office vehicle crash study 

President, Office of -17 
Committee for Traffic Safety 

health of injured 
medical care of injured 
transportation of injured 
adult driver improvement oroject 
traffic courts 
traffic accidents records 
police traffic supervision 
motor vehicle administration 
engineering 

Public Health Service -10 
driver licensing 
mgdical advisory boards 
injury-producing accidents 
automobile crash injuries 
medical aspects 

Division of Accident Prevention 

accident research 
automotive accidents/epidemialog~ 
human variables/traffic accidents 
automotive safety belts 

Texas Highway Department -3 
impact behavior/sign supports 
peak period freeway volume 
map use/photogrammet.ric methods 



GOVERNMENT AGENCIES, con t 

V i r g i n i a  Department of  Highways -9 
s t a t e  t i r e  procurement  
t r a f f i c  a c c i d e n t s / i n t e r s t a t e  
a c c i d e n t  a n a l y s i s  
s u p e r e l e v a t i o n  of  c u r v e  

Loca t ion  and Design 

T r a f f i c  and P l a n n i n g  D i v i s i o n  

road  d e s i g n s  
r o a d s  s t a n d a r d s  

a c c i d e n t  d a t a  summary 
t r a f f i c  s t u d y  



4 .4  INDUSTRIAL FIRMS 

B. F, Coodr i ch  Company -2 
t i r e  d e s i g n  
t i r e  t e s t i n g  

Boeing Company -1 
M i l i t a r y  A i r p l a n e  Company 

human body v i b r a t i o n  

Bunker-Ramo C o r p o r a t i o n  -2 
d e s i g n  e n g i n e e r i n g  
human f a c t o r s  

C h r y s l e r  C o r p o r a t i o n  -17 
h a n d l i n g  r e q u i r e m e n t s  
t r u c k  per formance  
f i r e  d i s t u r b a n c e s  
i n j u r y  r e d u c t i o n  
r i d e  dynamics 

Automotive S a f e t y  E n g i n e e r i n g  O f f i c e  
v e h i c l e  s a f e t y  e n g i n e e r i n g  
r e s t r a i n t  sy s t ems  

Defense  E n g i n e e r i n g  Depar tment  
v i b r a t i o n  t o l e r a n c e  of  humans 

Dodge D i v i s i o n  
t e c h n i c a l  s e r v i c e  b u l l e t i n  

Cutler-Hammer, I n c .  -1 
Ai rbo rne  I n s t r u m e n t s  L a b o r a t o r y  

v i s i b i l i t y  t h rough  f o g  

Douglas  A i r c r a f t  Company -1 
v e h i c u l a r  c o n t r o l s  

F a i r c h i l d  Hi l ler  C o r p o r a t i o n  -1 
R e p u b l i c  A v i a t i o n  D i v i s i o n  

N .  Y .  s a f e t y  c a r  programs 

F i r e s t o n e  T i r e  and Rubber Company -3  
t i r e  s k i d  r e s i s t a n c e  
t i r e  per formance  r e q u i r e m e n t s  

Ford Motor Company -18 
v e h i c l e  c o r n e r i n g  
t r a c t i o n ,  b r a k i n g  
s t e e r i n g ,  h a n d l i n g  
v e h i c l e  s t a b i l i t y  a n a l y s i s  
highway s a f e t y  
shop  manuals  
v e h i c l e  t r e n d s  
c a r  a c c e l e r a t i o n  
au tomot ive  t r e n d s  
w i n d s h i e l d  p e n e t r a t i o n  r e s i s t a n c e  
d a t a  accumula t i on  



INDUSTRIAL FIRMS, cont. 

3rot Engineering Development Corporation -1 
restraint and support systems 

General Motors Corporation -68 
safety in automotive design 
single car accidents 
traffic flow 
visual considerations 
automobile-travel trailer control 
crash research 
rapid transit 
caliper 4rsc brake 
traffic trauma 

Cadillac Motor Car Division 

Ghevrolet Motor Division 

Proving Ground Section 

independent wheel suspension 
shop manual 

ride requ-irements 
chassis overhaul manual 

elements of skidding 
car control factors 
car control factor measurement 
gaurdrail installation 
vehicle simulation 
vehicle crash study 
automobile restraint system 
tire-road friction measurement 
safety test instrumentation 
vehicle aspects of safety problem 

Research Laboratories Division 
automobile directional control 
interwehaede spacing 
motoring safety 
traffic pacer systems 
rolling tire characteristics 
signalized intersections 
response to speed signs 
tire uniformity measurements 
highway communications 
steering systems 
l a t e r a l  stability 
tire lateral forces 
automobile control and stability 
vehicular safety 
automat~c car controls 
driver aid development 
relative controllability 
body impact tests 

Training Center 

Truck and Coach Division 
safety seminar 

commercial brake systems 



INDUSTRIAL FIRMS, cont. 

Goodyear Tire and Rubber Company -3 
tire skid resistance 
tire inflation 
tire traction 

International Business Machine, Inc. -1 
traffic flow 

Lockheed-Georgia Company -1 
body vibration 

Minneapolis-Honeywell Regulator Company -1 
Aeronautical Division 

human engineering 
manual control 

New York Telephone Company -1 
traffic flow 

System Development Corporation -1 
computer soft ware 

United States Rubber Company -2 
tire skid resistance 
passenger tire enveloping forces 



4.5 FOUNDATIONS, ASSOCIATIONS AND SOCIETIES 

American Association of Motor Vehicle Administrators -7 
vehicle inspection statistics 
driver performance, govnft role 
vehicle and traffic law 
vehicle inspection reference guide 
medical advisory boards 
driver licensing 

American Association of State Highway Officials -1 
highways and urban development 

American Association of Teachers Colleges -1 
safety education 
college instruction 

American Automobile Association -17 
motor vehicle inspection 
motor vehicle research 
pedestrian safety 

Traffic Engineering and Safety Dept. 
parking manual 
reaction time, age 
seat belts 
skidding, skid-accidents 
human element in skidding 
aging and driving 
traffic safety 
pedestrian fatalities 
elderly pedestrians 
pedestrian, legislation, enforcement 

P.merican Medical Association -3 
medical advisory boards 
driver licensing 
medical terminology 
seat belts 

American Society for Testing and Materials -12 
spectral characteristics test 
color sf objects test 
materials test 
concentrated engine antifreezes 
specific gravity test 
luminous reflectance test 
transmittance test 
specular gloss test 
Munsell system color specification 
alkalinity test/engine antifreeze 
ash content test/engine antifreeze 
pH test in concentrated antifreezes 
hydrometer-thermometer- 
field tester specifications 
aqueous solutions/engine antifreeze 
directional reflectance/opaque 



FOUNDATIONS, ASSOCIATIONS AND SOCIETIES, cont. 

Automobile Manufacturers Association -5 
automobile inspection handbook 
dual headlighting system 
highway safety 
urban transportation 
highway emergency locating plan 

Automotive Safety Foundation -10 
driver education 
highway act, 1958 
highway program scheduling 
highway safety program 
Maine highway classification 
Penn. highway policies and practices 
community 0rganizatio:n 
urban transportation (crisis 
future highway use 
freeway operations/highway service 

Institute of Traffic Engineers -1 
audio-visual aids 
traffic engineers 

Insurance Institute for Highway Safety -7 
mileposting on state highways 
guidelines for public policy 
driver improvement coilrses 
safety glazing materials 
glazing motor vehicles 
public education/safety standards 

National Education Association 
traffic/driver safety education 
college safety education/guide 
driving simulators 
driver education evaluation 
bicycle safety 
school bus drivers 
school bus standards 
regulation of driver 
motivation of driver 

National Commission on Safety Education -14 
safety education research 
school bus standards 

National Research Council -2 
research centers directory 
transportation research 

National Safety Council -18 
road aircraft patrol 
accident facts 
safety activities effectiveness 
highway safety 
traffic accident prevention 



FOUNDATIONS, ASSOCIATIONS AND SOCIETIES, cont. 

small car information 
studded tire performance/evaluation 
safety literature guide 

Committee on Uniform Traffic Accident Statistics 
ran-off-roadway accidents 
vehicle accident classification 

Committee on Winter Driving Hazards 
specialized tire performance 
packed snow surfaces 

Society of Automotive Engineers -19 
seat belt assembly installations 
tire operation/constant slip angle 
rear vision/design aspect 
truck tire economics 
passenger door hinge systems 
variable-stability automobile 
steering wheel assembly/test 
determining reflectivity 

Body Engineering Committee 
vehicle steering accommodations 
side door latch systems 

United States of America Standards Association -4 
motor vehicle fleet accident 
standard inspection requirements 
glazing materials 
glazing motor vehicles 

Virginia Council of Highway Investigaiton and Research -1 
road surface slipperiness 

Virginia Highway Research Council -2 
tire procurement 
highway safety 


