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OBJECTIVES 

The o b j e c t i v e s  of  t h i s  s tudy  were: 

1. To o b t a i n  i n i t i a l  in fo rmat ion  of t h e  manner i n  which d r i v e r s  

use  t h e i r  eyes  t o  a c q u i r e  in fo rmat ion  f o r  v e h i c l e  guidance and 

o b s t a c l e  avoidance purposes  i n  n i g h t  d r i v i n g  on a  two-lane road.  

2 .  To determine  t h e  e x t e n t  t o  which d r i v e r s  view opposing 

v e h i c l e s .  

3 .  To o b t a i n  d a t a  t o  show t h e  manner i n  which eye f i x a t i o n s  

of  d r i v e r s  a t  n i g h t  a r e  in f luenced  by c h a r a c t e r i s t i c s  of meeting 

beams. 

4 .  To compare n i g h t  d r i v i n g  and daytime d r i v i n g  eye f i x a t i o n  

p a t t e r n s ,  and t o  make i n f e r e n c e s  from t h e  d a t a  concerning charac -  

t e r i s t i c s  of meeting beam p a t t e r n s  which a r e  most compat ib le  w i t h  

t h e  d r i v e r ' s  d e s i r e d  s p a t i a l  d i s t r i b u t i o n  of eye  f i x a t i o n s  a s  

assumed from t h e  r e s u l t s  of t h e  eye movement s t u d i e s .  



SUMMARY OF FINDINGS 

1, The mean dwel l  t ime of  eye f i x a t i o n s  i n  t h e  d r i v e r ' s  

l a n e  ahead of  t h e  d r i v e r  i s  l o n g e r  a t  n i g h t  than  i n  t h e  day. 

2 .  On s t r a i g h t  s e c t i o n s  of  road,  d r i v e r s  looked l e s s  i n  t h e  

l e f t  l a n e  a t  n i g h t  than  i n  t h e  day. 

3 .  A t  n i g h t  and i n  daytime d r i v e r s  looked a t  oncoming v e h i c l e s  

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

d i s t a n c e  decreased.  

4 .  Eye f i x a t i o n s  a r e  i n f l u e n c e d  by t h e  road geometry, a t  

n i g h t  and day,  D r i v e r s  looked i n  t h e  d i r e c t i o n  of  t h e  road.  

5 .  There were d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  of n i g h t t i m e  

eye f i x a t i o n s  wi th  d i f f e r e n t  beams. 

6 .  D r i v e r s  tended t o  look more t o  t h e  l e f t  w i t h  t h e  H 4  (Euro- 

pean) low beam t h a n  t h e  6014 (U.S.) low beam, and l e a s t  t o  t h e  

l e f t  w i t h  t h e  mid beam. 

7 .  The c o m p a t i b i l i t y  o f  daytime eye  f i x a t i o n s  w i t h  t h o s e  

used a t  n i g h t  was g r e a t e s t  f o r  t h e  H and 6014 beams on l e f t  cu rves ;  4 
s i m i l a r  f o r  a l l  beams, though s l i g h t l y  g r e a t e r  wi th  t h e  mid beam, 

on s t r a i g h t  s e c t i o n s ;  and g r e a t e s t  f o r  t h e  mid beam on r i g h t  cu rves .  

8. The mid beam produced g r e a t e r  preview d i s t a n c e s  on l e f t  

c u r v e s  t h a n  t h e  o t h e r  beams. 

9.  Mean f i x a t i o n  d i s t a n c e s  up t h e  road a t  n i g h t  were l e s s  

than  i n  daytime on s t r a i g h t  and curved s e c t i o n s  of  road.  

1 0 .  D e l i n e a t i o n  o f  t h e  r i g h t  edge of  t h e  road was used by 

d r i v e r s  a t  n i g h t ,  presumably p rov id ing  a  v a l u a b l e  cue f o r  v e h i c l e  

a l ignment  i n  t h e  l a n e .  

11. I t  was concluded t h a t  an improved mid beam should incorpo-  

r a t e  c h a r a c t e r i s t i c s  of  t h e  European low beam, f o r  improved v i s i -  

b i l i t y  of  t h e  l e f t  s i d e  of t h e  road,  w i t h  t h o s e  of t h e  mid beam. 
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INTRODUCTION 

I t  has on ly  r e c e n t l y  been p o s s i b l e  t o  develop equipment 

which can r e l i a b l y  show where a  d r i v e r  i s  looking i n  a  dynamic 

d r i v i n g  s i t u a t i o n .  These eye cameras o r  eye marker d e v i c e s  

have been used i n  s t u d i e s  of t h e  way i n  which d r i v e r s  use  r e a r -  

view m i r r o r s  (Kel ley  and P r o s i n ,  1 9 6 9 ) , t o  e v a l u a t e  t h e  way i n  

which changes i n  eye f i x a t i o n s  occur  a s  a  f u n c t i o n  of d r i v i n g  

exper ience  ( Z e l l  e t . a l . ,  1 9 6 9 ) ,  t o  show some e f f e c t s  of  a l c o h o l  

i n  d r i v i n g  (Nortimer and Jorgeson,  1 9 7 2 ) ,  and i n  o t h e r  a s p e c t s  of 

d r i v i n g  i n  daytime,  

The eye marker d e v i c e s  which have been r e p o r t e d  t o  be used 

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

f l e c t i o n  t echn ique  which c o n s i s t s  of t h e  r e f l e c t i o n  of a  source  

of l i g h t  by t h e  cornea  of one eye of t h e  d r i v e r .  The image of t h e  

r e f l e c t e d  l i g h t  source  i s  subsequent ly  mixed wi th  t h e  image of t h e  

scene viewed by t h e  d r i v e r ,  and by s u i t a b l e  super- imposi t ion  of t h e  

l i g h t  s p o t  upon t h e  scene ,  r e g i s t r a t i o n  of t h e  d r i v e r ' s  eye f i x a -  

t i o n  w i t h i n  t h e  scene i s  o b t a i n e d .  I n i t i a l l y ,  r ecord ing  was made 

on f i l m ,  bu t  it soon became a p p a r e n t  t h a t  t h i s  has  a  number of 

drawbacks. F i l m  record ing  r e q u i r e d  t h a t  t h e  images be t r a n s m i t t e d  

t o  t h e  camera v i a  f i b r e - o p t i c  bundles which s u f f e r  c o n s i d e r a b l e  

l i g h t  l o s s e s  and image q u a l i t y .  There fo re ,  H S R I  developed a  TV 

eye marker system by s u b s t a n t i a l  m o d i f i c a t i o n s  of t h e  NAC Eye 

Mark Recorder.  The o p t i c a l  p a t h s  of t h e  l i g h t  source  r e f l e c t e d  

from t h e  cornea  and t h a t  of t h e  scene  a r e  combined a t  a  beam 

s p l i t t e r ,  w i th  t h e  images being f e d  d i r e c t l y  t o  a  h a l f - i n c h  v i d i -  

con. Var ious  o t h e r  m o d i f i c a t i o n s  were made t o  be a b l e  t o  success-  

f u l l y  make eye marker r e c o r d i n g s  wi th  t h e  type  of accuracy t h a t  

i s  r e q u i r e d .  T h i s  inc luded t h e  use  of a  b i t e - b a r  and a n  improved 

head and c h i n  s t r a p  t o  p reven t  t h e  eye camera system from moving 

w i t h  r e s p e c t  t o  t h e  d r i v e r ' s  head. A remote means of c a l i b r a t i n g  

t h e  eye s p o t  was incorpora ted ,  s o  as t o  a l low c a l i b r a t i o n  checks 



and r e c a l i b r a t i o n s  t o  be made on t h e  run ,  wi thou t  s topping t h e  

v e h i c l e  o r  i n t e r f e r i n g  wi th  t h e  d r i v e r ,  

Because of HSRI's long-standing i n t e r e s t  i n  t h e  problems of 

n i g h t  d r i v i n g ,  it became d e s i r a b l e  t o  l e a r n  more about  t h e  way 

i n  which d r i v e r s  use  t h e i r  eyes  i n  c o n d i t i o n s  o t h e r  than  daytime. 

I n  a d d i t i o n ,  it became apparen t  t h a t  t h e  eye marker would be a  

u s e f u l  t o o l ,  n o t  o n l y  t o  provide  g e n e r a l  informat ion  of t h e  way 

i n  which d r i v e r s  use  t h e i r  eyes  i n  n i g h t  d r i v i n g ,  b u t  a l s o  a s  

a  means of developing some b a s i c  d a t a  of t h e  type  of headlamp 

beam d i s t r i b u t i o n  which would a l low d r i v e r s  t o  o b t a i n  t h e  v i s u a l  

in fo rmat ion  which they  cons ide r  necessa ry .  F u r t h e r ,  t h e  t echn ique  

could  a l s o  be used t o  e v a l u a t e  t h e  e x t e n t  t o  which s p e c i f i c  beam 

p a t t e r n s  a f f e c t  t h e  manner i n  which t h e  d r i v e r  u s e s  h i s  eyes  t o  

scan t h e  roadway environment and, t h e r e b y ,  provide  an  i n d i c a t i o n  

of t h e  e x t e n t  t o  which such beams provide  s a t i s f a c t o r y  v i s i b i l i t y .  

Such a  s tudy  of d r i v e r s  eye f i x a t i o n s  i n  n i g h t  d r i v i n g  and 

w i t h  d i f f e r e n t  headlamp beams, w i l l  augment t h e  r e s u l t s  of o t h e r  

s t u d i e s  c a r r i e d  o u t  i n  t h i s  r e s e a r c h  program, such a s  t h o s e  con- 

cerned wi th  headlamp aim (Olson and Mortimer, 1973) computer 

s i m u l a t i o n  e v a l u a t i o n s  of headlamp e f f e c t i v e n e s s  (Mortimer and 

Becker, 1973) and f i e l d  t e s t  e v a l u a t i o n s  (Mortimer and Olson, 1 9 7 4 ) .  

A review of  t h e  l i t e r a t u r e  on d r i v e r  eye movements up t o  

1970 (So l iday ,  1971) r e fe renced  no s t u d i e s  concerned wi th  n i g h t  

d r i v i n g  v i s i b i l i t y .  Only q u i t e  r e c e n t l y ,  Rockwell (1974) d e s c r i b e d  

a  s tudy  concerned wi th  s e a r c h  and scan p a t t e r n s  of  d r i v e r s  i n  n i g h t  

d r i v i n g .  Such s t u d i e s  have become p o s s i b l e  r e c e n t l y  due t o  t h e  

development of  s i l i c o n  t a r g e t  v i d i c o n s  which provide  an optimum 

low l i g h t  s e n s i t i v i t y  and low weight.  For t h e  t e s t  t o  be d e s c r i b e d  
i n  t h i s  r e p o r t ,  a Texas Ins t ruments  Tivicon was i n s t a l l e d  i n  t h e  

H S R I  eye marker f o r  t h e  n i g h t  d r i v i n g  s t u d i e s  and headlamp beam 

e v a l u a t i o n s ,  



RAT I ONALE 

Data were collected using the eye marker technique in both 

night and day driving conditions over the same road system by 

the same drivers. The underlying basis for this study was that 

the effectiveness of various headlamp beams can be gauged by 

comparing the eye fixation pattern when driving with various 

headlamps to those obtained in daytime. The assumption is made 

that the eye fixation pattern in daytime represents that which 

is desired by the drivers in order to allow them to obtain the 

necessary information required for safe driving performance, in 

a situation where visibility is unimpeded, other than by natural 

surroundings, including the geometry of the road. At night, on 

the other hand, it is assumed that visibility is limited due to 

the characteristics of the headlamp beams, and the effect of 

this limitation will be shown by differences between the night 

driving eye fixations and those considered as an "ideal" model 

obtained in the daytime. The extent to which a headlamp beam 

allows a driver to use the same eye fixation pattern at night 

as in the day was considered to be a rational measure of its 

performance. 

METHOD 

DATA RECORDING EQUIPMENT 

The HSRI Eye Mark Recorder is shown in Figure 1, as used in 

the test vehicle. Data are recorded on videotape, with simultan- 

eous monitoring in the car. The data reduction procedure involves 

reducing the data at less than real-time speed, usually one-fifth 

of real-time, by applying a mask to the monitor by which it is 

possible to simulataneously obtain information of the azimuth 

(lateral) distribution of the eye glances in three categories 

(0-5OR, 0-5OL, 5OL-10°L) and in three viewing distances ahead of 

the vehicle (100'-2501, 250'-500', and >5001), There is an 



Figure 1. The eye mark recorder as used i n  the t e s t  car. 



added ca tegory  f o r  those  eye f i x a t i o n s  which a r e  o u t s i d e  t h e  

f ie ld-of-v iew o f  t h e  system o r  where t h e  eye s p o t  d i s a p p e a r s  

dur ing  an eye b l i n k .  Secondly, t h e  a l t e r n a t i v e  mode of  d a t a  

r e d u c t i o n  invo lves  t h e  assignment of t h e  l o c a t i o n  of t h e  eye 

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

s t r a i g h t  ahead, a t  an opposing v e h i c l e ,  i n  t h e  a d j a c e n t  l a n e  

b u t  n o t  a t  an opposing v e h i c l e ,  a t  t h e  dash o r  i n t e r i o r  of  t h e  

v e h i c l e ,  e t c .  

The o p e r a t o r  con t inuous ly  views t h e  p o s i t i o n  of t h e  eye 

s p o t ,  de termining t h e  eye l o c a t i o n  and ho lds  down a  swi tch  on 

a  keyboard c o n t a i n i n g  t e n  push-button swi tches ,  f o r  t h e  time 

d u r a t i o n  wi th  which t h e  eye s p o t  i s  i n  a  s p e c i f i c  ca tegory  

(F igure  2 ) .  This  r e s u l t s  i n  t h e  cont inuous  accumulation of d a t a  

i n  terms of t ime of an eye f i x a t i o n  w i t h i n  a  s p e c i f i e d  ca tegory ,  

and t h e  frequency of eye f i x a t i o n s  w i t h i n  each ca tegory .  These 

d a t a  a r e  subsequent ly  analyzed f o r  each of t h e  dependent v a r i -  

a b l e  s . 
PROCEDURE 

Two s u b j e c t s ,  ages  25 and 4 0 ,  used i n  t h i s  s tudy  had con- 

s i d e r a b l e  p r i o r  exper ience  i n  d r i v i n g  wi th  t h e  eye marker system. 

I n  o r d e r  t o  o b t a i n  t h e  d a t a  each s u b j e c t  drove a s p e c i f i e d  course  

of about 15 m i l e s ,  on four  d i f f e r e n t  n i g h t s  and four  days. The 

r o u t e  s e l e c t e d  c o n s i s t e d  of two l a n e  roads  wi th  s t r a i g h t  s e c t i o n s  

and r i g h t  and l e f t  curves ;  some s e c t i o n s  had e d g e l i n e  d e l i n e a t i o n  

wi th  a  s o l i d  white  l i n e  and some d i d  no t .  Data were c o l l e c t e d  

wi th  and wi thout  opposing t r a f f i c  on t h e  s t r a i g h t  road s e c t i o n s  

i n  o r d e r  t o  d i s c e r n  t h e  e f f e c t  of t h i s  v a r i a b l e .  Driving speed 

was between 4 0  and 5 0  mph, depending upon t h e  road c o n d i t i o n s .  

In  a l l  of  t h e  r u n s  c a r e  was taken t o  avoid having ano the r  vehi-  

c l e  w i t h i n  a  s h o r t  d i s t a n c e  ahead, so  t h a t  t h e  eye f i x a t i o n s  

were n o t  c o n s t r a i n e d ,  a s  i s  t h e  c a s e  i n  car - fo l lowing.  



Figure  2 .  Data r e d u c t i o n  equipment. 



The t e s t  c a r  ( F i g u r e  3 )  was equipped w i t h  t h r e e  headlamp 

sys tems ,  so  t h a t  t h e  e f f e c t  o f  t h e s e  beams could  be e v a l u a t e d  i n  

t h e  n i g h t  d r i v i n g  t e s t .  The beams c o n s i s t e d  o f  t h e  c o n v e n t i o n a l  

U.  S. low beam ( t y p e  6014) , a  European low beam ( t y p e  H4) , and an 

expe r imen ta l  mid beam comprised o f  t h e  U.S. low beams augmented 

by a  t h i r d  headlamp ( t y p e  Q-4051) aimed i n  t h e  l a n e  and t o  t h e  

r i g h t .  The p a t t e r n s  o f  t h e  beams o f  t h e s e  lamps, p r o j e c t e d  on 

an aiming s c r e e n  a t  25 f e e t ,  a r e  shown i n  F i g u r e  4 .  

DEPENDENT VARIABLES 

The dependent  v a r i a b l e s  i n  t h i s  s t u d y  were t h e  d u r a t i o n  and 

f requency  o f  g l a n c e s  i n  viewing zones d e s c r i b e d  by azimuth and 

d i s t a n c e  ahead of  t h e  v e h i c l e ,  and a t  t e n  o b j e c t s .  

RESULTS 

MEAN DURATION OF EYE FIXATIONS 

Tab le  1 l i s t s  t h e  mean d u r a t i o n s  o f  eye  f i x a t i o n s  i n  t h e  

l a n e  be ing  t r a v e l e d  f o r  s t r a i g h t  and curved road  s e c t i o n s  and 

day and n i g h t  c o n d i t i o n s .  I n  t h e  dayt ime,  on l e f t  and r i g h t  

c u r v e s  t h e  d u r a t i o n  of  g l a n c e s  i s  about  h a l f  t h a t  on s t r a i g h t  

s e c t i o n s  of  road ;  whereas ,  a t  n i g h t  t h e  mean g l a n c e  d u r a t i o n s  

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

i n  dayt ime.  The d u r a t i o n  of  g l a n c e s  i n  o t h e r  p a r t s  o f  t h e  

f i e ld -o f -v i ew,  o t h e r  t h a n  s t r a i g h t  ahead,  a r e  g e n e r a l l y  lower 

and much more s i m i l a r  i n  b o t h  day and n i g h t  t e s t s .  



Figure  3 .  The headlamps mounted on t h e  t e s t  c a r .  
(Not all t h e s e  lamps were used i n  t h i s  s t u d y . )  



( a )  6 0 1 4  low beam (b )  H 4  low beam 

(c) 44051 i n  nominal aim 

Figure  4 .  Beam p a t t e r n s  of t h e  type  6 0 1 4  (U.S.) low beam lamp, 
H 4  (European) low beam lamp, and Q-4051  lamp. 



TABLE 1. Mean D u r a t i o n s  of Eye F i x a t i o n s  S t r a i g h t  Ahead i n  
D r i v e r  I s  Lane i n  Day and Night  Tests, i n  Seconds.  

I L e f t  Curve 

J 

I S t r a i g h t  I 0.93 

Road Geometry 

DISTRIBUTION OF THE PERCENT OF TOTAL VIEWING TIME ON STRAIGHT 
ROAD SECTIONS 

Day 

R i g h t  Curve 

The mean p e r c e n t  d u r a t i o n  of g l a n c e s  made by d r i v e r s  i n  t h e  day  

and n i g h t  t e s t s ,  on s t r a i g h t  s e c t i o n s  of  road  o n l y ,  w i t h  and wi th-  

o u t  a n  oppos ing  v e h i c l e ,  a r e  shown i n  T a b l e s  2 and 3.  These demon- 

s t r a t e ,  a s  a l r e a d y  ment ioned,  t h a t  t h e  bu lk  of  t h e  d r i v e r ' s  e y e  

f i x a t i o n  t ime  i s  s p e n t  i n  t h e  l a n e  he i s  u s i n g .  

Night  

TABLE 2. P e r c e n t  Dura t ion  of Eye F i x a t i o n s  i n  V a r i o u s  L o c a t i o n s  
on S t r a i g h t  S e c t i o n s  o f  Road, by Opposed and Unopposed 
T r a f f i c  C o n d i t i o n s ,  i n  Daytime. 

0.47 1.35 

L o c a t i o n  

Off road  t o  l e f t  

I n  l e f t  l a n e  a t  opposing 
v e h i c l e  

I n  l e f t  l a n e  n o t  a t  oppos ing  
v e h i c l e  

Cen te r  l i n e  

S t r a i g h t  ahead i n  l a n e  

R igh t  edge  

Off road  t o  r i g h t  

M i r r o r s  

D a s h / I n t e r i o r  

B l i n k s ,  out-of-vew 

With Opposing 
V e h i c l e  

0 . 2  

13 .7  

1 . 7  

6 .4  

63.8 

2 . 8  

4.6 

0 .1  

1 . 2  

5.5 

Without  Opposing 
V e h i c l e  

0 .5  

N/A 

7 . 5  

12.6 

61.5 

2 .5  

5 .4  

0.2 

2 .9  

6.9 



TABLE 3.  P e r c e n t  Dura t ion  of Eye F i x a t i o n s  i n  Var ious  Loca t ions  
on S t r a i g h t  S e c t i o n s  of Road, by Opposed and Unopposed 
T r a f f i c  Condi t ions ,  a t  Night .  

When t h e r e  was no opposing t r a f f i c  78% of t h e  viewing t ime a t  

n i g h t  and 61.5% i n  t h e  day was s t r a i g h t  ahead i n  t h e  l a n e ,  i n d i -  

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

t h a n  i n  daytime.  With oncoming t r a f f i c  65.7% of t h e  viewing time 

a t  n i g h t  and 63.8% i n  t h e  day was i n  t h e  same a r e a ,  i n d i c a t i n g  

a  change i n  t h e  viewing p a t t e r n  a t  n i g h t  w i t h  opposing v e h i c l e s .  

I t  w i l l  be noted  t h a t ,  i n  t h e  l a t t e r  s i t u a t i o n ,  20.6% of t h e  view- 

i n g  t ime was devoted t o  opposing v e h i c l e s  when t h e s e  were p r e s e n t ,  

a t  n i g h t ,  compared w i t h  13 .7% i n  t h e  dayt ime.  Thus, i n  both  day 

and n i g h t  d r i v i n g  c o n d i t i o n s ,  d r i v e r s  looked a t  opposing t r a f f i c .  

Without opposing t r a f f i c  t h e  d r i v e r s  a t  n i g h t  devoted 2.2% of  t h e i r  

viewing t ime i n  t h e  l e f t  l a n e  whereas i n  t h e  daytime t h e y  looked 

t h e r e  f o r  7.5% of t h e  t ime .  T h i s  a g a i n  i l l u s t r a t e s  t h a t  d r i v e r s  

tended t o  r e s t r i c t  t h e i r  l a t e r a l  eye f i x a t i o n s  i n  n i g h t  d r i v i n g  

when t h e r e  was no o t h e r  t r a f f i c  i n  f r o n t  of them. Th i s  i s  a l s o  

Locat ion  

Off road t o  l e f t  

I n  l e f t  l a n e  a t  opposing 
I 

v e h i c l e  

I n  l e f t  l a n e  n o t  a t  opposing 
v e h i c l e  

Cen te r  l i n e  

S t r a i g h t  ahead i n  l a n e  

Right  edge 

Off road t o  r i g h t  

M i r r o r s  

D a s h / I n t e r i o r  

B l i n k s ,  out-of-view 

With Opposing 
Veh ic le  

0 . 1  

20.6 

0 .1  

1 . 5  

65.7 

2.5 

0.3 

0 

1.7  

7 .5  

Without Opposing 
Veh ic le  

0 . 1  

N/A 

2 . 2  

3 . 4  

78.0 

6.0 

0.6 

0 

3 . 6  

6 . 1  



shown by t h e  n e g l i g i b l e  p r o p o r t i o n  o f  t h e  v iewing  time a t  n i g h t  

devo ted  o f f  t h e  road  t o  t h e  r i g h t  o r  l e f t  compared t o  t h e  day t ime .  

A l so ,  less time was s p e n t  f i x a t i n g  t h e  road  c e n t e r l i n e  a t  

n i g h t  t h a n  i n  dayt ime,  p o t e n t i a l l y  i n d i c a t i n g  t h a t  it was less  

v i s i b l e  w i t h  t h e  meet ing  headlamp beams be ing  used on t h e  t e s t  

v e h i c l e  i n  t h e  n i g h t  d r i v i n g  c o n d i t i o n s ,  whereas  i n  t h e  day t ime ,  

o b v i o u s l y ,  t h e r e  was ample i l l u m i n a t i o n  on t h e  c e n t e r l i n e .  Con- 

v e r s e l y ,  s i n c e  t h e  meet ing  beams g e n e r a l l y  p l a c e  t h e  emphasis  o f  

t h e i r  i l l u m i n a t i o n  toward t h e  r i g h t  s i d e  of  t h e  r o a d ,  it w i l l  be  

n o t i c e d  t h a t  i n  t h e  unopposed c a s e  a t  n i g h t  t h e  d r i v e r s  devo ted  

6% of  t h e i r  v iewing  a t  t h e  r i g h t  edge whereas  i n  dayt ime o n l y  2 . 5 % .  

DISTRIBUTION OF EYE FIXATIONS AT OPPOSING TRAFFIC 

T a b l e s  2 and 3 showed t h a t  s u b j e c t s  looked a t  oppos ing  ve-  

h i c l e s ,  i n  b o t h  day  and n i g h t t i m e .  F u r t h e r  a n a l y s i s  was made, 

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

headlamp beams, t o  d e t e r m i n e  t h e  f r equency  d i s t r i b u t i o n  o f  g l a n c e s  

a t  oppos ing  t r a f f i c  and t h e  d u r a t i o n  of t h e s e  g l a n c e s ,  a s  a  func-  

t i o n  of  t h e  d i s t a n c e  t o  t h e  oppos ing  v e h i c l e .  Tab le  4 shows t h a t  

t h e r e  was some i n c r e a s e  i n  t h e  mean f r equency  o f  g l a n c e s  a s  t h e  

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

TABLE 4 .  Mean F requenc ie s*  and D u r a t i o n s  of G lances  a t  
Opposing V e h i c l e s  a t  Night  a s  a  F u n c t i o n  of  t h e  
S e p a r a t i o n  D i s t a n c e .  

r 
S e p a r a t i o n  D i s t a n c e  

( F e e t )  

1500 - 2000 

1000 - 1500 

500 - 1000 

0 - 5 0 0  

*Per  r u n  i n  which a  g l a n c e  a t  t h e  oppos ing  v e h i c l e  
o c c u r r e d  i n  t h e  s e p a r a t i o n  d i s t a n c e  i n t e r v a l .  

Mean 
Frequency 

0.88 

0.85 

1.16 

1 . 4 0  

Mean 
Dura t ion  (Sec .  ) 

1.07  

0.79 

0.71 

0 . 7 0  



On t h e  o t h e r  hand, t h e  mean d u r a t i o n  of g l a n c e s  a t  t h e  oppo- 

s i n g  v e h i c l e s  was g r e a t e s t  a t  t h e  l a r g e s t  d i s t a n c e  i n t e r v a l  and 

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

d i s t a n c e s  of l e s s  than  1500 f e e t ,  

These d a t a  sugges t  t h a t  d r i v e r s  may look less o f t e n  a t  t h e  

oncoming t r a f f i c  a t  longer  d i s t a n c e s  t h a n  when t h e  d i s t a n c e  be- 

comes s m a l l e r ,  b u t  t h e  dwel l  t ime of a n  eye f i x a t i o n  d e c r e a s e s  

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

EFFECTS OF ROAD GEOMETRY AND HEADLAMP BEAMS ON LATERAL DISTRIBUTION 
OF EYE FIXATIONS 

The f requency d i s t r i b u t i o n  of eye f i x a t i o n s  i n  azimuth,  i n  

t h e  i n t e r v a l s  10°L-5OL, 5OL-0°, and 0'-5OR, a r e  shown i n  Table 5.  

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

s t r a i g h t  road s e c t i o n s  and r i g h t  c u r v e s  i n  daytime,  and when 

n e g o t i a t i n g  t h e  same c u r v e s  a t  n i g h t  us ing  each of  t h e  t h r e e  

meeting beams. 

The e f f e c t  of road geometry can  be d i s c e r n e d  most r e a d i l y  by 

observing t h e  s h i f t  i n  t h e  d i s t r i b u t i o n  of t h e  eye  f i x a t i o n s  i n  

t h e  daytime t e s t ,  which shows t h a t  on l e f t  cu rves  t h e  eye 

f i x a t i o n s  moved t o  t h e  l e f t ,  on s t r a i g h t  s e c t i o n s  a r e  c e n t e r e d  

i n  t h e  f i e ld -o f -v iew ahead of t h e  d r i v e r ,  and on r i g h t  cu rves  s h i f t  

over  t o  t h e  r i g h t .  Th i s  e f f e c t  has  been e s t a b l i s h e d  i n  p r e v i o u s  

s t u d i e s  ( e . g . ,  Mortimer and Jorgeson,  1 9 7 2 ) .  The same t r e n d  i s  

a l s o  o b s e r v a b l e  i n  t h e  d a t a  ob ta ined  i n  n i g h t  d r i v i n g  c o n d i t i o n s  

wi th  each of t h e  t h r e e  beams, b u t  w i t h  some v a r i a t i o n s  between 

t h e  beams. 



TABLE Percent* Frequency Distribution of Eye ~ixations 
by Azimuth in Daytime and at Night, With Three 
Beams, on Curves and Straight Sections of Road, 
Without Opposing Traffic. 

*With fixations outside these zones removed (e.g., 
car interior, mirrors, outside field-of-view of system). 



On l e f t  cu rves  t h e  l a t e r a l  d i s t r i b u t i o n  of  eye fixatmions wi th  

t h e  U.S. ( t y p e  6014) and European ( t y p e  H4) low beams i s  s h i f t e d  

t o  t h e  l e f t ,  w i t h  51.0% and 5 6 . 2 8 ,  r e s p e c t i v e l y ,  of t h e  eye 

f i x a t i o n s  i n  t h e  1O0L-5OL zone. By comparison on ly  29 .3% of eye 

f i x a t i o n s  were i n  t h i s  zone when d r i v i n g  w i t h  t h e  mid beam. 

On s t r a i g h t  s e c t i o n s  of road t h e  d r i v e r s  p r i m a r i l y  

s t r a i g h t  ahead wi th  a l l  t h e  beams, though t h e r e  were mor 

t o  t h e  l e f t  wi th  t h e  conven t iona l  U.S. and European low 

t h e  mid beam, which produced r e l a t i v e l y  more g l a n c e s  i n  

p o r t i o n  of t h e  d r i v e r ' s  f ie ld-of-v iew.  

looked 

- e  g l a n c e s  

beams than  

t h e  c e n t r a l  

On r i g h t  cu rves  t h e  d i f f e r e n c e s  among t h e  beams i n  t h e  l a t e r a l  

f requency d i s t r i b u t i o n  of eye f i x a t i o n s  i s  more pronounced, The 

U.S. low beam produced a  s h i f t  t o  t h e  r i g h t ,  b u t  s t i l l  mainta ined 

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

ahead,  which i s  even more n o t i c e a b l e  w i t h  t h e  European low beam. 

By comparison, t h e  mid beam produced a  preponderance of g l a n c e s  

t o  t h e  r i g h t  of t h e  s t r a i g h t  ahead l o c a t i o n .  

Comparing t h e  daytime d i s t r i b u t i o n  of eye f i x a t i o n s  wi th  

t h o s e  ob ta ined  a t  n i g h t  wi th  t h e  v a r i o u s  beams, sugges t s  t h a t  on 

l e f t  curves  t h e  U.S. low and European low beams produced t h e  

most d e s i r a b l e  viewing p a t t e r n ;  on s t r a i g h t  roads  t h e  d i f f e r e n c e s  

among t h e  beams a r e  n o t  marked, b u t  t h e  European beam produced a  

g r e a t e r  tendency f o r  eye f i x a t i o n s  t o  t h e  l e f t  whereas t h e  U.S. 

low beam and t h e  mid beam produced eye f i x a t i o n  d i s t r i b u t i o n s  which 

were more cen te red  ahead of t h e  d r i v e r ;  and t h i s  t r e n d  i s  more 

n o t i c e a b l e  on r i g h t  cu rves  i n  which t h e r e  was a  s t r o n g e r  tendency 

f o r  t h e  European beam t o  produce a n  eye f i x a t i o n  d i s t r i b u t i o n  which 

favored  t h e  l e f t  over  t h e  r i g h t  s i d e  of t h e  road,  which i s  l e s s  

n o t i c e a b l e  wi th  t h e  U.S. low beam. The mid beam produced a  d i s t i n c t  

s h i f t  i n  t h e  frequency of eye  f i x a t i o n s  t o  t h e  r i g h t  of t h e  s t r a i g h t  

ahead f i e ld -o f -v iew,  By comparison wi th  t h e  daytime d i s t r i b u t i o n  

of eye f i x a t i o n s ,  it would appear  t h a t  t h e  U.S. and European beams 

produced t h e  most d e s i r a b l e  e f f e c t s  on l e f t  curves ;  t h e  mid beam 



prov ided  t h e  most d e s i r a b l e  c h a r a c t e r i s t i c  on s t r a i g h t  road  

s e c t i o n s ,  a l though  t h e  d i f f e r e n c e s  between beams were s m a l l ;  and 

t h e  mid beam p rov ided  t h e  most d e s i r a b l e  p a t t e r n  on r i g h t  cu rves  

and t h e  European low beam t h e  l e a s t  d e s i r a b l e  p a t t e r n .  

EFFECTS OF ROAD GEOMETRY AND HEADLAMP BEAMS ON PREVIEW DISTANCE 

The f requency  d i s t r i b u t i o n  of eye  f i x a t i o n s  by d i s t a n c e  ahead 

of  t h e  v e h i c l e  i n  t h e  t h r e e  i n t e r v a l s  100 ' -2501 ,  250 ' -5001,  and 

> 5 0 0 1 ,  i s  shown i n  Table  6 .  

TABLE 6. P e r c e n t *  Frequency D i s t r i b u t i o n  o f  Eye F i x a t i o n s  by 
D i s t a n c e  Ahead o f  t h e  Veh ic l e  i n  Daytime and a t  
N igh t ,  With Three Beams, on Curves and S t r a i g h t  
S e c t i o n s  o f  Road, Without Opposing T r a f f i c .  

t 

L e f t  Curve 

Day 
Night  

6014 Low 

H 4  Low 

Mid 

S t r a i g h t  

Day 
Nigh t  

6014 Low 

H 4  Low 

Mid 

R igh t  Curve 

Day 
Nigh t  

6014 Low 

H 4  Low 

Mid 

i 

*With f i x a t i o n s  o u t s i d e  t h e s e  zones removed. 
, A 

Median 

>500 

306 

334 

403 

>500 

431 

425 

404 

>500 

466 

420 

4 45 7  

( F e e t )  

>500 

54.3 

16.9 

17.0 

36.8 

53.5 

36.6 

37.2 

32.2 

70.6 

43.9 

33.6 

4 2 . 2  

100-250 

11 .3  

40.5 

33.3 

29.1 

6.8 

1 4 . 2  

20.3 

2 1 . 0  

3.6 

10.7 

15 .3  

1 2  . 0 

Preview D i s t a n c e  

250-500 

34.4 

42.7 

49.9 

34.2 

39.8 

49.4 

42.5 

4 7 . 1  

25.8 

45.4 

51.1 

45.8 



I t  i s  immediately apparen t  t h a t  i n  t h e  daytime more than  h a l f  

of t h e  eye  f i x a t i o n s  a r e  i n  t h e  l a r g e s t  d i s t a n c e  c a t e g o r y ,  whereas 

t h i s  i s  n o t  t h e  c a s e  f o r  any of t h e  beams used a t  n i g h t .  Thus, 

eye f i x a t i o n s  a r e  c l o s e r  t o  t h e  v e h i c l e  a t  n i g h t  than  i n  t h e  day.  

The preview d i s t a n c e s  s e l e c t e d  on l e f t  cu rves  and s t r a i g h t  s e c t i o n s  

of road dur ing  t h e  day a r e  q u i t e  s i m i l a r ,  whereas on r i g h t  cu rves  

t h e  d r i v e r  appeared t o  look f u r t h e r  ahead.  

Comparisons among t h e  beams i n d i c a t e  t h a t  on l e f t  cu rves ,  t h e  

d r i v e r ' s  eye f i x a t i o n s  were f u r t h e r  ahead of t h e  v e h i c l e  when 

d r i v i n g  w i t h  t h e  mid beam than  t h e  U.S. o r  European low beams; on 

s t r a i g h t  s e c t i o n s  of road d i f f e r e n c e s  between t h e  beams a r e  q u i t e  

smal l ;  and t h i s  i s  a l s o  t r u e  on r i g h t  c u r v e s ,  except  t h a t  t h e  eye  

f i x a t i o n s  a r e  s l i g h t l y  c l o s e r  t o  t h e  v e h i c l e  wi th  t h e  European 

low beam than  t h e  o t h e r  two beams. Table 6 a l s o  shows t h e  median 

v i s i b i l i t y  d i s t a n c e s  f o r  each beam i n  each of t h e  road geometr ies .  

The major d i f f e r e n c e  i s  found on l e f t  c u r v e s  where t h e  mid beam 

appeared t o  p rov ide  c o n s i d e r a b l y  g r e a t e r  preview d i s t a n c e s  t h a n  

t h e  conven t iona l  low beams. 

ROAD DELINEATION 

The eye f i x a t i o n s  were in f luenced  by t h e  presence  o r  absence 

of d e l i n e a t i o n  of t h e  edge of t h e  road w i t h  a  whi te  l i n e .  A t  n i g h t  

on r i g h t  cu rves  and averaged over  a l l  beams, t h e r e  was a  mean of 

2 1 . 7 %  of a l l  g l a n c e s  d i r e c t l y  a t  t h e  whi te  l i n e  a t  t h e  r i g h t  edge 

of  t h e  road,  compared t o  a  mean of 2 .5% wi thout  d e l i n e a t i o n .  I n  

daytime t h e  corresponding v a l u e s  were 18 .1% and 1 8 , 9 % ,  w i t h  and 

wi thou t  d e l i n e a t i o n ,  showing t h a t  t h e  r i g h t  edge of t h e  road was 

an impor tant  r e f e r e n c e  f o r  v e h i c l e  guidance .  That t h e  day v a l u e s  

a r e  independent  of t h e  presence  o r  absence of d e l i n e a t i o n  i s  t o  

be expec ted ,  because t h e  edge of t h e  road can be seen more e f f e c -  

t i v e l y  i n  daytime i n  e i t h e r  c a s e .  

CONCLUSIONS 

The mean dwel l  t ime of  eye f i x a t i o n s ,  i n  t h e  most f r e q u e n t l y  

f i x a t e d  a s p e c t  of  t h b  d r i v e r ' s  f ie ld-of-v iew,  c o n s i s t i n g  of  t h e  
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l a n e  i n  which he i s  t r a v e l i n g ,  was l o n g e r  t h a n  i n  dayt ime.  T h i s  

seems t o  be r e a s o n a b l e  b e h a v i o r ,  because on d a r k ,  u n l i g h t e d  

r o a d s  where t h e  d r i v e r  r e l i e s  upon t h e  i l l u m i n a t i o n  provided  

by t h e  headlamps, v i s i b i l i t y  i s  expec ted  t o  be  r e s t r i c t e d  

because headlamp meet ing beams emphasize i l l u m i n a t i o n  o f  t h e  

d r i v i n g  l a n e .  

Thus, a t  n i g h t ,  t h e r e  i s  a l s o  a  r e s t r i c t i o n  i n  t h e  l a t e r a l  

d i s t r i b u t i o n  of  e y e  f i x a t i o n  d u r a t i o n s  t o  t h e  l e f t  of  t h e  l a n e  

b e i n g  t r a v e l e d ,  whereas t h e r e  i s  a  r e l a t i v e  i n c r e a s e  i n  t ime  

viewing t h e  r i g h t  edge o f  t h e  r o a d ,  compared t o  dayt ime.  These 

c o n c l u s i o n s  app ly  t o  t h e  c a s e  where t h e  d r i v e r  i s  on s t r a i g h t  

s e c t i o n s  of  road  when t h e r e  i s  no opposing t r a f f i c .  

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

t h e  viewing p a t t e r n s  of  d r i v e r s  a s  a  f u n c t i o n  of t h e  headlamp 

beam be ing  used a t  n i g h t ,  and t h e  comparison o f  t h e s e  p a t t e r n s  

w i t h  t h o s e  used i n  dayt ime.  These d a t a  showed q u i t e  c l e a r l y ,  

what has  been observed  i n  p r e v i o u s  s t u d i e s ,  t h a t  eye f i x a t i o n  

l a t e r a l  d i s t r i b u t i o n s  a r e  i n f l u e n c e d  by t h e  road  geometry.  I n  

e s s e n c e ,  d r i v e r s  t e n d  t o  look i n  t h e  d i r e c t i o n  of t h e  r o a d ,  t h u s  

s h i f t i n g  t h e i r  gaze t o  t h e  l e f t  on l e f t  c u r v e s ,  s t r a i g h t  down 

t h e  road  on s t r a i g h t  s e c t i o n s  and t o  t h e  r i g h t  on r i g h t  cu rves .  

Thus, b e h a v i o r  was somewhat modi f ied  acco rd ing  t o  t h e  headlamp 

beam be ing  used a t  n i g h t ,  a l t hough  t h e  g e n e r a l  t r e n d  was s t i l l  

appa ren t .  

On r i g h t  cu rves  p a r t  o f  t h e  s h i f t  o f  t h e  f requency  o f  eye  

f i x a t i o n s  t o  t h e  r i g h t  can b e  a t t r i b u t e d  t o  t h e  p re sence  of  a  

w h i t e  l i n e  a t  t h e  edge o f  t h e  road .  I t  was f i x a t e d  f r e q u e n t l y  

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

n i g h t  when t h e  edge of t h e  road  i s  o t h e r w i s e  n o t  a s  d i s c e r n i b l e  

due t o  t h e  normal ly  low c o n t r a s t  between t h e  pavement and t h e  

shou lde r .  

The d i s t r i b u t i o n s  of  eye  f i x a t i o n s  i n  azimuth and by p re -  

view d i s t a n c e ,  i n  Tables  5 and 6 ,  i n d i c a t e d  t h a t  on l e f t  c u r v e s ,  

a t  n i g h t ,  t h e  U.S. and European low beams produced t h e  viewing 
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p a t t e r n  t h a t  was most compatible  wi th  t h a t  used i n  daytime,  

compared t o  t h a t  which r e s u l t e d  when d r i v i n g  wi th  t h e  mid beam. 

The mid beam p a t t e r n  produced eye f i x a t i o n s  which remained f u r -  

t h e r  t o  t h e  r i g h t  r e l a t i v e  t o  t h e  o t h e r  beams. Therefore ,  it i s  

l i k e l y  t h a t  d r i v e r s  mostly u t i l i z e d  t h e  road c e r t e r l i n e  o r  l e f t  

edge of t h e  road f o r  guidance cues a t  n i g h t  wi th  t h e  conven- 

t i o n a l  low beams, whereas they  emphasized t h e  c e n t e r l i n e  and 

r i g h t  edge of t h e  road wi th  t h e  mid beam. Since  t h e  mid beam 

u t i l i z e s  t h e  U.S. low beam, augmented by a  t h i r d  lamp which 

provides  a d d i t i o n a l  i l l u m i n a t i o n  along t h e  l a n e  be ing t r a v e l e d  

and t h e  r i g h t  edge, those  zones a r e  i l l u m i n a t e d  a t  a  g r e a t e r  

i n t e n s i t y  than  wi th  t h e  low beam alone .  Thus, it seems t h a t  

t h e  mid beam encourages d r i v e r s  t o  look i n  those  p l a c e s  where 

t h e  g r e a t e s t  i l l u m i n a t i o n  i s  provided.  

This  e f f e c t  of t h e  mid beam was c l e a r l y  b e n e f i c i a l  on r i g h t  

cu rves ,  i n  which i t  provided a  l a t e r a l  d i s t r i b u t i o n  of eye f i x a -  

t i o n s  very c l o s e l y  matching t h a t  ob ta ined  i n  daytime, and more 

compatible  t o  t h e  daytime s i t u a t i o n  than t h e  o t h e r  two beams. 

On s t r a i g h t  roads t h e  l a t e r a l  d i s t r i b u t i o n s  of eye f i x a t i o n s  

i s  l a r g e l y  i n  t h e  zone ?5' of t h e  s t r a i g h t  ahead p o s i t i o n  of t h e  

d r i v e r ,  wi th  a l l  beams, and p a r t i c u l a r l y  t h e  mid beam, 

These r e s u l t s  must be cons idered  wi th  t h e  d i s t r i b u t i o n  of 

preview d i s t a n c e s  used by t h e  d r i v e r s ,  shown i n  Table 6 .  Thus, 

t h e  g r e a t e s t  preview d i s t a n c e  on l e f t  curves  was ob ta ined  wi th  

t h e  mid beam. This  s u g g e s t s ,  t h a t  whi le  t h e  beam in f luenced  

t h e  d r i v e r s  i n  f i x a t i n g  more on t h e  road c e n t e r l i n e  and r i g h t  

edge, than t h e  convent ional  low beams, i t  a l s o  provided g r e a t e r  

preview d i s t a n c e s  which a r e  va luab le  f o r  r e t e n t i o n  of s t a b i l i t y  

i n  v e h i c l e  c o n t r o l .  On s t r a i g h t  road s e c t i o n s  and r i g h t  cu rves  

t h e  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n s  of preview d i s t a n c e s  a r e  

s m a l l ,  a l though they a r e  s l i g h t l y  l e s s  wi th  t h e  European low 

beam i n  r i g h t  curves  than t h e  o t h e r  two beams. 



Each o f  t h e s e  beams has  c e r t a i n  a t t r i b u t e s  t h a t  a r e  b e n e f i -  

c i a l  f o r  a c q u i s i t i o n  of  v i s u a l  in fo rmat ion  i n  n i g h t  d r i v i n g  on 

r u r a l  roads .  The European low beam produced a  g r e a t e r  d i s t r i -  

b u t i o n  of eye  f i x a t i o n s  i n  t h e  d r i v e r ' s  v i s u a l  f i e l d  l e f t  of  t h e  

highway c e n t e r  l i n e  than  t h e  U.S. low beam, and p a r t i c u l a r l y  t h e  

mid beam. S ince  in fo rmat ion  i n  t h i s  r e g i o n  i s  u s e f u l  on l e f t  

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

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

such a  beam h a s  c e r t a i n  d e s i r a b l e  c h a r a c t e r i s t i c s .  On l e f t  

cu rves ,  t h e  mid beam provided t h e  g r e a t e s t  preview d i s t a n c e s  

a l though  t h e s e  would be provided by eye  f i x a t i o n s  which a r e  i n  

t h e  l a n e  o r  t o  t h e  r i g h t  of it, C l e a r l y ,  t h e  mid beam provided 

t h e  most compat ib le  eye  f i x a t i o n  behavior  on r i g h t  cu rves  and 

somewhat more compat ib le  eye f i x a t i o n s  on s t r a i g h t  road s e c t i o n s ,  

than  t h e  o t h e r  beams. 

These d a t a  s u g g e s t  t h a t  an improved meeting beam should 

u t i l i z e  a  combinat ion of  headlamps which produce a  low beam 

s i m i l a r  t o  t h a t  o f  t h e  European (ECE) low beam augmented by a  

t h i r d  headlamp which produces i l l u m i n a t i o n  a long t h e  l a n e  be ing 

t r a v e l e d  and t o  t h e  r i g h t  of it, a s  was used i n  t h i s  s tudy.  

Such a  c o n f i g u r a t i o n  may a l l o w  dr! ivers  t o  u t i l i z e  eye  f i x a t i o n s  

on l e f t  and r i g h t  cu rves ,  and s t r a i g h t  road s e c t i o n s ,  t h a t  a r e  

more compatible  wi th  t h o s e  t h e y  use  i n  daytime. 
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