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SUMMARY 

Cons iderab le  research  ev idence suggests t h a t  c a r - t r u c k  c o l l i -  

s i o n s  a t  n i g h t  f r e q u e n t l y  occur  because t h e  c a r  d r i v e r  d o e s n ' t  see 

t h e  s i d e  o r  r e a r  o f  a  t r u c k  o r  semi t r a i l e r  soon enough t o  a v o i d  i t. 

To examine t h a t  s u b j e c t ,  t h r e e  independent b u t  r e l a t e d  s t u d i e s  were 

conducted i n  1979 a t  t h e  Highway S a f e t y  Research I n s t i t u t e  (HSRI) 

by s t a f f  members o f  Systems A n a l y s i s  and Human Fac to rs .  

The f i r s t  s tudy  examined d a t a  i n  t h e  1977 NHTSA F a t a l  A c c i -  

den t  R e p o r t i n g  System f i l e  t o  d i s c o v e r  t h e  c o n d i t i o n s  under which 

c a r s  c o l l i d e  w i t h  t h e  s i d e  o r  r e a r  o f  t r a c t o r - s e m i t r a i l e r s .  The 

c h i e f  f i n d i n g - - t h a t  such c o l l i s i o n s  occur  more f r e q u e n t l y  a t  n i g h t - -  

suggests t h a t  c o n s p i c u i t y  o f  t h e  s e m i t r a i l e r  i s  a  problem. Adding 

1  i g h t s  o r  r e f l e c t i v e  p a i n t s  c o u l d  p r e v e n t  some o f  those c o l l  i s i o n s .  

The second s t u d y  was a  r e v i e w  o f  t h e  l i t e r a t u r e  on n i g h t t i m e  

c o n s p i c u i  t y  and e f f e c t s  o f  r e t r o r e f l e c t o r i z a t i o n .  It, i n  genera l  , 
conf i rmed t h a t  i n c r e a s i n g  t h e  s i z e  o r  c o n t r a s t  ( luminance)  o f  t a r -  

ge ts  enhances c o n s p i c u i  t y .  There fo re ,  r e t r o r e f l  e c t o r i z a t i o n  o f  

v e h i c l e s  i s  1 i k e l y  t o  make them more conspicuous a t  n i g h t .  

The t h i r d  s t u d y  was an exper iment  t h a t  examined t h e  

a t t e n t i o n - g e t t i n g  p r o p e r t i e s  o f  v a r i o u s  r e t r o r e f l e c t i  ve t r e a t m e n t s  

o f  a  s e m i t r a i l e r .  P a i d  v o l u n t e e r  d r i v e r s  wear ing  t h e  HSRI eye- 

mark r e c o r d e r  r e p e a t e d l y  drove p a s t  a  parked t r u c k  a t  n i g h t .  Sub- 

j e c t s  were t o l d  t h e y  were p a r t i c i p a t i n g  i n  a  highway s i g n  s tudy .  

The t r u c k  was n o t  ment ioned. It was found t h a t  s u b j e c t s  saw t h e  

s tandard  s e m i t r a i l e r  a t  a  d i s t a n c e  of  300 t o  400 f e e t  on low  beams. 

When a d d i t i o n a l  r e t r o r e f l  e c t i v e  m a t e r i a l s  were mounted on t h e  

t r a i l e r  e x t e r i o r ,  s i g h t  d i s t a n c e s  i n c r e a s e d  t o  1,000 f e e t .  The 

f i n d i n g s  i n d i c a t e d  t h a t  eye f i x a t i o n  t imes  a r e  a  u s e f u l  measure i n  

c o n s p i c u i  ty i n v e s t i g a t i o n s .  



These t h ree  s tud ies  a l l  imp ly  t h a t  enhanced c o n s p i c u i t y  o f  

t r u c k s  may reduce c a r - i n t o - t r u c k  c o l l  i s i o n s .  They do not ,  however, 

suggest any "bes t "  designs t o  do t h i s ,  no r  has a  p rec i se  es t imate  

o f  the  expected acc iden t  r educ t i on  been made. 



1 . COLLISIONS OF CARS WITH TRACTOR-SEMITRAILERS 

1 .1 INTRODUCTION 

Collisions of cars with semitrailers comprise a small b u t  

serious class of accidents. Whether the car impacts with the side 
or the rear of the t r a i l e r ,  underride i s  a possibility. Most 
fatal car-into-trai 1 er accidents involve underride. 

One approach to the reduction of fatal  underride crashes i s  
the installation of an underride guard, a plate or series of bars 
which prevent a car from passing under the bed of the t r a i l e r .  
Federal interest  in this  problem has focused on the rear underride 
guard as a means of reducing crash severity (Dynamic Science, Inc., 
study in progress). 

In October of 1977, Minahan and O'Day of the Highway Safety 
Research Inst i tute  (HSRI) reported ( in  Car-Truck Fatal Accidents 
in Michigan and Texas) that most such guards a t  present are non- 
standard and of varying size and strength. They seldom inhibit  
underride a t  higher impact speeds. Indeed, the high impact speeds 
encountered in their  study suggest than an underride guard, to be 
completely effective in reducing f a t a l i t i e s ,  would have t o  have a 
high energy-absorbing capabi 1 i ty .  Further, since almost ha1 f of 
the fatal  underride accidents involve impact with the side of the 
t r a i l e r ,  the installation of rear underride guards alone can do 

l i t t l e  or nothing t o  reduce the severity of these side accidents. 

Another finding from the October 1977 study was that two- 
thirds of underrides occur a t  night. This, along with the high 
impact speeds, suggests an additional countermeasure. Minahan and 
O'Day emphasize that underrides are surprise events in which 
(general ly)  car drivers do not see the truck t r a i l e r s  in time t o  

stop, and they suggest that increasing the conspicuity of truck 



t r a i l e r s  a t  n i g h t  may p r e v e n t  some of  these a c c i d e n t s  f rom occur -  

r i n g .  P o s s i b l e  improvements i n c l u d e  a d d i t i o n a l  r u n n i n g  1 i g h t s ,  

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

The scope of t h e  Minahan-O'Day s tudy  d i d  n o t  p e r m i t  any 

e s t i m a t i o n  o f  t h e  number o f  a c c i d e n t s  t h a t  increased c o n s p i c u i t y  

c o u l d  p reven t ,  A l so ,  though some work has been done on r e f l e c t i v e  

m a t e r i a l s  f o r  t r u c k s  (3M Corpo ra t i on ,  1978), o b j e c t i v e  measure- 

ments a r e  needed o f  t h e  e x t e n t  t o  which v i s i b i l i t y  can be 

increased under c o n d i t i o n s  of  darkness,  fog,  e t c .  

1.2 FINDINGS 

The 1977 da ta  f r o m  t h e  F a t a l  Acc iden t  Repor t i ng  System 

(FARS) were examined w i t h  a v iew t o  d i s c o v e r  whether car/TTST 

(Truck  T r a c t o r  and SemiTrai 1 e r )  rear -end and ang le  acc iden ts  

were over represented under cond i  t i  ons o f  adverse v i s i  b i l  i ty. One 

measure o f  t h i s  i s  t h e  percentage o f  rear -end and ang le  acc iden ts  

a t  n i g h t  as compared w i t h  t h e  percentages o f  o t h e r  c o l l i s i o n s  

between ca rs  and TTST's a t  might .  The FARS codes f o u r  degrees o f  

1 i g h t - - d a r k ,  da rk  b u t  l i g h t e d ,  dawn/dusk, and d a y l i g h t .  Fo r  t h e  

purposes o f  t h i s  a n a l y s i s ,  HSRI deemed " n i g h t "  t o  be t h e  f i r s t  

two c a t e g o r i e s  p l u s  one h a l f  o f  t h e  t h i r d .  

The f i g u r e s  a r e  g i v e n  i n  Tab le  1 and i l l u s t r a t e d  i n  F igu res  

1-4. They show c l e a r l y  t h a t  rear -end and ang le  c o l l i s i o n s  a r e  

more a p t  t o  occu r  a t  n i g h t  t han  a r e  o t h e r  car/TTST c o l l i s i o n s .  

TABLE 1 

Car/TTST F a t a l  Acc idents  by L i g h t  C o n d i t i o n  

L i g h t  C o n d i t i o n  

Day 

N i g h t  

TOTAL 

Ang le  

180 
(53.3%) 

158 
(46.7%) 

3 38 
(1  00%) 

Rear-End 

75 
(33.4%) 

149 
(66.6%) 

224 
( 1  00%) 

, 
Other  

962 
(62.4%) 

579 
(37.6%) 

1541 
(100%) 

T o t a l  

1216 
(57.9%) 

887 
(42.1 % )  

2103 
(100%) 



FIGURE 1 

Car and Tractor-Trailer Fatal  Accidents (Rear-End) 

FIGURE 2 
Car and Tractor-Trai 1 er Fa ta l  Accidents (Angle) 



FIGURE 3 

Car and Tractor-Trai ler  Fatal Accidents (All Other) 

FIGURE 4 

Car and Tractor-Trai l e r  Fatal Accidents (A1 1 ) 



Next  HSRI l ooked  a t  rea r -end  and a n g l e  a c c i d e n t s  t o  d i s c o v e r  

whether d r i n k i n g  had been i n v o l v e d  i n  a d i s p r o p o r t i o n a t e  number. 

Whi le  approx ima te ly  o n e - t h i r d  o f  ang le  and r e a r - e n d  car/TTST c o l -  

l i s i o n s  i n v o l v e  d r i n k i n g ,  l e s s  than  o n e - f i f t h  o f  a l l  car/TTST 

a c c i d e n t s  do. The percentages i n  a l l  c a t e g o r i e s  a r e  i n c r e a s e d  

when o n l y  those  a c c i d e n t s  t h a t  occur  a t  n i g h t  a r e  cons idered,  as 

shown i n  Tab le  2 and F i g u r e s  5-8. These r e s u l t s  agree w i t h  o t h e r  

ev idence.  D r i n k i n g  a1 coho1 inc reases  r e a c t i o n  t i m e  (Moskowi t z  and 

Burns, 1971) and i m p a i r s  v i s i o n  (Brown e t  a l . ,  1978).  T h i s ,  as 

w i l l  be shown l a t e r ,  may c r e a t e  an u n u s u a l l y  dangerous s i t u a t i o n  

a t  n i g h t  when t r u c k s  make up a l a r g e r  percentage o f  v e h i c l e s  on 

t h e  road.  

TABLE 2 

Car/TTST Acc iden ts  by  L i g h t  C o n d i t i o n  
D r i n k i n g  Invo lvement  

As shown i n  Tables 1 and 2, t h e  n a t i o n a l  FARS d a t a  f o r  1977 

c o n t a i n  a t o t a l  o f  224 rea r -end  and 338 ang le  f a t a l  c o l l i s i o n s  o f  

c a r s  i n t o  TTST's. How many o f  these a c c i d e n t s  i n v o l v e  u n d e r r i d e ?  

DAY 

D r i n k i n g  I n v o l v e d  

NIGHT 

D r i n k i n g  I n v o l v e d  

TOTAL 

D r i n k i n g  I n v o l  ved 

Rear-end 

7 5 

11 
(14.7%) 

148 

67 
(45.3%) 

224 

78 
(34.8%) 

Angl e 

180 

2 1 
(1 1.7%) 

153 

7 3 
(47.7%) 

338 

94 
(27 - 8 % )  

A1 1 

1216 

88 
(7.2%) 

852 

280 
(32.9%) 

2103 

368 
(17.5%) 



FIGURE 5 

A l l  Dayt ime CarITTST C o l l i s i o n s  

REAR & 
ANGLE \ 

FIGURE 6 

Dayt ime Car/TTST Coll i s i o n s  Involving A1 coho1 



REAR & \ 

\ OTHER TYPES 

FIGURE 7 

All Nighttime CarITTST Coll isions 

/ REAR & \ 
/ ANGLE \ 

\ OTHER TYPES 
Eno/ 

FIGURE 8 

Nighttime Car/TTST Coll isions Involving Alcohol 



U n d e r r i d e  i s  n o t  e x p l i c i t l y  coded by  t h e  FARS, and i n  t h e  

absence o f  photographs of each of  t hese  crashes,  i t  i s  i m p o s s i b l e  

t o  t e l l  e x a c t l y  how many i n v o l v e d  u n d e r r i d e .  The Minahan-O'Day 

s tudy ,  however, d i d  examine photographs o f  r e a r  and a n g l e  car/TTST 

f a t a l s  from Mich igan  and Texas, and found t h a t  t h e  m a j o r i t y  o f  

these a c c i d e n t s  a r e  indeed u n d e r r i d e s .  G i  ven a rea r -end  car/TTST 

f a t a l  c o l l i s i o n ,  t h e y  found u n d e r r i d e  was p r e s e n t  i n  93% o f  t h e  

cases. S i m i l a r l y ,  g i v e n  an a n g l e  car/TTST f a t a l  c o l l i s i o n ,  under-  

r i d e  o c c u r r e d  i n  75% o f  t h e  cases. A p p l y i n g  these  percentages t o  

ou r  t o t a l s  f rom t h e  FARS, HSRI es t ima tes  208 f a t a l  r e a r  u n d e r r i d e s  

and 254 f a t a l  s i d e  u n d e r r i d e s .  Thus, i n  1977, t h e r e  were a p p r o x i -  
m a t e l y  462 TTST u n d e r r i d e  f a t a l s  i n  t h e  U n i t e d  S t a t e s .  Minahan- 

O'Day, e x t r a p o l a t i n g  f r o m  Mich igan  and Texas da ta ,  e s t i m a t e d  423 

TTST (and 148 s t r a i g h t  t r u c k )  u n d e r r i d e s  n a t i o n a l l y  p e r  y e a r .  

T a b l e  3 c o n t a i n s  f i g u r e s  f r o m  t h e  1977 FARS f i l e  f o r  a l l  

c a r l c a r ,  TTSTITTST, and car/TTST c o l l  i s i o n s  ( a  t o t a l  o f  12,245 

a c c i d e n t s ) ,  d i s t r i b u t e d  by  t h e  l i g h t  c o n d i t i o n  under wh ich  t h e y  

occur red.  

TABLE 3 

1977 FARS Acc iden ts  I n v o l v i n g  Cars and TTSTs 
(by  L i g h t  C o n d i t i o n )  

As a y a r d s t i c k  f o r  e v a l u a t i n g  these  da ta ,  i t  wou ld  be u s e f u l  

t o  have some measure o f  exposure.  S ince  t h e  volume o f  t r a f f i c  

v a r i e s  d u r i n g  a day, i t  i s  i m p o r t a n t  t o  know how a c c i d e n t s  wou ld  

T o t a l  

6480 
(52.9%) 

5765 
(47.1 % )  

12,245 
(1  00.0%) 

L i g h t  C o n d i t i o n  

Day 

N i g h t  

TOTAL 

Car ICar  

5035 
(52.0%) 

481 4 
(48.0%) 

10,022 
(100.0%) 

CarITTST 

121 6 
(57.9%) 

887 
(42.1 % )  

21 03 
(100.0%) 

TTSTITTST 

5 6 
(46.7%) 

64 
(53.3%) 

120 
(100.0%) 



be distributed throughout the day i f  they were random events 

( i  .e .  , based solely on the number and types of vehi cl es on the 
road). There i s  evidence (U.  S .  Department of Transportation, 1974) 
that  TTST's account for 6% of the total  vehicle miles in this  data 

se t  and  fur ther ,  that this  t r a f f i c  i s  evenly distributed over the 
24-hour day. (This estimate i s  based on Indiana turnpike data of 
Scott and 0' Day, 1971 , p .  135.) Cars, on the other hand, accumu- 
la te  most of their  mileage in daylight (U.S. Federal Highway 
Administration, 1972). From these assumptions, a model can be 

constructed t o  dis t r ibute  our universe of 12,245 accidents invol- 
ving cars and trucks by the types of vehicles and the time of day. 
This has been done in Tab1 e 4. The expected accidents in any 
four-hour time span are generated by the fol l  owing three formulas: 

1 ) For TTST/TTST accidents : 
Expected Accidents = col 1 x col 2 x 12,245 

2 )  For car/car accidents: 
Expected Accidents = col 2 x col 4 x 12,245 

3 )  For car/TTST accidents: 
Expected Accidents = 2 col 1 x col 2 x col 3 x col 4 

x 12,245 

Actual 1977 FARS accidents and expected accidents are shown 

together in Table 5. I t  would be overambitious t o  draw too many 
conclusions from these figures,  inasmuch as HSRI's accident model 
i s  based solely on exposure and assumes that  accidents are random 
events. Two observations, however, can be made. 

F i r s t ,  in a l l  categories involving trucks, the number of 
FARS accidents exceeds the number o f  expected accidents. Second, 
a1 1 categories of nighttime accidents show more collisions than 
expected. 

Neither of these resul t s  are especially surprising. Trucks 
are ,  in a sense, easier to h i t  than cars. They're larger,  and a 
maneuver t o  avoid colliding w i t h  a car might succeed while the 
same maneuver t o  avoid a truck might f a i l .  Under conditions of 



- 4 0 0  
U c 

% *r 
L 

v 1 3  
e a 

m 
aJ L - aJ 
u n  
2 aJ 
aJ E > .v 

- I -  I- 
m  ~b - + o m  

I- s 
W .v 

L 
V) 3 
< Q - ul 
5 P) 
*I- 

E z  
n u l r c a ~  
N L O -  
- 5  U 

U W .r 
s 

V) aJ 

7 ul 
5 aJ 
C,F 

n C b a J  
0 
-I- U 

I- M .r 
c 

ul P) 
4 > 

.r 
I- 

C O C O Q I m Q I m  I . . . . . .  

- m - o L O r .  
C O b b b W Q I  I 
- - 0 0 0 0  I . . . . . .  

d r N C O d C V  
m O N  co o m  
* ~ m m r . m  e 
O O N N N O  m 

0 . . 0 . D  

- - r - Q 
0 0 0 ~ 0 0  0 

. . I . . D  e I 

c, C, 
u Z Z C, 
C I C 

z a a o n z  
0 0 0 0 0 0  
0 0 0 0 0 0  
b a 3 C U C O O b  

y p r ; - " N  F o o o d d d  a 
0 0 0 0 0 0  +J 
O b a J N Q O  0 
O O O 7 F N  C 



low v i s i b i l i t y ,  t r u c k s  pose an added danger.  I n  t h e  dark ,  they  

a r e  e v i d e n t l y  n o t  much more v i s i b l e  than  a r e  ca rs ,  and p a r t s  o f  

t h e  v e h i c l e  ( n o t a b l y  t h e  t r a i l e r )  may be l e s s  so. T h i s  comb ina t ion  

o f  massiveness ( r e q u i r i n g  q u i c k  r e a c t i o n s  by  o t h e r  d r i v e r s  under 

t h e  b e s t  o f  c i r cumstances )  and 1  ow v i s i  b i  1 i t y  may be e s p e c i a l l y  

l e t h a l  f o r  t h e  d r i n k i n g  d r i v e r  examined i n  Tab le  2, s i n c e  he lshe  

may s u f f e r  i m p a i r e d  v i s i o n  i n  a d d i t i o n  t o  i n c r e a s e d  r e a c t i o n  t ime .  

TABLE 5 

Real vs . Expected Acc iden ts  

Tables 6-9 i l l u s t r a t e  f u r t h e r  runs  on t h e  1977 FARS f i l e  t o  

d i s c o v e r  t h e  p laces  and c o n d i t i o n s  t h a t  f a v o r  carITTST c o l l  i s i o n s .  

The two p o p u l a t i o n s  examined f o r  these  t a b l e s  a r e  car/TTST r e a r -  

end c o l l i s i o n s  and, f o r  comparison, t h e  e n t i r e  FARS Two V e h i c l e  

A c c i d e n t  F i l e .  

Tab le  6  and F i g u r e  9 show t h e  d i s t r i b u t i o n  o f  a c c i d e n t s  by 

r e g i o n  a long  w i t h  t h e  1977 p o p u l a t i o n  o f  those r e g i o n s .  Note 

e s p e c i a l l y  t h e  f i g u r e s  f o r  r e g i o n s  f i v e  and s i x ,  wh ich i n c l u d e  t h e  

" h e a r t l a n d "  s t a t e s  o f  Arkansas, I 1  1  i n o i s ,  I nd iana ,  L o u i s i a n a ,  

Mich igan,  Minnesota,  New Mexico, Ohio, Oklahoma, Texas, and 

Wisconsin.  These e leven  s t a t e s  c o n t a i n  31.4% o f  t h e  p o p u l a t i o n  

and account  f o r  28.7% o f  a l l  f a t a l  a c c i d e n t s .  Over 40% o f  t h e  

f a t a l  car/TTST rea r -end  c o l l i s i o n s ,  however, occu r  w i t h i n  t h e i r  

bo rde rs .  Ch i -square ana lyses were r u n  on these rear -end c o l l i s i o n s  

versus p o p u l a t i o n  and t h e  number o f  a l l  f a t a l s ,  and i n  b o t h  cases, 

FARS TTST/Car 
Expected TTSTICar 

FARS Car/Car 
Expected Car/Car 

FARS TTST/TTST 
Expected TTSTITTST 

Day 

1216 
692 

5208 
7444 

56 
2  1  

N i g h t  

887 

T o t a l  

21 03 
1339 

481 4  647 I 10022 
3396 10840 

64 ' 120 
45 , 66 



TABLE 6 

F a t a l  Acc idents  and Popu la t ion  by Region 

T o t a l  I 274 1 39,493 1 216,332 

Region 

t h e  r e s u l t s  were s i g n i f i c a n t  a t  t h e  <0.00001 l e v e l .  I t  i s  most 

u n l i k e l y  t h a t  t h i s  i s  a  chance f i n d i n g .  

Car/TTST 
Rear-end C o l l  i s i o n s  

Th is  i s  a  c u r i o u s  r e s u l t .  I t  con ju res  an image o f  thousands 

of c a r s  and t r u c k s  l i n e d  up on t h e  per imete r  o f  t h e  U.S. and, a t  

I 

some prearranged s i g n a l  , a1 1  r a c i n g  toward t h e  c e n t e r  o f  t h e  coun- 

A1 1  
FARS Acc idents  

t ry t o  c rash  i n t o  one another .  Why so many o f  these t r u c k  

Popu la t ion  

acc iden ts  should  occur  i n  reg ions  f i v e  and s i x  i s ,  a t  p resen t ,  

anybody's guess. I t  may be t h a t  a  l a r g e r  p r o p o r t i o n  o f  t h e  t r u c k  

t r a f f i c  i n  these s t a t e s  i s  c ross -coun t ry  t r a f f i c  s i n c e  t h e  





inters tate  highways there operate as a funnel for east-west t r a f f i c  
from major coastal c i t i e s .  Further, a driver en route from, say, 

Pittsburgh to San Francisco will l ikely be in Indiana by the time 
he has driven for ten hours. Perhaps these s tates  get a l o t  of 

truck (and car)  t r a f f i c  involving drivers who have been on the road 
for  a number of hours. 

Tables 7 and 8 and Figures 10 and 11 describe the type of 

road on which most of these accidents take place. Interstate 

highways, 1 imi ted access roads, and U.S. routes carry most of our 
truck t r a f f i c ,  so i t  i s  not surprising that they should account for 
54.7% of th i s  particular type of truck accident. Similarly, 

divided highways (1 i ke inters tates)  are usual ly major truck routes. 
Further, when collisions occur on divided roads, they are almost 
always between vehicles traveling in the same direction. Hence 

the preponderance of rear-end col 1 i s i  ons. 

TABLE 7 

Fatal Accidents by Road Type 

I I - 

Road Type j Car/TTST Rear-end Collisions 1 All FARS Accidents 

Interstate 

Limi ted Access 

U.S. Route 

State Route 

Major Artery 

County Road 

Local Road 

Other 

Total 

494 
( I .  3%) 
6527 

(16.5%) 
12,986 

(32.9%) 

1161 
( 2 . 9 % )  

6374 
(16.1%) 

7645 
( 1 9 . 4 % )  



Car/TTST Rear- 
end C o l l i s i o n s  

A l l  FARS 
Acc idents  

I 

l i m  acc . s t  r t  crnty r d  o t h e r  

u 

I - S t a t e  

FIGURE 10 

Fa ta l  Acc idents  by Road Type 

i US r t  1 n a j  a r t 1  l o c  r d  1 Road Type 

TABLE 8 

Fa ta l  Acc idents  by Type Road D i v i d e r  

Median 

Guardrai  1 

Other 

Not D i v i ded  

One-Way 

Unknown 

To tag 

1; 

D i v i d e r  Car/TTST Rear-end Col 1 i s i  ons A1 1 FARS Acc idents  



median 1 o t h e r  1 one-way 

Car/TTSY Rear- 
m end C o l l i s i o n s  

EB A l l  FWRS 
Acc idents  

D i  v i d e r  

guard ra i  1 n o t  d i v  

FIGURE 11 
F a t a l  Acc idents  by Type Road D i v i d e r  

The e f f e c t s  o f  su r f ace  c o n d i t i o n  a re  shown i n  Table 9. Our 

category  "Non-dry" i s  t h e  sum o f  FARS codes f o r  water ,  snow, i c e ,  

sand, grease, and o t h e r  hazards t o  t r a c t i o n .  A ch i -square ana l ys i s  

o f  these f i g u r e s  shows a  s i g n i f i c a n c e  l e v e l  o f  0,06. Poor su r f ace  
cond i t i ons  would seem t o  be overrepresented i n  t h e  popu la t i on  o f  

car/TTST rear-end c o l  1 i s i  ons . 
TABLE 9 

Fa ta l  Acc idents  by Surface Cond i t i on  

I 

Surface Cond i t ion  I Car/TTST Rear-end C o l l  i s i o n s  I A l l  FARS Accidents 

Other 

To ta l  

Non-Dry 6 3 
( 2 3 .  I %) 

7265 
(18 .42)  



1.3  SUMMARY OF FINDINGS 

The s t a t i s t i c a l  p r o f i l e  of  car/TTST rea r -end  and ang le  c o l l  i- 

sions  ( i  .e . - - those which can r e s u l t  i n  u n d e r r i d e ) ,  based on 1977 FARS 

da ta ,  i s  as f o l l o w s :  

-Rear-end and ang le  f a t a l  c o l l i s i o n s  a r e  more l i k e l y  t o  occur  

a t  n i g h t  than  a r e  o t h e r  types o f  f a t a l  car/TTST c o l l i s i o n s .  

Two t h i r d s  o f  rear-ends happen a t  n i g h t  w h i l e  o n l y  42.1 pe r -  

c e n t  of  a l l  f a t a l  acc iden ts  do. 

- D r i n k i n g  invo lvement  i s  ove r rep resen ted  i n  rea r -end  and ang le  

c o l l i s i o n s ,  compared w i t h  o t h e r  types o f  c o l l i s i o n s .  Th is  i s  

t r u e  b o t h  day and n i g h t .  

-The 1977 FARS f i l e  c o n t a i n s  more n i g h t t i m e  acc iden ts  and more 

t r u c k  a c c i d e n t s  than would be expected from a  model based on 

t h e  m ix  o f  c a r s  and TTST's on t h e  road  a t  d i f f e r e n t  t imes o f  

day. There a r e  many p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s .  One o f  

them, however, i s  t h a t  massive v e h i c l e s  t h a t  a r e  d i f f i c u l t  t o  

see pose s u b s t a n t i a l  dangers t o  o t h e r  m o t o r i s t s .  

-Over 40 p e r c e n t  o f  f a t a l  car/TTST rea r -end  c o l l i s i o n s  occur  

i n  DOT-regions f i v e  and s i x .  These e leven  s t a t e s  c o n t a i n  

31.4 p e r c e n t  o f  t h e  p o p u l a t i o n  and account  f o r  o n l y  28.7 pe r -  

c e n t  o f  a l l  t r a f f i c  f a t a l i t i e s .  

-More than  ha1 f o f  these c o l l  i s i o n s  t a k e  p l a c e  on i n t e r s t a t e s  , 
1  i m i  t e d  access roads,  and U.S .  r o u t e s .  T h i s  t y p e  o f  a c c i d e n t  

i s  a1 so ove r rep resen ted  on d i v i d e d  h i  ghways . 
-Non-dry d r i v i n g  su r faces  and bad weather f o s t e r  car/TTST 

rea r -end  c o l l i s i o n s  t o  a  g r e a t e r  e x t e n t  than o t h e r  types o f  

f a t a l  a c c i d e n t s .  

1 . 4  CONCLUSIONS 

-The Minahan-0' Day ( 1  977) e s t i m a t e  o f  423 TTST u n d e r r i d e  f a t a l  s 

n a t i o n a l l y  p e r  y e a r  i s  p r o b a b l y  a  b i t  low. A b e t t e r  e s t i m a t e  

i s  462. 



-Since car/TTST c o l  1 i sions  a re  overrepresented a t  n i g h t ,  

making t r ucks  and t r a i l e r s  more conspicuous through the 

a d d i t i o n  of l i g h t s  o r  r e f l e c t i v e  p a i n t s  would reduce the  

frequency of acc iden ts  . 
- low l e v e l s  o f  n i g h t t i m e  c o n s p i c u i t y  f o r  t r ucks  may pose 

added danger t o  those o the r  m o t o r i s t s  whose v i s i o n  i s  

a l ready  impai red (e.g.--by a l c o h o l ) .  
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2.  LITERATURE REVIEW ON NIGHTTIME CONSPICU ITY 
AND EFFECTS OF RETROREFLECTORIZATION 

2.1 INTRODUCTION 

Minahan and OtDay (1977) i n  t h e i r  a n a l y s i s  o f  f a t a l  c a r -  

t r u c k  a c c i d e n t s  found t h a t  such a c c i d e n t s  u s u a l l y  o c c u r  a t  n i g h t  

w i t h  f r e q u e n t  c a r  u n d e r r i d e .  One o f  t h e  c o n c l u s i o n s  reached by 

Minahan and OtDay was t h a t  enhanced c o n s p i c u i t y  o f  t r u c k s  and 

t r a i l e r s  would  reduce c a r - t r u c k  a c c i d e n t s .  S i m i l a r  conc lus ions  

were reached i n  t h e  p r e v i o u s  s e c t i o n  o f  t h e  r e p o r t .  T h i s  rev iew 

dea ls  w i t h  t h e  f o l l o w i n g  i ssues :  

- L e x i c a l  and o p e r a t i o n a l  d e f i n i t i o n s  o f  c o n s p i c u i  t y  

-Consp icu i  t y  and v i s u a l  i n f o r m a t i o n  p rocess ing  

- R e t r o r e f l e c t o r i z a t i o n  as an a i d  f o r  i n c r e a s e d  n i g h t t i m e  
c o n s p i c u i  t y  o f  v e h i c l e s  

2 . 2  DEFINITIONS OF CONSPICUITY 

C o n s p i c u i t y  i s  d e f i n e d  b y  IES L i g h t i n g  Handbook (1972) as, 

" t h e  c a p a c i t y  o f  a  s i g n a l  t o  s tand  o u t  i n  r e l a t i o n  t o  i t s  back- 

ground so as t o  be r e a d i l y  d i s c o v e r e d  by t h e  eye" (p .  1 - 6 ) .  

Webs te r ' s  T h i r d  New I n t e r n a t i o n a l  D i c t i o n a r y  (1968) d e f i n e s  

conspicuous as : 

1 .  obv ious t o  t h e  eye o r  mind:  p l a i n l y  v i s i b l e ;  MANIFEST 
2. a t t r a c t i n g  o r  t e n d i n g  t o  a t t r a c t  a t t e n t i o n  by  reason 

o f  s i z e ,  b r i l l  iance,  c o n t r a s t ,  s t a t i o n :  STRIKING, 
EMINENT 

3. u n d e s i r a b l y  n o t i c e a b l e  by reason o f  v i o l a t i o n  o f  good 
t a s t e  o r  sense 
syn. see NOTICEABLE (p .  485).  

I m p l i c i t  i n  t h e  IES and Webster 's  d e f i n i t i o n s  i s  t h e  n o t i o n  

t h a t  c o n s p i c u i  t y  appl  i e s  e s p e c i a l l y  t o  p e r i p h e r a l l y  l o c a t e d  

o b j e c t s  and t h a t  a  l i k e l y  consequence o f  an o b j e c t  b e i n g  



conspicuous i s  i t s  detection and consequent foveal f ixat ion.  As 
will be discussed below, t h i s  d i s t inc t ion  between foveal and  peri- 

pheral objects  i s  helpful n o t  only from a theoretical  point of 

view of defining the problem (i . e . ,  what  i s  conspicuity) ,  b u t  a lso  

from an applied point of view of a1 levia t ing the problem (i . e . ,  

how t o  increase conspicui t y ) .  Therefore, conspicui t y  wi 11 be oper- 

ational ly defined in the present context as follows: 

Conspicuity i s  the property of a peripherally located 
object  t ha t  i s  l ike ly  t o  lead t o  the ob j ec t ' s  detection 
and  subsequent foveal f ixat ion (and  iden t i f i ca t ion)  by 
reason of i t s  s i z e ,  luminance, contras t ,  o r  other phy- 
s i ca l  dimensions. 

Size,  luminance, and  contrast  were included in the current  defini-  

tion n o t  only because they appear in the Webster's de f in i t ion ,  b u t  

primarily (as  will be shown below) because of the empirical 

evidence on the infl  uence of these parameters on detectabi 1 i ty 

and ident i f ica t ion.  

2.3 CONSPICUITY AND. VISUAL INFORMATION PROCESSING 

2.3.1 Structure and  Functions of the Retina. The human 

re t ina  ( the  l ight-sensi t ive  par t  of the eye) i s  t igh t ly  packed 

with two types of 1 ight  receptors: cones and  rods. The foveal 

region of the ret ina (corresponding t o  the central 1-2" of the 

visual f i e l d )  contains exclusively cones; the periphery (corres- 

ponding t o  the remainder of the visual f i e l d )  contains primarily 

rods (Osterberg, 1935). 

As a consequence of these and other s t ructura l  differences,  

the fovea and the periphery vary in t h e i r  capab i l i t i e s .  In terms 

of detection,  the differences between the fovea and periphery 

depend on l i g h t  conditions. In photopic and mesopic ( i . e . ,  

re la t ively  br ight)  conditions, the luminance threshold i s  lowest 

a t  o r  near the fovea. In seotopic ( i . e . ,  r e la t ive ly  dark) condi- 

t ions ,  the threshold i s  lowest a t  15-20" in the periphery 

(Aul horn and Harms, 1972; Pirenne, 1967). 



In terms of several processes needed fo r  object ident i f ica t ion,  

i t  i s  the fovea which excels. F i r s t ,  visual acuity ( the  a b i l i t y  t o  

resolve small deta i l  ) i s  best in the fovea and worsens progressively 

with increasing peripheral eccentr ic i ty .  This i s  t rue whether the 

target  i s  moving or i s  s ta t ionary in re la t ion to  the observer 

(Brown, 1972; Feinberg, 1948; Gordon, 1947; Green, 1970; Hers henson, 

1969; Klein,1947). Second, motion perception i s  most e f f i c i en t  in 

the fovea (Gordon, 1947; Klein, 1942; McColgin, 1960). This implies 

t ha t  t o  detect  movement of an object ,  the angular speed of the 

object must be greater  i f  the image of the object  f a l l s  in the 

re t inal  periphery ra ther  than the fovea. Third, color discrimina- 

tion i s  most accurate in the fovea and decreases with the increased 

eccentr ic i ty  from the fovea (Boynton e t  a l . ,  1964; Moreland, 1972; 

Morel and  and Cruz, 1958; Weale, 1953, 1956; Wei tzman a n d  Kinney, 

1969). 

The findings described above indicate t h a t  foveal ident i f ica-  

tion ( a  function of visual acui ty ,  motion perception, color 

discimination) i s  superior t o  peripheral ident i f ica t ion.  However, 

the fovea comprises l e ss  than 1% of the to ta l  ac t ive  visual f i e l d .  

(As was noted e a r l i e r ,  the fovea includes the central 1-2" 

[Polyak, 19411, while the act ive  visual f i e l d  extends t o  about 175- 

180" in the horizontal meridan and 100-130" in the ver t ica l  meri- 

dan [Burg, 1968; Connol l y ,  1966; Schmidt, 19661). Therefore, the 

likelihood of an ob j ec t ' s  image f a l l i ng  on the periphery as 

opposed t o  the fovea i s  high. The inefficiency of the periphery 

in the ident i f ica t ion process, however, implies tha t  most of the 

objects a re  ident i f ied  in the fovea (Waldram, 1960). 

In general then, detection (monitoring) takes place in the 

periphery (due to  the s ize  of the periphery) while ident i f ica t ion 

takes place in the fovea (due t o  the eff iciency of the fovea). I t  

follows, t h a t  fac tors  which wi l l :  

a )  improve detection and/or 

b )  improve the likelihood of foveal f ixat ion,  



w i l l  improve consp icu i  t y  and be b e n e f i c i a l  f o r  i d e n t i f i c a t i o n .  

2.3.2 Fac to rs  A f f e c t i n g  De tec t i on  Thresholds.  The p r imary  

phys i ca l  parameters a f f e c t i n g  t he  d e t e c t a b i l i t y  o f  t a r g e t s  a r e  

s i ze ,  luminance, and c o n t r a s t .  I n  general ,  w i t h  an i nc rease  i n  

t he  s i z e  o f  a  t a r g e t ,  t h e r e  i s  a  decrease i n  t h e  luminance o r  

c o n t r a s t  necessary f o r  de tec t i on ;  converse ly ,  w i t h  an inc rease  i n  

t a r g e t  luminance o r  c o n t r a s t  t h e r e  i s  a  decrease i n  t h e  s i z e  

necessary f o r  d e t e c t i o n  (B lackwe l l ,  1946, 1959; Brown, 1947; 

H i1  l s ,  1976; K r i s t o f f e r s o n ,  1954; Lamar, Hecht, Schlaer and 

Hendley, 1947; Riopel  l e  and Chow, 1953; Tay lo r ,  1964).  

2 . 3 . 3  Fac to rs  A f f e c t i n g  Foveal F i x a t i o n s  . A consequence 

o f  t h e  l a r g e  s i z e  o f  t h e  pe r i phe ry  i s  t h e  e s s e n t i a l l y  p a r a l l e l  

n a t u r e  of t h e  d e t e c t i o n  process: d e t e c t i o n  can occur  i n  severa l  

p a r t s  o f  t h e  pe r i phe ry  s imu l taneous ly .  On t h e  o t h e r  hand, as 

mentioned above, e f f i c i e n t  i d e n t i f i c a t i o n  i s  e s s e n t i a l l y  a  s e r i a l  

process. With p a r a l l e l  d e t e c t i o n  and s e r i a l  i d e n t i f i c a t i o n  t h e r e  

i s  the  p o t e n t i a l  f o r  a  bo t t l eneck ,  w i t h  de tec ted  o b j e c t s  "compe- 

t i n g "  f o r  f ovea l  a t t e n t i o n  i n  o rde r  t o  be i d e n t i f i e d .  Several  

researchers  (e.g., Boynton, 1960; Hochberg, 1970; Howett, K e l l y  

and P ie rce ,  1978; Mackworth and Morandi, 1967; Mourant and Rock- 

we1 1  , 1970; Townsend and Fry,  1960) have p o s t u l a t e d  t h a t  t h e  

pe r i phe ry  a1 l e v i a t e s  t h e  b o t t l e n e c k  by s e l e c t i n g  where t h e  

f u t u r e  f ovea l  f i x a t i o n s  w i l l  be d i r e c t e d .  I n  o t h e r  words, they  

p o s t u l a t e  t h e  presence o f  a  p e r i p h e r a l  f i l t e r  which passes t o  

the  fovea o n l y  o b j e c t s  o f  importance f o r  t h e  t ask  a t  hand. 

Recordings o f  a c t u a l  eye movements i n  a  f r e e  search s i t u a -  

t i o n  i n d i c a t e  t h a t  p e r i p h e r a l  o b j e c t s  hav ing  c e r t a i n  phys i ca l  

p r o p e r t i e s  have advantage i n  pass ing t h e  p e r i p h e r a l  fi 1  t e r  and 

thus i n  ga in i ng  f ovea l  f i x a t i o n .  These s t u d i e s  i n d i c a t e  t h a t  

such p r o p e r t i e s  i n c l u d e  h i gh  i n f o r m a t i o n  con ten t  (Mackworth and 

Morandi , 1967 ; Not ton  and S ta r k ,  1971 ; Yarbus , 1961 ) , h i g h  

c o n t r a s t  (Thomas, 1968), f l i c k e r  (Thomas, 1968, 1969), mot ion 

(Thomas, 1968), o r  l a r g e  s i z e  (Thomas, 1968). 



I n  summary, s i z e  and c o n t r a s t  (1  uminance) p o s i t i v e l y  a f f e c t  

bo th  t h e  1  i k e l  i hood o f  d e t e c t i o n  and t he  1  i k e l  i hood o f  consequent 

foveal  f i x a t i o n  necessary f o r  v e r i d i c a l  i d e n t i f i c a t i o n .  There- 

f o re ,  a  t rea tment  l e a d i n g  t o  inc reased  s i z e  and c o n t r a s t  ( luminance) 

i s  1  i k e l y  t o  be b e n e f i c i a l .  One such countermeasure i nvo l ves  t he  

appl  i c a t i o n  o f  r e t r o r e f l  e c t i v e  m a t e r i a l  t o  var ious  areas o f  vehi  - 
c l es .  R e t r o r e f l e c t o r i z a t i o n  increases t h e  n i g h t t i m e  v i s i b l e  area 

of the  v e h i c l e  as w e l l  as t h e  e f f e c t i v e  luminance ( c o n t r a s t )  o f  

such area. The f o l l o w i n g  s e c t i o n  rev iews the  research evidence on 

t h e  sa fe ty - re1  a ted  bene f i  t s  o f  r e t r o r e f l  e c t o r i  z a t i  on. 

2.4 RETROREFLECTORIZATIOM AND INCREASED CONSPICUITY 

In formal  demonstrat ion o f  t he  c o n s p i c u i t y  o f  r e t r o r e f l e c -  

ti ve t reatments  a r e  o f t e n  r a t h e r  s t r i k i n g  (e. g., 3M Corporat ion,  

1978). D i r e c t  research evidence on the  b e n e f i t s  o f  r e t r o r e f l e c -  

t o r i  z a t i o n  comes from var ious  sources, i n c l u d i n g  acc iden t  

i n v e s t i g a t i o n s ,  a n a l y t i c a l  s tud ies ,  as we1 1  as s u b j e c t  eva l  ua t ions .  

I n  severa l  respects  these sources complement each o ther ,  as i s  

apparent i n  Table 10. 

TABLE 10 

General C h a r a c t e r i s t i c s  o f  Var ious Relevant  Research Paradigms 

Research Paradigm 

Genera 1 
C h a r a c t e r i s t i c  

Dependent Va r i ab le  

Face Val i d i  ty  
(Real ism) 

D i f f i c u l t i e s  ( i n  
Terms o f  Time and 
Cost )  o f  Data 
C o l l e c t i o n  

Cont ro l  o f  Poten- 

Acc iden t  
I n v e s t i g a t i o n s  

ACCIDENT RATE, 
ACCIDENT 

FREQUENCY 

HIGH 

HIGH (expect  
f o r  s t ud ies  
u t i l i z i n g  pre- 
e x i s t i n t  data 
s e t s )  

LOW 
t i a l  l y  Confounding [ 

I I INTERMEDIATE 

A n a l y t i c a l  
Stud ies 

VARIOUS 
PERFORMANCE 
MEASURES 

LOW- 
INTERMEDIATE 

LOW- 
INTERMEDIATE 

H I G H  

Var iab les  i 

Sub jec t i ve  
Eva1 u a t i o n  

SUBJECTIVE 
ESTIMATES OF 
CONSPICUITY OR 
EFFECTIVENESS 

INTERMEDIATE- 
H I G H  

LOW 

LOW- 



Retroreflectorization as an aid for increased conspicui ty 
and safety has been applied t o  a wide range of vehicles, including 

trucks (Transport and Road Research Laboratory, 1 9 7 6 ) ,  buses 
(Proulx, 1959), motorcycles (e .g . ,  Burg and Beers, 1976), bicycles 
(e .g . ,  Burg and Beers, 1978), and rai 1 road boxcars (e .  g . ,  Hazlett 
and A1 len,  1968). As there are few studies exploring the benefits 
of retroreflectorization of trucks, the present review deals with 
large highway vehicles (trucks and buses) as well as small vehicles 
(motorcycl e s )  capable of highway speeds. 

The 1 ocation and s ize of the retrorefl  ect i  ve treatments 
differ  across various studies. However, there i s  substantial 
uniformity on these two dimensions in studies on the benefit of 
retroreflectorized 1 icense plates. Therefore, an additional sec- 
tion will be devoted to retrorefl  ectorization of 1 icense plates. 

2.4.1 Trucks and Buses. In general, the available evidence 
regarding larger vehicles comes from accident investigations as 
opposed t o  analytical studies or subjective evaluations. 

One of the f i r s t  studies on the benefit of re troref lector i-  
zation of vehicles was performed by Greyhound Bus Lines in the 
l a t e  1940s (cited by Proulx, 1959). As Proulx reports, "in 1946 
prior to reflectori  zation, the mi 1 es per coll ision accident [for 
Greyhound coaches] was 125,100. By 1950, a f t e r  reflectorization 
was s ta r ted ,  the miles per coll ision accidents where a vehicle h i t  

a coach being reduced by 71 9 over 1946 (Proul x ,  1957, p .  7 ) .  " 

The United States Post Office Department reported in 1957 
on the effect  of a change of color of the i r  f l e e t  from olive drab 
to a combination of red, white, and blue, with the red being 
retrorefl  ectorized tape. This study compared the accident rates 
for  approximately 3,500 vehicles from each category. Each group 
of vehicles was operated approximately 10 million miles in 42 
major American c i t i e s .  The main results were as follows: 

1 .  Overall, the olive drab f l e e t  was involved in 849 
accidents, compared with 622 for the red, white, and 
blue f l e e t .  



2 .  The difference between the two groups was most 
pronounced for accidents where other vehicles rear- 
ended the postal vehicles (50 such accidents for the 
olive drab group, 24 for the red, white, and blue group). 

While the obtained differences are impressive, i t  has t o  be 
pointed o u t  that in addition to the difference in retroreflectori  za- 
t ion, the two f lee ts  differed in the brightness of the colors used. 
Therefore, the obtained differences cannot be attributed t o  the 
retrorefl  ectori zation treatment alone. 

The most recent accident data come from England, where 
since November 1 ,  1971, heavy goods vehicles over three tons unla- 
den weight have been required to display distinctive rear markings. 

The markings incorporate ye1 low retrorefl  ective material ( to  
improve nighttime conspi cui t y )  and red flourescent material ( t o  
improve daytime conspicuity). The markings are of one of two 
patterns : diagonal (chevron) s t r ipes  for vehicles of 1 ess than 
13m overall length and a LONG V E H I C L E  sign with the retroreflective 
and flourescent coating as a background for vehicles over 13m long 
(British Standards Ins t i  tute ,  1970) .  

The effects of the British Regulation was evaluated by the 
Transport and Road Research Laboratory (United Nations Economic 
Commi ssion for Europe, 1973; TRRL, 1976). The second of these 
report (TRRL, 1976) provides data on i njury-producing accidents 
for the two-year periods prior to  and following the effective date 
of compulsory usage of the treatments. The accidents involving 
heavy trucks were analyzed according t o  time of the day, road 
lighting, movement of the truck, location of the damage of the 
truck, as well as type of environment. 

While the resul t s  indicate reductions in the number of acci- 
dents across a l l  conditions a f te r  the introduction of the markings, 
the only s t a t i s t i ca l ly  significant reduction occurred for night- 
time rear-end accidents on unl i t  rural roads involving parked 
heavy goods vehicles. However, that i s  precisely the type of 
accidents retrorefl  ectori zation should reduce. 



In an analytical study, Reid (1977) investigated recogni- 
tion distances of chevron-type markings designed to be used by 
heavy trucks (Bri t i sh  Standards In s t i t u t e ,  1970). !lean recognition 
distance fo r  standard material markings mounted on a board was 

255m i n  a glare condition and 306m in a no-glare condition. The 
use of a "high-intensity" material i n  place of the standard 
material had l i t t l e  e f fec t  on recognition distance in the glare  
condition. In the no-glare condition the high-intensity material 
resulted in a 20% increase i n  the main recognition distance. 

2.4..2 Motorcycles. Several analytical and subjective- 
evaluation studies have investigated the benefits of re t roref lec-  
to r i  zation of motorcycles o r  motorcycl i s t s .  

Burg and Beers (1 978) uti 1 i zed detection and recognition 
measures to estimate the e f fec t s  of re t roref lec t ive  t i r e s  and 
prismatic re t roref lec tors  on side conspicuity of motorcyclists. 
The detection data indicate tha t  high-reflectance t i r e s  were more 
e f f i c i en t  than e i t he r  low-reflectance t i r e s  or prismatic 
ref lec tors .  Furthermore, prismatic ref lec tors  exhibited greater  
fa l l -o f f  in detection distances as the orientat ion of the t i r e s  
changed from a r ight  angle ( t o  the sub jec t ' s  l ine  of s i gh t )  to a 
more obl ique orientat ion.  

The recognition data were collected fo r  a separation 
distance of 500 f ee t  between the motorcycle and observer with 
the motorcycle a t  a r ight  angle to the observer 's  l i n e  of s ight .  
The standard motorcycle w i t h  1 ights turned on yielded recogni- 
tion rates of 45%. The addition of e i t he r  high- or  low-reflec- 
tance sidewall t i r e s  raised the recognition ra te  of 97%. This 
increase i s  s t a t i s t i c a l l y  as we1 1 as pract ica l ly  s ignif icant .  

The Highway Safety Research Ins t i  t u t e  recently completed 
an in - t ra f f i c  motorcycle conspicui ty study, u t i l  izing a gap- 
acceptance method01 ogy (01 son, Hal stead-Nussl och, and Sivak, 
1979). The resu l t s  of th i s  investigation indicate tha t ,  in 

general , the use of re t roref lec t ive  garments increases the con- 
spicuity of the r ider .  



I n  a  s u b j e c t i v e  e v a l u a t i o n ,  S t o o v e l a r  and Groot  (1978) 

t e s t e d  v a r i o u s  v i s i  b i  1  i ty-enhanc ing t r e a t m e r ~ t s .  They conc l  uded 

t h a t ,  " t h e  use o f  r e f l e c t i v e  dev ices  i s  e s s e n t i a l  i f  two-wheelers 

a r e  t o  be recogn ized  a t  n i g h t "  (p .  21).  

Observers i n  ano the r  s u b j e c t i v e - e v a l u a t i o n  s t u d y  ( B a r t o l ,  

L i v e r s ,  and M ienner t ,  1975) e s t i m a t e d  t h e  e f f e c t i v e n e s s  o f  

r e t r o r e f l e c t i v e  pane ls  mounted on t h e  f r o n t  and r e a r  o f  t h e  motor-  

c y c l e .  The a u t h o r s  o f  t h i s  s t u d y  conc luded t h a t  t h e  t e s t e d  

t rea tmen ts  "were m a r g i n a l l y  e f f e c t i v e  a t  n i g h t  on a  d a r k  road,  

and were n o t  e f f e c t i v e  a t  n i g h t  i n  a  l i g h t e d  urban area"  (p .  A-5). 

However, t h e  observers  i n  t h i s  s t u d y  "were sea ted  on o r  n e x t  t o  

a  s e r v i - c a r  w i t h  t h e  headlamp on and d i r e c t e d  toward t h e  t e s t  

m o t o r c y c l e "  (p .  A-4). T h i s  s e a t i n g  arrangement m i g h t  have 

c r e a t e d  a  1 a r g e r . o b s e r v a t i o n  a n g l e  ( r e s u l t i n g  i n  l e s s  l i g h t  

be ing  r e t u r n e d  from t h e  t rea tmen ts  t o  t h e  eyes o f  t h e  observe rs )  

than  would  be t h e  s i t u a t i o n  f o r  an a c t u a l  d r i v e r .  If t h a t  were 

t h e  case, no s u b s t a n t i a l  e f f e c t  o f  r e t r o r e f l e c t o r i  z a t i o n  would 

be expected.  

2.4.3 L i c e n s e  P l a t e s .  A v a r i e t y  o f  s t u d i e s  on r e t r o -  

r e f l e c t o r i z e d  1  i c e n s e  p l a t e s  were r e c e n t l y  summarized i n  severa l  

rev iews  (Cook, 1975; H u l b e r t  and Berg, 1975; Olson and Post ,  

1977).  There fo re ,  t h e  c u r r e n t  d i s c u s s i o n  w i  11 r e f e r  p r i m a r i l y  

t o  t h e  f i n d i n g s  and conc lus ions  o f  these rev iew a r t i c l e s .  

The q u e s t i o n  o f  t h e  b e n e f i t s  of  r e t r o r e f l e c t o r i z e d  1  i cense  

p l a t e s  has been t h e  s u b j e c t  o f  numerous a c c i d e n t  i n v e s t i g a t i o n s  

(e.g. ,  Baerwald, Karmeier, and H e r r i n g t o n ,  1960; Campbell and 

Rouse, 1968; Iowa Department o f  P u b l i c  Safety,  1960; Maine S t a t e  

P o l i c e ,  1963; Sacks, Lenker,  and P o l a n i s ,  1973; Stoke, 1974; 

Vaughn and Wood, 1975).  I n  genera l ,  t hese  s t u d i e s  compared t h e  

a c c i d e n t  r a t e s  o f  v e h i c l e s  w i t h  and w i t h o u t  r e t r o 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 .  I n  t h e i r  l i t e r a t u r e  rev iew,  Olson and Pos t  

(1977) n o t e  t h r e e  main p o i n t s  r e g a r d i n g  t h e  d a t a  f r o m  a c c i d e n t  

s t u d i e s :  



1 .  Most studies show differences in accident rates 
consistent with the hypothesis that retroreflec- 
t ive 1 icense plates are a significant safety 
item. In some instances the differences in 
accident rates are very large indeed. 

2 .  In general, the studies which had the more rigor- 
ous experimental control s report the small e s t  
differences and, in one instance, no difference 
a t  a l l .  This suggests ( b u t  does not prove) that 
the methods of some of the ea r l i e r  studies were 
seriously flawed and the resu l t s ,  as a conse- 
quence, wrong or a t  leas t  optimistic. 

3. Despite the e f for t  expanded and the relatively 
consistent results , the issues cannot be 
described as set t led ( p .  7-8). 

Reviewing essentially the same group of studies as Olson 
and Post ( 1 9 7 7 ) ,  other investigators came t o  somewhat different  
conclusions. Hul bert and Berg (1975) argue tha t ,  "taken as a 
group these studies provide evidence of a s ignif icant ,  i f  perhaps 
n o t  overwhelming, safety benefit associated with reflectorized 
plates" ( p .  27), and Cook (1975) concludes that  "the burden of 
the evidence i s  that use of retroref lect ive license plates can 
resul t  i n  fewer nighttime rear-end accidents" ( p .  95). 

Various analytical studies deal t  with the v i s ib i l i t y  
(detectabil i t y )  of the veilicl es with and without the retrore- 
flectorization (e .  g . ,  Carl son, 1958; Larimer, 1956; dumar, 1966, 
1967; Stoke and Simpson, 1971 ; Wortman, 1968). After reviewing 
several such studies,  Hulbert and Berg (1975) reached the 
following concl usion: 

With regard t o  v i s ib i l i t y ,  the benefits of reflectorized 
plates are clearly definable; compared with conventional 
plates they improve vehicle detection distance anywhere 
from two t o  seven times, providing absolute detection 
distances of from 1,000 fee t  to as much as 0.4 mile. 
This advantage i s  of b o t h  s t a t i s t i ca l  and practical sig- 
nificance ( p .  27). 

CONCLUSIONS 

The present review deal t  primarily w i t h  the theoretical 
analysis of the nighttime conspicui t y  problem and with empirical 



data on the e f f e c t  of  r e t r o r e f l e c t o r i z a t i o n .  

The theo re t i ca l  ana lys is  concluded t h a t :  

( a )  A treatment r e su l t ing  in  an increased v i s i b l e  s i z e  o r  

increased con t ra s t  (luminance) i s  1 i kely t o  be conspicui ty- 

enhancing and the re fo re ,  

( b )  r e t r o r e f l e c t o r i z a t i o n  of p a r t s  of vehicles  would 1 i kely be 

beneficial  f o r  highway sa fe ty .  

While the  ava i lab le  empirical data  a r e  not extensive,  they 

do suggest t h a t  r e t r o r e f l e c t o r i z a t i o n  of highway vehicles  in  

general and t rucks in  p a r t i c u l a r  woul d increase t h e i r  nighttime 

r ea r  and s ide  conspicuity and thereby reduce acc idents .  
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3. THE EFFECT OF RETROREFLECTIVE TREATMENTS ON THE 
E Y E  FIXATIONS OF DRIVERS 

3.1 INTRODUCTION 

I n  t h i s  study data were collected t o  measure the a t tent ion-  

get t ing propert ies  of a display as a function of the luminance and 

quantity of r e t ro re f l ec t ive  material employed. The data were 

collected under condi t i  ons intended t o  approximate an "unalerted" s e t  

in the s u b j e c t ' s  mind. 

3 . 2  METHODS 

3.2.1 Equipment. - Data were collected using HSRI ' s  eye-mark 

recorder. This device i s  a corneal reflect-ion instrument, head 

mounted and s t ab i l i zed  by a b i t e  bar. I t  i s  video based and data a re  

stored on tape f o r  processing a t  a 1 a t e r  time, A photoaraph of the 
dev ice  i s  provided in Figure 1 2 .  

FIGURE 12 

HSRI Eye-Mark Recorder 



The eye-mark r eco rde r  was used i n  a  v e h i c l e  which a l s o  uses 

t h e  v ideo system f o r  r eco rd i ng  speed, t ime, distance,and f i v e  chan- 

ne l s  o f  i n f o rma t i on  f o r  cod ing t r i a l s ,  e t c .  A spec ia l  e f f e c t s  

machine i s  used t o  combine these da ta  w i t h  t h a t  from t h e  eye mark 

i n t o  a  s i n g l e  v ideo frame. 

The t r a i l e r  used i n  t h e  t e s t  was a  45 - f oo t  van on l oan  f rom the  

Fruehauf Corporat ion.  I t  was equipped w i t h  s tandard r e t r o r e f l e c t o r s  

on s i d e  and r e a r .  The u n i t  was o therw ise  unmarked. I t s  c o l o r  was 

na tu ra l  a1 umi num. 

A s i gn  panel ,  t h r e e  f e e t  square, was a l s o  used i n  t he  t e s t .  

Th is  was faced on each s i d e  w i t h  r e t r o r e f l e c t i v e  m a t e r i a l s  hav ing 

d i f f e r e n t  s p e c i f i c  luminance c h a r a c t e r i s t i c s .  Both appeared s i l v e r -  

w h i t e  when viewed w i t h  headlamps. 

The s tudy  was c a r r i e d  o u t  on a  p r i v a t e  t e s t  t r a c k .  The f a c i l -  

i t y  i s  ova l  i n  shape, 1.75 m i l es  around, w i t h  1500 f o o t  s t r a i g h t  

sec t ions  on each s i de .  There a r e  t h ree  15-foot-wide lanes.  The 

sur face  i s  concrete .  The ent rance t o  the  t r a c k  i s  a t  about t he  cen- 

t e r  o f  one o f  t h e  s t r a i g h t  sec t ions .  Opposi te t h e  entrance, on t h e  

i n f i e l d  o f  t h e  t r a c k ,  i s  a  l a r g e  paved s torage area. The t r u c k  was 

s e t  up i n  t h i s  area, t o  p rov i de  maneuvering room. The s i g n  panel 

was p laced a long t h e  oppos i te  s t r a i g h t  s e c t i o n  (see F igu re  13) .  

The r e t r o r e f l e c t i v e  t reatments  f o r  t he  t r u c k  were f a b r i c a t e d  

us ing  w h i t e  "Scotch1 i t e "  brand r e f l e c t i v e  sheet ing,  580-1 0. The 

s p e c i f i c  luminance o f  t h i s  ma te r i a l  ( a t  -4" ent rance angle  and 0.2" 
2  observa t ion  ang le )  i s  about 100 c d / f t  c / f t  . 

Plywood panels,  two f ee t  by e i g h t  f ee t  and one-quarter i n c h  

t h i c k ,  were used t o  mount t h e  r e t r o r e f l e c t i v e  m a t e r i a l .  The panels 

were pa in ted  a medium gray  and t h e  r e t r o r e f l e c t i v e  sheets a p p l i e d  

a f t e r  be ing c u t  t o  s i ze .  The panels, i n  t u r n ,  were e i t h e r  hung f rom 

hooks t empo ra r i l y  i n s t a l  l e d  on t he  s i d e  o f  t he  van o r  supported by 

magnets. 

Four l e v e l s  o f  r e t r o r e f l e c t i v e  t rea tment  were app l i ed  t o  t h e  





sides and rear of the t ra i l e r .  These are described below and 

il lustrated in Figures 14 through 17 .  

Level 1 .  None (Control ) . Only factory instal led retroreflec- 
tive buttons (Figure 14 j .  

Level 2 ,  Narrow. A single s t r i p  of retroreflective material, 
two inches wide, the length and width of the t ra i l e r  (Figure 15 ) .  

Level 3. Wide. A single s t r ip  of retroreflective material, 
ten inches wide, the length and width of the t ra i l e r  (Figure 1 6 ) .  

Level 4.  Big U .  The same as level 3, with the addition sf 
vertical panels a t  each end (Figure 1 7 ) .  

Some idea of how the t ra i l e r  appeared a t  night in the level 4 

conditions i s  provided by Figure 18. 

The four treatment levels, applied t o  the side and rear o f  the 
t ra i l e r ,  made eight t es t  conditions. 

The sign panel was faced on one side with 3M "high 
intensity" sheeting and on the other side with 3M "camouflage 
black" sheeting. The approximate specific 1 uminance ( a t  -4 '  and 

0.2') of these, respectively, was 250 and 33 cd/ft  c/f t2.  A third 
treatment level for  the sign was provided by removing i t  entirely 
from the field of view. 

The two targets ( t r a i l e r  and sign panel ) were marked with 
infrared sources, visible t o  the TV system b u t  not t o  the subject. 
A single marker was employed for the sign panel and rear of the 
t ra i ler  and two markers for the side of the t r a i l e r ,  one a t  each 
end. 

The subjects were told t h a t  the purpose of the study was t o  
report the orientation (r ight  or l e f t )  of various targets positioned 
around the track. A photograph of one of these targets i s  shown i n  

Figure 19.  Orientation was changed by moving the light colored 
square portion of the device t o  the right or l e f t  end of the bar. 
Six of these targets were set  up, three a t  each end of the track. 



FIGURE 14 

Side and Rear Views of T r a i l e r  in  Control Condition 



FIGURE 15  

S i d e  and Rear  Views o f  T r a i l e r  i n  "Narrow" C o n d i t i o n  



FIGURE 16 

Side and Rear Views o f  T r a i l e r  i n  "Wide" Cond i t i on  



FIGURE 17 

Side and Rear Views o f  Trailer in "B ig  U "  Condit ion 



FIGURE 18 

N i g h t  Photograph o f  T r a i l e r  i n  Leve l  4 ( B i g  U) Cond i t i on ,  
Seen From t h e  S ide 

They were p o s i t i o n e d  w e l l  i n t o  t h e  curves so as n o t  t o  i n t e r f e r e  

w i t h  eye movements t o  t h e  two t a r g e t s  ( s i g n  panel  and t r a i l e r )  

o f  p r i  n c i  p a l  concern. 

3.2.2 Sub jec ts .  Three U n i v e r s i t y  o f  M ich igan  s tuden ts  

were p a i d  t o  serve as s u b j e c t s .  They ranged i n  age f rom 20 t o  25 

yea rs  and had no known v i s u a l  d e f e c t s .  

3.2.3 Procedure. Fo r  each s u b j e c t ,  a  complete t e s t  con- 

s i s t e d  o f  n i n e  c i r c u i t s  o f  t h e  t r a c k .  The f i r s t  was f o r  p r a c t i c e ,  

t h e  f i n a l  e i g h t  p r o v i d e d  da ta  on a l l  t r u c k  c o n f i g u r a t i o n s ,  two 

t r i a l s  each o f  t he  two r e t r o r e f l e c t i v e  s i g n  l e v e l s ,  and f o u r  

t r i a l s  w i t h  t h e  s i g n  absent .  

A t  t h e  s t a r t  o f  t h e  t e s t ,  t h e  camera was f i t t e d  t o  t h e  

s u b j e c t ' s  head and c a l  i bra ted .  When t h i s  s t e p  had been completed, 

t h e  f o l l o w i n g  i n s t r u c t i o n s  were read:  



F I G U R E  19 

Photograph of  V i s i b i l i t y  Ta rge t  Used i n  T e s t  



The purpose o f  t h i s  s tudy i s  t o  measure how people l o o k  
f o r  and i n t e r p r e t  messages w h i l e  d r i v i n g  a t  n i g h t .  The 
dev ice you w i  1  1  be wearing on your  head p rov ides  a  r eco rd  o f  
where you a re  l ook i ng .  We w i l l  f i t  i t  on you. A1 1  you have 
t o  do i s  d r i v e  around t he  t r u c k  i n  t he  ou t s i de  l ane  and l o o k  
f o r  severa l  t a r g e t  s igns .  Those s igns can e i t h e r  appear on 
you r  l e f t  o r  your  r i g h t .  

One of those s igns i s  i n  f r o n t  of you now. Note t h a t  
i t  looks something l i k e  a  l e t t e r  ' T I  r e s t i n g  on i t s  s ide .  
C a l l  o u t  whether t h e  wide p a r t  o f  t he  T i s  t o  the  r i g h t  o r  
t h e  l e f t  as soon as you can see i t  i n  each case. For  exam- 
p l e ,  f o r  t h e  s i g n  you see i n  f r o n t  o f  you, you would 
respond ' r i g h t .  ' 

Please t ry  t o  d r i v e  a t  a  steady speed o f  about 25-30 
mph. Cont inue t o  d r i v e  around t he  t r a c k  u n t i l  I t e l l  you 
t o  s top.  (That should be about 10 laps . )  If the  pressure 
caused by t he  dev ice  on your  head becomes uncomfortable,  
p lease t e l l  me so and I w i l l  a d j u s t  i t  o r  g i v e  you a  break. 

So, you r  task  w i l l  be t o  d r i v e  about 10 l aps  around t he  
t r a c k  a t  a  steady 25-30 mph w h i l e  naming where t he  f a t  
p a r t s  o f  t he  ' T I  s igns are.  The t r a c k  management had t o l d  
us t o  s t ay  o u t  of t he  two i n n e r  lanes as t h e r e  i s  a  group 
f rom t h e i r  f i r m  t h a t  i s  us ing  them f o r  a  t e s t  o f  t h e i r  own. 
Any quest ions? 

3.2.4 Data Reduction. Data were recorded on videotape 

and rep layed  i n  s low mot ion f o r  the purpose o f  de te rmin ing  t he  

d is tance  i n t e r v a l s  a t  which t he  sub jec t  f i x a t e d  t he  t r u c k  o r  s i g n  

t a r g e t .  F i x a t i o n s  were c l a s s i f i e d  as on o r  o f f  t a r g e t .  The d i s -  

tance f rom the  t a r g e t  was broken i n t o  100 f o o t  i n t e r v a l s  and the  

percent  t ime  spent f i x a t i n g  t h e  t a r g e t  f o r  each c o n d i t i o n  de te r -  

mined by averag ing across the  sub jec ts .  

3.3 RESULTS - SIGN PANEL 

F igure  20 shows percent  t ime  spent f i x a t i n g  t he  s i g n  panel 

as a  f u n c t i o n  o f  t he  t reatment  l e v e l  a t  va r ious  d is tances.  Due 

t o  t he  l i m i t e d  number o f  sub jec ts ,  no s t a t i s t i c a l  t e s t s  a re  

poss ib le .  However, i t  appears t h a t  t he  low t reatment  and no s i g n  

cond i t i ons  y i e l d e d  s i m i l a r  f i x a t i o n  l e v e l s  a t  d i s tances  beyond 

600 f ee t  and t h a t  the  h i ghe r  t reatment  r e s u l t e d  i n  h i ghe r  





t rea tment  r e s u l t e d  i n  h i ghe r  p robab i l  i ty o f  f i x a t i o n s  than e i t h e r  

a t  the f a r  d i s tances .  

A t  d i s tances  c l o s e r  t o  t he  t a r g e t  than 600 f e e t ,  t he  

s i t u a t i o n ,  i f  any th ing ,  reverses, w i t h  more f i x a t i o n s  on the t a r -  

ge t  s i t e  f o r  t h e  no t a r g e t  cond i t i on .  

An obvious ques t ion  i s :  "Why should t he  sub jec t  spend so 

much t ime l o o k i n g  a t  a  s i t e  which has no t a r g e t ? "  There a re  a t  

l e a s t  two p o s s i b l e  answers. F i r s t ,  t h e r e  was always something t o  

see, the  t a r g e t  marker f i x t u r e  i f  no th i ng  e l se .  From th ree  t o  

f o u r  hundred f e e t  t h i s  plywood dev ice  was v i s i b l e ,  more so, as a  

m a t t e r  o f  f a c t ,  when the  s i g n  was miss ing  than when i t  was i n  

p l  ace. 

Second, t h e  sub jec t s  ' c u r i o s i t y  was p robab ly  aroused by 

t h e  v a r i a b l e ,  unexplained panel which appeared now and then on 

t h e  t r a c k .  Having no th i ng  much e l s e  t o  do on t h a t  p a r t  o f  the  

t r a c k ,  they would be expected t o  s tudy t h e  t a r g e t  s i t e  c l o s e l y  

t o  see what m igh t  have been p laced t he re  s ince  t h e  l a s t  t r i a l .  

3.4 RESULTS - TRAILER 

F igures  21 and 22 show percen t  t ime  f i x a t i n g  t h e  t r a i l e r  

i n  r e a r  and s i de  p o s i t i o n s ,  r e s p e c t i v e l y .  The general  format o f  

the f i gu res  i s  t he  same as F igu re  20. 

I n  bo th  s i d e  and r e a r  cond i t i ons  i t  seems c l e a r  t h a t  t he  

added r e t r o r e f l e c t i v e  t reatments  drew more eye f i x a t i o n s  than the 

un t rea ted  t r a i l e r .  There i s  more symmetry and smal l e r  d i f f e r e n c e s  

i n  the  case o f  the  s i d e  c o n d i t i o n  b u t  i t  must be remembered t h a t  

t h e  t r a i l e r  subtended about s i x  t imes t h e  ang le  (45 f ee t  versus 

8 f e e t )  i n  t h e  s i d e  c o n d i t i o n .  Fu r t he r ,  and more impor tan t ,  the  

t r a i l e r  was much e a s i e r  t o  see i n  t h e  s i d e  cond i t i on ,  due t o  

specular  r e f l e c t i o n s  f rom the  s ides.  I t  w i l l  be noted t h a t  t he  

percen t  f i x a t i o n s  f o r  t he  va r ious  r e t r o r e f l e c t i v e  cond i t i ons  com- 

pare w e l l  f o r  bo th  s i d e  and r e a r  p resen ta t ions .  However, f o r  the  

r ea r ,  the  percen t  f i x a t i o n s  f o r  the  un t rea ted  c o n d i t i o n  a re  
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3.5 CONCLUSIONS 

I t i s  impor tan t  t o  remember t h a t  t h i s  was an e x p l o r a t o r y  

i n v e s t i g a t i o n ,  us i ng  a  1  i m i t e d  number of sub jec ts .  No f i r m  conc lu-  

s ions  can be drawn concern ing the  l e v e l s  o f  r e t r o r e f l e c t i v e  t r e a t -  

ments r e q u i r e d  f o r  optimum consp icu i  ty. 

I t  does, however, seem c l e a r  t h a t  i n c reas ing  t he  amount of 

r e t r o r e f l e c t i o n  m a t e r i a l  on t h e  t r a i l e r  i n  t h i s  t e s t  r e s u l t e d  i n  a  

s u b s t a n t i a l  i nc rease  i n  eye f i x a t i o n s .  Th is  i s  e s p e c i a l l y  ev i den t  

i n  t he  case o f  t h e  r e a r  p resen ta t i on .  These da ta  i n d i c a t e  t h a t  the  

t r a i l e r  was seen w i t h  a1 1  t h r e e  r e t r o r e f l e c t i v e  t reatments ,  a t  d i s -  

tances o f  1,000 f e e t  on low beams. The d i s t ance  a t  which i t  became 

v i s i b l e  w i t h o u t  spec ia l  t rea tment  i s  n o t  c l e a r  f rom t h e  da ta  b u t ,  

based on observa t ion  by t he  exper imenters,  i s  es t imated  a t  t h r e e  t o  

f o u r  hundred f e e t .  

Some i n d i c a t i o n  o f  the  va lue  o f  l e v e l  o f  t rea tment  can be had 

from the  responses t o  the  s i g n  panel .  The r a t i o  o f  luminance d i f -  

ferences between t h e  two r e t r o r e f l e c t i v e  s ides  was about 8 : l .  The 

data i n d i c a t e  t h a t  t he  b r i g h t e r  s i d e  was more e f f e c t i v e  i n  drawing 

f i c a t i o n s  a t  l ong  d is tances  (700 f e e t  o r  more) than t h e  l e s s  

b r i g h t  s i de .  

The exper ience o f  t h i s  s tudy p rov ides  some reason t o  

regard  eye f i x a t i o n s  as a  use fu l  e v a l u a t i v e  t o o l  i n  c o n s p i c u i t y  

i n v e s t i g a t i o n .  However, t h e r e  were a t  l e a s t  two key problems 

w i t h  t h e  p resen t  s tudy which l i m i t e d  t he  va lue o f  an eye f i x a t i o n  

c r i t e r i o n .  There was t he  f a c t  t h a t  the  sub jec t s  were a l e r t e d  t o  

t he  presence o f  t he  t r u c k  and s ign ,  a l though  n o t  t h e i r  purpose, 

and t he  very  low d r i v i n g  l o a d  r e s u l t i n g  f rom use o f  a  p r i v a t e  

t r a c k .  For example, t ime  spent f i x a t i n g  t h e  t r u c k  was o f t e n  as 

h i gh  as 80%. That much a t t e n t i o n  d i v e r t e d  f rom t h e  d r i v i n g  t ask  

i s  n o t  necessa r i l y  good. However, i n  t h i s  t e s t ,  t he  sub jec t s  had 

no cause f o r  concern due t o  t h e  types o f  problems t h a t  may be 

encountered i n  normal t r a f f i c .  Running t h e  t e s t  i n  a  way t h a t  



would restore typical driver loads i s  necessary to  ensure that  

the subject i s  n o t  paying excessive attention t o  the treated vehi- 
cle.  

Thus issues associated with nighttime truck accidents and 
truck conspicui ty were addressed in three studies. An analysis 
of the accidents showed that  car-into-truck rear and angle col 1 i-  

sions occur more frequently than i f  they were chance events. 
Several findings imp1 icate inadequate truck conspicui ty as the 
cause. The research l i t e ra tu re  suggests that adding more retro- 
ref1 ect i  ve material to  truck and t r a i  1 e r  exteriors should 
increase the i r  conspicui ty.  Finally, in a f ie ld  study, drivers 

noticed t r a i l e r s  on which additional retroreflective surfaces 
were mounted a t  much greater distances than standard t r a i l e r s .  
The size and configuration of such surfaces deserves further 
investigation. 








