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SUMMARY 

Turn and hazard warning signals were evaluated to deter- 

mine appropriate flasher design parameters. Flash rate, duty 

cycle, start mode, color, and rear lighting system configura- 

tion were evaluated objectively in both day and night condi- 

tions. A subjective evaluation of flash rate and duty cycle 

was also conducted. These subjective data indicated that flash 

rates between 40-180 cpm produced subjectively "satisfactory" 

signals. The relationships between flash rate, duty cycle, 

nominal voltage maximum light output, and light contrast ratio 

during voltage on and off phases, were explored. Response time 

data generally indicated that flash rates of 20-60 cprn were 

inferior to flash rates of 120-180 cpm. Duty cycle was found 

to have little influence on response time for flash rates of 

20-180 cprn. However, "on" time values under 25% or over 80% 

elicited long response times when paired with non-compatible 

flash rates. 

Low "on" times i.e., 25 

signals of reduced intensity 

type 1157 bulb. High flash 

voltage on/voltage off light 

"on" times there was insuffi 

cycle and at long "on" times 

duced in the off cycle. 

% and 30%, were found to produce 

for the first two flashes of a 

rates were found to decrease 

output ratios such that at short 

cient intensity produced in the on 

there was insufficient decay pro- 

Recommendations were made as to areas of turn signal and/ 

or flasher specification that should be included in the FMVSS 

108 Standard. Among these areas were specification of flash 

rate and duty cycle for the first 5 flashes, specification of 

a minimum effective intensity required to apply to all flashes, 

and specification of a voltage on/voltage off light contrast 

level of 5:l. 

Recommendations were also made regarding potential changes 

in parameters included in the current standard. Among parameter 



changes recommended were allowance of flash rates of 80-180 

cpm and duty cycles of 25 to 85% "on" times when these para- 

meters are combined in such a way that they can produce a 

flashing signal capable of producing acceptable intensities 

and response times. 

Further research was recommended to test school bus 

"loading" lamp systems for compliance with the SAE 5887 provi- 

sion regarding "full brightness." Alternatively, the language 

in SAE J887 could be modified in FMVSS 108 to require some 

other specification for the "on" period. 

Research should also be conducted on the effectiveness of 

strobe lamps as flashing signals for school buses, turn signals, 

hazard warning signals, and emergency vehicles. 

Also, the magnitudes of the problems caused by adding 

additional electrical load to fixed load flashers should be 

determined. The popular use of rental trailers, add-on campers, 

and recreational trailers for transporting boats, snowmobiles, 

motorcycles, and ATV's has made this a serious problem. 

Flashing deceleration signals may be designed to operate 

in various manners. Experimental work is required to evaluate 

various operational dimensions. Among important considerations 

are the following: incandescence vs strobe, intensity (or levels 

thereof), flash rate (continuously variable or number and specifi- 

cation of levels thereof), deceleration levels for activation (or 

continuously variable), location (combined or separated from other 

functions), color, and confounding effects with turn or pumped 

brake signals. 



I N T R C D U C T I O N  

I t  i s  o b v i o u s l y  v e r y  d i f f i c u l t  t o  a t t e m p t  t o  e s t a b l i s h  t h e  

e x t e n t  t o  which t u r n  s i g n a l  lamps and haza rd  warning lamps, i n  

p r o p e r  o p e r a t i n g  c o n d i t i o n ,  i n f l u e n c e  highway s a f e t y .  I t  w i l l  be 

even  more d i f f i c u l t  t o  a t t e m p t  t o  a s s e s s  t h e  r o l e  o f  m a l f u n c t i o n s  

i n  t h e s e  t y p e s  o f  s i g n a l s  o r  changes  i n  t h e i r  o p e r a t i n g  cha rac -  

t e r i s t i c s ,  such  a s  t h e  f l a s h  r a t e  o r  t h e  "on-off"  r a t i o .  However, 

a  r e c e n t  a n a l y s i s  of  r ea r - end  c o l l i s i o n  d a t a  (Mortimer and P o s t ,  

1972)  d i d  show t h a t  such c o l l i s i o n s  i nvo lved  a  t u r n i n g  v e h i c l e  

q u i t e  f r e q u e n t l y .  The a u t h o r s  conc luded  t h a t  t h e  f r equency  o f  

r ea r - end  c r a s h e s  i n v o l v i n g  t u r n i n g  v e h i c l e s  appeared  t o  be g r e a t e r  

t h a n  would be e x p e c t e d  based on t h e  e s t i m a t e d  p r o p o r t i o n  o f  

v e h i c l e s  t u r n i n g  compared t o  t h o s e  go ing  s t r a i g h t .  However, i t  

should  be unde r s tood  t h a t  t h e  exposure  o f  t u r n i n g  v e h i c l e s  com- 

pa red  t o  t h o s e  go ing  s t r a i g h t  i s  n o t  known. Thus,  t h e  a n a l y s i s  

showed t h a t  t u r n i n g  v e h i c l e s  may be o v e r i n v o l v e d  i n  be ing  s t r u c k  

i n  t h e  r e a r .  A t  t h e  same t i m e ,  it must a l s o  be no ted  t h a t  it 

was n o t  known t o  t h e  a u t h o r s  i f  t h e  d r i v e r  o f  t h e  s t r u c k  v e h i c l e  

had used t h e  t u r n  s i g n a l  i n d i c a t o r . o r  whether  i t  was f u n c t i o n i n g .  

Other  d a t a  (Mort imer ,  Domas and Moore, 1974)  showed t h a t ,  i n  Ann 

Arbor ,  abou t  12% o f  d r i v e r s  making a  l e f t  t u r n  and 2 3 %  o f  d r i v e r s  

making a  r i g h t  t u r n  d i d  n o t  g i v e  a  s i g n a l .  Using t h e s e  e s t i m a t e s ,  

which a r e  somewhat h i g h e r  t h a n  have been r e p o r t e d  e l s ewhere  (Zol-  

t a n ,  1 9 6 3 ) ,  it cou ld  be sugges t ed  t h a t  t h e  same p r o p o r t i o n  of  d r i -  

v e r s  d i d  n o t  s i g n a l  o f  t h o s e  which were s t r u c k  i n  t h e  r e a r .  

The Mortirner and P o s t  a n a l y s i s  (1972) a l s o  showed t h e  r e l a -  

t i v e l y  h i g h  involvement  i n  i n j u r y  producing  rear -end  c o l l i s i o n s  

o f  v e h i c l e s  t h a t  were parked and s t r u c k  from t h e  r e a r .  I n  some o f  

t h e s e  i n s t a n c e s ,  v e h i c l e s  which were s t a n d i n g  on h i g h  speed r o a d s  

were s t r u c k  i n  t h e  r e a r .  U n f o r t u n a t e l y ,  t h e  r e p o r t s  o f  t h e s e  

k i n d s  o f  a c c i d e n t s  d i d  n o t  p r o v i d e  any i n f o r m a t i o n  a s  t o  whether  

o r  n o t  haza rd  warning f l a s h e r s  were i n  u se .  



Turn signals are also used for indicating lane changing. 

While lane changing maneuvers appear to account for only a small 

proportion of collisions (Mortimer and Vandermey, 1971) it is 

possible that an appropriate signal could aid in reducing such 

crashes. Again, however, as with turn or hazard warning signals, 

these must be activated by the driver and although there have 

been no data reported recently concerning the frequency with which 

drivers signal lane changing, common observation indicates that 

this behavior does not occur as often as it should. 

In addition to insufficient use of turn and hazard warning 

signals by drivers, the effectiveness of such signals is also 

reduced by malfunctions in various components associated with these 

signals. There are numerous types of failures which occur in the 

signal circuitry, and these have not been adequately described'by 

reports concerned with motor vehicle inspection. In order to 

overcome, at least partly, this deficiency in information con- 

cerning the specific malfunctions associated with vehicle signal 

systems, HSRI conducted a detailed inspection on about 500 vehicles 

with the cooperation of their drivers (I.lortimer, Domas and Moore, 

1974). These data were augmented by unobtrusive observations made 

on about 8000 passenger cars and light trucks. The report describes 

the findings of specific malfunctions associated with the vehicle 

lighting and signaling components, including those which affect 

turn signal and hazard warning signal operation. The findings indi- 

cated that turn signal and hazard warning signal system component 

failures were somewhat related to the type of rear signal system 

used on the vehicle, such as whether lamp redundancy existed or 

lamps were separated by function. 

As a means of providing some insight into the relevance for 

safety of failures in the turn and stop signal circuitry, some 

driving simulator studies were carried out in which these effects 

were evaluated for different rear lighting and signaling displays. 



The findings of those studies have some implication for the objec- 

tives of the present study, and indicated, for example, that there 

may be some benefits to be derived from the use of variable-load 

flasher units, on those vehicles, at least, which use redundant 

lamps. The findings also suggested that there may be some bene- 

fits from the use of flashers which start in the "off" cycle 

(Mortimer, Domas and Moore, 1974). 

The present FMVSS-108 Standards affecting turn and hazard 

warning signal flasher operation refer to SAE standard J590b and 

J945, which in turn were based largely on evaluations carried out 

by the Vehicle Lighting Committee of the Motor Vehicle Manufactur- 

ers Association, of the U.S. Those studies were entirely subjec- 

tive in nature, but did consider a large number of variables. In 

this study, further consideration was given to the determination 

of bounds on the operating characteristics of flashing signals by 

means of subjective and objective measures. Additional variables, 

such as thermal inertia of the filaments of the lamps and various 

rear signaling displays,were evaluated. 





1. FAILURE RATE OF FLASHING SIGNAL SYSTEM ELEmNTS 

A s t u d y  by Mortimer , Domas, and .&loore (1974) su rveyed .  a u t o -  

mobi le  r e a r  l i g h t i n g  system m a l f u n c t i o n s .  A s  p a r t  o f t h a t  s t u d y ,  

521 v e h i c l e s  were c l o s e l y  examined t o  de t e rmine  t h e  f u n c t i o n i n g  o f  

a l l  r e a r  p r e s e n c e  and s i g n a l i n g  lamps. The su rvey  was conducted  

a t  Ann Arbor a r e a  g a s  s t a t i o n s ,  a  d r i v e - i n  window o f  a  l o c a l  bank,  

and i n  t h e  HSRI employee p a r k i n g  l o t .  Tab le  1.1 shows t h e  p e r c e n t  

of v e h i c l e s  w i t h v a r i o u s  r e a r  s i g n a l  lamp m a l f u n c t i o n s .  .The. .data 

s p e c i f i c a l l y  r e l e v a h t  t o  t u r n  s i g n a l s  a r e  o u t l i n e d .  Hazard warn- 

i n g  sys tem d a t a  a r e  n o t  a v a i l a b l e ,  b u t  t h e  o n l y  a d d i t i o n a l  malfunc- 

t i o n s  would come from d e f e c t i v e  haza rd  warn ing  s w i t c h e s  and f l a s h e r s ,  

I n  v e h i c l e s  where one lamp had s e v e r a l  s i g n a l  f u n c t i o n s ,  2.2% 

had t h e  lamp on one s i d e  o u t  e n t i r e l y ,  and 1 . 7 %  had t h e  lamps on 

b o t h  s i d e s  o u t  e n t i r e l y .  When m u l t i p l e  lamps were used  w i t h  com- 

b ined  s i g n a l  f u n c t i o n s  1 . 4 %  of  t h e  v e h i c l e s  had one s i d e  e n t i r e l y  

o u t  and t h e  o t h e r  s i d e  p a r t i a l l y  o u t .  I n  v e h i c l e s  having  a  s p e c i -  

f i c  t u r n  s i g n a l  lamp which se rved  no o t h e r  f u n c t i o n  no b u l b  f a i l -  

u r e s  were found. 

Turn s i g n a l s  on a t  l e a s t  one s i d e  were on s t e a d y  0.9% f o r  

s i n g l e  lamps w i t h  combined s i g n a l  f u n c t i o n s ,  2 . 7 %  f o r  m u l t i p l e  

lamps w i t h  combined s i g n a l  f u n c t i o n s ,  and 1 .5% where t h e  t u r n  s i g -  

n a l  lamp s e r v e d  no o t h e r  f u n c t i o n .  Turn s i g n a l s  on a t  l e a s t  one 

s i d e  were f l a s h i n g  imprope r ly  ( u s u a l l y  t o o  s h o r t  an  on time o r  t o o  

h i g h  a  f l a s h  r a t e )  2 . 6 %  f o r  s i n g l e  lamps w i t h  combined f u n c t i o n s ,  

4 . 1 %  f o r  m u l t i p l e  lamps w i t h  combined f u n c t i o n s ,  and 2.9% where 

t h e  t u r n  s i g n a l  lamp se rved  no o t h e r  f u n c t i o n .  No t u r n  s i g n a l  

s w i t c h  o r  o t h e r  c i r c u i t r y  f a i l u r e  was found where t h e  t u r n  s i g n a l  

lamp se rved  no o t h e r  f u n c t i o n .  However, f a i l u r e s  o f  1 .7  and 1 .8% 

were found f o r  lamps w i t h  combined s i g n a l  f u n c t i o n s .  Ma l func t ions  

i n c r e a s e d  w i t h  v e h i c l e  mi l eage .  

I n  summary, m a l f u n c t i o n s  of  1 t o  4 p e r c e n t  were found w i t h  

improper  f l a s h i n g  t h e  g r e a t e s t  ma l func t ion .  Ma l func t ions  were 

c o r r e l a t e d  w i t h  v e h i c l e  mi l eage .  





2. EFFECT OF FLASHER MALFUNCTIONS ON VEHICLE SAFETY 

The q u e s t i o n  of whether a  d e f e c t i v e  l i g h t  f l a s h e r  i s  an a c c i -  

d e n t  c a u s a t i o n  f a c t o r  can be answered t o  a  c e r t a i n  e x t e n t  by empir- 

i c a l  evidence.  F l a s h e r  f a i l u r e s  can normally be expected t o  have 

an i n f l u e n c e  only  i n  m u l t i p l e  v e h i c l e  acc , idents  where one o r  both  

v e h i c l e s  would have occas ion  t o  use  t h e i r  f l a s h e r s ,  and f l a s h e r  

f a i l u r e  could be a  c a u s a t i o n  f a c t o r .  For t h e  purposes of t h i s  r e -  

p o r t  t h e s e  a c c i d e n t s  a r e  t aken  t o  be t h o s e  where one v e h i c l e  i s  

t u r n i n g  ( l e f t  o r  r i g h t )  and t h e  o t h e r  v e h i c l e  i s  going s t r a i g h t  

( i n  t h e  same d i r e c t i o n  o r  o p p o s i t e  d i r e c t i o n  t o  t h e  t u r n i n g  v e h i c l e ) .  

The v e h i c l e  whose f l a s h e r  f a i l u r e  could  be a  f a c t o r  i n  t h i s  type  o f  

a c c i d e n t  would be t h e  t u r n i n g  v e h i c l e .  On t h e  o t h e r  hand, those  

a c c i d e n t s  i n  which both  v e h i c l e s  a r e  t r a v e l i n g  s t r a i g h t  ( i n  t h e  

same o r  o p p o s i t e  d i r e c t i o n )  a r e  cons idered  t o  be uninf luenced by 

t h e  t u r n  s i g n a l  f l a s h e r  f a i l u r e  of  e i t h e r  veh ic le .  

The d e s i r e d  a n a l y s i s  would have t o  f i r s t  assume t h a t  t h e r e  a r e  

no confounding f a c t o r s  t h a t  a f f e c t  t h e  r e l a t i o n s h i p  between f l a s h e r  

o p e r a t i n g  s t a t u s  and whether a  v e h i c l e  i s  s t r u c k  i n  a  f l a s h e r - a f f e c t -  

ing  a c c i d e n t  o r  a  non f l a s h e r - a f f e c t i n g  a c c i d e n t .  Then, us ing  an 

a c c i d e n t  f i l e  i n  which f l a s h e r  o p e r a t i n g  s t a t u s  i s  coded f o r  t h e  

v e h i c l e s ,  de termine  t h e  pe rcen tages  of v e h i c l e s  wi th  f a i l e d  f l a s h -  

e r s  i n  f l a s h e r - a f f e c t i n g  a c c i d e n t  t y p e s ,  and i n  non-f lasher  a f f e c t -  

i n g  a c c i d e n t  types .  The t e s t  of  t h e  hypo thes i s  t h a t  f l a s h e r  oper- 

a t i n g  s t a t u s  i s  independent  of a c c i d e n t  type  i s  made by determining 

i f  v e h i c l e s  wi th  f a i l e d  f l a s h e r s  a r e  over represen ted  i n  f l a s h e r -  

a f f e c t i n g  a c c i d e n t s  when compared wi th  non f l a s h e r - a f f e c t i n g  a c c i -  

d e n t s .  I f  n o t ,  then  it must be concluded t h a t  f l a s h e r  s t a t u s  i s  

independent  of t h e  type  of  a c c i d e n t  i n  which t h e  v e h i c l e  i s  s t r u c k .  

T h u s , f l a s h e r  f a i l u r e  would n o t  be an a c c i d e n t  caus ing f a c t o r ,  g iven 

t h e  assumption. However, i f  t h e r e  i s  an o v e r r e p r e s e n t a t i o n ,  then  

it must be concluded t h a t  f l a s h e r  f a i l u r e s  do a f f e c t  a c c i d e n t s ,  

g iven t h e  assumptions. 

Unfor tuna te ly ,  such an a n a l y s i s  i s  imposs ib le .  There i s  no 

a c c i d e n t  f i l e  i n  which f l a s h e r  o p e r a t i n g  s t a t u s  i s  coded. Our 

a l t e r n a t i v e  approach a l b e i t ,  n o t  a s  s a t i s f a c t o r y ,  i s  t o  o b t a i n  a  . 
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s u r r o g a t e  v a r i a b l e  f o r  f l a s h e r  f a i l u r e  t h a t  i s  coded i n  an  a c c i d e n t  

f i l e .  T h i s  s u r r o g a t e  v a r i a b l e  i s  t aken  t o  be v e h i c l e  age.  

The s t a t e  of Michigan u s e s  a  checklane  system of  v e h i c l e  inspec-  

t i o n .  T h i s  system i n v o l v e s  t h e  e s t a b l i s h m e n t  of temporary check- 

l a n e s  a long  t h e  r o a d s  o f  Michigan. Veh ic les  a r e  p u l l e d  over  a t  ran-  

dom and g iven  an i n s p e c t i o n  which i n c l u d e s  a  d e t e r m i n a t i o n  of  t h e  

o p e r a t i o n  of  t h e  f r o n t  and r e a r  t u r n  s i g n a l  lamps. The r e s u l t s  of  

t h e s e  i n s p e c t i o n s  a r e  recorded i n  a  f i l e  mainta ined by HSRI. Evi- 

dence from t h i s  f i l e ,  a s  p r e s e n t e d  i n  Table 2 . 1  and F i g u r e  2.1, i n d i -  

c a t e s  a  p o s i t i v e  c o r r e l a t i o n  between v e h i c l e  age and t h e  p r o b a b i l i t y  

of  l i g h t i n g  system f a i l u r e .  While t h e  f l a s h e r  i s  a  d i f f e r e n t  system, 

i t s  f a i l u r e  would be recorded i n  t h i s  f i l e  a s  a  f a i l u r e  of  t h e  l i g h t i n g  

system, and t h e r e f o r e  t h e  assumption of a  p o s i t i v e  c o r r e l a t i o n  be- 

tween v e h i c l e  age and f l a s h e r  f a i l u r e  i s  probably  c o r r e c t .  Other  

evidence  d e r i v e d  from surveys  (Mortimer e t . a l . ,  1974) has  a l s o  

shown a  r e l a t i o n s h i p  between number of  r e a r  l i g h t i n g  system malfunc- 

t i o n s  and v e h i c l e  age .  

The use  of t h e  age of t h e  v e h i c l e  i n  p l a c e  of  f l a s h e r  s t a t u s  

i s  n o t  comple te ly  s a t i s f a c t o r y  because i f  t h e r e  i s  indeed a  r e l a -  

t i o n s h i p  between f l a s h e r  f a i l u r e s  and a c c i d e n t  t y p e ,  t h e  e m p i r i c a l  

evidence  of t h i s  r e l a t i o n s h i p  would be weakened by t h i s  s u b s t i t u -  

t i o n  of v a r i a b l e s .  Some o l d e r  v e h i c l e s  may n o t  have f l a s h e r  f a i l u r e s ,  

whi le  some new ones  may, even though t h e  p r o b a b i l i t y  o f  f a i l u r e  i s  

g r e a t e r  f o r  o l d e r  c a r s .  Furthermore,  t h e  assumption must be made 

t h a t  t h e r e  a r e  no f a c t o r s  confounding t h e  v e h i c l e  age /acc iden t  r e l a -  

t i o n s h i p ,  an assumption t h a t  may n o t  be a s  a c c e p t a b l e  a s  t h e  p r e v i -  

ous  one. 

Given t h a t  t h e  v e h i c l e  age /acc iden t  assumption i s  made, t h e  

rest of  t h e  a n a l y s i s  i s  s t r a i g h t f o r w a r d .  Three a c c i d e n t  f i l e s  

were c o n s u l t e d :  Bexar County, Texas (San A n t o n i o ) ;  Washtenaw County, 

Michigan (Ann Arbor)  ; and Oakland County, Michigan ( P o n t i a c )  . 1 
Because of  t h e  weakening of t h e  evidence  f o r  f l a s h e r  involvement ,  

i t  i s  n o t  p o s s i b l e  t o  s t a t e  t h a t  i n  any one f i l e  t h e r e  i s  a  s i g -  

n i f i c a n t  d i f f e r e n c e  i n  t h e  age d i s t r i b u t i o n  of  s t r u c k  v e h i c l e s  i n  

f l a s h e r - a f f e c t i n g  v e r s u s  non f l a s h e r - a f f e c t i n g  a c c i d e n t s .  However 

'see n o t e  on page 1 4  f o r  a  d e s c r i p t i o n  of  t h e s e  a c c i d e n t  f i l e s .  
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TABLE 2 . 1  p r o b a b i l i t y  o f  L i g h t i n g  System F a i l u r e  With V e h i c l e  Age, 

Age (years )  

Prob.  

N 1082 952 786 799 740 569 457 414 295 178 168 

TABLE 2 , 2  P e r c e n t  D i s t r i b u t i o n s  of the Age of V e h i c l e s  S t r u c k  Whiie 
Turning  Versus Going' S t r a i g h t .  

Age ( y e a r s )  

Turn 

S t r a i g h t  

x2 -354.5 Prob.  [age i s  independen t  of t u r n  
( 9 ) -  v s .  s t r a i g h t  a c c i d e n t ]  2 0,001 
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when a l l  f i l e s  a r e  c o n s i d e r e d  t o g e t h e r ,  t h e  d i f f e r e n c e  i s  v e r y  

s i g n i f i c a n t .  The ev idence  i s  p r e s e n t e d  i n  Tab le  2 . 2  and F i g u r e  2 . 2 .  

The Chi-Square i n  Tab le  2 . 2  i n d i c a t e s  t h a t  v e h i c l e  age  was . 

n o t  i ndependen t  of whether  t h e  v e h i c l e  was s t r u c k  w h i l e  t u r n i n g  

o r  p roceed ing  s t r a i g h t .  V e h i c l e s  s t r u c k  w h i l e  t u r n i n g  were gener -  

a l l y  o l d e r  t h a n  v e h i c l e s  s t r u c k  w h i l e  go ing  s t r a i g h t .  T h e r e f o r e ,  

s i n c e  o l d e r  v e h i c l e s  a r e  more l i k e l y  t o  have f a i l e d  f l a s h e r s ,  t h e  

f i n d i n g  t h a t  o l d e r  v e h i c l e s  a r e  more l i k e l y  t o  be  s t r u c k  w h i l e  

making t u r n i n g  maneuvers p r o v i d e s  s u p p o r t  f o r  t h e  h y p o t h e s i s  t h a t  

f a i l e d  f l a s h e r s  a r e  a  s i g n i f i c a n t  c a u s e  of  t u r n i n g  a c c i d e n t s .  T h i s  

c o n c l u s i o n  rests  on t h e  assumpt ion  t h a t  t h e r e  i s  no confounding 

f a c t o r  a f f e c t i n g  t h e  v e h i c l e  a g e / a c c i d e n t  r e l a t i o n s h i p ;  and t h a t  

t h e r e  i s  a  p o s i t i v e  c o r r e l a t i o n  between v e h i c l e  age  and f l a s h e r  

o p e r a t i n g  s t a t u s .  

C e r t a i n  arguments  can be made a g a i n s t  t h e s 3  assumpt ions .  For 

exaiaple,  one cou ld  argL l :  i l l a t  o l d e r  c a r s  have a  h i g h e r  p r o p o r t i o n  

o f  worn o u t  o r  b a l d  t i r e s ,  and t h e s e  t i r e s  can  cause  s k i d d i n g  when 

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

a n a l y s i s  it must be  s t a t e d  t h a t  t h e  s t r e n g t h  o f  t h e  ev idence  sup- 

p o r t i n g  t h e  c o n c l u s i o n  t n a t  f l a s h e r s  a r e  an a c c i d e n t  c a u s i n g  f ac -  

t o r  i s  o n l y  a s  s t r o n g  a s  on&s b e l i e f  i n  t h e  u n d e r l y i n g  assumpt ions ,  

b u t  i n  any c a s e  t h e  ev idence  p r e s e n t e d  i s  a t  l e a s t  n o t  i n c o n s i s -  

t e n t  w i t h  t h a t  c o n c l u s i o n .  

Another  way t o  a s s e s s  t h e  e f f e c t  o f  f l a s h e r  f a i l u r e  upon 

a c c i d e n t s  i s  t o  i n v e s t i g a t e  a c c i d e n t s  t o  de t e rmine  t h e i r  c a u s a l  

f a c t o r s ,  Among t h e  s t u d i e s  which have been done a r e  a  v e r y  com- 

p r e h e n s i v e  s t u d y  conducted by t h e  I n s t i t u t e  f o r  Research i n  

P u b l i c  S a f e t y  (IRPS, 1973)  and a  s i m i l a r  s t u d y  conduc ted  by 

A s s o c i a t i o n  of  T h i r d  P a r t y ,  Acc iden t  and Motor V e h i c l e  I n s u r e r s  

( 1 9 7 3 ) .  The IRPS (1973)  d a t a  show t h a t  a  m u l t i - d i s c i p l i n a r y  

a c c i d e n t  i n v e s t i g a t i o n  of  Monroe County,  I n d i a n a  a c c i d e n t s  

r e v e a l e d  t h a t  " i n o p e r a b l e  t u r n  s i g n a l s "  were c a u s a l l y  r e l a t e d  





t o  an a c c i d e n t  on a  c e r t a i n  o r  p r o b a b l e  b a s i s  .5% o f  t h e  t ime  

( a s  de t e rmined  by b o t h  t h e  o n - s i t e  and m u l t i - d i s c i p l i n a r y  i nves -  

t i g a t i o n  teams d u r i n g  Phases  I1 and 111). I t  shou ld  be n o t e d  

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

f l a s h e r s  ( i . e . ,  f l a s h e r s  whose performance i s  o u t s i d e  t h e  s p e c i -  

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

" i n o p e r a b l e  t u r n  s i g n a l "  c a t e g o r y  it i s  unknown what p r o p o r t i o n  

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

b u l b  f a i l u r e  and grounding  f a i l u r e .  Data o f  t h i s  s p e c i f i c  n a t u r e  

a r e ,  however,  i n c l u d e d  i n  t h e  German s t u d y  ( 1 9 7 3 ) .  

E x p e r t s  h i r e d  by i n s u r e r s  i n v e s t i g a t e d  a c c i d e n t s  i n v o l v i n g  

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

a  time p e r i o d  of up t o  n i n e  months f o l l o w i n g  an a c c i d e n t .  These 

e x p e r t s  were asked  t o  n o t e  t e c h n i c a l  d e f e c t s  of t h e  motor v e h i c l e  

" o n l y  i f  it c o u l d  be t aken  f o r  g r a n t e d  t h a t  t h e  r e s p e c t i v e  f a c t o r  

a t  l e a s t  had c o n t r i b u t e d  t o  t h e  c a u s e s  of  t h e  a c c i d e n t . "  Of 

63,084 a c c i d e n t s  i n v o l v i n g  s e r i o u s  i n j u r y  i n v e s t i g a t e d ,  5 .7% 

(3 ,608 )  were found t o  i n v o l v e ,  " t u r n s ,  U- turns ,  e t c . "  I n t e r -  

e s t i n g l y ,  t h i s  t y p e  o f  a c c i d e n t  was more p r e v a l e n t  t h a n  r ea r - end  

c o l l i s i o n s  which accounted  f o r  3 .6% ( 2 , 2 9 8 )  o f  a l l  a c c i d e n t s .  

Of t h e  t u r n i n g  a c c i d e n t s ,  1 .8% ( 6 4 )  were found t o  i n v o l v e  v e h i c l e  

d e f e c t s .  Thus,  . l% of  a l l  a c c i d e n t s  were t u r n i n g  a c c i d e n t s  

i n v o l v i n g  d e f e c t s .  The b l i n k e r  was r e s p o n s i b l e  f o r  48.4% (31 )  

o f  t h e  t u r n i n g  a c c i d e n t  d e f e c t  t o t a l  found.  Lamp f a i l u r e s  were 

found i n  o n l y  12 .5% ( 8 )  o f  t h e  t u r n i n g  a c c i d e n t s  i n v o l v i n g  

d e f e c t s .  

I n  i i e u  of  such  s p e c i f i c  U.S, a c c i d e n t  i n v e s t i g a t i o n  d a t a  

on f l a s h e r s ,  a c o s t  b e n e f i t s  approximat ion  can  be made, b u t  o n l y  

on t h e  assumpt ion  t h a t  t h e  German a c c i d e n t - f a i l u r e  d a t a  i s  

s i m i l a r  t o  t h a t  which would be  o b t a i n e d  i n  t h e  Uni ted  S t a t e s ,  

t h e  most c r i t i c a l  assumpt ion  b e i n g  t h a t  f l a s h e r s  have f a i l e d  i n  

4 8 %  of  a l l  t u r n i n g  a c c i d e n t s  which i n v o l v e  d e f e c t s .  However, on 

t h e  b a s i s  of t h e s e  a s sumpt ions  one c o u l d  d e t e r m i n e  t h e  c o s t  o f  a l l  



a c c i d e n t s  and m u l t i p l y  t h i s  s o c i e t a l  c o s t  times ,049 which i s  

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

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

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

Upgrading o f  MVSS-108 i n  t e rms  o f  p sychophys i ca l  p e r f o r -  

mance shou ld  have a  s o c i e t a l  p a y o f f ,  b u t  it needs  t o  b e  recog-  

n i z e d  t h a t  a  c o s t - b e n e f i c i a l  change may be  accompl i shed  i n  t e rms  

of  i n c r e a s e d  t r a f f i c  f low,  t h u s  d e c r e a s i n g  t h e  c o s t  o f  expans ion  

o f  t h e  t r a f f i c  sys tem,  O f  c o u r s e ,  t h e  number o f  a c c i d e n t s  may 

be reduced  i n  a d d i t i o n  t o  o r  i n s t e a d  o f  t h e  p o t e n t i a l  i n c r e a s e d  

t r a f f i c  f low.  To r educe  t h e  number o f  f l a s h e r - r e l a t e d  a c c i d e n t s  

may depend more upon r e d u c i n g  m a l f u n c t i o n s  t h a n  improving psycho- 

p h y s i c a l  per formance .  The r e l a t i o n s h i p  between f l a s h e r  malfunc- 

t i o n s  and d r i v e r  per formance  measures  i s  r e p o r t e d  by Mort imer ,  

Domas and Moore ( 1 9 7 4 ) .  

Note:  The a c c i d e n t  f i l e s  used  i n  t h e  a n a l y s i s  i n  t h i s  s e c t i o n  

were t h e  1972 Bexar County,  Texas (San Antonio)  f i l e  which con- 

t a i n e d  32,329 c a s e s ,  t h e  1970-1973 Washtenaw County,  Michigan 

(Ann Arbor )  f i l e  which c o n t a i n e d  32,272 c a s e s ,  and t h e  1972 

Oakland County,  Michigan ( P o n t i a c )  f i l e  which c o n t a i n e d  

34,262 c a s e s .  



3 .  FLASHER LIFE, DESIGN AND COST 

Mal func t ions  of  t h e  f l a s h e r  i t s e l f  a r e  c o n s i d e r e d  t o  be  

p r i m a r i l y  a  f u n c t i o n  of  l i f e  c y c l e  a s  opposed t o  " i n f a n t  

m o r t a l i t y . "  C u r r e n t l y ,  t h e  a v e r a g e  l i f e  c y c l e  i s  i n f l u e n c e d  by 

t h e  " d e s i g n  l i f e "  t h a t  m a n u f a c t u r e r s  u s e  i n  o r d e r  t o  p roduce  a  

d e s i g n  t h a t  w i l l  comply w i t h  FMVSS 108 and SAE J590b and J945.  

Major f l a s h e r  m a n u f a c t u r e r s  were c o n t a c t e d  and a sked  t o  s u p p l y  

i n f o r m a t i o n  abou t  t h e i r  c o s t  and d e s i g n  l i f e ;  t h r e e  m a n u f a c t u r e r s  

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

w i t h  a u t o m a t i c  o u t a g e  s e n s i n g  were c i t e d  a s  c o s t i n g  $0.30-0.60 

p e r  f l a s h e r  (p resumably ,  manufac tu re red  i n  h i g h  volume a s s o c i a t e d  

w i t h  p a s s e n g e r  c a r  u s a g e ) .  F l a s h e r s  o f  e l e c t r o - m e c h a n i c a l  d e s i g n  

were c i t e d  a s  c o s t i n g  $1.50-2.00 p r e s e n t l y ,  b u t  i n  h i g h  volume 

p r o d u c t i o n  c o s t s  were e s t i m a t e d  t o  a v e r a g e  $1.00 each  f o r  a  

f l a s h e r  t h a t  would s e r v e  a s  b o t h  a  t u r n  s i g n a l  and h a z a r d  warn ing  

f l a s h e r .  A d d i t i o n a l  c o s t  t o  s e n s e  b u l b  o u t a g e  would p robab ly  be 

e n c o u n t e r e d  i n  t h e  o r d e r  o f  $.30 each .  Thus,  t h e  e s t i m a t e d  c o s t  

f o r  volume p r o d u c t i o n  and o u t a g e  s e n s i n g  i s  $1.30.  Although t h i s  

i s  more t h a n  doub le  t h e  c u r r e n t  c o s t  o f  t he rma l  u n i t s  it can  

s e r v e  a s  b o t h  t u r n  s i g n a l  and h a z a r d  warning f l a s h e r .  T h e r e f o r e ,  

t h e  c u r r e n t  c o s t  o f  app rox ima te ly  $1.00 f o r  two f i x e d  l o a d  

f l a s h e r s  i s  somewhat l e s s  t h a n  would be r e q u i r e d  i f  one v a r i a b l e  

l o a d  w i t h  o u t a g e  s e n s i n g  were used .  One manufac tu re r  w i t h  

e x p e r i e n c e  i n  s o l i d  s t a t e  d e s i g n  f l a s h e r s  e s t i m a t e d  p r e s e n t  c o s t s  

o f  $5.00-20.00 even though t h e y  were p r e s e n t l y  n o t  i n v o l v e d  i n  

t h e  manufac tu re  o f  t h e s e  d e v i c e s .  I t  was i n d i c a t e d  t h a t  h i g h  

t e m p e r a t u r e ,  h i g h  l o a d  s w i t c h i n g  and t r a n s i e n t  v o l t a g e  s p i k e s  

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

u n i t s .  

A l l  t h e  m a n u f a c t u r e r s  who r e p l i e d  ag reed  t h a t  a  b roaden ing  

of  f l a s h e r  s p e c i f i c a t i o n s  t o  40-100 cpm and 20-80% "on" t i m e  

would have no d r a m a t i c  i n c r e a s e  ( i f  any)  i n  t h e  l i f e  o f  t h e i r  

f l a s h e r s .  



One major  f l a s h e r  s u p p l i e r  and an au tomobi le  m a n u f a c t u r e r  

have c i t e d  f i g u r e s  i n  t h e  10-15 f l a s h e r  c y c l e s / m i l e  r a n g e  a s  

r e p r e s e n t a t i v e  (5-10 y e a r s  ago)  o f  suburban/highway usage  a t  t h e  

low end o f  t h e  r ange  and m e t r o p o l i t a n  usage  a t  t h e  h i g h e r  v a l u e s .  

The l a n e  change f e a t u r e  and i n c r e a s e d  t r a f f i c  i n  r e c e n t  y e a r s  

shou ld  have b r o u g h t  abou t  an i n c r e a s e  i n  usage ,  such  t h a t ,  t h e  

c u r r e n t  usage  r a t e  cou ld  be  i n  t h e  r e g i o n  o f  15-20 f l a s h e r  

c y c l e s / m i l e .  Using 1 0 0 , 0 0 0  miles a s  r e p r e s e n t i n g  t h e  " l i f e "  o f  

an  au tomobi le  i t  i s  e v i d e n t  t h a t  1 ,500 ,000  t o  2 ,000,000 f l a s h e r  

c y c l e s  would be  r e q u i r e d .  Assuming 12,000 miles p e r  y e a r  i s  

t y p i c a l  au tomobi le  u sage ,  t h e n  180,000 t o  240,000 f l a s h e s  p e r  

y e a r  shou ld  r e p r e s e n t  ave rage  t u r n  s i g n a l  f l a s h e r  usage .  Assum- 

i n g  an ave rage  c y c l e  r a t e  o f  90 f l a s h e s / m i n u t e ,  t h e r e f o r e ,  a  

f l a s h e r  o n l y  c a p a b l e  o f  200 h o u r s  o f  i n t e r m i t t e n t  usage  would 

have a  v e h i c l e  l i f e  o f  approx ima te ly  4.5-6.0 y e a r s .  I t  can be 

e s t i m a t e d  t h a t  33.3-44.4 h o u r s  o f  i n t e r m i t t e n t  usage  o c c u r s  

y e a r l y .  However, a  f a i r  number o f  v e h i c l e s  a r e  d r i v e n  up t o  

t w i c e  t h e  e s t i m a t e d  t y p i c a l  mi leage .  Thus,  f l a s h e r  f a i l u r e s  

would p robab ly  o c c u r  w i t h i n  2.25 t o  3 y e a r s ,  i f  f l a s h e r s  were - 

o n l y  d e s i g n e d  t o  meet t h e  MVSS 108 s t a n d a r d .  However, a s  

f l a s h e r s  must exceed  t h e  s t a n d a r d  s p e c i f i c a t i o n s ,  t h e y  a r e  

no rma l ly  d e s i g n e d  t o  l a s t  c o n s i d e r a b l y  l o n g e r  t h a n  t h e  s t a n d a r d  

s p e c i f i c a t i o n .  The ave rage  l i f e  of  f l a s h e r s  meet ing  MVSS 108 

needs  t o  be  de t e rmined ,  a s  m a n u f a c t u r e r s  c i t e  ave rage  l i f e  

f i g u r e s  o f  2-20 times ( o r  more) t h e  s t a n d a r d  l i f e .  

Another  manufac tu re r  e s t i m a t e d  t h e  hour s  o f  u sage  r e q u i r e d  

by measur ing  f l a s h e r  c y c l e s  on s i x  v e h i c l e s  o v e r  a  15-month 

p e r i o d  and c a l c u l a t i n g  t h e  number o f  hour s  o f  usage  t h a t  would 

b e  r e q u i r e d  f o r  100,000 m i l e s .  The d i f f e r e n t  v e h i c l e s  and 

d r i v e r s  produced v a l u e s  from under  200 t o  400 h o u r s  o f  i n t e r -  

m i t t e n t  u se .  Except  f o r  one  v e h i c l e - d r i v e r  which would r e q u i r e  

an e s t i m a t e d  400 h o u r s  o f  i n t e r m i t t e n t  u s e  t o  c o v e r  100,000 miles, 

t h e  o t h e r  v e h i c l e - d r i v e r  combina t ions  a l l  would have r e q u i r e d  



under  an e s t i m a t e d  300 h o u r s .  The b a s i c  d a t a  f o r  t h e  e s t i m a t e s  

were  c o l l e c t e d  some t i m e  ago ,  s o  t h a t ,  it i s  q u i t e  p o s s i b l e  t h a t  

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

have r e s u l t e d  i n  i n c r e a s e d  t u r n  s i g n a l  usage .  T h e r e f o r e ,  300 

h o u r s  o f  au tomob i l e  f l a s h e r  usage  may be  more common now and 

pe rhaps  500 h o u r s  i s  r e p r e s e n t a t i v e  o f  t h e  upper  l i m i t  ( t h i s  i s  

20% above t h e  o l d  d a t a  upper  l i m i t ) .  Assuming t h a t  a  t y p i c a l  

v e h i c l e  t r a v e l s  12 ,000  m i l e s  p e r  y e a r  t h e n  36-60 h o u r s  o f  i n t e r -  

m i t t e n t  u se  shou ld  o c c u r  y e a r l y .  

I t  i s  o f  c o n s i d e r a b l e  impor tance  t h a t  it be de t e rmined  

whe the r  c o n t i n u o u s  u s e  o r  i n t e r m i t t e n t  u s e  i s  t h e  more r i g o r o u s  

t e s t .  For  example,  one manufac tu re r  i s  o f  t h e  o p i n i o n  t h a t  h i s  

e l e c t r o - m e c h a n i c a l  f l a s h e r  f a r  exceeds  t h e  l i f e  r equ i r emen t  o f  

a  t y p i c a l  c a r  because  t h e  f l a s h e r s  have a  l i f e  g r e a t e r  t h a n  

500 h o u r s  o f  c o n t i n u o u s  o p e r a t i o n ,  While t h i s  i s  f i v e  times 

t h e  l i f e  r e q u i r e d  under  SAE J590S, it may n o t  ex t end  t h e  l i f e  

of a  f l a s h e r  i n  u se  t o  t h a t  g r e a t  a  d e g r e e  i f  i n t e r m i t t e n t  u s e  

i s  more r i g o r o u s  t h a n  c o n t i n u o u s  use .  Assuming t h a t  500 h o u r s  

o f  c o n t i n u o u s  usage  i s  e q u i v a l e n t  t o  1000 h o u r s  o f  i n t e r m i t t e n t  

usage  l e a d s  one t o  conc lude  t h a t  t h i s  f l a s h e r  c o u l d  e x t e n d  

f l a s h e r  l i f e  t o  beyond t h e  l i f e  o f  t h e  v e h i c l e .  





4.  RISE- AND DECAY-TIME MEASUREMENT OF BULBS 

In order to evaluate the light output characteristics of 

flashing bulbs, it was necessary to select an appropriate range 

of bulbs on which to conduct measurements. To do this, lamp 

catalogsL were searched for lamps which are used for signaling 

on motor vehicles with 12 volt electrical systems. 

Table 4.1 is a summary of such non-sealed-beam bulbs. Those 

half-dozen bulbs of this type which find most common use have 

an underlined bulb number. The S-8 bulb type is the standard 

lens size. The RP-11 is the larger size, which is too large to 

fit into most housings and is not available in a dual-filament 

configuration. 

The 1034 group constitutes the first generation of these 

bulbs. The 1157 group was originally developed for heavy-duty 

use, but has now become almost standard equipment on many, if 

not most, new vehicles. The 198 group is the new heavy-duty, 

"fleet-quality" line. 

Table 4.2 is a summary of sealed beam bulbs which are either 

designed specifically for signaling purposes (as indicated in 

the lamp catalogs), capable of signal use by virtue of lens fil- 

ter color, or actually used as signal bulbs. Note that 4415's 

(of the PAR 36 group) have been included, even though their 

apparent use is as "fog lamps." They have been included because 

they are actually in use for signaling purposes. Similarly, 

the 4636 (of the PAR 46 group) has been included, even though 

no catalog indication is given that it might be useful as a 

signal bulb, because indeed this is the bulb used as standard 

equipment in certain lines of school bus loading lamps. 

In actual practice, almost any sealed-beam bulb could be 

used as a signal lamp, with the appropriate color filter and 

1 General Electric, Miniature Lamp Catalog, 3-6253R, revised 
1-74, and General Electric, Sealed Beam Lamp Catalog, 3-6251R, 
revised 1-74. 



TABLE 4.1. Non-Sealed-Beam Bulbs Which are Used for Signaling. 

page k b u l b  K v o l t s  a n p s  HSC? b a s e  l l f e  o t h e r ,  s i m i l a r  b u l b s  

20-41 1034 1 2 . 8  1.SC 32 DC Ind  200 1034 A ( 2 0 - 4 2 ) : e n v e l o > e  h a s  o u t s i d e  t r a n s l u c e n t  
1 4 . 0  .59  3 " " 5000 a x b e r  c o a t i n q  

1073 (20-45) : SC Bay c o n t a c t ,  h a s  o n l y  s i g n a l  fil. - 
1076 ( 2 0 - 4 6 ) :  a s  1073,  b u t  w i t h  DC Ray 
1165 ( 2 0 - 4 7 ) :  a s  1073 ,  b u t  w i t h  b r a s s - c o n t a c t  

20-48 1151 1 2 . 8  2 .16  32 DC I n d  1200 1157 A ( 2 0 - 4 9 ) : e n v e l o p e  h a s  o u t s i d e  t r a n s l u c e n t  
l 4 . 0  ,553 3  " "  5000 amber c o a t i n g  

1157 NA(22-1) : e n v e i o p e  h a s  " n a t u r a l  amber" c o a t i n g  
m 2242 ( 2 0 - 1 0 ) :  a s  1 1 5 7 ,  b u t  wire t e r m i n a l s  
c;i 

2144 ( 2 2 - 3 ) :  a s  2242,  has o n l y  s i g n a l  f i l .  
1156 ( 2 2 - 4 ) :  a s  1157 ,  h a s  o n l y  s i g n a l  fil. -- 

A22-46 1 2 . 8  2.25 32 DC Ind  1200 199 ( 2 2 - 4 b ) :  a s  1 9 8 ,  h a s  o n l y  s i g n a l  f i l .  
i 4 . 0  . 5 9  3 " "  5000 - 

2 3 - 3 4  1016 1 2 . 8  3  21 DC I nd  300 1176 (20-35) : a s  1016 ,  e x c e p t  DC Bay 
14. i) .53  6  " "  1500 1141 ( 2 0 - 3 7 ) :  a s  1016 ,  e x c e p t  1.44 Anp, s i g  f i l .  o .  

1:42 (20-39) : a s  1141 ,  e x c e p t  DC Bay 

20-28 1295 i 2 . 2  3 . 0 L  50 SC Eay 303 

20-21 9 3 1 2 . 8  L . 0 3  15 SC Bay i 0 3  9 1  ( 2 0 - 3 0 ) :  a s  93,  e x c e p t  DC Bay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.I., , ; L ~ - ? G  1143 i 2 . 5  9  3 2  SC Bay  400 1144 ( 1 6 - 3 1 ) :  a s  1143,  e x c e p t  3C Bay 
cl 
2 

=;6-32  1195 1 2 . 5  3 . 0 0  50 SC B 3 y  3 0 3  ! 196 (16-33) : a s  1 1 9 5 ,  excapr; LC Bay 
r- 1293 (16-34) : as 1145,  different f i l .  s u p p o r t  
m 

1 

2 
? a g e  4 :  Refz r s  t o  ;:sc;e a::? i t c x  n l z ~ i ~ e r  i?. G5 ? l i n i a t c r e  L m p  C a t a l o g  3-6253R ( r c v i s e c i  1 / 7 4 ) ,  
S u i b  6: ;.^.:il'htry cr9.s r c f ? r r i . r . c e .  A few c o z p n i c s  w i i l  .ase t h e i r  own n u n b e r ,  b u t  a l l  wi:l c r o s s -  

. . 
reference ti t:?csa st~~~carcs. 

!.IS",: :::e,;: Sp.ie::cz: C1:.2:c:;cx,er. 
3 a s 2 :  3C i-5 = Co,~t:c Coctac: L ~ 5 . 3 2 ~ :  C A S C ,  ;r,,'_i:cd. 

3 C  .3zy = 3c.lLle Cr,r.ract 9~yanc:  5 a ; c ,  r.0:.-;lid2~32. 
;, .Luxcd) . S; 2 i . y  = 5;:!51e Cor.:act Ea:,o~.et 32ae ;:C?-.'.-- 

L i f e :  Rated  a v s r a q e  l i f e ,  i n  b o ~ r s  ( n o t  suS:ec~ t c  vibration). 

S-8 ~ u l b s  u s e  c o n v e n t i o n a l  l e n s e s .  W - 1 1  Bulbs  u s e  a  w i d e r  l e n s  e n v e l o p e ,  



TABLE 4.2, Sealed-Beam Bulbs Which are o r  Can be Used f o r  S i g n a l i n g .  

page t b n l b  f s i z e  v o l t s  w a t t s  beam CP c o l o r  6 t r a n s m  s p r e a d  s h i e l d  l i f e  o t h e r  
II v 

7-27 4,114 36 1 2 . 8  18  1500 - 100 50 25 none 
- 2 E  3414-A " 

8 450 amber 3  0  I, I n 

-29  4414-R " 275 r ed  1 8  I, I " 

-30 4415 3 5  9000 - 100 
-31  4415-h " 7000 a r b c r  7  8 t o  ,,5 :ap 

-32 * 4416 30 35000 - 100 11 4 . 5 n o n e  
- 3 3  * ~TK-; ,  26000 arnbcr 74 I, ,I  11 

- 34 + XiGTi,; ? b l u e  - ~t v e 

-.35 + T4TfJ<-l( 6000 r e d  17  t 18 I 
-.- 

((fog lamp) 

200 "C.I.M. T a i l - S t o p ,  
NG Red" 

-38 4425-11 " 5 0 500 r e d  - 50 25 nonc  
1 8  100 " - !I " I, 

- 4 3  4461 G O  50000 - 100 11 5 none 300' "S lc jna l"  
- 4 5  4464-R " , 7500 r e d  1 5  I, 11 In " * " S i g l ~ a l ,  Red" 

- 
arllber 
r e d  

none 
ll 

300* c o n v e n t i o n  H i  Beam 
I 

'XF 
nonc  
MF 
none 

320 c o n v e n t i o n  Lo Beam 
250 c o n v e n t i o n  H i  Beam 
3 2 0 
230 

r e d  

300 I II ( f o g  lamp) - 
amhcr 

300 n (flood lamp) nonc 
I 

- 
r e d  

a n b e r  

-27  ~ 6 3 3 ~ ~  " . 1 4 . 0 ,  8 ;  700 rcd - ? ? "  " (school bus I m p s )  
-27;i 4636 " 14.0 " 7 - - ? ? "  

10-21 4433-A 56 1 2 . 8  { '> ? amber - .. - none 200 ( s c h o o l  b u s  lamps)  
? " .. - -  n I 

-22 4433-R " 
I! ? r e d  - ,  n {: " n 

? " - - -  " 

Page k :  R e f e r s  Lo page  and l t c n  nunbcr  i n  GE Sea l ed  Beam La3p C a t a i o g  3-6251R (rebieed 1 / 7 4 ) .  
Bu:.t~ k :  I n J t ~ ? t ~ . y  c ross  r c f e ~ t . l : c c .  
S i z e :  i 'AX i C  = 4 . 5 ' '  di3:a,-tcr-. P A R  4 6  = 5 . 7 5 "  d i a m e t e r  ( s i z e  o f  s t a n d a r d  "quad"  h e a d l a m p s ) .  

P A R  5 G  = 7 "  d i3mctc . r  ( : ; ize of s t a n d a r d  l a r g e  head1nr:ps) 
Heam C P :  "A;i;,rr,i:rrlililic IRL! i , l l  ::a:clmurr, C ~ n d l e p o w e r "  
Cclor :  GT's : ! - s iqna t i?n .  
% 1 ' r a n s n l s i v l t . y :  Derl':ed, where v a l u e s  f o r  u n f i l t e r e d  b u l b  a r e  kr.o:vn. : ~ n b e r  r a n g e s  f rom 

30-80%,  red iro:n 12-182 .  
Sprend: "Ap)'r oxi:tc3te Tctnl S p r e a d  t o  102 ( o f )  Yaximum Candlcpowcr."  ~- 
Life: I n  hours, a t  t h e  d e s i g n  voltagc ( s t a t e d ) .  

*:hesc l:~-,,;s a r e  c:<-c' ,-r:r::-il:: ::. re;.ol.::r.: beacoE ; r . s t ; l lh t iol ;s ,  
T h u s ,  tn,?:, ilrf ~ i ~ t  r i - , r ; ; l~y  o:;erzt(-i i r ,  a;, " o n " , / " o i f "  :asi:ic:l. 



perhaps  w i t h  a d d i t i o n  of  a  d i f f u s i o n  sc reen .  Note t h a t  even con- 

v e n t i o n a l  headlamp b u l b s ,  such a s  4000 and 4001, a r e  co lo r -coa ted  

and used f o r  s i g n a l i n g  purposes .  

For non-sealed beam b u l b s ,  t h r e e  b a s i c  bu lbs  ( t h e  1034, 1157, 

and 198 groups) a s  i d e n t i f i e d  above and i n  Table 4 . 1  i n c o r p o r a t e  

t h e  b a s i c  performance c h a r a c t e r i s t i c s  f o r  a l l  such b u l b s  i n  g e n e r a l  

use .  

For sealed-beam b u l b s ,  on t h e  o t h e r  hand, no such s imple  group- 

i n g  i s  immediately p o s s i b l e .  However, a  more g e n e r a l  grouping can 

be accomplished. Within t h e  PAR 36 and 46 groups ,  many of  t h e  b u l b s  

can be c h a r a c t e r i z e d  a s  having a  30 o r  35 w a t t  c o i l e d  f i l a m e n t .  

Within each s i z e  group,  t h e s e  b u l b s  a r e  probably  a l l  b a s i c a l l y  t h e  

same, v a r y i n g  o n l y  i n  f l u t i n g  d e s i g n  ( d i f f u s i o n )  and c o l o r  f i l t e r .  

The u n f l u t e d ,  uncolored ,  and unshie lded r e p r e s e n t a t i v e s  o f  t h e s e  

two s i z e  groups would be bu lbs  4 4 1 6  ( f o r  PAR 36) and 4436 ( f o r  PAR 

4 6 ) .  The o t h e r s  w i t h  t h e  s i m i l a r  f i l a m e n t s  could  a l l  be though t  

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

From Tab les  4 . 1  and 4 . 2  e i g h t  p a i r s  of  lamps were s e l e c t e d  t o  

r e p r e s e n t  t h e  lamps i n  common usage and p rov ide  a  range  of  f i l a m e n t  

wat tage  and bu lb  s i z e .  From Table 4 . 1  t h e  1034, 1157, and 198 lamps 

were s e l e c t e d  f o r  e v a l u a t i o n  of r i se -and  decay-t imes because of  

t h e i r  common use  i n  t u r n  s i g n a l  lamp housings .  They r e p r e s e n t  a  

range  of  power consumption of  23, 2 7 ,  and 2 9  w a t t s .  From Table 4 . 2  

t h e  4 4 1 4 ,  4416, 4436, 4 0 0 2 ~ ~  and 4636 lamps were s e l e c t e d  f o r  test-  

i n g  t o  p rov ide  an adequate  range o f  power consumption and b u l b  s i z e .  

The power consumption f i g u r e s  f o r  t h e s e  b u l b s  a r e  1 8 ,  30, 35, 37.5, 

and 80 w a t t s  ( u s i n g  two 4 0  w a t t  f i l a m e n t s ) ,  r e s p e c t i v e l y .  

The e i g h t  p a i r s  o f  lamps of  v a r i o u s  wa t t ages  and lamp sizes 

were o b t a i n e d  and burned i n  f o r  s e v e r a l  hours .  Each lamp was then  

mounted i n  a  lamp housing. A P r i c h a r d  S p e c t r a  Photometer was used 

'A 4002 h igh  beam was used i n  p l a c e  of  t h e  4 0 0 0  b u l b  l i s t e d  
i n  Table 4 . 2 .  



a l o n g  w i t h  a  Brush C h a r t  Recorder  t o  produce t r a c e s  o f  l i g h t  o u t -  

p u t  v e r s u s  v o l t a g e .  Each t r a c e  was se t  up s o  t h a t  maximum s t e a d y -  

s t a t e  l i g h t  o u t p u t  would produce a  f u l l - s c a l e  d e f l e c t i o n  w h i l e  t h e  

v o l t a g e  o f f  c o n d i t i o n  would t r a c e  a long  t h e  bot tom a x i s .  Thus a  

f u l l - s c a l e  r e a d i n g  r e p r e s e n t s  100% of  t h e  maximum l i g h t  o u t p u t  o f  

a  lamp and a  r e a d i n g  on t h e  lower  a x i s  r e p r e s e n t s  0 %  o r  no lamp 

o u t p u t .  Two b u l b s  having  t h e  same lamp number were measured f o r  

each  of  t h e  e i g h t  lamp t y p e s  and t h e  mean o f  t h e  r e s u l t s  were c a l -  

c u l a t e d .  A l l  lamps were measured w i t h  t h e  f l a s h e r  o p e r a t i n g  i n  

a  normal ly  c l o s e d  ( s t a r t - o n )  f a s h i o n ,  I n  a d d i t i o n ,  a l l  lamps 

were o p e r a t e d  a t  1 2 . 8  v o l t s .  The maxima and minima l i g h t  o u t p u t  

o b t a i n e d  i n  t h e  l s t ,  3 r d ,  and 6 t h  f l a s h  f o r  v a r i o u s  d u t y  c y c l e s  

and f l a s h  r a t e s  i s  shown i n  t a b l e s  compr is ing  Appendix A, 

The d a t a  i n  t h o s e  t a b l e s  i n d i c a t e  t h a t  n o t  a l l  lamps respond 

t o  f l a s h  r a t e  and d u t y  c y c l e  combina t ions  i n  t h e  same way. While 

t h e  1157,  1034,  and 198 b u l b s  responded i n  s i m i l a r  f a s h i o n ,  t h e  

4 0 0 2  and 4636 lamps nave t h e  g r e a t e s t  t he rma l  i n e r t i a .  Th i s  can  

be r e a d i l y  a s c e r t a i n e d  by l o o k i n g  a t  t h e  180 cpm d a t a  (Appendix A.5) 

a s  t h e s e  lamps c o n s i s t e n t l y  have t h e  l owes t  l i g h t  o u t p u t  w h i l e  t h e  

vo tage  i s  on and have t h e  h i g h e s t  l i g h t  o u t p u t  when t h e  v o l t a g e  

i s  o f f .  Both of t h e s e  lamps a r e  PAR 46 5.75 i n c h  b u l b s .  The p o o r e r  

performance came from t h e  37.5 4002 lamp even though t h e  4636 lamp 

was run  below i t s  nominal v o l t a g e  ( 1 4 , o V . ) .  The ex t r eme ly  s low 

r i s e  t ime  of  t h e  4002 lamp appea r s  t o  be  due t o  two f a c t o r s .  F i r s t ,  

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

t i m e s  a s  ev idenced  by d a t a  d e r i v e d  from Tab le s  3 .1 ,  3 .2 ,  and A . 5 :  

F i r s t  F l a s h  
Maximum R e l a t i v e  

L i g h t  Output  
Major Ene rg i zed  
F i l amen t  Wattage 



Although c l o s e r  i n s p e c t i o n  w i l l  r e v e a l  a v e r y  n o n - l i n e a r  r e l a -  

t i o n s h i p ,  t h e r e  i s  e v i d e n c e  o f  a  t r e n d  which a s s o c i a t e s  low maximum 

r e l a t i v e  l i g h t  o u t p u t  w i t h  i n c r e a s e d  wa t t age .  Secondly ,  t h e r e  i s  

t h e  confounding  f a c t o r  o f  h e a t  a b s o r p t i o n  by any unene rg ized  f i l a m e n t  

which i s  p r e s e n t .  I t  was d i s c o v e r e d  t h a t  when t h e  8 w a t t  t a i l  f i l a -  

ment o f  an  1157 b u l b  was c o n s t a n t l y  e n e r g i z e d ,  t h e  23 w a t t  s i g n a l  f i l -  

ament o f  t h e  1157 b u l b  had a  q u i c k e r  rise-time t h a n  when t h e  8 w a t t  

f i l a m e n t  was unene rg ized .  Whether a  f i l a m e n t  i s  r a d i a t i n g  o r  abso rp -  

t i n g  h e a t  h a s  an  e f f e c t  on t h e  rise-time of  t h e  o t h e r  f i l a m e n t  i n  a  

d u a l  f i l a m e n t  bu lb .  Thus,  t h e  rise-time o f  t h e  4002 h i  beam f i l a m e n t  

i s  e x t r e m e l y  s low due t o  t h e  p r e s e n c e  o f  t h e  unene rg ized  50 w a t t  low 

beam f i l a m e n t  and t h e  h i g h  wa t t age  (37.5 w a t t s )  o f  t h e  h i g h  beam f i l -  

ament. The f a s t e r  rise-time o f  t h e  4636 b u l b  w i t h  4 0  w a t t  f i l a m e n t s  

i s  due t o  t h e  f a c t  t h a t  it d o e s  n o t  have an  unene rg ized  f i l a m e n t .  

Using t h e  mean d a t a  from a  p a i r  o f  1157 b u l b s ,  F i g u r e  4 . 1  e x h i -  

b i t s  t h e  achievement  o f  maximum l i g h t  o u t p u t  f o r  a  p a r t i c u l a r  f l a s h  

r a t e  and d u t y  c y c l e  combina t ion  by t h e  3rd  f l a s h .  The d a t a  r eco rded  

f o r  t h e  6 t h  f l a s h  f o r  a l l  t h e  lamps,  f l a s h  r a t e s ,  and d u t y  c y c l e s  

t e s t e d  was n e a r l y  i d e n t i c a l  t o  t h a t  o b t a i n e d  on t h e  3rd  f l a s h .  The 

1st f l a s h ,  however, g e n e r a l l y  produced s i g n i f i c a n t l y  less maximum 

l i g h t  o u t p u t  and o c c a s i o n a l l y  t h i s  a l s o  l e a d  t o  less  v o l t a g e  o f f  

l i g h t  o u t p u t  compared t o  d a t a  o b t a i n e d  f o r  t h e  3rd o r  subsequen t  

f l a s h .  T h i s  i n t r o d u c e s  t h e  problem o f  s e l e c t i n g  a  f l a s h  r a t e  x 

d u t y  c y c l e  x  lamp combina t ion  which w i l l  a c h i e v e  a  g r e a t  enough 

maximum l i g h t  o u t p u t  on t h e  1st f l a s h  and a  low enough minimum 

l i g h t  o u t p u t  ( v o l t a g e  o f f )  on subsequen t  f l a s h e s .  

I n  some i n s t a n c e s  t h i s  problem i s  s o  s e v e r e  t h a t  c e r t a i n  

lamps d o  n o t  even  m a i n t a i n  a  f i v e  t o  one  r a t i o  between t h e i r  v o l t a g e  

"on" l i g h t  o u t p u t  and t h e i r  v o l t a g e  " o f f "  l i g h t  o u t p u t .  While t h i s  

e f f e c t  shows up a t  lower  c y c l e  r a t e s  w i t h  t h e  h i g h  t h e r m a l  i n e r t i a  

lamps ( i . e . ,  a t  1 2 0  cpm f o r  a 4002 l amp) ,  e v e n t u a l l y  even  lamps 

w i t h  a s  f a s t  a r e s p o n s e  a s  t h e  1157 show t h e  e f f e c t  ( i . e . ,  a t  180 

cpm). A s  SAE ~ t d s ,  J585c ,  J 5 8 6 b ,  and J588d a l l  s p e c i f y  t h a t  a t  some 
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F i g u r e  4.1. P e r c e n t  of maximm l i g h t  o u t p u t  o b t a i n e d  f rom a #1157 b u l b  d u r i n g  i t s  l s t ,  3rd a n d  6 t h  
f l a s h  w i t h  d u t y  c y c l e  on - t imes  of 2 5 ,  30,  75 and  80 p e r c e n t  and  a t  f l a s h  rates of 
40-180 c y c l e s  per minute. 



p o i n t s  nea r  t h e  H-V a  minimum f i v e  t o  one candlepower r a t i o  between 

t h e  s i g n a l  and t a i l l a m p  i s  r e q u i r e d  t o  p rov ide  adequate  c o n t r a s t ,  

it i s  l ~ g i c a l  t o  i n s i s t  t h a t  t h e  s i g n a l  lamp have a t  l e a s t  a  f i v e  t o  

one c o n t r a s t  r a t i o  between i t s  v o l t a g e  "on" and v o l t a g e  " o f f "  

phases.  Otherwise,  t h e  s i g n a l  would n o t  p rov ide  an adequate  c o n t r a s t  

r a t i o  between i t s  "on" and " o f f "  v o l t a g e  phases.  F l a s h  Rate x  

Duty Cycle x  Lamp combinat ions which do n o t  meet t h e  5 : l  r a t i o  

requi rement  a r e  i n d i c a t e d  i n  Tables  A.1-24.5 by a  minus s i g n  fo l low-  

i n g  t h e  "low" l i g h t  o u t p u t  va lue .  The r a t i o  may be a  de te rminan t  

i n  s e l e c t i n g  an upper bound f o r  f l a s h  r a t e  a s  b o t h  t h e  1157 and 

198 bu lb  t y p e s  were s t a r t i n g  t o  f a i l  t h i s  c r i t e r i o n  a t  180 c y c l e s  

pe r  minute.  

F igure  4 . 2  e x h i b i t s  t h e  e f f e c t  of  f l a s h  d u r a t i o n  i n  bo th  t h e  

"on" and " o f f "  c y c l e s  upon l i g h t  o u t p u t  of a  No. 1157 lamp. These 

d a t a  were d e r i v e d  from Tab les  A.1-A.5 by c o n v e r t i n g  d u t y  c y c l e s  

and f l a s h  r a t e s  t o  lamp "on" and " o f f "  d u r a t i o n s .  F a s t  f l a s h  r a t e s  

and s h o r t  d u t y  c y c l e s  combine t o  produce s h o r t  d u r a t i o n s  which l e a d  

t o  t h e  problems of  low i n t e n s i t y  lamp o u t p u t  ( i . e .  lamp o u t p u t  f a l l s  

o f f  r a p i d l y  below . 2 0 0  sec  "on" d u r a t i o n )  and low c o n t r a s t  r a t i o  

( i . e .  lamp " o f f "  o u t p u t  remains i n c r e a s i n g l y  h igh  below .150 s e c  

" o f f  I' d u r a t i o n )  . 
S i m i l a r  l i g h t  o u t p u t  problems would a r i s e  i n  s p e c i f y i n g  e f f e c -  

t i v e  parameters  f o r  school  bus r e d  s i g n a l  lamps. I f  c y c l e  r a t e s  

a s  f a s t  a s  180 cpm were pe rmi t t ed  and t h e  "on" pe r iod  of  t h e  

f l a s h e r  was long enough t o  pe rmi t  t h e  b u l b  f i l a m e n t  t o  come up t o  

f u l l  b r i g h t n e s s ,  a s  per  SAE Standard  J887,  t h e  " o f f "  p e r i o d  l i g h t  

o u t p u t  might n o t  a l low an adequate  c o n t r a s t  r a t i o .  For t h i s  

r e a s o n ,  a n a l y t i c a l  r e s e a r c h  of t h e  d a t a  which has  been c o l l e c t e d  

on lamps which a r e  used as  school  bus lamps, should be under taken 

t o  de te rmine  from l i g h t  o u t p u t  and c o n t r a s t  c u r v e s ,  t h e  l i m i t s  o f  

"on" and " o f f "  d u r a t i o n s  which a r e  f e a s i b l e  t o  produce a  good 

f l a s h  s i g n a l .  Th i s  d a t a  could  then  be analyzed t o  p rov ide  i n f o r -  

mation on f e a s i b l e  f l a s h  r a t e s  and d u t y  c y c l e s  f o r  school  bus 

lamps. 
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The r e s u l t s  a l s o  sugges t  t h a t  performance s p e c i f i c a t i o n s  on 

f l a s h e r s  a l o n e ,  ignor ing  t h e  c h a r a c t e r i s t i c s  of  t h e  b u l b s  which 

t h e  f l a s h e r s  c o n t r o l ,  may no t  be adequate  t o  i n s u r e  e f f e c t i v e  f l a s h -  

ing  c h a r a c t e r i s t i c s  of t u r n  o r  hazard warning lamps. 



5. THE EFFECTIVENESS OF FLASHING LIGHTS - A LITERATURE REVIEW 

The e f f e c t i v e n e s s  of  a  f l a s h i n g  lamp s h a l l  b e  c o n s i d e r e d  

d i r e c t l y  r e l a t e d  t o  i t s  a t t e n t i o n - g e t t i n g  v a l u e  i n  t h i s  review,  i . e .  

t h e  more conspicuous  t h e  lamp t h e  g r e a t e r  i t s  e f f e c t i v e n e s s ,  The 

i n t e n t  w i l l  b e  t o  summarize r e s e a r c h  which d e a l s  p r i m a r i l y  w i t h  

t h e  c o n t r i b u t i o n s  o f  f a c t o r s  such  a s  shape ,  c o l o r ,  l i n e - o f - s i g h t ,  

' l a sh  f r equency  and d u r a t i o n ,  i n t e n s i t y ,  background,  and adap ta -  

t i o n  t o  t h e  e f f e c t i v e n e s s  of  f l a s h i n g  l i g h t s  on v e h i c l e s .  For  

t h e  i n t e r e s t e d  r e a d e r ,  more d e t a i l e d  summaries o f  most o f  t h e  

r e s e a r c h  r e f e r e n c e d  h e r e i n  can  be  found i n  a p e x h a u s t i v e  b i b l i -  

ography of  work on f l a s h i n g  l i g h t s  by Hargroves  and Hargroves  ( 1 9 7 0 ) .  

SHAPE AND COLOR. F l a s h  shape ,  t h e  tempora l  d i s t r i b u t i o n  o f  

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

s q u a r e ,  b u t  f o r  r o t a t i n g  beacons it i s  more n e a r l y  s i n u s o i d a l .  

More complex d i s t r i b u t i o n s  of  i n t e n s i t y  w i t h i n  t h e  f l a s h  c y c l e  a r e  

g e n e r a l l y  c o n s i d e r e d  n o t  p r a c t i c a l  a s  a  coding  dimension (Hargroves ,  

1 9 7 1 ) .  However, t h e  r e l a t i v e  a t t e n t i o n - g e t t i n g  v a l u e  o f  d i f f e r -  

e n t  f l a s h  shapes  h a s  n o t  been examined t h o r o u g h l y ,  

Color  coding  h a s  been examined and r e j e c t e d  by P r o j e c t o r  

e t  a l .  (1969)  because  of  v a r i a t i o n  i n  o b s e r v e r  c o l o r  v i s i o n ,  

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

e f f i c i e n c i e s .  However, r e s e a r c h e r s  a t  C a l i f o r n i a  U n i v e r s i t y  

(1968)  and Mortimer (1969)  conc lude  t h a t  a l t h o u g h  t h e  b a s i c  l i g h t -  

i n g  sys tem shou ld  employ f u l l  f u n c t i o n a l  s e p a r a t i o n  and be c o l o r  

i n d e p e n d e n t ,  c o l o r  shou ld  be used a s  a  r edundan t  cod ing  pa rame te r  

a s  t h i s  h a s  been shown t o  i n c r e a s e  e f f e c t i v e n e s s .  

LINE-OF-SIGHT. I n  a  s t u d y  of  f l a s h i n g  v e r s u s  s t e a d y  l i g h t s  

i n  au tomob i l e  t u r n i n g  s i g n a l s  Brown and Gibbs (1958)  found t h a t  

when l i t t l e  v i s u a l  s e a r c h  i s  r e q u i r e d  a  s t e a d y  l i g h t  i s  more 

e f f e c t i v e .  However, when t h e  s i g n a l  i s  n o t  s een  f o v e a l l y  a  

f l a s h i n g  l i g h t  h a s  more a t t e n t i o n - g e t t i n g  power. 



S i g n a l  p o s i t i o n a l  e f f e c t s  on r e a c t i o n  t ime t o  f l a s h i n g  

lamps were f u r t h e r  examined by Rains (1963) .  The s h o r t e s t  times 

were when t h e  s t i m u l u s  was p r e s e n t e d  f o v e a l l y .  I n  g e n e r a l  t h e  

n a s a l  s i d e  of t h e  r e t i n a  was found t o  be s u p e r i o r  t o  t h e  temporal  

s i d e  wi th  r e s p e c t  t o  t h e  speed of r e a c t i o n ,  I n  a d d i t i o n ,  Rains 

b e l i e v e s  t h a t  t h e  d i f f e r e n c e  i n  r e a c t i o n  t i m e  between t h e  fovea  

and p e r i p h e r y  would be s m a l l e r  i f  l a r g e r  a r e a s  and/or l o n g e r  f l a s h  

d u r a t i o n s  were employed a s  t h e  p e r i p h e r y  i s  capab le  of g r e a t e r  a r e a  

and temporal  summation. 

INTENSITY, BACKGROUND AND ADAPTATION. A s e r i e s  of  e x p e r i -  

ments by Joseph Lucas Ltd ,  (1956, 1958) were conducted t o  d e t e r -  

mine minimum and maximum p r e f e r r e d  and a c c e p t a b l e  r e a r  s i g n a l  lamp 

i n t e n s i t i e s  f o r  bo th  s t eady  and f l a s h i n g  lamps f o r  day and n i g h t  

use.  During t h e  daytime h i g h e r  i n t e n s i t i e s  were p r e f e r r e d .  

Higher i n t e n s i t i e s  were a l s o  p r e f e r r e d  a t  n i g h t  a t  g r e a t e r  d i s -  

t a n c e s  whi le  a t  s h o r t e r  d i s t a n c e s  g l a r e  e f f e c t s  l e a d  t o  lower 

p r e f e r r e d  i n t e n s i t i e s .  

The r e s u l t s  a l s o  sugges ted  t h a t  s i g n a l  background, g l a r e ,  

and t h u s  o b s e r v e r  a d a p t a t i o n  could  have an impor tan t  i n f l u e n c e  on 

t h e  e f f e c t i v e n e s s  o f  f l a s h i n g  lamps. 

I n  a  s tudy  by Gerathewohl (1953) t h e  c o n s p i c u i t y  of  s t e a d y  

and f l a s h i n g  l i g h t  s i g n a l s  a s  a  f u n c t i o n  of  c o n t r a s t  was examined. 

T e s t  s i g n a l s  were 15.5 degrees  from t h e  o b s e r v e r s  v i s u a l  a x i s .  

D i s t r a c t i n g  l i g h t s  and two audio  d i s t r a c t i o n s  were employed. Sub- 

j e c t s  were p e r c e p t u a l l y  loaded by t h e  p r e s e n t a t i o n  of  s i g n a l  and 

d i s t r a c t i o n  l i g h t s  a t  t h e  r a t e  of 33 p r e s e n t a t i o n s  p e r  minute.  

Background was h e l d  c o n s t a n t  whi le  s t i m u l u s  b r i g h t n e s s  was v a r i e d .  

F l a s h  frequency and f l a s h  d u r a t i o n  were c o n s t a n t  a t  6 0  cpm and 

2 0 %  "on" t ime ,  r e s p e c t i v e l y .  I n  g e n e r a l ,  t h e  c o n s p i c u i t y  of  any 

s i g n a l  was found t o  i n c r e a s e  w i t h  c o n t r a s t ,  a s  expected .  However, 

l i t t l e  g a i n  was achieved w i t h  s i g n a l  c o n t r a s t s  of 6 . 6  o r  g r e a t e r  

and f l a s h i n g  and s t e a d y  l i g h t s  showed l i t t l e  d i f f e r e n c e  i n  r e sponse  

t i m e  above t h i s  c o n t r a s t  r a t i o .  A t  low c o n t r a s t s ,  f l a s h i n g  s i g n a l s  

were more conspicuous than s t e a d y  l i g h t s  even though d i s t r a c t i o n  



l i g h t s  were d o t t e d  around t h e  f i x a t i o n  a r e a .  

Crawford (1962,  1963) found t h a t  a  background o f  f l a s h i n g  

l i g h t s  (180 cpm, 50% "on" t i m e )  i n c r e a s e d  r e sponse  time more t h a n  

a  background of  s t e a d y  l i g h t s ,  whether  t h e  s i g n a l  was f l a s h i n g  o r  

n o t .  The s u b j e c t s  were p e r c e p t u a l l y  loaded  by s i g n a l s  and d i s -  

t r a c t i o n  l i g h t s  o c c u r r i n g  2 0  t i m e s  p e r  minute .  The advantage  

o f  u s i n g  a  f l a s h i n g  l i g h t  a s  a  s i g n a l  was l o s t  even i f  one o t h e r  

l i g h t  i n  t h e  background was f l a s h i n g  and s t e a d y  l i g h t s  were 

always more e f f e c t i v e  when 10% o r  more o f  t h e  background l i g h t s  

were f l a s h i n g .  T h i s  i l l u s t r a t e s  t h e  con fus ion  t h a t  c o u l d  be 

e x p e c t e d  i f  t h e r e  were t o o  many d i s t r a c t i n g  f l a s h i n g  l i g h t s  

i n  t h e  a r e a  o f  a  p e r t i n e n t  s i g n a l .  The c o n t r a s t  l eve l  of t h e  

s i g n a l s  i n v o l v e u  i n  t h i s  exper iment  i s  n o t  r e p o r t e d .  

G l a r e  e f f e c t s ,  t o  some e x t e n t ,  were r e p o r t e d  by Mortimer 

and Olson (1966)  when t h e  p o s i t i o n a l  e f f e c t s  o f  f r o n t - t u r n  i n d i -  

c a t o r s  r e l a t i v e  t o  t h e  headlamps were examined. A s  e x p e c t e d ,  

r e a c t i o n  t i m e s  i n c r e a s e d  when t h e  s i g n a l  was p o s i t i o n e d  n e a r  t h e  

headlamp. However, l i t t l e  s y s t e m a t i c  r e s e a r c h  h a s  been done t o  

examine t h e  e f f e c t i v e n e s s  of  r e a r  s i g n a l i n g  sys tems  when t h e  

o b s e r v e r  i s  s u b j e c t e d  t o  g l a r e  a s  i s  t y p i c a l l y  encoun te red  i n  

a  v e h i c l e  meet ing  s i t u a t i o n .  

Tha t  a d a p t a t i o n  can  have an i m p o r t a n t  e f f e c t  on f l a s h i n g  

l i g h t  e f f e c t i v e n e s s  i s  shown i n  a  s t u d y  by Forbes  (1960) .  The 

j u s t  p e r c e p t i b l e  f l a s h  b r i g h t n e s s  a f t e r  e n t e r i n g  t h e  d a r k  f rom 

v a r i o u s  f i e l d  b r i g h t n e s s e s  was measured. A f l a s h  b r i g h t n e s s  of  

143 m l  was needed f o r  p e r c e p t i o n  upon e n t e r i n g  d a r k n e s s  from a  

f i e l d  luminance of  3266  m l  (hazy  d a y ) .  L ikewise ,  3.6 m l  was 

r e q u i r e d  a f t e r  exposure  t o  103 m l  ( o v e r c a s t  d a y ) ,  and .57  m l  

was r e q u i r e d  a f t e r  exposure  t o  3 .3  m l  ( t w i l i g h t ) .  A f t e r  . 4  s e c  

o r  more i n  t h e  d a r k  luminances  r e q u i r e d  were reduced t o  .9 m l ,  

. 4 5  m l ,  .18 ml a f t e r  p r i o r  exposure  t o  hazy day ,  o v e r c a s t  day ,  

and t w i l i g h t  i l l u m i n a t i o n s ,  r e s p e c t i v e l y .  



FLASH FREQUENCY AND FLASH DURATION. I n  a  s t u d y  similar t o  

t h a t  r e p o r t e d  above, Gerathewohl (1957) examined t h e  i n t e r a c t i o n s  

o f  f l a s h  f r equency ,  d u r a t i o n ,  and s i g n a l  c o n t r a s t .  Observers  

were r e q u i r e d  t o  d e t e c t  t h e  p r e s e n c e  of  a  w h i t e  f l a s h i n g  l i g h t  

w i t h  90% o f  t h e  l i g h t s  b e i n g  d i s t r a c t i o n  l i g h t s .  Three b r i g h t -  

n e s s  c o n t r a s t s :  . 16 ,  .95,  and 1 1 . 1 6 ;  t h r e e  f l a s h  f r e q u e n c i e s :  

1 f l a s h  e v e r y  3 s e c ,  1 f l a s h  p e r  s e c ,  and 3 f l a s h e s  p e r  s e c ;  

and two f l a s h  d u r a t i o n s :  .1 s e c  and .2 s e c  were used.  Test s i g -  

n a l s  were p r e s e n t e d  5 d e g r e e s  t o  t h e  l e f t  o r  r i g h t  of  t h e  

o b s e r v e r ' s  c e n t r a l  l i n e - o f - s i g h t .  F i g u r e  5 .1  i l l u s t r a t e s  t h e  com- 

p l e x  i n t e r a c t i o n s  found between f l a s h  f r equency ,  d u r a t i o n  and 

c o n t r a s t ,  I n  g e n e r a l ,  r e a c t i o n  t ime  was found t o  d e c r e a s e  w i t h  

i n c r e a s i n g  f l a s h  f requency and f l a s h  d u r a t i o n .  I n c r e a s e d  c o n t r a s t  

r e s u l t e d  i n  d e c r e a s e d  r e a c t i o n  t ime p r i m a r i l y  o n l y  f o r  t h e  low 

f l a s h  r a t e  o f  20 cpm. The e f f e c t  o f  c o n t r a s t  was s t r o n g e s t  under  low 

f requency  c o n d i t i o n s .  The e f f e c t  of f requency was s t r o n g e s t  

under  low c o n t r a s t  c o n d i t i o n s ,  Under low c o n t r a s t  c o n d i t i o n s  

h i g h  f r equency  f l a s h e s  were more conspicuous  t h a n  low f requency  

f l a s h e s ,  Dura t ion  a p p e a r s  t o  have no s i g n i f i c a n t  e f f e c t  on t h e  

h i g h e r  f l a s h  r a t e s  o f  6 0  and 180 cpm. With in  t h e  r ange  o f  t h e  

c o n d i t i o n s  examined, t h e  most conspicuous  s i g n a l  was one f l a s h -  

i n g  a t  180 c y c l e s  p e r  minute which was a t  l e a s t  t w i c e  a s  b r i g h t  

a s  i t s  background. When averaged  o v e r  a l l  c o n t r a s t  l e v e l s ,  

minimum r e a c t i o n  t ime  was achieved  under  c o n d i t i o n s  o f  maximum 

f l a s h  f requency and minimum f l a s h  d u r a t i o n ,  Gerathewohl pos- 

t u l a t e d  t h a t  r e sponse  t ime  may depend n o t  o n l y  on s t i m u l u s  

i n t e n s i t y ,  b u t  a l s o  on t h e  t i m e  a f t e r  o n s e t  o f  t h e  s i g n a l  when 

t h e  r e t i n a  i s  maximally s t i m u l a t e d ,  
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Brown and Gibbs (1958) a l s o  examined t h e  e f f e c t s  of  f l a s h  

frequency and d u r a t i o n  of  f l a s h  on response  t ime.  I n  t h i s  

exper iment ,  however, o b s e r v e r s  were r e q u i r e d  t o  i d e n t i f y  t h a t  

a  s i g n a l  was f l a s h i n g .  S ince  t h e  m a j o r i t y  of r e sponses  occur red  

b e f o r e  o r  dur ing  t h e  second f l a s h ,  one can conclude t h a t  t h e  

o b s e r v e r s  were looking a t  o r  n e a r  t h e  g e n e r a l  a r e a  where t h e  

s i g n a l  was t o  be p r e s e n t e d  and t h a t  they  responded t o  termina-  

t i o n  of t h e  f i r s t  f l a s h .  For t h i s  r eason ,  response  time i s  t aken  

a s  t h e  sum of f l a s h  d u r a t i o n  and " t r u e "  r e a c t i o n  time. F l a s h  

f r e q u e n c i e s  from 90/min t o  180/min and on-off r a t i o s  of  1 : 3  t o  

2 : l  were examined. Obviously,  response  times were found t o  

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

One can conclude t h a t  i f  t h e  obse rve r  i s  d i r e c t i n g  h i s  

a t t e n t i o n  toward p o t e n t i a l  s i g n a l s  of  i n t e r e s t ,  t hen  one f l a s h  

of s h o r t  d u r a t i o n  i s  a l l  t h a t  i s  needed f o r  r a p i d  response .  

However, an automobile  d r i v e r  i s  n o t  always a t t e n d i n g  t o  v i s u a l  

a r e a s  of importance;  t h e r e f o r e ,  a s  sugges ted  by t h e  l i t e r a t u r e ,  

h igh  f l a s h  f r e q u e n c i e s  and minimum f l a s h  d u r a t i o n s  should  pro- 

v i d e  t h e  b e s t  c o n s p i c u i t y  and s m a l l e s t  response  times, I n  

a d d i t i o n ,  under low c o n t r a s t  c o n d i t i o n s  o f t e n  encountered  i n  

r e a l  d r i v i n g  s i g n a l s  f l a s h i n g  a t  h igh  f l a s h  f r e q u e n c i e s  a r e  more 

conspicuous t h a n  slow f l a s h i n g  l i g h t s  and s t e a d y  l i g h t s  when 

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



6. THE EFFECTIVENESS OF FLASHING LIGHTS - A SUBJECTIVE EVALUATION 
OF TURN SIGNALS. 

For  t h i s  s t u d y  t h e  HSRI marking and s i g n a l i n g  r e s e a r c h  c a r  

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

t a n  1973 Ford Tor ino  ( F i g u r e  6 . 1 ) .  D i r e c t l y  behind  t h e  T o r i n o . a n d  

a t  a  d i s t a n c e  o f  200 f e e t  s a t  t h e  group of  s u b j e c t s  who s u b j e c t i v e l y  

e v a l u a t e d  t h e  e f f e c t i v e n e s s  o f  t h e  r e a r  t u r n  and haza rd  warning 

s i g n a l s .  The e v a l u a t i o n s  were made by means of  a  5-poin t  r a t i n g  

s c a l e .  The i n s t r u c t i o n s  t h e y  r e c e i v e d  a r e  p r e s e n t e d  i n  Appendix B. 

SUBJECTS. S i x  males  and t e n  females  v o l u n t e e r e d  t o  p a r t i c i -  

p a t e  i n  t h i s  two-hour exper iment .  T h e i r  a g e s  ranged from 18-65 

w i t h  t h e  mean be ing  35 y e a r s  o l d .  

CONDITIONS. L e f t  and r i g h t  t u r n  s i g n a l s  were randomly p r e -  

s e n t e d  w i t h  o c c a s i o n a l  hazard  warnings i n s e r t e d  t o  v a r y  t h e  p re -  

s e n t a t i o n .  The e l e c t r o n i c  f l a s h e r  was o p e r a t e d  i n  a  normal ly  

c l o s e d  ( s t a r t - o n )  f a s h i o n  a s  i s  customary f o r  t h e  common f i x e d  

l o a d  f l a s h e r .  The f o l l o w i n g  p e r c e n t a g e  "on" times were p r e s e n t e d :  

20, 25, 30, 40, 50,  60, 70, 75, 80, 85. These were combined w i t h  

f l a s h  r a t e s  o f  20, 30, 4 0 ,  60, 90, 120 ,  140 ,  150,  180 and 210 c y c l e s  

p e r  minute .  Each combinat ion was p r e s e n t e d  twice e x c e p t  f o r  t h e  

90 cpm p r e s e n t a t i o n s  which were p r e s e n t e d  t h r e e  times and t h e  210 

cpm p r e s e n t a t i o n s  which were p r e s e n t e d  o n l y  once.  A l l  s i x t e e n  

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

behind them a t  approximate ly  a  45' v e r t i c a l  a n g l e  and i n  a n i g h t -  

time s e s s i o n  w i t h  t h e  t a i l l i g h t s  t u r n e d  on. 

RESULTS. The mean dayt ime and n i g h t t i m e  s i g n a l  e f f e c t i v e -  

n e s s  r a t i n g s  a r e  shown i n  T a b l e s  6 . 1  and 6.2 a long  w i t h  t h e  p r e s e n t  

SAE f l a s h  r a t e  and d u t y  c y c l e  boundar i e s .  I t  can be deduced from 

t h e  t a b l e  t h a t  t h e  n i g h t t i m e  r a t i n g s  a r e  n e a r l y  a lways h i g h e r  t h a n  

t h e  dayt ime r a t i n g s ,  I n  a d d i t i o n ,  it i s  c l e a r  t h a t  many c o n d i t i o n s  

o u t s i d e  t h e  SAE approved boundar i e s  have r a t i n g s  e q u a l  t o  o r  exceed- 

i n g  t h e  r a t i n g  t h a t  some c o n d i t i o n s  w i t h i n  t h e  boundar i e s  r e c e i v e d .  



F i g u r e  6.1 The l i g h t  t a n  Tor ino  p r e s e n t i n g  
a  r i g h t  t u r n  s i g n a l  which was 
c o n t r o l l e d  by t h e  HSRI  marking 
and s i g n a l i n g  r e s e a r c h  c a r  
p o s i t i o n e d  t o  i t s  l e f t .  



TABLE 6.1, Daytime ljlean Ratings of the Subjective Effectiveness 
of Flashing Automobile Signals. 

1 Cvcles Per Minute 

TABLE 6.2  Nighttime Mean Ratings of the Subjective Effectiveness 
of Flashing Automobile Signals. 

Percent 
On-Time 

I Cvcles Per Xinute 

20 
s - 

30 40 60 90 120 140 150 180 210 

NOTE : The black box includes the SAE limits for normally 
open (start "off") variable load flashers; for normally 
closed (start "on") fixed load flashers the shaded area 
would be excluded. 

CICI u 
-- 

The -dashed line encompasses all conditions tested whose 
means equalled or exceeded the lowest rating received by 
a flash rate/"onW time combination which is approved by 
the SAE and DOT as per SAE ~590b(i.e.>2.75). 



These t a b l e s  show how f a r  t h e  boundar ies  would extend i f  t h e y  were 

t o  i n c l u d e  a l l  c o n d i t i o n s  w i t h  a s  h igh  o r  h i g h e r  a  r a t i n g  a s  t h e  

lowes t  r a t i n g  r e c e i v e d  by a  c o n d i t i o n  w i t h i n  t h e  SAE boundar ies ,  AS 

can  be seen  from t h e  more r e s t r i c t i v e  daytime c o n d i t i o n  e x h i b i t e d  

i n  Table 6.1,  a l l  t h e  r a t i n g s  of  t h e  20, 30, and 210 c y c l e  p e r  m i -  

n u t e  p r e s e n t a t i o n s  f a l l  below t h e  lowes t  r a t i n g  w i t h i n  t h e  SAE 

approved r e g i o n .  There fo re  it i s  l i k e l y  t h a t  t h e s e  f l a s h  r a t e s  can 

be excluded from f u r t h e r  c o n s i d e r a t i o n .  I t  can be no ted  from Table  

6.2 t h a t  no f l a s h  r a t e s  t h a t  have g e n e r a l  n i g h t t i m e  e f f e c t i v e n e s s  

a c r o s s  "on" t i m e  l e v e l s  would be e l i m i n a t e d .  

To t a k e  i n t o  account  v a r i a b i l i t y  of  t h e  r e s p o n s e s  of  t h e  sub- 

j e c t s  Tab les  6 .3  and 6 . 4  were prepared  t o  show t h e  p e r c e n t  of  re- 

sponses  which were " s a t i s f a c t o r y "  o r  b e t t e r  ( i .e .  ,?a  r a t i n g  o f  3  

o r  g r e a t e r )  f o r  each f l a s h  r a t e  x d u t y  c y c l e  combinat ion f o r  bo th  

daytime and n i g h t t i m e ,  r e s p e c t i v e l y .  

Table 6.3 h a s  t h e  most r e s t r i c t i v e  f l a s h  r a t e  and d u t y  c y c l e  

boundary c o n d i t i o n .  A l l  p o i n t s  w i t h i n  i t s  c r i t e r i a  boundar ies  have 

a  daytime and n i g h t t i m e  mean r a t i n g  g r e a t e r  t h a n  o r  e q u a l  t o  t h e  

minimum r a t i n g  r e c e i v e d  which i s  c u r r e n t l y  w i t h i n  t h e  SAE and DOT 

approved f l a s h  r e g i o n  a s  per  SAE J590b ( i .e .22.75 from Table  6 .1) , 

I n  a d d i t i o n  a l l  p o i n t s  w i t h i n  t h e  Table 6 . 3  boundar ies  were r a t e d  

a s  " s a t i s f a c t o r y "  o r  b e t t e r  on 66% o r  more o f  t h e  s u b j e c t  presen-  

t a t i o n s  i n  bo th  daytime and n i g h t t i m e  c o n d i t i o n s ,  The " c r i t e r i a  of  

two- th i rds  o r  more " s a t i s f a c t o r y "  r a t i n g s  i s  ve ry  s i m i l a r  t o  t h a t  

used by members of t h e  Automobile Manufacturers  Associa t ion* Veh ic le  

L i g h t i n g  Committee i n  p r e s e n t i n g  t h e  r e s u l t s  of  t h e i r  t u r n  s i g n a l  

demons t ra t ion  conducted Dec. 1-2, 1959. I t  seems f e a s i b l e  t o  l i m i t  

f u r t h e r  t e s t i n g  t o  c o n d i t i o n s  w i t h i n  t h e  boundar ies  e x h i b i t e d  i n  

Table 6.3. T h i s  w i l l  l i m i t  t h e  f l a s h  r a t e  range  t o  40-150 cpm. 

The du ty  c y c l e s  used should minimally cover  t h e  range  20-85% "on" 

t i m e .  

*Now The Motor Veh ic le  Manufacturers  A s s o c i a t i o n  of t h e  U.S., 
Inc .  



TABLE 6.3. P e r c e n t  o f  F l a s h i n g  Automobile S i g n a l s  P r e s e n t e d  i n  t h e  
Daytime which were Rated " S a t i s f a c t o r y "  o r  Better. 

P e r c e n t  
On-Time 

85 

80 

7 5  
70 

60 

50 

40 

30 

25 

20 

Cyc les  Per  Minute 

30 4 0 6 0 90 120 140 150 180 210 

TABLE 6.4. P e r c e n t  o f  F l a s h i n g  Automobile S i g n a l s  P r e s e n t e d  i n  t h e  
Night t ime w h i c h  were Rated " S a t i s f a c t o r y "  o r  B e t t e r .  

I 

Cycles  P e r  Minute 

NOTE : T h e  b lack  box i n c l u d e s  t h e  SAE l i m i t s  f o r  normal ly  
open ( s t a r t  " o f f " )  v a r i a b l e  l o a d  f l a s h e r s ;  f o r  normally 
c l o s e d  ( s t a r t  "on")  f i x e d  l o a d  f l a s h e r s  t h e  shaded a r e a  
would be excluded,, - -  T h e  dashed l i n e  encompasses a l l  c o n d i t i o n s  t e s t e d  which 
r e c e i v e d  a  " s a t i s f a c t o r y "  o r  b e t t e r  r a t i n g  on 66% o r  more 
of  p r e s e n t a t i o n s .  

P e r c e n t  
On-Time 2 0  30  4 0  60 90 120 140 150 180 210 





7 .  STUDY 1: EFFECT OF FLASH RATE AND DUTY CYCLE ON TURN 
SIGNAL DETECTABILITY. 

The o b j e c t i v e  of t h i s  t a s k  was t o  conduct an exper imenta l  

e v a l u a t i o n  of t h e  e f f e c t i v e n e s s  of f r o n t -  and rear-mounted t u r n  

and hazard warning s i g n a l  lamps i n  daytime a s  a  f u n c t i o n  of t h e  

f l a s h e r ,  duty  c y c l e  and f l a s h  r a t e .  

The p i l o t  s tudy (Sec t ion  6 )  i n d i c a t e d  t h a t  du ty  c y c l e  and 

f l a s h  r a t e  s p e c i f i c a t i o n s  can be extended beyond t h e i r  p r e s e n t  

l i m i t s  wi thout  reducing r a t e d  e f f e c t i v e n e s s .  However, f l a s h  r a t e s  

of 2 0 ,  30 and 210 cpm were r a t e d  below t h e  lowest  mean r a t i n g  

rece ived  by any f l a s h  r a t e  and duty  c y c l e  combination t e s t e d  t h a t  

was w i t h i n  t h e  SAE ~ 5 9 0 b  approved region.  I n  a d d i t i o n ,  t h e  20, 30, 

180 and 2 1 0  cpm f l a s h  r a t e s  f a i l e d  t o  r e c e i v e  a  " s a t i s f a c t o r y "  o r  

b e t t e r  r a t i n g  on two- th i rds  o r  more of t h e  p r e s e n t a t i o n s .  There- 

f o r e ,  it was f e l t  t h a t  t h e s e  c o n d i t i o n s  could  reasonably  be 

d e l e t e d  from subsequent  s t u d i e s .  IIowever, f l a s h  r a t e s  of 20-180 cpm 

were used s o  t h a t  a  performance comparison could be made between 

u n s a t i s f a c t o r y  s i g n a l s  and those  f a l l i n g  w i t h i n  t h e  40-150 cpm 

" s a t i s f a c t o r y "  reg ion  found i n  t h e  s u b j e c t i v e  p i l o t  s t u d y ,  

Apparently t h e  "on" t ime range was n o t  wide enough t o  i n c l u d e  duty  

c y c l e s  t h a t  produce f l a s h i n g  s i g n a l s  r a t e d  i n e f f e c t i v e  a t  a l l  

f l a s h  r a t e s .  Therefore ,  t h e  "on" time range was extended t o  

15-90% t o  s e e  whether o r  n o t  s u b j e c t i v e  e f f e c t i v e n e s s  p e r s i s t s  a t  

t h e s e  extreme va lues .  

The HSRI r e a r  l i g h t i n g  v e h i c l e  was used t o  e l e c t r o n i c a l l y  

c o n t r o l  t h e  r e a r  l i g h t i n g  system of t h e  test  c a r  which was t h e  

same c a r  a s  was used i n  t h e  s u b j e c t i v e  e v a l u a t i o n .  This  was done 

so  t h a t  t h e  r e a c t i o n  t imes t o  d i f f e r e n t  p r e s e n t a t i o n s  of f l a s h  

r a t e  and duty  c y c l e  could be eva lua ted  i n  t h e  c o n t e x t  of a ,  

t y p i c a l  v e h i c l e .  Thus, t h e s e  d a t a  show t h e  magnitudes o f  t h e  

daytime d i f f e r e n c e s  which can be expected t o  occur  when s i g n a l s  

a r e  mounted n e a r  a  chrome bumper and w i t h i n  t h e  body of a  

v e h i c l e  which p rov ides  a  t y p i c a l  c o l o r  c o n t r a s t .  



Based upon t h e  p r e l i m i n a r y  e v a l u a t i o n  made i n  t h e  p i l o t  

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

t h e  r e v i s i o n s  proposed i n  Docket No. 69-19, concerned w i t h  f l a s h  

r a t e  and du ty  c y c l e ,  a  d e t e r m i n a t i o n  was made of t h e  number of  

l e v e l s  of each of  t h e s e  f a c t o r s  t h a t  shoufd be  e v a l u a t e d .  One 

o b j e c t i v e  of t h e  program was t o  d e f i n e  t h e  n a t u r e  of t h e  space  

which i s  bounded by t h e  l i m i t s  of f l a s h  r a t e  and du ty  c y c l e  t h a t  

produce o b j e c t i v e l y  adequate  and s u b j e c t i v e l y  good f l a s h i n g  

s i g n a l s .  

SUBJECTS. A t o t a l  of  1 6  s u b j e c t s  were used i n  t h i s  test .  

The s u b j e c t s  had c o r r e c t e d  o r  uncor rec ted  minimum v i s u a l  a c u i t y  

of 2 0 / 4 0  and t h e i r  ages  .ranged from 17  t o  40 w i t h  a  mean of  2 3 .  

There were 1 0  male and 6 female p a r t i c i p a n t s .  Four s u b j e c t s  were 

used i n  each t e s t  s e s s i o n .  

PROCEDURE. A s t a t i c  t e s t  ( F i g u r e  7.1) was conducted i n  which 

t h e  s u b j e c t s  were s e a t e d  i n  two automobi les ,  parked a d j a c e n t  t o  

each o t h e r  2 0 0  f e e t  from t h e  v e h i c l e  c a r r y i n g  t h e  test  lamps. 

F i f t y  f e e t  i n  f r o n t  of t h e  c a r s  i n  which t h e  s u b j e c t s  were s e a t e d  

was a  s m a l l  s t a n d  c a r r y i n g  two r e d  s i d e - t a s k  lamps 4 f e e t  a p a r t  

and 24 i n c h e s  above t h e  ground which were l i g h t e d  i n  a  random 

o r d e r  w i t h  a  f requency of about  1 0  cpm. The i n t e n s i t y  was a d j u s t e d  

s o  t h a t  t h e  lamps were adequa te ly  conspicuous.  

The o b s e r v e r s  were s e a t e d  i n  two tes t  v e h i c l e s ,  and respond- 

i n g  t o  t h e  s i d e - t a s k  l i g h t s .  The two r e d  r e a r  s i g n a l  lamps on 

t h e  t e s t  c a r  were opera ted  a t  12.8 v o l t s  a t  t h e  bu lb  which i s  

t y p i c a l  of normal o p e r a t i o n .  This  was de termined v i a  photometry 

of a  1973 Tor ino  t o  de termine  i t s  t y p i c a l  presence  and s i g n a l  

lamp o u t p u t .  I t  was found t o  produce a  s i g n a l  of approximate ly  

108 c a n d e l a s  ( c d )  and a p resence  i n d i c a t i o n  of approximate ly  8 cd .  

These i n t e n s i t i e s  were found t o  be r e p l i c a t e d  by supp ly ing  t h e  

b u l b  12.8 v o l t s  v i a  t h e  r e a r  l i g h t i n g  v e h i c l e .  These same i n t e n -  

s i t i e s  were a l s o  used f o r  t h e  s u b j e c t i v e  " p i l o t "  s tudy .  



SUBJECTS 

T A S K  

RECORD l NG 
EQU l PMENT 

50' 

TEST L I M P  
C A R  

F i g u r e  7.1. The t e s t  s e t - u p .  



The t e s t  was conducted on b r i g h t  days w i t h  s o l a r  i l l u m i n a t i o n  

f a l l i n g  on t h e  t e s t  lamps a t  an average  v e r t i c a l  a n g l e  of  about  

45O. Two r e p l i c a t i o n s  of each f l a s h  r a t e  and du ty  c y c l e  were pre-  

s e n t e d  (one l e f t  t u r n  and one r i g h t  t u r n ) ,  excep t  f o r  t h e  20 cpm 

and 180 cpm which were p r e s e n t e d  once each.  These extremes were 

added t o  t h e  u s e f u l  range i n  o r d e r  t o  de termine  t h e  magnitude of 

t h e  performance change a t  such ext remely  slow and f a s t  f l a s h  r a t e s .  

The independent  v a r i a b l e s  were a s  fo l lows :  

1. F l a s h  r a t e :  2 0 ,  4 0 ,  6 0 ,  80, 100,  120,  1 4 0 ,  160 and 180 

c y c l e s  p e r  minute.  

2 .  ~ u t y  c y c l e :  1 5 ,  25, 30, 60, 75 ,  80 and 90 p e r c e n t  "on" 

t ime.  

The dependent  v a r i a b l e s  were a s  fo l lows :  

1. Response t ime t o  d e t e c t  a  r i g h t  o r  l e f t  t u r n  s i g n a l .  

2 .  Frequency of missed s i g n a l s  ( i . e . ,  response  times l o n g e r  

than  8 s e c o n d s ) .  

Each s u b j e c t  h e l d  a  box c o n t a i n i n g  f o u r  pushbutton s w i t c h e s ,  

two f o r  o p e r a t i o n  wi th  t h e  l e f t  thumb and two f o r  o p e r a t i o n  w i t h  

t h e  r i g h t  thumb. The two upper swi tches  were used t o  respond t o  

t h e  l e f t  o r  r i g h t  s i d e - t a s k  l i g h t s ,  whi le  t h e  bottom swi tches  were 

used t o  respond t o  l e f t  o r  r i g h t  t u r n  s i g n a l s .  A dummy swi tch  was 

l o c a t e d  between t h e  l e f t  and r i g h t  t u r n  swi tches  s o  t h a t  t h e  sub- 

j e c t  cou ld  respond t o  s t o p  s i g n a l s .  The occur rence  o f  s t o p  s i g -  

n a l s  prevented  t h e  s u b j e c t s  from assuming t h a t  t h e  i l l u m i n a t i o n  

of a  lamp r e p r e s e n t e d  a t u r n  s i g n a l .  The i n s t r u c t i o n s  t h a t  were 

r e a d  t o  t h e  s u b j e c t s  a r e  inc luded  i n  Appendix C .  The s u b j e c t s  

were t o l d  t o  respond p r i m a r i l y  t o  t h e  n e a r  s i g n a l  l i g h t s  and 

s e c o n d a r i l y  t o  t h e  f a r  s i g n a l  l i g h t s  on t h e  c a r .  They were t o  

respond a s  q u i c k l y  a s  p o s s i b l e  and c o r r e c t  any e r r o r s  t h e y  made. 

Performance on t h e  s i d e - t a s k  was monitored f o r  each s u b j e c t  by a  

s e t  of l i g h t s  on t h e  e x p e r i m e n t e r ' s  conso le  which was a r ranged  

such t h a t  a s  soon a s  a  s u b j e c t  responded t o  a  s i d e - t a s k  lamp one 



of  t h e  moni tor ing  l i g h t s  was ex t ingu i shed .  Thus, when a l l  s u b j e c t s  

responded a l l  lamps were e x t i n g u i s h e d  on t h e  e x p e r i m e n t e r ' s  con- 

s o l e .  This  procedure  has been used b e f o r e  by H S R I  and p rov ides  a  

quick  method of moni tor ing  t h e  i n d i v i d u a l  performance of  s u b j e c t s  

on t h e  s i d e - t a s k  lamps. We have found t h a t  a f t e r  a  s h o r t  prac-  

t i c e  p e r i o d  s u b j e c t s  ma in ta in  a  h igh  l e v e l  of  performance on t h e  

s i d e - t a s k  throughout  a  tes t .  

React ion time measurements t o  t h e  o n s e t  of t u r n  s i g n a l s  were 

made by r e c o r d i n g  t h e  t ime r e q u i r e d  f o r  each s u b j e c t  t o  d e p r e s s  

t h e  c o r r e c t  swi tch .  Response times of l o n g e r  than  8  seconds were 

t r e a t e d  a s  missed s i g n a l s .  Turn s i g n a l s  were g iven w i t h  an aver-  

age i n t e r v a l  of 30 seconds t 15 seconds.  Each t e s t  s e s s i o n  

l a s t e d  about  t h r e e  hours d u r i n g  which ambient l i g h t i n g  c o n d i t i o n s  

remained reasonably  c o n s t a n t .  

RESULTS. The response  time d a t a  were analyzed us ing  n a t u r a l  

l o g  t r a n s f o r m a t i o n .  Two a n a l y s e s  of v a r i a n c e  were performed 

s i n c e  miss ing  d a t a  i n  some extreme c e l l s  prevented  us ing  one 

a n a l y s i s  f o r  t h e  e n t i r e  f l a s h  r a t e  and du ty  c y c l e  ranges .  The 

f i r s t  a n a l y s i s  (Table  7.1) encompases t h e  whole 20-180 cpm f l a s h  

r a t e  range  i n  combination w i t h  duty  c y c l e s  from 25% t o  80% "on1' 

t ime .  Ne i the r  t h e  f l a s h  r a t e  nor  duty  c y c l e  main e f f e c t  i s  s i g -  

n i f i c a n t .  However, t h e  f l a s h  r a t e  x  duty  c y c l e  i n t e r a c t i o n  i s  

s i g n i f i c a n t  a t  t h e  u = . 0 1  l e v e l .  The s u b j e c t  x  du ty  c y c l e  i n t e r -  

a c t i o n  which i s  a l s o  s i g n i f i c a n t  a t  t h e  a = , 0 1  l e v e l  i s  due t o  

s u b j e c t  v a r i a b i l i t y .  

The i n t e r a c t i o n  of f l a s h  r a t e  and du ty  c y c l e  i s  r e p r e s e n t e d  

i n  Table 7 . 2 .  Response t ime means which a r e  s i g n i f i c a n t l y  d i f -  

f e r e n t  a r e  i n d i c a t e d  by t h e  Tukey ( b )  t e s t  r e s u l t s  i n  Table 7 . 3 .  

There were no s i g n i f i c a n t  d i f f e r e n c e s  a s s o c i a t e d  w i t h  f l a s h  r a t e s  

e x c e p t  a t  t h e  lowest  (25%)  "on" t i m e  where response  t o  f l a s h  

r a t e s  of 1 4 0 ,  1 6 0  and 180 cpm were s i g n i f i c a n t l y  l o n g e r  (aS.05) 

than  t h o s e  t o  2 0  cpm. This  e f f e c t  i s  e x p l a i n a b l e  by t h e  f a c t  t h a t  



TABLE 7 .1 .  Analysis of Variance of Natural Log Transformed Response 
Times of Sixteen Subjects t o  Daytime Presentat ions of 
Turn Signals  With Flash Rates of 20-180 cpm and Duty 
Cycles of 25-80%. 

R T  A N A L Y S I S  - 15X K 9 2 2  r ) , w l T T E n  

S O I I R C E  OF 
V A R I A T I O N  

Si.it:S '1F I !FGRLES OF MEAN R A T I O  
S ~ U A I - E S  F R E E D O M  S O l J A R E S  



TABLE 7.2.  T u r n  S i g n a l  R e s p o n s e  T i m e  C e l l  Pleans f o r  t h e  S t u d y  1 
E x p e r i m e n t  a n d  A s s o c i a t e d  V o l t a g e  "On" a n d  " O f f "  
D u r a t i o n s .  

D u t y  F l a s h  Rate ( C y c l e s  P e r  M i n u t e )  
C y c l e  2 0  4  0  6  0  8 0  1 0 0  1 2 0  1 4 0  1 6 0  1 8 0  

2 5 %  " o n t ' /  2 . 2 5 0  1 . 1 2 5  . 7 5 0  , 5 6 2  . 4 5 0  . 3 7 5  . 3 2 2  , 2 8 1  . 2 5 0  / OFF 

- D u r a t i o n  
( ~ e c . )  

1 . 7 9 2  1 . 5 3 5  1 . 5 0 9  1 . 9 6 2  2 .282  1 . 7 5 0  2 . 0 0 2  1 . 9 5 6  - R e s p o n s e  

1 . 0 0 0  1 . 1 9 9  1 . 3 9 2  1 . 1 7 5  1 . 1 7 7  1 . 2 2 5  1 . 3 9 4  1 . 5 5 4  1 . 6 0 5  R e s p o n s e  

3 0 %  "On" 

6 0 %  " o n "  1 1 . 2 0  , 6 0 0  . 4 0 0  . 3 0 0  . 2 4 0  . 2 0 0  . 1 7 2  . 1 5 0  . 1 3 3  / OFF 

1 . 2 0 1  1 , .129  1 . 3 2 5  1 . 1 7 2  1 . 0 6 2  1 . 1 2 9  1 . 1 3 7  1 . 2 4 1  1 . 3 4 5  

. 9 0 0  . 4 5 0  . 3 0 0  . 2 2 5  . I 8 0  . 1 5 0  . 1 2 9  . I 1 3  . l o 0  

2 . 1 0 0  1 . 0 5 0  . 7 0 0  . 5 2 5  - 4 2 0  . 3 5 0  . 3 0 0  . 2 6 2  . 2 3 3  

R e s p o n s e  

ON 

OFF 

7 5 %  "On" 

1 . 3 2 1  1 . 1 3 3  1 . 0 6 5  1 . 1 1 2  1 . 1 9 6  1 . 2 0 3  . 9 8 6  1 . 0 2 6  1 . 1 8 5  

*These f i g u r e s  are  t h e  c o m p u t e d  v o l t a g e  d u r a t i o n s .  

2 . 2 5 0  1 . 1 2 5  . 7 5 0  . 5 6 3  . 4 5 0  . 3 7 5  . 3 2 2  . 2 8 1  . 2 5 0  

. 7 5 0  . 3 7 5  , 2 5 0  . I 8 7  . I 5 0  . I 2 5  . l o 7  - 0 9 4  . 0 8 3  

1 . 2 5 1  1 . 2 2 3  1 . 3 6 8  1 . 3 0 5  1 . 1 4 3  1 . 1 5 4  1 . 1 2 4  1 . 3 2 1  1 . 1 9 6  

R e s p o n s e  

9 0 %  "On" 

ON 

OFF 

R e s p o n s e  

. 3 0 0  . I 5 0  . l o 0  . 0 7 5  . 0 6 0  . 0 5 0  . 0 4 3  . 0 3 7  . 0 3 3  

1 . 3 2 1  1 . 1 6 5  1 . 2 2 9  1 . 2 5 6  1 . 2 6 3  1 . 1 9 7  1 . 0 7 8  - 1 . 6 6 3  

OFF 

R e s p o n s e  



TABLE 7.3. Tukey ( b )  Tests of Log Transformed Response Time 
Means Derived from the ANOVA in Table 5.1. 

D U ~ Y  cycle 
( %  "On") 

25 

30- 8 0  

Flash Rate (s) 
(Cycles Per  in) 

60*, 140*, 160*, 
180* 

Resulted in Mean Response 
Times That Were -- 

Significantly longer than 

Not significant 

Flash Rate (s) 
(Cycles Per Min) 

20-120 

140 

160 

180 

Flash Rate (s) 
(Cycles Per Min) 

20 

- 

Duty Cycle (s) 
( %  "On") 

- 
25 

25 

25 

Resulted in Mean Response 
Times That Were -- 

Not significant 

Significantly longer than 
II 

I1 

Duty Cycle (s) 
( %  "On") 

- 
80* 

80** 

60*, 75*, 80" 



the "on" durations for these rates are only ,107 to ,083 sec 

which results in only 17-33% of maximum light output1 on the 

first flash and approximately 47-62% by the third flash. Thus, 

these signals would be expected to be much harder to see than 

those producing 100% of maximum light output on all flashes (i.e., 

20 cprn). All of these signals reach 0% of maximum light output 

in the "off" phase. The 60 cprn signal was also significantly 

different fromthe 20 cprn at an a=.05 level. This is an isolated 

case and is probably spurious since both signals produce well over 

90% light output on all flashes. 

There were no signficant differences in response time to 

various duty cycles, except at the high flash rates of 140, 160 

and 180 cpm. As indicated by the flash rate and duty cycle inter- 

action means shown in Table 7.2, these high flash rates when combined 

with the 25% duty cycle produced significantly longer response times 

than some of the longer "on" time combinations (i.e., 60-80% duty 

cycle). Again, this is due to the short voltage "on" durations, 

occasioned by high flash rates and short duty cycles, producing 

low intensity flashes. However, in this instance it may be notable 

that the signals did not all approach 0% light output in the "off" 

phase. For example, the 180 cprn and 80% duty cycle signal which 

had "on"/"off" maximum light output ratio of just over 5:1, still 

produced a signal capable of eliciting a response nearly as fast 

as the 180 cprn and 60% duty cycle signal which had a contrast 

ratio of just over 10:l. Apparently, the fact that the contrast 

ratio between on/off light output for signals with long "on" 

times was relatively low, due to the short period of time avail- 

able for decay, is of lesser importance in determining response 

time than the lamp intensity reached. 

Another ANOVA was conducted to determine whether the signifi- 

cant differences found at the 25% duty cycle are also prevalent 

at the 15% duty cycle. This ANOVA evaluated the 15-80% duty cycle 

'percentages of maximum light output are derived from the mean 
rise and decay curves for a pair of type 1157 bulbs, Figure 4.2. 



range in combination with the 20-160 cprn range. The analysis 

shown in Table 7.4 shows a significant (a'. 01) duty cycle main 
< 

effect in combination with a significant (w.01) Flash Rate x 

Duty Cycle interaction. Significant Subject x Duty Cycle (a2.01) 
< 

and Subject x Flash Rate x Duty Cycle (a-.01) interactions were 

also found, but are due to subject variability. 

The significant interaction of flash rate and duty cycle 

is represented in the table of interaction means, Table 7.2. 

Significant response time mean differences indicated by the 

Tukey (b) test are exhibited in Table 7.5. At the high flash 

rate of 140 and 160 cprn the significant difference between 25% 

and 80% duty cycles replicated the finding of the first ANOVA, 

that those lamp "on" duration differences which represent large 

differences in maximum lamp intensity, lead to response time 

differences. In addition, the extremely short duration (low 

intensity) of the 15% duty cycle is responsible for this "on" 

time producing significantly longer response times than - all the 

other duty cycles (25-80% "on") over the range of 80 to 160 cprn 

(except that no significant difference was found between 15% 

and 25% at 160 cprn). This exception is explained by the fact 

that at 160 cprn, the 15% (.056 sec) and 25% (.094 sec) "on" 

times produce light outputs which are not visually different in 

bright daylight since the light output ratio is only 7% to 23% 

of maximum light output on the first flash (rising to 27% to 54% 

by the third flash), Thus, the lack of a significant difference 

in response times to 15% and 25% duty cycles at 160 cprn would 

be expected to apply to all higher flash rates as well, since 

higher flash rates would produce even lower intensity flashes. 

~t somewhat lower flash rates, i.e., 140 cprn and below, the 

15% and 25% "on" times produce significantly different response 

times; in these cases the light output ratio is minimally 9% to 

33% of maximum light output on the first flash (rising to 31% 

to 62% by the third flash). 



TABLE 7.4 .  Analysis of Variance of Natural Log Transformed Response 
Times of Sixteen Subjects t o  Daytime Presentations of 
Turn Signals With Flash Rates of 20-160 cpm and Duty 
Cycles of 15-80%. 

A f 'J1 h 1 . S  R A T E  
H F F : I JALS S ( ; R j  
C L ~ ~ ~ J A L S  DIJTY 

S U I I H C E  OF 
\ / A R I A 7  I O N  

S t l p S  T1F D F G R E E S  OF M E A ~  R A T I O  
Snll ARFS FkF.EDOM SQUARES 

w I T H I h  C E L L S  9 3 e 1 6 0 1 Q  644 H, lo46648 

T O T A L  3 4 3 ,  $ 5 5 1  1 4 1 1  



TABLE 7.5. Tukey (b) Tests of Log Transformed Response ~ i m e  
Means Derived from the ANOVA in Table 5.4. 

Duty Cycle 
( %  "On") 

15 

25 

30 -80  

Resulted in Mean Response 
Times That Were -- 

Significantly longer than 
11 

Not significant 

Flash Rate(s) 
(Cycles Per Min) 

1 0 0  

6O*, 1 4 0 * ,  1 6 0 X *  
- 

Flash Rate (s) 
(Cycles Per Min) 

2 0  

4 0  

6 0  

8 0  

1 0 0  

Flash Rate(s) 
(Cycles Per Min) 

60** ,  40 * *  

2 0  
- 

Resulted in Mean Response 
Times That Were -- 

Significantly longer than 

Not significant. 

Significantly longer than 
II 

II 

. 

Duty Cycle (s) 
( %  "On") 

15 

- 
15 

1 5  

15 

1 5  

15 

2 5  

15 

25  

Duty Cycle (s) 
( %  "On") 

25** ,  3 0 * *  
6O*, 75* ,  60 *  

- 
8 0 *  

25** ,  30** ,  
6O**, 75** ,  
80"" 

25** ,  30** ,  
6O**, 75* * ,  
8 0 * *  

25**,  30** ,  
60* * ,  75* * ,  
8 0 * *  

25** ,  30** ,  
6O**, 75* * ,  
8 0 * *  

ao *  
30** ,  6O**, 
75** ,  go * *  

8 0 * *  



Therefore, there may be a daytime flashing signal intensity 

threshold, for lamps similar to the 1157, such that, signals 

whose intensity is low require a signal of minimally 20%-30% 

greater intensity to produce a significantly different response 

time between the two signals. 

At 40 and 60 cpm and 15% "on" time the duration is large 

enough to produce between 60-100% of maximum light output on 

the first flash and 80-100% of maximum light output by the third 

flash and therefore few significant differences are found between 

response times to duty cycles at these flash rates. However, 

the attention-getting quality of the flash may be low as evi- 

denced by the long response times to these 15% "on" time signal 

combinations. 

At 20 cpm the attention-getting characteristic of a 15% 

duty cycle flash is low, as evidenced by the very long response 

time, which is significantly longer than that of each of the 

other duty cycles. This effect is not attributable to intensity 

since 100% of maximum light output is reached at the "on" dura- 

tion provided by this Flash Rate x Duty Cycle combination. 

To more clearly demonstrate the Flash Rate x Duty Cycle 
< interaction which was found to be significant at the a-.O1 

level in both analyses of variance, the response time means were 

plotted in Figures 7.2 and 7.3. Figure 7.2 shows the interaction 

effect most markedly by the association of low "on" times and 

high flash rates (140-180 cpm) with increasing response times, 

The fact that the short duration flashes produced long response 

times is due to the lower lamp intensities produced at these 

durations as previously shown. 

Figures 7.4 and 7.5 show subject response variability as a 

function of flash rate and duty cycle. These figures show that 

subject response variability is high at both very low and very 

high flash rates (see Figure 7.5). 



25% "ON" T I M E  
4 

Figure 7.2 

1 I 

2 0  40  6 0  80  1 0 0  1 2 0  1 4 0  1 6 0  1 8 0  
CYCLES PER MINUTE . Response  t i m e  as a function of f lash r a t e  and duty c y c l e ,  





U-l 
0 





An analysis of the missed signals (RT 8 sec) produced the 

following totals: 

Flash Rate (Cycles per ~inute) 

20 40 60 80 100 120 140 160 180 Total 

Frequency of 
Missed Signals I 2 3 0 4 2  1 5 0 2 2  

Percent "on" Time (Duty Cycle) 

1 15 2 5  30 60 7 5  8 0 90 Tot. 

Without resorting to statistics it is evident from the data 

that while no trend in frequency of misses occurs across flash 

rates, there is an abnormality in the duty cycle data for the 

15% "on" time cell. It is evident from the foregoing discussion 

of these signals that their low intensity would make them dif- 

ficult to see in daylight and thus lead to missed signals. The 

missed signal rate overall was approximately 1.2% of all signals 

presented. 

Frequency of 
Missed Signals 

- 
9 3 2 1 .1 3 3 2 2  



8.  STUDY 2 .  EFFECT OF FLASH RATE, DUTY CYCLE, FLASHER START 
MODE, REAR L I G H T I N G  SYSTEM CONFIGURATION, AND AMBIENT 
I L L U M I N A T I O N  ON TURN AND HAZARD WARNING SIGNAL EFFECTIVENESS 

The o b j e c t i v e  of  t h i s  s t u d y  was t o  e v a l u a t e  a  number o f  

v a r i a b l e s  which can  a f f e c t  t u r n  and haza rd  warning s i g n a l  e f f e c -  

t i v e n e s s ,  i n  day and n i g h t  c o n d i t i o n s .  A d e l i m i t e d  set  of  

combina t ions  o f  f l a s h  r a t e  and d u t y  c y c l e  were used  based  on 

t h e  r e s u l t s  of  s t u d y  1. I n  a d d i t i o n ,  t h e  e f f e c t  o f  t h e  f l a s h e r  

s t a r t i n g  i n  t h e  "on" and " o f f "  mode was e v a l u a t e d .  However, it 

s h o u l d  be n o t e d  t h a t  e v a l u a t i o n  o f  t h i s  v a r i a b l e  was o n l y  mean- 

i n g f u l  when d i f f e r e n t  s i g n a l  modes were c o n s i d e r e d ,  such  a s  t h e  

e f f e c t  of  a  s t o p  s i g n a l  p reced ing  a  t u r n  s i g n a l ,  and when d i f -  

f e r e n t  system c o n f i g u r a t i o n s  were a l s o  e v a l u a t e d .  For  example,  

t h e  e f f e c t  of  t u r n  s i g n a l s  which were g i v e n  by lamps d i f f e r e n t  

from t h o s e  which gave  s t o p  s i g n a l s  was e v a l u a t e d .  The e f f e c t  

o f  lamp c o l o r  was a l s o  e v a l u a t e d ,  and t h i s  i n h e r e n t l y  meant 

t h a t  t h e  t u r n  s i g n a l  lamp was i n  a  s e p a r a t e  compartment from 

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

i n d i c a t i o n .  For  t h e s e  r e a s o n s ,  t h r e e  rear l i g h t i n g  sys tem con- 

f i g u r a t i o n s  were c o n s i d e r e d  t h e  minimum t h a t  shou ld  be e v a l u a t e d  

i n  t h i s  t e s t  under  day and n i g h t  c o n d i t i o n s .  

SUBJECTS. A t o t a l  of 28 dayt ime and 27 n i g h t t i m e  s u b j e c t  

r u n s  were made. S e v e r a l  s u b j e c t s  had t o  be exc luded  because  t h e y  

were n o t  a l e r t  enough t o  m a i n t a i n  a  c o n s t a n t  r e s p o n s e  l e v e l  a s  

de t e rmined  by s i d e  t a s k  r e s p o n s e  and t h e  number o f  missed  s i g n a l s  

t h r o u g h o u t  t h e  e x p e r i m e n t a l  s e s s i o n .  Thus,  t h e  26 s u b j e c t s  who 

were r u n  s u c c e s s f u l l y  a t  n i g h t  were p a i r e d  w i t h  26 s u b j e c t s  who 

were r u n  s u c c e s s f u l l y  d u r i n g  t h e  day .  E igh teen  o f  t h e  s u b j e c t s  

s u c c e s s f u l l y  p a r t i c i p a t e d  i n  bo th  t h e  day and n i g h t  s e s s i o n s .  

These 18  s u b j e c t s  were used  f o r  t h e  a n a l y s e s  s o  t h a t  a  more 

powerfu l  s t a t i s t i c a l  t e s t  cou ld  be a p p l i e d .  P r e l i m i n a r y  ANOVA's  

i n d i c a t e d  t h a t  t h e  reduced  s u b j e c t  number d i d  n o t  a f f e c t  t h e  s i g n i -  

f i c a n c e  o f  t h e  r e s u l t s .  Males and f ema les  were used  a s  s u b j e c t s  

i n  e q u a l  numbers. The age  span  was 17 t o  45 y e a r s  w i t h  a  mean 

of  25 y e a r s .  



PROCEDURE. The same basic procedures as have been described 

eariler (Section 7) were used in this test. However, the HSRI 

rear lighting vehicle (Figure 8.1) powered its own lamps which were 

amenable to changes of color and system operation characteristics. 

These type 4416 lamps have rise and decay functions (Figure 8.2) 

very similar to those found for type 1157 bulbs (Figure 4.2). 

Because these lamps had to be operated at less than nominal 

voltage, due to their greater light output relative to the type 

1157 lamp, a electronic circuit was used to boost the light output 

rise curve obtained at the lower voltages. This circuit was 

calibrated to closely approximate the rise curve of a type 1157 

bulb at 12.8 volts regardless of the voltage applied to the 

type 4416 lamps. This enhancement was evaluated visually to 

determine whether there was any detectable difference between 

signals presented by the enhanced type 4416 lamps at the voltages 

required and unenhanced type 1157 lamps operated at 12.8 volts. 

NO difference in signal appearance was detected. The test con- 

ditions to be used are described below. 

Night Test of Rear Signals. In this test the presence 

lamps were lighted continuously. The red lamps operated at 

8 candelas. The intensity of the signal lamps (turn or hazard 

warning) were 110 candelas for red lamps and 275 candelas for 

amber (yellow) lamps. The red lamp intensities are the same 

as those used in the subjective test (Section 6) and objective 

study (Section 7). The amber intensity was chosen to represent 

the same increment over the minimum amber intensity allowed by 

SAE 5588d as was found to exist for the red lamps on the production 

vehicle used in the earlier tests. The independent variables 

evaluated were as follows: 

1. Signal modes: turn (left or right), hazard warning, stop 

followed by turn*(after a variable interval of 1.5-4.5 secs). 

*This signal will generally be represented by "stop+turnU in 
tables and text and is accompanied by the flasher start mode in 
parentheses when this information is appropriate. 



F i g u r e  8 . 1  ( a )  . The HSRI marking and 
s i g n a l i n g  r e s e a r c h  c a r .  

F i g u r e  8 . 1  (b) . The lamp c o n t r o l  and 
m o n i t o r i n g  p a n e l .  
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SYSTEM 1 

SYSTEM 4 

F i g u r e  8 . 3 .  The r e a r  l i g h t i n g  sys t ems .  ( P = p r e s e n c e ,  
S=stop, T = t u r n ,  R=red, Y=yellow. 



2. Rear  l i g h t i n g  sys tem:  sys t em 1, sys t em 4 ,  sy s t em 11. 

(These  sys t ems  a r e  d e s c r i b e d  i n  F i g u r e  8 .3 . )  

3 .  F l a s h  s t a r t  mode: on ,  o f f  ( f o r  sys t ems  1 and 4 o n l y ) .  

4 .  ~ u t y  c y c l e :  2 0 ,  30 ,  75  and 85  p e r c e n t  "on" time. 

5 .  F l a s h  r a t e :  20,  40,  60,  120 ,  150 and 180 c y c l e s  

p e r  second .  

Daytime Test of  Rear S i g n a l s .  The independen t  v a r i a b l e s  

e v a l u a t e d  i n  t h i s  t e s t  were t h e  same as t h o s e  l i s t e d  above 

f o r  t h e  n i g h t  t e s t .  By u s i n g  t h e  same p a r a m e t e r s  d u r i n g  b o t h  day  

and n i g h t  c o n d i t i o n s ,  ambient  i l l u m i n a t i o n  ( h e r e a f t e r  r e f e r r e d  t o  

a s  " ambien t " )  became a t e s t a b l e  f a c t o r  a c r o s s  a l l  p a r a m e t e r s .  

DATA ANALYSIS. Each of t h e  r e s p o n s e  times o b t a i n e d  i n  t h i s  

expe r imen t  were t r a n s f o r m e d  t o  i t s  n a t u r a l  l o g  v a l u e ,  i n  o r d e r  t o  

r e d u c e  t h e  e f f e c t s  o f  r e s p o n s e  time skewness.  Where a  s i g n a l  was 

n o t  responded  t o  i n  e i g h t  s econds  ( i . e . ,  a  "missed"  s i g n a l " ) ,  t h e  

mean r e s p o n s e  t ime  f o r  t h a t  c o n d i t i o n  was used .  An a n a l y s i s  o f  

v a r i a n c e  (ANOVA1)was t h e n  conducted  u s i n g  s i g n a l ,  mode, f l a s h  

r a t e ,  d u t y  c y c l e ,  r e a r  l i g h t i n g  sys tem,  s u b j e c t s ,  and ambien t  

(day  and n i g h t )  a s  f a c t o r s .  A second  a n a l y s i s  of  v a r i a n c e  (ANOVA2) 

was conduc ted  t o  i n c l u d e  t h e  f l a s h e r  s t a r t  phase  a s  a  s i g n a l  mode 

f a c t o r  f o r  sys tems  1 and 4 [ s t o p + t u r n  ( s t a r t -  o f f )  was e v a l u a t e d  

a s  a  f o u r t h  s i g n a l  mode]. Both a n a l y s e s  of  v a r i a n c e  were fo l lowed  

by Tukey ( b )  t e s t s  t o  e v a l u a t e  t h e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  

between t h e  v a r i o u s  c e l l  means. 

RESULTS. The r e s u l t s  of t h e  f i r s t  ANOVA a r e  p r e s e n t e d  i n  

Appendix D .  E igh teen  s o u r c e s  of  v a r i a n c e  were found t o  b e  s i g -  

n i f i c a n t  a t  t h e  a =  . O 1  l e v e l .  Of t h e s e  18 s o u r c e s  o f  v a r i a t i o n  

o n l y  f o u r  c o n t r i b u t e d  o v e r  5 %  of  t h e  v a r i a n c e .  Of t h e  f o u r  

p r imary  s o u r c e s  of  v a r i a n c e ,  two a r e  main e f f e c t s  which a r e  

i n c l u d e d  among an i n t e r a c t i o n  which was s i g n i f i c a n t  a t  t h e  a = . 0 1  

l e v e l .  V a r i a b l e s  found t o  be  s i g n i f i c a n t l y  c o n t r i b u t i n g  t o  t h e  

v a r i a n c e  a t  a l e v e l  of  5% o r  g r e a t e r  were s i g n a l  mode, f l a s h  ra te ,  

sys t em,  and Mode x System. Only one o t h e r  f a c t o r  c o n t r i b u t e d  o v e r  



5% of t h e  v a r i a n c e ;  ambient was found t o  c o n t r i b u t e  s u b s t a n t i a l l y  

t o  t h e  v a r i a n c e  even though it was o n l y  s i g n i f i c a n t  a t  t h e  a = .05 

l e v e l .  The i n d i v i d u a l  f a c t o r s  each account ing  f o r  over  5% of t h e  

v a r i a n c e ,  accounted f o r  over  85% of t h e  t o t a l  r e sponse  time 

v a r i a n c e  (when t h e  random f a c t o r ,  s u b j e c t s ,  i s  i n c l u d e d ) .  

The r e s u l t s  of t h e  second ANOVA a r e  p resen ted  i n  Appendix E.  

F i f t e e n  s o u r c e s  of v a r i a n c e  were found t o  be s i g n i f i c a n t  a t  t h e  

cl = . O 1  l e v e l .  Of t h e s e  f i f t e e n  sources  of v a r i a n c e  on ly  four  

c o n t r i b u t e d  over  5 %  of  t h e  v a r i a n c e .  Again, ambient was found 

t o  c o n t r i b u t e  s u b s t a n t i a l l y  (over  5 % )  t o  t h e  v a r i a n c e ,  even 

though it was n o t  found t o  be s i g n i f i c a n t  ( p l. .05)  i n  t h i s  a n a l y s i s .  

The main f a c t o r s  a g a i n  were s i g n a l  mode, f l a s h  r a t e ,  system, and 

Mode x System. These f a c t o r s  and t h e  random f a c t o r  ( s u b j e c t s )  

accounted f o r  over  82% of  t h e  t o t a l  response  t ime v a r i a n c e .  Thus, 

an e x p l a n a t i o n  of how t h e s e  f a c t o r s  i n f l u e n c e  response  t ime can 

account  f o r  t h e  primary r e s u l t s  of  both  ANOVAs t h a t  were conducted. 

P o s t  hoc t e s t s  us ing  t h e  Tukey ( b )  t e s t  were conducted on a l l  

f a c t o r s  of i n t e r e s t  wi th  t h e  a = . O 1  l e v e l  used t o  de termine  s i g -  

n i f i c a n c e .  The r e s u l t s  of t h e s e  t e s t s  (Table 8 .1 )  show t h a t  of 

t h e  s i g n a l  modes p resen ted  t h e  t u r n  s i g n a l  produces s i g n i f i c a n t l y  

s h o r t e r  response  t imes  than  t h e  s t o p - t u r n  and hazard modes. The 

hazard produces s i g n i f i c a n t l y  longer  response  t imes  t h a n  t h e  o t h e r  

modes presumably because both  s i d e s  of t h e  v e h i c l e  must be  monitored 

f o r  f l a s h i n g  t o  avoid  mis tak ing  t h i s  s i g n a l  f o r  a  s t o p  s i g n a l .  

The f l a s h  r a t e  d a t a  show t h a t  t h e  h igher  t h e  f l a s h  r a t e  t h e  

s h o r t e r  t h e  response  t ime ,  except  w i t h i n  t h e  120-180 cpm r e g i o n  

where i n c r e a s i n g  b e n e f i t s  were n o t  found due t o  t h e  uni formly s h o r t  

r e sponse  t imes  a t  t h e s e  f l a s h  r a t e  l e v e l s .  

The s e p a r a t e d  f u n c t i o n  systems (11 and 4) were found t o  l e a d  

t o  s h o r t e r  response  t imes  t h a n  t h e  s i n g l e  lamp (one s i d e )  com- 

b ined f u n c t i o n  system (1). The system w i t h  t h e  amber t u r n  lamps 

(11) a l s o  produced s h o r t e r  r e sponse  t imes  t h a n  t h e  system wi th  

t h e  r e d  t u r n  lamps ( 4 ) .  



TABLE 8 .1 .  

GEOMl3TRIC MEANS AND T U K E Y  ( b )  TESTS OF LOG TRANS- 
FORMED RESPONSE TIMES FROM ANOVAS 1 AND 2 ,  

Anova 2 1 

S i g n a l  Modes 

Anova 

r 

Stop-  Stop-  
Turn Turn (On) Turn ( O f f )  Hazard 

I 

F l a s h  Rate  (cpm) 
1 

R e s u l t e d  i n  Mean Response 
Mode T i m e s  T h a t  Were - - 
Turn 

Stop-Turn ( o f f  ) 
Stop-Turn (On) 

Mode 

Anova 2  1 2 . 1 6  1 . 7 5  1 .54  1.34 1 .34  1 .35  

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

11 11 I t  

Anova 

Anova 1 

Stop-Turn (Of f )  , { Stop-Tur n  (On) 

Hazard 

2 0 40 60 120 150 180  

1 . 8 1  1 .59  1 .48  1 . 3 0  1 . 3 1  1 .33  

F l a s h  X a t e ( s )  (cpm) 

40 ,60 ,120 ,150 ,180  

Anova 2 1 1 . 6 1  1 .50  - 

System 

R e s u l t e d  i n  Mean Response 
. 

T i m e s  Tha t  Were - - 
S i g n i f i c a n t l y  s h o r t e r  t h a n  

Anova 
* - 

Anova 1 

F l a s h  R a t e ( s )  (cpm) 

20 

1 4 11 

1 . 7 1  1 . 4 2  1.28 

System ( s )  

1 

4 

S y s t e m ( s )  

11, 4 

11 

Resu l t ed  i n  Mean 3esponse  
T i m e s  Tha t  Were - - 

S i g n i f i c a n t l y  s h o r t e r  t h a n  
I  I 11 II 



The i n t e r a c t i o n  o f  Mode x System i s  shown i n  Tab le  8 . 2 .  

Wi th in  sys tem 1 t h e  haza rd  and s t o p - t u r n  modes have s i g n i f i c a n t l y  

l o n g e r  r e s p o n s e  times t h a n  t h e  t u r n  mode. Systems 4 and 11, on 

t h e  o t h e r  hand,  have haza rd  mode r e s p o n s e  times s i g n i f i c a n t l y  

l o n g e r  t h a n  t u r n  and s t o p - t u r n  r e s p o n s e  times which a r e  r e l a t i v e l y  

low. 

I n  t h e  haza rd  mode r e s p o n s e  times a r e  s i g n i f i c a n t l y  q u i c k e r  

t o  sys tem 11 t h a n  t o  t h e  o t h e r  two sys tems .  I n  t h i s  mode sys t em 4 

a l s o  h a s  r e s p o n s e  t i m e s  s i g n i f i c a n t l y  s h o r t e r  t h a n  t h o s e  o f  

sys tem 1. I n  t h e  t u r n  mode t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  

a t  t h e  .01 a l e v e l .  I n  t h e  s t o p - t u r n  (on )  mode sys tem 11 and 

sys tem 4 r e s p o n s e  times a r e  s i g n i f i c a n t l y  s h o r t e r  t h a n  t h o s e  t o  

sys tem 1, b u t  sys tems  4 and 11 do n o t  d i f f e r  s i g n i f i c a n t l y .  I n  

t h e  s t o p - t u r n  ( o f f )  mode sys tem 1 produced a  s i g n i f i c a n t l y  

s h o r t e r  r e s p o n s e  time t h a n  sys tem 4 .  

Systems 1 and 4 e l i c i t e d  r e s p o n s e  times t h a t  were s i g n i f i -  

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

T h i s  i n d i c a t e s  t h a t  f u n c t i o n a l  s e p a r a t i o n  i s  e f f e c t i v e  i n  pro-  

duc ing  s u b s t a n t i a l l y  q u i c k e r  r e s p o n s e s  t o  t h e  h a z a r d  s i g n a l  

(by  o v e r  1 /3  second)  and t o  t h e  t u r n  ( s t a r t - o n )  f o l l o w i n g  a s t o p  

(by  o v e r  6/10 s e c o n d ) .  System 11 which d i f f e r e d  from 4 o n l y  i n  

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

o n l y  i n  t h e  haza rd  mode. T h i s  Co lo r  x Mode i n t e r a c t i o n  was 

p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  o v e r a l l  sys tem e f f e c t  which i n d i -  

c a t e d  t h a t  sys tem 11 w i t h  ye l low (amber) produced s h o r t e r  

r e s p o n s e  t i m e s  t h a n  sys tem 4 .  I n  t h e  " o f f "  f l a s h e r  s t a r t  mode, 

t h e  combined s i g n a l  sys tem (1) produced a  r e sponse  time t o  a  

s t o p - t u r n  s i g n a l  e q u a l  t o  what was e l i c i t e d  by t h e  t u r n  ( s t a r t -  

on)  mode. I n  b o t h  c a s e s  t h e  t u r n  can  be p e r c e i v e d  immedia te ly .  

I n  t h e  "on" f l a s h e r  s t a r t  mode, the s e p a r a t e d  s i g n a l  sys tems  

( 4  and 11) produced r e s p o n s e  t i m e s  t o  t h e  s t o p - t u r n  s i g n a l  

n e a r l y  e q u a l  t o  t h o s e  e l i c i t e d  by t h e  t u r n  ( s t a r t - o n )  mode. 

Again,  t h e  t u r n  s i g n a l  can  b e  p e r c e i v e d  immedia te ly  i n  b o t h  



TABLE 8.2 

GEOMETRIC MEAN RESPONSE,TIME AS A FUNCTION 
OF SIGNAL MODE, FLASHER START MODE, 

AND REAR LIGHTING SYSTEM - 

* The expected value for this cell is the response time 
(RT) to the unobscured system 1 stop-turn (off) signal 
(1.37 seconds) plus the average amount of time the turn 
signal was obscured by the stop signal ( . 5 6 9  seconds). 
Thus, the expected stop-turn (on) response time is 1.94 
seconds. The difference between the expected RT value 
and that obtained is obviously not significant in this 
case. 

Rear 
Lighting 
System 

1 
4 
11 

* *  The expected value for this cell is the response time of 
the similar undelayed signal (system 4 stop-turn (on) 
RT = 1.30 seconds) + the average amount of time that the 
signal was delayed by the flasher unit (.533 seconds), 
Thus, the expected RT is 1.83 seconds which is obviously 
not significant from that obtained in this case. 

SIGNAL MODE 

Hazard Turn Stop-Turn (On) Stop-Turn (Off) 

1.90 1.37 1.91 * 1.37 
1.67 1.33 1.30 1.76 * *  
1.37 1.26 1.21 ---- 

Note -- The average "on" time in this experiment was ,569 
seconds while the average "off" time was ,533 seconds. 

-- The finding that the expected response times were 
not significantly different from those obtained supports 
the assumption, within the parameter values tested, that 
one can perceive illumination of a lamp (with relatively 
fast rise and decay functions) as easily as extinction. 
Therefore, in the case where a signal cannot be perceived 
until a visual change occurs, the signal will elicit 
a response time equal to the response time to a similar 
unobscured/undelayed signal plus the amount of time that 
the signal is obscured/delayed. 



instances. Ilowcver, with the functionally combined system 

(1) operating in a start-on mode, the stop-turn signal is 

responded to with a response time that is not significantly 

different from what would be expected if one added the average 

interval that the turn signal is visually obscured by illumi- 

nation of the stop signal ( . 569  seconds), to the response 

time elicited by an unobscured turn signal following a stop 

signal (1.37 seconds). Similarly, in the separated system 

(4), the start-off stop-turn signal is responded to with a 

response time which is not significantly different from the 

response time which would be expected if one added the average 

flasher delay interval, . 5 3 3  seconds, to the response time 

(1.30 seconds) elicited by a stop-turn signal which was not 

delayed by the flasher mechanism. 

Table 8.3a shows how response time varies as a function 

of flash rate and signal mode, For the main factor mode, the 

subjects responded to the turn signal significantly faster than 

the other signal modes. They also responded to the stop-turn 

significantly faster than to the hazard warning signal, For 

the main factor flash rate, the subjects responded to 120, 150 

and 180 cycles per minute flashes quite fast with no signifi- 

cant differences between them. All of these high flash rates 

were responded to significantly faster than the 20, 40, and 

60 cpm flash rates. These differences in response time asso- 

ciated with flash rates are primarily a function of similar 

significant differences between flash rates in the hazard and 

stop-turn modes. Within the turn mode, however, 20 cpm was 

indicated as being significantly slower than 120 cpm and 180 

cpm, while 60 cpm also was indicated as producing response 

times significantly longer than those associated with the 120 

cpm flash rate. 

These results are quite similar to those obtained in the 

other analysis (Table 8.3b) which included start mode. For the 

main factor mode,the significant results are the same with 

stop-turn in either the start-off or start-on mode (no significant 



TABLE 8.3a 

GEOMETRIC RESPONSE TIME AS A FUNCTION OF 
FLASH RATE AND SIGNAL MODE--ANOVA 1. 

TABLE 8.3b 

Mode 

Hazard 

Turn 

Stop'Turn 

GEOMETRIC RESPONSE TIME AS A FUNCTION OF 
FLASH RATE AND SIGNAL MODE--ANOVA 2. 

Flash Rate (Cycles Per Minute) 

20 4 0 60 120 150 180 

2.34 1.79 1.60 1.40 1.41 1.43 

1.40 1.36 1.37 1.25 1.29 1.26 

1.81 1.65 1.48 1.26 1.24 1.29 

Flash Rate (Cycles Per Minute) 

Mode 1 20 4 0 60 120 150 180 

Hazard 

Turn 

Stop'Turn (On) 

Stop'Turn (Off) 

2.87 2.04 1.70 1.45 1.47 1.50 

1.48 1.43 1.36 1.26 1.29 1.29 

2.20 1.84 1.59 1.33 1.32 1.34 

2.37 1.74 1.52 1.34 1.30 1.27 



d i f f e r e n c e  o v e r a l l  a c r o s s  sys t ems  1 and 4 ) .  The s t o p - t u r n  

i n  e i t h e r  s t a r t  mode produced r e s p o n s e  times s i g n i f i c a n t l y  

s h o r t e r  t h a n  t h o s e  produced by t h e  h a z a r d  s i g n a l  mode, b u t  

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

mode, For  t h e  main f a c t o r  f l a s h  r a t e ,  t h e  s u b j e c t s  responded  

i n  a  f a s h i o n  such  t h a t  t h e  r e s u l t s  o f  t h e  s t a r t - o f f  mode were 

t h e  same a s  t h o s e  o b t a i n e d  i n  t h e  s t a r t - o n  mode i n  terms o f  

s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  r e s u l t s .  I n  b o t h  s t a r t  modes 

t h e  120 ,  150 ,  and 180 cprn f l a s h e s  were responded  t o  s i g n i f i -  

c a n t l y  q u i c k e r  t h a n  t h e  20,  4 0 ,  and 60 cprn f l a s h e s .  Wi th in  

t h e  t u r n  mode, however, 20 cprn was i n d i c a t e d  as b e i n g  s i g n i -  

f i c a n t l y  s lower  t h a n  120 ,  150 ,  and 180 cpm, w h i l e  40 cpm a l s o  was 

i n d i c a t e d  a s  p roduc ing  r e s p o n s e  times s lower  t h a n  t h o s e  a s s o c i -  

a t e d  w i t h  t h e  1 2 0  cprn f l a s h  r a t e .  

The a c t u a l  r e s p o n s e  time v a l u e s  a s s o c i a t e d  w i t h  t h e  i n t e r -  

a c t i o n  o f  mode and t h e  f l a s h  r a t e  a r e  p r e s e n t e d  i n  T a b l e  8.4 

a s  a  f u n c t i o n  o f  system.  Most no tewor thy  o f  t h e  e f f e c t s  shown 

i s  t h a t  t h e  r e s p o n s e  time d i f f e r e n c e s  which do e x i s t  between 

t h e s e  sys t ems  d e c r e a s e  a s  f l a s h  r a t e  i n c r e a s e s .  For  example,  

a t  20 and 40 cpm sys tems  1, 4, and 11 a r e  s i g n i f i c a n t l y  

d i f f e r e n t ,  a t  60 cprn t h e  d i f f e r e n c e  i s  s m a l l e r  and o n l y  1 and 

4 a r e  s i g n i f i c a n t l y  d i f f e r e n t ,  and a t  120 ,  150 ,  and 180 cprn 

t h e  d i f f e r e n c e s  a r e  minimal and n o n - s i g n i f i c a n t  ( e x c e p t  f o r  an  

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

between 1 and 11 a t  180 cprn). I n  t h e  t u r n  mode sys t em 1 

produces  a  s i g n i f i c a n t l y  l o n g e r  RT t h a n  sys tems  4 and 11 a t  

20 cpm, w h i l e  a t  4 0  cprn sys tem 11 produces  a s i g n i f i c a n t l y  

s n o r t e r  RT t h a n  t h e  o t h e r  s y s t e m s ,  b u t  a t  60-180 cprn t h e r e  

i s  no s i g n i f i c a n t  d i f f e r e n c e  between sys tems .  I n  t h e  s t o p -  

t u r n  ( o n )  mode sys tem 11 e l i c i t s  s i g n i f i c a n t l y  s h o r t e r  RT1s 

t h a n  sys t em 1 a t  a l l  f l a s h  r a t e s .  However, t h e  magni tude  of  

t h e  improverLent  i n  RT o f f e r e d  by sys t em d e c l i n e s  a s  f l a s h  r a t e  

i s  i n c r e a s e d  t o  120 cpm. T h e r e a f t e r ,  t h e  e f f e c t  i s  n e a r l y  



TABLE 8.4 

GEOMETRIC MEAN RESPONSE TIME AS A FUNCTION 
OF SIGNAL MODEI FLASHER START MODEI FLASH 

RATE AND REAR LIGHTING SYSTEM. 

CPM 

Overall 1 1.90 1.37 1.91 1.37 

Signal Mode 
Stop -+ Stop + 

Hazard Turn Turn (on) Turn (Off) 

w 40 

3 60 
x 120 
UY 
4 
I4 150 
Er 

180 

2.20 1.43 2.36 1.47 

1.81 1.35 1.95 1.37 

1.46 1.25 1.51 1.22 SYSTEM 1 

1.47 1.30 1.41 1.19 

1.58 1.29 1.44 1.18 

- 
- SYSTEM 11 

W 40 
E 
2 60 

120 3: 
UY 

3 150 

ik 180 

Overall 

-- - 

Overall 1 1.37 1.26 1.21 - 

1.89 1.44 1.44 2.06 

1.59 1.37 1.30 1.69 

1.43 1.28 1.16 1.47 SYSTEM 4 

1.47 1.29 1.23 1.42 

1.43 1.30 1.25 1.36 

1.67 1.33 1.30 1.76 



c o n s t a n t .  Thus,  f l a s h  r a t e s  o f  120-180 cprn minimized r e s p o n s e  

time d i f f e r e n c e s  between sys t ems  and c o l o r  had no e f f e c t  on 

r e s p o n s e  t i m e  a t  t h e s e  h i g h  f l a s h  r a t e s .  The s t o p - t u r n  mode 

d e m o n s t r a t e s  t h a t  syst.em 1 i s  c a p a b l e  o f  p roduc ing  r e s p o n s e  

times i n  t h i s  mode e q u a l  t o  t h o s e  o b t a i n e d  u s i n g  sys tems  4 and 

11, i f  t h e  f l a s h  r a t e  i s  h i g h  and t h e  sys t em i n c o r p o r a t e s  a  

s t a r t - o f f  f l a s h e r  f o r  t h e  s t o p - t u r n  s i g n a l  w h i l e  r e t a i n i n g  a 

s t a r t - o n  f l a s h e r  f o r  t h e  t u r n  s i g n a l .  

The F l a s h  Rate  x Duty Cycle  i n t e r a c t i o n  shown i n  T a b l e  8 .5  

i n d i c a t e s  t h a t  120-180 cprn r e s p o n s e  times a t  a l l  d u t y  c y c l e s  

t e s t e d  were s i g n i f i c a n t l y  s h o r t e r  t h a n  r e s p o n s e  times t o  20-60 

cprn f l a s h  r a t e s .  For  t h e  30-85% "on" times t h e  r e s p o n s e  times 

e l i c i t e d  by t h e  40 and 60 cprn f l a s h  rates were a l s o  s i g n i f i c a n t l y  

s h o r t e r  t h a n  t h o s e  o b t a i n e d  a t  t h e  20 cprn f l a s h  r a t e .  However, 

a t  2 0 %  "on" t i m e ,  t h e  mean r e s p o n s e  times t o  20 and 40 cprn were 

n o t  shown t o  d i f f e r  and b o t h  means were s i g n i f i c a n t l y  l o n g e r  t h a n  

t h a t  o b t a i n e d  a t  60 cpm. 

Data  a r e  p r e s e n t e d  i n  T a b l e s  8.6-8.8 which show t h e  s i g n i f i -  

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

f o r  a l l  t h r e e  r e a r  l i g h t i n g  sys t ems .  B a s i c a l l y ,  t h e  r e s u l t s  show 

t h a t  t h e  t u r n  s i g n a l  mode was less s e n s i t i v e  t o  t h e  F l a s h  R a t e  x 

Duty Cycle  i n t e r a c t i o n  t h a n  t h e  h a z a r d  and s t o p - t u r n  modes, 

The i n t e r a c t i o n  of  s i g n a l  mode, d u t y  c y c l e ,  and sys t em i s  

p r e s e n t e d  i n  Tab le  8 . 9 .  For  t h e  haza rd  s i g n a l ,  a s  t h e  d u t y  c y c l e  



TABLE 8 .5  

GEOMETRIC MEANS AND TUKEY(b) TESTS OF 
LOG TRAIJSFORMED RESPONSE TIMES FOR THE 

FLASH RATE AND DUTY CYCLE INTERACTION 
FOUND SIGNIFICANT I N  ANOVA 1. 

rlOnIt 
Time 

1 --- F l a s h  Rate (cpm) 

For  "on" times of 20, 30,  7 5  and 8 5  percent 

F l a s h  Rate ( s )  
(cpm) 

1 2 0 ,  1 5 0 ,  1 8 0  

S i g n i f i c a n t l y  
s h o r t e r  t h a n  120 ,  4 0  

R e s u l t e d  i n  Mean 
Response Times 

T h a t  Were--- 

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

40 ,  6 0  

For "on" times of 2 0  p e r c e n t  

F l a s h  Rate ( s )  
(cpm) 

20 ,  40,  6 0  

F o r  "on" times o f  3 0 ,  7 5  and 8 5  p e r c e n t  

S i g n i f i c a n t l y  
s h o r t e r  t h a n  2 0  



TABLE 8.6 

GEOMETRIC RESPONSE TIl,lE FOR SYSTEM 1 AS A 
FUNCTION OF FLASH RATE, SIGNAL MODE AND "ON" TIME 

Mode 

Hazard 

Turn 

Stop+Turn (On) 

Stop-fTurn (Off)  

Hazard 

Turn 

Stop-urn (On) 

Stop'Turn ( o f £ )  

Hazard 

Turn 

S t o p f l u r n  (On) 

Stop+Turn (Off ) 

Hazard 

Turn 

Stop'Turn (On) 

StopjTurn  (Of f )  

F l a s h  Rate (Cycles  Per  ~ i n u t e )  

20 4  0  60 1 2 0  1 5 0  
- 

1 8 0  

2 . 3 1  1 . 8 3  1 . 7 0  1 . 2 7  1 . 3 6  1 . 5 4  

1 . 4 9  1 . 6 2  1 . 3 4  1 . 2 3  1 . 3 5  1 . 3 1  

2 .98  2 .05  1 .66  1 . 4 2  1 . 3 2  1 . 4 5  

1 .89  1 . 7 1  1 .46  1 . 2 0  1 . 2 9  1.11 

3 . 5 6  1 . 8 6  1 . 5 0  1 . 5 1  1 . 3 6  1 . 4 9  

1 . 5 1  1 . 3 3  1 . 2 0  1 . 1 4  1 . 2 7  1 . 4 3  

2 . 2 1  1 . 7 6  1 . 3 1  1 . 1 9  1 . 2 6  2 .99  

2 .46  1 . 5 8  1 . 4 2  1 . 1 7  1 . 0 8  1 . 0 9  

4 . 0 2  2 . 3 6  1 . 9 8  1 . 4 5  1 . 4 7  1 . 4 8  

1 . 7 4  1 . 3 9  1 . 4 5  1 . 3 2  1 . 2 2  1 . 2 4  

4 . 0 6  2 . 5 3  2 . 1 1  1 . 5 8  1 . 5 6  1 . 5 0  

1 . 7  5  1 . 3 9  1 . 2 7  1 . 1 7  1 . 1 3  1 . 2 0  

4 . 4 1  2 . 9 3  2 .14  1 . 6 3  1 . 7 3  1 . 8 5  

1 . 7 3  1 . 3 8  1 . 4 2  1 . 3 1  1 . 3 6  1 . 2 0  

3 . 8 6  2 . 7 0  2 . 3 5  1 . 7 9  1 . 6 0  1 . 5 5  

1 . 5 4  1 . 2 3  1 . 3 3  1 . 3 3  1 . 2 6  1 . 3 5  

"On" 
T i m e  

2 0 %  

30% 

7 5 %  

8 5 %  



TABLE 8 .7  

GEOMETRIC RESPONSE TIME FOR SYSTEM 4  AS A 
FUNCTION OF FLASH RATE, SIGNAL MODE AND "ON" TIME 

Mode 

H a z a r d  

T u r n  

Stop- tTurn  (On) 

Stop- tTurn  ( O f f )  

H a z a r d  

T u r n  

S t o p + T u r n  (On) 

Stop-fTurn  ( O f f )  

H a z a r d  

T u r n  

Stop- tTurn  (On) 

S top- fTurn  ( O f f  

I i a z a ~ d  

T u r n  

S top- tTurn  (On) 

S top- tTurn  (Off ) 

F l a s h  R a t e  ( C y c l e s  P e r  M i n u t e )  

20 4  0  60  1 2 0  1 5 0  1 8 0  

1 . 8 8  1 . 8 2  1 . 5 5  1 . 4 1  1 . 5 0  1 . 3 4  

1 . 4 0  1 . 5 7  1 . 3 0  1 . 3 4  1 . 3 9  

1 . 2 7  1 . 6 1  1 . 2 2  1 . 0 8  1 . 3 4  1 . 2 2  

4 . 1 9  2.67 2 . 1 3  1 . 7 3  1 . 5 8  1 . 4 2  

2 . 3 5  1 . 7 6  1 . 5 0  1 . 5 1  1 . 5 4  1 . 4 0  

1 . 2 8  1 . 4 3  1 . 4 6  1 . 3 0  1 . 2 1  

1 . 4 3  1 . 5 4  1 . 3 9  1 . 2 9  1 . 1 8  1 . 2 7  

3 . 7 5  2 . 2 9  1 . 8 9  1 . 4 5  1 . 4 5  1 . 4 1  

2 . 9 6  2 . 1 6  1 . 6 0  1 . 3 3  1 . 3 5  1 . 4 6  

1 . 3 6  1 . 4 1  1 . 4 2  1 . 2 7  1 . 2 4  1 . 2 8  

1 . 4 2  1 . 2 2  1 . 3 5  1 . 2 1  1 . 3 0  1 . 3 7  

2 .48  1 . 6 4  1 . 4 6  1 . 4 5  1 . 2 8  1 . 3 4  

2 . 4 3  1 . 8 7  1 . 7 4  1 . 4 9  1 . 4 9  1 . 5 3  

1 . 3 8  1 . 3 6  1 . 3 2  1 . 2 0  1 . 3 3  1 . 2 8  

1 . 5 4  1 . 4 2  1 . 2 4  1 . 0 9  1 . 2 1  1 . 1 6  

2 . 0 1  1 . 7 9  1 . 4 1  1 . 2 7  1 . 3 9  1 . 3 0  

"On" 
Time 

20% 

30% 

7 5 %  

8 5 %  



TABLE 8.8 

GEOMETRIC RESPONSE TIME FOR SYSTEM 11 AS A 
FUNCTION OF FLASH RATE, SIGNAL MODE AND "ON" TIME 

I F l a s h  Ra te  ( C y c l e s  P e r  ~ i n u t e )  I 
Mode 1 2 0  4 0  6  0  1 2 0  1 5 0  1 8 0  1 ,,,. UL1 

Hazard 

Turn 1 1 . 3 4  1 . 2 9  1 . 4 5  1 . 2 9  1 . 3 3  1 . 2 2  1 
Stop-fTurn (On) 

S t o p f l u r n  ( o f f )  * 

Hazard 

Turn 

~ t o p - f ~ u r n  (On) 

Stop+Turn ( o f f ) *  

Hazard 

1 . 2 2  1 . 8 4  1 . 3 4  1 . 2 2  1 . 2 9  1 . 2 1  

3.62 3 .04  2 . 1 4  1 . 6 2  1 . 6 1  1 . 4 8  

Hazard 

Turn 

Stop-tTurn (On) 

Stop-fTurn ( O f f ) *  

2 0 %  

1 . 4 3  1 . 4 4  1 . 2 8  1 . 3 0  1 . 2 2  1 . 3 5  

1 . 3 2  1 . 3 1  1 . 3 9  1 . 1 2  1 . 3 0  2 . 7 2  

1 . 2 5  1 . 2 1  1 . 3 3  1 . 1 9  2 . 0 8  1 . 2 2  

3 .35  2 .26  2 .03  1 . 5 4  2 . 3 6  1 . 4 5  

*Es t ima ted  Response T i m e s  which were computed by 
add ing  t h e  f l a s h e r  d e l a y  i n t e r v a l  t o  t h e  s t o p - t u r n  (on )  
r e s p o n s e  time. 

3 0 %  

1 . 8 6  1 . 2 9  1 . 4 2  1 . 3 4  1 . 3 1  1 . 2 9  

1 . 2 7  1 . 1 7  1 . 3 8  1 . 2 8  1 . 2 5  1 . 1 9  

1 . 1 3  1 . 2 0  1 . 2 3  2 . 2 3  1 . 3 5  1 . 2 3  

1 .88 1 . 5 8  1 . 4 8  2 . 3 6  1 . 4 5  1 . 3 1  

Turn 

~ t o p - t T u r n  (On) 

Stop-fTurn (Off )* 

7 5 %  

1 . 1 2  2 . 6 6  1 . 3 1  1 . 2 0  1 . 2 6  1 . 2 9  

1 . 2 5  1 . 1 2  1 . 2 4  1 . 5 0  1 . 2 5  1 . 1 6  

1 . 7 0  1 . 3 5  1 . 3 9  1 . 5 8  1 . 3 1  1 . 2 1  

8 5 %  



TABLE 8 . 9  

THE SIGNIFICANT MODE x DUTY x SYSTEM INTERACTION 
OF GEOMETRIC MEANS FROM ANOVA 1 

S i g n a l  
Mode 

Hazard 

Turn 

Stop'Turn (On) 

Hazard 

Turn  

S top jTurn  (On) 

Hazard 

Turn 

Stop-tTurn (On) 

Hazard 

Turn 

S top jTurn  (on) 

- System 

1 4  11 

1 . 6 3  1 . 5 7  1 . 4 3  

1 . 3 8  1 . 3 7  1 . 3 2  

1 . 7 4  1 . 2 8  1 . 3 4  

1 . 7 7  1 . 6 5  1 . 3 3  

1 . 3 1  1 . 3 4  1 . 2 5  

1 . 6 9  1 . 3 5  1 . 2 1  

1 . 9 7  1 . 7 3  1 . 4 1  

1 . 3 8  1 . 3 3  1 . 2 6  

2 -  07 1 . 3 1  1 . 1 5  

2 . 2 9  1 . 7 3  1 . 3 3  

1 . 3 9  1 . 3 1  1 . 2 1  

2 . 1 9  1 . 2 5  1 . 1 4  

On " 
T i m e  

2 0 %  

3 0% 

75% 

85% 



i n c r e a s e d  s o  d i d  t h e  magni tude and t h e  number o f  s i g n i f i c a n t  

d i f f e r e n c e s  between sys tems .  For  t h e  s t o p - t u r n  (on)  t h e  same 

h o l d s  t r u e .  However, f o r  t h e  t u r n  s i g n a l  t h e r e  were no s i g n i -  

f i c a n t  d i f f e r e n c e s ,  e x c e p t  a t  t h e  85% "on" t ime ,where  sys tem 11 

d i d  produce s i g n i f i c a n t l y  s h o r t e r  r e s p o n s e  t i m e s  t h a n  sys tem 1. 

Across  modes, sys tems  11 and 4 had r e s p o n s e  times t h a t  were 

s i g n i f i c a n t l y  s h o r t e r  t h a n  sys tem 1 a t  a l l  d u t y  c y c l e s  t e s t e d .  

I n  a d d i t i o n ,  system 11 had r e s p o n s e  times t h a t  were s i g n i f i c a n t l y  

s h o r t e r  t h a n  sys tem 4 a t  a l l  d u t y  c y c l e s ,  e x c e p t  20% "on" time. 

Amber lamps a f f o r d e d  System 11 a  r e s p o n s e  time advantage  o v e r  

sys t em 4 i n  t h e  haza rd  and s t o p - t u r n  modes a t  b o t h  30 and 75% 

"on" t i m e s  and i n  t h e  haza rd  mode a t  85% "on" time. 

The o t h e r  i n t e r a c t i o n s  a l l  i n v o l v e  t h e  ambient  l i g h t i n g  

c o n d i t i o n .  Tab le  8.10 e x h i b i t s  t h e  geomet r i c  means f o r  day and 

n i g h t  which were s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  a = .05 l eve l  

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

times. The Ambient x F l a s h  Rate  i n t e r a c t i o n  i s  a l s o  shown i n  

Tab le  8.10. Both day and n i g h t  c o n d i t i o n s  show lower  r e s p o n s e  

t i m e s  a t  1 2 0 ,  150 and 180 cpm. A t  n i g h t  t h e r e  i s  a  s i g n i f i c a n t  

d e c r e a s e  i n  r e s p o n s e  time f o r  each  i n c r e a s e  i n  f l a s h  r a t e  up t o  

120 cpm, beyond which r e s p o n s e  t i m e  i s  s t a b l e .  I n  t h e  dayt ime 

t h e  r e s u l t s  a r e  s i m i l a r  e x c e p t  t h a t  t h e r e  i s  no s i g n i f i c a n t  

r e s p o n s e  t i m e  d i f f e r e n t i a l  between 20 and 40 cpm. 

The i n t e r a c t i o n  o f  ambient  w i t h  mode i s  shown i n  Tab le  8 .11a 

and w i t h  sys tem i s  shown i n  Tab le  8.11b. I n  dayt ime and n i g h t -  

t i m e  t h e  r e s p o n s e  t i m e s  a s s o c i a t e d  w i t h  t h e  haza rd  s i g n a l  were 

l o n g e r  t h a n  t h o s e  a s s o c i a t e d  w i t h  t h e  o t h e r  modes. A t  n i g h t  t h e  

r e s p o n s e  t i m e s  t o  t h e  s t o p - t u r n  (on)  were a l s o  l o n g e r  t h a n  t h o s e  

t o  t h e  t u r n  s i g n a l .  I n  b o t h  day and n i g h t  c o n d i t i o n s  t h e  sepa-  

r a t e d  f u n c t i o n  sys tems  were a s s o c i a t e d  w i t h  s h o r t e r  r e sponse  

times t h a n  t h e  combined f u n c t i o n  system.  A t  n i g h t  t h e  sys tem 

u s i n g  amber ( y e l l o w )  a l s o  e l i c i t e d  s h o r t e r  r e s p o n s e  times t h a n  

t h e  a l l  r e d  s e p a r a t e d  system.  T h i s  may b e  due t o  t h e  f a c t  t h a t  



RESPONSE TIME (SEC) AND TUREY (b )  
TESTS FOR DAYTIME, NIGHTTIME! AND 

THE AMBIENT x FLASH RATE INTERACTION 
-- 

F l a s h  R a t e s  (cpm) 

Daytime 
N i g h t t i m e  

S i g n i f i c a n t l y  
S h o r t e r  T h a n  

F l a s h  R a t e  (cpm) 

20 4 0  6 0 1 2 0  1 5 0  1 8 0  

1 . 8 1  1 . 7 2  1 . 5 9  1 . 3 8  1 . 3 9  1 . 4 0  
1 . 8 0  1 . 4 6  1 . 3 7  1 . 2 3  1 . 2 4  1 . 2 5  

R e s u l t e d  i n  
Mean R e s p o n s e  
T i m e s  T h a t  Were-- 

" S i g n i f i c a n t  a t  n i g h t  o n l y  

'Geometric 
Mean 

1 . 5 4  
1 . 3 8  

F l a s h  R a t e  ( s )  



TABLE 8 . 1 1 a  

GEOMETRIC MEAN RESPONSE TIME(SEC) 
AND TUKEY(b) TESTS FOR THE 
MODE x AMBIENT INTERACTION 

!lo d e 1 I Mode 

Day 

N i g h t  

T u r n ,  

Turn* S top-Turn  ( o n )  

S i q n a l  Mode 

S top+Turn  
Hazard  T u r n  ( o n )  

1 . 7 0  1 . 4 5  1 . 4 8  

1 . 5 7  1 . 2 0  1 . 4 0  

" S i g n i f i c a n t  a t  n i g h t  o n l y  

TABLE 8 . 1 1 b  

GEOMETRIC IlEAIJ RESPONSE TIME (SEC) 
AND TUKEY ( b )  TESTS FOR THE 
SYSTEM x AMBIENT INTERACTION 

Day 
N i g h t  

" S i g n i f i c a n t  a t  n i g h t  o n l v  

8 1  

I 

S y s t e m  

1 4 11 

1 . 8 2  1 . 4 5  1 . 3 8  

1 . 6 0  1 . 4 0  1 . 1 8  

Sys tem 

11, 4 

R e s u l t e d  i n  
Mean Response  
T i m e s  T h a t  Were-- 

S i g n i f i c a n t l y  
S h o r t e r  Than 

Sys tem 

1 

11" I I I 1  4 



at night the higher intensity of the amber was more readily 

perceptable. 

The Mode x Duty x Ambient interaction demonstrated that the 

interactions previously discussed from Table 8.11 are not en- 

tirely consistent across duty cycle with abnormalities primarily 

confined to the 20% "on" duty cycle. The Rate x Duty x Ambient 
interaction demonstrated that in the daytime as duty cycle 

increased, the number of significant differences between flash 

rates decreased (i.e,, at 85% "on" time only 20 cpm was signifi- 

cantly different from other flash rates [60, 120, 150, 1801). 

At night the number of significant differences between the flash 

rates increased as duty cycle increased (i.e., at 85% "on" time 

20, 40, and 60 cpm were significantly different from nearly all 

other flash rates). 

The Flash Rate x System x Ambient interaction demonstrated 

that System 1 had the same number of significant flash rate 

differences in both day and night indicating that under both 

conditions, 20, 40, and 60 cpm elicited response times signifi- 

cantly longer than all flash rates higher than themselves. Thus, 

and acceptable flash rate span for System 1 should probably 

exclude 20-60 cpm. 

For System 4, this reasoning would, in the daytime, exclude 

flash rates of 20 and 40 cpm and at night exclude only 20 cpm, 

For System 11 it would not be necessary to exclude any flash 

rates from consideration at night as no significant difference 

between flash rates was determined. However, the daytime data 

for System 11 were inconsistent and it could not be determined 

whether a wider span of flash rates could also be used with 

System 11 in the daytime. 



An a n a l y s i s  o f  t h e  missed  s i g n a l s  (RT - > 8 s e c . )  produced 

t h e  f o l l o w i n g  t o t a l s :  

F l a s h  Rate  ( C y c l e s  p e r  Minute)  

Frequency o f  
Missed S i g n a l s  

S i g n a l s  were missed  a t  an  o v e r a l l  r a t e  o f  1 .8% o f  a l l  

s i g n a l s  p r e s e n t e d .  S i n c e  t h e r e  appea red  t o  b e  a  s i g n i f i c a n t  

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

t e s t s  o f  s i g n i f i c a n c e  were performed.  These tests  i n c l u d e d  "on" 

time a s  a f a c t o r  s i n c e  t h e r e  were a p p a r e n t l y  s i g n i f i c a n t  d i f -  

f e r e n c e s  a l s o  a s s o c i a t e d  w i t h  "on" time. 

2  0  4 0 60 120 150 180 T o t a l  

6 0 33 2 8 22 1 5  12 170 

Duty Cycle  ( %  "on" Time) 

Using a  c o n s e r v a t i v e  s t a t i s t i c a l  model w i t h  t h e  h i g h e s t  

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

were found.  An ANOVA ( l m )  of  f r equency  o f  missed  s i g n a l s  i n -  

v o l v i n g  a l l  t h r e e  r e a r  l i g h t i n g  sys tems  w i t h  t h e  f l a s h e r  s t a r t -  

i n g  i n  t h e  on mode i n d i c a t e d  t h a t  f l a s h  r a t e  and F l a s h  Ra te  x 

System were s i g n i f i c a n t  a t  t h e  a = . O 1  l eve l .  S i m i l a r l y ,  an  

ANOVA (2m) i n v o l v i n g  sys tems  1 and 4 i n  b o t h  on and o f f  s t a r t  

modes i n d i c a t e d  t h e  same f a c t o r s  were s i g n i f i c a n t .  

Frequency o f  
Missed S i g n a l s  

I n  At<OVA ( l m )  2 0  cpm was shown t o  produce  s i g n i f i c a n t l y  

more missed  s i g n a l s  t h a n  any o t h e r  f l a s h  r a t e  f o r  sys tem 1. 

T h i s  f i n d i n g  was a l s o  found i n  ANOVA (2m). For  sys tem 4 ,  40 cpm 

was found t o  produce  s i g n i f i c a n t l y  more missed  s i g n a l s  t h a n  

180 cpm, w h i l e  f o r  sys tem 11 t h e  a n a l y s i s  i n d i c a t e d  t h a t  no 

f l a s h  r a t e  produced more missed  s i g n a l s  t h a n  any o t h e r .  ANOVA 

( 2 m )  concur red  i n  t h e  sys tem 4 e f f e c t  b u t  showed a  s i g n i f i c a n c e  

l e v e l  of p - < . 0 5 .  N.IOVA ( l m )  i n d i c a t e d  t h a t  t h e  s t o p - t u r n  mode 

2 0  30 75 8 5 T o t a l  

4 j  40 2 9 5 8 170 



elicited significantly more misses than the hazard mode. In 

ANOVA (2m) this was not shown to be significant. Duty was not 

shown to have an effect upon the miss rate of flashes starting 

in the "on" mode. However, when the "off" mode was included 

for stop-turn signals, 858 on time was shown to be associated with 

significantly more misses than 75% "on" time. This is primarily 

due to the poorer performance of 85%"onn time at night, where it 

elicite6 significantly more misses than 75% and 25% "on" times. 

System 11 produced significantly (p - < . 0 5 )  fewer misses at night 

than during the day (high intensity may be a factor) and had a 

significantly lower nighttime miss rate than both systems 1 and 

4. This effect is shown in Table 8.12a. Table 8.12b is similar 

to the previous table, but the number of missed signals occurring 

in systems 1 and 4 in the flasher start off mode is also included. 

System 11 was not presented in the flasher start off mode, since 

the results would be similar to those obtained with system 4. 

Therefore, the 11t column was constructed to give an estimate of 

the number of misses that would have been expected if system 11 

had been presented in both start modes. This table demonstrates 

that system 11 would probably have produced fewer misses than 

systems 1 and 4 at night even if both flasher start modes had 

been used for the stop-turn signal. 



TABLE 8.12a 

FREQUENCY OF XISSED SIGNALS ( R T  > 8 sec) 
FOR THE HAZARD, TURN, AND S T O P - T ~ R N  ( O N )  * 

SIGNAL MODES 

* F l a s h e r  s t a r t  phase  

pay 
Night  

T o t a l  

TABLE 8.12b 

FREQUENCY OF MISSED SIGNALS ( R T  2 8 sec,)  
FOR THE HAZARD, TURN, STOP-TURN (ON)  * AND 

STOP-TURN (OFF) * SIGNAL MODES 

System 

1 

2 8  

2 6  

54  

* F l a s h e r  s t a r t  phase  
* * S t a r t  "on" mode o n l y  

7 
I These v a l u e s  i n c l u d e  t h e  f r equency  expec- 

t e d  i n  t h e  s t o p - t u r n  ( o f f )  mode assuming t h a t  
amber h a s  no e f f e c t .  Thus,  t h e s e  f i g u r e s  re- 
p r e s e n t  t h e  maximum expec ted  f r equency  a c r o s s  
a l l  4 s i g n a l  modes p r e s e n t e d .  

4 

17  

26 

4 3 

t 

11 

2 8 

9 

37  
i 

System 

,.Day 
Night  

T o t a l  

1 

37 

3 6  

7 3  

4 

23 

37 

6 0  
I 

l l * *  

2 8 

9 

37  

lltl 

34 

2 0 - 
54 





9. DISCUSSION OF RESULTS 

The superiority of the 120-180 cpm flash rates in elicit- 

ing short response times in the modes that were difficult to 

perceive (hazard and stop-turn) is shown (Table 8.4) by the 

fact the mean response times for these high flash rates are 

equal to or less than 1.30 seconds for unimpeded stop-turn sig- 

nals in all three systems. The turn signals presented at these 

flash rates also have mean response times equal to or less than 

1.30 seconds. Similarly, at 120-180 cpm all three systems 

elicited their shortest mean response times to the hazard signal. 

The attention getting hazard signal produced by system 11 (as 

evidenced by its significantly shorter mean response time) elicited 

mean response times equal to or less than 1.32 seconds. Therefore, 

the consensus is that the high flash rates (120-180 cpm) which 

are significantly more attention getting, elicited mean response 

times of less than 1.33 seconds in this experimental paradigm. 

Therefore, the goal of a response time to a turn signal of less 

than 1.33 seconds seems desirable in this experimental paradigm. 

It also seems reasonable to desire this goal to be met in 

cases where a stop precedes the turn signal. One counter argu- 

ment is that in the stop-turn signal mode, the following driver 

has been warned by the stop signal that the lead car is decelerat- 

ing or about to decelerate. Thus, whether the driver then 

signals a turn and/or executes a turn maneuver is of little 

consequence. However, this argument is weakened by the poten- 

tial occurrance of specific incidents. In the first case, a 

disadvantage accrues when the brake lights are malfunction- 

ing or inoperable and the turn signal is delayed because the 

flasher started in the "off" mode (especially for flash rates of 

60 cpm or lower). In other cases, response time to the stop-turn 

is critical when the lead driver is riding the brake lightly for 

a long enough period, that the following driver ignores the 

"potential deceleration message"; in this case the turn signal 



becomes t h e  d e c e l e r a t i o n  s i g n a l  j u s t  p r i o r  t o  t h e  t u r n  maneuver, 

T h i s  c a s e  occurs  i n  s i t u a t i o n s  where some d r i v e r s  d r i v e  f o r  long 

p e r i o d s  w h i l e  r e s t i n g  t h e i r  f o o t  on t h e  b rake  p e d a l ,  and where 

d r i v e r s  use  t h e  b rake  t o  d e c e l e r a t e  s l i g h t l y  when approaching 

an i n t e r s e c t i o n ,  and then  s i g n a l  a  t u r n  j u s t  a s  t h e  v e h i c l e  

undergoes r a p i d  d e c e l e r a t i o n  i n  o r d e r  t o  make t h e  t u r n  maneuver. 

I n  t h e  l a t t e r  i n s t a n c e ,  t h e  fo l lowing  d r i v e r  o f t e n  cannot  p r e d i c t  

t h a t  t h e  l e a d  d r i v e r  w i l l  t u r n  a f t e r  he has  d e c e l e r a t e d  s l i g h t l y ,  

because i n  many i n s t a n c e s  he proceeds  s t r a i g h t  through an i n t e r -  

s e c t i o n  a f t e r  h i s  c a u t i o u s  approach.  

I n  t h i s  exper imenta l  paradigm a l l  t h r e e  r e a r  l i g h t i n g  

systems were capab le  of meeting t h e  goa l  o f  having a  1 .33  second 

response  t ime t o  t u r n  and s t o p - t u r n  s i g n a l s .  This  r e q u i r e s  sys-  

tems t o  be p a i r e d  w i t h  p a r t i c u l a r  f l a s h  r a t e s  f o r  c e r t a i n  du ty  

c y c l e s  and f l a s h e r  s t a r t  modes. F u n c t i o n a l  s e p a r a t i o n  a l lows  

more l a t i t u d e  i n  t h e  s e l e c t i o n  of  t h e s e  combinat ions.  Amber was 

n o t  shown t o  be e f f e c t i v e  i n  daytime t o  reduce  response  t imes .  

However, amber was shown t o  be ve ry  e f f e c t i v e  a t  n i g h t ,  b u t  t h i s  

may be due t o  i t s  h i g h e r  i n t e n s i t y .  

Using Table 8 . 4  a s  a  guide  t o  choose f l a s h  r a t e ,  mode, and 

system combinat ions  l e a d s  t o  t h e  v a r i o u s  p o s s i b i l i t i e s  f o r  

e f f e c t i v e  f l a s h e r  des ign  f o r  t h e  t h r e e  r e a r  l i g h t i n g  systems.  

I t  should ,  however, be remembered t h a t  by choosing a p p r o p r i a t e  

du ty  c y c l e  r e g i o n s  more l a t i t u d e  can be ga ined f o r  s p e c i f i c a t i o n  

of f l a s h  r a t e  and s t a r t  mode. 

The response  t ime goa l  f o r  e f f e c t i v e  f l a s h e r  d e s i g n  was 

met by system 1 i n  bo th  t h e  t u r n  (on)  and s t o p - t u r n  ( o f f )  modes 

f o r  f l a s h  r a t e s  from 120-180 cpm. . The s t a r t  on f l a s h e r  now i n  

p r e v a l e n t  u s e  i n  t h e  U . S .  was n o t  a b l e  t o  meet t h i s  g o a l  i n  

broad system 1 a p p l i c a t i o n  because of t h e  e x c e s s i v e l y  long  

response  t imes  i n  t h e  s t o p - t u r n  (on)  mode a t  a l l  f l a s h  r a t e s  

( e x c e p t  150 cpm). The s t a r t  o f f  f l a s h e r  d i d  meet t h e  g o a l  i n  

t h e  s t o p - t u r n  mode f o r  t h e  same f l a s h  r a t e s  t h a t  were e f f e c t i v e  



f o r  t h e  t u r n  mode. However, u n l e s s  a  v e h i c l e  employed a  

s t a r t  o f f  f l a s h e r  f o r  t h e  s t o p - t u r n  mode and a  s t a r t  on 

f l a s h e r  f o r  t h e  t u r n  mode, t h e  s t a r t  o f f  f l a s h e r  used  t o  meet 

t h e  s t o p - t u r n  mode g o a l  would a l s o  have t o  f u n c t i o n  f o r  t h e  

t u r n  mode. I t  may be  p o s s i b l e  f o r  t h e  s t a r t  o f f  f l a s h e r  t o  

f u n c t i o n  e f f e c t i v e l y  i n  b o t h  s i g n a l  modes s i n c e  t h e  e x p e c t e d  

sys t em 1 r e s p o n s e  time i s  1.25-1.30 seconds  t t h e  f l a s h e r  

d e l a y  i n t e r v a l .  The f l a s h e r  d e l a y  time r e q u i r e d  i s  t h u s  

app rox ima te ly  .03-.08 seconds .  T h i s  r e q u i r e d  d e l a y  i s  pro-  

v i d e d  by f l a s h  r a t e s  o f  150-180 cpm p a i r e d  w i t h  "on" times 

o f  a p p r o x i m a t e l y  80% o r  l a r g e r .  

System 4 met t h e  r e s p o n s e  t i m e  g o a l  i n  b o t h  t h e  t u r n  and 

s t o p - t u r n  modes w i t h  a  s t a r t  on f l a s h e r  which had a  f l a s h  r a t e  

o f  120-180 cpm. 

System 11 met t h e  r e s p o n s e  t i m e  g o a l  f o r  b o t h  t u r n  and 

s t o p - t u r n  modes w i t h  a  f l a s h e r  s t a r t i n g  i n  t h e  on mode which 

had a  f l a s h  r a t e  o f  20-180 cpm. However, d u r i n g  t h e  dayt ime 

sys tem 11 would have t o  be  r e s t r i c t e d  t o  wha teve r  f l a s h  r a t e  

r a n g e  i s  e f f e c t i v e  f o r  sys tem 4 s i n c e  t h e  w i d e r  f l a s h  r a t e  

r a n g e  f o r  sys t em 11 i s  a p p a r e n t l y  due t o  s h o r t  r e s p o n s e  times 

o c c a s i o n e d  by h i g h e r  i n t e n s i t y  f l a s h e s  a t  n i g h t .  I t  shou ld  be  

n o t e d  t h a t  t h e  f l a s h  r a t e  span t h a t  i s  e f f e c t i v e  f o r  sys tem 4 

i s  n o t  120-180 cpm a s  one  might  i n f e r  from t h e  d i s c u s s i o n  o f  

sys tem 4 above. T h i s  i s  because  many f l a s h  r a t e s  n o t  t e s t e d  

would have p r o b a b l y  p r o v i d e d  n e a r l y  a s  good r e s p o n s e  time pe r -  

formance,  a s  i n d i c a t e d  by t h e  f a c t  t h a t  a t  6 0  cpm sys t em 4 

n e a r l y  meets t h e  r e s p o n s e  t i m e  g o a l .  Thus,  t h e  e f f e c t i v e  f l a s h  

r a t e  span  f o r  sys tem 4 i s  p r o b a b l y  abou t  80-180 cpm. 

P r e v i o u s  e x t e n s i v e  s t u d i e s  of  r e a r  l i g h t i n g  r e p o r t e d  by 

Mortimer (1970)  have found t h a t  sys tem 1 ( f u n c t i o n a l l y  com- 

b i n e d )  produced l o n g e r  r e s p o n s e  times t h a n  a l l  o t h e r  sys t ems  

w i t h  which i t  was compared. Based on t h i s  f i n d i n g  Mortimer 

urged  t h a t  sys tem 1 be  r e p l a c e d  w i t h  a  sys t em employing more 



functional separation and redundant color coding and attempted 

via simulation studies to show the real world effect that such 

improved rear lighting systems would have on accident frequency 

and crash severity. 

!",ortimer u s c d  a 60 cpr-758 on time fiash signals which in 

effect would cause a delay interval (DI) of .75 seconds to be 

added to the response tires in signal modes where the signal 

being measured wa.s visually masked by a preceding signal, such 

as the syste~ ; stop-turz xode. A 1.941 second RT was reported 

(iiiortlmer, 1970, p. 3 5 )  for this case. This response time is 

conpcsec? of a . i ' 5  Gelay interval (DI) + a  1.191 response time to 

the visual change caused by the turn signal. Therefore, the 

magnitude of the overall system 1 response time differences 

reported by Mortiner would be reduced substantially by advan- 

tageous use of flasher start mode. System 3 (Mortirner, 1970) 

which has separated stop signals only, then would become the 

rear lighting system which produced the longest response time 

(rather than system 1). The long response time of system 3 

(proposed in Docket No. 69-19, notice 3) in the stop-turn mode 

may be due to the separate stop inhibiting perception of the 

turn/presence intensity change since both systems had a flashing 

red turn overlaid on a red presence lamp. 

The static research and earlier dynamic city driving 

research by Mortimer (1970) demonstrates that in situations 

where attention level is high (e.g. in an experimental setting 

and/or in heavy traffic), drivers generally respond to the first 

(1st) flash of a turn signal. This must be the case since even 

in the dynamic studies using a 1.00 second flash cycle, response 

times to the turn signal varied from 1.01 to 1.16 seconds. Since 

some minimal time is required for a finger-button response, sub- 

jects must have responded to the first flash. Therefore, it is 

important that the first flash be an effective flash. Also, In 

many typical lane change maneuvers the vehiclc intrudes uI)on 

the next lane after only a few flashes have occurred and tlic 

driver then cancels the turn signal. Thus, t h e  characteristics 



of  t h e  t u r n  s i g n a l  d u r i n g  t h e  f i r s t  f i v e  ( 5 )  f l a s h e s  a r e  o f  

p r a c t i c a l  impor t ance  i n  r e a l  d r i v i n g  s i t u a t i o n s .  

For  a  lamp w i t h  a  p a r t i c u l a r  l i g h t  o u t p u t  c h a r a c t e r i s t i c  

such  a s  e x h i b i t e d  i n  F i g u r e  3 . 2 ,  t h e r e  i s  a minimum t i m e  re- 

q u i r e d  f o r  bo th  t h e  "on" and " o f f n  d u r a t i o n s  t o  r e a c h  l i g h t  

o u t p u t  l e v e l s  c o n s i s t e n t  w i t h  t h e  n o t i o n  o f  a  "good f l a s h i n g  

s i g n a l . "  F i g u r e  3 . 2  shows t h a t  i f  one a s s u i e s  t h a t  a f l a s h i n g  

1157 lamp s h o u l d  r e a c h  i t s  maximun; b r i g h t n e s s  i n  t h e  f i r s t  "on"  

phase ,  t h a t  .325 s econds  i s  r e q u i r e d  and a t  150 c p r  a  d u t y  c y c l e  

o f  8 2 %  "on" t12e  i s  r c q x i r c d .  T h i s  "on"  t i m e  can  be d e r i v e d  f o r  

any lamp b r i g h t n e s s  c r i t e r i o n  from t h e  f o l l o w i n g  fo rmula :  

Time Duration (Set) R e ~ c i r e d  t o  . Tine ( S c z )  4e;oired - Fercen t  Suty - 
Reach Crlterlor,  Larip Br1gh t r ; t s s  t o  Co:npl.ete a Cycle Requlred 

On F i g u r e  9 . 1  t h e  maxinurn b r i g h t n e s s  c r i t e r i o n  i s  i n d i c a t e d  by 

t h e  1 0 0 %  l i n e .  A l l  p o i n t s  above t h e  100% l i n e  r e a c h  maximum 

b r i g h t n e s s  i n  t h e  "on" phase .  I t  i s  o f  i n t e r e s t  t h a t  n e a r l y  

one-ha l f  of t h e  SAE J590b r e c t a n g l e  f a l l s  below t h i s  l i n e .  To 

i n c l u d e  t h e  e n t i r e  SAE J590b r e c t a n g l e  r e q u i r e s  hav ing  a  l i n e  go 

t h rough  t h e  lower  r i g h t  c o r n e r  s o  t h a t  t h e  e n t i r e  r e c t a n g l e  f a l l s  

above t h e  c r i t e r i o n  l i n e .  When t h i s  i s  done it i s  found t h a t  

t h i s  c r i t e r i o n  is  6 4 %  of  maximum b r i g h t n e s s .  C l e a r l y ,  i f  t h e  

i n t e n s i t y  s t a n d a r d s  a r e  mean ing fu l  t h e y  s h o u l d  be a p p l i e d  t o  

f l a s h i n g  lamps i n  a manner t h a t  w i l l  e n s u r e  t h a t  e f f e c t i v e  i n t e n -  

s i t i e s  of f l a s h i n g  lamps a r e  comparab le  t o  t h o s e  of s t e a d y  lamps.  

I n  o t h e r  words ,  t h e  minimum e f f e c t i v e  i n t e n s i t y  s h o u l d  be spec -  

i f i e d  t o  a p p l y  t o  b o t h  s t e a d y  s t a t e  ( s t o p )  s i g n a l s  and f l a s h i n g  

( t u r n )  s i g n a l s .  T h i s  might  a l l o w  f l a s h i n g  s i g n a l s  t o  be  o f  

s l i g h t l y  reduced  luminance i n  c a s e s  where  it cou ld  be demon- 

s t r a t e d  t h a t  due  t o  t h e  Broca- -Sulzer  e f f e c t  t h e  e f f e c t i v e  i n t e n -  

s i t y  was g r e a t e r  t h a n  t h a t  o b t a i n e d  f o r  a  s t e a d y  s t a t e  light of 

t h e  same luminance.  However, it would r e q u i r e  each  f l a s h  of a 

t u r n  s i g n a l  t o  have an e f f e c t i v e  i n t e n s i t y  a t  l e a s t  e q u a l  t o  the 

minimum r e q u i r e d  by SAE J588t3 ( t u r n  s i g n a l  lamps)  which requi res  

t h e  same i n t e n s i t i e s  f o r  r e d  a s  i s  r e q u i r e d  for SAE J58Gb ( s t o p -  

lamps)  . 





10. CONCLUSIONS 

1. Subjective test data indicated that flash rates of 40- 

180 cprn were acceptable when combined with a reasonable duty 

cycle that ensured an adequate level of intensity and on/off 

light output contrast. 

2. "On" times of 30-80% did not produce statistically 

different turn signal response times for flash rates of 20-180 

cpm. 

3. Response time data indicated that 15% "on" time was too 

low to be a viable duty cycle for flash rates ranging from 20-180 

cpm. 

4. Response time data also indicated that 25% "on" time 

was associated with long response times at the higher flash rates 

(esp. 180 cpm). The suitability of a duty cycle of 25% "on" time 

or less in eliciting an adequate response time depends upon the 

flash rate with which it is paired. 

5 .  Flash rates of 120-180 cprn produced shorter response 

times than flash rates of 20-60 cpm. 

6. For automotive rear lighting systems with combined 

function lamps the start "on" flasher is particularly disadvanta- 

geous in the stop-turn mode. 

7. The difference between a start "on" and start "off" 

flasher is greatly decreased with increased flash rates of 

120-180 cpm. 

8 .  Duty cycles of up to 85% "on" time were capable of 

eliciting good response time performance. However, 85% "on" 

time was associated with a high missed signal rate at night when 

the flasher started in the "off" mode. 

9. Start "off" flashers with short signal delay times, i.e., 

short "off "/long "on" durations paired with high flash rates, are 

capable of eliciting good response time performance. 

10. Amber (yellow) as used in system 11 was found to be 

advantageous in eliciting short response times in the hazard mode 

and resulted in few missed signals at night. 
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11. RECOMMENDATIONS 

1. The turn signal flasher standard should include flash 

rate and duty cycle for the first five consecutive cycles with 

attention given to ensure an adequate first and second flash. 

2. The turn signal should produce at least the minimum 

effective intensity required for such a signal on the first 

flash and all subsequent flashes. [In effect this would cur- 

rently require each turn signal flash to have an effective 

intensity of at least 80 candlepower for red lamps and 200 

candlepower for yellow lamps.] 

3. The turn signal should incorporate a voltage on/voltage 

off light contrast level equivalent to that required at the H-V 

for turn signal lamps combined with tail lamps (parking lamps). 

[In effect this would currently require a light contrast level 

of 5:l for turn signals in the voltage on/off phases]. 

4. Flash rate, "on" time, and bulb combinations should be 

capable of eliciting a reasonable response time which may be 

approximated by response times of 1.33 seconds or less in the 

experimental paradigm in Study 2. This criterion should also be 

met where the turn signal is preceded by a stop signal. Keep in 

mind that response time differences in this study will be re- 

flected in the real driving environment although response 

magnitudes may be increased greatly. [In effect this would 

determine potential flash rate, duty cycle, start mode, and sys- 

tem combinations. For example, flash rates of 60 cpm or less 

would be excluded for all duty cycles. Flash rates of 80-180 cpm 

would be permitted for various duty cycles between 20-85% "on" 

time.] 

Using the currently common type 1157 bulb with a tungsten 

filament operated at 80 cpm on the first flash, the entire 20- 

85% duty cycle range could probably meet all of the above recom- 

mendations. At 120 cpm, duty cycles at the low end of the "on" 

time range would be prohibited. Thus, duty cycles of approxi- 

mately 50-85% "on" time might be required. By 140 cpm, the duty 



range would be further restricted to possibly 65-85% "on" time. 

Flash rates of 180 cpm would meet recommendations 2 and 4 at 

high flash rates, but would fail to meet recommendation 3 except 

within a narrow band of "on" times of approximately 70-80% "on" 

time . 
5. Research should be conducted to determine whether 

school bus lamp, flash rate, and "on" time combinations "permit 

the bulb to come up to full brightness" as is specified in 

SAE J887, School Bus Red Signal Lamps. 

6. Research should be conducted upon the strobe light 

warning systems to determine their effectiveness as school bus 

"loading" lamps, turn or hazard warning signals, and flashing 

warning lamps for authorized emergency, maintenance and service 

vehicles. Standards should be promulgated to permit effective 

strobe lamps to serve these functions while prohibiting lamp 

light output and location combinations that are visually dis- 

abling. 

7. A survey should be made of the extent of the problem 

caused by adding campers and various types of trailers onto 

vehicles equipped with fixed load flashers. Adding additional 

electrical load onto these flashers alters the signal to an 

extent that requirements of SAE J590b and J588d may both be 

violated. Some aspects of this problem have been noted by 

Ford Motor Company in docket 73-33, notice of which appeared 

in Federal Register, vol. 39, p. 822, 1-3-74. 

8. Research should be conducted upon flashing decelera- 

tion signals to determine whether they enhance the effective- 

ness of rear lighting systems and whether any confounding 

effects occur when the turn signal is activated or the brakes 

are pumped while the deceleration signal is operating. 
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APPENDICES 



APPENDIX A 

Light Output as a Function of Lamp 
Rise and Decay Characteristics 

Tables A . 1  through A.5 exhibit the 
percent of maximum light output ob- 
tained from various flashing signal- 
ing bulbs on the lst, 3 rd ,  and 6th 
FLASH using various duty cycles and 
flash rates. 

Note -- a dash ( - )  after the percent 
of maximum light output obtained in 
the voltage off phase indicates a 
voltage on/off light output ratio of 
less than 5:l. 



TABLE A . l ,  P e r c e n t  of Maximum L i g h t  O u t p u t  O b t a i n e d  from V a r i o u s  
F l a s h i n g  S i g n a l i n g  B u l b s  o n  t h e  l s t ,  3 r d  and 6 t h  F l a s h  
U s i n g  V a r i o u s  D u t y  C y c l e s  a n d  a F l a s h  R a t e  of 4 0  CPM. 

F l a s h  S e q u e n c e  Number 
1 s t  3 r d  6 t h  

P e r c e n t  V o l t a g e  V o l t a g e  V o l t a g e  
"On" T i m e  On O f f  On O f f  On O f f  

1 0 0  0  1 0 0  0  1 0 0  0  
1 0 0  0  1 0 0  0  1 0 0  0  

25  
1 0 0  0  1 0 0  0  1 0 0  0  
1 0 0  0  1 0 0  0  1 0 0  0  
1 0 0  0  1 0 0  0  1 0 0  0  
1 0 0  0  1 0 0  0 1 0 0  0  

8 3  0  9 3  0  9 3  0  
9 8  0  1 0 0  0  1 0 0  0  

Lamp 
Type - 
1 1 5  7 
1 0  3 4  

1 9 8  
4 4 1 4  
4 4 1 6  
4 4 3 6  
4 0 0 2  
4 6 3 6  

R a n q e  83-100  0-0 93-100  0-0 93-100  0-0 

1 0 0  0  1 0 0  0  1 0 0  0  1 1 5  7 
1 0 0  0 1 0 0  0  1 0 0  0  1 0 3 4  
1 0 0  0 1 0 0  0  1 0 0  0  1 9 8  

30 
1 0 0  0  1 0 0  0  1 0 0  0  4 4 1 4  
1 0 0  0  1 0 0  0  1 0 0  0  4 4 1 6  
1 0 0  0  1 0 0  0  1 0 0  0  4 4 3 6  

9 2  0  9 8  0  9 8  0  4 0 0 2  
1 0 0  0  1 0 0  0  1 0 0  0  46  36  

R a n q e  92-100  0-0 98-100  0-0 98-100  0-0 

1 0 0  0  9 8  0  9 7  0  1 1 5 7  
1 0 0  0  1 0 0  0  1 0 0  0  1 0  34  
1 0 0  0 1 0 0  0  1 0 0  0  1 9 8  
1 0 0  0 1 0 0  0  1 0 0  0  4 4 1 4  
1 0 0  0  1 0 0  0  1 0 0  0  4 4 1 6  
1 0 0  0  1 0 0  0  1 0 0  0 4 4 3 6  
1 0 0  1 1 0 0  1 1 0 0  1 4 0 0 2  
1 0 0  1 1 0 0  1 1 0 0  1 46  36  

Rancje 1 0 0 - 1 0 0  0 - 1  98-100  0 - 1  97-100  0 - 1  

9 9  0  9 8  0  9 8  0  1 1 5 7  
1 0 0  0  9 8  0  9 7  0  1 0 3 4  
1 0 0  0  1 0 0  0  1 0 0  0  1 9 8  
1 0 0  0  1 0 0  0  1 0 0  0  4 4 1 4  

R a n g e  99-100  0-2 98-100  0-2 97-100  0-3  



TABLE A.2.  P e r c e n t  o f  Maximum L i g h t  O u t p u t  Obtained f r o m  V a r i o u s  
F l a s h i n g  S i g n a l i n g  B u l b s  on t h e  l s t ,  3 r d  and 6 t h  F l a s h  
U s i n g  V a r i o u s  D u t y  C y c l e s  and a F l a s h  Rate of 6 0  CPM. 

F l a s h  S e q u e n c e  Number 
1st 3rd 6  t h  

P e r c e n t  V o l t a g e  V o l t a g e  V o l t a g e  
" O n l ' . T i m e  On O f f  On O f f  On O f f  

9 3  0  9 7  0  9 6  0  

Lamp 

Type - 
1 1 5 7  

R a n s e  52-100  0-0 75-100  0-0 76-100  0-0 

9 9  0 9 9  0  99  0  1 1 5 7  
1 0 0  0  1 0 0  0  1 0 0  0  1 0  34  

9 7  0  1 0 0  0  9 9  0  1 9 8  
1 0 0  0  1 0 0  0  1 0 0  0  4 4 1 4  

3 0  
9 6  0  1 0 0  0  1 0 0  0  4 4 1 6  
96  0  1 0 0  0  1 0 0  0  4 4 3 6  
6 8  0  86 0  86  0  4 0 0 2  
9 3  0  9 8  0  9 9  0 46 36  

R a n q e  6 8 - 1 0 0  0-0 86-100  0-0 86-100  0-0 

9 9  0 9 8  0  9 7  0  1 1 5  7  
1 0 0  0 1 0 0  0  1 0 0  0  1 0  34 
1 0 0  0  1 0 0  0  1 0 0  0  1 9  8  

7 5 
1 0 0  0  1 0 0  0  1 0 0  0 4 4 1 4  
1 0 0  0  1 0 0  0  1 0 0  0  4 4 1 6  
1 0 0  1 1 0 0  1 1 0 0  1 4 4 3 6  

99  5  9 9  6 9 9  6  4 0 0 2  
1 0 0  2 1 0 0  2 1 0 0  2  4 6 3 6  

Range 99-100  0-5 98-100  0-6 97-100 0-6 

1 0 0  2  9 9  2 96  2 1 1 5 7  
1 0 0  1 99  1 9 7  1 1 0  3 4  
1 0 0  2  1 0 0  2  1 0 0  2  1 9  8  

8  0  
1 0 0  0  1 0 0  0  1 0 0  0  4 4 1 4  
1 0 0  0  1 0 0  0  1 0 0  0  4 4 1 6  
1 0 0  2  1 0 0  3  1 0 0  3  4 4 3 6  
1 0 0  9  1 0 0  9  1 0 0  9  4 0 0 2  
1 0 0  3 1 0 0  4  1 0 0  4  4 6 3 6  

R a n g e  1 0 0 - 1 0 0  0-9 98-100  0-9 96-100 0-9 



TABLE 21.3. P e r c e n t  o f  Maximum L i g h t  O u t p u t  O b t a i n e d  f r o m  V a r i o u s  
F l a s h i n g  S i g n a l i n g  B u l b s  o n  t h e  l s t ,  3 r d  a n d  6 t h  F l a s h  
U s i n g  V a r i o u s  D u t y  C y c l e s  a n d  a F l a s h  R a t e  of 1 2 0  CPM. 

F l a s h  S e q u e n c e  Number  
1st 3 r d  6  t h  

P e r c e n t  boltage V O ~  tze V o l t a g e  
"On" T i m e  On. O f f  On O f f  On O f f  

4 7  0  6 8  0  6 7  0  

Lamp 
Type - 
1 1 5 7  
1 0  3  4  

1 9  8  
4 4 1 4  
4 4 1 6  
4 4 3 6  
4 0 0 2  
4 6 3 6  

R a n g e  8 -69  0-0  4 0 - 8 8  0 - 1  40-86  0 - 1  

6 4  0  8 1  0  8 0  0  1 1 5  7  
8 4  0 9 4  0  9 1  0  1 0  3  4  
5 4  0  7 7  0  7 5  0  1 9  8 
9 0  0  9 8  0  9 8  0  4 4 1 4  
5 6  0  7 8  0  7 8  0  4 4 1 6  
5 8  1 80  1 8 1  1 4 4 3 6  
1 4  1 5 1  1 5 1  1 4 0 0 2  
3 8  1 7 2  1 72  1 4 6 3 6  

R a n q e  1 4 - 9 0  0 - 1  5 1 - 9 8  0 - 1  5 1 - 9 8  0 - 1  

1 0 0  7  1 0 0  7  9 8  6  1 1 5 7  
1 0 0  4  9 9  4  9 9  4  1 0 3 4  
1 0 0  7  1 0 0  7  1 0 0  7  1 9  8 

7 5  1 0 0  2  1 0 0  2  1 0 0  2  4 4 1 4  
1 0 0  1 0  1 0 0  1 0  1 0 0  1 0  4 4 1 6  

9 9  8  1 0 0  9 1 0 0  8  4 4 3 6  
8 3  1 8 -  9 7  1 9 -  9 7  1 9 -  4 0 0 2  
9 8  11 1 0 0  11 1 0 0  11 4 6 3 6  

R a n g e  83-100  2 -18  9 7 - 1 0 0  2-19 9 7 - 1 0 0  2-19 

1 0 0  1 0  9 9  1 0  9 9  1 0  1 1 5 7  
1 0 0  7  1 0 0  6  9 9  6  1 0 3 4  
1 0 0  1 2  1 0 0  1 2  99  11 1 9 8  

8  0  1 0 0  4  1 0 0  4  1 0 0  4  4 4 1 4  
1 0 0  1 5  1 0 0  1 5  1 0 0  1 5  4 4 1 6  
1 0 0  1 3  1 0 0  1 3  1 0 0  1 3  4 4 3 6  

86 25- 9 9  27-  9 9  28-  4 0 0 2  
9 8  1 7  1 0 0  1 7  1 0 0  1 7  4 6 3 6  

R a n q e  86-100  4 -25  9 9 - 1 0 0  4 -27  9 9 - 1 0 0  4 - 2 8  



TABLE A.4. P e r c e n t  of Maximum L i g h t  O u t p u t  O b t a i n e d  from V a r i o u s  
F l a s h i n g  S i g n a l i n g  B u l b s  on t he  l s t ,  3rd  and 6 t h  F l a s h  
Using V a r i o u s  D u t y  C y c l e s  and a F l a s h  Rate of 1 4 0  CPM. 

F l a s h  S e q u e n c e  N u m b e r  

P e r c e n t  1st 3 r d  6  t h  
V o l t a g e  V o l t a g e  

"On" T i m e  On O f f  
V O ~  t age- 

On O f f  On O f f  
3 3  0  6 0  0  0  

R a n s e  3-64 0-0 34-85  0 - 1  3 5 - 8 6  0 - 1  

Lamp 
Type - 
1 1 5  7 
1 0 3 4  

1 9  8 
4 4 1 4  
4 4 1 6  
4 4 3 6  
4 0 0 2  
4 6 3 6  

R a n a e  8 - 8 1  0 - 1  4 5 - 9 2  0 - 1  46-93  0 - 1  

Range 7 3 - 1 0 0  4-20 9 5 - 1 0 0  4 -23  9 6 - 1 0 0  4-24 

9 9  1 3  1 0 0  1 4  9 9  1 3  1 1 5 7  
1 0 0  1 9 9  1 9 7  1 1 0 3 4  

9 9  1 4  1 0 0  1 5  1 0 0  1 4  1 9 8  

8  0  1 0 0  7  1 0 0  7  1 0 0  7 4 4 1 4  
1 0 0  1 8  1 0 0  1 8  1 0 0  1 9  4 4 1 6  

9 8  1 6  1 0 0  1 8  1 0 0  1 7  4 4 3 6  
8 2  26-  9 7  32-  9 7  32-  4 0 0 2  
9 6  21-  1 0 0  21-  1 0 0  21-  4 6 3 6  

Range 82-100  1 - 2 6  9 7 - 1 0 0  1 - 3 2  9 7 - 1 0 0  1 - 3 2  



TABLE ~ . 5 .  P e r c e n t  of  Maximum L i g h t  O u t p u t  O b t a i n e d  from V a r i o u s  
F l a s h i n g  S i g n a l i n g  B u l b s  o n  t h e  l s t ,  3 r d  a n d  6 t h  F l a s h  
U s i n g  V a r i o u s  D u t y  C y c l e s  a n d  a F l a s h  Rate of 1 8 0  CPM. 

F l a s h  S e q u e n c e  N u m b e r  
1st 3 r d  6  t h  

P e r c e n t  Vo 1 t age V o l t a g e  V o l t a g e  L a p  
"On" T i m e  On O f f  On O f f  On O f f  Type - 

1 7  0  4 7  0  4 7  0  1 1 5 7  
4 3  0  6 7  0  6 2  0  1 0  3 4  

9  0  4 1  0  4 0  0  1 9  8 
4 4  0  6 6  0  6 9  0  4 4 1 4  
11 0  4 4  0  4 5  0  4 4 1 6  
1 7  0  4 8  1 5 0  1 4 4 3 6  

1 0  2 4  1 2 8  1 4 0 0 2  
4  1- 4 5  2  4 5  2  4 6 3 6  

R a n q e  1 - 4 4  0 - 1  2 4 - 6 7  0-2 2 8 - 6 9  0-2 

2 7  0  6 0  0  5 7  0  1 1 5 7  
5 2  0  7 4  0  7 6  0  1 0  3 4  
2 1  0  5 6  0  5 3  0  1 9 8  

3 0  5 9  0  8 3  0  7 9  0  4  4 1 4  
2 2  0  5 6  0  5 7  0  4 4 1 6  
2 8  1 6 1  2  6 2  2  4 4 3 6  

2  1- 3 4  3  3 6  3  4 0 0 2  
1 0  1 5 2  2  5 2  2 4 6 3 6  

R a n q e  2 - 5 9  0 - 1  3 4 - 8 3  0 -3  3 6 - 7 9  0 - 3  

9 4  1 3  9 9  1 3  9 7  1 4  1 1 5 7  
1 0 0  1 0  1 0 0  1 0  9 9  9  1 0 3 4  

9 0  1 4  9 9  1 5  9 9  1 4  1 9  8 

7 5  
1 0 0  7  1 0 0  7  1 0 0  7  4 4 1 4  

9 0  1 8  9 9  2 1 -  9 9  1 9  4 4 1 6  
9 1  1 7  9 9  1 7  9 8  1 7  4 4 3 6  
5 2  2 0 -  9 2  3 1 -  9 2  3 1 -  4 0 0 2  
8 2  1 9 -  9 8  2 1 -  9 8  2 2 -  4 6 3 6  

R a n g e  5 2 - 1 0 0  7 -20  9 2 - 1 0 0  7 - 3 1  9 2 - 1 0 0  7 - 3 1  

9 6  1 8  9 9  2 0 -  9 8  2 0 -  1 1 5 7  
1 0 0  1 5  1 0 0  1 4  9 9  1 5  1 0 3 4  

9 0  2 0 -  9 9  2 1 -  9 8  2 1 -  1 9  8  
1 0 0  1 2  1 0 0  1 2  1 0 0  1 2  4 4 1 4  

9 2  2 5 -  1 0 0  2 6 -  1 0 0  2 5 -  4 4 1 6  
9 3  2 3 -  9 9  2 5 -  9 9  2 4 -  4 4 3 6  
5 8  2 6 -  9 5  40 -  9 5  40-  4 0 0 2  
8 5  2 6 -  1 0 0  3 0 -  1 0 0  30 -  4 6 3 6  

R a n g e  5 8 - 1 0 0  1 2 - 2 6  9 5 - 1 0 0  1 2 - 4 0  9 5 - 1 0 0  1 2 - 4 0  
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I n s t r u c t i o n s  f o r  t h e  S u b j e c t i v e  E v a l u a t i o n  
o f  Turn and Hazard Warning S i g n a l s  

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

i n  p r e s e n t i n g  a  TURN o r  HAZARD WARNING s i g n a l .  An e f f e c t i v e  

TURN o r  HAZARD WARNING ( i . e . ,  Emergency F l a s h e r )  s i g n a l  s h o u l d  

q u i c k l y  a t t r a c t  you r  a t t e n t i o n .  I t  s h o u l d  b e  e a s i l y  p e r c e i v e d  

and b e  c l e a r l y  d i s t i n g u i s h a b l e  from o t h e r  s i g n a l s  ( i . e . ,  n o t  

c o n f u s i n g ) .  Both TURN s i g n a l s  and HAZARD W A R N I N G  s i g n a l s  w i l l  

b e  p r e s e n t e d ,  w h i l e  r a t e  of  f l a s h ,  l i g h t  d u r a t i o n ,  and b r i g h t n e s s  

a r e  v a r i e d .  Choose a  number from t h e  r a t i n g  s c a l e  below which 

r e p r e s e n t s  your  o p i n i o n  r e g a r d i n g  t h e  e f f e c t i v e n e s s  of  t h e  TURN 

o r  HAZARD W A R N I N G  s i g n a l .  

Record your  answer n e x t  t o  t h e  number o f  t h e  t r i a l  p r e s e n t e d .  

When t r i a l  numbers a r e  announced, p l e a s e  check t o  see t h a t  you 

a r e  on t h e  r i g h t  number. P r i n t  you r  name, s e x  and age .  Three  

p r a c t i c e  t r i a l s  ( A , B , C )  w i l l  now b e  shown, a f t e r  which any ques-  

t i o n s  you may have w i l l  b e  answered.  

RATING SCALE FOR EFFECTIVEfJESS OF TIjRLU AND HAZARD WARNING SIGNALS 

Name Sex A g e A c c o u n t  012988  - 
A B C 

Not 
E f f e c t i v e  

a t  a l l  
J n s a t i s f a c t o r y )  , 

1 

Very P s o r  
S i g n a l  

E f f e c t i v e n e s s  

S a t i s f a c t o r y  
S i  p a l  2 Ef f e c  l v e n e s s  

Very Good 

E f f e c t i v e n e s s  

Ext remely  
E f f e c t i v e  
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I n s t r u c t i o n s  f o r  t h e  O b j e c t i v e  E v a l u a t i o n  
o f  Turn and Hazard Warning S i g n a l s  

I n  t h i s  e x p e r i m e n t ,  you a r e  r e q u e s t e d  t o  r e spond  t o  v a r i o u s  

k i n d s  of  s i g n a l  p r e s e n t a t i o n s .  Each o f  you w i l l  have  a  s m a l l  

w h i t e  r e s p o n s e  box,  which you s h o u l d  h o l d  w i t h  b o t h  hands ,  Your 

l e f t  tliurrh s h o u l d  b e  s o  p o s i t i o n e d  t h a t  you can  p r e s s  e i t h e r  t h e  

"LEFT1'  o r  "LEFT TURN" b u t t o n s  e a s i l y  and r a p i d l y .  S i m i l a r l y ,  

your  r i g h t  thunb  shou ld  b e  s o  p o s i t i o n e d  t h a t  you can  p r e s s  

e i t h e r  t h e  "RIGIiT" o r  " R I G H T  TURN" b u t t o n s  e a s i l y  and r a p i d l y .  

The b u t t o n  l a b e l e d  "STOP" can be  p r e s s e d  w i t h  e i t h e r  your  l e f t  o r  

r i g h t  thumb. Try now h o l d i n g  t h e  box and p r e s s i n g  t h e s e  v a r i o u s  

b u t t o n s .  

Your pr imary  t a s k  w i l l  be  t o  respond t o  t h e  n e a r  s i g n a l  l i g h t s ,  

l o c a t e d  on t h e  b a r  w i t h  t h e  w h i t e  l i g h t  abou t  50 f e e t  i n  f r o n t  o f  

t h e s e  v e h i c l e s .  Whenever t h e  r e d  l i g h t  on t h e  l e f t  of  t h i s  b a r  

comes o n ,  r e spond  a s  q u i c k l y  a s  p o s s i b l e  by p r e s s i n g  t h e  uppe r  

l e f t  b u t t o n  ("LEFT") w i t h  your  l e f t  thumb. S i m i l a r l y ,  whenever 

t h e  r e d  l i g h t  on t h e  r i g h t  s i d e  of  t h i s  b a r  comes on ,  r e spond  as 

q u i c k l y  a s  p o s s i b l e  by p r e s s i n g  t h e  upper  r i g h t  b u t t o n  ("RIGHT1') 

w i t h  your  r i g h t  thumb. I f  you make a  m i s t a k e ,  f o r  i n s t a n c e  you 

p r e s s  t h e  l e f t  b u t t o n  when t h e  r i g h t  r e d  l i g h t  i s  on,  c o r r e c t  

y o u r s e l f  as soon a s  p o s s i b l e .  Th i s  i s  your  p r imary  t a s k  s o  

p l e a s e  c o n c e n t r a t e  by f o c u s i n g  on t h i s  n e a r  set  o f  l i g h t s  which 

r e p r e s e n t  s i g n a l s  which might  be  g i v e n  by a  c a r  immedia te ly  ahead  

of  you. Your r e s p o n s e s  t o  t h e s e  n e a r  s i g n a l  l i g h t s  a r e  b e i n g  

mon i to red  and r e c o r d e d  th roughou t  t h e  expe r imen t ,  e x c e p t  f o r  

t h o s e  t i m e s  when I w i l l  t e l l  you s p e c i f i c a l l y  t o  t a k e  a b r e a k .  

The " D r i v e r  One" p a r t i c i p a n t  shou ld  respond t o  t h e s e  n e a r  

l i g h t s  n o t  by u s i n g  t h e  thumb s w i t c h e s ,  b u t  i n s t e a d  by u s i n g .  - 
t h e  s i n g l e  f o o t  s w i t c h  l o c a t e d  below t h e  dimmer s w i t c h  on t h e  

f l o o r .  D r i v e r ,  would you p r e s s  t h a t  s w i t c h  w i t h  your  l e f t  f o o t  

a  c o u p l e  times t o  g e t  t h e  f e e l  o f  i t ?  L e t  your  l e f t  f o o t  g e n t l y  

r e s t  on t h a t  s w i t c h .  Respond t o  t h e  n e a r  r i g h t  o r  l e f t  l i g h t s  

by p r e s s i n g  on t h e  f o o t s w i t c h .  Both l e f t  and r i g h t  n e a r  f o c u s  - 
l i g h t s  can  b e  responded  t o  i n  t h i s  way. 
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Your second  t a s k  w i l l  b e  t o  r e spond  t o  t h e  f a r  s i g n a l  l i g h t s ,  

l o c a t e d  on t h e  c a r  a t  t h e  end o f  t h e  dr iveway.  O c c a s i o n a l l y ,  a  

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

s i g n a l  w i l l  b e  p r e s e n t e d  on t h a t  v e h i c l e .  Whenever you see a  

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

a s  q u i c k l y  a s  p o s s i b l e  by p r e s s i n g  t h e  b u t t o n  l a b e l e d  "LEFT TURN" 

w i t h  your  l e f t  thumb. S i m i l a r l y ,  whenever you see a  f l a s h i n g  

l i g h t  on t h e  r i g h t  s i d e  on t h e  r e a r  o f  t h a t  car ,  r e spond  a s  

q u i c k l y  a s  p o s s i b l e  by p r e s s i n g  t h e  b u t t o n  l a b e l e d  "RIGHT TURN" 

w i t 1 1  you r  r i g h t  thumb. Whenever you s e e  a  s t o p  s i g n a l  on t h a t  

c a r ,  r e spond  by p r e s s i n g  t h e  b u t t o n  l a b e l e d  "STOP" w i t h  e i t h e r  

your  l e f t  o r  r i g h t  thumb. And when you s e e  a  h a z a r d  warn ing  

( b o t h  f l a s h i n g )  p r e s s  b o t h  "TURN" b u t t o n s .  O c c a s i o n a l l y ,  ove r -  

l a p p i n g  s i g n a l s  be  p r e s e n t e d  and you a r e  t o  respond t o  t h e s e  i n  

t h e  o r d e r  t h a t  you s e e  them. I f  you make an e r r o r  i n  r e s p o n d i n g  

t o  t h e s e  s i g n a l s ,  p l e a s e  c o r r e c t  y o u r s e l f  a s  soon a s  p o s s i b l e .  

We w i l l  now show you what t h e s e  s i g n a l s  l ook  l i k e  on t h a t  

c a r .  (Radio  r e q u e s t :  A r e  t h e r e  any q u e s t i o n s :  
LEFT TURN, STOP, HAZARD, STOP-+RIGHT TURN) 

During t h i s  expe r imen t ,  we a sk  t h a t  you n o t  smoke, and t h a t  

you n o t  t a l k  a b o u t  any phase  o f  t h e  expe r imen t  w i t h  t h e  o t h e r  

p a r t i c i p a n t s .  I f  you have any q u e s t i o n s ,  w e  would l i k e  t o  answer  

them now. I f  any o c c u r  t o  you d u r i n g  t h e  e x p e r i m e n t ,  p l e a s e  w a i t  

u n t i l  one of t h e  b r e a k  p e r i o d s  u n l e s s  it i s  u r g e n t .  

I f  t h e r e  a r e  no f u r t h e r  q u e s t i o n s ,  we s h a l l  s t a r t  w i t h  a  

p r a c t i c e  r u n .  Begin r e spond ing  t o  t h e  n e a r  l i g h t s  p l e a s e .  

S i g n a l s  on t h e  f a r  c a r  w i l l  s t a r t  s h o r t l y .  P r i m a r i l y ,  y o u r  t a s k  

i s  t o  c o r r e c t l y  and q u i c k l y  r e spond  t o  t h e  n e a r  f o c u s  l i g h t s .  

S e c o n d a r i l y ,  you s h o u l d  a l s o  respond t o  t h e  f a r  s i g n a l . l i g h t s  a s  

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

a b o u t  30 s e c  b e f o r e  s t a r t i n g  t h e  p r a c t i c e  s i g n a l s .  A f t e r  12-24 

s i g n a l  p r e s e n t a t i o n s  and a s  soon a s  it a p p e a r s  t h a t  a s y m p t o t i c  
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per formance  i s  e s t a b l i s h e d  f o r  b o t h  t h e  n e a r  f o c u s  and f a r  s i g n a l  

l i g h t s  f o r  a l l  s u b j e c t s ,  t h e  p r a c t i c e  s h o u l d  b e  t e r m i n a t e d . )  

 his t e r m i n a t e s  t h e  p r a c t i c e  run, A r e  t h e r e  any f u r t h e r  

q u e s t i o n s  a t  t h i s  p o i n t ?  (Change t e s t  c a r  from 4 r e d  lamp 

s e p a r a t e d  s t o p  sys tem [HSRI-system 6 1  t o  t h e  f i r s t  e x p e r i m e n t a l  

s y s t e m . )  We w i l l  now d e m o n s t r a t e  what t h e  r e a r  s i g n a l s  w i l l  l ook  

l i k e  u s i n g  a d i f f e r e n t  sys t em on t h e  same c a r .  (Radio  r e q u e s t :  

LEFT TURN, STOP,  HAZARD, STOP'RIGHT TURN) Are t h e r e  any q u e s t i o n s ?  

P l e a s e  b e  a l e r t  now and s t a r t  r e spond ing  t o  b o t h  t h e  n e a r  f o c u s  

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

t e s t i n g  now. ( A f t e r  a l l  t r i a l s  a r e  comple ted  i n c l u d i n g  r e p e a t s ,  - 
d e m o n s t r a t e  t h e  n e x t  sys tem and c o n t i n u e .  ) 
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AiiOVA1 

' R A N S F O R P A T T 3 Y  I S :  M A T *  L C G  S C O R E S  INCREMEMTEO B Y  0.0 

F4CTClR L E V E L  M E  A4 

DUTY 

\ 

S Y S '  

SURJ 
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13: T R A ' d S F S J Y E D  Q r  D A T A  A N A L Y S I S  

A F9UALS Y l P t  
P F O U A L S  R A T F  

C FOUAL5 C U T Y  
D FOUbLS S Y q T  
E FrJ iJALS SUHJ 
r FOUYLS A V 3  

3 I V I S I P V  P C  V L R I  ANCF 

R A T  I0 Percent of 
Variance 

E.............. 3 9 1 . 9 0 3 7  1 7  2 3 .  94727  

n c o.. .......... 4 .731447  
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L3G TRAFJSFQFMEi ,  " A h A L Y S  IS "F S T A P T  OFli/OFF FI3R STOP-TURN 

FAC,TflR L E V E L  '4E A ' J  

DIJ T Y 
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; J U C  r .  F qr;r)FF' j  O i  PJch. hi P A T 1 2  Percent of 
C ~ ~ ~ J A ~ C - C  '9 1.3. 7~ 7 G'JAPE5 Variance 










