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OBJECTIVES 

The four studies here reported had the following 

objectives: 

STUDY I. Conduct an analysis of accident data in an 

effort to discern the information needed by drivers to avoid 

rear-end collisions, 

STUDY 11. Evaluate the ability of drivers to identify 

the intended information content of conventional and certain 

novel signal systems, 

STUDY 111. Evaluate a technique to unobtrusively measure 

the response of naive drivers to conventional and novel rear 

marking and signaling displays. 

STUDY IV. Evaluate the ability of drivers to detect 

changes in the dynamic relationship between their own vehicle 

and a lead vehicle, and analyze the way in which this infor- 

mation is used in car following. 

xiv 



SUMMARY OF FINDINGS 

ACCIDENT DATA ANALY S IS 

1. Crashes between vehicles oriented in the same direc- 

tion constitute half or more of all traffic accidents. 

2. In almost half of same-direction accidents involving 

a fatality, one vehicle was parked, stopped, stopping or start- 

ing. 

3. Parked vehicles were involved in about 5% of all two- 

vehicle crashes in a Washtenaw County accident sample. 

4 .  The relative speed between pairs of vehicles moving 

in the same direction is positively related to the probability 

of a rear-end crash occurring. 

5. On grades, rear-end collisions increase compared to 

other two-vehicle collisions, showing the effect of variability 

in traffic speed. 

6. The rates of rear end collisions are higher on wet 

roads than dry and higher still on wet roads at night. 

7. Rear-end crashes into parked vehicles more frequently 

result in injury at night than day, indicating such collisions 

are more severe at night. 

8. Most rear-end injury crashes into parked vehicles 

occurred at night (62% on dry, 74% on wet roads). Other types 

of rear-end injury crashes occurred much less often at night 

(30% on dry, 39% on wet roads). 

9. Turning vehicles appear to be involved in more than 

the expected frequency of rear-end injury crashes, as compared 

to non-turning vehicles. 

10. Trucks, especially tractor-trailers, were found to be 

overinvolved in fatal rear-end collisions by comparison with 

cars, being the striking vehicle in 20% and struck vehicle in 

27% of interstate highway fatal accidents. 



11. Twenty-eight percent of rear-end collisions on inter- 

state highways occurred on up-grades, compared to 5% on down- 

grades. Of these collisions, 88% involved trucks, with the 

truck being the struck vehicle 82% of the time. When fatalities 

occur in car-truck accidents, 96% were riding in the car. 

11. INTERPRETATION OF UNIQUE SIGNALS 

12. Drivers readily identified the intended meaning of the 

novel rear lighting displays tested, which provided high decel- 

eration, velocity, stopped and slow-moving vehicle signals. 

13. Some conventionally used signals, such as hazard warn- 

ing signals and back-up signals, were not identified as frequently 

as was expected. 

111. FIELD STUDY OF RESPONSE TO UNIQUE SIGNALS 

14. A technique of unobtrusive observation of vehicles 

approaching from the rear of a test car was useful in evaluations 

of novel rear lighting systems. 

IV. PERCEPTION OF RELATIVE SPEED 

15. In car-following, drivers responded with accelerator or 

brake actions primarily to detected changes in headway, making 

little use of relative velocity information. 

16. It was determined that drivers' perception of relative 

speed was so poor that they could do little more than identify 

whether the gap between theirs and a lead car was opening or 

closing. 

17. Mean thresholds for angular velocity in two different 

experiments were 2.8 x log3 and 5.2 x lom3 rad/sec, with an 

overall mean of 3.5 x lom3 rad/sec. 

18. In car-following by drivers in a simulator the mean 

bandwidths of following car acceleration, relative velocity and 

change in headway were 0.092 Hz, 0.096 Hz and 0.060 Hz, respec- 

tively. 

xvi 
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INTRODUCTION 

There has been a substantial amount of research, develop- 

ment and evaluation completed concerned with motor vehicle 

rear lighting systems. Much of this work involved the evalu- 

ation of displays which were derived on the basis of the appli- 

cation of psychological principles involving human perception 

and information processing, Thus, emphasis was placed, ini- 

tially, on displays which would provide improved detectability 

and identification of stop and turn signals   inch, 1968; 

Case et al., 1968; Mortimer, 1970). Other studies were con- 

cerned with providing improved information, coded by rear 

lamps, of changes in headway with a preceding vehicle (Rockwell 

and Banasik, 1968; Mortimer, 1970a). Evaluations have also 

been made of signals which provide information that a preceding 

vehicle is coasting, i.e,, with the accelerator released, with- 

out the brakes being applied (Mortimer, 1971). This concept 

was extended in the form of a display which presented a signal 

at the rear of the vehicle when the accelerator was depressed 

and a different signal when the accelerator was released, as 

well as conventional stop signals (Rockwell and Banasik, 1969). 

Signal systems which provided information of the level of 

deceleration in braking, by the illumination of various numbers 

of rear signal lamps, have also been evaluated (Rutley and Mace, 

1969) in driving tests, and by means of a simulator (Wallner, 

1969). In addition, studies of traffic flow and car-following 

behavior of drivers resulted in some theoretical models to 

describe this performance (Herman and Potts, 1961), and sug- 

gested that the driver of the following car respond to the rela- 

tive velocity and the instantaneous headway. 

Other researchers (e.g., Nickerson et al., 1968) have evalu- 

ated the effectiveness of displays which provide information of 

the speed of preceding vehicles by illuminating various numbers 

of lamps on the rear of the vehicles. On this basis, relative 



speed information could be derived by the driver of the 

following vehicle by taking account of his own vehicle's 

speed. 

Using the findings of various experimental and theore- 

tical studies, Mortimer (1971b) derived the elements of an 

integrated rear lighting system and described its various 

components. It was recognized, however, that additional basic 

information was needed, foliowed by further evaluation of the 

overall concept that he proposed, to insure that the information 

provided by the system was that which was most essential and 

which could be effectively used by drivers. 

It had been evident for some time, that drivers are poor 

judges of relative speed - one of the augmenting cues incorpo- 
rated in the rear lighting system proposed by Mortimer (1971). 
This poor capability of drivers has been demonstrated in 

accident data such as that of Solomon (1964), which showed that 

vehicles which were traveling at increasingly disparate speeds 

were more likely to be involved in rear-end collisions. In 

addition, studies which were concerned with the ability of 

drivers to make overtaking decisions in the face of oncoming 

traffic (e.g.,Farber and Silver, 1967) clearly showed that 

drivers are almost completely unable to estimate the speed of 

approaching vehicles. This has also been found in a number of 

European studies which were recently completed (Rurnar and 

Berggrund, 1973). An experimental study by Olson, Wachsler 

and Bauer (1961) provided some initial experimental data con- 

firming the fact that drivers are able to process little infor- 

mation of relative car velocity in car-following. 

At the same time, it must be recognized that there are no 

data available to indicate that there would be a reduction in 

rear-end crashes if drivers were presented with relative velo- 

city information. However, an attempt to derive such informa- 

tion utilized a computer simulation (Carlson and Mortimer, 1974) 



and found that the utilization of such information could be 

expected to lead to a reduction in certain classes of rear-end 

crashes. 

The studies that are described in this report were con- 

cerned with the development of additional knowledge of the type 

of information which should be displayed on the rear of vehi- 

cles to the drivers of following vehicles which would be most 

effective in reducing rear-end crashes and maintaining a smooth 

flow of traffic. The studies consist of analyses of accident 

data, particularly those concerned with trucks, for which no 

significant accident data analysis had been completed at the 

time that the work was initiated. In addition, the ability of 

drivers to comprehend innovative display formats, which were 

intended to provide specified types of information, was experi- 

mentally evaluated. Experimental studies were also carried out 

in the laboratory and in driving tests, concerned with the 

ability of drivers to process information of relative velocity. 





ACCIDENT DATA ANALYSIS 

ABSTRACT 

T h i s  survey was conducted t o  determine whether a c c i d e n t  

d a t a  c o n t a i n  any i n d i c a t i o n s  of t h e  importance of v a r i o u s  

v e h i c l e  s i g n a l s  and can o f f e r  any i n s i g h t s  r ega rd ing  p o s s i b l e  

a d d i t i o n a l  s i g n a l s  of b e n e f i t ,  

The d a t a  i n d i c a t e  t h a t  rear-end c o l l i s i o n s  a r e  40-60% of 

t h o s e  invo lv ing  two o r  more v e h i c l e s .  About 15% of rear-end 

c o l l i s i o n s  involve  a  parked v e h i c l e ,  The d a t a  i n d i c a t e d  t h a t  

a  slow-moving o r  stopped v e h i c l e  i s  f r e q u e n t l y  involved i n  

rear -end c rashes .  Parked v e h i c l e s  a r e  more l i k e l y  t o  be  s t r u c k  

a t  n i g h t  than  i n  t h e  daytime, compared t o  o t h e r  c l a s s e s  of  

rear-end c o l l i s i o n s .  



ACCIDENT DATA ANALYSES 

OVERVIEW OF COLLISIONS INVOLVING VEHICLES TRAVELING I N  THE 
SAME DIRECTION 

INTRODUCTION, I n  a s s e s s i n g  a c c i d e n t  c a u s a t i o n ,  it i s  

u s u a l l y  ve ry  d i f f i c u l t  t o  e v a l u a t e  t h e  r o l e  p layed  by v a r i o u s  

v e h i c l e  c h a r a c t e r i s t i c s ;  such i s  t h e  c a s e  w i t h  r e a r  l i g h t i n g  

sys tems.  I t  i s  indeed l i k e l y  t h a t  many a c c i d e n t s  would n o t  

have o c c u r r e d ,  and converse ly  t h a t  many a c c i d e n t s  t h a t  d i d  

n o t  o c c u r  would have i f  v a r i o u s  v e h i c l e s  had been equipped 

w i t h  d i f f e r e n t  r e a r  l i g h t i n g  systems t h a n  t h e y  a c t u a l l y  had. 

The i n v e s t i g a t o r  can o n l y  assume t h e  i m p l i c a t i o n  of  r e a r  s i g -  

n a l i n g  systems i n  t h e s e  a c c i d e n t  t y p e s  i n  which such systems 

may have been a  f a c t o r ,  and a s s e s s  t h e  p o t e n t i a l  f o r  s a f e t y  

g a i n s  by t h e  magnitude o f  l o s s e s  among such a c c i d e n t  t y p e s ,  

Acc iden t s  o c c u r r i n g  between v e h i c l e s  o r i e n t e d  i n  t h e  

same d i r e c t i o n  of  t r a v e l ,  i n c l u d i n g  c a s e s  where one  v e h i c l e  i s  

stopped o r  parked a s  well a s  t h o s e  i n  which b o t h  v e h i c 1 . e ~  a r e  

moving, a r e  t h o s e  i n  which r e a r  s i g n a l i n g  sys tems  a r e  most 

l i k e l y  t o  have p layed a  r o l e .  The rea r -end  c o l l i s i o n  i s ,  of  

course ,  t h e  most p r e v a l e n t  a c c i d e n t  t y p e  o c c u r r i n g  between 

v e h i c l e s  o r i e n t e d  i n  t h e  same d i r e c t i o n  o f  t r a v e l .  

The q u e s t i o n s  addressed  i n  t h i s  s e c t i o n  a r e :  How s e r i o u s  

i s  t h e  problem of  rear -end c o l l i s i o n s  ( o r  more g e n e r a l l y ,  same- 

d i r e c t i o n  a c c i d e n t s ) ?  Is t h i s  problem i n c r e a s i n g  o r  d e c r e a s i n g  

i n  s i z e  r e l a t i v e  t o  o t h e r  a c c i d e n t  t y p e s ?  What c a u s e s  o r  

p r e d i s p o s i n g  f a c t o r s  have been a s s o c i a t e d  w i t h  t h e  o c c u r r e n c e  

of  rear-end c o l l i s i o n s ?  Based on such e v i d e n c e ,  i s  t h e r e  re.ason 

t o  conclude t h a t  improvements i n  r e a r  s i g n a l i n g  sys tems  would 

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

number and s e v e r i t y  o f  such a c c i d e n t s ?  

During t h e  y e a r  1969, approx imate ly  5 , 4 0 0  p e o p l e  were 

k i l l e d  i n  a c c i d e n t s  i n v o l v i n g  c o l l i s i o n s  between v e h i c l e s  

o r i e n t e d  i n  t h e  same d i r e c t i o n  of  t r a v e l  (Acc iden t  F a c t s ,  1 9 7 0 ) .  



They constituted 10% of all traffic fatalities for the year, 

and 25% of all fatalities resulting from two-car collisions 

(Table 1). Such figures, however large, would serve as gross 

underestimates of the relative size of the same-direction 

accident problem. About 7,750,000, or half of all traffic 

accidents reported in 1969 involved same-direction vehicles, 

and well over half, or 65% of all two-vehicle collisions in- 

volved such vehicles (Table 2) . Two years earlier, in 1967, 

there were about 6,850,000 same-direction accidents, which 

constituted about 62% of all two-vehicle collisions (Accident 

Facts, 1968). The underrated growth in this accident category 

may be real, because the rear-end accident is the most pre- 

valent multiple-vehicle accident type on interstate highways 

(Hosea, 1969; Vecellio, 1967) which are growing rapidly in 

roadway mileage and in volume of traffic accommodated (Ford 

~utomotive Safety Research Office, 1970). 

There is little doubt that collisions between vehicles 

oriented in the same direction of travel constitute a large 

and perhaps growing problem for auto safety planners. The 

next question, then, is whether there is evidence among the 

data from such accidents that more clearly implicates sear . 

signaling systems among the causes of these accidents. Looking 

again at the data from Accident Facts (1969), one finds, among 

fatal accidents involving same-direction vehicles (9.6% of all 

fatal accidents), nearly half (49.3%) involved one vehicle 

which was parked, stopped, stopping or starting (Table 3). 

Moreover, among all (fatal, injury, property damage) same- 

direction two-vehicle accidents (50% of total accidents), 

nearly two-thirds (65.8%) involve one such vehicle (Table 4) . 
It should be pointed out that, in Tables 3 and 4, the third 

column, containing the percentage of like-oriented vehicle 

collisions in which both vehicles are moving, also includes 

all such collisions in which one vehicle is slowing to turn, 



TABLE 1. P e r c e n t  o f  F a t a l  A c c i d e n t s  I n v o l v i n g  
L i k e - O r i e n t e d  V e h i c l e s  ( 1 9 6 9 ) .  

TABLE 2 ,  P e r c e n t  o f  a l l  A c c i d e n t s  I n v o l v i n g  
L i k e - O r i e n t e d  V e h i c l e s  ( 1 9 6 9 ) .  

I n t e r  s e c t i o n  

N o n - I n t e r  s e c t i o n  

T o t a l  

TABLE 3 .  P e r c e n t  D i s t r i b u t i o n  o f  F a t a l  A c c i d e n t s  
f o r  L i k e - O r i e n t e d  V e h i c l e s  O n l y  ( 1 9 6 9 ) .  

% o f  
Total  

1.1 

8 . 5  

9 .6  

I n t e r s e c t i o n  

 on-Intersection 

T o t a l  

% o f  
T o t a l  

1 0 . 7  

3 9 . 3  

5 0 . 0  

% o f  
R u r a l  

1 . 0  

8 .9  

9 . 9  

B o t h  V e h i c l e s  
Moving 

82 

46 

5 0 . 7  

. 

- 
I n t e r s e c t i o n  

  on-Intersection 

T o t a l  

% T o t a l  
Two Car 

2 . 9  

2 2 . 1  

2 5 . 0  

% o f  
Urban  

1 . 4  

7 . 4  

8 . 8  

% o f  
R u r a l  

7 . 8  

2 6 . 9  

34 .7  

One V e h i c l e  
P a r k e d  

--- 
1 8  

1 5 . 6  

% R u r a l  
Two C a r  

2 .4  

21 .4  

2 3 . 8  

% T o t a l  
Two C a r  

1 3 . 8  

5 0 . 8  

6 4 . 6  

% o f  
U r b a n  

1 1 . 9  

4 4 . 3  

5 6 . 2  

One V e h i c l e  
S t o p p e d , S t o p p i n g ,  

S t a r t i n g  

1 8  

3  6  

3 3 . 7  

% U r b a n  
Two C a r  

4 . 3  

22.8 

2 7 . 1  

% R u r a l  
Two C a r  

1 3 . 7  

4 7 . 3  

6 1 . 0  

% U r b a n  
Two C a r  

1 3 . 9  

5 1 . 7  

6 5 . 6  



TABLE 4. Percent Distribution of All Accidents 
for Like-Oriented Vehicles Only (1969). 

or has just entered the traffic stream. Thus, although Table 3 

lists 82% of fatal like-oriented vehicle collisions at inter- 

sections to have been between two moving vehicles, far fewer 

such collisions can be presumed to have occurred between two 

vehicles moving at their normal traffic speed. In fact, only 

27% of intersection same-direction collisions involved two such 

vehicles. Such statistics underscore the need for rear signal- 

ing systems to convey information that a vehicle is parked, 

rapidly decelerating, or proceeding at a very slow speed or stop- 

ped. 

Both Vehicles 
Moving 

60.7 

27.0 

34.2 

SPEED DIFFERENCES. More data indicating the need for some 

kind of velocity information in rear signaling systerrscomes from 

Solomon (1964), who performed an extensive analysis of a large 

sample of accident involvements covering an area of several 

states. One of his findings was that 47% of two-car, rear-end 

collisions involved cars traveling at a speed difference greater 

than 20 mph, whereas in normal traffic only 7% of randomly 

selected following vehicle pairs traveled at such differential 

speeds. The overinvolvement rate of 600% at greater than 20 mph 

differential speeds rises to over 3000% at 30 mph. For although 

fewer than 1% of random following vehicle pairs exceed a 30 mph 

One 
Stopped, Stopping, 

Starting 

39.3 

44.3 

43.2 

~ntersection 

 on-Intersection 

Total 

One 
Parked 

--- 
28.7 

22.6 



d i f f e r e n t i a l  speed, 32% of accident  involved p a i r s  were t r a v e l -  

i ng  a t  d i s c repan t  speeds of t h a t  order  o r  h igher .  

More r ecen t  evidence f o r  t h e  importance of  speed d i f f e r e n -  

t i a l  i s  suppl ied by a  s tudy performed f o r  NHTSA by Tr iangle  

Research I n s t i t u t e  (1970) .  These r e sea rche r s  found t h a t  vehi-  

c l e s  whose speed dev ia ted  from the  mean t r a f f i c  speed (on 

s e l e c t e d  Indiana highways) by more than 515.5 mph were twelve 

t imes a s  l i k e l y  t o  'be involved i n  an acc iden t  a s  t r a f f i c  devi-  

a t i n g  from t h e  mean by l e s s  than 25.5 mph. 

Severa l  o the r  s t u d i e s  could be c i t e d  t o  suppor t  t h e  argu- 

ment t h a t  i n i t i a l  speed d i f f e r e n t i a l  between fol lowing v e h i c l e s  

i s  a  major p recondi t ion  f o r  t h e  occurrence of a  rear-end c o l l i -  

s i on  o r  o t h e r  same-direction acc iden t  (Mi t che l l ,  1966; Taylor ,  

1965) .  The argument f o r  t he  imp l i ca t ion  of d i f f e r e n t i a l  speed 

i n  same-direction acc iden t s  i s  a l s o  documented i n  another  sec- 

t i o n  d e a l i n g  with t r u c k  acc iden t  involvement. That s tudy  a l s o  

shows t h e  excep t iona l ly  high involvement of t r u c k s  on h i l l s  i n  

rear-end c o l l i s i o n s .  Such a  f i nd ing  fo l lows  d i r e c t l y  from t h e  

impl ica t ion  of d i f f e r e n t i a l  speed i n  such c o l l i s i o n s ,  s i n c e  

t rucks  s u f f e r  r e l a t i v e l y  g r e a t e r  v e l o c i t y  l o s s  on h i l l s  t han  do 

passenger v e h i c l e s ,  t h u s  i nc reas ing  t h e  expected speed d i f f e r -  

e n t i a l  between some randomly s e l e c t e d  t ruck-car  fol lowing 

p a i r s .  

I f  t h e  speed of  c a r  t r a f f i c  becomes more v a r i a b l e  on 

grades t h e  expected speed d i f f e r e n t i a l  between any randomly 

se l ec t ed  car-fol lowing p a i r s  would average ze ro ,  a s  it would on 

l e v e l  roads ,  bu t  t h e  propor t ion  of v e h i c l e  p a i r s  t r a v e l i n g  a t  

20  and 30 mph speed d i f f e r e n t i a l s  would inc rease .  One might 

then expect  r e l a t i v e l y  more same-direct ion a c c i d e n t s  t o  occur  

on grades. 

In o r d e r  t d  p i l o t  t e s t  t h i s  p r o p o s i t i o n ,  we took r ecour se  

t o  some acc iden t  d a t a  t h a t  have been c o l l e c t e d  by HSRI and 

s to red  on magnetic t a p e  from which t h e y  can be r e a d i l y  r e t r i e v e d  



f o r  s t a t i s t i c a l  analyses.  The d a t a  used i n  t h i s  a n a l y s i s  were 

o f  a c c i d e n t s  t h a t  occurred i n  Washtenaw County i n  Michigan. 

They c o n s i s t e d  of a  sample of  approximately 11,000 a c c i d e n t s  

r e p o r t e d  dur ing  1968 and 1970. 

The acc iden t  d a t a  were drawn from t h e  computer i n  t h e  

form of  b i v a r i a t e  frequency t a b l e  t o  show how rear-end c o l l i s i o n  

r a t e s  compare with o the r  two-vehicle c o l l i s i o n s  on grades  

(Table 5 ) .  A Chi-square t e s t  i n d i c a t e d  t h a t  rear-end c o l l i s i o n s  

were s i g n i f i c a n t l y  over- represented  on grades .  

The d a t a  i n  Table 5  f u r t h e r  i n d i c a t e  t h e  impor tant  r o l e  

of  i n i t i a l  speed d i f f e r e n t i a l  i n  t h e  c a u s a t i o n  of same-direct ion 

c o l l i s i o n s .  I t  i s  p o s s i b l e  t h a t  improved r e a r  l i g h t i n g  systems 

could  p r e v e n t  o r  reduce t h e  s e v e r i t y  of  many such a c c i d e n t s .  

TABLE 5. Rear-End v s  Other Two-Car C o l l i s i o n s  
a s  a Function of Roadway Grade. 

Type of 
C o l l i s i o n  

Rear -End 

C o l l i s i o n s  

Other Two-Car 

C o l l i s i o n s  

To ta l  

Number of  C o l l i s i o n s  

T o t a l  

2506 

4757 

7263 

Graded Roadway 

Actual  671 

Expected 607 

Actual  1136 

Expected 1200 

1807 

Level  Roadway 

Ac tua l  1835 

Expected 1899 

A c t u a l  3621 

Expected 3557 

5456 



LICENSE PLATE STUDIES. I n  a w e l l - c o n t r o l l e d  i n v e s t i g a t i o n  

i n t o  t h e  e f f e c t s  of r e f l e c t o r i z e d  l i c e n s e  p l a t e s ,  Campbell and 

Rouse (1968) found t h a t  when v a r i o u s  s t a t e s  swi tched t o  r e f l e c -  

t o r i z e d  p l a t e s ,  parked-car  a c c i d e n t s  were g r e a t l y  l e s s e n e d .  

However, t h e  a u t h o r s  p o i n t  o u t  t h a t  o t h e r  f a c t o r s  cou ld  be  i m p l i -  

c a t e d  b e s i d e s  r e f l e c t o r i z a t i o n ,  s o  they  undertook a  much b e t t e r  

c o n t r o l l e d  s t u d y ,  c o l l e c t i n g  d a t a  on parked-car  a c c i d e n t s  d u r i n g  

t h e  changeover t o  r e f l e c t o r i z e d  p l a t e s ,  when some c a r s  were s t i l l  

equipped w i t h  n o n - r e f l e c t o r i z e d  p l a t e s .  I n  o r d e r  t o  a s s u r e  t h a t  

any a c c i d e n t  d i f f e r e n c e s  found were t h e  r e s u l t  of  t h e  p l a t e s  and 

n o t  because  a  d i f f e r e n t  t y p e  o f  d r i v e r  bought h i s  new p l a t e s  

e a r l i e r ,  Campbell and Rouse used f o r  t h e i r  measure t h e  p e r c e n t a g e  

of  a l l  a c c i d e n t s  f o r  each group ( r e f l e c t o r i z e d  and n o n r e f l e c t o r -  - 
i z e d )  which were parked-car  c o l l i s i o n s  i n  which t h e  s u b j e c t ' s  

c a r  was t h a t  s t r u c k .  Thus, i f  d i f f e r e n c e s  a r e  found,  t h e y  w i l l  

n o t  be due t o  t h e  f a c t  t h a t  p e o p l e  who buy l i c e n s e  p l a t e s  e a r l y  

a r e  s imply a  d i f f e r e n t  p o p u l a t i o n  whose o v e r a l l  a c c i d e n t  i n v o l v e -  

ment i s  low. The r e s u l t s  showed a d e c r e a s e  i n  parked-car  a c c i d e n t s  

f o r  t h o s e  c a r s  wi th  r e f l e c t o r i z e d  p l a t e s ,  and no s i g n i f i c a n t  

d i f f e r e n c e  i n  o t h e r  a c c i d e n t  involvement .  A more r e c e n t  s t u d y ,  

i n  ~ i r g i n i a  (Stoke ,  1 9 7 3 ) , d i d  n o t  f i n d  a  r e d u c t i o n  i n  c r a s h e s  

i n t o  t h e  r e a r  of  c a r s  which were f i t t e d  w i t h  r e f l e c t o r i z e d  l i c e n s e  

p l a t e s  than  t h o s e  wi thou t  such p l a t e s .  

I r r e s p e c t i v e  of whether  o r  n o t  r e f l e c t o r i z e d  l i c e n s e  p l a t e s  

can reduce  c r a s h e s  i n t o  parked c a r s  a t  n i g h t ,  t h e  haza rd  posed 

by t h i s  type  of c r a s h  w a r r a n t s  r emedia l  measures t o  be  d e v i s e d .  

An a n a l y s i s  of  a c c i d e n t  d a t a  by Mortimer and P o s t  (1972) showed 

t h a t  t h e  i n c i d e n c e  of i n j u r y - p r o d u c i n g  rea r -end  c r a s h e s  i n v o l v i n g  

parked v e h i c l e s  r e l a t i v e  t o  moving v e h i c l e s  i s  c o n s i d e r a b l y  

g r e a t e r  a t  n i g h t  t h a n  i n  t h e  day t ime ,  They sugges ted  t h a t  a  r e a r  

d i s p l a y  which i n d i c a t e s  a  v e h i c l e  t o  be  parked may be w a r r a n t e d ,  

pa rked-veh ic le  c r a s h e s  a r e  i n v e s t i g a t e d  i n  g r e a t e r  d e p t h  i n  t h e  

n e x t  s e c t i o n .  



PARKED CAR ACCIDENT STUDY 

OBJECTIVES, The cond i t ions  under which parked-car c rashes  

occur red  were f u r t h e r  i n v e s t i g a t e d  i n  t h i s  s t u d y  i n  o r d e r  t o  

e v a l u a t e  t h e  e f f e c t s  of d r y  and wet pavements, and t h e  ambient 

l i g h t i n g .  

METHOD. The approach used was t o  make comparisons between 

a l l  two- o r  more-vehicle a c c i d e n t s ,  a l l  rear -end a c c i d e n t s  based 

on t h e  a c c i d e n t  diagram i n t e r p r e t a t i o n ,  and parked v e h i c l e  r e a r -  

end a c c i d e n t s  based on v e h i c l e  movement a s  i n t e r p r e t e d  from t h e  

a c c i d e n t  diagram, a s  a  f u n c t i o n  of road s u r f a c e  and ambient 

l i g h t i n g  c o n d i t i o n s .  A parked v e h i c l e  was d e f i n e d  h e r e  a s  one 

which was n o t  i n  t h e  main thoroughfa re .  Thus, a  v e h i c l e  s topped 

a t  a  t r a f f i c  s i g n a l  was n o t  parked nor  was one which had been 

abandoned i n  a l a n e  of t r a f f i c ,  

The p r e s e n t  s tudy was conducted on t h e  updated (1969-1972) 

Washtenaw County Accident F i l e .  I n  t h e s e  r u n s  a c c i d e n t  s e v e r i t y  

was c l a s s i f i e d  a s  a  f u n c t i o n  of ambient l i g h t  c o n d i t i o n  and road 

s u r f a c e  c o n d i t i o n .  The a c c i d e n t  s e v e r i t y  c a t e g o r i e s  were mutu- 

a l l y  e x c l u s i v e  and were coded f i r s t  by f a t a l i t y ,  n e x t  by i n j u r y ,  

and f i n a l l y  by p roper ty  damage. The f o u r  ambient  l i g h t  c o n d i t i o n s  

were d a y l i g h t ,  dusk o r  dawn (no a r t i f i c i a l  l i g h t i n g ) ,  da rkness  

w i t h  no s t r e e t  l i g h t s ,  and da rkness  w i t h  s t ree t  l i g h t s  ( c o n t i n -  

uous o r  i n t e r m i t t e n t  s p a c i n g ) .  Acc iden t  c a s e s  which c o n t a i n e d  

miss ing  d a t a  on any one o r  more of  t h e  v a r i a b l e s  were excluded.  

From a  f i l e  of 3 0 , 5 7 7  c a s e s ,  9121 were excluded because  o n l y  

one v e h i c l e  was involved o r  p e r t i n e n t  d a t a  were miss ing .  Because 

of t h e  low frequency of  f a t a l i t i e s  i n  r ea r -end  c o l l i s i o n s  and 

t h e  u n d e r r e p o r t i n g  of property-damage a c c i d e n t s  (Carpen te r  e t  a l e ,  

1 9 6 6 ) ,  in jury-producing a c c i d e n t s  a r e  p r o b a b l y  t h e  most v a l i d  

and r e l i a b l e  c r i t e r i a  of s e v e r i t y  and a r e  used  f o r  t h a t  purpose .  

RESULTS. Table 6 shows t h e  f r e q u e n c i e s  o f  rear -end c r a s h e s  

i n t o  parked v e h i c l e s ,  and t h o s e  e x c l u d i n g  pa rked  v e h i c l e s ,  i n  

daytime and a t  n i g h t ,  and when t h e  r o a d  was d r y  o r  wet. These 



d a t a  form t h e  bas i s  f o r  t h e  subsequent ana ly se s ,  

TABLE 6. Frequency of Rear-End C r a s h e s  w i t h  P a r k e d  V e h i c l e s  
and Those Excluding Parked V e h i c l e s  (Washtenaw 
County Data, 1 9 6 9 - 1 9 7 2 ) .  

Rear-End C r a s h e s  i n  Parked V e h i c l e s  

Rear-End Crashes Excluding Parked Vehic les  

r 

Pavement 

Dry 

Wet 

T o t a l  

S e v e r i t y  

I n j u r y  

PD + I n j u r y  

I n j u r y  

PD + I n j u r y  

I n  ju ry  

PD + I n j u r y  

* 

Dry 

Wet 

T o t a l  

Day 

5 7 

306  

2 3 

1 6 5  

8 0  

4 7 1  

I n j u r y  

PD + I n j u r y  

I n j u r y  

PD + I n j u r y  

I n j u r y  

PD + I n j u r y  

N i g h t  

9 3  

336  

6 5  

2 3 1  

1 5 8  

567  

454  

1 0 7  2 

344  

944  

7 9 8  

1 9 9 8  

1 0 7  8 

3 1 4 0  

546  

1 7 0 0  

1 6 2 4  

4 8 4 0  

T o t a l  

1 5 0  

642  

8 8  

3 9 6  

2 3 8  

1 0 3 8  

1 5 3  2 

4212  

8 9 0  

2644 

2 4 2 2  

6 8 3 8  



1. 
t ,  
f -. 

F i g u r e  1 shows t h e  d i s t r i b u t i o n  of c r a s h e s  on d ry  and wet 

pavements. Within t h e  day and n i g h t  those  rear-end c rashes  

i n v o l v i n g  a parked v e h i c l e  a s  wel l  a s  those  which exclude  parked 

v e h i c l e s  a r e  i n  about t h e  same p ropor t ion  on d r y  and wet roads.  

But ,  it i s  c l e a r  t h a t  t h e r e  a r e  r e l a t i v e l y  more c r a s h e s  of both 

t y p e s  on wet roads a t  n i g h t  than  i n  t h e  day. 

The p r o b a b i l i t y  of an i n j u r y  r e s u l t i n g  from t h e s e  rear-end 

c r a s h e s ,  whether a parked c a r  i s  involved o r  n o t ,  i s  t h e  same 

whether t h e  pavement was d r y  o r  wet, s i n c e  t h e  r e l a t i v e  propor- 

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

same combination of ambient l i g h t i n g  and pavement c o n d i t i o n s  

(F igure  1) . 
Also,  F igure  1 shows t h a t  t h e r e  was p r e c i p i t a t i o n  recorded 

on 6 8  days ,  on average,  which r e p r e s e n t  1 9 %  of  t h e  days of t h e  

year.1 Thus, t h e  pavement was wet no more t h a n  1 9 %  of t h e  t ime,  

y e t  an average  of 37% of t h e  rear-end c o l l i s i o n s  occur red  on 

wet roads ,  it i s  concluded t h a t ,  bo th  i n  t h e  day and a t  n i g h t ,  

more c o l l i s i o n s  occur on wet roads  t h a n  would be  expected  i f  

p r e c i p i t a t i o n  had no e f f e c t .  

Table  7 shows t h e  p e r c e n t  of rear -end c r a s h e s ,  b o t h  inc lud-  

i n g  and exc lud ing  those  i n t o  parked v e h i c l e s ,  which r e s u l t e d  i n  

i n j u r y .  

I t  w i l l  be noted t h a t  t h e  p e r c e n t  of rear -end c r a s h e s  i n t o  

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

o t h e r  rear-end c r a s h e s ,  b u t  i s  g r e a t e r  a t  n i g h t .  Also ,  i n  t h e  

same pavement ( o r  p r e c i p i t a t i o n )  c o n d i t i o n s ,  t h e r e  a r e  propor- 

t i o n a l l y  more i n j u r y  a c c i d e n t s  a t  n i g h t  t h a n  i n  daytime when a 

parked v e h i c l e  i s  involved,  whereas t h i s  i s  less  t h e  c a s e  i n  

o t h e r  rear-end c r a s h e s  (Table  7 ) .  

l ~ a s h t e n a w  County had a mean o f  68 days  o f  p r e c i p i t a t i o n  
p e r  year  based on t h e  y e a r s  1939-1969 (Michigan Weather S e r v i c e ,  
1971) .  



I N J U R Y  
A C C I D E N T S  

DAY N I G H T  

Rear-End 
With 
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v e h i c l e  

Rear-End 
~ x c l u d i n g  
Parked 
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t a t i o  
8 Day 

~ x c l u d i n g  
parked 
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F igure  1. Pe rcen t  of  c r a s h e s  producing i n j u r i e s  i n  rea r -end  c r a s h e s  
i nvo lv ing  parked v e h i c l e s  and exc lud ing  parked v e h i c l e s ,  
on d r y  and w e t  r oads .  



TABLE 7 .  Percent  of Rear-End Crashes Resu l t ing  i n  I n j u r y .  

- ---- 

Figure  2 shows t h e  p e r c e n t  d i s t r i b u t i o n  of  rear-end c r a s h e s  

which occur red  i n  t h e  day and a t  n i g h t .  A t  n i g h t ,  t h e  p r o p o r t i o n  

of  rear-end c rashes  i n t o  a parked v e h i c l e  was abou t  t w i c e  a s  

g r e a t  a s  t h o s e  f o r  o t h e r  rear-end c r a s h e s ,  For  example, 7 4 %  of 

c r a s h e s  i n t o  t h e  r e a r  of parked v e h i c l e s  occur red  a t  n i g h t  on 

wet roads ,  whi le  only  39% of o t h e r  ( i . e . , e x c l u d i n g  parked v e h i c l e s )  

rear-end c r a s h e s  occurred  a t  n i g h t  on wet roads .  

I n  f a c t ,  over  h a l f  of a l l  t y p e s  o f  rear -end c r a s h e s  i n t o  

parked v e h i c l e s  occurred  a t  n i g h t  (53% on d r y  r o a d s ,  59% on wet 

roads)  and w e l l  over  h a l f  of t h o s e  r e s u l t i n g  i n  i n j u r y  (62% on 

d r y  roads ,  74% on w e t  roads )  . By comparison, 26% t o  39% o f  t h e  

o t h e r  rear-end c r a s h e s  occur red  a t  n i g h t .  

Night-Day 
Di f fe rence  

+9 

t 1 4  

+8 

+4 

Figure  3 provides  an o v e r a l l  p e r s p e c t i v e  o f  t h e  r e l a t i v e  

Type of 
 ear-End 
c o l l i s i o n  

With 
Parked Vehicle  

Excluding 
Parked Veh ic les  

magnitude of rear-end c o l l i s i o n s  which do n o t  i n v o l v e  parked 

Day 

19 

1 4  

3 4 

32 

Road 
( p r e c i p i t a t i o n )  

Dry 

Wet 

Dry 

Wet 

v e h i c l e s  and those  rear-end c o l l i s i o n s  w i t h  pa rked  v e h i c l e s ,  

compared wi th  a l l  types  of  c o l l i s i o n s  i n v o l v i n g  two- o r  more- 

Night  

28 

28 

42 

36 
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DAY N I G H T  
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Rear-End 
Crashes With 
Parked 
Vehicles 

Rear-End 
Crashes 
Excluding 
Parked 
Vehicles  

Figure 2 .  Percen t  of rear-end c ra shes  i nvo lv ing  parked v e h i c l e s  
and those  excluding them i n  the day and n i g h t .  
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v e h i c l e s .  I t  w i l l  be seen t h a t  a  t o t a l  of 37% of  c o l l i s i o n s  

i n v o l v i n g  a t  l e a s t  two v e h i c l e s  a r e  rear-end t y p e s ,  wi th  32% 

o f  them b e i n g  rear-end c o l l i s i o n s  i n t o  v e h i c l e s  t h a t  a r e  n o t  

parked and 5% i n t o  parked v e h i c l e s .  

,LISIONS 
WITH PAWED 

D I / NON-PARKED REAR-END \ NON REAR-EN: I COLLISIONS V VEHICLE 

F igure  3. A l l  two- o r  more-vehicle  c o l l i s i o n s  ( 2 1 , 4 5 6 ) .  

DISCUSSION OF PARKED CAR ACCIDENT STUDY. Rear-end c o l l i -  

s i o n s  were about  37% of  t h e  a c c i d e n t s  i n v o l v i n g  a t  l e a s t  two 

v e h i c l e s .  About 15% of t h i s  t o t a l  o f  r ea r -end  a c c i d e n t s  i n v o l -  

ved c o l l i s i o n s  wi th  parked v e h i c l e s .  T h i s  problem i s  e i t h e r  

one of  l o c a t i o n ,  w i t h  moving and parked v e h i c l e s  be ing  p l a c e d  

t o o  c l o s e  t o  each o t h e r ,  o r  one of  d r i v e r  p e r c e p t i o n ,  w i t h  t h e  

parked v e h i c l e  n o t  be ing recogn ized  soon enough a s  be ing  p r e s e n t  

o r  parked. 



On average ,  about  twice a s  many rear -end c r a s h e s  of  a l l  

t y p e s  o c c u r r e d  on wet roads  than  would have been expec ted  based 

on t h e  p r o p o r t i o n  of  t ime  t h a t  p r e c i p i t a t i o n  was r e p o r t e d .  Pre-  

c i p i t a t i o n  i s  de f ined  a s  one- tenth  i n c h  o r  more o f  l i q u i d .  One 

i n c h  o f  snow e q u a l s  one- tenth  i n c h  of l i q u i d .  

Rear-end a c c i d e n t s  wi th  parked v e h i c l e s  o c c u r r e d  i n  about  

t h e  same p r o p o r t i o n  on d r y  and wet pavements a s  o t h e r  t y p e s  o f  

rear -end c o l l i s i o n s  ( a s  shown i n  t h e  t o p  h a l f  of  F i g u r e  1). 

~ h u s ,  pavement wetness does  no t  appear  t o  c o n t r i b u t e  d i f f e r e n -  

t i a l l y  t o  c r a s h e s  i n t o  parked v e h i c l e s ,  compared w i t h  o t h e r  t y p e s  

of  r ea r -end  c o l l i s i o n s ,  

There was a g r e a t e r  i n c r e a s e  i n  t h e  p r o b a b i l i t y  of  an  

i n j u r y  r e s u l t i n g  i n  a rear -end c r a s h  i n t o  a pa rked  v e h i c l e  a t  

n i g h t  than  i n  daytime,  t h a n  i n  o t h e r  rear -end c r a s h e s  a t  n i g h t  

compared w i t h  daytime. Thus, t h e  s e v e r i t y  of  r ea r -end  c r a s h e s  

i n t o  parked v e h i c l e s  i s  heightened a t  n i g h t ,  whereas t h e  p e r c e n t  

of o t h e r  rear -end c r a s h e s  r e s u l t i n g  i n  i n j u r y  i s  i n c r e a s e d  l e s s  

a t  n i g h t .  

On average ,  55% o f  rear -end c r a s h e s  i n t o  pa rked  v e h i c l e s  

occur red  a t  n i g h t ,  w h i l e  o n l y  29% of o t h e r  r ea r -end  c r a s h e s  

occur red  a t  n i g h t .  Thus, parked v e h i c l e s  a r e  more l i k e l y  t o  b e  

involved i n  a rear -end c r a s h  a t  n i g h t .  F u r t h e r ,  6 6 %  o f  rear- 

end c r a s h e s  i n t o  parked v e h i c l e s  which r e s u l t e d  i n  i n j u r y  

o c c u r r e d , a t  n i g h t .  Thus, t h e  parked v e h i c l e ,  r ea r -end  c o l l i s i o n  

i s  l a r g e l y  a n i g h t t i m e  problem bo th  i n  t e rms  o f  f r e q u e n c y  and 

s e v e r i t y .  

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

s t u d y  (Mortimer and P o s t ,  1972) inasmuch a s  pa rked  v e h i c l e ,  r e a r -  

end c r a s h e s  a r e  concerned,  and p r o v i d e  f u r t h e r  d e t a i l s  o f  t h e  

c o n d i t i o n s  i n  which t h e y  occur .  S i n c e  it was found t h a t  t h e  

r e l a t i v e  f requency and s e v e r i t y  of  r e a r - e n d  c r a s h e s  w i t h  pa rked  

v e h i c l e s  i s  c o n s i d e r a b l y  i n c r e a s e d  a t  n i g h t ,  compared t o  day t ime ,  



- .  
visibility and recognition of such vehicles as parked seems 

to be a factor, That the situation is aggravated by poor 

visibility conditions is confirmed by the elevated involve- 

ment of vehicles in all types of rear-end crashes when the road 

is wet, since the driver's visibility is impaired at those 

times due to dirt on headlamp lenses, water on the windshield, 

increased glare from headlamps of oncoming vehicles, reduced 

reflectivity of pavements, etc. 

ACCIDENTS INVOLVING TURNING VEHICLES 

An analysis of accident data reports for Washtenaw County, 

Michigan, was made (Mortimer and Post, 1972) to discern the 

relative involvement of vehicles that are struck in the rear 

while turning or waiting to make a turn. It was found that 

about 15% of rear-end injury collisions on urban and rural 

roads, that do not have limited access, involved a turning ve- 

hicle in the day and at night. On limited access roads about 

3% of such crashes occurred in daytime and 1% at night. While 

the exposure of turning vehicles is not known, it is doubtful 

that they constitute 15% of traffic maneuvers on non-limited 

access roads or 1-3% on limited access roads, suggesting that 

turning vehicles are overinvolved in rear-end collisions com- 

pared with other vehicles in the traffic stream. 

It cannot be inferred from these data whether the turn 

signals were adequately visible, or whether the turn and stop 

signals masked each other. It is also known that drivers fre- 

quently fail to signal turns (Zoltan, 1963; Mortimer, Domas and 

Moore, 1974). These factors make it difficult to show the role 

of vehicle rear marking and signaling systems in these crashes. 

However, rear lighting displays should minimize ambiguities and 

masking between signals. The turn signal should be clearly 

visible as well as the stop lamps when both are on simultane- 

ously. 



TRUCK ACCIDENT INVOLVEMENT 

INTRODUCTION. The objective of this analysis is to 

evaluate the need for truck rear lighting systems which pro- 

vide more or different information than current systems. Such 

a need will be shown by the following arguments: (1) truck 
accidents comprise a sizeable proportion of all vehicle acci- 

dents] ( 2 )  truck accidents on the average cause considerably 

more deaths and property damage losses than passenger car acci- 

dents; (3) trucks are involved in a higher percentage of acci- 

dents than would be expected as a function of the percentage of 

vehicles they comprise on American roads; (4) trucks are also 
overinvolved in accidents as a function of their mileage, as 

compared to passenger cars; and (5) a disproportionately high 

percentage of truck-involved accidents are of the rear-end 

collisions type, indicating that improved, more informative, 

truck rear lighting systems should be investigated for their 

value in reducing the loss of life and property caused by such 

accidents. 

On almost every dimension of vehicle description, trucks 

vary across an immensely wider range than automobiles. For 

instance, the 500 pound Mailster used by the Post Office is a 

truck, as is the 150,000 pounds-plus trailer and double-trailer 

combinations now appearing on American roads. These two vehicles 

are less like each other than any two automobiles. Along with 

such weight and size differences, and their concommitant handling 

and braking disparities, there are many more subtle variations 

which are central to an appreciation of the special problems 

of truck safety research. 

First of all, the type of driving done in trucks seldom 

approximates the mix of country and city driving experienced in 

a typical passenger car. Some, like the mailster, see only 

city driving while.many of the large combination vehicles are 

used almost exclusively on rural highways in interstate trans- 

portation. 



The d i s t r i b u t i o n  of t r u c k s  on t h e  road a t  d i f f e r e n t  t imes  

of  day and d i f f e r e n t  days of  t h e  week v a r i e s  from t h e  d i s t r i b u -  

t i o n  of passenger  c a r s  and i s  d i r e c t l y  r e l a t e d  t o  t r u c k  a c c i d e n t  

f r equency .  S t u d i e s  have shown t h a t ,  compared t o  c a r s ,  t r u c k s  

have a  d i s p r o p o r t i o n a t e l y  low a c c i d e n t  r a t e  d u r i n g  t h e  hours of 

2pm and 2am on Saturdays and Sundays, and a  d i s p r o p o r t i o n a t e l y  

h igh  a c c i d e n t  r a t e  f rom2 a.m. t o  2 p.m. on weekdays ( S t e r n ,  1966; 

New York S t a t e  Department of Motor Veh ic les ,  1965) .  T h i s  i m p l i e s  

t h a t  t h e  t r u c k  popula t ion  does no t  comprise a  s t a t i c  pe rcen tage  

o f  v e h i c l e s  on t h e  road a t  any one t i m e .  I t  i s  a  s e p a r a t e  popu- 

l a t i o n  ( o r  r a t h e r  s e v e r a l  s e p a r a t e  p o p u l a t i o n s )  of v e h i c l e s  

dynamical ly  i n t e r a c t i n g  wi th  t h e  passenger  v e h i c l e  popu la t ion .  

~ h u s ,  i n  cons ide r ing  t h e  fo l lowing  a c c i d e n t  d a t a ,  t h e  f a c t  t h a t  

t r u c k s  comprise 2 0 %  of  t h e  t r a f f i c  volume on t h e  Ohio t u r n p i k e  

must be q u a l i f i e d  by t h e  knowledge t h a t  t r u c k  volume might ac tu -  

a l l y  be 2 %  a t  3pm on Sundays and perhaps  35% o r  more a t  4am on 

Wednesdays. Although most t r u c k  a c c i d e n t  s t u d i e s  acknowledge 

t h a t  t r u c k s  do have t h e i r  own d i s t r i b u t i o n  of a c c i d e n t  t imes  and 

days ,  t h e y  seldom cons ide r  t h i s  i n  r e l a t i o n  t o  t h e i r  a n a l y s i s  o f  

t r u c k  t r a f f i c  volume. An e x c e p t i o n  i s  a  s t u d y  ( S c o t t  and O'Day, 

1971)' which was completed a f t e r  t h i s  a n a l y s i s  was made. However, 

t h e i r  o v e r a l l  f i n d i n g s  a r e  n o t  d i s s i m i l a r  from t h e  ones t o  be  

desc r ibed .  

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

t h e  l a r g e r  combination t y p e s ,  from o t h e r  v e h i c l e s  i s  t h e  d r i v e r .  

Truck d r i v e r s  a r e  g e n e r a l l y  i n  t h e  25-45 age range ,  and over- 

whelmingly male. But much more i m p o r t a n t  i s  t h e  f a c t  t h a t  d r i v -  

i n g  i s  t h e i r  job. This  m a t t e r  w i l l  be  d i s c u s s e d  f u r t h e r .  

 h he r e a d e r  i s  r e f e r r e d  t o  t h a t  s t u d y ,  which i s  t h e  most 
comprehensive made on t h e  s u b j e c t .  An a b b r e v i a t e d  v e r s i o n  of  
t h a t  r e p o r t  can be found i n  J. O'Day and R.E. S c o t t .  An a n a l y s i s  
of  Truck Accident  Involvement,  HIT-LAB R e p o r t s ,  4 ,  110. 8, A p r i l  
1974, HSRI ,  U n i v e r s i t y  o f  Michigan, 



The above d i s c u s s i o n  has  n o t  resolved t h e  d e f i n i t i o n a l  

problems of  t r u c k s .  Unfor tunate ly ,  t h e  e x i s t i n g  l i t e r a t u r e  

d e a l i n g  w i t h  t ruck  a c c i d e n t s  does no t  permi t  a  reviewer  t o  make 

many f i n e  d i s c r i m i n a t i o n s  between t ruck  types .  Some of t h e  

s t u d i e s  d i scussed  i n  t h i s  paper  simply r e f e r  t o  " t r u c k s " ,  o t h e r s  

d i f f e r e n t i a t e  between combination v e h i c l e s  ( t r a c t o r s  w i l l  f u l l -  

o r  s e m i - t r a i l e r s )  and r i g i d  ( " s t r a i g h t " )  v e h i c l e s ,  whi le  a  few 

s t u d i e s  make s e v e r a l  d i s t i n c t i o n s  between t r u c k  t y p e s ,  o f t e n  on 

t h e  b a s i s  of r i g i d  vs  non-r ig id  and t h e  number o f  a x l e s ,  

The t r u c k  a c c i d e n t  problem i s  s i z e a b l e ,  and growing. About 

20% o f  t h e  v e h i c l e s  on American roads today a r e  c l a s s i f i e d  a s  

t r u c k s .  I n  t h e  decade from 1960-1970 t h e  number of  t r u c k s  i n  

use i n  t h e  United S t a t e s  i n c r e a s e d  by 50%,  compared w i t h  a  pas- 

senger  c a r  r e g i s t r a t i o n  i n c r e a s e  of 35% (Automotive News, 1 9 7 0 ) .  

Over 60% of a l l  t r u c k s  a r e  smal l  vans and pickups below 8000 

pounds g r o s s  v e h i c l e  weight ,  and only  13% ( o r  2,200,000) a r e  

l a r g e  s t r a i g h t  t r u c k s  (20,000-40,000 pounds) o r  t r a c t o r - t r a i l e r  

(40,000-160,000 pounds) .  However, t h e  h e a v i e r  v e h i c l e s ,  espe-  

c i a l l y  t r a c t o r -  and s e m i - t r a i l e r  combinat ions,  a c c r u e  a d i s p r o -  

p o r t i o n a t e  percentage  of t o t a l  t r u c k  mi leage ,  most of which i s  

accumulated over  major r u r a l  and i n t e r s t a t e  highways. 

Two rough dichotomies,  based on t h e  s i z e  o f  t r u c k  ( l a r g e  

vs  smal l )  and t h e  type  of d r i v i n g  (urban v s  r u r a l ) ,  w i l l  be  

cons idered .  The g r e a t e r  p a r t  of t h e  paper  w i l l  d e a l  w i t h  l a r g e  

t r u c k s  o p e r a t i n g  on r u r a l  roads ,  mainly because t h e  most ex- 

t e n s i v e  s t u d i e s  of  t r u c k  a c c i d e n t s  focus  on i n t e r s t a t e  highway 

and s t a t e  t u r n p i k e s  (Crosby, 1959; Eckhardt  and Flanagan,  1955; 

Hosea, 1969a; V e c e l l i o ,  1 9 6 7 ) ,  and t h e  txuck t r a f f i c  on such 

roadways c o n s i s t s  p r imax i ly  of  l a r g e  s t r a i g h t  t r u c k s  and t r a c t o r -  

t r a i l e r  combinat ions.  

That an emphasis should be  g iven t o  t h e  s t u d y  of i n t e r -  

s t a t e  highway a c c i d e n t s  i s  n o t  unwarranted.  Not o n l y  a r e  t h e  

a c t u a l  mi les  of  freeways i n c r e a s i n g  a t  a  f a s t e r  pace  t h a n  f o r  



any o t h e r  roadway type,  but  t he  t r a f f i c  dens i ty  on these  roads 

i s  growing even f a s t e r .  I t  i s  expected t h a t  between 1 9 6 9  and 

1975 t h e  number of miles of urban freeway i n  the  United S t a t e s  

w i l l  i n c r e a s e  by 80% and t h a t  the  mi les  of r u r a l  freeway w i l l  

i n c r e a s e  by 50% (Ford Motor Cob, 1970) .  Moreover, i t  i s  expec- 

t e d  t h a t  t h e s e  freeways, which now c a r r y  about 1 2 %  of a l l  U . S .  

motor v e h i c l e  t r a v e l ,  w i l l  c a r r y  25% by 1 9 7 5 .  Thus, even given 

t h e  growth of freeway mileage, each mile  of freeway w i l l  under- 

go a  4 0 %  inc rease  i n  t r a f f i c  dens i ty  (Ford Motor Co., 1970) .  

That i s ,  f o r  every 1 0 0  veh ic les  pass ing over a  given mile  of 

freeway today,  t he re  w i l l  be 1 4 0  veh ic l e s  c ros s ing  the  same 

m i l e , o f  roadway i n  1975. In  l i g h t  of t h e  f a c t  t h a t  rear-end 

acc iden t s  a r e  a l ready the  most p reva len t  mul t ip le -veh ic le  

accident- type on i n t e r s t a t e s  and tu rnp ikes  (Hosea, 1969a; Vece l l i o ,  

1967) ,  t h i s  expecta t ion of increased t r a f f i c  d e n s i t y  bears  omi- 

nous impl ica t ions  with r e spec t  t o  t h a t  accident- type i n  t h e  near 

f u t u r e .  

TRUCK ACCIDENT SEVERITY. When a  t ruck  i s  involved i n  an 

acc iden t  i t  can be expected t h a t  t h e r e  w i l l  be s e v e r a l  t imes the  

number of f a t a l i t i e s  and seve ra l  times t h e  proper ty  damage l o s s  

a s soc i a t ed  wi th  an average acc iden t  sampled from t h e  populat ion 

of a l l  motor veh ic le  acc iden ts .  I n  1968, f o r  a l l  motor veh ic l e s  

i n  t h e  United S t a t e s ,  t h e  dea th  r a t e  r epo r t ed  i n  Accident Fac ts  

( ~ a t i o n a l  Safe ty  Council, 1969) was 5.5 pe r  1 0 0 , 0 0 0 , 0 0 0  miles  of 

t r a v e l .  Unfortunately,  t h a t  pub l i ca t ion  does n o t  provide a  

breakdown of i t s  da t a  s o  t h a t  a  d i r e c t  comparison can be made 

between dea th  r a t e s  f o r  passenger ca r s  v s  t h a t  f o r  t r u c k s .  

However, ~ c c i d e n t  Facts  does show t h a t  a l though l a r g e  t r a c t o r -  

t r a i l e r  combinations comprise only  0 .8% of a l l  U.S. motor vehi-  

c l e s  they c o n s t i t u t e  6.5% of  a l l  veh ic l e s  i n  f a t a l  acc iden t s .  

This means t h a t  a  given t r a c t o r - t r a i l e r  combination i s  n e a r l y  

t e n  times a s  l i k e l y  t o  be involved i n  a  f a t a l  c o l l i s i o n  than an 

average passenger ca r .  Moreover, the  g r e a t e s t  number of t h e s e  

f a t a l i t i e s  a r e  l i k e l y  t o  be found i n  passenger  c a r s  involved i n  



truck-car collisions, because for every truck driver killed in 

a truck-car collision, 35 passenger car occupants are killed 

(Interstate Commerce Commission, 1966; U.S. Department of 

 rans sport at ion, 1967). Reports on accidents involving large 

motor carriers (defined as interstate carriers of property 

having annual revenues of $200,000 or more) reveal fatality 

rates for such vehicles of about 15 per 100,000,000 vehicle 

miles (Interstate Commerce Commission, 1966; U.S. Department 

of Transportation, 1967)) or approximately three times that 

given above for all vehicles. It must be taken into account 

too, that such motor carriers operate primarily on large free- 

ways which generally have far better than average fatality rates, 

e.g.,as low as 2 per 100,000,000 vehicle miles on urban free- 

ways (Ford Motor Co., 1970). The motor carrier accident reports 

noted above disclose an average property damage loss of $2000 

per accident, which is approximately seven times the $300 per 

accident reported by Accident Facts as the average for all motor 

vehicle accidents in 1968. 

It is clear from the preceding analysis that car-truck 

collisions are more apt to result in death or serious injury 

than collisions not involving trucks. It must be remembered, 

however, that in the data presented above the larger types of 

trucks are heavily overrepresented. Postal vans, milk vans, etc., 

tend to pull overall truck averages down to the point where the 

overall differences between all trucks compared to all cars - 
become smaller, Even so, as shown in Table 8, trucks consis- 

tently account for 25-50% more fatalities per accident involve- 

ment than passenger cars. Using passenger car data as a base, 

Table 8 gives the fatalities per accident of trucks in various 

states (Arizona Highway Dept., 1969; New York State Dept. of 

Motor vehicles, 1962, 1963, 1966, 1967; North ~arolina Dept. of 

Motor Vehicles, 1968; Virginia Dept. of State Police, 1966, 1967, 

1968, 1969) . As an example in reading Table 8, the 720% in 

column 7 for Arizona means that the average tractor-trailer 



TABLE 8. Car and Fatal ~ccidents vs Overall Accident Rate as a Measure of 
Relative Severity of Accidents Involving Each Vehicle Type. 



acc iden t  i n  t h a t  s t a t e  f o r  1968 caused 720% o r  7.20 t imes  t h e  

f a t a l i t i e s  suf fe red  i n  t he  average passenger c a r  acc iden t .  Thus, 

i f  1 0  of every thousand c a r  acc iden ts  l ed  t o  a f a t a l i t y ,  then 

7.2 x 1 0  o r  7 2  of  every thousand truck-involved a c c i d e n t s  l e d  t o  

such a f a t a l i t y .  Column 7 a l s o  shows t h a t  i n  Arizona acc iden t s  

involv ing  o t h e r  t rucks  caused 263% of t he  f a t a l i t i e s  f o r  pas- 

senger c a r  acc iden t s ,  e t c .  

Table 8 c e r t a i n l y  p o i n t s  t o  t ruck  overinvolvement i n  

s e r i o u s  acc iden t s ,  bu t  t he  d a t a  i n  t h a t  t a b l e  a r e  n o t  based on 

mileage o r  even r e g i s t r a t i o n  f i g u r e s .  Severa l  publ i shed  r e p o r t s ,  

however, do provide p r e c i s e  comparisons of c a r  and t r u c k  a c c i -  

den t  r a t e s ,  and they confirm t h e  f i nd ing  of t r u c k  over involve-  

ment. 

TRUCK ACCIDENT RATES. Crosby (1959) conducted a s tudy  of 

acc iden t s  occur r ing  over a s ix-year  per iod  on t h e  New J e r s e y  

Turnpike. H i s  r e p o r t  shows an acc iden t  overinvolvement r a t e  f o r  

t rucks  which cannot be explained away a s  a func t ion  of t h e  h igher  

mileage of t rucks .  Turnpike records  permit  a  very  p r e c i s e  analy- 

s i s  of acc iden t s  a s  a func t ion  of mi les  driven, ,  and Crosby 's  

s tudy showed almost twice  a s  many t r u c k  a c c i d e n t s  p e r  m i l l i o n  

miles  d r iven  than was t h e  c a s e  f o r  passenger  c a r s .  ( I n  t h i s  

s tudy ,  pick-up t r u c k s  and smal l  vans were c l a s s i f i e d  a s  passenger  

c a r s . )  A s  a mat te r  of f a c t ,  t r uck  mileage on t h e  t u rnp ike  accoun- 

t e d  f o r  only  9.8% of a l l  t u rnp ike  mileage,  and 1 0 %  of a l l  v e h i c l e s  

which t r ave l ed  t h e  t u rnp ike  dur ing  t h e  s tudy  per iod .  However, 

dur ing t h i s  same per iod  t h e s e  t r u c k s  were involved i n  24 .9% o f  

a l l  acc iden ts  which r e s u l t e d  i n  43.6% of f a t a l i t i e s  o c c u r r i n g  on 

t h e  tu rnp ike  over t h e  s ix -year  s tudy pe r iod .  That  i s ,  on ly  10% 

of  t he  tu rnp ike  t r a f f i c  accounted f o r  n e a r l y  h a l f  of a l l  f a t a l i -  

t i e s .  

In  a s i m i l a r  s tudy of acc iden t s  on t h e  Ohio Turnpike 

between 1960-1965, Vece l l i o  (1967) uncovered e q u a l l y  d i s t u r b i n g  

da t a  on t ruck  involvement r a t e s .  For i n s t a n c e ,  dur ing  t h a t  



period passenger cars were involved in 97 accidents per hundred 

million vehicle miles, whereas the truck involvement rate was 

190 accidents per hundred million vehicle miles. Like Crosby 

1959, Vecellio reports that truck accidents, as a function of 

mileage, showed accident overinvolvement comparable to that 

based on number of vehicles. Cars were involved in 7.7 acci- 

dents per hundred thousand vehicles, and trucks had 14.7 acci- 

dents per hundred thousand vehicles which is again nearly twice 

the involvement rate of cars. 

One great difference between Vecellio's and Crosby's data, 

resulting perhaps from the greater recency of the Ohio study, 

was that truck mileage on the Ohio Turnpike was 20.6% of all 

vehicle mileage, which is twice that which Crosby reports for 

the New Jersey study. If this discrepancy does represent a 

change in time more than a change in location (a conclusion 

supported by Hosea, 1969), and an ever increasing percentage 

of interstate highway miles being covered in trucks, then 

Crosby's statistics are understatements of the size of the truck 

accident problem as it exists today, considering the previously 

mentioned growth of the interstate system and the increase in 

traffic density that it is undergoing. 

THE NATURE OF TRUCK ACCIDENTS. It has already been men- 

tioned that truck traffic varies in density over hours of the 

day and days of the week in a manner distinctly different from 

passenger car traffic, and that truck accident occurrence paral- 

lels the truck traffic pattern. But, there is a much more im- 

portant singularity in truck accident involvement - the inci- 
dence of rear-end collisions, Both as the striking vehicle and 

as the vehicle struck, trucks are highly overinvolved in rear- 

end collisions. Before presentation of the statistical support 

for the above statement, it should be pointed out that the rear- 

end collision is the predominant multiple-vehicle accident type 

on freeways and interstate roads (Crosby, 1959; Hosea, 1969a; 



Vecellio, 1967). Thus, as the freeway and interstate system 

grows in size, and more especially as it grows in traffic 

density, the rate of rear-end collisions can also be expected 

to increase. The actual size of the rear-end collision prob- 

lem will become clear below as the incidence of such collisions 

in truck-related accidents is compared with that of other motor 

vehicles. 

In a study specifically directed to an analysis of fatal 

accidents on the interstate system, Hosea (1969a) found that 

63% of all fatal multiple car collisions involved vehicles 

oriented in the same direction. Forty-one percent of all fatal 

two-vehicle collisions were rear-end, in which both involved 

vehicles were moving at the time of the accident. Such percen- 

tages may seem high-for fatal accidents, because rear-end col- 

lisions are, on the average, much less serious than head-on 

and broadside collisions. Nationwide, collisions between ve- 

hicles oriented in the same direction of travel comprise about 

half of all multiple-vkhicle accidents, but only 20-25% of all 

fatal two- or more-vehicle accidents (National Safety Council, 

1969). It is likely, judging by the high percentage of fatals 

among like-oriented vehicle collisions on interstate highways, 

that an overwhelming percentage of all multiple-vehicle acci- 

dents on these roads are of this type. 

Hosea's study showed that trucks were overrepresented in 

their involvement in rear-end collisions on the interstate high- 

ways (Hosea, 1969a; Hosea, 1969b). Property-carrying vehicles 

were involved in 18.6% of all fatal accidents reported in the 

study, but they were responsible for 31.4% of rear-end colli- 

sion involvements, which is 70% higher than would be expected 

if their responsibility for accidents was proportionally dis- 

tributed among accident types. Moreover, property-carrying 

vehicles were responsible for 21.8% of all collisions with parked 

vehicles, which is 1 1/2 times the number that would be expected, 



based on an overall involvement rate of 18.6%. Hosea sub- 

divides property-carrying vehicles into the three categories: 

single unit (straight) trucks; panels and pickups; and com- 

binations (tractor-trailers). Table 9 shows the percentage 

of total accidents, rear-end accidents, and parked-vehicle 

accidents for which each truck type and passenger car were 

responsible. Also in Table 9 are percentage figures for the 

truck involvements in the two collision types compared to the 

passenger car ratio as a base. From the table it can be seen 

that the vehicle-type most overinvolved in both types of col- 

lisions is the combination, which was responsible for 2.22 

times, or 222%, the number of rear-end collisions in which a 

similar number of passenger cars were involved. As the table 

shows, the larger single unit trucks also show a characteristic 

overinvolvement in responsibility for parked-vehicle and rear- 

end collisions. 

The above data, it must be remembered, refer only to the 

one vehicle in a two-vehicle accident which was judged, by 

investigative agencies, to have been responsible for the acci- 

dent. In a rear-end collision, responsibility is almost always 

attributed to the striking vehicle (Hosea, 1969a, p. 220). 

Since trucks are more often struck than striking in rear-end 

accidents, the data above constitute no more than the tip of 

the iceberg. Fortunately, Hosea published a sequel to the 

quoted study (Hosea, 1969b) in which he more specifically de- 

tailed involvement in rear-end accidents of one truck type, 

the tractor-trailer, Table 10 is a reproduction of the table 

Hosea provides in that publication.  is data show that such 

vehicles, which account for 10% of the total volume of inter- 

state traffic, were involved in 47% of all fatal rear-end 

collisions occurring on completed sections of the interstate 

system in 1968. As Table 10 shows, tractor-trailers were 

classed as the responsible (i.e.,with few exceptions, the strik- 

ing) vehicle in 80 accidents, which is 20% of all interstate 







fatals, and was the second (struck) vehicle in 113 cases, 

or 27% of all interstate fatals. Moreover in 45 of the 80 

accidents in which the tractor-trailer was the striking ve- 

hicle, the second (struck) vehicle was also a truck, most often 

another tractor-trailer. Table 10 further delineates the num- 

ber and distribution of fatalities suffered in the reported 

accidents, and the large property damage losses associated with 

them. It is noteworthy that, of the 166 fatalities occurring 

in collisions involving both a passenger car and a tractor- 

trailer, 159 (96%) of the victims were passenger car occupants. 

In further assessing Hosea's data, it might be helpful to 

consider the size of the disparity between the accident fre- 

quencies reported and what would be expected if tractor-trailers 

were a representative 10% of the interstate traffic volume. 

That is, if tractor-trailers were no more likely to be involved 

in a rear-end collision than any randomly selected vehicle, in 

what percentage of the 411 such fatal accidents would they have 

been involved? First, in 10% of all such accidents tractor- 

trailers would have been involved as the striking vehicle. 

Instead they were the striking vehicle in 20% of all rear-end 

fatals, or twice their proportion based upon their number 

(Table 11). Moreoever, in only 10% of those accidents (i.e., 

1% of all rear-end fatals) would the struck vehicle have also 

been a tractor-trailer. Hosea's data show that both vehicles 

in fatal rear-end collisions were tractor-trailers in over 6% 

of all such accidents, or 6 times their expected involvement. 

Probably an even higher percentage of nonfatal rear-end colli- 

sions involve two tractor-trailers. Nine percent of all fatal 

rear-end collisions would be expected to involve a tractor- 

trailer striking some other type of vehicle (i.e., .lo x .90 = .09) 

In fact over 13% of rear-end fatals are of this type, an over- 

representation of almost 50% in a category in which one might 

expect, owing to the relatively lower speed and acceleration 

capability of these large vehicles, a ,much smaller involvement rat 



TABLE 11. Fatal Rear-End Accident Involvement Rate for Tractor- 
Trailers on Interstate Highways Compared to a Simple 
Probability Model. 

Percentage 
Expected Actual of 

Type of Collision Percentage Percentage Expected 

~ractor-Trailer -t Car 8.0 8.8 110 

~ractor-Trailer +Single Unit Truck 0.3 3.4 1130 

~ractor-Trailer +Pickup or Panel 0.7 '1.2 17 1 

Car -t Trac tor-Trailer 8.0 22.7 284 

Single Unit Truck-tTractor-Trailer 0.3 1.2 400 

Pickup or Panel-tTractor-Trailer 0.7 3.7 529 

TOTAL 19.0 47.3 248 

The overinvolvement observed is discussed with a causal analysis 

in the next section. Nine percent involvement for tractor-trailers 

would also be expected in our simple statistical model for those 

rear-end fatals in which the truck was the struck but not the 

striking vehicle (i.e,,.90 x ,10 = .09). In this category the 

actual involvement rate was just under 28%, three times that ex- 

pected. It should be noted that the overinvolvement rate for 

tractor-trailers shown in Table 11 is much lower than it would 

be if their accident incidence were measured against that of auto- 

mobiles as it was in Tables 8 and 9 because the rate of involve- 

ment of cars in rear-end accidents of substantially below what 

a simple probability model would predict (Table 12). 

In the previously mentioned study of truck accident involve- 

ment on the Ohio Turnpike, Vecellio's analysis showed an overall 

truck accident involvement twice that which would be expected 

as a function of the percentage of turnpike mileage accrued by 



those vehicles. His data also show a strikingly higher over- 

involvement in rear-end collisions, Unlike Hosea, Vecellio's 

study does not provide discriminations between truck types, 

nor does it deal only with fatal accidents. 

TABLE 12. Comparisons of Truck and Car Involvement Rates 
in Rear-End Accidents on the Ohio Turnpike* in 
Relation to a Simple Probability Model. 

(-1 1 (2) (3 ( 4  ( 5 )  
Actual Expected Involvemenl 

Type of Collision Number Percentage Percentage Factor 

Car to Car 6 7 37.8 64 . 100 

Truck to Truck 47 26.6 4 1117 

Car to Truck 43 24.3 16 255 

Truck to Car 20 11.3 16 119 

TOTAL 

- 

*From Vecellio, 1967. 

The data from Vecellio's study were based on all Ohio 

Turnpike accidents occurring from 1960-1965. The detailed data 
on rear-end accidents cover only the year 1965, Table 12 shows 
the number of such accidents occurring in each of the four ca- 

tegories of car to car, truck to truck, car to truck, and truck 

to car, Next to the accident figures are the percentages they 

comprise of the total and next to that the percentages that 

would have been expected if trucks were a representative 20% of 

the  urnp pike traffic (Vecellio states that trucks did account 

for 20% of all Turnpike mileage). Column 5 in Table 12 shows 

a measure of actual involvement in relation to the involvement 



in the car-to-car category. Thus, the 1117 figure in column 5 

for truck to truck rear-end collisions means that there were 

11.17 times as many of these accidents as one would expect 

based on the rate of car to car collisions. Table 12 serves 

to support Hosea's finding of the overinvolvement of trucks in 

rear-end accidents, and to extend that finding to a more general 

level not limited to fatality-producing collisions. 

CAUSAL ANALYSIS OF TRUCK ACCIDENTS. In attempting to find 

the reasons for truck overinvolvement in rear-end collisions, 

it is helpful to learn as much as possible about the character- 

istics of such accidents, That is, do they occur with undue 

frequency on curves, upgrades or downgrades? Are rear lighting 

systems ever directly implicated? Is driver fatigue often a 

factor?, etc. When such information is cataloged, one can more 

fruitfully assess the possible implication of such special truck 

characteristics as size, weight, braking capacity, acceleration, 

etc. 

~ecellio's (1967) data show that special circumstances do 

tend to be associated with truck-involved rear-end collisions. 

First of all it appears that any rear-end accident is more likely 

to occur on an upgrade than on a corresponding downgrade. Of 

the 1284 rear-end collisions which occurred during the study 

period, 28% were on upgrades and only 5% on downgrades. (For 

all accident types 19.5% occurred on upgrades and 6% on down- 

grades.) Vecellio reports that the extreme disparity between 

these two occurrence rates cannot be explained by any east-west 

traffic differential. It is interesting to note that the obvious 

upgrade hazard implied in the above figures was observed despite 

the fact that the maximum upgrade on the entire Ohio Turnpike is 

a gentle 2%. 

Not unexpectedly, truck accidents comprise the bulk of all 

upgrade rear-end,collisions on the Ohio Turnpike. In fact, a 

detailed analysis of the 1965 data showed involvement of at 



least one truck in 88% of these collisions. Cars were involved 

in nearly two-thirds of all rear-end collisions on straight 

or downgrade sections of roadway but in little more than one- 

third of upgrade rear-end accidents. Such data would tend to 

implicate truck speed holding ability and braking ability as 

contributory factors to this over-representation. In 53% of 

all upgrade reay-end collisions the striking vehicle was a truck, 

and in 88% of these cases the vehicle struck was also a truck. 

Car to car accidents accounted for only 12% of all upgrade rear- 

end collisions, and car to truck accidents comprised 35% of the 

total, Table 13 contains these statistics and compares them to 

the simple statistical model premised on involvement as a func- 

tion of vehicle mileage (trucks accounting for 20% of all Ohio 

Turnpike vehicle mileage). A comparison of column 5 in Table 13 

with the corresponding column in Table 12 gives some indication 

of the greater truck overinvolvement in upgrade rear-end colli- 

sions compared to their rear-end accidents and overall accident 

overinvolvement. 

TABLE 13. A Measure of Actual Truck Rear-End Accident Involve- 
ment on Ohio Turnpike* Upgrades in Relation to a 
Simple Probability Model. 

(1) ( 2 )  ( 3 )  ( 4 )  ( 5 )  
Type of Actual 

( 6 )  
Expected Percentage Involvement 

Collision Number Percentage Percentage of Expected Factor 

Car to Car 4 11.8 64.0 18.4 100 

Truck to Truck 16 . 47.1 4.0 1177.5 6052 

Car to Truck 12 
Truck to Car 2 .  - 
TOTAL 34 

* From Vecellio (1967) 



The d a t a  i n  Table 1 2  a r e  p e r t i n e n t  t o  t h e  c a u s a l  a n a l y s i s  

o f  t r u c k  rear-end a c c i d e n t  overinvolvement.  Although t h e r e  

a r e  o n l y  a  small  amount of d a t a ,  a  s imple chi -square  t e s t  shows 

t h a t  t h e  o v e r a l l  involvement of t r u c k s  (46 involvements  where a  

s imple  p r o b a b i l i t y  model would 'have p r e d i c t e d  l e s s  than  1 4 )  

v e r s u s  t h a t  of c a r s  (22 involvements compared t o  over  54 expec- 

t e d )  i s  h i g h l y  s i g n i f i c a n t  (x* = 91a31 I d £ ;  p  < ,001) . 
The d a t a  supp l i ed  by V e c e l l i o  on upgrade a c c i d e n t  invo lve -  

ments i s  suppor ted ,  though w i t h  f a r  l e s s  p r e c i s e  d a t a ,  i n  a  

s t u d y  by Eckhardt  and Flanagan (1955) performed on a c c i d e n t s  

o c c u r r i n g  on t h e  Pennsylvania Turnpike o v e r  a  four teen-year  

pe r iod .  They compared c a r  and t r u c k  a c c i d e n t s ,  and found t h a t  

t h e  o n l y  l a r g e  d i f f e r e n c e  i n  t h e  k ind  o f  a c c i d e n t  involvement  

f o r  each  v e h i c l e  type  was an overinvolvement  f o r  t r u c k s  i n  

a c c i d e n t s  o c c u r r i n g  on s t r a i g h t ,  u p h i l l  p o r t i o n s  of t h e  t u r n -  

p i k e  -- 25% f o r  t r u c k s  a s  compared t o  15.5% f o r  c a r s .  

To r e c a p i t u l a t e  b r i e f l y ,  it has  been shown above t h a t  

t r u c k s  have more than  t h e i r  s h a r e  of  a c c i d e n t s ,  t h a t  t h e s e  ac- 

c i d e n t s  a r e  more s e r i o u s  and c o s t l y  t h a n  t h e  average  a c c i d e n t ,  

t h a t  t h e  t r u c k  a c c i d e n t  overinvolvement  i s  l a r g e l y  a t t r i b u t a b l e  

t o  a  ve ry  h igh r a t e  of involvement  i n  rear -end c o l l i s i o n s ,  and 

t h a t  w i t h i n  t h e  ca tegory  of  rear -end c o l l i s i o n s ,  t r u c k s  a r e  

over involved a t  a  very  h igh  r a t e  i n  a c c i d e n t s  o c c u r r i n g  on 

s t r a i g h t ,  u p h i l l  s t r e t c h e s  of  road.  By d e f i n i t i o n ,  when a n  

e v e n t  o c c u r s ,  t h e  in fo rmat ion  c o n t a i n e d  i n  t h e  e v e n t  i s  an  

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

would occur.  This  i s ,  t h e  more unexpected an  e v e n t ,  t h e  more 

one can l e a r n  from obse rv ing  i t s  o c c u r r e n c e .  I t  f o l l o w s  t h a t ,  

from t h e  t r u c k  a c c i d e n t  d a t a  p r e s e n t e d  above,  t h e  most f r u i t -  

f u l  l i n e  of  c a u s a l  a n a l y s i s  would pursue  t h e  f a c t o r s  c o n t r i b u -  

t o r y  t o  t h e  inc idence  o f  u p h i l l  r e a r - e n d  a c c i d e n t s ,  s i n c e  it 

i s  i n  t h a t  a r e a  t h a t  t r u c k  a c c i d e n t s  d e v i a t e  most markedly 

from p r e d i c t e d  r a t e s  o f  o c c u r r e n c e ,  based  on t h e  s imple  proba-  

b i l i t y  model p r e v i o u s l y  d i s c u s s e d .  



Several factors which could conceivably contribute to the 

high incidence of trucks, both as striking vehicle and as ve- 

hicle struck, in upgrade rear-end collisions are: driver fa- 

tigue or inattentiveness, following too closely, comparative 

lack of speed and acceleration ability, rear lighting and brak- 

ing inadequacies. Unfortunately, it is impossible to make any 

controlled and precise assessment of such factors with the type 

of after-the-fact accident data available to the author. The 

actual influence of such variables as rear lighting failures or 

inadequacies, and less than ideal braking or accelerative abi- 

lity are bound to be greater than indicated by police reports 

of the accidents because investigators seek immediate, not prox- 

imate, causes in filing their reports. For instance if, on a 

hill, a truck's speed falls from 65 to 35 mph and is struck in 

the rear by a car which has been following it for some time, 

reduction in the truck's speed was obviously a precondition for 

the occurrence of the accident. Thus, it is a ~ossibility that ha( 

the truck possessed a taillight system incorporating a drama- 

tically visible speed indicator, the car driver might have been 

alerted in time to avoid the collision. 

i ranting then that the implication of such contributory 

factors as lighting or performance deficiencies are unlikely to 

be proportionally represented in accident reports, what is the 

evidence for their complicity in truck-involved rear-end colli- 

sions? First of all, consider the element of initial speed dif- 

ferential between following vehicle pairs on an interstate road. 

Certainly it is a trivial truth that some such differential is a 

necessary precondition to there being a rear-end accident. 

There are three basic rear-end accident situations, not 

including consideration of merging or exiting traffic. First, 

two vehicles may have been going at the same speed one ahead of 

the other for some time, but for some reason a significant speed 

differential is introduced, as would be the case if a car were 
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following a loaded tractor-trailer at about 60 mph and the ve- 

hicles entered an extended upgrade. In such a case the car 

driver would be forced, to avoid an eventual collision, either 

to slow down or pass the truck. Generally this is no problem 

assuming the car operator's driving is not impaired, but it is 

the rare possibility of an accident occurring that must be con- 

sidered. Any differential in accident preconditions is in it- 

self an accident "cause" and should be eliminated. Second, a 

change in the distance between two vehicles, which was initially 

quite small relative to normal traffic patterns, caused by a 

fairly small loss of relative velocity in the lead vehicle, will 

necessitate some input by the following driver. In such a case 

genuine alertness, as opposed to the mere absence of fatigue 

or inattentiveness, is required on the part of the following 

driver if a collision is to be avoided, There is evidence that 

trucks tend to follow each other in convoy fashion and maintain 

short headways. The third general case is that in which the 

pair of vehicles never was in an equal speed relationship, but 

where the following vehicle comes up on a lead vehicle whose 

speed is somewhat lower than its own. Again, an input is re- 

quired for accident avoidance. , 

If any example of the above three situations is considered 

an incident, comparable to a lottery ticket where the prize is 

a rear-end accident, then the more of these incidents a vehicle 

accumulated over a given stretch of road, the more likely it is 

to be involved in a rear-end collision. It might be helpful at 

this point to consult some of the literature dealing with speed 

differential, traffic flow, and accident occurrence. 

In attempting to assess the role of speed differential and 

traffic distribution as accident variables, Mitchell (1966) con- 

ducted a study of accident causation on an urban freeway. He 
found that most accidents on the freeway were between vehicles 

moving in the same direction, i,e. rear-end or sideswipe. Also, 



he reported that a major cause of such accidents was "stream 

friction" in the traffic flow which was partially caused by 

large speed differentials between slow-moving vehicles and 

those moving at normal freeway speeds. 

Taylor (1965) argues that there is a relationship between 

the rate of accident occurrence and traffic speed distribution 

and that a normal distribution of speeds across vehicles leads 

to the lowest accident rate, For numerous reasons, trucks are 

not likely, in a mixed traffic situation, to form a normal 

distribution of speeds with other vehicles. First of all, as 

Wolf (1968) points out, the speed limits for trucks are gener- 

ally lower than for cars on turnpikes and interstates. More- 

over, there is the added variability in speed due to truck per- 

formance factors. In addition, truck traffic is heavy and light 

at different times and on different days than is automobile 

traffic. Such a situation might indicate that a good deal of 

"stream friction" would be generated because trucks tended to 

be entering or exiting from turnpikes during periods when cars 

were in steady travel. 

An intensive study of the implication of vehicle speed 

differentials in rear-end accident causation was reported by 

Solomon (1964). He found an extremely strong relationship be- 

tween the speed differential between two following vehicles and 

the probability that they would be involved in a rear-end colli- 

sion, As this differential increases past 20 mph, the probabil- 

ity of such an accident soars, so that following vehicles 

traveling at a 30-35 mph differential are 30 times as likely 

to be involved in a rear-end collision than a vehicle pair 

traveling at a 15 mph differential or less, Solomon's finding 

is quite important, since the scope and precision of his data 

collection procedures, which include speed observation and/or 

interviews with nearly 300,000 drivers (he had the official 

cooperation of agencies in eleven states and the Bureau of Public 



Roads) is almost unparalleled in the literature. 

~t appears that the speed differential between pairs of 

following vehicles is an important factor as a precondition 

for rear-end accidents, which are the most prevalent multiple- 

vehicle accident type reported on modern interstate highways. 

What then is the actual relationship between the speed of trucks 

and passenger cars on such roads? Speed limits on interstate 

highways are often lower for trucks than cars, by up to 15 mph. 

Because of findings such as Solomon's above, criticism has been 

directed at such differential speed limits (Crosby, 1959; 

Ferguson, 1968; Wolf, 1968). Ferguson (1968) studied the re- 

lationship between truck and car speed over all types of roads 

in the state of Virginia. His recommendations specifically 

pointed to interstate highways as presenting the greatest safety 

hazard with differential speed limits for trucks and cars. He 

found that on the interstates, where truck speed limits were 

50 mph compared to 65 mph for cars, truckers generally disre- 

garded their limits, with subsequent problems of decision mak- 

ing for law enforcement personnel. Ferguson also found that, 

regardless of speed limit differentials, trucks would of their 

own accord tend to travel on the average at a speed 5 to 7 mph 

slower than the average car speed on the interstates. It is 

not surprising that this 5 to 7 mph differential was not con- 

stant over all portions of the roadway, but varied as a function 

of road gradient. On some primary roads, the truck average 

speed on many downgrades exceeded the average car speeds along 

the same road portion. Moreover, a study of average speeds at 

18 sites along the interstate routes disclosed that truck and 

car speeds often varied inversely from one site to another 

(Ferguson, 1968). In fact, this was so for the majority of the 

sites. That is, if the average truck speed tended to be higher 

at site m than at site m-1, it was very likely that the average 

car speed was decreasing over this same span. What this implies 

is that, for any randomly selected car-truck following pair, 



n o t  o n l y  i s  t h e r e  l i k e l y  t o  be an average  5 t o  7 rnph speed 

d i f f e r e n t i a l  between them ( a s  opposed t o  a  0 rnph a v e r a g e  

d i f f e r e n t i a l  between a  randomly s e l e c t e d  c a r - c a r  f o l l o w i n g  

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

changing a s  t h e  v e h i c l e s  move over  d i f f e r e n t  r o a d  g r a d i e n t s .  

T h i s  s u g g e s t s  t h e  n e c e s s i t y  f o r  a  l o t  more v i g i l a n c e  and cor-  

r e c t i v e  i n p u t s  f o r  t h e  f o l l o w i n g  d r i v e r  i n  t h e  c a r + t r u c k  p a i r  

compared t o  t h e  fo l lowing  d r i v e r  i n  t h e  c a r + c a r  p a i r ,  f o r  t h e  

former i s  l i k e l y  t o  f i n d  h imsel f  i n  a s i t u a t i o n  where h i s  

v e h i c l e  i s  exper ienc ing  an a c c e l e r a t i n g  speed d i f f e r e n t i a l  v i s -  

a - v i s  t h e  v e h i c l e  he i s  fo l lowing .  Combine t h a t  s i t u a t i o n ,  

e x p e r i e n c e d  o v e r  and o v e r  a g a i n ,  w i t h  t h e  e v i d e n c e  o f  i n a t t e n -  

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

and t h e  r a t e  of  t r u c k  involvement  i n  t h e s e  a c c i d e n t s  i s  n o t  

s u r p r i s i n g .  

I n  a  s t u d y  concerned w i t h  t r u c k  performance ,  F i r e y  and 

P e t e r s o n  (1962) s t u d i e d  t h e  a b i l i t y  o f  t r u c k s  t o  m a i n t a i n  speeds  

on measured g rades .  Those a u t h o r s  found,  f o r  v e h i c l e s  whose 

we igh t  ( i n  pounds) t o  horsepower r a t i o  was i n  t h e  v i c i n i t y  of 

400 t o  1 (comparable t o  a normal ly  l o a d e d  t r a c t o r - t r a i l e r ) ,  

e n t e r i n g  a  s t e a d y  upgrade o f  two o r  t h r e e  p e r c e n t  (which i s  t h e  

maximum upgrade on t h e  Ohio and ~ e n n s y l v a n i a  t u r n p i k e s ,  r e spec -  

t i v e l y )  t h a t  speeds  dropped from an i n i t i a l  v e l o c i t y  of  50 rnph 

t o  38 rnph and 29 mph, r e s p e c t i v e l y ,  a t  2500 f e e t  i n t o  t h e  g rade .  

A t  a  p o i n t  o f  4500 f e e t  i n t o  t h e  g r a d e  t h e  s p e e d s  were 32 rnph 

and 23 mph, r e s p e c t i v e l y .  With l a r g e r  g r a d e s ,  v e l o c i t y  drop- 

o f f  was much s h a r p e r  s o  t h a t  such a  v e h i c l e  e n t e r i n g  a  f i v e  

p e r c e n t  g r a d e  was down from 50 rnph t o  16  rnph a t  1900 f e e t  i n t o  

t h e  grade .  I n  a  s i m i l a r  s t u d y ,  W i l l i s t o n  (1967)  c o l l e c t e d  d a t a  

on t h e  speed o f  t r a f f i c  a l o n g  a  number o f  g r a d e d  s t r e t c h e s  o f  

Connec t i cu t  highway. He s t u d i e d  t h r e e  s i t e s ,  e a c h  a n  e x t e n d e d  

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

s u r e d  t h e  a c t u a l  speed o f  p a s s e n g e r  c a r s ,  p i c k u p  and p a n e l  

t r u c k s ,  l a r g e  s i n g l e - u n i t  t r u c k s ,  and t r a c t o r - t r a i l e r s  t r a v e r -  



sing them. His data show only small initial differences in 

the average speeds of the various vehicle types entering each 

grade. Passenger cars generally maintain their speed through- 

out the grades studied, whereas trucks, es:pecially the larger 

ones tend to lose velocity. For instance, in the five percent 

grade studied, the mean speed of passenger cars, at 2500 feet 

into the grade, dropped from 57 rnph to 55 mph. Over the same 

stretch, the average speed of panels and pickups fell from 

54 rnph to 44 mph; large single-unit trucks dropped from 53 rnph 

to 33 mph, and tractor-trailers went from 54 rnph to 26 mph. 

Moreover, an anlysis of the distribution of speeds revea1s.a 

much larger variation for the larger truck types. Whereas, 

at 2500 feet into the five percent grade, two-thirds of all 

passenger cars were maintaining speeds between 49 rnph and 

59 mph, a range of only 10 mph, the corresponding central 

two-thirds of all tractor-trailer speeds covered a span of 

18 mph, from 17 rnph to 35 mph, 

The reported incidence of rear lighting failure or inade- 

quacy as a factor in vehicle collisions is small indeed. However, 

what little evidence there is shows a much greater rate of 

accident reports implicating lighting or signaling deficiencies 

in truck-involved accidents in comparison to such reports in 

car-involved collisions (Crosby, 1959; North Carolina Department 

of Motor Vehicles, 1968). Moreover, Crosby's (1959) investiga- 

tion into the "basic causes of the high involvement and severity 

of truck accidents" cited "inadequate and/or poor maintenance 

of rear lighting equipment" as the first of these causes. 

As has been previously stated, driver inattention, fatigue, 

drowsiness, etc., are often cited as causal factors in rear- 

end accidents (Crosby, 1959; Eckhardt and Flanagan, 1955; 

~ecellio, 1967). 

Eckhardt and Flanagan (1955) ,for example, report from their 

study of Pennsylvania Turnpike accidents that driver inattention 



or misperception appeared to be a primary contributory factor 

in over 25% of all accidents. Moreover, this factor of driver 

inattention was most highly implicated in the straight upgrade 

accidents in which trucks are so often involved. It would 

follow that many such accidents were rear-end collisions in 

which a high differential in speed between a truck and follow- 

ing car was a major contributory cause. In Vecelliots (1967) 

study of Ohio Turnpike accidents, the assigned primary cause 

for 43% of all rear-end collisions was driver sleepiness, inat- 

tention, or carelessness. 

not surprising that the factors of driver inattention 

and fatigue should be so frequently assigned as causes for 

rear-end collisions. First of all, they are driver error fac- 

tors, very salient and very easy to judge as causes. Moreover, 

by legal definition responsibility for a rear-end collision is 

almost invariably assigned to the driver of the striking vehicle, 

and slow reponse due to inattention is the most logical cause 

for an investigator to choose in justifying the foregone conclu- 

sion that a driver is at fault for running into the rear of an- 
other vehicle, Besides, a lot of drivers on the road are fati- - 
gued or drowsy, and many brag about driving long distances for 

extended periods without sleep. This phenomenon is not only 

unashamedly practiced by the general driving public, the same 

indiscretions can be found accentuated among interstate truck 

drivers. At least two of the above cited authors.(Crosby, 1959; 

Vecellio, 1967) specifically referred to frequent violations 

among accident-involved truck drivers of Bureau of Motor Carrier 

Safety minimum safety statutes regarding driver physical condi- 

tion and driver work hours. 

A series of motor carrier investigation reports (Interstate 

Commerce Commission, 1953-1965) published by the I.C,C, demon- 

strates that driver and corporation noncompliance with I.C.C. 

statutes was rampant. The avoidable loss of life and 



property chronicled in those reports is sobering. Most of the 

truck drivers investigated in those reports were found to possess 

supplies of drugs for maintaining wakefulness over extended 

periods. 

CONCLUSIONS. The conclusions to be drawn from the data 

and arguments above are not complicated. First, inattentiveness, 

fatigue, etc., are frequently factors in rear-end collisions. 

Moreover, because trucks cannot maintain their speed on hills as 

well as cars, they provide a hazard for a driver who is not alert. 

The only essential precondition for a rear-end collision is a 

non-zero relative velocity to close the gap between two following 

vehicles. 

Finally, inadequacies and malfunctions of rear lighting 

systems, which are defects most often reported in connection with 

truck-involved accidents, can make it very easy for the fast- 

driving fatigued auto driver to crash into the slow truck toiling 

up a hill at 30 to 40 mph below his speed. 

The disparity in speed between vehicles in the same lane, 

which leads to rear-end collisions in which trucks are so greatly 

overinvolved, suggests that a means of providing information of 

the speed of a vehicle being followed would be useful. Further 

work on systems of this type would be highly desirable. 

CONCLUSIONS OF ACCIDENT DATA ANALYSES 

The conclusions of this investigation are contained in the 

"Summary of Findings1' section. The following suggestions are 

offered as reasonable avenues of investigation which may improve 

the accident problem dealt with in this section. 

1. Improved performance of vehicle passive marking, such 

as retroreflectors and specific marking to denote parked vehicles, 

2. Means to maintain clean rear lamp and reflectorized 

surf aces. 

Headlamp washing cleaning methods . 



4. Rear s igna l ing  d i sp l ays  t h a t  minimize ambiguity and 

masking between presence,  s t o p  and t u r n  s i g n a l s .  

5 .  A v e l o c i t y  d i s p l a y  t o  provide in format ion  of  t he  

approximate speed of a veh ic l e  t o  a d r i v e r  fo l lowing  it. 



INTERPRETATION OF SIGNALS 
ABSTRACT 

This was a laboratory investigation, the purpose of 

which was to determine whether nayve drivers could reliably 

interpret the meaning of unique signals as presented by various 

truck and automotive rear lighting systems. 

The results indicate that, for most of the lighting systems 

tested, subjects could reliably interpret unique signals after 

brief training. Such errors as were made were not likely to 

increase risk. 



INTERPRETATION OF SIGNALS 

INTRODUCTION 

In the development of rear marking and signaling displays 

it may be found that new types of information, such as suggested 

by the analysis of accident data, should be presented to drivers 

of following-vehicles so as to improve their performance in car- 

following and to reduce rear-end collisions. One of the major 

objectives of the research in vehicle rear lighting is to define 

the information which should be presented, Subsequently it will 

be necessary to determine the manner in which such information 

can be best displayed. 

A prior consideration should be, however, to ascertain if 

drivers can comprehend the information intended to be conveyed 

by such signals, before much effort is expended on the deriva- 

tion of the information required. 

OBJECTIVE 

The objective of this study was to determine the extent to 

which drivers can intuitively comprehend or deduce the meaning 

of new signals as they would be presented by a vehicle rear 

lighting system. 

METHOD 

SUBJECTS. A total of 100 subjects were run in this experi- 

ment. Forty-seven drivers viewed the lighting systems on trucks 

and 53 subjects viewed the lighting systems on cars. Subjects 

ranged in age from 16 to 49 with most of them between 17 and 28 

years of age. 

APPARATUS. Front and rear scale models (5/32 inch, equaled 

1 inch) of a car and a truck were made out of aluminum, and panel 

lights with interchangeable colored filters were mounted on the 

models to simulatd vehicle lights. A control panel was con- 

structed to provide voltage and on/off control to each lamp. 



Each lighting system was set up on the model and photographed 

with a.Super-8 movie camera. The surround of the model was 

dark to simulate night driving. The zoom lens was used to 

provide the cue of a change in distance between the vehicle 

the observer was supposed to imagine he was in, and the vehicle 

he was following or approaching. 

Several film segments were made of each system, with each 

segment showing a different signal or combination of signals. 

The lighting systems were randomly ordered within the truck 

and car films, with the film segments for each system randomly 

ordered within each lighting system. Except for those cases 

where a hazard warning signal was shown on a stationary vehicle, 

each segment began with the rear presence lamps (or parking 

lamps and headlanps, in the case of an oncoming vehicle) being 

shown for the first few seconds, with any signals being added 

later in the same segment. 

The Lighting Systems. Lighting systems on both the front 

and rear of cars and trucks were presented to observers for 

identification (Figures A-1, A-2.  Appendix A). Thirteen car 

lighting systems and 14 truck lighting systems were presented. 

Once the truck film and car film were made, the order of systems 

or film segments was not changed from session to session. 

Clipboards, with small lamps to illuminate the response 

sheets, were provided each subject, The response sheets in- 

dicated codes for a variety of possible signals that might be 

shown. Subjects responded by selecting those codes for signals 

which they believed were contained in each film segment. The 

subjects were not given any feedback as to the appropriateness 

of their responses. 

PROCEDURE. The movies were shown to four groups of sub- 

jects a day over a three day period. Six groups of subjects 

saw the car film and another six saw the truck film, with the 

films alternated among groups. 



The instructions (Appendix B) were read to the subjects, 

and included a description of their task ("identify the meaning, 

at the end of each film segment, of all of the signals you saw 
during that segment"), an explanation of the response sheets 

("the rows indicate film segment numbers and the columns indi- 

cate the various types of signal presentations along with whether 

the front or the rear of the vehicle is shown"), and sample 

segments of film were shown to them, 

Once the subjects were acquainted with the procedure the 

experiment began. The film was stopped after each segment of 

film and the observers were instructed to indicate all of the 

signals that had been presented by checking the appropriate col- 

umns. Once the complete film was shown, it was rewound and 

shown again. 

RESULTS 

IDENTIFICATION OF SIGNALS ON THE REAR AND FRONT OF THE 

CAR SIMULATION. Fifty-three observers viewed the marking and 

signaling displays on the simulated car, with each subject re- 

ceiving two exposures to the film segments. The percent of cor- 

rect observations are shown in Table 14. This table shows 

the percent of subject responses which were correct in identi- 

fying the intended meaning of the various signals on the first 

and second exposure. 

An inspection of Table 14 shows that the subjects generally 

did well in identifying presence and turn indications, with the 

exception of system 23. The subjects did less well in identi- 

fying other signals. Most errors resulted from misidentifica- 

tion as a stopped slow moving signal. 



TABLE 14. Percent of Correct Observations of Various Signals as 
Presented to NaTve Observers by Different Signal Systems 
on Cars. 



The velocity display, or change-of-speed display, was shown 

to observers with the vehicle either accelerating or decelera- 

ting. Figure 4 shows the percent of observers who identified 

both the stop and velocity signals in system 29 on the first and 

second exposure, when the vehicle was accelerating and decelera- 

ting, respectively. While relatively few observers correctly 

identified the existence of both the stop and velocity display 

signals, the identification of the velocity display was greater 

than 90% when the vehicle was accelerating. When the vehicle 

was decelerating the identification of the velocity display 

reached about 80% by the second exposure. 

In those film segments where the simulated vehicle was 

undergoing both increases and decreases in speed while display- 

ing the velocity signal, Figure 5 shows that about 95% of ob- 

servers correctly identified the velocity display on the first 

and second exposure, when no other signals than the presence 

lights were involved. 

When the vehicle was presenting stop and turn signals and 

slowed down sufficiently for the stopped/slow moving signal to 

be lighted, relatively few observers (Figure 6) correctly iden- 

tified all three signals, However, of interest to this study, 

is that by the second exposure, more than 70% of observers cor- 

rectly identified the stopped/slow moving vehicle signal with 

the three systems that were used to display it. 

Figure 7 shows the percent of signals correctly identi- 

fied in the case where a vehicle equipped with system 25 applied 

the brakes and decelerated at a sufficient level to turn on the 

steady-burning high'deceleration signal during the period of 

high deceleration, and to slow the car to a stop, illuminating 

the stopped/slow moving vehicle signal. Figure 7 shows that, 

on the first exposure, about 80% of observers correctly iden- 

tified the high-deceleration signal and the stopped/slow moving 
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v e h i c l e  s i g n a l .  There was a  s l i g h t  improvement on t h e  second 

e x p o s u r e ,  w i t h  up t o  8 6 %  of obse rve rs  i d e n t i f y i n g  t h e  s topped/  

slow moving v e h i c l e  s i g n a l .  

F i g u r e  8 shows t h e  p e r c e n t  of c o r r e c t  r e sponses  i n  iden-  

t i f y i n g  t h e  e x i s t e n c e  of t h e  h igh-dece le ra t ion  s i g n a l  when com- 

b ined  w i t h  t h e  s t o p  s i g n a l  on system 25. About 80% of obser-  

v a t i o n s  were c o r r e c t  on t h e  f i r s t  exposure.  

F i g u r e s  9 and 1 0  show t h e  p e r c e n t  of  o b s e r v e r s  who cor-  

r e c t l y  i d e n t i f i e d  headlamps on an oncoming v e h i c l e  ( F i g u r e  9 )  

and a f r o n t  . t u r n  s i g n a l  and headlamps ( F i g u r e  l o ) ,  w i t h  over  

80% of r e sponses  being c o r r e c t  i n  both  c a s e s .  

STOP + 
DECELERATION 

0 
1 2  

EXPOSURE 

F i g u r e  8. P e r c e n t  o f  c o r r e c t  o b s e r v a t i o n s  o f  
s t o p  and h i g h  d e c e l e r a t i o n  s i g n a l s  
on c a r .  P e r c e n t  o f  t o t a l  h i g h  de- 
c e l e r a t i o n  (D) s i g n a l s  observed 
a l s o  shown. 
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IDENTIFICATION OF SIGNALS ON THE REAR AND FRONT OF THE 

TRUCK SIMULATION. Table 15 and Figures 11-15 show t h e  r e s u l t s ,  

analogous t o  those  a l ready shown f o r  t he  c a r  s imu la t ion , .  f o r  

t h e  i d e n t i f i c a t i o n  of s i g n a l s  shown i n  the  t ruck  s imulat ion.  

I n  many r e s p e c t s  t he  r e s u l t s  a r e  a l s o  s imi l a r .  

~ d e n t i f i c a t i o n  of t h e  hazard warning s i g n a l  on t h e  t r u c k  

s imula t ion  was r e l a t i v e l y  poorer than on t h e  c a r .  S i m i l a r l y ,  

t h e  i d e n t i f i c a t i o n  of a  s t o p  s i g n a l  i n  conjunct ion wi th  a  

hazard warning s i g n a l  r e s u l t e d  i n  only about 45% of c o r r e c t  

obse rva t ions ,  l e s s  than f o r  the  c a r  s imulat ion.  I n  bo th  t h e s e  

s i g n a l  modes t h e  low percen t  of c o r r e c t l y  i d e n t i f i e d  hazard 

warning s i g n a l s  was p r imar i ly  due t o  confusions  wi th  t h e  

stopped/slow moving veh ic l e  s i g n a l  o r  f a i l u r e  t o  i d e n t i f y  - both 

tile stopped/slow moving and hazard warning s i g n a l s .  

Figure  1 2  shows i d e n t i f i c a t i o n  of t h e  s t o p  s i g n a l  com- 

bined wi th  t h e  v e l o c i t y  s i g n a l .  I n  t h e  ca se  of  t h e  v e h i c l e  

s t a r t i n g  w i t h  t h e  brakes app l i ed  and then  a c c e l e r a t i n g ,  about 

94% of t h e  observers  c o r r e c t l y  i d e n t i f i e d  t h e  v e l o c i t y  s i g n a l  

i n  system 2 9 .  However, when the  v e h i c l e  was i n i t i a l l y  i n  motion 

and then began t o  slow down by braking,  about 6 6 %  of obse rve r s  

i d e n t i f i e d  the  v e l o c i t y  s i g n a l  on t h e  second exposure.  The 

t r end  of fewer c o r r e c t  observa t ions  of t h e  v e l o c i t y  s i g n a l  when 

t h e  veh ic l e  was d e c e l e r a t i n g  was a l s o  found i n  t h e  c a r  simula- 

t i o n .  

In  t h e  case  where braking was no t  involved wi th  t h e  veloc- 

i , t y i  s i g n a l  and t h e  t ruck  d e c e l e r a t e d  and a c c e l e r a t e d ,  about 93% 

i d e n t i f i c a t i o n  of t he  s i g n a l  was ob ta ined  w i t h  system 29  

(Figure  1 3 ) .  

In  t h e  two p r e s e n t a t i o n s  i nvo lv ing  t h e  f r o n t  of a  t r u c k ,  

t h e  i d e n t i f i c a t i o n  of headlamps (F igu re  1 4 )  reached 85% on t h e  

second exposure, and t h e  i d e n t i f i c a t i o n  o f  a t u r n  s i g n a l  i n  

conjunction wi th  t h e  headlamps (F igu re  15 )  was 7 3 %  on t h e  second 

exposure. 
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STOP + SLOW MOVING 

EXPOSURE: 

Figure 11. Percent of correct observations of 
stop and stopped/slow moving sig- 
nals on truck. Percent of total 
stopped/slow moving signals (M) 
observations also shown. 
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DISCUSSION 

In both the car and truck simulation, there was a general 

improvement in the signals that were correctly identified in 

the second exposure compared to the first. This indicated that 

further exposure, in the normal course of driving, to signals 

of the type that were used in this study is likely to further 

improve the ability of drivers to intuitively and correctly 

interpret the meaning intended by these signals. 

Thus, one of the major questions that was posed in the 

developmental stages of this study appears to be answered af- 

firmatively, and suggests that drivers are likely to learn the 

meaning of new signals, which they have not seen previously, 

quite readily. It also suggests that such signals can be coded 

in a number of alternative ways, and successfully transfer the 

desired information. This is shown by the fact that various 

display formats were used in this study with relatively small 

differences in their effectiveness. 

The correct identification of presence and turn signals 

was about 90% or better. The only exception to this was with 

system 23, primarily in affecting the identification of presence 

lamps, apparently due to this system using four red lamps posi- 

tioned around the rear of the car. The other systems all used 

two lamps, and identification of the presence lights was good 

whether these lamps were red or green. 

It was apparent that a number of the conventional signals 

were not identified with as high a frequency as might have 

been expected. For example, stop signals in the car simulation 

were identified correctly on about 60% of the presentations. 

The hazard warning signal was identified, when presented alone 

on about 75% of presentations. The combination of stop signals 

and back-up signals were only identified on less than 60% of 

the observations. 

The relatively low identification of stop signals and 



hazard  warning s i g n a l s  was due t o  t h e  s u b j e c t s  r e p o r t i n g  some 

of  t h e s e  s i g n a l s  a s  t h e  stopped/slow moving v e h i c l e  s i g n a l .  

I t  was a l s o  found, t h a t  some of t h e  obse rve rs  were unfa- 

m i l i a r  w i t h  some of t h e s e  conven t iona l  s i g n a l s ,  p a r t i c u l a r l y  

t h e  h a z a r d  warning and t h e  back-up s i g n a l s ,  This  shows t h a t  

d r i v e r s  may r e q u i r e  some a d d i t i o n a l  educat ion  i n  t h e  meaning 

of such  s i g n a l s ,  which have been used on v e h i c l e s  f o r  a  

number o f  yea r s .  

BY comparison, some of  t h e  novel  s i g n a l i n g  d i s p l a y s  were 

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

warning s i g n a l  and back-up s i g n a l .  I n  g e n e r a l ,  t h e  s topped/  

slow moving v e h i c l e  s i g n a l  was i d e n t i f i e d  on up t o  about  85% 

of t h e  p r e s e n t a t i o n s  i n  which it was combined w i t h  o t h e r  s i g -  

n a l s  such  a s  t h e  s t o p  s i g n a l ,  t h e  t u r n  s i g n a l ,  and t h e  h igh  

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

such a  way t h a t  t h e  v e h i c l e  was i n i t i a l l y  s t a t i o n a r y ,  w i t h  t h e  

s t o p  lamps l i g h t e d  which were t h e n  e x t i n g u i s h e d  a s  t h e  v e h i c l e  

began t o  a c c e l e r a t e ,  abou t  90% o f  t h e  o b s e r v e r s  c o r r e c t l y  

i d e n t i f i e d  it. Conversely,  when t h e  v e h i c l e  was i n i t i a l l y  

s imula ted  a s  running a t  a  h igh  speed and t h e n  slowed down, 

f i n a l l y  coming t o  r e s t  w i t h  mi ld  b r a k i n g ,  about  80% of  t h e  

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

f i l m  segments,  t h e  v e l o c i t y  d i s p l a y  was used w i t h  t h e  v e h i c l e  

undergoing i n c r e a s i n g  and d e c r e a s i n g  changes i n  speed w i t h o u t  

o t h e r  s i g n a l s  being shown, i n  which c a s e  abou t  95% of o b s e r v e r s  

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

The h igh d e c e l e r a t i o n  s i g n a l  was a l s o  i d e n t i f i e d  a  r e l a -  

t i v e l y  high p ropor t ion  of  t h e  t i m e ,  For  example, abou t  80% o f  

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

it was p resen ted  i n  c o n j u n c t i o n  w i t h  t h e  s t o p  s i g n a l  and t h e  

stopped/slow moving v e h i c l e  s i g n a l ,  w i t h  a b o u t  75% c o r r e c t l y  

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

The f r o n t  of t h e  c a r  o r  t r u c k ,  i d e n t i f i e d  by h e a d l i g h t s  



and turn signals, was identified by about 80% of observers 

in both the car and truck simulation. 

The results of this study appeared to show that novel 

signaling displays such as a stopped/slow moving vehicle 

signal, a velocity display, or a high deceleration signal can 

be expected to be readily identified by drivers with little 

introductory training required. It has been noted that some 

confusion occurred between conventional signals, such as the 

stop signal and hazard warning signal, and the experimental 

displays, in particular the stopped/slow moving vehicle sig- 

nal. However, these misinterpretations would not be expected 

to have a deleterious effect upon safety. This is because 

the general information in any of these signals is fundamen- 

tally similar and would require that a driver exercise caution 

with respect to the vehicle ahead of him, which he would under- 

stand to be either slowing down or stopped. 

The specific displays that were selected for use in this 

study are not necessarily those that would be most effective 

in presenting the particular items of information which they 

were intended to transmit, and further work might be done to 

evaluate alternative means of presenting the same types of 

information. Other studies done in this research program and 

elsewhere (e.g.,Mortimer, 1971), have indicated that signals, 

which indicate the speed of a preceding vehicle to a driver, 

may be helpful in reducing rear-end collisions (Carlson and 

Mortimer, 1974). This study demonstrates that there are means 

to code such signals so that they can be interpreted by the 

drivers of following-vehicles quite readily. 



RESPONSE OF NAYVE DRIVERS TO PRESENCE AND STOP SIGNALS 
OF EXPERIMENTAL REAR LIGHTING CONFIGURATIONS' 

AB S T RACT 

T h i s  s tudy was conducted t o  check t h e  f e a s i b i l i t y  of 

d i r e c t l y  measuring the  responses  of nayve d r i v e r s  t o  s i g n a l s  

p r e s e n t e d  by nonconventional  r e a r  l i g h t i n g  systems i n  a  

normal d r i v i n g  s i t u a t i o n .  

T h e  r e s u l t s  provide  reason  t o  b e l i e v e  t h a t  t h e  pro- 

c e d u r e  i s  f e a s i b l e  and meaningful  r e s u l t s  can be o b t a i n e d  

w i t h  r e a s o n a b l e  exper imenta l  e f f o r t .  



RESPONSE OF N A ~ V E  DRIVERS TO PRESENCE AND STOP SIGNALS 
OF EXPERIMENTAL REAR L I G H T I N G  CONFIGURATIONS 

OBJECTIVE 

The o b j e c t i v e  of t h i s  study was t o  determine whether 

d i f f e r e n c e s  could be de t ec t ed  i n  t h e  responses  of  na ive  d r i v e r s  

t o  s t o p  s i g n a l s  p resen ted  by normal and unique s i g n a l  systems. 

~ f  such response d i f f e r e n c e s  could be d e t e c t e d ,  t h i s  would 

provide a  methodology f o r  subsequent e v a l u a t i o n s  of t h e  e f f e c t s  

of exper imental  r e a r  l i g h t i n g  and s i g n a l i n g  systems,  i n  normal 

d r i v i n g  c o n d i t i o n s ,  on t h e  behavior of  d r i v e r s  who a r e  n o t  

s o l i c i t e d  a s  t e s t  s u b j e c t s .  

METHOD 

A s t a t i o n  wagon was equipped wi th  an a r r a y  of  e i g h t  lamps, 

fou r  on each s i d e ,  a s  shown i n  Figure  1 6 .  The lamps were four  

inches  i n  diameter  and equipped wi th  s i n g l e  f i l amen t  32 cd bulbs  

wi th  t h e  except ion  of one p a i r  which were equipped wi th  double 

f i l ament  3 and 32  cd bu lbs ,  The topmost lamps on each s i d e  

were yellow and used s o l e l y  a s  t u r n  s i g n a l s .  

Four c o n f i g u r a t i o n s  were employed, one on each of four  

consecut ive  n i g h t s ,  

c o n f i g u r a t i o n  1: All - red system one presence  lamp on 
each s i d e .  No s i g n a l  was given.  

c o n f i g u r a t i o n  2 :  Same a s  one except  t h a t  a  s t o p  s i g n a l  
was given a s  t h e  s u b j e c t  d r i v e r  approached. 
The s t o p  s i g n a l  was r e d  and was accom- 
p l i s h e d  c o n v e n t i o n a l l y  by i n c r e a s i n g  t h e  
i n t e n s i t y  of  t h e  p re sence  lamps. 

Configurat ion 3 :  Green presence  lamps, one lamp on each 
s i d e .  No s t o p  s i g n a l  was given.  

Configurat ion 4 :  Same a s  t h r e e  e x c e p t  t h a t  a  r e d  s t o p  
i n d i c a t i o n  was given a s  t h e  s u b j e c t  
d r i v e r  approached. The s t o p  s i g n a l  was 
given by adding two r e d  lamps on each 
s i d e  a t  h igh  i n t e n s i t y ,  one above and 
one below t h e  p re sence  lamp. S u b j e c t i v e l y ,  
t h e s e  lamps o b l i t e r a t e d  t h e  presence  lamp. 



Figure 1 6 .  The lamps mounted on t h e  tes t  car. 
Top lamp on each s i d e  ye l low.  
Second and b o t t o n  lamp on e a c h  s i d e  red. 
Third  lamp on each s i d e  g reen .  



A t e l e v i s i o n  camera(not shown i n  Figure 16)  was r i g i d l y  

mounted i n  the c a r ,  facing rearward and i t s  ou tpu t  recorded on 

video tape .  An e l e c t r o n i c  counter was mounted i n  the r e a r  of 

the  veh ic le  and so posi t ioned as  t o  be v i s i b l e  i n  the t e l e v i s e d  

image. This un i t  counted time i n  mill iseconds and provided a  

time base. The audio channel of the tape recorder  was used f o r  

a d d i t i o n a l  information such a s  might be noted by the  d r i v e r  o r  

repor ted  over the  two-way rad io  l ink .  

The c a r  with the  various r e a r  l i g h t i n g  systems was dr iven  

on a  r u r a l  freeway a t  a  cont ro l led  speed of 60 mph*, a t  n igh t .  

~t was followed by another t e s t  car .  

The two experimental vehic les  were driven with a  sepa ra t ion  

d i s t ance  of about 1000 f e e t .  When an i s o l a t e d  c a r  passed t h e  

r e a r  vehic le  and moved back i n t o  the  r i g h t  lane  behind t h e  f i r s t  

t e s t  c a r  the  following experimenter 's  c a r  speeded up s l o w l y ~ ~ a n d  

t h e  TV recorder  was s t a r t e d .  The following c a r  attempted t o  

pace t h e  sub jec t  c a r  c lose ly  enough t o  allow t h e  d r i v e r  t o  ,ob- 

serve it without d i s tu rb ing  i t s  d r i v e r .  A s  a  r e s u l t ,  i t  stayed 

back about 300-500 f e e t .  I f  a  brake app l i ca t ion  was c a l l e d  

f o r  on t h e  p a r t  of the  lead c a r  an at tempt  was made t o  do t h i s  

a t  a  separa t ion  of 300-400 f e e t ,  The brake s i g n a l  was l e f t  on 

f o r  about t e n  seconds and then shut  o f f .  No o t h e r  a c t i o n s  of 

any k i n d  were made. When t h e  sub jec t  vehic le  passed t h e  l ead  

c a r ,  t h e  following c a r  dropped back t o  t h e  i n i t i a l  spacing t o  

wai t  f o r  t h e  next subjec t .  

The image of t h e  sub jec t  veh ic le  was recorded cont inuously 

on videotape a s  it approached ( a l l  t h a t  could be seen were t h e  

headl ights  genera l ly)  u n t i l  it changed l anes  and went o u t  of 

view. The i n t e n t i o n  was t o  r e -c rea te  t h e  speed t r a j e c t o r y  of 

the  vehicle  by a n a l y s i s  of t h e  lamp spacing changes on t h e  TV 

*The speed l i m i t  was 70 mph. 



image over time as given by the counter. TO do this a cali- 

bration tape was made using a following car with relatively 

wide spacing between lamp centers (60 inches), for headways 

from 50 feet to 700 feet. Measurements were made of headlamp 

spacings of a number of cars and finally three spacings were 

used as rough classifications: wide (60 inches), medium 

(50 inches), and narrow (40 inches). As each subject vehicle 

overtook the first experimental vehicle its headlamp spacing 

category was noted on the audio channel of the recorder. 

The data were digitized by running the video tape play- 

back at 1/16th speed and measuqlng the distance, between the 

headlamps as seen on a 23" TV monitor, in millimeters, at in- 

tervals of two seconds. The measurement interval was reduced 

to one second as the subject vehicle closed to about 300 feet. 

These data were then transferred to time-distance plots. Data 

were obtained on 112 drivers. 

DEPENDENT VARIABLES. An attempt was made to measure the 

following dependent variables: 

1. Speed. Three typical plots of speed of the following 

car against headway are shown in Figure 17. The basic time- 

distance data were differentiated to yield speed. From such 

plots the following items were estimated. 

a. Initial speed - the speed of the overtaking car 
prior to any obvious change in speed. 

b. Speed change - the direction and approximate mag- 
nitude of speed changes. 

2. Pass Point. As noted by the experimenter in the pur- 

suit vehicle, the point at which the overtaking car's front 

wheels crossed the lane divider as it began to pass the experi- 

mental car. 

3. Signals Given by Subject Car. Brake and turn signals 

were noted by the experimenter in the following car. 
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Figure 17 .Typica l  speed-headway p l o t s  f o r  t h r e e  d r i v e r s  p r i o r  t c  
passing t h e  t e s t  car showing two red rear presence lam 
(conf igura t ion  1). 



4 .  Distance a t  Which Brake S igna l  Given. For con f i -  

g u r a t i o n s  2 and 4 ,  t h e  d i s t a n c e  of t h e  sub jec t  v e h i c l e  behind 

t h e  exper imental  veh ic le  a t  t h e  time t h e  brake s i g n a l  was given 

was no ted .  

Data were co l l ec t ed  between t h e  hours of 8 p.m. t o  midnight,  

f o r  1 1 2  d r i v e r s .  

RESULTS AND DISCUSSION 

The r e s u l t s  of t he  s tudy a r e  summarized i n  Table 1 6 .  I n  

most r e s p e c t s  t he  da ta  a r e  q u i t e  c o n s i s t e n t ,  which may be sur-  

p r i s i n g  i n  view of t he  l a r g e  v a r i a t i o n s  shown. The most note-  

worthy d i f f e r e n c e s  a r e  those  noted under speed change behavior 

f o r  con f igu ra t ions  3 and 4 and s u b j e c t  c a r  s i g n a l s  f o r  config- 

u r a t i o n s  2 ,  3 and 4 .  

The r e s u l t s  of t h i s  s tudy  provide some reason t o  b e l i e v e  

t h a t  d r i v e r  behavior may be in f luenced  i n  ways t h a t  a r e  r e l a -  

t i v e l y  easy  t o  measure by unique s i g n a l  systems. A primary 

concern i n  planning t h i s  s tudy  was a  p o s s i b l e  "gawk" response 

s o l e l y  a t t r i b u t a b l e  t o  t h e  uniqueness of systems 3 and 4 which 

had green t a i l  l i g h t s .  This would have been expected t o  mani- 

f e s t  i t s e l f  a s  a  slowing response.  There were no c o n s i s t e n t  

slowing responses  assoc ia ted  w i t h  t h e  unique systems. There 

was a  g r e a t  i nc rease  i n  t h e  i nc idence  of d r i v e r s  who d i d  n o t  

change t h e i r  speed with  systems 3 and 4 ,  and a  r educ t ion  i n  

t h e  pe rcen t  of d r i v e r s  who inc reased  t h e i r  speed a s  t hey  neared 

t h e  experimental  c a r  wi th  system 4 .  There was a l s o  a  s l i g h t  

i nc rease  i n  t h e  incidence of  brake a p p l i c a t i o n s  i n  system 4 

versus  system 2 .  

Not shown i n  the  da t a  a r e  two v e h i c l e s  under system 4 t h a t  

slowed and t racked  the  l e a d  v e h i c l e  a f t e r  t h e  brake  a p p l i c a t i o n .  

These indeed may have been "gawkers ,"  b u t  t h e  r e s t  of  t h e  sub- 

j e c t  d r i v e r s  d id  no t  mani fes t  any r e a d i l y  measurable i n t e r e s t  

i n  t h e  unique con f igu ra t ions .  



TABLE 1 6 .  Tabulated Resul ts  of Responses of ~ a ' i v e  Drivers  t o  a  
v a r i e t y  of Rear Lighting and S igna l  Configurat ions .  

I 
I 

Descr ipt ion 
L 

Speed change by over takinq c a r  ( i n  % )  

None 

Inc rease  

Decrease 

Inc rease  - Decrease 

Decrease - Inc rease  

Mean pass  p o i n t  ( i n  f t  behind lead c a r )  

Mean pass  p o i n t  s tandard  dev ia t ion  ( i n  f t )  

Mean i n i t i a l  speed of over taking c a r  ( i n  f t / s e c )  

Mean i n i t i a l  speed of over taking c a r  
s tandard dev ia t ion  ( f t / s e c )  

Mean d i s t ance  a t  which brake s i g n a l  given ( i n  f t )  

Mean d i s t ance  a t  which brake s i g n a l  given 
s tandard dev ia t ion  ( f t )  

Subjec t  c a r  s i g n a l s  ( i n  % )  

None 

Brake 

Turn 

Brake and Turn 

Subject  c a r  mean speed changes ( i n  f t / s e c )  

Increase  

Standard dev ia t ion  

Decrease - Inc rease  

Decrease 

Standard dev ia t ion  

Increase  

s tandard d e v i a t i o n  

l = A l l  red - no s i g n a l  
2 = A l l  red - s t o p  s i g n a l  g iven 
3=Green presence - no s i g n a l  
4=Green presence - r ed  s t o p  s i g n a l  given 

1 

6 

52 

6  

10 

26 

203 

7 8  

1 0 1  

7  

0 

0  

90 

0  

10 

0  

9  

5  

8  

4 

9  

4 

2 

20 

40 

4 

8  

28 

265 

74 

98 

6  

349 

76 

62 

0  

27 

11 

9 

4 

9  

4 

11 

2 

3  

43 

43 

3  

7  

3 

253 

126 

98 

7  

0  

0  

77 

0 

23 

0 

6  

2  

0 

0 

0 

0  

4 1 

4 2  

1 9  

8  

8  

23 

253 

88  

1 0 1  

7  

348 

103 

60 

1 2  

16 

1 2  

7  

4 

1 4  

4 

7  

2 



The r e s u l t s  of t h e  s tudy  show t h a t  it may be  p o s s i b l e  t o  

e v a l u a t e  novel  r e a r  l i g h t i n g  systems i n  terms of  t h e i r  e f f e c t  

on d r i v e r s  who a r e  no t  aware t h a t  they  a r e  p a r t i c i p a t i n g  i n  an 

exper iment .  There was no apparent  nove l ty  e f f e c t  shown by t h e  

d a t a ,  a s  can  be i n f e r r e d  from t h e  s i m i l a r  r e sponses  of t h e  

d r i v e r s  t o  r ed  and green p resence  l i g h t s .  

There appeared t o  be an e f f e c t  of  t h e  s t o p  s i g n a l s  of  

c o n f i g u r a t i o n  4 i n  inducing c a u t i o u s  behavior  a s  no ted  by t h e  

r e l a t i v e l y  fewer d r i v e r s  who i n c r e a s e d  speed a s  t h e y  c l o s e d  

on t h e  t e s t  c a r ,  and t h e  i n c r e a s e d  number who a p p l i e d  t h e i r  

b rakes .  The l a t t e r  f i n d i n g s  could  be a t t r i b u t a b l e  t o  t h e  d i s -  

t i n c t i v e  s t o p  s i g n a l  of c o n f i g u r a t i o n  4 .  Response t o  t h e  s t o p  

s i g n a l  o f  c o n f i g u r a t i o n  2 was q u i t e  s i m i l a r  t o  t h a t  of t h e  pres-  

ence  lamps a lone  of c o n f i g u r a t i o n  1 w i t h  a  12% r e d u c t i o n  i n  

t h e  number of v e h i c l e s  t h a t  i n c r e a s e d  speed,  i n d i c a t i n g  a  more 

c a u t i o u s  approach,  than  t o  c o n f i g u r a t i o n  1. I t  i s  a l s o  n o t i c e -  

a b l e  t h a t  i n  t h e i r  approach t o  t h e  t es t  c a r  showing o n l y  green- 

b l u e  p resence  l i g h t s  ( c o n f i g u r a t i o n  3)  t h e  d r i v e r s  e i t h e r  i n -  

c r e a s e d  speed o r  d i d  n o t  change t h e i r  speed.  A t e n t a t i v e  ex- 

p l a n a t i o n  of t h i s  behavior  i s  t h a t  d r i v e r s  c o u l d  c l e a r l y  iden-  

t i f y  t h e  t e s t  c a r  a s  n o t  b r a k i n g ,  by t h e  absence  o f  r e d  l i g h t s ,  

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

speed d u r i n g  t h e  approach. The g r e a t e r  mean and s t a n d a r d  de- 

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

w i t h  c o n f i g u r a t i o n  3 than  c o n f i g u r a t i o n  1 may b e  p a r t l y  a t t r i -  

buted  t o  t h e  speed i n c r e a s e  o r  maintenance of  t h e  d r i v e r s ,  ne- 

c e s s i t a t i n g  a  r e l a t i v e l y  g r e a t e r  mean p a s s  d i s t a n c e  f o r  d r i v e r  

comfort c o n s i d e r a t i o n s  r a t h e r  t h a n  s a f e t y .  By comparison,  

t h e  e q u i v a l e n t  mean p a s s  p o i n t  d i s t a n c e s  f o r  c o n f i g u r a t i o n s  2 

and 4 ,  o r  3 ,  a r e  probably  due t o  t h e  appearance  o f  t h e  s t o p  

s i g n a l s  and t h e  e x p e c t a t i o n  t h a t  t h e  l e a d  v e h i c l e  would de- 

c e l e r a t e .  Th i s  would b e  expec ted  t o  have t h e  e f f e c t  o f  i n -  

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

between d r i v e r s .  





PERCEPTION OF RELATIVE VELOCITY 

ABSTRACT 

An e x t e n s i v e  review of t h e  l i t e r a t u r e  was under taken 

and t h r e e  s t u d i e s  conducted i n  an e f f o r t  t o  de termine  t h e  cues 

t o  t h e  d e t e c t i o n  of r e l a t i v e  v e l o c i t y  a s  w e l l  a s  t h e  s e n s i t i -  

v i t y  o f  normal obse rve rs  t o  t h e s e  cues.  

The r e s u l t s  i n d i c a t e  t h a t  t h e  t h r e s h o l d s  f o r  angu la r  

v e l o c i t y  a r e  about 3.5 x , o m 3  rad / sec ,  and t h a t  r e l a t i v e  veloc-  

i t y  can  be  pe rce ived  i n  shor t -g lance  t i m e s  when it i s  above 

t h r e s h o l d .  Dr ive r s  were a b l e  t o  s c a l e  r e l a t i v e  v e l o c i t y  i n t o  

j u s t  under  t h r e e  c a t e g o r i e s ,  b u t  l ead-ca r  a b s o l u t e  v e l o c i t y  

i n t o  abou t  f i v e  c a t e g o r i e s ,  However, i n  c a r - f o l l o w i n g  simula- 

t o r  t e s t s ,  t h e  d r i v e r s  t r a n s m i t t e d  l i t t l e  i n f o r m a t i o n  of  r e l a -  

t i v e  v e l o c i t y .  A t  low f requenc ies  of v a r i a t i o n  i n  v e l o c i t y  of  

t h e  l e a d  car ( <  .05 Hz) t h e  d r i v e r  of t h e  f o l l o w i n g  c a r  appeared 

t o  use a  v e l o c i t y  response  t o  d e t e c t e d  changes i n  headway; a t  

h i g h e r  f r e q u e n c i e s ,  v e l o c i t y  response  was used t o  d e t e c t e d  

changes i n  r e l a t i v e  v e l o c i t y .  I n  g e n e r a l ,  d r i v e r s  appeared  t o  

make l i t t l e  use  of r e l a t i v e  v e l o c i t y  i n  t h e  ca r - fo l lowing ,  and 

t h e r e f o r e  based t h e i r  response  upon t h e  p e r c e i v e d  headway. 



PERCEPTION OF RELATIVE VELOCITY 

OBJECTIVE 

The objective of the work reported in this section was 

to determine the cues to the detection of spacing changes in 

car following situations and measure the capability of drivers 

to detect such changes. 

INTRODUCTION 

There are two important situations in the flow of traffic 

in which a driver must be able to perceive and use information 

about the velocity of one car relative to his own. These are: 

(A) In overtaking and passing - This is probably the most 
complex and dangerous maneuver performed by a driver. 

It requires the driver to make estimates of the speed 

and distance of the oncoming vehicle, the speed of the 

vehicle he is overtaking and the performance of his 

own vehicle. 

(B) In car-following within a traffic lane - The models 
of car-following generally assume an equation of the 

form 

(1) P2 (tt~) = h(il[t] - i2 [t]) 
where the coefficient A may be dependent on vehicle 
speed A2 and the intervehicle spacing (xl-x2). The 

basic model assumes that the following driver's 

response (in the form of the time-delayed acceleration 

x2) is dependent on the magnitude of the relative 

velocity, that is, it is assumed that the following 

driver can perceive and scale the relative velocity. 

There has been very little research directed specifically at 

the problem of the perception and use made of relative velocity 

information. Most published work has concentrated on either 



empirical studies of the two cases mentioned with little 

analysis of the underlying human factors, or on the perception 

of headway changes and relative velocity changes. (For example, 

Evans and Rothery, 1972; Janssen, 1972; Rockwell and Snider, 

1969). These studies are relevant to determining the magnitude 

of the delay time T in equation 1, but not to the use actually 

made by the driver of the magnitude of the relative velocity.* 

In this report consideration is given to problems of 

relative velocity scaling and the use that the driver is able 

to make of relative velocity information. The example of car- 

following shall be used extensively as this is the traffic 

situation most readily studied. Most conclusions should, however, 

also be applicable to the passing situation. The next section 

reviews and analyzes some of the results of research relevant 

to this study. 

REVIEW AND ANALYSIS OF THE LITERATURE 

Olson,et al. (1961) investigated the ability of drivers to 

make judgments of relative car velocities. At headways of 0.1 

and 0.2 mile, they presented to their subjects seven different 

relative speeds ranging from -30 mph to +30 mph in steps of 

10 mph, Subjects viewed the lead vehicle for a period of 7 secs 

and then made a judgment of the relative velocity. 

The important conclusions were: 

(1) Subjects were accurate in their judgment of whether 

the headway between vehicles was increasing or de- 

creasing. 

(2) The accuracy of judgments increases as headway is 

decreased. 

(3) Judgments are more accurate when the gap is closing 

than when it is opening. 

*Discussion of a criterion for detection of spacing changes 
included as Appendix C. 



(4) Subjects tended to underestimate the relative speeds. 

These authors carried out an information analysis of their re- 

sults and found that 1.05 bits* were transmitted at the 0.2 

mile headway and 1.38 bits at 0.1 mile headway. If performance 

had been perfect, 2.81 bits of information would have been 

transmitted. 

As perception of direction of relative velocity was near 

perfect with their subjects, in each case one bit of information 

may be associated with the sense of the relative velocity. This 

then leaves 0.05 and 0.38 bits, for the 0.2 and 0.1 mile headway 

respectively, for the subject to place the particular relative 

velocity into one of the three categories. On average, then, 

these figures tell us that drivers could, once having perceived 

the direction of the relative velocity, only place this velocity 

into 1.04 and 1.30 categories, that is, they were unable to 

discriminate between the various velocity magnitudes. 

This is a rather poor performance but is probably easily 

accounted for by the insensitive perceptual cues available to 

the driver in carrying out this task. This shall be discussed 

further in a later section of the report. 

~akkinen (1963) used filmed stimuli of a vehicle approach- 

ing at speeds of 30 to 130 km/hr, in steps of 10 km/hr, to 

construct a scale of approach velocity. The film was used in 

the laboratory in two ways: 

(a) Subjects viewing the film of the vehicle approaching 

from 300 m to 0 metre. 

(b) The film was shown in segments of 300 m to 200 m, 

200 m to 100 m and 100 m to 0 m, with the subject 

making estimates at each distance. 

*The "bit" is the unit of measure of information. It is 
the natural logarikhm of the number of available choices. For 
example, given 2 choices, 1 bit of information is required to 
make a choice (log, 2 = 1) . 



The r e s u l t s  of ( a )  a r e  summarized by the  equation - Estimated 

Veloc i ty  = 1 . 1 4  + ( ac tua l  ve loc i ty )0 .91 ,  i . e . ,  t h e r e  was a  

tendency t o  underestimate a l l  v e l o c i t i e s ) ,  

O f  g r e a t e r  importance a r e  t he  r e s u l t s  of (b )  a s  t h e  e f f e c t s  

of d i s t a n c e  on the  perception of approach v e l o c i t y  a r e  seen. 

~ a k k i n e n ' s  d a t a  a r e  regraphed i n  Figure 1 8  where it i s  seen t h a t  

e s t ima t ion  accuracy i s  s i g n i f i c a n t l y  poorer a t  t h e  l a r g e r  view- 

ing  d i s t a n c e .  Hiikkinen s t a t e s :  

? 
" A t  longer  d i s tances  . . . . es t imates  a r e  l i k e l y  t o  be 

: independent of ac tua l  speeds and q u i t e  u n r e l i a b l e , "  
? 

t 
For each of the  t e s t  condi t ions  shown i n  Figure  1 8 ,  angular  

v e l o c i t i e s ,  based on the  mean d i s t a n c e  f o r  each viewing d i s t a n c e  

have been ca lcu la ted .  These a r e  presented i n  Table 17. From 

t h i s  t a b l e  it i s  seen t h a t  t he  angular  v e l o c i t i e s  f o r  t h e  l a r -  

g e s t  viewing d i s tance  a r e  sub-threshold i f  a  th reshold  value 

i s  taken t o  be 4 x  rad/sec  (Hoffmann, 1968)*. Hence, i t  

i s  l i k e l y  t h a t ,  f o r  accura te  e s t ima t ions  angular  v e l o c i t i e s  

must be above threshold.  

*This value  i s  der ived f r  m ca r - fo l lowing  da t a .  The 
commonly used value of 6 x  lo-' r ad / sec  quoted by Michaels (1963) 
appears t o  be i n  e r r o r .  Michaels appa ren t ly  de r ived  t h i s  va lue  
from the  range of values  of 4 t o  4 0  min of a r c / s ec  determined byw4 
Michaels and Cgzan (1963).  This  range corresponds t o  1.163 x 10 
t o  11.63 x 10' rad/sec ,  wi th  a  mean va lue  of 6 - 4  x 10-4 rad / sec .  

TABLE 17. Angular Ve loc i t i e s  (rad/sec) of t h e  Approaching 
Vehicle f o r  t h e  Tes t  Condit ions of Hakkinen (1963).  
(Based on Average Distance During Exposure.) 

Distance 
Ranqe 

( ~ e t r e )  

300-200 

200-100  

100-0 

v e h i c l e  Approach Speed 
(km/hr) 

30 

8.16 x  

2 . 2 7  x l o m 3  

2 . 0 4  x 

50 

1 . 3 6 x 1 0 - ~  

3.78 x l o m 3  
3 . 4 0 x 1 0 - ~  

70 

1 . 9 0 x 1 0 - ~  

5.29 x  

4 . 7 6 x 1 0 - ~  

90 

2 . 4 5  x 

6.80 x 

6 . 1 2  x 
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Figure 18. Velocity of approach data from Hakkinen (1963). 
Estimated velocity at three distances at which 
estimates were made. 
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A further experiment on scaling of automobile speed was 

reported by Semb (1969). Subjects were stationed at distances 

of 200, 400, 1000 and 2500 ft and observed the oncoming vehicle 

t for a period of 5 sec. The speed range at each distance is 

given in Table 18. The method of magnitude estimation was 
E 

used, resulting in the curves of Figure 19. Performance for 

1 the 200, 400 and 1000 ft distances was reasonably good, yield- 
t ing a geometric mean power law exponent of 1.34. (See Table 38 i 

for exponents at various distances.) The estimates at 2500 ft 

were very irregular. Calculation of the angular velocities 
I 

shows that only for the 200 ft distance are these likely to 
% 

be greater than threshold (assuming a threshold value of 4 x 

log3 rad/sec). It could be, however, that the angular velocity 

threshold is much lower than this figure when the observer is 

stationary, as in these experiments. Table 18 also presents 

approximate values for the minimum speed required to produce a 

just-noticeable-difference in the subtended visual angle at 

the eye of the observer. All these speeds are within the ex- 

perimental range and hence it would have been apparent to the 

observer that the vehicle was in motion. However, only at 

the highest speeds at 2500 ft distance would motion be detected. 

TABLE 18. Analysis of Angular Cues in Experiment of Semb (1969). 

Distance 
(ft) 

200 

400 

1000 

2500 

Angular Velocity 
Range (rad/sec) 

6.6x10-~-1.63~10-~ 

1.65~10-~-4. 07x10-~ 

8.8x10-~-5.72~10-~ 

1.41~10-~-9.01~10-~ 

Speed 
Range 
(mph) 

3-74 

3-74 

1-65 

1-64 

Min. Speed For 

= 0.13 in 5 Sec 

View Time (mph) 

3.33 

6.66 

16.64 

41.6 

Power Law 
Exponent 

1.39, 1.32 

1.31, 1.37 

1.31 

0.73 



From the magnitudes of the angular cues available, it is 

apparent that the observers were probably basing their judgments 

on changes in subtended angle rather than on angular velocity 

directly. Another possibility is that information was obtained 

from motion of the vehicle relative to the environment, that is, 

comparing the vehicle position with stationary objects along the 

road side. 

In these experiments the vehicle was not viewed directly 

from ahead, but from a distance of 8 ft laterally from the road 

centerline. Calculations show that this lateral displacement 

has a negligible effect on the angular variable at the distances 

of the experiment. 

1 10 100 

RELATIVE VELOCITY 

1 10 101 

RELATIVE VELOCITY 

Figure 19. Magnitude estimates of apparent approach speed. From 
Semb (1969). 

Janssen, Michon and Buist (1971) carried out experiments 

with a device which simulated the motion of the rear taillights 

under conditions of increasing and decreasing headway. The 

authors developed scales for the relationship between subjective 



and physical relative velocities at headways of 53.5, 80.2 and 

107 meters (corresponding to 90, 60 and 45 min of subtended 

visual angle) with relative speeds of 120, 140, 160, 200 and 

240 km/hr. Their results are shown in Figure 20. 

The data of Janssen et al., are likely to be applicable 
B 

in such cases as night driving where the cues to the following 

driver are reduced to the light from the taillights, with no 
k other information coming from the vehicle body size or shape. 5 

Under these circumstances, the only information that the driver 

can obtain about the lead vehicle is via the angular separation 

and angular velocity of the taillights. It is suggested that 

these variables are more relevant in the reduced-cue situation 

than are headway and relative velocity. Janssen's data have 

been reanalyzed in terms of angular velocity in the following 

way. 

(a) Angular velocities corresponding to the various com- 

binations of relative velocity and headway have been 

calculated (See Table 19). 

TABLE 19. Angular Velocities (rad/sec) Corresponding to the 
Values of Relative Speed and Headways Used by 
Janssen et al. (1971) . 

- - 

(b) The subjective scale values reported by Janssen et al., 

Headway M 

53.5 

80.2 

107 

were rescaled so that they had a value of 100 at.an 

angular velocity of 5.44 x loD3 rad/sec. This reference 

Relative Speed Km/Hr 

160 

.0218 

.00967 

.00544 

140 

.0191 

.00846 

.00476 

4 0 

.00544 

,00242 

.00136 

200 

.0272 

.0121 

.0068 

80 

..0109 

,00484 

,00272 

240 

.0327 

.0145 

.00816 

120 

.0163 

,00725 

,00408 
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Figure 20, Scales of apparent velocity for 
approaching and receding lights 
at 3 simulated headways as 
determined by Janssen, Michon 
& Buist (1971). 



value of angular velocity was chosen on the basis 

that it appears in two of the headway conditions 

and it is also above the threshold value of 4 x 
lom3 rad/sec determined by Hoffmann (1968). The 

rescaled values for subjective angular velocity 

are given in Table 20. 

TABLE 20. Rescaled Values of Angular Velocity Obtained From the 
Data of Janssen et al. (1971). The Subjective Angular 
Velocities are Scaled to Have a Value of 100 Units at 
a Reference Physical Angular Velocity of 0.00544 Rad/Sec. 
The Upper Value in Each S uare of the Matrix is For decreas- 
ing headway, the Lower Va 9 ue is For Increasing Headway. 
I Relative Velocities Km/Hr 

 he rescaled values are graphed in ~igure 21. This figure shows 

that: 

(a) There is no significant difference for the increasing 

and decreasing headway scales. 

(b) Instead of six different scales as obtained by Janssen 

et al., all the data are collapsed to a, single scale. 

Two equations have been fitted to the data (except for 

data points which have an angular velocity lower than a threshold 

value of 4 x lom3 rad/sec, as these could not be expected to fit 
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Figure 21. A reanalysis of the data of Janssen, Michon & Buist (1971) i 
terms of apparent and physical angular velocities. 
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such a scale). The approximate best-fit lines are given by: 

and, 

where w is the angular velocity in rad/sec and Y is the cor- w 
responding psychological value. 

p 
P In terms of relative velocity Vr, the corresponding sub- 

jective values could be given by: - 

and 
CI 

where H is the vehicle headway and W the relevant vehicle 

dimension perceived by the driver (taillight spacing in this 
-3 case). Above w = 3 x 10 rad/sec, the fit of these two equa- 

tions is indistinguishable. 

It is noted that the extremely high relative velocities 

considered by Janssen et al.,do not produce impractical values 

of angular velocities as they have large headways associated 

with them. For example, the largest value of angular velocity 

used (.0327 rad/sec) can be achieved by a relative velocity 

of 9.3 mph at a headway of 50 ft. 

Note that in the studies of Janssen et al. (1971) and of 

Semb (1969) the observers were stationary. The two experiments 

yielded power-law exponents of approximately 1.3 yet, in a 

number of ways, the experiments were very different. In 

Janssen et ale, the only stimulus was a pair of simulated tail- 

lights and most of the angular velocities were above threshold; 

in Semb the stationary environment was included in. the stimulus 



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

than about  4 0 0  f t  were l i k e l y  t o  be below th re sho ld .  With 
t h e s e  d i f f e r e n c e s  t he  s i m i l a r i t y  of r e s u l t s  i s  r a t h e r  surpr i s -  

ing.  I t  i s  poss ib ly  worthwhile r e p e a t i n g  t h e s e  s c a l i n g  expe r i -  

ments b u t  with both abso lu t e  and r e l a t i v e  v e l o c i t i e s  of  t h e  two 

v e h i c l e s  s o  t h a t  t h e  e f f e c t  of s t a t i o n a r y  cues  i s  e l imina ted .  

Farber  and S i l v e r  (1967) r e p o r t  a  s e r i e s  of e i g h t  empi r i ca l  

s t u d i e s  on d r i v e r  over tak ing  and pas s ing  under va r ious  condi- 

t i o n s  of over tak ing  s i g h t  d i s t a n c e ,  s u b j e c t  c a r  speed and on- 

coming c a r  speed. The major conc lus ions  r e l e v a n t  t o  t h i s  work 

a r e  : 

1. I n  pass ing  s i t u a t i o n s  l i m i t e d  by a v a i l a b l e  s i g h t  d i s -  

t ance  d r i v e r s  can judge d i s t a n c e  t o  an  oncoming c a r  t o  w i th in  

200 f e e t ,  and i n  pass ing s i t u a t i o n s  l i m i t e d  by t h e  oncoming 

c a r  they can judge d i s t a n c e  t o  w i t h i n  2 0  pe rcen t .  

2 .    rivers cannot judge and t a k e  i n t o  account t h e  speed o f  

oncoming t r a f f i c  i n  making a  pass ing  d e c i s i o n ;  t h i s  i s  t h e  major 

source  o f  pass ing  dec i s ion  e r r o r s  i n  pas s ing  s i t u a t i o n s  t h a t  

a r e  l i m i t e d  by t h e  oncoming veh ic l e .  

3 .  I f  d r i v e r s  a r e  given in format ion  concerning t h e  speed 

of oncoming t r a f f i c  i n  pas s ing  s i t u a t i o n s ,  t hey  use t h i s  i n f o r -  

mation e f f e c t i v e l y ,  t oge the r  w i t h  t h e i r  own judgment of d i s t a n c e ,  

t o  make more a c c u r a t e  pas s ing  d e c i s i o n s .  

The e f f e c t s  of knowledge of oncoming c a r  speed,  p re sen ted  

t o  a  d r i v e r  e i t h e r  a s  speed d i r e c t l y  o r  a s  t h e  c l o s i n g  rate,  

i s  shown i n  F igure  2 2 .  Fa rbe r  and S i l v e r  summarize t h e  d r i v e r ' s  

performance a s  fol lows:  

". . . . t h e  t h re sho ld  pas s ing  d i s t a n c e  adopted by d r i v e r s  
t ends  t o  remain c o n s t a n t  r e g a r d l e s s  o f  oncoming c a r  speed;  
t h i s  d i s t a n c e  i s  a p p r o p r i a t e  o n l y  f o r  oncoming c a r  speeds  
c l o s e  t o  o r  s l i g h t l y  above speed l i m i t s .  . . . . p r o v i d i n g  
c lo s ing  r a t e  in format ion  i s  t e c h n i c a l l y  complex; however, 
oncoming c a r  speed in fo rma t ion  appea r s  t o  be e q u a l l y  e f f e c -  
t i v e  and i s  much e a s i e r  t o  p rov ide ."  (p .57)  
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CLOSING RATE ( M P H ) ,  

F i g u r e  2 2 .  E f f e c t s  of  d r i v e r s '  knowledge o f  oncoming 
c a r  speed o r  d i s t a n c e  a t  which p a s s i n g  
d e c i s i o n  i s  made ( F a r b e r  & S i l v e r ,  1 9 6 7 ) .  
N K  = no knowledge, OCS = oncoming c a r  
speed g i v e n ,  C R  = c l o s i n g  r a t e .  

I n  t h e i r  exper iment  "7" s u b j e c t s ,  i n  a n  o v e r t a k i n g  

s i t u a t i o n ,  were r e q u i r e d  t o  make judgments o f  5- and 10-second 

time headways w i t h  c o n s t a n t  and v a r i a b l e  c l o s i n g  r a t e s  i n  each  

block of t e s t s ,  Judgments w i t h  t h e  c o n s t a n t  c l o s i n g  r a t e s  

were more a c c u r a t e  t h a n  w i t h  t h e  v a r i a b l e  c l o s i n g  r a t e  ( F i g u r e  2 3 ) .  

I n  t h e s e  t e s t s ,  s u b j e c t s  were o b v i o u s l y  s e n s i t i v e  t o  t h e  c l o s i n g  

r a t e  and t o  a  l a r g e  e x t e n t  were a b l e  t o  t a k e  it i n t o  accoun t  



in making their judgments. However, Farber and Silver conclude 

that the "poor judgment of overtaking rate is an important 

source of decision error in passing opportunities that result 

from overtaking situations." 

CLOSING RATE ( M P H )  

Figure 23. Drivers' judgments of 5 and 10 sec time 
intervals to closure in an overtaking 
situation (Farber & Silver, 1967). The 
two conditions are for constant and 
variable closing rates. 

It is noted that the 5-second estimates are more accurate 

than those for 10-second headway. Calculation of the angular 

velocities shows that at the estimated 5-second headway, all 

angular velocities are above threshold whereas at the estimated 

10-second headway, the angular velocities are likely to be 

hclow threshold (Tablo 21). From the data of Farber and Silver 

values of estimated closing rate (based on the time headway 

estimations) and the corresponding angular velocity have been 

calculated. This "apparent" angular velocity is found to be 

approximately linearly related to the physical angular velocity 



TABLE 21. Estimated Time Headway, Equivalent Estimated Closing Rate and the 
Corresponding Angular Velocity (rad/sec) in the Data of Farber and 
Silver (1967), Experiment 7 with Variable Closing Rate. 

Time 
Headway 
Estimate 
(set) 

5 

10 

I 

Functions 

Estimated Time 
Headway 

< 

Equivalent 
Estimated 
Closinq Rate 
Corresponding 
Angular 
Velocity 

Estimated Time 
Headway 

Equivalent 
Estimated 
Closing Rate 

. Corresponding 
Angular 
Velocity 

Closing Rate ( ft/sec) 

14.67 

6.26 

11.72 

1.04 x loe2 

11.02 

13.30 

3.37 

29.33 

5.10 

28.76 

7.87 x 

8.92 

32.88 

2.57 x 

i 

44.00 

5.83 

37.74 

4.01 

7-77 

56.63 

2.26 x 



A t h r e s h o l d  of  approximately 3 x l o m 3  rad /sec ,  below which 

t h e  apparen t  angular  v e l o c i t y  i s  independent of  t h e  phys i ca l  

angula r  v e l o c i t y ,  i s  shown by t h i s  d a t a  (F igure  2 4 ) .  
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lo-?  

PHYSICAL ANGULAR VELOCITY ( w  r a d / s e c )  

0 T = 5 sec. 

X T = 10  sec. 
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Figure 24.  Recalcu la t ion  of d a t a  of Fa rbe r  and S i l v e r  
( 1 9 6 7 )  i n  terms of apparen t  and p h y s i c a l  
angula r  v e l o c i t i e s .  

1 0 - ~  

~ j 6 r k m a n  ( 1 9 6 3 )  c a r r i e d  o u t  an exper iment  i n  which obser-  

v e r s  wcrc r equ i r ed  t o  p r e d i c t  where t h e y  would meet an oncom- 

ing  c a r .  The speed of t h e  s u b j e c t  and oncoming c a r  v a r i e d  be- 

tween 2 0  and 6 0  km/hr i n  t h e  combinat ions  shown i n  Table  22.  

~ jorkman found t h a t  t h e  meeting p o i n t  p r e d i c t i o n s  were systemat-  



i c a l l y  b i a s e d  i n  t h e  d i r e c t i o n  o f  t h e  midpo in t  between c a r s .  

TABLE 22. Ana lys i s  o f  Data  o f  ~ j o r k m a n  (1963)  . Each 
C e l l  Conta ins  (1) Es t ima ted  Oncoming V e h i c l e  
Speed ( ~ r n / ~ + h ,  ( 2 )  Angular  V e l o c i t y  ( ~ a d / S e c )  
(Mult .  x 10 ), and ( 3 )  Change i n  V i s u a l  Angle 
Over 3-Sec0n.d Viewing T i m e  Div ided  by I n i t i a l  
V i s u a l  Angle. 

From t h e  d a t a  p r e s e n t e d  by ,B jZrkman ,  t h e  i m p l i e d  s u b j e c t ' s  e s t i -  

mate o f  t h e  oncoming c a r  speed  h a s  been  c a l c u l a t e d  and i s  g i v e n  

a s  t h e  upper  number i n  e a c h  c e l l  o f  T a b l e  22.  These f i g u r e s  

show t h a t  t h e  e s t i m a t e d  s p e e d  i s  i n d e p e n d e n t  o f  t r u e  oncoming 

c a r  speed  and i s  a p p r o x i m a t e l y  e q u a l  t o  t h e  s u b j e c t ' s  c a r  speed .  

Own Car 
Speed 

( K m / H r  ) 

20 

I 

20 

21.5 

1.09 

.08 

33.2 

1.22 

.09 

39.8 

1.43 

.11 

45.9 

1.67 

.13 

51.3 

1.99 

.15 
i 

( K m / H r )  

50 

1 8 . 5  

4.89 

-22  

29.3 

3.43 

.20 

43.8 

3.39 

. 2 1  

50.8 

3 .51  

.23 

50.4 

4.12 

.26 

60 

15 .3  

7.53 

.30 

36.6 

4.34 

.24 

43.4 

3.90 

.24 

52 .3  

4.05 

.26 

53 .5  

4.62 

- 2 9  

Oncoming 

30 

20.7 

1.82 

.12 

28.5 

1.77 

.13 

37.2 

1 .96  

. 1 4  

47.7 

2.18 

.16 

49.7 

2.58 

.18 

Car  Speed 

40 

23.4 

2.95 

.16 

38.6 

2.47 

- 1 6  

40.2 

2.58 

.17 

48.5 

2.77 

.19 

52 .1  

3.22 

.22 



The s u b j e c t s ,  on average ,  were a b l e  t o  t r a n s m i t  z e r o  i n f o r -  

mation abou t  t h e  oncoming v e h i c l e  speed. The r e a s o n  f o r  t h i s  

can be  s e e n  from t h e  f i g u r e s  i n  Table  22. During t h e  3-second 

viewing t ime ,  n e a r l y  a l l  c o n d i t i o n s  showed a  d i f f e r e n c e  i n  

subtended v i s u a l  a n g l e  s o  t h a t  t h e  s u b j e c t  would b e  aware t h a t  

r e l a t i v e  motion was o c c u r r i n g .  However, i n  a l l  c a s e s  t h e  

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

cou ld  n o t  s c a l e  t h e  r e l a t i v e  v e l o c i t y  o r  make r e a s o n a b l e  p re -  

d i c t i o n s  of  t h e  meeting p o i n t .  

The r e s u l t s  of Bjcrkman a r e  i n  agreement w i t h  r e c e n t  d a t a  

g a t h e r e d  i n  England and Sweden and r e p o r t e d  by Rumar and 

Berggrund (1973) .  These a u t h o r s  s t a t e :  " D r i v e r s  c a n n o t  es t i -  

mate t h e  speed of  t h e  oncoming c a r .  . . . . Being i n  t h a t  vague 

p o s i t i o n  t h e y  seem t o  assume t h a t  t h e  speed o f  t h e  oncoming c a r  

i s  t h e  same a s  t h e i r  own speed ( i n  r e a l  t r a f f i c  secondary  c u e s  

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

has  i n f l u e n c e  on t h i s  s imple  assumpt ion)  and c o n s e q u e n t l y  b a s e  

t h e i r  d e c i s i o n  mainly on t h e  e s t i m a t e d  d i s t a n c e  t o  t h e  oncoming 

c a r ,  o r  maybe h a l f  t h a t  d i s t a n c e  where t h e y  assume t h e y  a r e  

going t o  meet t h e  oncoming c a r . "  

An e v a l u a t i o n  of a  rear-mounted v e h i c l e  speed i n d i c a t o r  i s  

r e p o r t e d  by J o l l i f f e ,  Graf and Alden (1971) .  Thedr two t e s t  

c o n d i t i o n s  were w i t h  t h e  l e a d  v e h i c l e  h a v i n g  e i t h e r :  

( a )  Normal p a i r  t a i l l i g h t s .  

( b )  Normal t a i l l i g h t s  p l u s  a  h o r i z o n t a l  l i g h t  d i s p l a y  i n d i -  

c a t i n g  v e h i c l e  speed.  The d i s p l a y  showed a n  a d d i t i o n a l  

two l i g h t s  i n  t h e  speed r a n g e  0-10 mph; f o u r  between 

1 0  and 20 mph; s i x  between 20 and 30 mph and  e i g h t  

l i g h t s  between 30 and 40 mph. 

Four t e s t  speeds  were used (10 ,  20, 30 and 4 0  mph) w i t h  t h e  

s u b j e c t  c a r  m a i n t a i n i n g  a  c o n s t a n t  speed  o f  40 mph. Headways 

v a r i e d  from 100 f e e t  t o  1000 f t .  The s u b j e c t ' s  t a s k  was t o  judgc 

t h e  l e a d  v e h i c l e ' s  speed a s  one o f  1 0 ,  2 0 ,  30 o r  40 mph. Viewins 



time was 2 seconds. The results of these experiments are 

presented in Table 23. 

TABLE 23. Data of Jolliffe, Graf and Alden (1971) 
for Errors in speed Estimation of a 
Lead Vehicle. 

From these data it is possible to calculate an approximate 

value for the maximum amount of information transmitted with 

each. system. The method was as follows: 

System 

Two Taillights 

Velocity System 

(1) As there was no significant speed effect on the number 

of errors, the numbers along the leading diagonal of the stimu- 

lus (actual speed) /response (estimated speed) matrix, should be 

approximately equal. 

Number of 
Overestimates 

Number of 
Underestimates 

(2) The type of error indicates the number of entries in 
cells above and below the leading diagonal in the S/R matrix. 

Total No. of 
Responses 

22 

1 

(3) Each column (stimulus) of the matrix must sum to 18, 

since each speed was presented an equal number of times. 

With these constraints, trial and error methods may be used 

to determine the approximate maximum information that could have 

been transmitted by these subjects. Results obtained are: 

17 

22 

(1) Two taillights iiT = 0.7 bits = 1.63 categories 

(2) Velocity system HT = 1.15 bits = 2.22 categories 

With the normal taillight system subjects could not relia- 

bly discriminate more than one speed, once again indicating the 

poor sensitivity of humans to perception of relative speed. 

72 

72 



Performance with the  ve loc i ty  system was somewhat improved, 

On average ,  sub jec t s  could r e l i a b l y  d i sc r imina t e  two l e v e l s  of 

lead  v e h i c l e  speed over a  d i s t ance  range of 100 t o  1 0 0 0  f e e t .  

Hence, t h e  sub jec t s  were unable t o  make f u l l  use o f  t he  l ead  

v e h i c l e  speed information with  which they were presen ted .  

( P e r f e c t  performance would y i e l d  HT = 2 b i t s  = 4 c a t e g o r i e s ) .  

S a l v a t o r e  (1972) s tud ied  the  a b i l i t y  of elementary and 

secondary school ch i ld ren  t o  sense oncoming c a r  v e l o c i t y .  The 

ch i ld ren  were asked t o  place  t he  oncoming v e h i c l e  speed i n t o  

one of t h r e e  ca t ego r i e s ,  slow, medium o r  f a s t ,  corresponding 

t o  speed ranges  of < 31 mph, 31-40 mph and > 40 mph r e spec t ive ly .  

I t  was found t h a t  age and sex a s  well  a s  observa t ion  d i s t a n c e ,  

s i z e ,  n o i s i n e s s  and speed of t h e  oncoming c a r  i n f l u e n c e  t h e  

judgment of ve loc i ty .  

I n  p a r t i c u l a r ,  Sa lva tore  p re sen t s  fou r  st imulus-response 

mat r ices  from which it i s  poss ib l e  t o  c a l c u l a t e  in format ion  t r a n s -  

mi t ted .  The r e s u l t s  a r e :  

( a )  5  year  o l d  male a t  250 f t  HT = 0 b i t s  = 1 c a t e t o r y  

(b )  1 2  year  o ld  male a t  250 f t  HT = 0.83 b i t s  = 1.78 c a t e g o r i  

( c )  9 year  o ld  male a t  500 f t  HT = 0 . 0 9  b i t s  = 1.06 c a t e g o r i  

(d )  1 4  year  o ld  female a t  500 f t  HT = 0.20 b i t s  = 1.15 c a t e g o r i  

I t  i s  seen t h a t ,  f o r  t he  sample c a s e s  given by S a l v a t o r e ,  

t h e  c h i l d r e n  were not  ab l e  t o  r e l i a b l y  d i s c r i m i n a t e  more than  

one category i n  t h e  v e l o c i t y  range p re sen ted  t o  them, t h a t  i s ,  

they could say t h a t  t he  veh ic l e  was approaching,  b u t  no t  how 

f a s t  i t  was approaching. 

Hurs t ,  Perchonok and Seguin (1968) f i lmed v e h i c l e s  accep t ing  

and r e j e c t i n g  gaps i n  a  t r a f f i c  stream when v e h i c l e s  were fo rced  

t o  change from a  blocked l ane  t o  a  f ree ly- f lowing  lane.  They 

def ined 28 measures t o  determine which b e s t  descr ibed  t h e  c r i -  

t e r i a  used by d r i v e r s  i n  accep t ing  o r  r e j e c t i n g  gaps. I n  gene ra l  

t h e  h ighes t  c o r r e l a t i o n s  were obta ined wi th  express ions  i nvo lv ing  

time o r  speed r e l a t i o n s h i p  between t h e  s u b j e c t  and fo l lowing  



vehicles. More specifically: 

Physical gap size was a poor predictor. All the best 

predictors had time involved, implying the relative 

velocities were being estimated. 

The four measures with the highest correlations involved 

the headway and velocity of the following vehicle. 

Six of the eight best predictors involved.the time to 

closure between the subject and the following vehicle. 

CONCLUSIONS OF REVIEW 

1. Perception of relative velocity appears to be carried 

out via the angular velocity of the vehicle ahead. It is neces- 

sary for the angular velocity to be above threshold for useful 

decisions, which involve estimation of time headways or relative 

velocities, to be made. 

2. Analysis shows that, in many conditions under which it 

is necessary to make decisions involving vehicle maneuvers such 

as passing or braking to match speeds with a lead vehicle, the 

angular velocities are below threshold so that direct scaling 

of rate of closure is not possible. 

3. Even when angular velocities are above threshold and 

capable of being scaled, the human may not be able to readily 

distinguish between many categories of angular velocity. That 

is, the absolute amount of information (bits) that can be 

transmitted is small. 

4. If a driver has knowledge of closing rates, he is able 

to use this information in a way which produces more stable 

traffic flow. This had implications for vehicle lighting and 

communication systems. 

AIM OF STUDY 

The present study is aimed at providing further information 

on perception of relative velocity; in particular on the aspects 



of: 

1. Cues used by drivers in decision making in car-following 

(also in overtaking and passing maneuvers). 

2. Information transmission in car-following and the ability 

of drivers to make judgments on relative velocity. 

3. Scaling of relative velocity, that is, the relationship 

between apparent and physical relative velocities. 

4. Estimation of closure times. 

5. Application of the above data to devise ways in which 

higher grade information may be communicated to the following 

driver. 

EXPERIMENTS 

Three experiments involving perception of relative velocity 

have been carried out. These are: 

1. Car-following in the vehicle rear lighting research 

driving simulator. 

2. Scaling of relative velocity using filmed stimuli of 

real vehicles. 

3. Estimation of closure times using filmed stimuli. 

EXPERIMENT 1 : CAR-FOLLOWING 

OBJECTIVES. The experiment was carried out in the HSRI 

Part-Task Driving Simulator, which is described by Campbell 

and Mortimer (1972). The experiment was designed to test 

whether a side-task could significantly affect performance on 

a car-following task. The major results of this experiment are 

reported by Mortimer and Sturgis (1974). The data of this 

experiment have been used to calculate various parameters re- 

lated to car-following and the perception of relative velocity. 
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Figure 25. Spectral densities of lead car velocity input. 



METHOD, 

~ubjects. Four male subjects took part. 

The Experiment, Four subjects were used and were presented 

with two rear signaling systems (System 1: two red lampsi and 

System 8: blue-green presence, yellow turn and red stop) and 

three conditions of the side-task (no side-task, side-task at 

low intensity and side-task at high intensity). Each subject 

was used on two separate days, on one of which the side-task was 

operated at low intensity and on the other day at high intensity, 

in addition to trials without the side-task on each day, A 

total of eight lo-minute trials wa's performed by each subject. 

The data. The data relevant to this study were recorded 

directly in digitized form (30/sec) for digital analysis. 

Measures of lead-car velocity, following-car velocity, relative 

velocity and headway are available. Although following-car 

acceleration was recorded, the signal did not appear usable due 

to a system fault. 

Lead Car Velocity Input. Four input tapes were used in this 

experiment, these being recorded in highway driving (see Mortimer 

and Sturgis, 1974). The spectra and bandwidth of these input 

velocities are shown in Figure 25. In each of the four tapes 

the bandwidth was about 0.05 HZ*. (Note that the ordinate of 

Figure 25 is plotted in dB and hence does not show the very 

rapid decrease of spectral density with frequency.) However, the 

RMS values differ markedly and this variation needs to be taken 

into consideration in calculations of driver performance in 

terms of his RMS output of, for instance, velocity or relative 

velocity. 

Data analysis. Darroch and Rothery (1971) investigated 
b 

the possibility of using time-series analysis in car-following 

problems. Their paper is largely a description of the digital 

*This designates the region within which the dominant input 
frequencies were found. 



methods used for computation of the driver describing function, 

various spectral densities and the coherence function. 

The data they present for one trial of one subject indi- 

cates that time-series analysis may be a very fruitful approach 

to the study of car-following. The approach they use is essen- 

tially that of Bendat and Piersol (1966). From their spectral 

density functions, it is apparent that car-following involves 

very low frequencies, with dominant frequencies of around 0.03 Hz 

and with very little energy above 0.10 Hz following car accelera- 

tion and relative velocity. This is in reasonable agreement with 

the longitudinal acceleration data of Torres (1970), who finds 

peaks at frequencies of 0.03 - 0.06 Hz and little energy above 

about 0.2 Hz. From these results it is apparent that bandwidths 

are very small and standard errors in computations may be large, 

due to the low frequencies and the limited trial time. 

Bendat and Piersol (1966) give an expression for the nor- 

malized standard error (E) of the spectral estimate as: 

where Be is the resolution bandwidth (Hz) and T is the record 

length (sec). This equation shows that it is necessary to make 

a compromi.se between standard error and resolution bandwidth. 

In this case we require Be to be a maximum of 0.01 Hz and, as 

T = 600 sec, the standard error will be 41%. The data were 

sampled at 1-second intervals, giving a cut-off frequency of 

2 Hz, well above the range of interest in this experiment. 

Fifty lags were used in forming the auto- and cross-correlation 

functions,. 

Using the equations given in Bendat and Piersol (1966) for 

digitized data, the following quantities were computed: 

(1) input spectral density, Gii, (2) output spectral density, 

Goo ( 3 )  describing function relating output to input, H 



(magnitude and phase components),  ( 4 )  coherence f u n c t i o n ,  

be ing  a  measure of t h e  l i n e a r  r e l a t i o n s h i p  e x i s t i n g  between 

t h e  i n p u t  and o u t p u t  

Choice of  i n p u t  and o u t p u t  v a r i a b l e s .  The c a r -  

f o l l o w i n g  t a s k  has u s u a l l y  been cons ide red  i n  te rms o f  an 

a c c e l e r a t i o n  response  of t h e  fo l lowing  d r i v e r  t o  a  r e l a t i v e  

v e l o c i t y  d i f f e r e n c e  between h i s  own and t h e  l e a d i n g  v e h i c l e .  

(There a r e  some v a r i a t i o n s  on t h i s  model, w i t h  s e n s i t i v i t y  

v a r y i n g  w i t h  speed,  headway o r  i n  a  n o n - l i n e a r  manner) .  

~ h y s i c a l l y ,  t h e  d r i v e r  does n o t  respond w i t h  an  a c c e l e r a -  

t i o n  - a t  l e a s t  n o t  d i r e c t l y  - b u t  w i t h  a  movement o f  t h e  bfake 

o r  a c c e l e r a t o r .  Ana lys i s  i n  te rms of  b rake  o r  a c c e l e r a t o r  

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

d i s c r e t e ,  i n t e r m i t t e n t  and q u i t e  o f t e n  n o n - e x i s t e n t  ( a s  i n  

c o a s t i n g ) .  This  i s  t h e  r e a s o n  f o r  u s i n g  a  c o n t i n u o u s  v e h i c l e  

measure a s  t h e  fo l lowing  d r i v e r  o u t p u t  o r  r e s p o n s e  t o  l e a d  

v e h i c l e  changes.  Rockwell and S n i d e r  (1969) d i s c u s s  t h i s  prob- 

lem and s t a t e ,  "Thus, it may be argued t h a t  t h e  d r i v e r  i s  con- 

t r o l l i n g  t h e  o u t p u t  a c c e l e r a t i o n  of  t h e  v e h i c l e  and t h a t  t h e  

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

f o r c e ,  and t h e  response  of  t h e  v e h i c l e  c o n t r o l s  h a s  l i t t l e  t o  

do wi th  h i s  o v e r a l l  c o n t r o l  o f  t h e  v e h i c l e ' s  a c c e l e r a t i o n ,  

provided t h a t  t h e  r e l a t i o n s h i p  i s  w i t h i n  r e a s o n a b l e  l i m i t s . "  

This  view i s  accep ted  i n  t h e  r e p o r t  and a  v e h i c l e  r e s p o n s e  

q u a n t i t y  i s  used a s  a  measure of  t h e  d r i v e r ' s  r e sponse .  

There a r e  a l t e r n a t i v e s  t o  t h e  u s u a l  f o r m u l a t i o n  o f  t h e  

s t imulus / response  p a i r  b e i n g  r e l a t i v e  v e l o c i t y  and a c c e l e r a t i o n .  

For example, t h e  f o l l o w i n g  d r i v e r  may s imply  c o n s i d e r  t h e  t a s k  

a s  one of  matching v e l o c i t i e s ,  i n  which t h e  i n p u t  may b e  though t  

of  a s  e i t h e r  t i e  l e a d  c a r  v e l o c i t y ,  o r  t h e  r e l a t i v e  v e l o c i t y ,  

and t h e  response  may be  t h e  f o l l o w i n g  c a r  v e l o c i t y .  D e s c r i b i n g  

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

t h e  d a t a  a v a i l a b l e .  



If X1 is the position of the lead car and X2 that of the 

following car, the data will allow us to compute the following 

describing functions: 

(1) , - velocity matching task 
I 

- velocity response to headway 
. . 

( 3 )  X2/(x,-~,) - acceleration response to headway 
I L 

( 4 )  '2/(i,-i,) - velocity response to relative velocity 
.. 

( 5 )  '2/(i,-iq) - acceleration response to relative velocity. 
I L 

Because of the relationships existing between these describing 

functions, computation of (1) and (4) will allow ready conver- 

sion to the remaining (as well as a number of others). It is 

hoped that comparison of the obtained form of these describing 

functions with those known to be readily achieved by human oper- 

ators may give further information on the stimulus/response 

pair being used by drivers in car-following. Computation of 

information transmission (see next section) may also assist in 

this choice. If these stimulus and response relationships can 

be determined, better intervehicle communication systems may be 

devised. 

Transinformation rate, Shannon (1948) showed that 

the transinformation rate for a normally distributed continuous 

signal is given by 

where P = signal power and N = noise power 

If we assume that the signal is that portion of the output 

which is linearly related to the input (via a constant para- 

meter linear differential equation),then the noise is that part 

of the output remaining when I H 1 * Gii (l.e., the input power 
spectrum times the magnitude square of the input to output 

transfer function) is subtracted from the output power spectral 



d e n s i t y  Go, 

With t h i s  d e f i n i t i o n  of  " s i g n a l "  and " n o i s e " ,  e q u a t i o n  

(1) becomes 

G 
I = l o g  00 

2 
df 

G~~ - , ~ H I ~ G ~ ~  
I G~~ I 

and s i n c e  1111 = -, where Gio i s  t h e  c r o s s - s p e c t r a l  d e n s i t y ,  

t h e n  Gii 

where y 2  i s  t h e  coherence f u n c t i o n  between i n p u t  and o u t p u t  io 
(Bendat  and P i e r s o l ,  1966) , 

The coherence  g i v e s  a measure of t h e  e x t e n t  o f  t h e  l i n e a r  r e l a -  

t i o n s h i p  between t h e  i n p u t  and o u t p u t  and i s  analogous  t o  t h e  

l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t .  

The form of  t r a n s i n f o r m a t i o n ,  a s  d e r i v e d  i n  e q u a t i o n  3 ,  i s  

t h a t  used i n  s t u d i e s  of t r a c k i n g  (Wempe and Ba ty ,  1966,  1968) 

and v e h i c l e  c o n t r o l  (Shaw, 1 9 7 3 ) .  I t  s h o u l d  b e  n o t e d ,  from 

e q u a t i o n  3 t h a t  i f  t h e  d r i v e r  can  e x a c t l y  f o l l o w  t h e  l e a d  v e h i c l e ,  

N i s  e q u a l  t o  z e r o  and t h e  d r i v e r  i s  t r a n s m i t t i n g  i n f i n i t e  i n f o r -  

mat i o n .  

E f f e c t i v e  bandwidth. E f f e c t i v e  bandwidth u e f f  i s  

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

d i s t r i b u t i o n  t h a t  has  t h e  same a v e r a g e  power ( a r e a  under  t h e  

curve)  and v a r i a n c e  a s  t h e  power s p e c t r a l  d e n s i t y  b e i n g  d e s c r i b e d  

(Blackman and Tukey, 1958) .  



I I£ we now c o n s i d e r  equa t ion  (1) i n  terms of  a  s i g n a l  having 
F 
t a r e c t a n g u l a r  power s p e c t r a l  d e n s i t y  of  bandwidth ueff  i n  which 
1 t h e  s i g n a l  power P and t h e  n o i s e  power N a r e  c o n s t a n t  over  f r e -  
i 
i quency, we can write 
t 
t 

(Mean square  of r e c e i v e d  s i g n a l )  
I = W e f f  l o g 2  (6) 

Mean square  of  n o i s e ,  an2  

Using t h e s e  e q u a t i o n s  Shaw (1973) developed a  method of  

I de termining an e s t i m a t e  of t h e  quantum s t e p  s i z e  t h a t  can be  
t d i s c r i m i n a t e d  f o r  a  p a r t i c u l a r  v a r i a b l e .  
L 

From e q u a t i o n  (6), .having computed I from e q u a t i o n  ( 3 ) ,  

w from e q u a t i o n  ( 5 )  and t h e  mean s q u a r e  of t h e  o u t p u t ,  a: e f  f  
may be o b t a i n e d .  A range of  k2an - - 40 may t h e n  b e  t a k e n  a s  n  
an e s t i m a t e  o f  t h e  quantum s t e p  s i z e ,  s i n c e  w i t h  p r o b a b i l i t y  

= 0 .955 ,  t h e  achieved l e v e l  i s  w i t h i n  4 x (RMS n o i s e )  r ange .  

about  t h e  d e s i r e d  l e v e l  ( i . e . ,  t h e  measure 4on g i v e s  a  measure 

of t h e  d r i v e r s ' a b i l i t y  t o  d i s c r i m i n a t e  between d i f f e r e n t  l e v e l s  

of  a  v a r i a b l e  when he i s  doing s o  i n  a  p e r c e p t u a l l y  " n o i s y "  

background) . 
The number of quantum s t e p s  t h a t  he  i s  a b l e  t o  d i s c r i m i n a t e  

i s  then  g i v e n  by . 

N = Range of  V a r i a b l e  

4an 

HT = l o g  N ( b i t s  of  i n f o r m a t i o n )  
2 



~t is necessary for the 4on to be greater than the threshold 

for the particular variable; this in fact provides some check 

on the validity of this approach. Shaw (1973) uses a different 

approach in estimating the number of quantum steps. This is 
based on the independence of sample points at time intervals 

1 
I of (-). In this case, an estimate of N is obtained from 

"eff 

I = 2ueff log N 
2 

A non-flat power spectrum indicates the existence of intersample 
1 
I influence between sample points ( apart. Which of (7) 
ef f 

or (9) is the better measure is unknown; in general (7) will 

yield a lower number of steps than equation (9). If there is 

a strongly dominant frequency in the variable, the estimates of 

equations (7) and (9) are not likely to be greatly different 

(within 1 bit of information). 

RESULTS. 

General Performance Measures. Table 24 gives values of 

RMS lead car velocity, following car velocity, relative velocity 

and headway. Also included are the mean headway and range of 

relative velocity. Bandwidths of lead car velocity, following 

car velocity, relative velocity, headway and following car 

acceleration are given in Table 2 5 .  

Spectra. Some typical spectra of following car acceleration, 

relative velocity and headway are shown in Figures 26, 27, 28 

and 29. The spectral density (ordinate) in each of these figures 

is plotted on a linear scale and the small bandwidths listed 

in Table 25  are apparent. Means and standard deviations of the 

bandwidths are: 

Following car acceleration, Mean = .092 Hz, S.D. = ,016 Hz 

Relative velocity, Mean = .096 Hz, S.D. = .017 Hz 

Headway changes, Mean = .060 Hz, S'.D. = .019 Hz 



TABLE 2 4 .  Mean and RMS Meas 
the Car-Following 



TABLE 25,  Bandwidths of Velocities and 
Headway f o r  Experiment  1. 
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Hz. 

Figure  2 6 .  S p e c t r a l  d e n s i t i e s  of fol lowing c a r  a c c e l e r a t i o n ,  
r e l a t i v e  v e l o c i t y  and headway for f i l e  1. The 
r eg re s s ion  of X2 with H and Vr i s  also inc luded .  
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Hz, 

Figure 2 7 ,  Spec t ra l  d e n s i t i e s  of fol lowing c a r  a c c e l e r a t i o n ,  
r e l a t i v e  ve loc i ty  and headway f o r  f i l e  2 .  The 
regress ion  of X2 with H and Vr i s  a l s o  included. 
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Figure 28. Spectral densities of following car acceleration, 
relative velocity and headway for file 14. The 
regression of X2 with H and Vr is also included. 
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� ran sin formation Rates. Two values of transinformation 

rate (bits/sec) have been computed: 

(a) Between relative velocity and following car velocity. 

This is based on the assumption that the driver is using 

relative velocity information as an input and responding with 

a change of his own vehicle velocity. 

(b) Between lead and following vehicle velocities. This 

analysis is based on the assumption that the driver considers 

the task as one of velocity watching. Values of transinformation 

rate, number of categories and bits of information for relative 

velocity and lead car velocity are given in Table 26. The means 

and standard deviations are: 

@Relative Velocity - following car velocity: 
Transinformation rate Mean = 0.172, S.D. = .052 

No. categories = 2.78, S.D. = 0.59 

Bits of information = 1.45, S.D. = 0.27 

@Lead Car - following car velocity: 
Transinformation rate Mean = 0.184, S.D. = .062 

No. categories = 5.24, S.D. = 2.64 

Bits of information = 2.16, S.D. = 0.71 

There is no significant difference between the transinfor- 

mation rates (p > 0.2). However, the number of categories and 

bits of information in the two cases are significantly different 

at p < ,001, that is, the driver is able to absolutely identify 

more categories of velocity of the lead vehicle than he can of 

the relative velocity. 

~escribing Functions. Using the method previously described, 

two describing functions have been computed: 

(a) Lead car - following 'car velocities. In this case 

all 32 trials showed a gain close to unity - as would be ex- 
pected if the driver is attempting to match velocities along 



TABLE 26. Measures of Transmitted Information i n  Car-Following. 
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with an approximately constant time delay, The describing 

function is of the form, 

where K=l and T is the delay time (sec). Phase lags for eight 

trials of one subject are shown in Figure 30, where it is seen 

that the phase lag (degrees) increases approximately linearly 

with frequency, implying a constant lag time. (This statement 

is generally true up to the bandwidth of control of the driver, 

i.e.,approximately 0.06 Hz.) Phase lags for all four subjects 

were approximately 2 sec when averaged over the 8 trials. 

(b )  Relative velocity - following car velocity. Typi- 
cal magnitude and phase plots are shown in Figures 31 to 36 

and Figures 37 and 38. All data points are included and those 

having coherence greater than 0.5 are indicated with an X. 

(This means that at least 70% of variance is accounted for, at 

the particular frequency, by the linear describing function 

analysis.) 

Comparison of Describing Functions Derived From Relative 

velocity and Headway as Input, In the experiment, both relative 

velocity and headway were recorded, It should be possible to 

obtain the describing function using either of these as input 

and the resulting describing functions should be simply related 

Empirically, it is not easy to obtain accurate describing 

functions with H as input, since the bandwidth of H is generally 

smaller than that for Vr and hence, for a given record length, 

the coherences will be lower with H than Vr. Generally then, 

relative velocity should be used as the input in determining 
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Figure  30. Phase l a g s  f o r  t h e  l e a d  c a r / f o l l o w i n g  c a r  v e l o c i t y  d e s c r i b ,  
ing func t ion .  Sub jec t  4 .  
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Figure 3 1 ,  Following car velocity/relative velocity describ- 
ing functions showing drivers gain and phase as a 
function of frequency (File 3). 
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Figure 32. Following car v e l o c i t y / r e l a t i v e  v e l o c i t y  desc r ib -  
ing func t ions  showing d r i v e r s  gain  and phase as a 
func t ion  of frequency ( F i l e  4 ) .  
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Figure 3 3 .  Following c a r  v e l o c i t y / r e l a t i v e  v e l o c i t y  descr ib-  
ing func t ions  showing d r i v e r s  ga in  and phase as  a  
funct ion of frequency ( F i l e  1). 
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Figure 3 4 .  Following car velocity/relative velocity describ- 
ing functions showing drivers gain and phase as a 
function of frequency (File 2). 
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Figure 35. Following c a r  v e l o c i t y / r e l a t i v e  v e l o c i t y  descr ib-  
ing funct ions showing d r i v e r s  ga in  and phase a s  a  
funct ion  of f requency ( F i l e  6 )  . 



Figure 36, Following car velocity/relative velocity describ- 
ing functions showing drivers gain and phase as a 
function of frequency (File 7 )  . 
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Figure 3 7 .  Describing funct ions  der ived using H and VR a s  
inputs  and a comparison between these  ( F i l e  5) 
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Figure 380 Describing f u n c t i o n s  der ived  using H and V a s  
inputs  and a comparison between t h e s e  ( ~ i l g  2 4 )  



t h e  d e s c r i b i n g  f u n c t i o n .  

A compar i son  i s  g iven  h e r e  f o r  F i l e s  5  and 24 ,  which 

produced  c o h e r e n c e s  > 0.5 f o r  b o t h  Vr and H a s  i n p u t s .  The 

e x p e r i m e n t a l l y  o b t a i n e d  g a i n  p l o t s  a r e  shown i n  F i g u r e s  37 

and 38 ,  f o r  t h e  two i n p u t s .  The c o r r e s p o n d i n g  approx ima te  

d e s c r i b i n g  f u n c t i o n s  a r e :  

F i l e  5 (i) w i t h  Vr a s  i n p u t ;  

which g i v e s  

(ii) w i t h  H a s  i n p u t ,  

A s i m i l a r  a n a l y s i s  f o r  f i l e  24 g i v e s  t h e  e q u a t i o n s  

( j w )  

k - 0.,1(1.+5.,31jw) - 
(1 t2 .74  j w )  

(i) Vr a s  i n p u t ;  

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

i n  F i g u r e s  37 and 38,  and it i s  s e e n  t h a t  d i f f e r e n c e s  do  e x i s t  

which might  l e a d  t o  d i f f e r e n t  i n t e r p r e t a t i o n s  o f  t h e  d a t a .  I n  

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

- - '0. ( 1 ~ 2 . 8 9  jw) 
3w 

i ( j w )  
(ii) H a s  i n p u t ;  k = 0 .32 (1+2 .74 jw)  



in several runs were the coherences sufficiently large, with H 

as input, to validly determine a describing function. A pos- 

sible reason for the discrepancy between the results obtained 

by the two inputs is that the system is not linear - in this 
case probably due to the large thresholds involved in detecting 

changes in the input variables. Graphs plotted in the relative 

velocity-headway space support this contention (see discussion). 

 egression Analysis. Two approaches have been taken to 

determine the describing function. 

(i) The usual method as just described wherein magnitude 

and phase relationships between input and output are 

determined, 

(ii) by means of a regression analysis in which the apprax- 

imate magnitude relationship was determined. This 

method was used so that some indication of the magni- 

tudes of the contributions of headway and relative 

velocity variations, to the vehicle response, could 

be obtained. 

It was hoped that there would be reasonable agreement between 

the results of the two methods; this was, in fact, not achieved 

in many of the trials. . 
The describing functions have been analyzed with X 

2 

(following car velocity) as the drivers' response and Vr 

(relative velocity) as the input. 

It is possible, from the digitized data, to perform a 

regression of the form 

This form has been used by Rockwell and Snider (1969) 

(but in terms of following car acceleration, x ) . However, if 
2 

comparisons are to be made with the describing function, the 



IT 
above form i s  inadequa te ,  a s  t h e r e  i s  a  7 phase s h i f t  between * 
headway and r e l a t i v e  v e l o c i t y .  Hence, a  b e t t e r  form f o r  r e -  

g r e s s i o n  i s  

performing t h e  l i n e a r  o p e r a t i o n  of a u t o c o r r e l a t i o n  and 

F o u r i e r  Transformat ion  on t h e s e  q u a n t i t i e s  y i e l d s  a  r e l a t i o n -  

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

t h e  above e q u a t i o n  becomes, Now a s  GH = - 
W ,  

Regress ions  of t h e  form 

were a l s o  inc luded  i n  t h e  a n a l y s i s .  

Now c o n s i d e r  a d e s c r i b i n g  f u n c t i o n  of  t h e  form 

*Note t h a t  H and V a r e  h e r e  assumed t o  b e  independen t  
i n p u t s  t o  t h e  d r i v e r .  Also  phase  s h i f t s  due t o  t h e  d r i v e r s 1  
response  l a g  a r e  ignored .  These a r e  i n c l u d e d  i n  t h e  d e s c r i b i n g  
f u n c t i o n  a n a l y s i s .  



g iv ing  

we s e e  t h a t ,  comparing equat ions  (13) and (15)  we have 

~ l s o ,  equa t ion  ( 1 6 )  a p p l i e s  i f  we have a  d e s c r i b i n g  func t ion  

of t h e  form 

The a p p r o p r i a t e  r eg re s s ion  t o  use ,  of equa t ions  (11) and 

( 1 3 ) )  i s  r e a d i l y  chosen a s  t h e  c o e f f i c i e n t s  a ,  b mus t  be  pos i -  

t i v e .  I n  27 of t he  32 cases  s t u d i e d ,  t h i s  c o n d i t i o n  was s a t i s -  

f i e d  by only one of t h e  two r e g r e s s i o n s ;  1 c a s e  had bo th  r e -  

g re s s ions  wi th  p o s i t i v e  c o e f f i c i e n t s  and 4 had bo th  r e g r e s s i o n s  

with one nega t ive  c o e f f i c i e n t  ( s e e  Table  2 7 ) .  

In  ca ses  where both c o e f f i c i e n t s  were p o s i t i v e ,  t h e  per-  

cen t  va r i ance  accounted f o r  by H and Vr i n  t h e  r e g r e s s i o n ,  were 

c a l c u l a t e d  by t h e  method given i n  Gu i l fo rd  (1965). These per -  

cen tages ,  t h e  c o e f f i c i e n t  of c o r r e l a t i o n  and t h e  c o e f f i c i e n t s  

of t h e  r e g r e s s i o n s ,  a r e  p re sen ted  i n  Tab le  27.  he method 

f a i l s  i f  t h e  c o e f f i c i e n t s  a ,  b a r e  n o t  bo th  p o s i t i v e . )  

A comparison between t h e  d e s c r i b i n g  f u n c t i o n s  and t h e  

r eg re s s ion  magnitude func t ion  i s  g iven  i n  F i g u r e s  31-36. 

DISCUSSION 

Spectra .  Bandwidths of fo l lowing  c a r  a c c e l e r a t i o n  and of  



TABLE 2 7 .  Summary of Regression Data, Including Percent  of 
Variance Accounted f o r  by Headway and Rela t ive  
Veloc i ty ,  t h e  Correla t ion Coef f ic ien t  and t h e  
Regression Coef f ic ien ts .  Response Variables  a r e  
Following Car Accelerat ion (x )  and Veloci ty  (k) 
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r e l a t i v e  v e l o c i t y  a r e  s i m i l a r  (mean va lues  of 0.092 and 0.096 Hz 

r e s p e c t i v e l y )  poss ibly  i n d i c a t i n g  t h e  major e f f e c t  of r e l a t i v e  

v e l o c i t y  on response a c c e l e r a t i o n  ( o r  a l t e r n a t i v e l y  t he  e f f e c t  

of headway chnages on response v e l o c i t y ,  depending on which out-  

p u t / i n p u t  p a i r  i s  being used by t h e  d r i v e r ) .  Bandwidth of 

headway changes i s  lower a t  0.06 Hz,  a  r e s u l t  which i s  expected 

a s  headway change i s  t h e  t ime i n t e g r a l  of r e l a t i v e  v e l o c i t y .  

The s p e c t r a  show c l o s e  t o  zero va r i ance  i n  each of  t h e  

v a r i a b l e s  above a  frequency of 0 . 1  Hz. (The s p e c t r a l  d e n s i t y  

i s  e s s e n t i a l l y  an a n a l y s i s  of var iance  by frequency and t h e  a r ea  

under t h e  curve i s  equal t o  t h e  mean-square va lue . )  Longi tudi-  

na l  c o n t r o l  of the  veh ic l e  i s  of a  much lower frequency n a t u r e  

than l a t e r a l  c o n t r o l  i n  which bandwidths may be up t o  1 Hz 

(Shaw, 1973) .  The low bandwidths a r e  probably due t o  a  combina- 

t i o n  o f :  

1. The l o n g i t u d i n a l  dynamics of  t h e  v e h i c l e  do no t  a l low 

h ighe r  frequency c o n t r o l .  

2 .  There a r e  long de l ay  times due t o  d e t e c t i o n  of  changes 

i n  headway and r e l a t i v e  v e l o c i t y  (Hoffmann, 1968) .  

The d a t a  of Torres  (1970) on freeway d r i v i n g  shows a  peak i n  t h e  

a c c e l e r a t i o n  spectrum below 0.06 Hz, which i s  comparable w i t h  

the  va lue  obta ined i n  t h i s  exper iment ,  b u t  a l s o  a  second s m a l l e r  

peak a t  about 0 . 2  Hz. Th is  dua l  peak spectrum may i n d i c a t e  a  

dua l  mode form of c o n t r o l  (maybe on headway and r e l a t i v e  veloc-  

i t y )  a s  has been found by McLean and Hoffmann (1972) i n  t h e  

l a t e r a l  c o n t r o l  of  a veh ic l e .  

Informat ion Measures. A s  mentioned i n  t h e  r e s u l t s ,  

t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  r a t e  of  t r a n s -  

mission of informat ion whether t h e  i n p u t  i s  cons idered  a s  t h e  

l ead  veh ic l e  v e l o c i t y  o r  t h e  r e l a t i v e  v e l o c i t y .  The h i g h l y  s i g -  

n i f i c a n t  d i f f e r e n c e  occurs  i n  t h e  number of  c a t e g o r i e s  of  t h e s e  

v a r i a b l e s  t h a t  can be a b s o l u t e l y  i d e n t i f i e d  i n  t h i s  car- fol low- 

i n g  s i t u a t i o n .  P a r t  o f  t h i s  may be due t o  t h e  range of  l e a d  



vehicle velocity being greater than that for relative velocity, 

(approximately 48 ft/sec) but this cannot account for all the 
1 

j 
observed difference in sensitivity. It is apparent that even 

under the dim lighting conditions of the simulator, the driver 

i 
could obtain more information about the lead car velocity than 

he could about the relative velocity, This may not necessarily 

be true of real driving, but may be worth further investigation , 
as it does have implications for the feasibility and design of 

inter-vehicle velocity communication displays. 

previous work on the perception of relative velocity shows 

reasonable agreement with results obtained here. Olson et al. 

(1961) obtained 1.05 and 1.38 bits of information at 0.2 and 

0.1 mile headway respectively. For the 7-second viewing time 

used, these correspond to transinformation rates of 0.15 and 

0.2 bits/sec, Darroch and Rothery (1971) present the coherence 

function for one subject. The transinformation rate has been 

calculated from.this figure and is found to be approximately 

0.17 bits/sec. Approximately three categories of relative 

velocity could be discriminated, i.e.,about 1.6 bits of infor- 

mation. The headway in this case was about 60 feet. Figure 39 

includes the data from the present experiment as well as that 

of Olson et al. (1961) and that calculated from Darroch and 

Rothery (1971) . 
The dominant feature of the data presented in Figure 39 is 

the small number of categories of relative velocity that are 

identified in this car-following experiment. Two categories 

are necessary for making the decision of whether the headway 

is increasing or decreasing, leaving only a single category, at 

most, in which to place the relative velocity magnitude, This 

appears rather difficult to accept in view of the fact that 

drivers can readily scale relative velocity, providing the 

threshold is exceeded (see Experiments 2 and 3). The simplest 

explanation in this case is probably that, in a car-following 



CALCULATED FROM DATA OF [ OARROCH AND ROTHERY (19'71) (IIPPROX. ) 

\ PRESENT DATA 

\ -- rOLSON ET.AL. (1961) 

--- 
I OPENING OR CLOSING HEADWAY 

DECISION 

HEADWAY (ft,,) 

Figure  39.Number of c a t e g o r i e s  i n t o  which r e l a t i v e  v e l o c i t y  can bt 
a b s o l u t e l y  i d e n t i f i e d .  R e s u l t s  from Experiment I and 
d a t a  of Olson e t  a l .  (1961) and Darroch and Rothery ( 1 9 '  

s i t u a t i o n ,  t h e  fol lowing d r i v e r  makes l i t t l e  a t t empt  a t  s c a l i n g  

t h e  r e l a t i v e  v e l o c i t y  b u t  responds w i t h  b rak ing  o r  a c c e l e r a t o r  

movements upon d e t e c t i o n  of a  change i n  headway o r  o f  a  r e l a t i v e  

ve loc i ty .  Only when t h e  r e l a t i v e  v e l o c i t y  i s  l a r g e  w i l l  he 

make a  c o n t r o l  response which i s  s c a l e d  t o  t h e  magnitude o f  t h e  

r e l a t i v e  v e l o c i t y .  

Describing Funct ions .  Genera l ly ,  a t  f r e q u e n c i e s  g r e a t e r  

than 0.05 Hz, t h e  d e s c r i b i n g  f u n c t i o n  i s  of  t h e  form 



~t frequencies less than 0.05 Hz, the describing functions often 

show the form (12 of the 32 trials) 

which is equivalent to 

In these 12 trials, the describing function over the computed 

range is given approximately by 

i (jw) 

As a basis for discussion, consider the most commonly 

occurring form of describing function (see Figures 37 and 38). 

dm- = K 2 



Region A. There are three possible input/output 

pairs represented by equations 18, 19 and 20. The most likely 

one of these to be used by the driver is equation (20), that 

is, a velocity response to change in headway, The reasons for 

this are: 

o ~ t  low frequencies the relative velocities are likely 

to be small and, hence, may not be available as a driver 

input (see also the section on relative velocity- 

headway space). 

A human can operate more effectively as a simple gain 

(as in equation 20) than as an integrator, as in equation 

(10) . 
Region B. The only possible alternative to equation 

(17) in this region is that of an acceleration response to a 

relative acceleration. It is doubtful that a human has the 

perceptual mechanisms to sense relative acceleration via the 

visual system. Hence, the likely mechanism of longitudinal 

control in this frequency range is a velocity response to a 

relative velocity input. 

The conclusion of this analysis is that the driver's 

response is that of his vehicle's velocity, not acceleration, 

as has been generally assumed in car-following models. This 

conclusion must, however, be viewed with some caution at this 

time since, 

.More precise data are required. 

@The data were collected in a simulator, which did not 

provide any following-car acceleration cue to the 

driver (other than auditory cues) . 
As mentioned earlier, the interpretation of the data may be 

dependent on whether the headway or relative velocity was used 

as an input variable in the computations. If we consider, for 

example, the data of Figure 37 derived from the headway input, 

136 



i three regions of control may be defined. On the basis of the 

reasoning used earlier, these are likely to be: 
. 

f 5 .03 Hz; X response to H input. 
2 

.03 I f 5 .058 Hz; k response to Vr input. 
2 

f 1 0.058 Hz; 2 response to Vr input. 
2 

In this case a region with a stimulus/response pair the same 

as that of the usual car-following models is found to exist. 

A feature common to all 32 trials in Experiment 1 was that 

the phase lags were close to -150' and varied little with fre- 

quency. These phase lags did not correspond to those associated 

with describing functions of the form of equation (21) and would 

require the addition of extra phase terms to the describing 

function to account for them. One of these would be e - j w ~  t 0 

describe the reaction time which here is about 2 secs, 

Regression Analysis. In general, the describing functions 

derived from the regression analysis were not in particularly 

good agreement with those obtained by time-series analysis. 

The reason for this is apparent. In the regression analysis, 

the describing function magnitude was limited to one of two forms 

(equations 11 and 13), a restriction which does not exist in the 

time-series analysis. It is, however, possible in a number of 

cases to obtain an approximate estimate of the percentage of 

variance in the driver's output attributable to variations of 

relative velocity and headway, since the describing function 

magnitude plots are in "reasonable" agreement. These cases are 

listed in Table 28 along with the major input and response 

variables. 

These 12 cases may be summarized as: 

5 cases of (vr, H) + x . . 2 . 
6 cases of Vr -+ X2 or H -+ X - 2 
1 case of (vr, H) + i2 



TABLE 28. Regres s ions  Which Have Reasonable  Agreement With 
t h e  c o r r e s p o n d i n g  D e s c r i b i n g  F u n c t i o n .  

%H 

20 

98 

8 1  

84 

56 

69 

97 

6 1  

59 

1 

36 

6 

kVR 

68 

2 , 

16 

1 5  

40 

12 

3 

37 

31  

8 0 

3 1  

79 , 

Subject 

1 

2 

3 

4 

F i l e  

1. l l Y H  

2 .  1 1 N  

3. 18N 

4 .  18YH 

1 4 .  18YL 

16 .  1 1 N  

6. 28YL 

7. 21YL 

17 .  21YH 

11. 38YL 

25.  48N 

31. 48YL 
t 

Outpu t  

Accel. 

V e l .  

V e l .  

V e l .  

Accel. 

Accel. 

V e l .  

V e l .  

Accel. 

Accel. 

Accel. 

Accel. 

S t imulus-Response  P a i r s  

. 
( V R t H )  + x2 

H -t X2 o r  vR + ii2 

H -+ i2 or v + f 2  P 
H + i2 o r  VR + s2 
( V R t H )  + x2 

( V r t H )  + i2 

a 
H + x2 o r  VR -+ x2 

( V R t H )  + i2 
( V R , H )  + x2 

VR + x2 o r  H + X2 

( V R t H )  + x2 

VR + x2 o r  H + i2 



A feature of these regressions is that a given subject 

will, on different trials, use differing amounts of inputs 

from headway and relative velocity to control the vehicle 

(assuming that these regressions are meaningful). 

The picture is somewhat simplified if the regression with 

the largest correlation coefficient is chosen. In this case 

26 of the 32 cases are closely approximated by: 

G j i  
= 6 GH (i.e.,headway accounts for most of the variance). 

2 

- (i.e., relative velocity accounts for most of 
Gi2 - G ~ r  the variance). 

These regression are equivalent in saying (as noted earlier) 

that drivers are responding with a velocity to a change in 

headway. 

The remaining 6 regressions have, 

3 with both Vr and H affecting X, 

1 with both Vr and H affecting X, 
- 

2 with H dominantly affecting x2 

The last of these is a rather surprising -- and highly unlikely -- 
result, since it is very difficult for a human to control a 

system of this order. 

The Headway - Relative Velocity Space. From the RMS value 

of relative velocity and the mean and RMS values of headway for 

a given trial, it is possible to determine the percentage of 

time over which a given boundary for detection of angular veloc- 

ity is exceeded. The method assumes that: 

(1) the detection value of angular velocity is.fixed, 

(2) the headway and relative velocity are distributed 

normally, 



Table 23). This particular subject showed a threshold of about 

2.3 x log3 rad/sec on the scaling experiment (Experiment 2). 

From the line corresponding to the threshold angular velocity, 

the probabilities of corresponding pairs of H, V points are r 
determined from tables of the normal distribution. The joint 

probabilities, summed over +3 standard deviations of Vr and H, 

then gives the probability that the relative-velocity detection 

boundary is exceeded. In this case, on 22% of the trial time 

the boundary is exceeded. 

The results of such an analysis may be useful in determin- 

ing the form of control being used by the following driver. 

  or example, consider the data of Files 28 and 16. 

(1) File 28: (93% relative velocity; 4% headway). 

The detection boundary for relative velocity is exceeded 

only 22% of the trial time. 

(2) File 16: (12% Vr, 69% H). Separate tests, using the 

method of Experiment 2, showed that this subject had a detection 

angular velocity of about 4 x log3 rad/sec. Analysis of the 

joint probabilities shows that the detection boundary for rela- 

tive velocity is exceeded on only 0.38% of the trial time. 

1. The data suggest that control actions are made when 

relative velocity or headway changes are detected, with very 

little scaling of the response to the magnitude of the stimulus 

input. 

2. The data suggest that the driver responds with a change 

in his vehicle velocity to (a) changes in headway at frequencies 

below 0.05 Hz and (b) changes in relative velocity above 0.05 Hz. 

3. An alternative method of finding the magnitude of the 





describing function via a regression analysis provided an 

estimate of the amount of headway and relative velocity 

control being used by the driver. It was felt that the 

severe constraints on the method make these estimates of 

limited use. 

EXPERIMENT 2: SCALING OF RELATIVE VELOCITY 

OBJECTIVES. In the analysis of past studies presented 

in this report it was noted that two studies found power law 

exponents of approximately 1.3 in the equations relating 

apparent and physical relative velocity with a vehicle moving 

towards the observer (Semb, 1969; Hoffman, 1971). In 
-. A 

- -  -- -- 

both of these studies the observer was stationary and, hence, 

may have had extra cues available to him which he would not 

have if he were in motion, as is the case when a following ve- 

hicle is overtaking a lead vehicle. The aim of this experiment 

was to determine a scale of relative motion (with the observer 

having both relative and absolute motion) and also to investi- 

gate thresholds for relative velocity. 

METHOD. 

Stimulus Material. Because of the limited time available 

for these experiments, it was decided to limit the tests to 

positive relative velocity; that is, with the following vehicle 

approaching or overtaking the lead vehicle. This case is also 

of most practical significance. 

Eight filmed stimuli were used in the experiment. All 

had a mean headway of 92 feet during the 4-second exposure and 

the relative velocity was closely constant during this period. 

The relative velocities were accurately calibrated from the 

film by means of a "Vanguard" film reader. The selected film 

strips had the angular velocities and visual angle changes 

given in Table 29. The relative velocity range covers the 

range of below threshold values to the maximum that could 



TABLE 29. Mean Angular Veloci ty  C'rad/sec) and Weber 
Ratio of Visual  Angle f o r  t h e  E igh t  
S t imu l i  U s e d i n E x p e r i m e n t  2  (Mean 
Headway = 22 F t )  . 

s a f e l y  be produced wi thout  impacting t h e  l e a d  v e h i c l e .  I n  

p r e s e n t a t i o n  t o  t h e  s u b j e c t s ,  t h e  p r o j e c t o r  speed was accu- 

r a t e l y  matched t o  t h e  camera speed by use  of  s t r o b o s c o p i c  

equipment. 

Procedure. A r a t i o  r a t i n g  method u s ing  d i f f e r e n t  stimu- 

l u s  groups was used (Eckman, 1958) .  The advantage  of t h i s  

technique i s  i t s  r e l a t i v e  economy; bo th  i n  t h e  c o s t s  of  f i l m  

d u p l i c a t i o n  and t ime t aken  t o  t e s t  s u b j e c t s .  The s t imu lus  

p a i r s  used a r e  shown i n  Table 30. The s t i m u l i  were o rdered  

i n  t h i s  way t o  achieve  a  l a r g e  range i n  t h e  p h y s i c a l  r a t i o s  

of  r e l a t i v e  v e l o c i t i e s .  The s i x t e e n  comparisons were pre-  

sented  i n  random o rde r  and p r e sen t ed  tw ice  t o  each s u b j e c t .  

There was 2 seconds of b lank frame between p r e s e n t a t i o n  of  t h e  

two s t i m u l i  be ing compared. The s u b j e c t  judged which o f  t h e  

A0 
'B 

.040 

,073 

, 0 9 4  

. I87 

.302 

.4 54 

.631 

1.063 

St imulus  Speed 
(Ft/Sec)  

1.77 

3.13 

3.95 

7.26 

10.67 

14.36 

17.80 

23.70 

two s t i m u l i  had t h e  h igher  r e l a t i v e  v e l o c i t y  and a l s o  t h e  r a t i o  

of  t he  r e l a t i v e  v e l o c i t i e s .  Each s t i m u l u s  p a i r  was judged 

twice  and t h e  geometric  mean r a t i o  was used i n  c o n s t r u c t i n g  t h e  

Angular Ve loc i ty  
( ~ a d / S e c )  

1 . 2 9  x  

2.28 x 
2.88 x  

5.29 x  l o w 3  
7.77 

1 0 . 4 6  x  

12.97 x l o m 3  
17.27 x 



TABLE 30. Matr ix of Comparisons Used i n  t h e  
Ratio-Rating Method of Ekman ( 1 9 5 8 ) ,  
Showing t h e  Veloci ty  Rat ios  i n  t h e  
St imulus P a i r s .  

I St imulus R e l a t i v e  Speed 
Ft /Sec 

St imulus  3.131 1.77 0.79 0.29 0.18 

R e l a t i v e  7.261 4 . 1 0  1.84 0.68 0 . 4 1  

v e l o c i t y  s c a l e .  ~ n s t r u c t i o n s  t o  t h e  s u b j e c t  a r e  inc luded  i n  

Appendix D .  

RESULTS OF EXPERIMENT 2 .  A number of  t h e  s u b j e c t s  had d i f -  

f i c u l t y  i n  unders tanding t h e  concep t s  of  " r a t i o "  and " r e l a t i v e  

speed."  I t  was necessary  t o  e x p l a i n  t h e s e  concepts  i n  d e t a i l  

and even t h e n ,  t h e r e  was some doubt t h a t  t h e y  were f u l l y  under- 

s tood.  The twelve exper imenta l  s u b j e c t s  used a v e r y  l i m i t e d  

range of  r a t i o s  i n  making t h e i r  r e sponses .  The maximum used 

by any s u b j e c t  was 6 . 0  and t h e  geometr ic  mean maximum over  a l l  

s u b j e c t s  was 2.9. This  i s  t o  be compared w i t h  t h e  maximum r a t i o  

of 13.39 a c t u a l l y  p resen ted  i n  t h e  s t i m u l u s  f i l m s  ( s e e  Table 3 0 ) .  

The s t i m u l u s  f i l m s  have s i n c e  been p r e s e n t e d  t o  a group of 

5 p r o f e s s i o n a l  eng inee r s ;  t h e s e  gave a mean maximum r a t i o  of  

11.8, t h a t  i s ,  t h e  group f a m i l i a r  w i t h  t h e  u s e  of  number and 

concepts  of r e l a t i v e  motion were a b l e  t o  more a c c u r a t e l y  e s t i -  

mate t h e  approach speed r a t i o s .  

The d a t a  f o r  s u b j e c t i v e  r e l a t i v e  speed  have been s c a l e d  

and, assuming a r e l a t i o n s h i p  of  t h e  form o f  S tevens  law, 



where Vr = relative speed in ft/sec. 

YVr = subjective relative speed in arbitrary units, the 

magnitude of the power law exponent ( n )  and the threshold 

speed have been determined. The threshold relative speeds 

(the speed at which the subjective relative speed starts to 

increase with physical relative speed) have been converted to 

threshold angular velocities by means of the equation: 

w threshold = ('r) threshold 

where H had a value of 92 feet in this experiment. 

Results of subjective relative speed for several subjects 

and all subjects combined are shown in Figure 41. The conclu- 

sions are combined with those of experiment 3 following. 

EXPERIMENT 3: ESTIMATION OF TIMES TO CLOSURE 

OBJECTIVES. A very common type of estimation made by dri- 

vers, in a number of driving situations, is the time to closure 

(or the position of closure). Yet little has been reported on 

the study of such estimations (Farber and Silver, 1967; BjGrkman, 

1963). This experiment is aimed at providing further informa- 

tion on this aspect of driver decision making. In particular, 

the experiment is designed to: 

(1) investigate accuracy of closure time estimations as 

a function of relative speed, headway and stimulus presentation 

time. 

(2) Derive a scale relating apparent and physical relative 

velocity from the relationship between the subjective and actual 

closure t.imes, 

(3) To investigate the thresholds for angular velocity, 

and the time required for perception of angular velocity, via 

the effect of stimulus presentation time on the angular velocity 

threshold, 



Subject B 

/ ALL SUBJECTS 
n = 0.80 

X 

RELATIVE VELOCITY (FT/SEC) 

Figure 4 1 ,  Resul ts  of r e l a t i v e  v e l o c i t y  sca l ing  f o r  sub jec t s  
B and E and geometric mean d a t a  over 1 2  subjec ts .  
The arrows mark t h e  va lue  taken  as t h e  threshold  
r e l a t i v e  ve loc i ty .  



METHOD. 

Stimulus Material. Stimulus films were made, calibrated 

and projected as in Experiment 2. 

Four relative velocities (3.41, 7.46, 9.11, 17.05 ft/sec) , 
three final headways (62, 103, 144 ft) and four stimulus pre- 

sentation times (0.68, 1.37, 2.05, 2.74 sec) were used in the 

experiment, making a total of 49 conditions. The angular ve- 

locities covered the range from sub-threshold to the maximum 

likely to be achieved in normal vehicle closure. These values, 

along with the actual closure times are given in Table 31. 

The Weber ratio of change of visual angle subtended by the lead 

vehicle during the stimulus presentation is presented in 

Table 32. Here again, the Weber ratio ranges from sub-threshold 

to easily detectable. 

Procedure. The 48 conditions were presented in random 

order, with two replications of each stimulus. An electronic 

counter automatically started at the end.of each exposure. The 

subject stopped an electronic timer with a response key when he 

estimated that closure occurred. 

During the experiment, the subject heard the noise of a 

vehicle traveling at 50 mph. This was found necessary to eli- 

minate disturbance through starting and stopping the projector. 

All trials were carried out in the one experimental session, 

taking a total time of approximately one hour. Instructions to 

the subject are included in Appendix E. 

Subjects. Twelve subjects, six male and six female, were 

used in these experiments. They were volunteers and were paid 

for their participation. All subjects were used in both experi- 

ments; half the males and females carried out Experiment 2 first 

and the other half did Experiment 3 before Experiment 2. 

The exponents and threshold angular velocities obtained 

in this experiment are given in Table 33. 



TABLE 31, Angula r  V e l o c i t i e s  ( r a d / s e c )  a t  t h e  End of Exposu re  
(Upper E n t r y )  and A c t u a l  Times t o  C l o s u r e  (Sec) fo r  
Four  R e l a t i v e  Speeds  and Three  Final Headways Used 
in Exper iment  3. 

TABLE 32. Weber R a t i o s  o f  Sub tended  V i s u a l  Angle  for 
t h e  Four  R e l a t i v e  V e l o c i t i e s ,  T h r e e  Headways 
and  Four  Exposu re  Times Used i n  E x p e r i m e n t  3 ,  
An A s t e r i s k  Marks Those V a l u e s  L i k e l y  t o  b e  
D e t e c t a b l e  ( > 0 . 1 2 )  . 

Headway (Ft) 

62 

103  

144 

R e l a t i v e  V e l o c i t y  ( F t / S e c )  

Headway ( F t )  

62 

103  

1 4  4  

3 . 4 1  

5.47 x 

1 8 . 1 8  

1 . 9 8  x 1 0 - ~  

30.21 

1 . 0 1  x  l o m 3  

42.23 

2 

R e l a t i v e  Speeds  ( F t / S e c )  

7.46 

11.97 x 

8 .31  

4 . 3 4 x 1 0 - ~  

1 3 . 8 1  

2.22 x l o w 3  
19.30 

1 7 . 0 5  

.187* 

.377* 

,564* 

.754* 

, 1 1 3  

.227* 

.329*  

.454* 

, 0 8 1  

,162" 

.243* 

.324*  

9 . 1 1  

14 .60  x l o o 3  
6 . 8 1  

5 . 3 0 x 1 0 - ~  

1 1 . 3 1  

2 . 7 1  x 

1 5 . 8 1  

9 . 1 1  

- 1 0 1  

.201*  

.301*  

.403* 

. 060  

.121* 

.181* 

.242* 

.043  

.087  

.130*  

.173* 

3 . 4 1  

, 038  

.075 

. I 1 3  

.151* 

.023 

.045 

.068 

.186* 

.016 

.032 

, 049  

.065  

17.05 

27.4 x 
3.64 

9 .91  x l o m 3  
6 , 0 4  

5 .07 x 
8 .45  

7.46 

-082  

.165* 

.247* 

.330* 

.050 

.099 

,148"  

.198* 

.035  

, 0 7 1  

. l o 6  

.142* 



TABLE 33, Power Law Exponents and Angular 
Velocity Thresholds for 12 Subjects 
in Experiment 2, 

In only 10 of the 12 subjects was it possible to obtain 

reasonable estimates of the exponent. In the other two cases 

the scatter was very large. The geometric mean value of the 

exponent was 0.80 and the arithmetic mean angular velocity 

threshold was 0.0052 rad/secm 

Data for three professional engineer subjects are shown 

in Figure 42. It is apparent from this graph that much larger 

response ratios are being used. 

Angular Velocity 
Threshold i~ec) -l x lo3 

4.5 

4 a 4 

5.3 

3.9 

7.5 

5.8 

3.9 

6.2 

3.4 

6.2 

6.6 

6.1 

Subject 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

RESULTS OF EXPERIMENT 3, As noted earlier, the task of 

the subject in this experiment was to attempt to estimate the 

time at which closure between the lead vehicle and his own 

vehicle would occur. In performing this task there were two 

distinct groups of subjects. 

Power Law 
Exponent 

-88 

1.17 
- 

m 75 

.70 

.85 

.70 

-76 

.76 

.73 
- 
.76 
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1 1 0  

RELATIVE VELOCITY (FT/SEC) 

f igure  4 2 .  Sca les  of subjec t ive  r e l a t i v e  v e l o c i t y  f o r  th ree  
profess ional  engineer subjec t s .  



Group A: These were able to make reasonably accurate 

estimates of the time to closure. Results 

of subject D are given in Figure 43 for the four 

stimulus presentation times. 

Group B: Subjects in this group greatly underestimated 

the time to closure, but their time estimates 

were linearly related to the real time to clo- 

sure. Results for subject X are shown in Figure 

44, in which the gradient of the straight line 

relating subjective and physical time is approxi- 

mately 0.26. 

It is seen in Figures 43 and 44 that, for closure times greater 

than about 18 sec the estimated or subjective time deviates 

greatly from the linear relationship. In the experimental sit- 

uation, these times correspond to angular velocities being less 

than 2.2 x lom3 rad/sec, suggesting that perception of angular 

velocity is necessary in order to make accurate estimates of 

closure. 

Four of the 5 subjects in group B were female; 5 males 

were in group A along with 2 females. There is no significant 

sex effect on group membership (p = 0.13 by Fishers exact test). 

~elative Velocity Scales. From the time estimation data, 

scales of subjective angular velocity have been constructed by 

converting the subjective and physical values via the following 

equations: 

where 

ta = actual time to closure. 

ts = subjective time to closure 

w = actual angular velocity at the end of the a 
stimulus exposure. 







w = subjective angular velocity. 
S 

W = vehicle width in ft. 

H = headway in ft. 

Typical results from this analysis are presented in Figures 4 5  

and 46 for a group A and group B subject, respectively. 

The exponents of the power law-relationship for all subjects 

are given in Table 34, and the corresponding angular velocity 

thresholds (where an estimate could be 0btained)in Table 35. 

Means and standard deviations of the exponents and thresholds 

are given in Tables 36 and 33. 

TABLE 34. Power Law Exponents Obtained by Estimation 
of Time to Closure in ~xperiment 3 ,  

Geometric mean = 1.01 

Subject 
q 

A 

B 

C 

Group 5 D 

E 

F 

G 

H 

I 

Group J 

K 

L 

Sex 

F 

M 

M 

M 

M 

M 

F 

M 

F 

F 

F 

F 

' Stimulus Presentation Time (Sec) 
2,74 

.88 

1.48 

1.23 

1.15 

1.15 

.85 

1.03 
--- 

2.05 

.83 

1.44 

.74 

1.0 

1.31 

.89 

1.03 

.80 

.65 

.76 

.85 

.90 

1.37 

.92 

1.34 

1.0 

1.48 

1.48 

.81 

1.18 

0.68 

1.45 

1.41 

1.05 

1.21 

1.43 

,87 

1.18 

.98 

.81 

-95 

.90 

.71 

.85 

-93 

1.05 

1.13 

.85 

.85 

.71 

1.05 

.88 

1.07 



PHYSICAL ANGULAR VELOCITY (RAD/SEC) 

t = 2.74 SEC 
n = 1.48 

Figure  45. S c a l e s  of s u b j e c t i v e  a n g u l a r  v e l o c i t y  ob t a ined  from. 
e s t ima t ion  of time t o  c l o s u r e  ( s u b j e c t  B, group A ) .  
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PHYSICAL ANGULAR VELOCITY (RAD/SEC) 

Figure 4 6 .  S c a l e s  of s u b j e c t i v e  angula r  v e l o c i t y  ob ta ined  from 
e s t i m a t i o n  of t i m e  t o  c l o s u r e  (Sub jec t  K, Group B). 



TABLE 35. A p p r o x i m a t e  A n g u l a r  V e l o c i t y  
T h r e s h o l d s  (Rad/Sec x l o m 3 )  
O b t a i n e d  i n  E x p e r i m e n t  3. 

A r i t h m e t i c  mean 
t h r e s h o l d  a n g u l a r  = 0 .0028  r a d / s e c  
v e l o c i t y  

S u b j e c t  

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

TABLE 36. Means a n d  S t a n d a r d  ~ e v i a t i o n s  o f  the E x p o n e n t s  
o f  Groups  A a n d  B  a n d  o f  t h e  Combined  Data. 

( S e c )  
0 . 6 8  

J 

2 .6  

4 .6  

3 . 0  

3.0 

2 . 0  

3 . 3  

2 . 5  

3.0 

2 . 7  

2 .5  
- 

2.6  

S t i m u l u s  P r e s e n t a t i o n  Time 

b 

E x p e r i m e n t  

I1 

I11 2 .74  

2 . 0 5  

1 . 3 7  

1 . 3 7  

- 
2 . 5  

2 .9  

3 . 6  
- 

2 . 8  

2 . 8  

2 . 5  

2.4 

2 . 5  
- 

2 . 8  

2.74 

- 
3.7 

4.3 

3.0 
- 

2 . 5  

2.5 
- 
- 

2.5  
- 

2 . 8  
4 

0 . 6 8  1 7 1  1 . 2 3 1  - 2 2 1  5 1  . 9 1 I  5  1-21 1.101 . 2 s  

Group  B 1 A l l  S u b j e c t s  

- 2 .05  

- 
4.6  

2 . 1  

2 . 1  
- 

2 . 7  

2 . 2  
- 

2 . 3  
- 
- 

2 . 7  

Group A 

S.D. 

.14  

. 24  

.22  

.24 

SOD.  

- 1 8  

. 2 2  

. 2 6  

. 2 7  

N 

6  

7  

7  

7  

S.D. 

. 0 2  

. 1 0  

.11 

. 1 3  

N 

4 

5  

5 

5 

- 
rl 

.84  

1.11 

1 . 0 3  

1 . 1 7  

N 

1 0  

1 2  

1 2  

1 2  

- 
rl 

. 75  

. 79  

. 8 7  

.96  

- 
rl 

. 8 1  

- 9 8  

.97  

1 . 0 9  



TABLE 37. Means and S tanda rd  ~ e v i a t i o n s  o f  t h e  
Threshold Angular V e l o c i t i e s  i n  
Experiment 3. 

A number o f  t - t e s t s  have been c a r r i e d  o u t  on t h e s e  d a t a  

Experiment  

I1 

111 2.74 

2.05 

1.37 

0 .68  

w i t h  t h e  f o l l o w i n g  r e s u l t s :  

Exponents.  

N 

1 2  

7  

7  

9 

11 

1. S i g n i f i c a n t  d i f f e r e n c e s  e x i s t  between groups  A 

and B i n  two of t h e  s t i m u l u s  p r e s e n t a t i o n  t i m e s  ( t )  o f  Expe r i -  

ment 3 ( a )  t = 2.74 has  p  < .01  and (b) t = 0.68 h a s  p < -02 .  

Other  c a s e s  show no s i g n i f i c a n t  d i f f e r e n c e s .  

2. With groups  combined, t h e  Experiment  2 exponen t s  a r e  

s i g n i f i c a n t l y  s m a l l e r  t h a n  t h o s e  o f  each  p r e s e n t a t i o n  time o f  

Experiment 3  ( p  < . 0 5 ) ,  w h i l e  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  

between t h e  f o u r  p r e s e n t a t i o n  times o f  Experiment  3. 

' ~ h r e s h o l d  

,0052 

,0030 

.0027 

.0028 

,0029 

Angular V e l o c i t y  Thresho lds .  

I 

S.D. 

,0013 

,0007 

.0009 

.0004 

.0007 

1. No s i g n i f i c a n t  d i f f e r e n c e s  between groups  A and B. 

2 .  No s i g n i f i c a n t  d i f f e r e n c e s  between t h e  p r e s e n t a t i o n  

t imes  of  Experiment  3 .  

3. A h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  between t h e  t h r e s h o l d s  

o b t a i n e d  i n  Exper iments  2  and 3  ( p  < , 0 1 ) .  

DISCUSSION OF EXPERIMENTS 2 AND 3. 

Exponents.  I n  both e x p e r i m e n t s  some s u b j e c t s  had d i f f i c u l t y  

i n  making judgments of t h e  type  r e q u i r e d .  T h i s  was d e m o n s t r a t e d  



in the restricted range of numbers or ratios which the subjects 

were willing to use when estimating relative velocity ratios 

or time to closure. 

In Experiment 2, it has been noted that the geometric 

mean maximum ratio was 2.9, compared with the maximum stimulus 

ratio of 13.39, The geometric mean exponent was 0.90. Five 

professional engineer subjects produced a geometric mean maxi- 

mum ratio of 11.8 and a geometric mean exponent of 1.17 using 

the same stimulus material and with similar experimental con- 

ditions. For the 10 subjects of Experiment 2, there is a rank- 

order correlation coefficient of 0.6 between maximum response 

ratio and the magnitude of the exponent (not quite significant 

at p = 0.05). This intra-model variation of the exponent is 

in agreement with the model of Teghtsoonian (1973). 

This same behavior is seen in the data of Experiment 3. 

and, when viewed in this context, the results of the group B 

subjects fit in with the overall scheme. That is, the differences 

in the magnitude of the exponents of group B compared with 

group A can be largely accounted for by the subjects' use of 

numbers. (This might also be explained by the predominance 

of females in group B.) 

In Experiment 3 the rank-order correlation between the 

magnitude of the exponent and the response ratio (considered in 

terms of time) is 0.82 and this is significant at p < .O1 

(see Table 38). 

The geometric mean response ratio in Experiment 3 is 14.5 

compared with 2.9 in Experiment 2. Hence, even though different 

quantities were being estimated in these experiments, the re- 

sponse ratio effect may be a dominant factor in the highly sig- 

nificant differences (p < .001) occurring between the exponents 

obtained in these two experiments. 

The geometric mean exponent over both experiments is 0.97, 



TABLE 38. V a r i a t i o n  of  t h e  Power Law Exponent i n  Experiment  3  
With t h e  Response Magnitude Ra t io .  

~ e o m e t r i c  mean exponent  = 1 . 0 1  

Geometr ic  mean r e s p o n s e  r a t i o  = 14.5 

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

v e l o c i t y .  T h i s  i s  n o t  i n  good agreement  w i t h  t h e  r e s u l t s  o f  

Semb (1969)  and o f  J a n s s e n  e t  a l e  (1971)  who o b t a i n e d  v a l u e s  o f  

abou t  1 . 3 .  I n  b o t h  t h e s e  e x p e r i m e n t s ,  however ,  t h e  s u b j e c t  was 

" s t a t i o n a r y 1 '  a s  compared t o  t h e  "moving" f r ame  of r e f e r e n c e  

used i n  t h e  p r e s e n t  e x p e r i m e n t s .  

Geometr ic  
Mean 

Exponent 

.99 

1.42 

.99 

1.20 

1.34 

.85 

1.10 

.87 

.77 

.94 

.93 

.87 

R= 
t ~ a x  

27.9 

15.0 

12 .5  

13.7 

30.0 

12 .3  

30.6 

9.0 

7 .3  

14.8 

10 .8  

10 . O  

S u b j e c t  

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

An unexpec ted  f i n d i n g  o f  Expe r imen t  3  was t h a t  t h e  e x p e r i -  

ment was n o t  a f f e c t e d  by s t i m u l u s  p r e s e n t a t i o n  times be tween  

0.68 and 2.74 sec. I t  i s  a p p a r e n t  t h a t  s u b j e c t s  were a b l e  t o  

s c a l e  r e l a t i v e  s p e e d  i n  v e r y  s h o r t  i n t e r v a l s  o f  t i m e ' .  E x p e r i -  

. 
Rank 

R 

3  

4 

7  

6  

2 

8 

1 

11 

12 

5 

9  

10  

Min. ~ i m e '  
E s t i m a t e  

(set) 

.49 

1 . 6 2  

1 . 8 1  

1 .76  

1 .26  

1 .10  

.94 

. 51  

.66 

. 3 1  

.59 

.28 

Rank - 
11 

5 , 5  

1 

5 . 5  

3  

2 

11 

4 

9 .5  

12 

7 

8  

9 . 5  

Max. Time 
E s t i m a t e  

(set) 

13 .65  

24.34 

22.61 

24.07 

37 .8  

13 .51  

28.72 

4.61 

4.82 

4.58 

6.37 

2.80 



mental scatter of the data was, however, decreased with the 

longer viewing times. 

Threshold of Angular Velocity. Experiment 2 gave a mean 

threshold value of 5.2 x log3 rad/sec. This was significantly 

different (p < -001) to the mean value of 2.8 x lom3 rad/sec 

obtained in Experiment 3. The overall mean value was 3.5 x 

loB3 rad/sec, which is close to the value of 3.9 x ob- 

tained by Hoffmann (1968) from an analysis of data from other 

authors. 

The data of Experiment 3 showed no effect of stimulus 

presentation time on the magnitude of the threshold, once again 

demonstrating that only very brief exposures are required to 

perceive and scale relative velocity. The larger threshold in 

~xperiment 2 may be due to the subject's difficulty in using 

ratios in this method. 

CONCLUSIONS (EXPERIMENTS 2 and 3) . 
1. Response range ratios have a major effect on the 

magnitude of the power law exponent. The response range ratio 

is likely to be affected by the type of experiment and the 

subject's familiarity with the use of numbers. 

2. Geometric mean exponents close to unity suggest veri- 

dical perception of relative velocity. 

3. The thresholds for angular velocity were found to be 

5.2 x rad/sec in Experiment 2 and 2.8 x low3 rad/sec in 

Experiment 3, with an overall mean of 3.5 x lom3 rad/sec. 

4. Relative velocity can be perceived and scaled in times 

as short as 0.68 sec when it is above threshold. Increase in 

viewing time does not significantly affect the magnitude of the 

threshold or exponent, but doe's reduce scatter in the results. 





DISCUSSION OF CAR-FOLLOWING STUDIES 

AS no ted  i n  t h e  aims o f  t h i s  r e p o r t ,  one purpose of t h e  

exper iments  was t o  a t t empt  t o  determine ways i n  which h igher  

grade in fo rmat ion  regard ing  t h e  motion of t h e  l e a d  v e h i c l e  may 

be communicated t o  t h e  fo l lowing d r i v e r .  D i f f e r e n t  au tho r s  

d i s a g r e e  on t h e  need f o r  t h i s ,  f o r  example.. 

F r i c k  (1970) cons ide r s  t h a t  l ' c los ing  r a t e  and d i s t a n c e  

in fo rmat ion  appears  t o  be adequate ly  conta ined w i t h i n  t h e  pa t -  

t e r n  of an a r r a y  of  l i g h t s  s u i t a b l y  d i sp layed  on t h e  r e a r  of 

a  v e h i c l e .  I t  does n o t  seem necessary  t o  u se  s p e c i a l  coding 

such a s  c o l o r  changes,  changes i n  number of  l i g h t s  o r  v a r i a b l e  

f l a s h  r a t e  t o  develop r equ i r ed  d a t a . "  

Owen (1970) cons ide rs  t h a t  t h e  d e c e l e r a t i o n  s i g n a l  can be 

improved by: 

( a )  A pan i c  s t o p  s i g n a l .  

( b )  I n d i c a t e  d e c e l e r a t i o n  by g reen ,  amber and r e d  lamps. 

( c )  Actuate t h e  s t o p  lamp when t h e  a c c e l e r a t o r  i s  r e l e a s e d .  

( d )  Actuate  a  s e p a r a t e  amber lamp when t h e  a c c e l e r a t o r  i s  
r e l e a s e d .  

(e )  F lash  s t o p  lamps a t  an i n c r e a s i n g  r a t e  a s  t h e  r a t e  
of d e c e l e r a t i o n  i n c r e a s e s .  

An improved e s t i m a t e  of headway d i s t a n c e  may a l s o  be 

obta ined by: 

( a )  Having on a l l  v e h i c l e s  an e x a c t  spac ing  o f  t a i l  
(p resence)  lamps on each s i d e  of  t h e  v e h i c l e .  

( b )  A f u s ion  system of v a r i o u s  l i g h t e d  geomet r i c  p a t t e r n s .  

I n  t h e  fo l lowing  s e c t i o n ,  p rev ious  r e s e a r c h  on t h e  use  o f  

v e l o c i t y  and a c c e l e r a t i o n  d i s p l a y s  i s  b r i e f l y  reviewed,  f o r  

both car- fo l lowing and ove r t ak ing  s i t u a t i o n s .  

EXPERIMENTS ON SPEED AND DECELERATION DISPLAYS 

There a r e  two c l a s s e s  of  dev i ce s  which may be used t o  impar t  

information about  a  l e a d  v e h i c l e  t o  t h e  d r i v e r  of  a  fo l lowing  c a r .  



These are: 

(i) Devices in the following vehicle: 

Examples of this type of system are those of Gantzer 

and Rockwell (1968) and Fenton and Montaro (1968) , 

In these systems relative velocity and headway infor- 

mation (or deviation from a set headway) is displayed 

to the driver, 

Such systems can improve car-following performance but 

in practice would require complex electronic systems 

to acquire the necessary information, These devices 

shall not be further considered in this report, 

(ii) Lighting devices on the rear of the lead vehicle: 

In this class are included devices ranging from im- 

proved rear lighting systems to velocity and acceler- 

ation displays. 

SPEED DISPLAYS. Farber and Silver (1967) showed that, 

in overtaking situation, knowledge of the oncoming car speed 

(given verbally) assisted the overtaking driver in making valid 

overtaking decisions. 

Reilly and Cameron (1969) placed a speed display, consisting 

of 2 coloured rotating beacons, on the top of a vehicle with the 

oncoming vehicle speed coded at 20, 30, 40 and 50 mph. They 

found that, with the display, shorter safety margins were ac- 

cepted more frequently, They conclude that "although the present 

results are insufficient to rule out any possible benefits of 

displaying oncoming vehicle speed, they do suggest that a dra- 

matic improvement in passing,judgment is not likely to be easily 

achieved by this means." 

Hoffmann (1974) has experimented with a display to assist 

in overtaking judgments, in which the number of lights displayed 

on the roof of the oncoming vehicle is proportional to vehicle 

speed in increments of 10 mph. This display enabled overtaking 

driver to place the oncoming vehicle speed into 4 categories at 



a distance of 1000 feet, with a drop to 2 categories at 1500 

feet. Without the velocity display only 2 categories of on- 

coming vehicle speed could be discriminated between 500 and 

1500 feet. No study was made on the effect of the display on 

overtaking decisions. The information imparted by the display 

was apparently limited by ability to discriminate between the 

number of lights, being about 1 min. of visual angle at 1000 

feet for the display used. 

In car-following experiments, Jolliffe et al. (1971) 

showed that drivers can use a velocity display to obtain in- 

formation about the lead vehicle. However, no attempt was 

made in their experiment to see whether such information would 

improve car-following performance. 

such an experiment has been carried out by Nickerson et al. 

(1968) with a light display indicating speeds between 0 and 72 

mph in 3 mph increments (all lights were on at 0 mph and none at 

speeds greater than 72 mph). The normal brake lights were also 

on the vehicle. After 4 learning trials, the RMS variation 

about a mean headway in a car-following task was as follows: 

(a) No display 17.7 feet 

(b) Standard brake lights 28.1 feet 

(c) Velocity display 15.7 feet 

(d) Velocity display and brake lights 12.9 feet 

As noted by the authors, any conclusions drawn from these 

data "are speculative at best, based on insufficient and noisy 

data." In this experiment, velocity was displayed in small 

increments and, hence, the following driver was able to obtain 

acceleration information via the rate of change of the length 

of the light display. Consequently it is not known which was 

the most important source of information to the following driver; 

velocity or acceleration. 

Rockwell and Treiterer (1968) tested a somewhat similar 



display, with lights indicating increments of 5 mph, and found 

it to be superior (to the standard lighting system) only in 

nloneuvcrs beginning with a coast - the normal system was su- 
perior if the maneuver was started with braking. 

~t would appear that little can be said with any certainty 

about velocity displays. An approach to examine the performance 

of following drivers with such a display would be to use mea- 

sures of information transmission and delay time as discussed in 

experiment 1. A "good" display would be one in which coherence 

between input and output is increased (i.e,,transinformation 

increased) and shorter driver delay times are obtained. 

DECELERATION DISPLAYS. The simplest deceleration display 

is that tested by Mortimer (1971) in which a signal was shown 

on the rear of the vehicle when the accelerator was released, 

He concluded that such a signal "would not often give informa- 

tion of significant deceleration or advance warning of impending 

braking of a car being followed....a signal given only after 

about 5 sec of coasting..,..would provide relevant information 

of deceleration and impending braking on most such occasions." 

~ockwell and Treiterer (1968) report experiments on two de- 

celeration displays (AID and TRI-light). The TRI-light con- 

sisted of three lights on each side of the vehicle, red, amber 

and green. The red light indicated actuation of the brake 

pedal and the green light actuation of the gas pedal. The AID 

system (acceleration information display) indicated 5 levels of 

acceleration and 5 levels of deceleration. Both systems resulted 

in a decreased response time, with the greatest reductions being 

with the TRI-light system. However, the differences from the 

standard rear lighting system were mainly in signaling slight 

decelerations, i.e.,coasting. There was a significant improve- 

ment in performance "as indicated by a significant reduction of 

the average relative velocity maintained during a maneuver 

beginning with a coast." 



ÿ valuation of a similar concept as the TRI-light used by 

Rockwell and Treiterer, in both simulator and road tests 

(Mortimer and Sturgis, 1974) did not find it to lead to improved 

car-following performance. 

Rutley and Mace (1969) carried out a similar experiment in 

which deceleration was displayed by a sequence of 3, 5 or 7 

lights as deceleration was increased. They concluded that 

"...the advantage of the additional information given by multi- 

brakelight display is small, but it might be justified by a 

simple two-level system: for example, a low deceleration light 

(probably throttle operated) plus a warning signal given when- 

ever deceleration is substantially increased." 

Recent further simulator studies (Mortimer and Sturgis, 

1974) did not find any benefits relevant to the reduction or 

rear-end crashes attributable to a high deceleration braking 

signal. 

Voevodsky (1967, 1974) used a yellow light, on the rear of 

several hundred San Francisco taxicabs, whose frequency of flash- 

ing varied exponentially with vehicle deceleration. Rear-end 

collisions of the light-equipped taxis was 60.0% less than those 

for a control group. 

It is not known whether following drivers actually used the 

flashing frequency of the Voevodsky display in order to scale 

deceleration, or whether the display was simply a more attention- 

getting braking signal. Voevodsky did not carry out any experi- 

ments to determine the reasons for the effectiveness of the dis- 

play, For example, the question of whether a constant flashing 

rate would have had the same effect, or whether the varying rate 

is necessary, remains unanswered. 

DISPLAY DESIGN FOR VISUAL CUE AUGMERTATION. 

The possible design of a vehicle rear lighting system shall 

be discussed in terms of the following criteria (Mortimer, 1970b): 



(a) "They should be coded in such a way as to rapidly 
alert following drivers. 

(b) The nature of the information presented to following 
drivers should be that which is of greatest value to 
them. " 

Design considerations shall also be related to the con- 

clusions of the foregoing experiments which are summarized as 

follows : 

(1) Thresholds for angular velocity are about 3.5 x lom3 

rad/sec subtended at the eye of the following driver. 

(2) Relative velocity can be perceived and scaled in 

short glance times when it is above threshold. 

(3) In the car-following simulator, drivers transmit 

very little information regarding the relative veloc- 

ity between their own car and a lead vehicle. 

(4) Drivers were able to respond, on average, to 2.78 

categories (which is little more than an opening- 

closing decision) of relative velocity but to 5.24 

categories of lead-car absolute velocity. 

At low frequencies lead car velocity variation 

( <  0.05 Hz) the following car driver appears to be 

using a velocity response to detected changes of 

headway. At higher frequencies a velocity response 

is used to changes in relative velocity. 

(6) Even though a driver may readily scale relative veloc- 

ity, the simulator experiments suggest that he makes 
I little use of relative velocity information but is 

more likely to respond when he detects changes from 

a desired condition of headway. 

In spite of the evidence in the present experiments that 

the following driver makes little use of relative velocity in- 

formation, the experiments mentioned in the previous section 



show t h a t ,  i f  he has t h i s  informat ion  p resen ted  t o  him i n  some 

form o f  d i s p l a y ,  he may make use of it. I n  t h e  p r e s e n t  exper i -  

ments ,  r e l a t i v e  v e l o c i t y  was o f t e n  below t h r e s h o l d  b u t ,  even 

when i t  was n o t ,  some d r i v e r s  p r e f e r r e d  t o  c o n t r o l  on headway 

changes.  Th i s  sugges ts  t h a t  c o n t r o l  based on headway may be a  

l e s s  demanding t a s k  f o r  t h e  d r i v e r ,  b u t  one which i s  l i k e l y  t o  

produce g r e a t e r  va r i ance  i n  headway, 

The experiments  sugges t  t h a t  t h e  d r i v e r  i s  responding t o  

headway changes a t  low f requenc ies  and r e l a t i v e  v e l o c i t y  a t  

h i g h e r  f r e q u e n c i e s .  A t  low f r e q u e n c i e s  of  i n p u t  v e l o c i t y ,  t h e  

r e l a t i v e  v e l o c i t y  i s  l i k e l y  t o  be  sub th resho ld .  Hence, supply- 

i n g  r e l a t i v e  v e l o c i t y  informat ion  could  be u s e f u l  i n  t h i s  s i t u -  

a t i o n .  

The problem i s  how t o  impart  t h i s  i n f o r m a t i o n  through a  

r e a r  l i g h t i n g  d i s p l a y .  This  i s  obv ious ly  n o t  p o s s i b l e  wi thou t  

complex e l e c t r o n i c  d e v i c e s ,  However, a s  demonst ra ted  by Farbes  

and S i l v e r  i n  t h e  case  of  o v e r t a k i n g  v e h i c l e s ,  in fo rmat ion  about  

t h e  a b s o l u t e  speed of t h e  v e h i c l e  may be j u s t  a s  good a s  i n f o r -  

mation about  t h e  r e l a t i v e  speed. 

When r e l a t i v e  v e l o c i t y  i s  above t h r e s h o l d ,  t h e  exper iments  

show t h a t  t h e  d r i v e r  can r e a d i l y  s c a l e  it v i s u a l l y ,  and hence ,  

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

no t  be of much use  o t h e r  than  a s  a secondary  s o u r c e  o f  i n f o r -  

mation. 

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

d i r e c t  d e c e l e r a t i o n  informat ion  may be o b t a i n e d  by t h e  f o l l o w i n g  

d r i v e r .  T h i s ,  i n  e f f e c t ,  a c t s  a s  a  "preview" of  t h e  r e l a t i v e  

v e l o c i t y  of  t h e  l e a d  v e h i c l e  a t  some f u t u r e  t i m e  and hence would 

a l low a r e d u c t i o n  i n  d r i v e r  r e s p o n s e  t ime  and improved c a r - f o l -  

lowing performance. But a g a i n s t  t h i s  u s e  o f  s m a l l  inc rements  i n  

d i sp layed  v e l o c i t y  i s  t h e  ambigui ty  of  c o n f u s i o n  t h a t  such a 

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

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



The experiments  a l s o  showed t h a t  d r i v e r s  a r e  a b l e  t o  d i s -  

t i n g u i s h  more c a t e g o r i e s  of a b s o l u t e  v e l o c i t y  of  t h e  l e a d  vehi -  

c l e  t h a n  t h e y  could of  r e l a t i v e  v e l o c i t y .  When viewed i n  terms 

of  t h e  ranges  of  t h e s e  v e l o c i t i e s  it i s  found t h a t  t h e  v e l o c i t y  

increment  i n  each ca tegory  i s  about  9 . 3  f t / s e c  of  l e a d  v e h i c l e  

v e l o c i t y  and 1 2 . 4  f t / s e c  of r e l a t i v e  v e l o c i t y .  These a r e  n o t  

g r e a t l y  d i f f e r e n t ,  bu t  they  d e f i n i t e l y  sugges t  t h a t  t h e  use  o f  

a  d i s p l a y  i n d i c a t i n g  l e a d  v e h i c l e  v e l o c i t y  may be j u s t  a s  

e f f e c t i v e  a s  one d i s p l a y i n g  r e l a t i v e  v e l o c i t y .  

The r e s u l t s  of t h e s e  exper imenta l  s t u d i e s  s u p p o r t  t h e  

a n a l y s e s  (Mortimer,  1971) o f  e f f e c t i v e  augmenting c u e s  f o r  c a r -  

fo l lowing  and rear-end c r a s h  avoidance ,  a s  w e l l  a s  t h e  f i n d i n g s  

of computer s i m u l a t i o n s  (Car l son  & Mortimer, 1 9 7 4 ) .  Those 

s t u d i e s  have a l s o  sugges ted  t h a t  c a r - f o l l o w i n g  and rear -end 

c r a s h e s  could p o t e n t i a l l y  be reduced by t h e  u s e  o f  v e h i c l e  r e a r  

l i g h t i n g  d i s p l a y s  which p rov ide  i n f o r m a t i o n  of  t h e  speed of  a  

v e h i c l e  be ing fol lowed o r  approached from t h e  r e a r .  The a c c i -  

d e n t  d a t a  a n a l y s e s  which have been p r e s e n t e d  i n  t h i s  r e p o r t  a l s o  

conf i rm t h a t  such a  s i g n a l  may be  e f f e c t i v e .  

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

in fo rmat ion  over  t h e  t o t a l  l i k e l y  range  of  t h e  v e h i c l e  speeds .  

The a c c i d e n t  d a t a  a n a l y s e s  i n d i c a t e  t h a t  t h i s  shou ld  i n c l u d e  

t h e  c o n d i t i o n  where a  v e h i c l e  i s  moving s lowiy  o r  i s  a t  a  s t and-  

s t i l l ,  I t  i s  e v i d e n t  (e .g. ,Mort imer and C t u r g i s ,  1 9 7 4 ;  C a r p e n t e r ,  

1 9 6 6 ;  Mortimer and P o s t ,  1 9 7 2 )  t h a t  many r e a r - e n d  c o l l i s i o n s  

i n v o l v e  a  v e h i c l e  t h a t  i s  moving s lowly  o r  i s  s topped  i n  t h e  

road l a n e .  T h e r e f o r e ,  a  s i g n a l  i n d i c a t i n g  t h i s  c o n d i t i o n  i s  

expected t o  be very  e f f e c t i v e  i n  r educ ing  t h i s  c l a s s  of c r a s h ,  

The need f o r  a  d i s p l a y  which i n d i c a t e s  speed o f  a  l e a d  

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

c o l l i s i o n s  w i t h  t r u c k s  t h a t  have been d i s c u s s e d  i n  t h i s  r e p o r t ,  

and supported by t h e  c a r - f o l l o w i n g  and p e r c e p t u a l  exper iments .  

S ince  t h e  p e r c e p t i o n  o f  r e l a t i v e  v e l o c i t y  o r  changes i n  



headway have been found to be improved by the use of an array 

of four rear presence lamps (Mortimer, 1970) these might be 

incorporated also as part of an improved vehicle rear lighting 

system. 

Additional rear-end crashes may also be reduced by a closer 

examination of the elements entering into those crashes which 

involve parked vehicles. The analysis reported here has indi- 

cated that the visibility of parked vehicles at night may be a 

part of this problem. This suggests, that the current standards 

of vehicle rear retroreflectors may need to be re-examined, and 

that drivers need to be continually reminded to keep these items 

of a vehicle lighting system, as well as others, in clean con- 

dition. 

The recommendation that vehicle speed should be coded by 

the vehicle rear lighting system, will increase the complexity 

of that system. This raises questions as to the potential 

increase in the confusion of following-car drivers in interpreting 

such signals, or the effect of the added displays in distracting 

the driver from other aspects of the driving environment or 

other important signals shown by the vehicle rear lighting sys- 

tem. 

In this respect the study on the interpretability of sig- 

nals has indicated that drivers are able to comprehend the in- 

tended meaning of complex signals to which they have not been 

previously exposed, in a remarkably rapid way. This finding 

should provide a high degree of optimism that a parsimonious 

and effective vehicle rear lighting display can be developed 

which minimizes the undesirable aspects of increased complexity 

of such systems. 





GENERAL CONCLUSIONS 

The findings of these studies of accident data, laboratory, 

driver simulator, and driving tests suggest that: 

1. The basic signals now presented by vehicle rear marking 

and signaling systems should be retained, consisting of turn, 

stop, and hazard warning signals. 

2. Evidence from this study indicates that four presence 

lamps, mounted in a rectangular array (Mortimer, 1970) should 

be used to provide improved sensitivity of following-car drivers 

to changes in headway. However, tests of one such configuration 

found it to be relatively poor in detection of stop + turn sig- 
nals. Further tests, aiming to upgrade signal presentation per- 

formance, are indicated. 

3. A stopped/slow-moving vehicle display should form part 

of a velocity signal, coded in a few (e.g.,three) 'categories by 

the illumination of various numbers of lamps. While other types 

of signals are frequently misidentified as stopped/slow-moving, 

these errors are not potentially dangerous. 

4. The basic concept of an integrated vehicle rear lighting 

and signaling system such as that defined in conclusions 2 and 

3 may be similar to that proposed earlier (Mortimer, 1971). The 

overall effectiveness of such a display should be evaluated. 

5. The marking of parked vehicles and the effectiveness of 

current standards of vehicle retroreflectors requires further 

evaluation. 
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Figure A . l  The r e a r  l i g h t i n g  systems used i n  the c a r  s imula t ion .  
Symbol Code: 
R - red  P - presence M - stopped/slow moving 
Y - yellow S - s t o p  D - high-dece le ra t ion  
G - green T - t u r n  V - v e l o c i t y  
W - white B - back-up F - hazard warning 
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Figure A, 1 (concluded) 



Figure A.2 The rear lighting systems used in the truck simulation. 
Symbol Code: 
R - red P - presence M - stopped/slow moving 
Y - yellow S - stop D - high-deceleration 
G - green T - turn V - velocity 
W - white B - back-up F - hazard warning 
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Figure  A .  2 (cont inued)  
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F i g u r e  A . 2  (concluded) 



Appendix B 

OBSERVER INSTRUCTIONS: 
STUDY OF INTERPRETATION OF SIGNALS 

On t h e  Observer Data Shee t s  p lease  f i l l  i n  your obse rve r  

number which w i l l  'be a s  fo l lows :  P r i n t  your name; i n d i c a t e  

your  sex  by c i r c l i n g  - 1 f o r  male and - 2 f o r  female. F i l l  i n  your 

age and t h e  number of y e a r s  you have h e l d  a d r i v e r ' s  l i c e n s e .  

For v e h i c l e  c i r c l e  (1 f o r  c a r  or 2 f o r  t r u c k )  and c i r c l e  obser-  

v a t i o n  1. 

The purpose of t h i s  experiment i s  t o  e x p l o r e  t h e  p o s s i b i l i t y  

of  improving s i g n a l i n g  and marking on v e h i c l e s .  You a r e  going t o  

be shown f i l m  segments of v a r i o u s  l i g h t i n g  systems on t h e  f r o n t  

and r e a r  of  ( c a r s  o r  t r u c k s )  a s  a means of comparing new and o l d  

l i g h t i n g  c o n f i g u r a t i o n s .  Your t a s k  i s  t o  i d e n t i f y  t h e  meaning, 

a t  t h e  end o f  each f i l m  segment, of a l l  t h e  s i g n a l s  you saw dur-  

i n g  t h a t  segment. (Show sample segment.)  The rows on t h e  obse rve r  

d a t a  s h e e t s  i n d i c a t e  t h e  f i l m  segment numbers; t h e  columns i n d i -  

c a t e  t h e  v a r i o u s  types  of s i g n a l  p r e s e n t a t i o n s .  The f i r s t  two 

columns a r e  t i t l e d  "Front"  and "Rear",  P l a c e  a check mark i n  

t h e  "Front"  column i f  t h e  f r o n t  of t h e  v e h i c l e  was shown and a 

check mark i n  t h e  "Rear" column i f  t h e  r e a r  of  t h e  v e h i c l e  was 

shown. One of t h e s e  two columns must be  checked by you a f t e r  

each segment. The n e x t  column i n d i c a t e s  p resence  l i g h t s  which 

a r e  a l s o  known a s  t a i l l i g h t s ,  pa rk ing  l i g h t s ,  o r  running l i g h t s  

( t r u c k s  only  - c l e a r a n c e  l i g h t s  and i d e n t i f i c a t i o n  l i g h t s ) .  

T h e i r  purpose i s  t o  mark t h e  v e h i c l e ,  t o  make it v i s i b l e  a t  

n i g h t .  The fo l lowing two columns should  b e  marked i f  e i t h e r  

h e a d l i g h t s  o r  backup l i g h t s  a r e  seen by you, The n e x t  column 

should  be marked if you s e e  a b r a k i n g  s i g n a l ,  which o c c u r s  when 

t h e  speed drops t o  about  5 mph o r  less. The h i g h  d e c e l e r a t i o n  

o r  braking s i g n a l  occurs  when t h e  v e h i c l e  i s  b r a k i n g  u n u s u a l l y  

ha rd .  The change i n  speed s i g n a l  occurs  when t h e r e  i s  a f a i r l y  

l a r g e  i n c r e a s e  o r  d e c r e a s e  i n  t h e  speed o f  t h e  v e h i c l e  such a s  

a change i n  speed from 0 t o  35 mph, 35 t o  55 mph, and 55 t o  75 



mph. These experimental  s i g n a l s  a r e  always supplemental  t o  t h e  

r e g u l a r  s i g n a l s ;  t h a t  i s ,  they do n o t  r e p l a c e  t h e  convent ional  

s i g n a l s  b u t  a r e  i n  a d d i t i o n  t o  those  s i g n a l s .  The convent ional  
s i g n a l s  a r e ,  however, sometimes a l t e r e d  i n  c o l o r  o r  number. The 

l a s t  two columns i n d i c a t e  t u r n  and hazard warning s i g n a l s .  The 

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

o r  t o  change l a n e s .  The hazard warning s i g n a l  i n d i c a t e s  a  vehi -  

c l e  t h a t  i s  d i s a b l e d  and stopped on o r  o f f  t h e  roadway. 

Is t h e r e  anyone who i s  confused a t  t h i s  p o i n t  a s  t o  what 

each column r e p r e s e n t s ?  ( I f  s o ,  r e p e a t  above i n s t r u c t i o n s . )  

The fo l lowing informat ion  should a s s i s t  you i n  making c o r r e c t  

obse rva t ions .  

1. A l l  f i l m  segments show t h e  v e h i c l e  you a r e  viewing a t  

n i g h t .  

2 .  The f i l m s  a r e  made from t h e  viewing p o s i t i o n  of an 

occupant i n  a  c a r  fo l lowing t h e  observed v e h i c l e  o r  approaching 

t h e  observed v e h i c l e .  

3 .  The d i s t a n c e  between t h e  v e h i c l e  you a r e  i n  and t h e  

preceding o r  approaching v e h i c l e  w i l l  change w i t h i n  some of  t h e  

f i l m  segments j u s t  a s  t h e  d i s t a n c e  would i n  r e a l  l i f e .  You should  

assume t h a t  any change i n  d i s t a n c e  between v e h i c l e s  i s  due t o  

"normal expected a c t i o n s "  such as t h e  p reced ing  v e h i c l e  dece l -  

e r a t i n g  and t h e  v e h i c l e  you a r e  i n  s lowing down o r  s topp ing  t o  

avoid a  c o l l i s i o n .  I f  t h e  d i s t a n c e  between t h e  c a r  you a r e  i n  

and t h e  v e h i c l e  you a r e  fo l lowing does n o t  change, you should  

assume t h a t  you a r e  fo l lowing t h e  v e h i c l e  a t  a f i x e d  d i s t a n c e ,  o r  

t h a t  you a r e  both  s topped a t  a  t r a f f i c  s i g n a l .  You w i l l  have t o  

choose which i n s t a n c e  i s  more a p p r o p r i a t e  f o r  each f i l m  segment. 

4. Each f i l m  segment should be viewed independen t ly  o f  o t h e r  

f i l m  segments. I n  o t h e r  words, view each segment a s  i f  it r e p r e -  

sented  a  d i f f e r e n t  v e h i c l e .  One o r  more s i g n a l s  w i l l  always be 



p e s e n t e d  i n  a  f i l m  segment. I f  a  s i g n a l  i s  u n f a m i l i a r  t o  you 

i n d i c a t e  what you t h i n k  i t  was. You must respond t o  each f i l m  

segment by i n d i c a t i n g  how you i n t e r p r e t e d  t h e  meaning of each of  

t h e  s i g n a l s  t h a t  were shown. Be a l e r t  t o  view t h e  e n t i r e  segment,  

n o t  j u s t  p a r t  of i t ,  and i d e n t i f y  a l l  o f ' t h e  l i g h t s  you .saw. 

5. I n d i c a t e  only  t h e  l i g h t s  o r  s i g n a l s  you view d i r e c t l y .  

For  example, i f  you s e e  t h e  flow of h e a d l i g h t s  b u t  do n o t  a c t u a l l y  

see t h e  h e a d l i g h t s  themselves,  you should n o t  i n d i c a t e  s e e i n g  t h e  

h e a d l i g h t s .  

~t t h e  end of each f i l m  segment t h e  p i c t u r e  w i l l  go b l a c k .  

A buzzer  w i l l  sound and a  l i g h t  w i l l  appear  on your c l i p b o a r d  t o  

i l l u m i n a t e  your d a t a  s h e e t .  When you have responded t o  t h a t  f i l m  

segment by i n d i c a t i n g  a l l  of t h e  s i g n a l s  o r  messages you saw push 

t h e  b u t t o n  below t h e  l i g h t  t o  i n d i c a t e  t h a t  you a r e  ready f o r  t h e  

n e x t  p r e s e n t a t i o n ,  and then look up a t  t h e  s c r e e n .  I w i l l  l e t  

you know when t h e  n e x t  f i l m  segment w i l l  s t a r t  by say ing  "nex t"  

o r  c a l l i n g  o u t  t h e  t r i a l  number and t h e  procedure  w i l l  be  r e p e a t e d .  

Never go back t o  a  previous  t r i a l  t o  change your  answers.  

(Show sample f i l m  segments.)  A r e  t h e r e  any q u e s t i o n s ?  

Le t  me reemphasize t h e  fo l lowing  p o i n t s :  ( r e p e a t  b e f o r e  

showing f i l m  f o r  second t i m e )  . 
1. Every row should have a  check mark i n  e i t h e r  t h e  " f r o n t "  

o r  " r e a r "  column and "presence"  w i l l  f r e q u e n t l y  be  checked. 

2 .  The s topped o r  a lmost  s topped  s i g n a l  comes on a t  speeds  

l e s s  than  5 mph. The h igh d e c e l e r a t i o n - b r a k i n g  s i g n a l  comes on 

d u r i n g  t h e  time t h e  v e h i c l e  i s  braked e x t r a  h a r d .  The change i n  

speed s i g n a l  comes on t o  i n d i c a t e  a  f a i r l y  l a r g e  change i n  speed  

i n  t h e  v e h i c l e .  These s i g n a l s  o c c u r  i n  a d d i t i o n  t o  t h e  normal 

s i g n a l s  now on v e h i c l e s .  

3 .  Remember t h a t  t h e  v e h i c l e  you a r e  i n  i s  u s a l l y  moving 

t o o  and responding t o  t h e  a c t i o n s  o f  t h e  v e h i c l e  you a r e  f o l l o w i n g .  



4 .  Use on ly  check marks o r  X's on  the data sheets and please 

do n o t  smoke dur ing t h e  e x p e r i m e n t .  Does anyone have any more 

ques t ions?  

DO NOT ASK QUESTIONS AFTER WE BEGIN AND DO NOT M E  ANY C O W N T S  

REGARDING THE FILM SEGMENTS TO ANYONE I N  THE ROOM. WE ARE 

INTERESTED I N  HOW YOU INTERPRET THE MEANING OF EACH PRESENTATION - 
OF SIGNAL AND MARKING LIGHTS. 



Appendix C 

A CRITERION FOR THE DETECTION OF SPACING CHANGES 

Icvans and Rothery (1972) in an experiment involving detec- 

tion of s1)ilcing cllangcs between vehicles concluded that 

"The probability of judging positive relative motion between 

a lead car and a subject in a following car can be expressed as a 

response either to average relative velocity divided by spacing 

(') or to spacing change divided by spacing (AS/S) . It  In the major F 
part of their experiment, the exposure time available to the subject 

for viewing the relative velocity was held constant at 4 seconds 

so that, for this condition above, it was not possible to distin- 

guish between these two ratios as a detection criterion. 

One subject was, however, run with an exposure time of 2 

seconds with the following stated result (p. 17) : 

"The response thresholds for both U/S and AS/S are exposure 

time dependent. There is at most only a suggestion that AS/S is 

slightly more exposure time dependent than U/S. One function 

which is consistent with the data, and underlines the similarity 

of the exposure time dependence of hS/S and U/S is T+U/S, or 

equivalently T - 4 ~ ~ / ~ .  " 

Evans and Rothery give the following values for subject 10 

with exposure times of 2 and 4 seconds (Table c.1) . 

TABLE (2.1. Rate Detection Thresholds for a Single Subject 
(from Evans and Rothery (1972) . 

Ratio of 
2 Sec/4 Sec 

1.33 

(6 = 1.41) 

0.717 
1 (6 = 0.707 

T = 4 Sec 

.0135 

.053 

Intercategory 
Threshold 

(~ec-') 
S 

AS - 
S 

T = 2 Sec 

.018 

,038 



The s u g g e s t i o n  of Evans and Rothery (1972) a s  t o  t h e  t ime  

dcpend.cnce o f . U / S  and AS/S i s  of i n t e r e s t ,  a s  it may f i t  i n t o  a  

r r ~ ~ d c l  f o r  d i s c r i m i n a t i o n  formula ted  by Crossman (1955) .  

The i d e a  i s  extended f u r t h e r  i n  t h i s  s e c t i o n  as i t  i s  f e l t  

t h a t  t h e  d i s c r i m i n a t i o n  model may a l low a  d e c i s i o n  t o  be  made a s  
U AS 

t o  which of  - o r  - i s  being used a s  a  d e t e c t i o n  c r i t e r i o n ,  S  S  
(Note t h a t  o n l y  i n  t h e  extreme c a s e  of t h e  h igh  r e l a t i v e  v e l o c i t i e s  

and low headways was t h e  t h r e s h o l d  f o r  angu la r  v e l o c i t y  exceeded 

i n  t h e  s t u d y  of Evans and R o t h e r y ) .  

Harvey and Michon (1971) c a r r i e d  o u t  exper iments  w i t h  simu- 

l a t e d  r e a r  t a i l  l i g h t s  and,  u s i n g  t h e  methods of s i g n a l  d e t e c -  

t i o n  t h e o r y ,  determined v e l o c i t y  t h r e s h o l d s  a t  v a r y i n g  headway 

and exposure  t imes .  The w r i t e r  has  r eana lyzed  t h i s  d a t a  i n  t h e  

form sugges ted  by t h e  c r i t e r i a  of EvanR and Rothery (1972) .  ( I n  

t h e s e  exper iments  a l s o ,  a n g u l a r  v e l o c i t i e s  a r e  l i k e l y  t o  b e  sub- 

t h r e s h o l d ,  having a maximum v a l u e  of 2 . 6  x  l o w 3  r a d / s e c ) .  The r e l e -  

v a n t  r e s u l t s  from Harvey and Michon (1971) - t h e i r  F i g u r e s  1 3 ,  1 7 ,  

18 ,  2 0  - a r e  reproduced h e r e  a s  F i g u r e s  C . l ,  C.2, C . 3 ,  and c.4. 

BY means o f  f i t t i n g  approximate  s t r a i g h t  l i n e s  t o  t h e  log- log  

p l o t s  of  t h e s e  F i g u r e s ,  t h e  f o l l o w i n g  d e d u c t i o n s  may b e  made: 

u (1) . t h r e s h o l d  S ( F i g .  c .4) .  
( 2 )  ' th reshold  l/fl ( F i g .  C . l ) .  

( 3 )  A 0  a fi ( F i g .  C.. 3 ) .  

( 4 )  A8 a 1/S ( F i g .  C .  2 )  . 
From (1) and ( 2 )  we have,  a t  t h r e s h o l d ,  

which i s  t h e  r e s u l t  o f  Evans and Rothery  f o r  t h e  c o n d i t i o n  a t  

d e t e c t i o n .  From ( 3 )  and ( 4 )  



EXPOSURE DURATION IN SEC. 

Figure C.1 - Mean threshold speed in 
kilometers per hour as a 
function of exposure dur- 
ation for simulated motion 
away from and toward the 
observer. Long dash line 
indicates slope of -1/2. 



ANGULAR SEPARATION 

Figure C . 2 -  Total angular distance 
moved at threshold 
during exposure as a 
function of angular 
separation for inward 
and outward movement. 
Dashed line indicates 
slope of -1. 



EXPOSURE DURATION IN SEC. 

Figurec .3  - Tota l  angular  d i s t a n c e  
moved a t  th reshold  dur-  
ing exposure f o r  inward 
and outward movement. 
Long dashed l i n e  i n d i -  
c a t e s  slope of +1/2. 



VIEWING DISTANCE IN m 

Figure  C.4 - Threshold speed i n  
k i lometers  per  hour 
as a func t ion  of 
viewing d i s t a n c e  
for two s p o t s  of 
l i g h t ,  with 1 and 2 
sec  exposure, for 
movements away from 
t h e  observer .  Dash- 
ed l i n e  i n d i c a t e s  a 
s lope  of +I. 



Now A 8  = - '"T where W = width of the vehicle, 
s 4 

hence (2) glves 

in equation 

The magnitude of the constant is expected to be different 

to that of Evans and Rothery due to the different experimental 

conditions and techniques employed. It is noted that equations 

(Al) and (A21 are valid for viewing times of about 2 seconds and 

less; the data suggests that at viewing times greater than 4 seconds 

all information in the stimulus has been extracted and further 

increases have no effect. The detailed study of Harvey and Michon 

appears to give support to the suggestion of Evans and Rothery. 

EFFECTS OF TIME ON DISCRIMINATION 

u r  The two possible forms of detection criteria, --;;-- = const 
AS 3 

and - = const, both fit the experimental data with equal 
SG 

accuriicy as one form is easily transformed to the other. The 

problem is then to find some basis on which a decision may be made 

as to which is actually being used. 

By transposing these equations, it is seen that the threshold 

value for decreases with viewing time and that for AS increases S - S with viewing time. First, it would appear unreasonable to accept 

a criterion whose sensitivity decreases with more time available 

to take in information. On this basis would be rejected. 

Secondly, the well validated model of Crossman, (See Welford, 1968) 

for the effect of time on discrimination, predicts that 

1 where d is the distance between the distribution means of signal 

detection theory. This model would then predict that, as viewing 

time increases, so the subjects' ability to discriminate increases, 

i.e., his threshold is lowered. The criterion based on the measure 



U/S is in agreement with this requirement. If, in the signal 
1 detection model, d is approximately proportional to U/S and the 

threshold is taken at dl = 1.25 (corresponding to an unbiased 

detection probability of 0.75 in a Yes-No form of experiment) 

then the relationship of equation 1 would be predicted by the 

signal detection model. In general the value of dl is not simply 

proportional to U/S but is likely to have a constant added to it, 

hence the predicted relationship may not be exactly that of 

equation Al. 

EVIDENCE FOR HUMAN PERCEPTION OF U/S 

The evidence available is indirect. Farber and Silver (1967) 

demonstrated in an overtaking study, that subjects could approxi- 

mately estimate 5 and 10 second headways when they were overtaking 

a lead vehicle. This headway time is in fact S/U which is simply 

the inverse of the detection criterion. In these experiments, it 

was apparent that subjects could scale S/U; nothing was reported 

on detection in these terms. A study by Nurst, Perchonok and 

Seguin (1968) on gap acceptance also indicates that time estima- 

tions of this type are used by drivers in accepting or rejecting 

gaps in a traffic stream. In a similar way, a number of car- 

following models (which provide a reasonable fit to the data) 

assume that the driver's acceleration is to the stimulus of a 

relative velocity divided by the headway (Herman and Potts, 1961). 

There is also evidence contrary to the model of Evans and 

Rothery. The data of Baker and Steedman (1961), as analyzed by 

Evans and Rothery, show a decrease in the threshold value of U/S 

oflly for T > 2  sec, possibly due to time lost in accommodating and 

fixating. The experiments of Todosiev and Fenton (1966) give 

results which may be approximated by 



i . e . ,  i n  t h i s  experiment,  t h e  e f f e c t  of viewing t imes  between 

0.3 and 5 seconds was simply t o  a l t e r  t h e  t h r e s h o l d  r e l a t i v e  

v e l o c i t y  i n  such a  way t h a t  d e t e c t i o n  occurred  a t  a  cons tan t  

change i n  t h e  subtended v i s u a l  angle.  Nowhere e l s e  i n  t h e  l i t e r a -  

t u r e  h a s  such a  r e s u l t  been obta ined and t h e  r e s u l t  may w e l l  be 

due t o  a n  a r t i f a c t  of t h e  experiment. 

LIMITS OF THE U/S CRITERION 

I t  i s  noted t h a t  i n  t h e  two experiments  i n  which t h e  d a t a  

suppor t  equa t ion  A l ,  t h e  angular  v e l o c i t y  of t h e  l e a d  v e h i c l e ,  

under n e a r l y  a l l  c o n d i t i o n s ,  was below t h r e s h o l d .  Fur the r  inves-  

t i g a t i o n  of  t h e  e f f e c t s  of angular  v e l o c i t y  i s  needed. 



Appendix D 

INSTRUCTIONS (EXPERIMENT 23 

STUDY OF ESTIMATION OF RELATIVE SPEED 

Sealing ~xperiment 

In this experiment you will be shown a series of short film 

segments and you are required to make some estimates about the 

relative speeds of the cars you see in the films. 

The films have been made from a car which is approaching a 

car ahead of itt In all cases the car is approaching, but in 

some cases the approach speed is very small. 

(In each trial) you will see two film segments, each 4-seconds 

long, and separated by blank film of 2-seconds duration. 

-- 

I ~ l I l l l l l l  i l l l l l l l  [ I I I I I  i I i I I I I I  I 

1- I 
4 sEc. -1 2 SEC. I+ 4 sEc. -4 

FIRST SEGIENT SECOND SEGMENT 

After viewing these two segments, the projector will be 

stopped and you will be required to record on the response sheet: 

(a) Which of the two segments had the faster speed of 

approach between the two vehicles? If the speed of approach was 
faster on the first segment, write a "1" on the sheet provided. 

If the speed of approach was faster on the second segment, write 

a "2" on the sheet provided. 

(b) The ratio of the speeds of approach of the two vehicles. 
Write a ratio for each comparison which indicates how many times 

faster one pair of cars is approaching than the other. For 
example, after viewing the two film segments of 4-seconds each, 

if you think that the cars on the first segment are approaching 

at a faster speed than the two cars on the second film segment, 

and that the approach speed on the first segment is twice as fast 

as on the second segment then you would write: 



( a )  "1" i n  t h e  f i r s t  column of t h e  response s h e e t .  

(b)  2 ( t h e  speed r a t i o )  i n  t h e  second column. 

YOU can use f r a c t i o n s  or  decimals f o r  t h e  r a t i o ,  i . e . ,  

1.5,  1% o r  1 . 5  t o  1 t o  i n d i c a t e  t h a t  one p a i r  of c a r s  i s  

approaching a t  1% t imes t h e  speed of  t h e  o t h e r  p a i r .  



Appendix E 

INSTRUCTIONS (EXPERIMENT 3 )  

STUDY OF ESTIMATION OF TIME TO CLOSURE 

I n  t h i s  experiment  you w i l l  be shown a series of 48  s h o r t  

f i l m  segments of  a c a r  being approached from behind.  The f i l m  

i s  s topped a f t e r  a s h o r t  i n t e r v a l  and you a r e  r e q u i r e d  t o  

e s t i m a t e  t h e  moment a t  which t h e  two v e h i c l e s  would c o l l i d e  if 

t h e  approach speed remained t h e  same. I n  a l l  c a s e s  t h e  l e a d i n g  

veh icae  i s  be ing  approached, a l though t h e  approach speed may be 

smal l .  Some of t h e  f i l m  segments a r e  p r e s e n t e d  bor  on ly  a smal l  

t ime so i t  i s  e s s e n t i a l  t o  g i v e  t h e  t a s k  your  f u l l  a t t e n t i o n  once 

t h e  p r o j e c t o r  has  been s t a r t e d .  

~t t h e  end of  each f i l m  segment you shou ld  e s t i m a t e  t h e  

moment of c o l l i s i o n  and p r e s s  t h e  response  key when you c o n s i d e r  

t h e  c o l l i s i o n  t o  have occur red ,  t h a t  i s ,  t h e  v e h i c l e  i n  which 

you a r e  t r a v e l i n g  has  made c o n t a c t  o r  touched t h e  r e a r  of t h e  

v e h i c l e  b e i n g  approached. 

When you have made your r e sponse ,  t h e  n e x t  f i l m  segment w i l l  

be shown. 

Any q u e s t i o n s ?  


