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Tile relationship between windsh ie ld  design and i n j u r i e s  from 

occupa~it impact with them has been a topic of cons iderabl  e r e s e a r c h ,  

both a t  the Highway Safety Research Ins t i tu te  (HSRI) (Huelke, Grabb, and 

Dingmati, 1964, 1966, 1967; Huelke, Grabb, Dingman, and 0 ' Neal , 1968 ; 

Huelke:, Grabb, and Gikas, 1966; Huelke and Sherman, 1975) and elsewhere 

(e.g., Patrick, 1967; Begeman, King, Weigt, and Patrick, 1 9 7 8 ) .  This  

report focuses on a related and less  wel l-researched q u e s t i o n  - -  Do 

damaged windshields cause accidents by interfering with driver vision? 

Three topics are addressed in th is  section: how windscreen optical 

quality has been measured, general and r e l a t e d  problems of d r i v e r  

vision, and studies focusing specifically on wi ndshiel d damage. 

Measurement of Windscreen Optical Qua1 i ty 

The research 1 i terature offers several approaches t o  the evaluation 

of the optical quality of windshields, including driver acuity studi e s  , 

subjectiive ratings, physical measures of similarity t o  s t a n d a r d s  , and 

modu1at:ion transfer function measures. Most of t h e s e  approaches a r e  

more appropriate for  wide-area distortions than l o c a l i z e d  windsh ie ld  

damage, the interest  of th i s  report. 

The Chrysl e r  Corporation proposed a method that  combines subjective 

ratings gene ra ted  by j u r i e s  o f  e n g i n e e r s  with some o b j e c t i v e ,  

quantitative measures (Anonymous, 1 9 6 3 ) .  T w o  p r o p e r t i e s  in  which 

Chrysler expresses interest  are "daytime distortion" (due t o  an image 

a~pearing displaced from i t s  true position) and "dual vision" (resulting 

l ~ h i s  section i s  an expansion of the l i te ra ture  review contained in the 
proposal for th is  project (Green, 1980). The previous material has been 
revised, and recent research findings have been added. 



f r o m  t h e  i n t e r n a l  r e f l e c t i o n  b e t w e e n  t h e  t w o  s u r f a c e s  o f  t h e  

w indsh ie l d ) .  Whi le t h e  o p t i c a l  i ssues  are descr ibed  i n  g r e a t  d e t a i  1 , 

t h e  mechanics o f  t he  r a t i n g  procedure a re  unc lear .  

Kerkhof  (1962) suggests t h a t  windscreen q u a l i t y  can be assessed b y  

hav ing  sub jec t s  view Landho l t  C's, Sne l len  E ' s  o r  some o t h e r  a c u i t y  

t a r g e t  d i r e c t l y  through a windshie ld .  T h e  d i f f e r e n c e  i n  s u b j e c t s '  

performance i n  i d e n t i f y i n g  t a r g e t s  through d i f f e r e n t  w i  n d s  h i e l  ds i s a 

measure o f  t h e i r  r e l a t i v e  o p t i c a l  qual  i t i e s .  

A method proposed by K o h l e r  ( 1 9 7 3 )  r e q u i r e s  p h o t o g r a p h s  o f  a 

s tandard ( r e fe rence )  w i n d s h i e l d  and o f  a d i s t o r t e d  ( t e s t )  w i  n d s  h i e l  d. 

The s i m i l a r i t y  o f  t h e  two photographs i s  the  proposed measure o f  o p t i c a l  

qual  i t y .  However, t he  computat ion suggested f o r  t h i s  s im i  1 a r i t y  measure 

i s  d i f f i c u l t  t o  understand. 

Several  o t h e r  s t u d i e s  have looked  a t  t h e  o p t i c a l  qual  i t i e s  o f  n o n -  

automotive windscreens-- in  p a r t i c u l a r ,  t h o s e  i n  t h e  F - 1 1 1  a i r c r a f t  

(Gomer and Eggleston, 1978; Ward, Defrances and Egg les ton ,  1 9 7 9 ) .  I n  

genera l ,  t h e  r e s e a r c h e r s  f o u n d  no  s i n g 1  e o b j e c t i v e  m e a s u r e  t h a t  

complete ly  accounted f o r  t h e  var iance  o f  s u b j e c t i v e  r a t i n g s .  They  

suggested t h a t  mu1 t i p 1  e, independent assessments were needed. 

F i n a l l y ,  a q u i t e  d i f f e r e n t  approach i s  t o  examine t h e  M o d u l a t i o n  

T rans fe r  Func t i on  (MTF) o f  a w indsh ie l  d ( M e r r i  tt, Newton, Sanderson an  d 

S e l t z e r ,  1978). Most o f ten ,  t h e  area under t h e  MTF c u r v e  s e r v e s  as  a 

measure o f  t he  q u a l i t y  o f  t he  windshie ld .  T h i s  f u n c t i o n  has been f o u n d  

t o  c h a r a c t e r i z e  q u i t e  accu ra te l y  t h e  qual  i t y  o f  an image p r e s e n t e d  on  

cathode ray tubes and o t h e r  types o f  e l e c t r o n i c  d i s p l a y s  ( A l m a g o r ,  

F a r l e y  and Snyder, 1978; B i  berman, 1972; Snyder, 1976). A1 so, Merr i t t , 

M i l l e r  and K e r r  (1980) found s u b s t a n t i a l  re1 a t i o n s h i p s  between c o n t r a s t  



transfler values obtained with a real-time electro-optical s y s  tem ( t h e  

"Visibility Quality Meter" ( V Q M ) )  and t h o s e  r e p o r t e d  by i n d i v i d u a l  

subjects across several types of windshield degradation. M e r r i t t  e t  

a l .  sulggested t h a t  the V Q M  "stand in" f o r  t h e  average  human eye in  

measurements of v is ib i l i ty .  However, . . one of t h e  assumptions of t h e  

theory underlying t h e  MTF approach i s  t h a t  t h e  v i s u a l  f i e l d  i s  

homogeneous. Once a g a i n ,  a s  a c racked o r  damaged windsh ie ld  i s  

extremely heterogeneous, t h i s  approach i s  no t  appropriate here. 

Re1 ated Problems of Driver Vision 

Besides methodological studies, a wide range of studies deal  w i  t h 

more substantive topics in v is ib i l i ty  and  fie1 d-of-view requirements for 

driver:;. Relevant topics in the v is ib i l i ty  l i te ra ture  include: 

1 The importance of driver position. Allen (1962) reported t h a t  

the average driver tends t o  s i t  very near  t o  t h e  l e f t  door.  This  

lateral  positioning increases the obstruction of the l e f t  A-pi1 lar .  I t 

may also increase windshield distortions due t o  the increased  a n g u  1 ar 

displacement. Furthermore, in addition t o  la te ra l  p o s i t i o n i n g ,  w h a t  

drivers can see from a vehicle i s  greatly influenced by t h e i r  h e i g h t  

(Heath and Finch, 1952). A n  implication of these s t u d i e s  i s  t h a t  i n  

experiments concerning v i s i b i l i t y ,  d r i v e r  head p o s i t i o n  should  be 

measured and/or  control 1 ed. 

2, Mirror placement and design. Mi rrors can affect vi s i  bi 1 i  t y  i n 

a t  l eas t  two ways. F i rs t ,  poor placement of mirrors (inside or outside) 

can obstruct the dr iver 's  l ine of sight significantly ( A 1  1 r e d ,  1 9 7 8 ) .  

Second, mirrors must be placed t o  minimize "blind spots" t o  the rear and  

sides of  the vehicle, and thereby increase the overall field-of-view of 

the driver (Kaehn, 1976). To a limited degree, the vis ion problem of 



windsh ie l d  damage i s  s i m i l a r  t o  o t h e r  p rob lems  t h a t  i n t r o d u c e  b l  i n d  

spots i n  t h e  f i e l  d-of-view. 

3. V i s i b i l i t y  l o s s  due t o  spec tac le  frames. Bewley (1969) c l a i m s  

t h e  s t y l e  and s i z e  o f  spec tac le  frames worn by d r i v e r s  may r e d u c e  t h e  

f i e l d  o f  v i s i o n  below minimum sa fe t y  q t a n d a r d s .  F u r t h e r m o r e ,  some 

frames may i n t e r f e r e  bo th  w i t h  pe r i phe ra l  and c e n t r a l  v i s i o n  (Smi th  a n d  

Weale, 1966). N e i t h e r  t h e  abso lu te  o r  r e l a t i v e  l e v e l s  o f  t h i s  t y p e  o f  

i n t e r f e r e n c e  a re  known. 

4. Windshie ld  w i p i n g  systems. Du r i ng  r a i n  t h e  p r i m a r y  f a c t o r  

reduc ing  v i s i b i l i t y  i s  t h e  water  f i l m  on t h e  w indsh ie l d  (Mor r i s ,  Mounce, 

Bu t t on  and Wal ton, 1977). However, w iper  mechanisms can a1 so o b s t r u c t  a  

d r i v e r ' s  v i s i on .  They should b e  d e s i g n e d  t o  a v o i d  o b s t r u c t i o n  o f  

c e r t a i n  " c r i t i c a l  areas," p a r t i c u l a r l y  nex t  t o  t h e  l e f t  A-pi1 l a r  and t h e  

c e n t r a l  r eg ion  o f  t h e  w i n d s h i e l d  (Su t ro ,  1957; K ing  and S u t r o ,  1 9 5 4 ) .  

The e x t e n t  t o  whi'ch these f a c t o r s  i n t e r f e r e  w i t h  v i s i o n  r e l a t i v e  t o  

those mentioned p r e v i o u s l y  has n o t  been assessed. 

5 .  Heat-absorbing and t i n t e d  windshie lds.  Two s tud ies  p e r f o r m e d  

a t  HSRI compared c l e a r  w indsh ie l d  g lass  w i t h  t i n t e d  g l a s s  ( B e r n s  t e i  n,  

1976; F i l k i n s ,  1979). I n  t h e  f i r s t  study, us i ng  a  c o m p l e x  head1  i g h t  

v i s i b i l i t y  model, on ly  smal l  d i f f e r e n c e s  i n  d e t e c t i o n  d i s t a n c e s  w e r e  

found between c l e a r  a n d  h e a t - a b s o r b i n g  g l a s s .  L i k e w i s e ,  i n  h i s  

i n v e s t i g a t i o n  o f  t i n t e d  w i n d s h i e l d  invo lvement  i n  a c c i d e n t s ,  F i  l k i  ns  

found 1  i ttl e  d i f f e r e n c e  between t h e  two w indsh ie l d  types. Damaged g lass  

may be a  g rea te r  hazard. 

6. Importance o f  zones sur round ing  t h e  veh ic le .  Smith, B a r  da 1  es  

and Burger  (1973) found t h a t  d r i v e r s  a t t a c h e d  g r e a t e r  i m p o r t a n c e  t o  

zones t o  t h e  r i g h t  o f  a  d r i v e r  than t o  t h e  l e f t .  These zones i n c l  u d e d  



areas t;o t h e  s i des  and r e a r  o f  t he  vehic le .  The authors  concluded t h a t  

t h e  h i g h e r  we igh t ings  g iven  t o  t h e  r igh t -hand  zones were p r i m a r i  l y  due  

t o  t h e  g r e a t e r  d i f f i c u l t y  t o  see those zones (reduced f i e l  d - o f  - v i  ew ) . 
T h i s  suggests t h a t  when e v a l u a t i n g  t h e  e f f e c t  o f  damaged w i n ds h  i e 1  ds , 

one must be concerned w i t h  t h e  l o c a t i o n  o f  t he  damage r e 1  a t i  ve  t o  t h e  

d r i v e r ' s  l i n e  o f  s igh t .  (See a l s o  Smeed, 1953; Soc ie ty  o f  A u t o m o t i  ve 

Engineers, 1973 f o r  general i n f o r m a t i o n  on f i e l  d-of-view. ) 

7 ,  E f f o r t s  t o  develop a  F i g u r e - o f - M e r i t  f o r  v i s i b i l i t y .  Some 

at tempts have been made t o  take  f i e l d - o f - v i e w  i n p u t  v a r i a b l e s  a n d  

manipu la te them t o  produce a s i n g l e  "F igure -o f -Mer i  t "  d e s c r i b i n g  t h e  

q u a l i t ~ f  o f  t he  f i e l d .  Baruoski ,  Maurer, and Kugl e r  ( 1 9 6 9 )  d e v e l  o p e d  

such a  model and found t h a t  poor m i r r o r / p i l l a r  placement,  1  i tt l  e  h e a d  

room, e~nd h igh  dashboard p r o f i l e  were f r equen t  problems t h a t  d e c r e a s e d  

t h e  F i  gure-of-Heri  t f o r  fo rward  v i s i b i l i t y .  However, Ponce (1973) found 

no assoc ia t i on  between p a i r e d  rank ings o f  v i s i b i l i t y  F igure-of -Mer i  t and 

v e h i c l e  acc iden t  ra tes.  I n  n e i t h e r  o f  these models i s  w indsh ie l d  damage 

a  f a c t o r .  

W i  ndshiiel d  Damage and Degradat ion 

R e l a t i v e l y  l i t t l e  i n f o rma t i on  e x i s t s  on w indsh ie l d  breakage and i t s  

ef fect ! ;  on d r i v e r  performance ( i n f o r m a t i o n  which would be more d i r e c t l y  

r e l eva t i t  t o  t h e  c u r r e n t  i s s u e ) .  The  f e w  s t u d i e s  t h a t  h a v e  b e e n  

perfornned a re  descr ibed  i n  t h i s  sect ion.  

Al though R o d l o f f  and B r e i t e n b u r g e r  ( 1 9 6 7 )  c o n c e n t r a t e d  on  t h e  

pene t ra t i on  res i s tance  o f  va r ious  types o f  windshie lds,  they noted t h a t  

b r i g h t  s u n l i g h t  through cracked windshie lds impa i rs  v i s i o n  f a r  more than 

head l i gh t s  a t  n i gh t ,  though no data a re  presented. T h i s  s u g g e s t s  t h a t  



g l a r e  angle should be manipu la ted i n  s tud ies  o f  d r i v e r  performance w i t h  

damaged windshie lds.  

Hoffman (1973) r e p o r t s  two s tud ies  i n v e s t i g a t i n g  s i  t u a t i  ons  w h e r e  

w indsh ie l d  breakage (caused by t h e  i m p a c t  o f  some e x t e r n a l  o b j e c t )  

r e s u l t s  i n  an i m m e d i a t e  a c c i d e n t .  I n  t h e  f i r s t ,  3  o u t  o f  3 0 5  

w i  ndscreen-impact i n c i  dents r esu l  t e d  i n  accidents.  I n  t h e  second, 3 6 0 0  

i n c i d e n t s  r e s u l t e d  i n  4  cases o f  i n j u r y  and 4 cases o f  p r o p e r t y  damage 

only .  Thus, t h e  impact o f  an o b j e c t  w i t h  t h e  w indsh ie l d  r a r e l y  becomes 

t h e  d i r e c t  cause o f  an acc ident .  However, Hoffman does n o t  d iscuss t h e  

problem o f  "non-immediate" acc iden ts  t h a t  r e s u l t  from w indsh ie l  d  damage 

i n t e r f e r i n g  w i t h  v i s i on .  

A major  survey o f  acc iden t  c a u s a t i o n  was c o n d u c t e d  b y  B u r g e r ,  

Smith, Queen, and Slack (1977). Inc luded  i n  t h a t  s t u d y  w e r e  s e v e r a l  

quest ions concerned w i t h  d r i v e r  v i s i o n  ( t h e  e f f e c t s  o f  i n c l e m e n t  

weather, g l a r e  f rom o t h e r  v e h i c l e s '  h e a d l i g h t s ,  o b s t r u c t i o n  f r o m  

m i r ro r s ,  p i l l a r s ,  ~ t c .  ) .  C o n s p i c u o u s  by t h e i r  a b s e n c e  w e r e  any 

quest ions addressing t h e  problem o f  w indsh ie l d  damage. 

T rea t  (1980) p rov ides  an e x c e l l e n t  summary o f  h i s  Ind iana  T r i - l e v e l  

study, one o f  t h e  few recen t  in-depth s tud ies  o f  a c c i d e n t  c a u s a t i o n .  

Veh i c l e - re l a ted  v i s i o n  obs t ruc t i ons  were c i t e d  as a  c a u s a l  f a c t o r  i n 

about one p e r c e n t  o f  a l l  a c c i d e n t s .  W i n d s h i e l d  damage was n o t  

i m p l i c a t e d  as a  f a c t o r .  "Glindshield obs t ruc t i ons  due  t o  i c e ,  f r o s t ,  

water,  e tc .  on  w i n d o w s  w e r e  t h e  p r i m a r y  v e h i c l e - r e l a t e d  v i s i o n  

obs t ruc t ions .  I n  a  smal l  p r o p o r t i o n  a f  t h e s e  a c c i d e n t s ,  d e f i c i e n t  

de f ros te rs ,  wipers,  and m i r r o r s  were imp1 i c a t e d "  (T rea t ,  1980, p. 16). 

To understand t h e  scope o f  t h e  damage problem, i t  i s  i m p o r t a n t  t o  

know how o f t e n  w indsh ie l d  damage o c c u r s .  W r i g h t  ( 1 9 7 4 )  e x a m i n e d  



windshie ld breakage a f t e r  B r i t i s h  roads were r e s u r f a c e d  w i t h  a l o o s e  

mater ia l  ( t h a t  could be picked up and thrown by t h e  t i  r e s  o f  p a s s i n g  

vehicles). Estimates were t h a t  windshie ld breakage occurred a t  a r a t e  

o f  .3:3 p e r  100,000 veh ic le  ki lometers. I n  a study by M i  11 a r d  ( 1 9 7 0 ) ,  

referenced by W r i g h t  ( 1 9 7 4 ) ,  a r a t e  of one p e r  480,000 v e h i c l e  

k i  1 ometers i s  offered. 

I\ somewhat more de ta i l ed  examination o f  the w i n d s h i e l d  b r e a k a g e  

problem appears i n  a study by F a r r  (1977). I n  t h a t  study quest ionnaires 

were completed by 1493 d r i v e r s  who had damaged w indsh ie lds .  Shown i n  

Table 1 are t h e  repor ted causes of breakage. 

TABLE 1 

Causes o f  Breakage 

---.-..----.------------------------------------------------------------- 
l LAMINATED I TEMPERED (Toughened) 

STATED CAUSE OF BREAKAGE IW INDSHIELDI WINDSHIELD 
-----..-----------------.----------------+----------+-------------------- 

I I 
" S t  one" I 76 1 836 
" H i t  something before breakage" I 2 1 29 
"Co l l ided  w i t h  something a f t e r  breakage" l 0 I 2 
"Cause unknown" I 23 1 479 
"Other causes" I 3 1 3 8 
"No rep ly "  I 1 I 4 

I I 
Tot a1 1 105 1 1388 ........................................................................ 

From F a r r  (1977). 

Of the  d r i v e r s  questioned by Far r ,  9 o u t  o f  1 0  e x p e r i e n c e d  no 

d i f f i c u l t y  i n  stopping safe ly  immediately a f t e r  a winds h i  e l  d f r a c t u r e  

and orlly a f r a c t i o n  o f  a percent  c o l l i d e d  w i t h  a n y t h i n g  a f t e r  t h e  

w i  nds hie1 d (tempered) was shattered. Most o f  the  breakages occurred a t  

h igh vehic le  speeds e i t h e r  on d i v i ded  o r  f i r s t  c lass  highways. 



An i n t e r e s t i n g  and impo r tan t  f i n d i n g  from t h e  F a r r  study was t h a t  

d r i v e r s  tended t o  rep1 ace damaged w i  ndsh ie l  ds w i t h  tempered g l  ass r a t h e r  

than  lamina ted  glass, because i t c o s t  h a l f  as much. O c c u p a n t  i m p a c t  

i n j u r i e s  f rom 1 ami na ted  w i  ndsh ie l  ds a r e  general l y  much 1 ess severe t h a n  

those f rom tempered windshie lds,  s ince  lamina ted  w indsh ie lds  a r e  h a r d e r  

t o  pene t ra te  (Olson, no te  1 ) .  C l e a r l y ,  t h i s  i s  one  a r g u m e n t  f o r  

i n c l u d i n g  w indsh ie l d  replacement i n  f u l l  i nsurance  c o v e r a g e  ( a n d  n o t  - 
only as a d e d u c t i b l e  i tem) .  

G la re  i s  a  common problem t h a t  can be i n t e n s i f i e d  b y  w i n d s h i e l d  

damage o r  o b s t r u c t i o n .  A1 l e n  ( 1 9 7 4 )  p e r f o r m e d  s e v e r a l  s t u d i e s  

concern ing t h e  e f f e c t s  o f  windscreen d i r t  and s u r f a c e  s c r a t c h e s .  I n 

one, t h e  v e i l i n g  g l a r e  from 40 automobi le  w indsh ie lds  i n  t h e  Me1 b o u r n e  

communi t y  was recorded by u s i n g  a s o p h i s t i c a t e d  photographic  procedu r e .  

(These w indsh ie lds  were exposed t o  abras ive  dus t  f rom t h e  brakes of t h e  

1 ocal  trams, and su r f ace  damage was g r e a t e r  than  normal. ) Measurements 

were taken o f  bo th  c l ean  and d i r t y  w indsh ie lds  and a t  severa l  l o c a t i  ons  

on each windshie ld .  Mean v e i l i n g  luminance indexes o f  , 1 6  f r o m  h a n d -  

cleaned, .54 f rom d i r t y ,  and -82 from wiper-damaged w i n d s h i e l d s  w e r e  

repor ted.  A l l e n  suggests t h a t  a  few deep scratches i n  a  w indsh ie l d  a r e  

l e s s  o f  a  v i s u a l  problem then  numerous f i n e  s c r a t c h e s .  T h i s  i m p l i e s  

t h a t  f o r  broken w indsh ie lds ,  w indsh ie l  d-generated g l a r e  may be a se r i ous  

problem on ly  when t h e  damage i s  s u b s t a n t i a l .  

I n  subsequent s t a t i c  t e s t s  conducted by A l l e n ,  d r i v e r s  counted t h e  

number o f  t e s t  t a r g e t s  v i s i b l e  w h i l e  be ing  sub jec ted  t o  t h e  g l a r e  o f  an  

oncomi ng c a r ' s  headlamps. Whi le d e t e c t i o n  d i  stances i n t e r a c t e d  w i t h  t h e  

d i s tance  o f  t he  g l a r e  veh i c l e ,  t h e  w i n d s h i e l d  c o n d i t i o n  h a d  a m a r k e d  

e f f e c t  on performance. D e t e c t i o n  d i  stances f o r  t h e  t e s t  c o n d i t i o n s  were 



approximately 46 meters f o r  no windshie ld ,  43 m e t e r s  f o r  a  new c l e a n  

windshie ld ,  40 meters f o r  a  new and d i r t y  windshie ld ,  36  m e t e r s  f o r  a  

scratched b u t  c l ean  windshie ld ,  and 30 meters f o r  a  sc ra tched  and d i  r t y  

windshie ld .  

I n  a  t h i r d  experiment, sub jec t s  approached t a r g e t s  w h i l e  r i d i n g  i n 

a c a r  and pressed bu t tons  when they c o u l d  j u s t  de tec t  somethi n g  i n t h e  

roadwa~y and when they were c e r t a i n  s o m e t h i n g  was t h e r e .  D e t e c t i o n  

th resho lds  were roughly  68 meters f o r  t h e  c lean  w indscreen ,  49  m e t e r s  

f o r  t h e  scratched one, 62 meters f o r  d i r t y  windscreens, a n d  50  m e t e r s  

f o r  w i ~ i d s c r e e n s  t h a t  w e r e  b o t h  d i r t y  a n d  s c r a t c h e d .  P o s i t i v e  

i d e n t i f i c a t i o n  d i s t a n c e s  w e r e  t y p i c a l l y  1 0  m e t e r s  l e s s  t h a n  t h e  

d e t e c t  i o n  thresh01 d. 

F i n a l l y ,  A1 l e n  measured w indsh ie lds  be fo re  and a f t e r  they had b e e n  

p o l i s h ~ s d  t o  remove sur face  scratches. G la re  was reduced s u b s t a n t i  a1 l y  

a f t e r  p o l i s h i n g .  The c e n t r a l  theme o f  A l l e n ' s  p a p e r  i s  t h a t  n o r m a l  

condi t , ions o f  use can r e s u l t  i n  w indsh ie l d  degradat ion t h a t  w i  1 1  c a u s e  

s u b s t a n t i a l  i n t e r f e rence .  I n  t h i s  and o t h e r  works (1963, 1969)  , A1 1 e n  

found ' that the  amount o f  l i g h t  sca t t e red  by w iper  p a t t e r n s  was r e 1  a t e d  

t o  an ~ i u t o m o b i l e ' s  cumulat ive mileage. He suggests t h a t  g l a r e  r e 1  a t e d  

problems are  severe enough t o  war ran t  w i  nds  h i  e l  d  r e p 1  a c e m e n t  e v e r y  

50,000 mi les.  

Some o f  t h e  e f f e c t s  o f  w indsh ie l d  damage on d r i v e r  performance c a n  

be ext i rapolated from t h e  genera l  r e s e a r c h  o n  v i s i  b i  1  i t y  d e s c r i b e d  

p rev ious l y .  For  example, S u t r o ' s  (1957) study of c r i t i c a l  a r e a s  f o r  

wiper-washer systems i n d i c a t e s  t h a t  damage nex t  t o  t h e  l e f t  A-pi1 l a r  and 

i n  t h e  cen te r  o f  t h e  w i n d s h i e l d  may b e  m o r e  c r i t i c a l  t h a n  damage 

loca1i;zed i n  o the r  areas. Also, i n  develop ing t h e i r  F i g u r e - o f - M e r i  t 



model, B a r u o s k i ,  M a u r e r ,  a n d  K u g l e r  ( 1 9 6 9 )  f o u n d  t h a t  d r i v i n g  

e n v i r o n m e n t  a f f e c t e d  f i e l d - o f - v i e w  r e q u i r e m e n t s .  V i s i b i l i t y  

requirements (and, as a r e s u l t ,  t h e  importance o f  damage) a re  g r e a t e s t  

i n  urban t r a f f i c  and a r e  r e d u c e d  i n  r u r a l  o r  f r e e w a y  s i t u a t i o n s .  

However, d i r e c t  i n v e s t i g a t i o n  o f  these parameters i n  cases o f  w indsh ie ld  

breakage has n o t  been performed. 

I n  summary, t he re  e x i s t s  a general body o f  know1 edge on  d r i v e r  

v i s i b i l i t y  and s p e c i f i c  requirements f o r  an a d e q u a t e  f i e 1  d - o f - v i  ew. 

However, t he re  i s  l i t t l e  i n f o rma t i on  i n  t h e  r e s e a r c h  l i t e r a t u r e  on  

w indsh ie l d  damage a n d  b r e a k a g e  a n d  i t s  d i r e c t  e f f e c t s  on  d r i v e r  

performance. L i m i t e d  frequency data do e x i s t ,  b u t  t h e r e  a r e  no  d a t a  

desc r i b i ng  damage p a t t e r n s  o r  loca t ions .  Research on w i nds h i  e l  ds has  

concentrated p r i m a r i l y  on c h a r a c t e r i s t i c s  t h a t  w i 1 1  r e d u c e  veh  i c l  e 

occupant impact i n j u r i e s  and on t h e  assessment o f  v i s i b i l i t y  1 o s s  when 

degradat ion i s  s p a t i a l l y  homogeneous. 



ACCIDENT DATA ANALYSIS 

Tlie on ly  c o l l e c t i o n  o f  acc iden t  da ta  i n  which pre-crash w i n d s h i e l d  

c o n d i t i o n  i s  coded i s  t he  C o l l i s i o n  Performance and I n j u r y  Report  (CPIR) 

Rev is ion  3 (Highway S a f e t y  R e s e a r c h  I n s t i t u t e ,  1 9 7 8 ) .  C P I R  was 

o r i g i n a l l y  developed i n  1967 by General Motors and i s  now ma in ta i ned  b y  

HSRI. The l a s t  major  update was i n  1979. The f i l e  i s  a  c o l l e c t i o n  o f  

desc r i p t i ons  ob ta ined  a t  t h e  acc iden t  s i t e s  by f i e 1  d  i n v e s t i g a t i o n  teams 

i n v o l v f n g  about  9600 veh ic les .  Over t h e  h i s t o r y  o f  t h e  e f f o r t ,  no  

s i n g l e  cons i s ten t  scheme t o  i nc l ude  a c c i d e n t s  i n  t h e  f i l e  h a s  b e e n  

u t i l i z e d .  Th i s  i s  due t o  t h e  d i f f e rences  i n  i n v e s t i g a t i o n  t eams  a n d  

change!; i n  t he  i n t e r e s t s  o f  research sponsors. As a r e s u l t ,  d i  f f e r e n  t 

types o f  acc iden ts  ( s u c h  as  f a t a l  a c c i d e n t s  i n v o l v i n g  t r u c k s  o r  

pedes t r i an  acc iden ts )  were, a t  t imes, d i  sp ropo r t i  ona  t e l y  i n c l  u  ded  o r  

excluded from t h e  f i l e ,  depending on research p r i o r i t i e s .  Thus, C P I R  i s  

a  co l l t ! c t i on  o f  a c c i d e n t  d e s c r i p t i o n s ,  a n d  n o t  a  s t a t i s t i c a l l y  

r ep resen ta t i ve  sample o f  motor v e h i c l e  accidents.  

C F ' I R  i s  the  most d e t a i l e d  o f  t he  acc iden t  data f i l e s  a t  H S R I  . I t 

conta i r is  647 var iab les ,  most o f  which descr ibe  t h e  e x t e n t  o f  i n j u  r i  e s  , 

v e h i c l e  damage, and p a r t s  o f  t h e  veh i c l es  t h a t  come i n t o  c o n t a c t  w i t h  

t h e  occupants. Many o t h e r  v a r i a b l e s  d e a l  w i t h  t h e  e n v i r o n m e n t a l  

cond i t i ons  p resen t  when t h e  a c c i d e n t  o c c u r r e d  and,  i n  a d d i t i o n ,  a  

d e s c r i p t i o n  o f  t he  v e h i c l e  p r i o r  t o  t h e  acc ident .  

Relevant t o  t h e  p r e s e n t  s t u d y  i s  v a r i a b l e  3 7  - " V i s i b i l i t y  

Limitat; ion." The ten  codes f o r  V i s i b i l i t y  L i m i t a t i o n  w i t h  t h e i r  

f requencies a re  shown i n  Table 2. 

Ta,ble 3 p resen ts  a  summary o f  t h e  acc iden t  da ta  f o r  t h e  39  c a s e s  

f o r  which w indsh ie l d  c o n d i t i o n  was coded as a  p o t e n t i a l  causal  f a c t o r .  



TABLE 2  

V i s i b i l i t y  L i m i t a t i o n  Levels i n  CPIR 

----------1------------------------------0----------------------------- 

Level Tag I Number o f  Vehicles 
----I--------------IIIII--I-----+-------------------------------------- 

I 
I 

Unknown I 288 
None I 7 571 
C1 oudy-Dark I 630 
Fog I 165 
Smoke I 6  
Windshield Condi t ion I 39 
Glare I 143 
Other I 44 
Rain I 203 
Snow I 129 

I 
Tota l  n  = I 9218 (as o f  January, 1981) 

Because o f  the  d i f fe rences i n  accident i nves t i ga t i on  teams, t h e r e  a  r e  

inconsis tencies i n  codi ng. For instance, t h e  one case r e p o r t i  ng "g la re"  

should have been coded i n  i t s  own categor ica l  level.  A l so ,  t h e r e  a r e  

several cases o f  " r a i n "  and "snow" repor ted a t  t he  windshield c o n d i t i o n  

l e v e l  r a t h e r  than a t  t h e i r  own levels. It i s  bel ieved these c a s e s  a r e  

proper ly  recorded, as they i n d i c a t e  a  v i s i b i l i t y  problem, r a t h e r  t h a n  

o the r  d i f f i c u l t i e s  (such as skidding). 

Appendix 1 contains a  complete desc r ip t i on  o f  the p r e - c r a s h  and 

post-crash windshie ld cond i t i on  f o r  the  37 vehicles as repo r ted  by t h e  

i n v e s t i g a t i o n  teams. In 18 cases, there was no damage t o  the  windshie ld 

a f t e r  t he  crash. I n  18 o the r  cases there was a t  l east some w i nds h i  e  l d 

damage. Occupant contact  w i t h  the w i  ndshield was suspected o r  confirmed 

f n 11 cases. 

There were only  two cases where the  windshield was ac tua l l y  damaged 

p r i o r  t o  t he  accident. I n  both cases, t h e  windshie ld c o n d i t i o n  was a  



TABLE 3 

Windshield Condit ion P r i o r  t o  Accident 

Condit ion 
- - - - - - - - - - - - 

I n ( t o t a l  = 39) 

I 
Fogged o r  i cy w i  nds h i  e l  d, I 
not c leared by de f ros te r  I 9 

I 
Washer-wiper system d i d  not I 
c l e a r  d i r t y  o r  wet w i  ndshield I 8 

I 
Slush o r  spray from o ther  I 
vehic le on w i  ndshield I 7 

I 
Snow, sleet,  blowing snow I 
not c leared I 6 

I 
Unknown - no def  i n i  t i ve I 
i n fo rmat ion  I 4 

I 
P i t ted,  chipped o r  damaged I 
w i  nds h i  e l  d I 2* 

I 
Second vehic le - no damage I 2* 

I 
G l  a re  I 1 ** 

~ - ~ ~ - , ~ ~ ~ - - - ~ ~ ~ - - - - - - - - - - ~ ~ o ~ o - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ o o ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

'*These were t h e  only 2 cases w i th  windshields t h a t  were  a c t u a l l y  

damaged (see tex t ) .  The 2 cases i d e n t i f i e d  as "second v e h i  c l  e s "  were  

o ther  vehicles involved i n  these 2 accidents. They were coded f o r  t h i s  

var iab le  f o r  t h e i r  involvement i n  the  accident, and d i d  not t h e m s e l  ves 

have a degraded w i  ndshield condit ion. 

**This g la re  case was improperly coded by t h e  accident team. 

potenit ial  con t r i bu t i ng  cause, bu t  was not f e l t  t o  be  t h e  d e t e r m i n i n g  

cause o f  t he  accident. Appendix 2 contains shor t  descr ip t ions  o f  t h e s e  

two accident cases. 

Appendix 3 contains shor t  descr ipt ions o f  44 c a s e s  coded  a t  t h e  

"other" l e v e l  o f  v i s i b i l i t y  l im i ta t i on .  Once again, due t o  p o t e n t  i a 1  



coding i ncons i s tenc ies ,  a  w i n d s h i e l d  c o n d i t i o n  problem m igh t  have been a  

f a c t o r  i n  some o f  these cases. However, t h e r e  were no c a s e s  r e p o r t e d  

among these  44 where t h e  w i n d s h i e l d  was a c t u a l l y  damaged p r i o r  t o  t h e  

acc i  dent. 

I n  conc lus ion,  t h e r e  i s  n o  e v i d e n c e  f r o m  t h e  C P I R  f i l e  t h a t  

w i n d s h i e l d  damage was t h e  cause o f  any o f  t h e  acc iden ts  coded. However, 

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

consequent ly,  t h a t  conc lus ion  i s suspect. 



LABORATORY EXPERIMENT: NIGHTTIME D R I V E R  DECISION MAKING 

The research 1  i t e r a t u r e  p r o v i  des 1  i ttl e  i n fo rma t i on  on w i n d  s  h  i e 1  d  

damage and d r i v i n g  safety.  Most o f  t h e  p rev ious  s tud ies  were concerned  

w i t h  windshie lds con ta in i ng  gross, homogeneous d i s t o r t i o n s .  Since m o s t  

ac tua l  cases o f  w indsh ie l d  g lass damage occur e i t h e r  a t  a  p o i n t  (such as 

a stone c h i p )  o r  i n  a  l o c a l i z e d  p a t t e r n  ( s u c h  a s  a  f r a c t u r e  t h a t  

" r ad ia tes "  from an impact o r i g i n ) ,  most o f  these s tud ies  do n o t  d i r e c t l y  

address t he  ques t ion  of i n t e r e s t .  

L ikewise, the  acc iden t  data ana l ys i s  d e s c r i b e d  i n  t h e  p r e v i o u s  

z e c t i o l ~  d i d  n o t  show a  r e l a t i o n s h i p  b e t w e e n  w i n d s h i e l d  damage a n d  

accidents.  A1 though many o f  the  veh i c l es  i n  t h e  da tase t  were suspec ted  

o f  hav ing a  degraded pre-crash w indsh ie l d  cond i t ion ,  t he re  were on ly  two 

cases w i t h  conf i rmed damage t o  t h e  g l a s s  - n o t  enough  f o r  s w e e p i n g  

conc lus ions about t h e  e n t i r e  populat ion.  

I n  response t o  t h i s  i nadequa te  s t a t e  o f  p r e s e n t  k n o w l e d g e ,  a  

con t ro ' l l ed  l a b o r a t o r y  e x p e r i m e n t  was p e r f o r m e d .  The  e x p e r i m e n t  

c o l l e c t e d  response-time and e r r o r  data from d r i v e r s  who viewed s imulated 

road situations through windshie lds,  bo th  damaged and undamaged. The  

r e s t  o f  t h i s  sec t i on  descr ibes t h a t  experiment i n  d e t a i l .  

METHOD 

Equipment and M a t e r i a l  s  

Three c lasses o f  apparatus were used i n  t h i s  e x p e r i m e n t  - -  t h e  

computer system, t h e  windshie lds,  and t h e  t e s t  s l i des .  Each element i s  

descr ibed i n  t h e  f o l l o w i n g  sect ion.  The g e n e r a l  a r r a n g e m e n t  o f  t h e  

equipment i s  shown i n  F igu re  1. 





Computer System. The experiment was control led by an A D A C  model 

1000 mi nicomputer which contained a Digital Equipment C o r p o r a t i  on LSI 

11/2 prpocessor. The computer had 64K b y t e s  o f  memory, a r e a l - t i m e  

programmable clock with u p  t o  one-tenth of a millisecond resolution, 32 

b i t s  for digital  i n p u t / o u t p u t ,  and b o t h  anal og-to-di g i  tal  and di g i  t a 1 - 
to-anal og converters. Five devices were connected t o  the computer: 

1 )  Programs and data were stored on dual A D A C  model 800 8 i nch 

s i  ngle-sided f loppy di sk drives. 

2 )  Operator control of the computer was exercised via an A n n  Arbor 

Terminals model 531E video display unit. 

3 )  Slides of t e s t  scenes were presented t o  s u b j e c t s  by 2 Kodak 

RA-960 35 mm random-access sl ide projectors. Those pro jec tors  

were connected to  the computer via 2 Lafayette Instrument model 

12910 projector controllers which were modif ied  f o r  r a p i d  

carousel movement. 

4 )  Eposure control of the slides was obtained bv t w o  La f a y e t t e  

model 43016 external shutters, one per p r o j e c t o r  l e n s .  The 

shutters were interfaced t o  t h e  computer v i a  custom-made 

drivers. 

5) Subjects responded via a specially made, 10-key "Fi t t s  t y p e "  

piano-like keyboard. A response required key d e p r e s s i o n  of 

less  than 1 mm and only a few ounces of f o r c e .  I t  t o o  was 

connected to the computer via a custom-made interface. 

Olperating independently of the computer was a Kodak model 650H 

serial  access 35 mm s l ide projector which was aimed a t  the s u b j e c t  and 

served as a glare source. The illumination level was a d j u s t e d  t o  .08  

footla~nberts measured in the plane of the subject 's  eyes using a var i  ac 
- 



which regu la ted  t h e  vo l t age  t o  t h e  lamp c i r c u i t .  T h o s e  l e v e l s  w e r e  

measured w i t h  a  Photo Research 1970 PR P r i t c h a r d  photometer. T h e y  a r e  

e q u i v a l e n t  t o  g l a r e  l e v e l s  exper ienced by d r i v e r s  when f a c i n g  U.S. 1  ow- 

beam headlamps from severa l  hundred f e e t  away. 

Windshields.  Two p ieces o f  lamina ted  f l a t  auto g lass  p r o v i d e d  by  

Libbey-Owens-Ford ( 2  f e e t  h i gh  x 4 f e e t  w i d e  x .230  n o m i n a l  i n c h e s  

t h i c k )  served as t h e  t e s t  ma te r i a l s .  Each p iece  was composed o f  2  panes 

o f  c l e a r  f l o a t  g lass  ( . I00  nominal inches t h i c k )  s e p a r a t e d  b y  a  h i g h  

p e n e t r a t i o n  r e s i s t a n c e  PBB i n t e r l a y e r .  The p i e c e s  w e r e  s u p p o r t e d  by  

wooden frames and p laced  a t  arms l e n g t h  i n  f r o n t  o f  t h e  sub jec t ,  a n g l  e d  

60 degrees from t h e  d r i v e r ' s  l i n e  o f  s i gh t .  (See F i g u r e  1.)  Each p a n e  

can be thought  o f  as hav ing  two 2 - foo t -by -2 - foo t  v iewing s e c t i o n s .  On 

one p iece,  one s e c t i o n  was l e f t  undamaged w h i l e  t h e  o t h e r  h a d  a  

c e n t r a l l y  l o c a t e d  s imu la ted  s t o n e  b r u i s e  (made by  d r o p p i n g  a  b a l l  

bea r i ng  f rom severa l  f e e t ) .  The o t h e r  p i ece  had severe damage on  one  

h a l f  and moderate damage on t h e  o ther ,  ach ieved by f o r c e f u l  hammer blows 

by t h e  p r o j e c t  t echn i ca l  moni tor .  Shown i n  F i g u r e  2 a r e  sketches o f  t h e  

damaged glass. 

S l i des .  F o r t y - e i g h t  35 mm s l i d e s  o f  s i m u l a t e d  n i g h t t i m e  r o a d  

scenes from a  d r i v e r ' s  p o i n t  of view i n  f o u r  con f i gu ra t i ons  w e r e  u s e d :  

12 l e f t  curves, 12 r i g h t  curves, 12 s t ra ightaways,  and 12 i n t e r s e c t i o n s .  

W i t h i n  each group o f  12 t h e r e  were 6 " sa fe  t o  proceed" and 6 "slow down" 

s l i des .  S l i d e s  were d i v i d e d  i n t o  2 groups o f  24, w i t h  e a c h  p r o j e c t o r  

carousel  c o n t a i n i n g  an equal number  o f  r o a d  t y p e  by  r e s p o n s e  t y p e  

combinations. To p reven t  t h e  sounds o f  t h e  p r o j e c t o r  movemen ts  f r o m  

i n t r o d u c i n g  response biases, s l  i des  were randomly o r d e r e d  w i t h  i n e a c h  

carousel .  (A d e s c r i p t i v e  l i s t i n g  o f  a l l  s l i d e s  appears i n  Appendix 4.) 



X Undamaged section Chipped section 

X Severely damagzd section Moderately damaged section 

Figure 2 4  Sketches of Damaged Windshields 

Note: The windshields are shown as they would appear t o  the subject 
looking towards the screen. Each windshield could be mounted 
in two ways. The " X u  indicates the position of the lower 
l e f t  corner. The subject ' s  l ine  of  s ight  was direct ly  behind 
the damage center in the severe and chipped conditions and just  
above i t  i n  the moderate condition. 



Road scenes were cons t ruc ted  u s i n g  "Matchbox" s i z e  ( r o u g h l y  1 : 6 4  

sca le )  v e h i c l e s  which were p o s l t i o n e d  on a  s imu la ted  two-lane paved road 

on a  s imp le  t e r r a i n  board. To make them a p p e a r  m o r e  r e a l i s t i c ,  a l l  

veh i c l es  were p a i n t e d  w i t h  " d u l l  coa t "  t o  reduce t h e  p a i n t  r e f l e c t i v i t y ,  

and most g r i l l  work was blackened. The r e f l e c t i v i t y  o f  a l l  1  u m i  n a i  r e s  

was enhanced by cove r i ng  them w i t h  3M r e f l e c t i v e  s h e e t i n g ,  w h i t e  f o r  

headlamps and r e d  f o r  t a i l  1  amps and marker 1  amps. The camera p  os  i t i  o n  

was f i x e d  so t h a t  i t  s imu la ted  a  passenger c a r  d r i v e r ' s  v i e w  o f  t h e  

road. Pr imary i l l u m i n a t i o n  o f  t h e  road was a c h i e v e d  by  a  Ray -0 -Vac  

rec tangu la r  throw-away " ~ r i t e - ~ i t ~ "  f l ash1  i g h t ,  w h i  c h  was p o s  i t i  o n e d  

beneath and s l i g h t l y  t o  t h e  r i g h t  o f  t he  camera l e n s .  I t s  i n t e n s i t y  

d i s t r i b u t i o n  made t h e  scene appear as i f  t h e  road was b e i n g  i l l u m i n a t e d  

by a  c a r ' s  head l igh ts .  Other  i l l u m i n a t i o n  was p rov ided  by E v e r e a d y  A A  

s i z e  pocke t  f l a s h l i g h t s  ( p l aced  behind c ross ing  v e h i c l e s  t o  s i m u l a t e  

t h e i r  headlamp p a t t e r n s )  and by a  desk lamp ( l o c a t e d  severa l  f e e t  f r o m  

t h e  scene and aimed away from i t  t o  p r o v i d e  general scene i l l u m i n a t i o n ) .  

I n  t h e  post -exper iment  d e b r i e f i n g  sub jec t s  s t a t e d  t h e y  be1  i e v e d  t h e  

scenes were rea l .  ( " D i d  you know t h e  s l i d e s  were p i c t u r e s  o f  toy cars?"  

"No, r e a l  l y ?  You ' re  k i dd ing .  " 1  

Peopl e  Tested 

S ix teen  l i c e n s e d  d r i v e r s  were tested,  8 "young" i n d i v i d u a l  s  ( a g e s  

17-33, mean 26) and 8 " o l d "  people (ages 56-76, mean 69) .  W i  t h i  n  e a c h  

age group t h e r e  were an equal number o f  ma1 es and femal e s  . The  y o u n g  

d r i v e r s  were U n i v e r s i t y  o f  M ich igan  employees and a l l  b u t  one worked a t  

t h e  Highway Safe ty  Research I n s t i t u t e .  The o l d  s u b j e c t s  w e r e  m o s t l y  

r e t i r e d  people l i v i n g  i n  Ann Arbor, Michigan. A l l  o f  t h e  o l d  s u b j e c t s  

were p a i d  $10.00 f o r  t h e i r  t ime, as was one H S R I  employee who was t e s t e d  



a f t e r  normal work ing hours. A1 1  d r i v e r s  were i n  good hea l th ,  though one 

o f  t h e  o l d e r  sub jec t s  had s l i g h t l y  d e c r e a s e d  m o b i l i t y  i n  h i s  r i g h t  

w r i s t .  A l l  young sub jec t s  had a  Sne l len  f a r  a c u i t y  o f  20125 o r  b e t t e r  

( co r rec ted )  wh i le ,  except  f o r  one d r i v e r  ( 2 0 / 7 0 ) ,  a1 1  o f  t h e  01  d e r  

d r i v e r s  were 20/50 o r  b e t t e r  ( c o r r e c t e d ) .  A1 1  d r i v e r s  w e r e  c o l o r  

normal. 

Procedure - 
Subjects  were t e s t e d  i n d i v i d u a l l y .  T e s t  sessions 1  a s  t e d  b e  t w e e n  

1-112 and 2 hours. Before t h e  main experiment, t h e  s u b j e c t ' s  v i s i o n  was 

c h e c k e d w i t h  a T i t m u s  model OV-7MProfessional  V i s i o n  T e s t e r .  A l s o ,  

t h e i r  c o l o r  v i s i o n  was checked w i t h  Dvo r i  ne P seudo-I sochromati c  Plates.  

Subsequently, t h e  sub jec t  was seated i n  f r o n t  o f  t h e  t e s t  apparatus 

and a l lowed t o  dark adapt f o r  t e n  t o  f i f t e e n  m i n u t e s .  D u r i n g  t h a t  

p e r i o d  b i og raph i ca l  i n f o r m a t i o n  was c o l l e c t e d ,  t h e  c h i n  r e s t  was 

adjusted, and t h e  i n s t r u c t i o n s  were read. I n  a d d i t i o n .  s u b j e c t s  w e r e  

shown a l l  o f  t h e  t e s t  s l i d e s  and t o l d  t h e  c o r r e c t  response f o r  each one. 

The exper imental  sess ion cons is ted  o f  about 1000 t r i a l s .  On e a c h  

t r i a l  a s l i d e  was shown t o  which t h e  sub jec t  responded by p ress ing  a  key 

depending upon whether o r  no t  i t  was safe t o  p roceed.  S u b j e c t s  w e r e  

i n s t r u c t e d  t o  imagine they were d r i v i n g  on a  r u r a l  road a t  n i g h t  a t  h igh  

speed, had been d i s t r a c t e d  from l o o k i n g  ahead, and then  suddenly saw t h e  

scene presented. The dec i s i on  r u l e  was t h a t  if a n y t h i n g  was i n t h e i  r 

l ane  o r  about  t o  e n t e r  i t  ( regard less  o f  d is tance) ,  they were t o  p r e s s  

t h e  l e f t  key (s low down o r  brake).  I f  i t  was sa fe  t o  proceed, s u b j e c t s  

pressed t h e  r i g h t  key ( t h e  acce le ra to r ) ,  T h i s  r u l e  was used t o  make t h e  

c o r r e c t  dec i s i on  f o r  each s l i d e  un i f o rm  across subjects.  Subjects  w e r e  



i n s t r u c t e d  t o  respond as r a p i d l y  and a c c u r a t e l y  as  p o s s i b l e .  ( T h e  

complete i n s t r u c t i o n s  a re  i n  Appendix 5.) 

T r i a l s  were organized i n t o  b l ocks  o f  a t  l e a s t  96 t r i a l s ,  w i t h  e a c h  

s l i d e  o r i g i n a l l y  scheduled t o  b e  shown t w i c e  p e r  b l o c k .  T h e  t e s t  

sequence was random w i t h i n  sub jec t s  and b l o c k s ,  b u t  c o u n t e r b a l a n c e d  

across age groups and sex (excep t  f o r  p r a c t i c e  b l o c k s ,  f o r  w h i c h  t h e  

same random sequence was always used). Du r i ng  t h e  t e s t  b locks,  unknown 

t o  t h e  subjects ,  t h e  l a s t  2 s l i d e s  scheduled f o r  t h a t  b lock  w e r e  shown 

i n  reverse  o r d e r  as t h e  f i r s t  t r i a l s  o f  t he  b l o c k .  T h e s e  s e r v e d  as  

unscored p r a c t i c e  t r i a l s .  Also, t e s t  t r i a l s  w i t h  r esponse  t i m e s  t h a t  

were c l e a r l y  unreasonable were repeated au toma t i ca l l y  a t  t h e  end o f  each 

t e s t  block. These inc luded :  

1 )  T r i a l s  w i t h  response t imes l e s s  than 150 msec, i n d i c a t i n g  t h a t  t he  

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

i n s t r u c t i o n s .  Only one t r i a l  was repeated f o r  t h i s  reason. 

2 )  T r i a l s  w i t h  response t imes g r e a t e r  than 3500 msec. These t r i  a1 s 

do n o t  r e f l e c t  a t r u e  response t o  t h e  s t i m u l u s .  R a t h e r ,  t h e y  

probably  i n d i c a t e  a breakdown o f  t he  d e c i s i o n  p r o c e s s ,  s u c h  a s  

s imply  f o r g e t t i n g  t h e  c o r r e c t  response t o  t h e  s l i d e .  F o r t y -  n i n e  

tri a1 s were repeated f o r  t h i s  reason. 

3 )  T r i a l s  w i t h  no response i n  a t  l e a s t  10 seconds. klhen 1 0  s e c o n d s  

elapsed, t h e  computer te rmina ted  t h e  t r i a l  a n d  moved o n  t o  t h e  

nex t  s l i d e .  T h i s  occurred 4 t i m e s  ( w h e n  t h e  s l i d e  p r o j e c t o r  

jammed) . 
The c u t o f f  p o i n t s  f o r  d e f i n i n g  unreasonable responses were chosen b a s e d  

upon exper ience w i t h  response t ime  / keypress exper iments as we1 1 a s  an  

examinat ion o f  da ta  ob ta ined  f rom p i l o t  sub jec t s  i n  t h i s  experiment. 



Each sub jec t  responded t o  10 b locks  o f  t r i a l s ,  two p r a c t i c e  b l  o c k s  

w i t h o u t  a w i n d s h i e l d  i n  p l ace  a n d e i g h t  t e s t  b l o c k s .  The  e i g h t  t e s t  

b locks  represen t  a l l  p o s s i b l e  combinations o f  t he  four  l e v e l s  o f  damage 

(undamaged, chip,  moderate, severe) w i t h  t he  two g l a r e  l e v e l s  (no, yes ) .  

The darnage and g l a r e  1 eve ls  were counterbalanced across s u b j e c t s  . To 

mi nimiize hand1 i ng o f  t h e  damaged glass, bo th  g l a r e  combinat ions were run  

i n  sequence f o r  each damage l e v e l .  ( S e e  T a b l e  4 f o r  t h e  c o m p l e t e  

exper imental  design. ) 



TABLE 4 

Experimental Design 
Glare (Yes/No) by Windshield Damage by Subject 

-------------------------------------------.-----*-----...-..-------- 

I 1 1 PRACTICE I TEST BLOCKS 
SUBJECTISEXIAGEI.------.----..+-----------------------------.-.----- 

l l I 1  2 11  f 1 3  4 1 5  6 1 7  8 
,,,,,--+,-,+-- -+-----------..-+---------+----*--.-+---------+--------- 

I l l  I I I I 
I I INoWindshieldlUndamagedI Chip [Moderate I Severe 

1 I M 1 2 9 1  No No ! N o  Y e s I N o  Yes1 No Y e s I N o  Yes 
1 - 1  I I I I I 
1 1 INoWindshie ld l  Severe /Undamaged1 Chip Moderate 

2 I F 1  311 No NO I No Yes I No Yes I No Yes I No Yes 
I l l  I I I I 
I I INo WindshieldlModerate I Severe lundamagedl Chip 

3 I M 1 331 No No I No Yes I No Yes I No Yes I No Yes 
I I I I 1 I I 
I I INoWindshie ld l  Chip IModerate I Severe IUndamaged 

4 1 F 1 2 6 1  No No I No Yes 1 No Yes I No Yes I No Yes 
I I I I I I I 
I I I I I I I 
I l l  I I I I 
I I [No WindshieldlUndamagedI Chip IModerate I Severe 

5 1 F 1 2 8 1  No No 1 Yes No lYes No ]Yes No lYes No 
I l l  I I I I 
I I INo Windshieldl  Severe IUndamqedl Chip IModerate 

I I I I I I I 
I I INo W i  ndshieldlModerate I Severe IUndamagedl Chip 

7 1 F 1 221 No No l Yes No IYes No lYes No lYes No 
I l l  I I I I 
I I INo W i  ndshie ld l  Chip /Moderate I Severe l Undamaged 

8 1 M 1171  No No lYes No lYes No /Yes No lYes No 
I l l  I I I I 
I l l  I I I I --.---.--------------------..----------.--.--------------------------- 



TABLE 4 (continued) 

-----1.----1.-------------------------------------------------------- 

I I I PRACTICE I TEST BLOCKS 
SUB,JECTISEXIAGEI-------------+----------------------------------------- 

I I 1 1  2 I 1  2 1 3  4 1 5  6 1 7  8 
----,,-+-,,+-,,+,,-------IIII+---------t---------+---------+--------- 

I I [No WindshieldIUndamagedI Chip IModerate I Severe 
9 1 M 1 7 2 1  Ro No I No Yes I No Yes I No Yes I No Yes 

i i i  I I I I 
I I INo Windshieldl Severe IUndamagedl Chip /Moderate 

lo I F 1 591 NO NO I NO yes I NO Y ~ S  I NO Yes I NO yes 
I l l  I I I I 
I I INo W i  ndshieldlModerate I Severe IUndamagedl Chip 

I1 I M 1 761 No No 1 No Yes I No Yes I No Yes I No Yes 
I l l  I I I I 
I I INoWindshieldl Chip IModerate I Severe IUndamaged 

12 1 F 1 561 No No I No Yes I No Yes I No Yes I No Yes 
I l l  I I I I 
I I I I I I I 
I l l  I I I I 
I I INoWindshieldlUndarnagedI Chip IModerate I Severe 

13 1 F 1  641 No No 1 Yes No lYes No [Yes No lYes No 
I l l  I I I I 
1 I INoWindshieldl Severe IUndamagedl Chip IModerate 

I l l  I I I I 
I I INo WindshieldlModerate I Severe IUndamagedl Chip 

15 I F 1 7 2 1  No No lYes No lYes No lYes No lYes No 
I l l  I I I I 
I I INo Windshieldl Chip IModerate I Severe IUndamaged 

16 1 M 1751 No No lYes No lYes No lYes No lYes No 
-------o-I----------------------------------------------------------- 





RESULTS AND DISCUSSION 

Errors 

Edch response was placed au tomat ica l ly  i n t o  one o f  seven 

categories: correct response (acceptable response time, t o o  f a s t  , t o o  

slow), incorrect response (acceptable, fas t ,  slow), or no response. The 

overal'l frequencies for each error category are shown i n T a  bl e 5. A 

total of 54 t r i a l s  were repeated due t o  response times o u t  of t h e  

acceptable range. These 54 t r i a l  s represent only 0 . 4 4 %  of t h e  t o t a l  

number of t r i  a1 s presented. 

A n  analysis of the e r r o r  counts  i n d i c a t e d  t h a t  s u b j e c t s  and 

subject-re1 ated variables (age and sex) influenced the number of e r r o r s  

made. There are large differences between subjects. Males made fewer 

errors than females, and younger subjects made fewer errors t h a n  01 der 

subjects. Table 5 shows error counts by subject, age, and sex. 

Errors decreased slightly w i t h  practice. The number of keypress  

errors on t r i a l s  w i t h  acceptable response times were 64, 62 ,  45, 53, 58, 

50, 45, and 50 for blocks 1 through 8, respectively. 

Tlable 6 shows error counts by windshield condition and glare levels 

for acceptable responses. Neither factor significantly affected e r r o r  

rates and, in fac t ,  more errors were made when no g l a r e  was p resen t .  

However, errors were somewhat more frequent w i t h  a severe ly  damaged 

wi ndshiel d,  especial ly when glare was present. 

I n  general, i t  appears that response errors were not  a function of 

windshield damage and glare levels, b u t  were significantly a f f ec t ed  by 

subject variation. Errors represent a subject-speci f i c p rob1 em w i t h  

learning the correct responses for each slide, rather than a visibi 1 i t y  

degradat ion.  Also, severa l  "more d i f f i c u l  t w  s l i d e s  produced 



TABLE 5 

RESPONSE TYPE COUNT BY SUBJECT 

Within Fast Slow 
Dead1 i nes ((150 rnsec) b 3500 msec) No 

Group Subject Correct- Error Correct Error Correct Error Response 

Young 2 736 32 0 0 0 0 0 
Femal es 4 766 2 . O  0 0 0 0 

5 759 9 0 0 0 0 0 
7 7 21 47 0 0 0 0 1 

Young Female Subtotal 2982 90 0 0 0 0 1 

Young 1 762 6 0 0 0 0 0 
Ma1 e s  3 7 63 5 0 0 0 0 0 

6 953 15 0 0 1 0 1 
8 745 2 3 0 0 0 0 0 

. Young Male Subtotal 3023 4 9 0 0 1 0 1' 

Young Subj . Subtotal 6005 139 0 0 1 0 2 

01 d 10 753 15 0 0 16 4 0 
Femal e s  12 734 34 0 0 18 4 0 

13 721 47 0 0 4 0 0 
15 709 5 9 0 0 0 0 0 

Old Female Subtotal 2917 155 0 0 38 8 0 

Old Male Subtotal 2939 133 0 I 2 0 2 

Old Subject Subtotal 5856 288 0 4 40 8 2 

Fernal e Subj . Subtotal 5899 245 0 0 38 8 1 

Male Subject Subtotal 5962 182 0 1 3 0 3 

Total 71861 427 0 1 41 8 4 



TABLE 6 

Keypress Errors by Windshield and Glare Levels 
(Acceptable Response Times Only) 

--------------------------------------*-------------------------- 

I GLARE 
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - -  

I 
WINDSHIELD I Totals 

DAMAGE I N o Yes I 
--------------------+---------------------------+---------------- 

I I 
Undamaged I 60  4 5 I 105 

I I 
Chip I 5 4 4 9 I 103 

I I 
Moderate I 57 44 I 101 

I I 
Severe I 54 64 I 118 

I---------------------------+----------------  
I I 
I I 

Tot  a1 s I 22 5 202 I 427 

disproportionately high e r r o r  r a t e s ,  which s u p p o r t s  t h e  1 e a r n i  n g  

hypothesis. The error  data show that  damaged windsh ie lds  and g l a r e  

levels do not cause an increase i n  i n c o r r e c t  r e sponses  t o  d r i  vi n g  

situations. However, taking too long t o  make a decision can be jus t  as  

dangerous as making a n  error  (Wolf and Barrett, 1978). The next section 

describes the effects of windshield damage and glare on response times. 

Respc~nse Times 

The primary dependent measure in the nighttime dri vi n g  s t u d y  was 

decislion or response time, the t ime i n mi 1 1  i seconds from when t h e  

projector shutter opened until a key was pressed. Only t h o s e  t r i a l s  

with times within the 150 and 3500 millisecond deadlines were exami ned. 

The clata were analyzed in  a stepwise fashion. First, practice e f f e c t s  

were examined. Then, once practice effects were removed from the data, 



a l l  rema in ing  f a c t o r s  were c o n s i d e r e d .  I n  a  one-way  A n a l y s i s  o f  

Var iance t h e  e f f e c t  o f  t r i a l  b l o c k  was v e r y  h i g h l y  s i g n i f i c a n t  

(F(7,12280)=8.68, - - p <.001). The mean response t imes f o r  each sub jec t  by 

b lock a r e  shown i n  F i g u r e  3  f o r  t h e  young sub jec t s  and F i g u r e  4  f o r  t h e  

o l d  subjects .  I n  general ,  even t h o u g h  s u b j e c t s  h a d  t w o  b l o c k s  o f  

p r a c t i c e  p r i o r  t o  t h e  t e s t  sessions, they c o n t i n u e d  t o  i m p r o v e  u n t i  1  

roughly  t h r e e  t e s t  b l o c k s  h a d  e l a p s e d ,  a f t e r  w h i c h  much s m a l l e r  

reduc t ions  i n  response t ime  occurred. Much o f  t he  v a r i a b i l i t y  i n  t h o s e  

curves r e f l e c t s  t h e  between b lock  changes i n  g l a r e  and w indsh ie l d  type. 

Once p r a c t i c e  e f f e c t s  were removed (by adding o r  s u b t r a c t i n g  t h e  

d e v i a t i o n  o f  each b lock  mean across sub jec t s  f rom t h e  grand mean ) , t h e  

da ta  were examined f u r t h e r  v i a  Ana l ys i s  o f  Variance. S p e c i f i  c a l  l y  , an  

8-way a n a l y s i s  was employed w i t h  Age ( y o u n g  v e r s u s  o l d ) ,  Sex  ( m a l e  

versus female),  Windsh ie ld  damage (undamaged ,  c h i p p e d ,  m o d e r a t e ,  

severe),  G la re  (no  versus yes) ,  c o r r e c t  Key ( o r  d e c i  s i  on  t y p e  - 1  e f t  

[s low down] versus r i g h t  [ s a f e  t o  proceed]), S l i d e  nested w i t h i  n a k e y  

(48 t o t a l  s l i d e s )  and Sub jec t  nested w i t h i n  Sex  a n d  Age a s  t h e  m a i n  

e f f e c t s .  The a n a l y s i s  i s  summarized i n  Table 7. 

Wi th  rega rd  t o  people, t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  due  t o  

Age (F(1,9279)=26.70, - - p <.001), Sex (F(1,336)=5.08, - - p <.05), and S u b j e c t s  

nested w i t h i n  age and sex (F(12,552)=42.46, - - p < . 0 0 1 ) .  T h e r e  was no 

i n t e r a c t i o n  between Age and Sex (F(1,45)=1.90 - ' I ,  D > . I ) .  Young  d r i v e r s  

were f a s t e r  i n  responding than  01 d  ones (778 versus 1,044 m i l l i s e c o n d s ) .  

Ma1 es responded more r a p i d l y  than  females (853 versus 969 m i  11 i seconds). 

O v e r a l l ,  s u b j e c t  mean r e s p o n s e  t i m e s  v a r i e d  f r o m  679  t o  1 ,222  

m i l l i seconds .  (See F igu res  3  and 4  f o r  f u r t h e r  d e t a i l s  o f  b e t w e e n  

d r i v e r  d i  f ferences.  ) 
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TABLE 7 

ANALYSIS OF VARIANCE OF RESPONSE TIMES 

............................................................... 
I SUM 

FACTOR lDEGREES OF 
i 

: O F  SQUARES FREEDOM 1 YEAN SQUARE I F : P 
-----------------$----------+----------$-----------+-----$----- 

1 
1 
3 
1 
1 

46 
1 

1 3 
3 
1 

1 
3 
1 
1 
3 

1 
12 
46 
46 

138 

46 
3 
1 
3 
3 

1 
3 
3 
1 
1 

3 
3 6 
12 
12 
4 6 

138 
! 138 ............................................................... 

j 

A [ A g e ]  
X [ s e x ]  
W [ W i n d s h i e l d ]  
G [ G l a r e ]  
K [ K e y ]  

L ( K )  [ S l i d e ]  
A:( 
Ald 
X '14 
A(; 

X G 
W I; 
Al( 
XI( 
W I( 

GI( 
S ( A X )  [ S u b j e c t ]  
Al, ( K ) 
XI-(K) 
Wl-( K )  

GIL(K) 
AX W 
AX G 
AWG 
XING 

AX K 
AldK 
X'WK 

~ 0 0 1  
<.05 
<.001 
<.05 
> .I 

<.001 
>.I 
>.I 
>.1 
>.I 

216231279 
41175286 

4029424 
682736 

18279705 

8503165 
15005517 

608849 
548684 

2133 

216231279 
41175286 
12088273 

682736 
18279705 

391145593 
15005517 
1826547 
1646052 

2133 

1584 
1238800 
1171562 
3774548 

965636 

35411 
93257904 
23516430 
23119789 
8088105 

1936458 
1232536 

7 34982 
90672 

2993 

85524 
927048 
197329 

26.70 
5.08 

10.01 
5.16 
1.98 

46.49 
1.90 
1.50 
1,41 

<1 

1584 
412933 

1171562 
3774548 

321878 

35411 
7771492 

511226 
502604 

58609 

42096 
410845 
734982 

30224 
997 

85524 
309016 
65776 
75892 

385947 

80546 
405242 
140561 
866920 
299934 

61578 
43268 

AI; K 75892 
XGK 1 385947 

WGK 1 241634 
Sld(AX ) I 14588731 
SG (AX ) 
Sl< (AX ) 
AXL ( K  ) 

<1 >.1 

1686736 
10403043 
13796997 

6.03 

Alr lL(K)  8497777 
XWL(K) 1 5971000 

<.001 1 
<1 
3.18 
1.89 

1.35 
42.46 

2.79 
2,74 

(1 

<1 
1.03 
5.90 

<1 
(1 

(1 
<1 
<1 

1,82 
9.81 

1.76 
6.61 
2.78 
4.74 
1.63 

1.00 
!<1 

>.1 
<.I 
>.1 

>.1 
c.001 
<.001 
<.001 
> . I  

>.I 
> .1 
<.05 
> . I  
>.I 

> . I  
> .1 
> . I  
>.1 
<.001 

>.1 
~ 0 0 1  
~ 0 0 1  
<.001 
<.01 

>.1 
~ > . l  



TABLE 7 (cont inued) 

M i  t h  regard  t o  experimental cond i t ions  , t h e r e  w e r e  v e r y  h i  gh l y  

............................................................... I SUM /DEGREES OF 1 
FACTOR OF SQUARES FREEDOM MEAN SQUARE I F l p  

s i g n i f i c a n t  d i f f e rences  between S l i d e s  (F(46,552)=46.49, - - p c.001). 

Response times ranged from 662 msec f o r  s l i d e  12 ( s e m i  c r o s s i n g  t h e  

AGL(K) 
XGL(K) 
WGL(K) 

AXWG 
AXWK 
AXGK 
AWGK 
XWGK 

SL(AXK) 
SWG (AX ) 
SWK (AX ) 
SGK(AX) 
AXWL(K) 

AXGL(K) 
AWGL (K) 
XWGL (K ) 
AXWGK 
SWL (AXK) 

SGL ( AXK ) 
SWGK (AX ) 
AXWGL(K) 
SWGL ( AXK ) 
R(AXSWGKL ) 

road) t o  1381 msec f o r  s l i d e  25 ( o n c o m i n g  semi r o u n d i n g  a c u r v e ) .  

Subjects had t h e  g rea tes t  d i f f i c u l t y  w i t h  scenes showing c u r v e d  r o a d s  

> .1 
>.I 
>.I 

>.I 
>.I 
>.I 
>.I 
>,1 

<.001 
<.05 
<.001 
>.1 
>.I 

>.I 
>.I 
<.01 
>.I 
<.001 

<.05 
>,1 
>,1 
<.I 
<.I 

38581 
55336 
41002 

103577 . 

156059 
34200 
22592 
32514 

182920 
74341 
172339 
34454 
53464 

34398 
34161 
63021 
10094 
61284 

50444 
51516 
49126 
46890 
42614 

1774744' 
2545456 
5658314 

310732 
468179 
34200' 
67776 
97543 

100972104 
2676306 
6204227 
413448' 
7378044 

1582348 
4714263 
8697033' 
30284 

101487224 

27845212 
1854594 
6779517 
77651404 
261826078 

and/or m u l t i p l e  vehicles. (The mean times by s l i d e  f o r  a1 1 r e s p o n s e s  

<1 
1.09 
<1 

1.35 
(1 
1.85 

<1 
(1 

4.29 
1.58 
2.81 
(1 
<1 

<1 
(1 
1.34 

(1 
1.43 

1.18 
1.09 
1,04 
1.10 
1.10 

-----------------+----------+----------+-----------+-----+----- 
4 6 
4 6 
138 

3 
3 
1 
3 
3 

552 
36 
3 6 
12 
138 

46 
138 
138 
3 

1656 

552 
36 
138 
1656 
6144 ............................................................... 

w i t h i n  the  dead1 i nes by are inc luded i n  Appendix 4.) As i s  usua l l y  t h e  

case, response times were co r re la ted  w i t h  the  number o f  e r r o r s  per  s l i d e  

(r(46)=.59, - - p <.001). (See F igu re  5.) 
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On t h e  o t h e r  hand, t h e  d i f f e r e n c e  between dec is ions  ( s l o w  down o r  

sa fe  t o  proceed--the response key)  was n o t  s i g n i f i c a n t  (F(1,2044)=1.98, - 
> . I ) ,  a1 though t h e  d i f f e r e n c e  i n  t h e  means was 1 arge (s low down = 8 7 2  

msec, s a f e  t o  proceed = 949 msec). When choosing t o  slow down, d r i  v e r s  

may t e r m i n a t e  t h e  d e c i s i o n  p r o c e s s  as  s o o n  as t h e  o b s t a c l e  i s  

recognized. Dec id i ng  i t  i s  safe t o  p r o c e e d  r e q u i r e s  an  e x h a u s t i v e  

search, a  more t i m e - c o n s u m i n g  p r o c e s s .  T h i s  d i f f e r e n c e  was n o t  

s i g n i f i c a n t ,  however, because t h e r e  was cons iderab le  v a r i a b i  1  i t y  between 

s l i d e s ,  d r i v e r - s l  ide,  and d r i ve r - key  combinations. A1 1  t h r e e  o f  t h e s e  

f a c t o r s  were i n  t h e  e r r o r  term f o r  t h e  F  t e s t  f o r  t h e  Key  ( d e c i s i o n  

type)  e f f e c t .  

Most impor tant ,  however, a r e  t h e  e f f e c t s  o f  Windshie ld  damage a n d  

Glare.  Both f a c t o r s  were s t a t i s t i c a l l y  s i g n i f i c a n t  (F(3,360) - =10 ,01 ,  - p 

<.001, - F(1,28) = 5.16, - p <.05). I nc reas ing  damage g e n e r a l l y  r e s u l t e d  i n  

l onge r  response t imes  (undamaged = 888 msec, c h i p  = 886 msec, moderate = 

905 msec, severe = 964 msec), as d i d  t h e  presence o f  g l  a r e  ( n o  = 903  

msec, yes = 918 msec). (The two m i l l i s e c o n d  advantage f o r  t h e  c h i p p e d  

w i n d s h i e l d  ove r  t h e  undamaged w i n d s h i e l d  i s  p r o b a b l y  a  m e a s u r e m e n t  

e r ro r . )  Also, an i n t e r a c t i o n  between g l a r e  and windshi  e l  d  damage was 

revea led  by t h i s  a n a l y s i s  (F (3 ,1021 )=6 .03 ,  p  < . 0 0 1 ) .  When a c t i n g  - - 
toge the r  t h e i r  combined e f f e c t  was g r e a t e r  than t h e i r  s i  m p l  e  a d d i  t i  ve  

ef fect .  P a r t i c u l a r l y  p o t e n t  was t h e  g lare-severe damage c o m b i  n a t i o n ,  

(See F i g u r e  6.) 

There were severa l  s i g n i f i c a n t  2-, 3-, a n d  4 -way  i n t e r a c t i o n s .  

Only t h e  s i g n i f i c a n t  2-way i n t e r a c t i o n s  need be  m e n t i o n e d  h e r e .  I n  

a d d i t i o n  t o  t h e  i n t e r a c t i o n  between w i n d s h i e l d  damage and g l a r e ,  t h e r e  

were i n t e r a c t i o n s  between s l i d e  and age (F(46,552)=2,79, p  <.001) s  1 i de - - 
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a n d  s e x  ( F ( 4 6 , 5 5 2 ) = 2 . 7 4 ,  - - p < . 0 0 1 ) ,  a n d  s l i d e  a n d  s u b j e c t  

(F(552,6144)=4.29, - - p <.001) .  A1 1  t h r e e  e f f e c t s  r e f l e c t  s p e c i f i c  

problems o f  d i f f e r e n t  d r i v e r s  w i t h  p a r t i c u l a r  s l  ides.  

A lso  p resen t  were i n t e r a c t i o n s  o f  sub jec t s  w i t h  w i n d s h i e l  d  damage 

(F(36,1656)=6.61, - - p <.001), w i t h  g l a r e  (F(12,552)=2.78, - p < . 0 0 1 ) ,  a n d  

w i t h  response key- -dec is ion  type  ( F ( 1 2 , 5 5 2 ) = 4 . 7 4 ,  - - p < . 0 0 1 ) .  Thus ,  

d r i v e r s  w i t h i n  age and sex groups a re  a f f e c t e d  t o  d i f f e r i n g  d e g r e e s  b y  

w indsh ie l d  damage and g l a r e  and d i f f e r  i n  t h e  way they make d e c i s i o n s .  

However, s ince  none o f  t h e  2- o r  3-way i n t e r a c t i o n s  o f  w indsh ie l d  damage 

o r  g l a r e  w i t h  sex o r  age was s i g n i f i c a n t ,  i t  d o e s  n o t  a p p e a r  t h a t  

w i  ndsh ie l  d  damage p resen ts  a  d i s p r o p o r t i o n a t e  problem f o r  any p a r t i c u l a r  

segment o f  t he  d r i v i n g  popu la t ion .  I t  was t h o u g h t  a t  t h e  o u t s e t  i t  

woul d  f o r  01 der  d r i ve rs .  

Thus, t h i s  r e s p o n s e  t i m e  s t u d y  h a s  shown t h a t  many f a c t o r s  

i n f l u e n c e  t h e  t ime t o  make d e c i s i o n s  i n  a  s i m u l a t i o n  o f  n i g h t t i m e  

d r i v i n g .  D i f f e r e n c e s  among d r i v e r s  (between sexes, between age  g r o u p s  

and between people w i t h i n  age-sex groups) i n f l u e n c e d  t h e i r  r e s p o n s e  

t imes as d i d  t h e  p a r t i c u l a r  road scene presented ( t e s t  s l  i d e s )  . M o s t  

impor tant ,  however, t h e r e  were d i f f e r e n c e s  due t o  w i  ndsh ie l  d  damage w i t h  

i n c r e a s i n g  damage r e s u l t i n g  i n  a n  i n c r e a s e  i n  r e s p o n s e  t i m e .  The  

d i f f e r e n c e  b e t w e e n  t h e  s e v e r e  a n d  undamaged  c o n d i t i o n  was 76  

mi 1  li seconds, an 8 1 /2  % i nc rease  over  t h e  base1 i ne undamaged cond i t ion .  

Whi le t h i s  i s  n o t  a n  o v e r w h e l m i n g  d i f f e r e n c e ,  i t  i s  v e r y  h i g h l y  

s i g n i f i c a n t  i n  a s t a t i s t i c a l  sense. Furthermore, t h e  exper iment was n o t  

cons t ruc ted  t o  exaggerate d i f f e r e n c e s  by exami n i  ng human performance a t  

i t s  abso lu te  1  i m i  t s ,  b u t  r a t h e r  t o  examine o rd ina ry  p r a c t i c e d  dec is  i on-  

making. Thus, d i f f e r e n c e s  o f  t h i s  s i z e  a re  meaningfu l .  



Also of interest was the effect of glare. Adding small amounts 

(simulating low beam headlamps a t  severa l  hundred f e e t )  inc reased  

response times significantly, especially when coup1 ed w i t h  the severe 1 y 

damaged windshield. Surprisingly, b o t h  glare and windshield damage h a d  

equal effects on all  age groups. I t  was t h o u g h t  they woul d p resen t  

greater problems for the el derly . 





SUMMARY AND CONCLUSIONS 

1) The l i t e r a t u r e  concern ing w indsh ie l d  damage and d r i v e r  v i s i o n  was 

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

-- s tud ies  concerned w i t h  t h e  eva lua t i on  o f  t h e  o p t i c a l  q u a 1  i t y  

o f  windscreens, s t ud ies  f o c u s i n g  o n  m o r e  g e n e r a l  i s s u e s  o f  

v i s i b i  1  i t y ,  a n d  s e v e r a l  m i  s c e l l  a n e o u s  r e p o r t s  c o n c e r n e d  

s p e c i f i c a l l y  w i t h  w indsh ie l d  damage. I n  t h e  f i r s t  c a t e g o r y ,  

severa l  method01 og i  c a l  approaches were described, i nc l  u  d  i n g  t h e  

use o f  d r i v e r  a c u i t y  measures, s u b j e c t i v e  r a t i n g s ,  p h y s i c a l  

measures o f  s i m i l a r i t y  t o  standards, a n d  m o d u l a t i o n  t r a n s f e r  

f u n c t i o n  measures. Whi le such approaches a  r e  app  r o p r i  a t e  f o r  

e v a l u a t i n g  homogeneous d i s t o r t i o n s ,  t h e y  a r e  l e s s  u s e f u l  f o r  

w i n d s h i e l d  damage. W i t h  r e g a r d  t o  g e n e r a l  r e s e a r c h  o n  

v i s i b i l i t y ,  no s t u d i e s  were d iscovered which addressed s q u a r e l y  

t h e  damage quest ion,  a l though some were r e l e v a n t  a s  a n c i l l a t y  

r e f e r e n c e s .  F i  n a l  l y  , t h e r e  a r e  a  f e w  r e p o r t s  d e a  1  i n g  

speci f i c a l  l y  w i t h  wi ndsh ie l  d  damage. They: 

a)  p rov ide  l i m i t e d  data on t h e  causes o f  breakage, 

b:l i n d i c a t e  t h e r e  a re  few cases i n  which breakage i s  an immed ia te  

cause o f  an accident,  and 

c )  suggest t h a t  g l a r e  angle i s  a  c r i t i c a l  f a c t o r  i n  v i s i o n  through 

damaged windshie lds.  

2 The CPIR acc iden t  f i l e  was r e v i e w e d  t o  see  w h e r e  w i n d s h i e l d  

damage was a  causal f a c t o r .  Fo r  t he  r o u g h l y  40 v e h i c l e s  f o r  

which w indsh ie l d  c o n d i t i o n  was f l agged ,  o n l y  t w o  o f  t hem h a d  

w indsh ie lds  t h a t  were damaged p r i o r  t o  an accident.  I n ne  i t h e  r 

case was t h e  damage be1 i eved  t o  be a causal f a c t  o r .  S i n c e  t h e  



CPIR data base i s  not a s t a t i s t i c a l l y  representati  ve sample of 

accidents, t h i s  outcome should not be viewed as conclusive. 

In a laboratory study s i rnula t i  ng  n i g h t t i m e  d r i  ver d e c i s i o n  

making, windshield damage was an impor tan t  f a c t o r .  S i x t e e n  

drivers (ages 17-76) were shown sl ides  of a two-lane r u r a l  road 

which they viewed through 4 different levels of windshield damage 

both with and without simulated glare. As sdon a s  each s l i d e  

appeared, dri vers pressed one of two buttons to  i ndicate i f  t h e y  

should "slow down" or i f  i t  was "safe t o  proceed." Both response 

times and errors were recorded. Neither the damage level nor the 

simulated glare affected error  rates. However, increasing levels 

of windshield damage were associated with increases in r e sponse  

time, with decisions made with the severely damaged wi nds hi e 1 d 

taking 8.5 p e r c e n t  l o n g e r ,  on t h e  ave rage ,  t h a n  with t h e  

undamaged wi ndshield. Addi ng glare t o  wi ndshi el d damage resulted 

in fur ther  increases in response time. While these d i f f e r e n c e s  

a r e  not enormous, t h e y  a r e  very h i g h l y  s t a t i s t i c a l l y  
2 s i g n i f i c a n t .  Fur thermore ,  cons i d e r i  n g  t h e  re1 a t i  vely 

unstressful nature of th i s  experiment, differences i n  r e sponse  

times would tend t o  be understated. I n  addition, increasing t h e  

level of windshield damage and adding glare had the same relative 

effects on  both age groups and sexes. I t  was thought that t h e s e  

manipulations would create greater problems f o r  t h e  e l d e r l y .  

While additional converging evidence  i s  d e s i  red,  t h i  s s t u d y  

2 
In  analyzing experiments one i s  interested both i n t h e  s i ze of 

differences between conditions and how consistently d i f f e r e n c e s  were 
obtained (how confident one i s  there are d i f fe rences) .  "Very h i g h l y  
s t a t i s t i c a l l y  significant" i s  a common sc ient i f ic  phrase fo r  expressing 
extreme confidence that  differences between conditions exist. 



i n d i c a t e s  t h a t  w indsh ie l d  damage i s  a s a f e t y  i s s u e  t h a t  i s  o f  

concern t o  d r i v e r s ,  as w e l l  as t o  o r g a n i z a t i o n s  t h a t  m o n i t o r ,  

regu la te ,  o r  a f f e c t  moto r  veh i c l e  safe ty .  





REFERENCE NOTE 

1. Olson, P.L. Personal communication, May, 1981. 
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37 Cases of Windshield Condition in CPIR 

CASE # PRIOR CONDITION CONDITION AFTER CRASH 

slush kicked u p  by passing truck cracked / deformation 
rnomentari ly bl i nded driver 23% bond separation 

w/s fogged on inside; heater undamaged 
-defroster had not yet cleared i t  

w/s d i r ty  cracked / occupant contact 

s l  ight fogging of w/s ; 
defroster s e t  on low 

cracked / occupant contact 
100% separation 

M V D  1 

MVD 24 

raining; w/s wipers did not work undamaged 

misting rain; w/s wipers in degraded cracked /probably by 
condition; r t .  wiper, improper occupant contact 
rep1 acement 

M V D  26 rainy, w/s d i r ty ;  wiper blades in cracked and broken / 
bad condition and on a t  time of occupant contact 
accident 

w/s d i r ty ;  w/s washer broken--had undamaged 
not rained enough t o  c lear  w/s 

CAL 7 1  15A slush splashed on w/s by passing cracked / probably 
vehicle occupant contact 

100% separation 

CAL 71 52A unclear explanation; probably 
s l ee t  on w/s 

undamaged 

CAL 71 73A unknown / no information in 
narrative 

cracked / occupant contact 

CAL 71 107A 

CAL 71 109A 

s l ee t  undamaged 

presumably s l ee t  on w/s cracked and broken by 
roof loading 

snow, s l ee t  cracked / occupant contact CAL 71 119A 

CAL 71 126A 

CAL 71 130A 

CAL 72 56A 

snow undamaged 

blowing snow undamaged 

spray from water in ice puddle cracked and broken / 
occupant contact 

CAL 72 224A road wet / spray from passing car s t ress  cracked / deformation 



CASE # PRIOR CONDITION CONDITION AFTER CRASH 

CAL 72 9B s l u s h  k i cked  up on w/s by c a r  
i n  f r o n t  

cracked / deformat ion 

CAL 73 322 W / S  fogged undamaged 

CAL 74 11 heavy f r o s t  on w/s ; d r i v e r  d i d n '  t undamaged 
c lean  adequately 

HSRI 926 i c e d  and fogged w/s undamaged 

HSRI 1365 f r o s t  on w/s undamaged 

MGU 009 71 r a i n ,  snow on w/s; wipers  i n  1 s t  cracked / occupant con tac t  
p o s i t i o n  ( n o t  f a s t  enough) 

MGU 100 75 unknown / no ment i  on i n  n a r r a t i  ve cracked and broken / 
deformat ion 

MIAMI 72 213 d i r t y  windows / inoperab le  w/s undamaged 
washer system / de fec t i ve  w ipe r  

ML 7 1  12 wate r  sprayed up on w/s by 
pass ing t r u c k  

cracked / de fo rmat ion  

UNM 98 w/s f a i r l y  bad l y  p i t t e d  a long  t he  cracked / occupant con tac t  
lower  h a l f  ( a t t r i b u t e d  t o  sand storms) 

OK 188 i c y  w/s undamaged 

RAI 74 s l ush  splashed on w/s undamaged 

SRI 8096 08 g l a r e  ( i n c o r r e c t l y  coded) undamaged 

SWRI 7107 w/s h e a v i l y  s o i l e d  / w/s chipped undamaged 
and p i t t e d  i n  severa l  l o c a t i o n s  
on d r i v e r ' s  s i d e  

UM 040 68 snow f rom hood blew on w/s undamaged 

UM 171  69 f r o s t  on i n s i d e  of  w/s cracked / deformat ion 

UOK 72 2 ex t reme ly  d i r t y  windows undamaged 

S W R I  7139 fogged cracked, broken / occupant 
c o n t a c t  

UM 300 70 m iss ing  da ta  m iss ing  data 
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2 Cases of Damaged Windshields 

CASE%: SWRI 7107 
ACCIDENT DATE: 3-2-71 

This acc iden t  i nvo l ved  the  case veh ic le ,  a 1969 Ford Chateau Club Wagon, 

h i t t i n g  the  r e a r  o f  an abandoned ca r  parked i n  l ane  # 1 o f  a s i x  lane  d i v i d e d  

l i m i t e d  access freeway. The w indsh ie ld  of the  case veh i c l e  was chipped and 

p i t t e d  i n  several  l o ca t i ons  on t he  d r i v e r ' s  s ide .  Although the  major cause of 

the  accidient was i n a t t e n t i o n ,  ( t h e  d r i v e r  was l ook i ng  f o r  roadside guide s igns 

f o r  an e x i t  ramp), i t  was f e l t  by the  i n v e s t i g a t o r  t h a t  the  heav i l y  s o i l e d  and 

p i t t e d  w indsh ie ld  probably presented a minor v i sua l  obs t ruc t i on  a f f e c t i n g  the 

d r i  ve r ' s  percept ion o f  the  stopped veh i c l e  ahead. 

CASE 9 :  UNM 98 
ACCIDENT DATE: 7-12-73 

This acc ident  invo lved  t he  case vehic le ,  a 1969 Chevrolet  Nova, and an 

i n t e r s e c t i o n  acc iden t  w i t h  a 1972 Vol kswagen. The d r i v e r  o f  t he  case veh ic le ,  

w i t h  a BAC (Blood Alcohol  Content) of 0.29%, f a i l e d  t o  s top  f o r  a s top  s i gn  and 

impacted veh i c l e  2 ( en te r i ng  the  i n t e r s e c t i o n  from h i s  l e f t )  on the  passenger 

s ide.  The1 w indsh ie ld  o f  t he  Nova was f a i r l y  badly  p i t t e d  along the  lower  h a l f .  

Th is  p i t t i n g  i s  commonly caused by d r i v i n g  i n  t he  sand storms p reva len t  i n  t he  

Southwest. The h igh  a lcohol  con ten t  o f  t he  dr iver ,  impeding h i s  a b i l i t y  t o  

d r i v e  e f f e c t i v e l y ,  was t he  cause of the  comprehension e r r o r  l ead ing  t o  t he  acc i -  

dent. The c o n d i t i o n  of the  w indsh ie ld  i s  no t  mentioned anwhere  as a c o n t r i -  

b u t i n g  cause. 
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44 CPIR Cases With "Other" V i s i b i l i t y  Code 

CASE # - 

BU 71 9 

CA 71 32A 

CA 71 44A 

CA 71 51A 

CA 71 66A 

CA 71 76A 

CA 71 85A 

CA 71 106A 

CA 71 123A 

CA 71 125A 

CA 71 132A 

CA 71 137A 

CA 71 138A 

CA 71 141A 

CA 71E 23A 

CA 72 88A 

CA 72 345A 

CA 72 362A 

CA 71 8B 

H S R I  002 

H S R I  504 

MCR 69 7  

MGU 007 71 

MGU 076 74 

MGU 125 77 

M I  697004 

M I  697010 

M I  697018 

M I  697027 

M I A M I  105 

M I  331 

OK 068 

USC 73 15 

SU 011 

EXPLANATION OF "OTHER" - 
heavy r a i n  

b1 owi ng snow, v i  s  i b i  1  i t y  reduced 

heavy snow, near  zero v i s i b i l i t y  

snow 

snow, v i  s i  b i  1  i ty f a i r  

b low ing  snow, v i s i b i l i t y  f a i r  

M I S S I N G  DATA 

heavy snow, v i s i  b i  1  i ty  poor 

snow, v i s i b i l i t y  poor 

MISSING DATA 

snowfa l l  , v i s i  b i  1  i ty  f a i r  

b lowing snow, b l i z z a r d  cond i t i ons  

p r e c i p i t a t i o n ,  snow showers 

r a i n  o r  snow ( c o n f l i c t i n g  comments) 

ground fog 

hazy 

s l e e t  storm, v i s i b i l i t y  reduced b u t  n o t  a f a c t o r  

snow, v i  s i  b i  1  i ty reduced 

b low ing  snow, v i s i  b i  1  i ty  somewhat 1  i m i  t e d  

b r i g h t  head1 i g h t s  on oncoming c a r  

b low ing  snow 

r a i n ,  v i s i o n  r e s t r i c t e d  

exhaust vapor ( em i t t ed  by row o f  i d 1  i n g  parked ca rs )  

change i n  1  i g h t  c o n d i t i o n s  (drove i n t o  t u n n e l )  

shadow ( s t r u c k  c a r  was i n  a  shadow) 

poor  l i g h t i n g  i n  c o n s t r u c t i o n  area 

d r i  z z l  i ng r a i n  

l o c a t i o n  o f  rearv iew m i r r o r  obs t ruc ted  view 

1  o c a t i o n  of rearv iew m i r r o r  obs t ruc ted  view 

n i g h t  t ime  (no s t r e e t  l i g h t i n g )  

sudden change i n  l i g h t i n g  ( f r om area w i t h  s t r e e t  l i g h t s  t o  area 
w i t h o u t  1  i gh ts )  

no head l i gh t s  on o t h e r  v e h i c l e  

inadequate 1  i g h t i n g  

wet s i d e  windows, 1 i g h t  r a i n  



CASE # EXPLANATION OF "OTHER" 

SWRI 73 08 

UC 8520 

UM 043 68 

UM 299 70 

UM 426 71 

UM 428 71 

UM 835 73 

UTAH 009 69 

UOM 039 75 

UOS 017 73 

d u s t  ( k i c k e d  up by a t r u c k )  
bushes  
d u s t  and g r a v e l  
M I S S I N G  DATA 

blowing snow 
blowing snow 
p a t c h e s  of ground f o g  
snowing 
d u s t  ( k i c k e d  up by o t h e r  c a r s )  
blowing snow 
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TEST SLIDES: CONTENT, ERRORS AND RESPONSE TIMES 

Pro jec to r  
S l o t  

Road 
Con f i au ra t i on  

Cor rec t  
Resloonse 

No. o f  
E r ro r s  

Response 
Time(msec) S l  i d e  

1  

2 

3 

4 

5 

6 

Content 

s t r a i g h t  

l e f t  curve 

s t r a i g h t  

r i g h t  curve 

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

l e f t  curve 

s low 

proceed 

proceed 

proceed 

proceed 

slow 

Semi ahead, same d i r e c t i o n  & l ane  as s u b j e c t  

Car, camper & c a r  oncoming i n  oppos i te  l a n e  

Car parked on r i g h t  shoulder 

Car, small  t r u c k  & c a r  oncoming i n  oppos i te  l a n e  

Small t r u c k  stopped a t  l e f t  w a i t i n g  t o  cross 

Car, camper & c a r  oncoming i n  oppos i te  l a n e  
and c a r  ahead p a r t i a l l y  hidden by camper 

s t r a i g h t  

r i g h t  curve 

s low 

slow 

Pol i c e  c a r  roadblock across s u b j e c t ' s  l a n e  

Two cars  oncoming i n  oppos i te  lane;  1 ahead 
around curve 

r i g h t  curve s low Camper, small  t r u c k ,  semi oncoming i n  oppos i t e  
lane;  oncoming c a r  i n  s u b j e c t ' s  l a n e  passing semi 

s t r a i g h t  

r i g h t  curve 

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

r i g h t  curve 

1  e f t  curve 

s t r a i g h t  

1  e f t  curve 

s t r a i g h t  

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

Car & smal l  t r u c k  oncoming i n  oppos i te  l a n e  proceed 

proceed 

slow 

proceed 

proceed 

slow 

slow 

proceed 

s low 

No veh i c l es  i n  scene (empty road)  

Semi across m idd le  o f  i n t e r s e c t i o n  

Three cars  oncoming i n  oppos i te  l a n e  

Car oncoming i n  oppos i te  l a n e  & ve ry  d i s t a n t  

Acc ident  ahead b lock ing  both  1  anes 

Car, camper & c a r  ahead i n  s u b j e c t ' s  l a n e  

Semi oncoming i n  oppos i te  lane,  ve ry  c l o s e  

Car, smal l  t r u c k  oncoming i n  oppos i te  lane;  c a r  
we1 1  ahead i n  same l a n e  as sub jec t ;  1  c a r  on 
l e f t  and 1  on r i g h t  w a i t i n g  t o  cross 



Pro jec to r  
S l i d e  S l o t  

Road 
Conf igu ra t ion  

Cor rec t  
Response 

No. o f  
E r r o r s  

Response 
Time(msec) Content 

1  e f t  curve proceed 

proceed 

slow 

Car parked on r i g h t  shoulder 

Small t r u c k  on r i g h t  w a i t i n g  t o  cross i n t e r s e c t i o n  

1  e f t  curve Car, camper & ca r  oncoming i n  oppos i te  lane;  
semi ahead i n  sub jec ts  lane  p a r t l y  hidden 
by camper 

Semi making l e f t  t u r n  coming from l e f t  i n t o  
s u b j e c t ' s  l ane  

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

r i g h t  curve 

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

r i g h t  curve 

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

slow 

proceed 

proceed 

slow 

Camper a  head 

Car w a i t i n g  on r i g h t  t o  cross 

Semi oncoming i n  oppos i te  lane,  somewhat d i s t a n t  

T r a i n  c ross ing  (gondola ahead, r ed  caboose o f f  
t o  r i g h t )  

i n t e r s e c t i o n  proceed Car oncoming i n  oppos i te  lane;  small  t r u c k  w a i t i n g  
t o  cross f rom r i g h t  

r i g h t  curve slow Car, camper & smal l  t r u c k  oncoming i n  oppos i te  
lane,  c a r  ahead i n  s u b j e c t ' s  l ane  around curve 

1  e f t  curve 

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

slow 

proceed 

Two cars  ahead i n  sub jec t ' s  l ane  around curve 

Car & small  t r u c k  oncoming i n  oppos i te  lane;  
1  c a r  on l e f t  and 1  w a i t i n g  on r i g h t  about 
t o  cross 

s t r a i g h t  

1  e f t  curve 

slow 

slow 

Car ve ry  c l ose  & ahead i n  s u b j e c t ' s  l ane  

Two cars  oncoming around curve, 1  passing o ther ,  
o n l y  headlamps v i  s i  b l  e  

Semi oncoming i n  oppos i te  l a n e  (c lose) ,  
ca r  ahead ( c l ose )  

s t r a i g h t  slow 

r i g h t  curve 

1  e f t  curve 

r i g h t  curve 

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

proceed 

proceed 

slow 

slow 

Car oncoming i n  oppos i te  l ane  rounding curve 

Camper oncoming i n  oppos i te  l and  rounding curve 

Semi ahead i n  s u b j e c t ' s  l ane  rounding curve 

Semi p a r t i a l l y  i n  i n t e r s e c t i o n ,  en te r i ng  from r i g h t  



S l i d e  

38 

3 9 

40 

Pro jec to r  
S l o t  

2,14 

2,15 

2,16 

2,17 

2,18 

2,19 

2,20 

2,21 

2,22 

2,23 

2,24 

Road 
Conf igu ra t ion  

s t r a i g h t  

s t r a i g h t  

1  e f t  curve 

1  e f t  curve 

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

s t r a i g h t  

r i g h t  curve 

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

1  e f t  curve 

r i g h t  curve 

s t r a i g h t  

Correct  
Response 

proceed 

slow 

proceed 

slow 

proceed 

proceed 

proceed 

slow 

proceed 

slow 

proceed 

No. o f  
E r ro r s  

0  

2  

2  

3  

0 

1  

4 

11 

0  

3 6 

3 

Response 
Time(msec1 

81 8 

665 

1148 

Contents 

Small t r u c k  oncoming i n  oppos i te  lane 

Semi ahead i n  sub jec t ' s  lane  (c lose)  

Three cars  oncomin i n  oppos i te  lane 
(1  q u i t e  d i s t a n t  3 

Semi ahead i n  sub jec t ' s  lane  rounding curve 

Car w a i t i n g  t o  en te r  from l e f t  

Two cars,  small t r u c k  & semi oncoming i n  
oppos i t e  1  ane 

Vehic le  oncoming i n  oppos i te  l ane  rounding 
curve ( d i s t a n t )  

Camper oncoming i n  oppos i te  lane, ca r  on r i g h t  
en te r i ng  i n t e r s e c t i o n  

No veh ic les  (empty scene) 

Two oncoming veh ic les  around curve, 1  passing o the r  
( on l y  headlamps v i s i b l e )  

One veh i c l e  oncoming i n  oppos i te  lane  ( d i s t a n t )  
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INSTRUCTIONS TO SUBJECTS 

T t i I S  I S  AN EXPERIMENT TO EXAMINE NIGHTTIME DRIVER DECISION-MAK I N G .  

BEFORE WE BEGIN  I WOULD L I K E  TO CHECK YOUR V I S I O N .  ( w a l k  o v e r  t o  T i t m u s  

T e s t e r )  I AM GOING TO SHOW YOU A PICTURE THAT HAS SEVERAL I M A G E S  I N  I T  

L I K E  T H I S  ONE. ( s h o w  T i t m u s  i l l u s t r a t i o n ) .  YOU ARE TO TELL  ME WHICH OF 

THE RINGS I S  (TOP, RIGHT, LEFT  OR BOTTOM) UNBROKEN. ( I N  T H I S  E X A M P L E  

THE RIGHT RING I S  SOLID.)  LOOK I N  THE DEVICE AND BEGIN W I T H  I M A G E  1. 

WHICH R ING I S  UNBROKEN? IMAGE 2?.  . .. 
( r e c o r d  p e r f o r m a n c e )  

NEXT, I WOULD L I K E  TO CHECK YOUR COLOR V I S I O N .  ON E A C H  O F  T H E  

FOLLOW1:NG PAGES I S  A NUMBER CONSTRUCTED OF DOTS. T E L L  ME WHICH N U M B E R  

YOU SEE. T H I S  ONE FOR EXAMPLE I S  48. OK? HOW ABOUT T H I S  ONE? 

( f i l l  o u t  f o r m )  

T H I S  EXPERIMENT TAKES ABOUT AN HOUR AND A HALF.  I WOULD L I K E  TO 

COMPLETE I T  WITHOUT INTERRUPTION. I F  YOU WANT A DRINK OF WATER OR WANT 

TO USE THE BATHROOM, NOW I S  THE BEST T IME.  OK? I F  YOU A R E  R E A D Y  T O  

BEGIN  PLEASE HAVE A SEAT HERE. WHILE YOU ARE ADAPTING T O  T H E  D A R K ,  I 

WILL REICORD SOME BIOGRAPHICAL INFORMATION, T E L L  YOU ABOUT YOUR TASK, AND 

THEN ANSWER ANY QUESTIONS YOU MIGHT HAVE. 

( c o m p l e t e  b i o g r a p h i c a l  f o r m )  

I N  T H I S  EXPERIMENT YOU ARE TO IMAGINE YOU ARE D R I V I N G  YOUR C A R  A T  

N IGHT  AT HIGH SPEED AND YOU SUDDENLY LOOKED A H E A D .  I W I L L  SHOW YOU 

S L I D E S  OF A LARGE NUMBER OF ROAD SCENES. YOUR TASK WILL B E  T O  D E C I D E  

WHETHER YOU CAN CONTINUE AT THE SAME SPEED OR SHOULD SLOW DOWN . YOU - 
SHOULD SLOW DOWN WHENEVER THERE I S  ANOTHER VEHICLE I N  YOUR LANE OR ABOUT 

TO ENTER I T  REGARDLESS OF HOW D I S T A N T .  I N D I C A T E  YOUR D E C I S I O N  BY 

PRESSING ONE OF THE 2 KEYS I N  FRONT OF YOU. PRESS THE L E F T  KEY TO SLOW 



DOWN, THE RIGHT KEY TO CONTINUE AT THE SAME SPEED. ( T H I N K  OF T H E  L E F T  

KEY AS THE BRAKE AND THE RIGHT AS THE ACCELERATOR.) WHEN YOU R E S P O N D  

J U S T  G I V E  THE KEY A QUICK  TAP L I K E  SO. (show t h e  s u b j e c t  how. ) WHEN 

T H I S  KEY C L I C K S  THE COMPUTER KNOWS YOU PRESSED I T ,  DON 'T  HOLD T H E  K E Y  

DOWN AFTER YOU RESPONDED AND, PLEASE, DON'T  TRY TO DESTROY I T .  ALSO, I F  

YOU MAKE A MISTAKE, DON'T  CORRECT I T .  THE COMPUTER ONLY A C C E P T S  YOUR 

F I R S T  RESPONSE. 

BEFORE WE BEGIN I WOULD L I K E  TO SHOW YOU A L L  OF THE TEST S L I D E S  AND 

T E L L  YOU WHAT THE CORRECT RESPONSE I S  FOR EACH ONE. D O N  ' T P R E S S  A N Y  

KEYS J U S T  YET. L E T  ME F I R S T  GET THE PROJECTOR PROGRAM GOING. 

( p u t  p r a c t i c e  f l oppy  i n  d r i v e  1 
s e t  c lkres=lO,  s e t  c u r r e n t  t ime  
RUN RA-TEST3 .L 
command 0 - s e t  p r o j e c t o r  t imes t o  2,2,24 
command 1 - s tep  through s l i d e s  f o r  bo th  p r o j e c t o r s  
when done move p r o j e c t o r s  t o  p o s i t i o n  1 2  and 
c l o s e  s h u t t e r s  (2 ,0 ,0 )  and command 4 )  

FOR T H I S  S L I D E  THE CORRECT RESPONSE IS,... ETC. 

NOW L E T  ME ADD A FEW WORDS ABOUT THE EXPERIMENT.  I AM G O I N G  T O  

SHOW YOU THE SAME SET OF S L I D E S  I N  A RANDOM ORDER I N  GROUPS O F  R O U G H L Y  

100. THERE WILL BE A TOTAL OF 10 GROUPS, 2 P R A C T I C E  S E T S  AND 8 T E S T  

SETS. BETWEEN EACH GROUP THERE WILL BE A 3 0  SECOND REST BREAK. 

PLEASE S I T  WITH YOUR CHIN  I N  THE C H I N  REST DURING T H I S  EXPERIMENT.  

I T  I S  VERY IMPORTANT THAT YOUR EYE P O S I T I O N  B E  I N  A F I X E D  P O S I T I O N  

RELAT IVE  TO T H E  W I N D S H I E L D .  I C A N  A D J U S T  T H E  T H E  C H I N  R E S T  I F  

NECESSARY. I S  I T  OK NOW? 

L E T  ME LOAD I N  THE TEST PROGRAM AND T H E N  I W I L L  A D D  A FEW MORE 

REMARKS, 
(RUN RT24.L 
e n t e r  s u b j e c t  number and name, date, b lock,  e tc .  
e n t e r  s r  sequence 
t r i a l s  = 0,O) 



SO, I AM GOING TO SHOW YOU ABOUT 100 S L I D E S  AT A T I M E  I N  A RANDOM 

ORDER. LOOK AT EACH S L I D E  AND DECIDE I F  I T  I S  S A F E  T O  P R O C E E D .  I F  

THERE 1:s ANOTHER VEHICLE  I N  YOUR LANE OR ABOUT TO E N T E R  I T  P R E S S  T H E  

L E F T  KEY (THE BRAKE), I F  I T  I S  CLEAR, P R E S S  T H E  R I G H T  K E Y .  P L E A S E  

RESPOND AS RAPIDLY AND ACCURATELY AS POSSIBLE BY TAPPING A KEY. 

F I N A L L Y ,  L E T  ME NOTE THAT THERE I S  A CONSTANT 2 112 S E C O N D  D E L A Y  

BETWEEN S L I D E S  TO ALLOW FOR THE P R O J E C T O R  TO MOVE.  D O N ' T  U S E  T H E  

PROJECTOR NOISE AS A CUE FOR WHEN THE NEXT S L I D E  WILL APPEAR. SOMETIMES 

YOU WON'T HEAR THEM MOVE. 

ANY QUESTIONS? OK, C H I N  DOWN. 

T H I S  I S  A PRACTICE, READY? 

T u r n  g l a r e  o n  a n d  o f f  a s  r e q u i r e d .  

C h a n g e  w i  ndshiel  d s  a s  r e q u i r e d .  

F o r  t e s t  p u t  d a t a  f l o p p y  i n  d r i v e  1 - t r i a l s  = 2,O 




