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INTRODUCTION 

Recent research evidence (e. g., Malone e t  al., 1978; Si vak et  a l .  , 
1979; Reilly e t  al., 1980; Rausch e t  al., 1981) s u g g e s t s  t h a t  under 
particular circumstances there might be some benefit in supplement i n g  

the conventional rear lighting systems w i t h  high-mounted brake lamp ( s  ). 
The aim of t h e  p r e s e n t  i n v e s t i g a t i o n  was t o  g a t h e r  a d d i t i o n a l  
information about drivers ' responses t o  brake signals presented by h i g h -  

mounted brake 1 i ghts and about combi nations of ci rcumstances under which 
any differences in the behavior of following drivers are observed. 

This report documents three experiments investigat i n g  i n - t  r a f  f i c 
responses of unsuspecting drivers t o  brake signals presented by various 
brake-light systems on three different t e s t  cars and two different t e s t  
routes. The primary measures were the frequency with which fo l lowing  
drivers responded t o  brake signals either by applying the brakes o r  by 

sl owi ng down, and the delays of these responses. 



EXPERIMENT 1 

Exper imental  Setue 

The responses t o  t h e  b r a k e  l amp  s y s t e m s  w e r e  o b t a i n e d  f r o m  

unsuspect ing "sub jec t "  d r i v e r s  who a t  t h e  t i m e  o f  t h e  t r i a l  w e r e  

fo l l l ow ing  behind t h e  t e s t  c a r  and i n  f r o n t  o f  t h e  m o n i  t o r i  ng  c a r .  A 

schematic r ep resen ta t i on  o f  t h e  exper imental  setup i s  shown i n  F i gu re  1. 

Three s t a f f  members were i nvo l ved  i n  running t h e  exper iment .  The  

f i r s t  drove t h e  t e s t  c a r  and presented t h e  signals.  The s e c o n d  d r o v e  

t h e  mon i to r ing  car. The t h i r d  s t a f f  member, seated i n  t h e  back sea t  o f  

t h e  rnoni tor ing car, operated an event recorder  and n o t e d  i n f o r m a t  i o n  

aboul; t h e  sub jec t  and t h e  sub jec t  I s  vehicle. 

A Doppler radar  antenna was mounted a t  t h e  c e n t e r  o f  t h e  f r o n t  

bumper on t h e  mon i t o r i ng  c a r  (F igure  2). The r a d a r  s y s t e m  m o n i t o r e d  

changes i n  t h e  speed o f  t h e  sub jec t  vehic le,  r e l a t i v e  t o  t h a t  o f  t h e  

monit;oring c a r  by generat ing a t r a c e  on one t r a c k  o f  t h e  even t - r eco rde r  

tape. The te lemetered i n p u t  f rom t h e  t e s t  c a r  p r o d u c e d  a p u l s e  o n  a 

secorld t r a c k  o f  t h e  tape, marking t h e  s t a r t  and end o f  t h e  t e s t  c a r ' s  

brake! s igna l .  A da ta  sample, showing t h e  two traces, i s  p r e s e n t e d  i n 

F igu re  3. 

Test  Vehic les 
7 

Two t e s t  veh ic les  were used: a brown 1980 AMC S p i r i t  ( a  c o m p a c t  

c a r )  and a brown 1980 GM Toronado (a f u l l - s i z e  car). 

Brake L i g h t  Con f igu ra t ions  - 
The f o l l o w i n g  t h r e e  b rake - l i gh t  systems were t e s t e d  on each of t h e  

two t e s t  c a m  (photographs o f  each a re  i n  F igures 4 and 5 ) :  

Cont ro l  system. A conven t i ona l l y  mounted c o n f i g u r a t i o n  w i  t h o n e  

lamp on each side; each lamp serv ing  a l l  t h r e e  f u n c t i o n s - - p r e s e n c e ,  

stop, and turn. The o r i g i n a l  e q u i p m e n t  o n  b o t h  t e s t  c a r s  h a d  one  

a d d i t i o n a l  redundant lamp on each side. On t h e  GM T o r o n a d o  b o t h  t h e  

outbolard and inboard lamps were used unmodified. On t h e  A M C  S p i r i t ,  

on l y  ithe outboard lamp on each s i d e  was k e p t  o p e r a t i o n a l  f o r  t h i s  

exper.iment. Consequently, t h e  rear-1 i g h t  assembly o f  t h e  AMC S p i r i t  was 



Test Car 

Subject's Car 

Monitoring Car 

Figure  1. Schematic of the vehicle arrangement during a s ignal  
presentation. 



Figure 2 .  Monitoring car with the radar antenna on the front bumper. 



Figure 3 .  A data sample showing a reaction time of 0.96 s. The top 
trace indicates the relative speed of the subject's vehicle 
in relation t o  the monitoring vehicle. (The smallest 
vertical division is equal t o  approximately 0.2 m i  1 es/hour. 
Time increases from lef t  t o  right; the smallest horizontal 
division i s  equal t o  0.04 s.) The bottom trace indicates 
the onset and offset of the brake signal on the lead car. 
In this example, a change in the speed (see the arrow) 
occurred 0.96 s after the onset of the signal. 



F i g u r e  4.  The AMC S p i r i t  t e s t  c a r  w i t h :  ( f r o m  t o p  t o  bo t tom)  c o n t r o l ,  
s ing le-h igh-mounted,  and dua l  - h i  gh-mounted system, 



F igu re  5. The GM Toronado t e s t  c a r  w i t h :  (from t o p  t o  bottom) 
c o n t r o l  , single-high-mounted, and dual-high-mounted 
sys tem. 



modi f ied  by t h e  manufacturer so t h a t  each r e m a i  n i  ng ( o u t b o a r d )  l amp  

a1 one exceeded t h e  m i  nimum requ i  rements o f  t h e  FMVSS 108 standard. 

S i  ngl  e-high-mounted system. The c o n t r o l  system, p l u s  an a d d i t i o n a l  

lamp mounted j u s t  under t h e  r e a r  window a t  t h e  cen te r  of t h e  1 owermos t  

p o r t i o n  o f  t h e  hatchback l i d  on t h e  AMC S p i r i t  and a t  t h e  t o p  o f  t h e  

t wnk  j u s t  behind t h e  w i  ndow on t h e  GM Toronado. The supplemental 1 amp 

prov ided a stop s igna l  only. 

Dual-high-mounted system. The c o n t r o l  system, p l us  two addi t i  o na 1 

lamps mounted outboard j u s t  under t h e  r e a r  w i  ndow o n  t h e  1 owermos t  

p o r t i o n  o f  t h e  hatchback l i d  on t h e  AMC S p i r i t  and a t  t h e  t o p  o f  t h e  

trunlk j u s t  behind t h e  window on t h e  GM Toronado. The supplemental lamps 

prov ided a s top s i gna l  only. 

The supplemental lamps were S t imson i te  H i  t i  t e s  ( M o d e l  # 3 0 5 0 5 )  

manufactured by Amerace Corporation. (These lamps were used by S i  vak e t  

al., 1979, and they  a re  i d e n t i c a l  t o  t h e  Model # 3050 used by Malone e t  

al. 1978, R e i l l y  e t  al., 1980, and Rausch e t  al., 1981). The dimensions 

o f  t h e  t rapezoida l ly -shaped lens  o f  these lamps are 16 cm x 13 cm x 2 cm 

(max-imum w id th  x minimum w id th  x he ight ) .  

The photometr ic  measurements were made a t  t h e  approximate eyepoi  n t  

o f  a d r i v e r  f o l l o w i n g  a t  15 m. These measurements i nd i ca ted  t h a t  each  

o f  t h e  supplemental high-mounted lamps produced approximately 42 cd. 

The supplemental lamps were m a n u f a c t u r e r - e q u i p p e d  w i t h  # 1004  

bulbs. However, because o f  t h e  h igh  f a i l u r e  r a t e  o f  t h i s  b u l b  i n  t h e  

Malone e t  al. study, # 1142 bulbs were u s e d  t h r o u g h o u t  t h e  p r e s e n t  

experiment. (Malone e t  al. El9781 a l s o  switched t o  these bu l  b s  i n t h e  

coursle o f  t h e i r  study, and R e i l l y  e t  al. [ I9801 and Sivak e t  al. [ I 9 7 9 1  

used these bulbs exc lus ive ly .  ) 

Routes -- 
The data were c o l l e c t e d  on t h e  f o l l ow ing  two routes: 

Suburban route. A mu1 t i  l a n e  roadway  w i t h  t w o  l a n e s  i n  each  

d i r e c t i o n  and a cen te r  t u r n  l a n e  t h r o u g h o u t  m o s t  o f  t h e  u t i l i z e d  

por t ion.  The roadway has a speed l i m i t  o f  72 km/h w i t h  s e c t i o n s  o f  56  

km/h; t h e  ac tua l  t r a f f i c  speed was 48-80 km/h. T r a f f i c  counts performed 



i n  1978 on 13 l o c a t i o n s  along t h e  t e s t  r o u t e  var ied f rom a p p r o x i m a t e l y  

20,500 t o  41,400 veh ic les  f o r  a 2 4 - h o u r  p e r i o d .  A1 1 t r i a l s  w e r e  

presented a t  speeds o f  56-72 km/h. 

Urban route. A m u l t i l a n e  roadway w i t h  t w o  l a n e s  p e r  d i r e c t i o n  

throughout  most o f  t h e  u t i l i z e d  por t ion .  Th is  r o u t e  has a speed 1 i m i t  

o f  40 km/h w i t h  a smal l  s t r e t c h  o f  56km/h; t h e  ac tua l  t r a f f i c  speed was 

32-56 km/h. A t r a f f i c  count performed i n 1978 on one l o c a t i o n  a long t h e  

r o u t e  showed 34,500 veh ic les  f o r  a 24-hour p e r i o d .  A 1  1 t r i a l s  w e r e  

presented a t  speeds o f  32-40 km/h. 

Suburban route. On each t r i a l ,  t h e  t e s t  c a r  a d j u s t e d  i t s  s p e e d  

and/or l ane  p o s i t i o n  t o  achieve a headway o f  3-5 c a r  leng ths  i n  f r o n t  o f  

an urisuspecting d r i ve r .  Care was taken not t o  draw t h e  a t t e n t i o n  o f  t h e  

unsuspect ing m o t o r i s t  t o  t h e  t e s t  vehicle. Th i s  inc luded  no t  i n t r u d i n g  

more q u i c k l y  i n t o  t h e  l ane  ahead o f  a m o t o r i s t  than  was common b e h a v i o r  

f o r  o t h e r  dr ivers .  Normally, t h i s  meant t h a t  t h e  t e s t - v e h i c l e  d r i  v e r  

posi1;ioned h imse l f  i n  t h e  lane  ahead o f  an approaching veh ic le  by making 

a smooth lane  change when t h e  sub jec t  was w i t h i n  5-10 c a r  leng ths  o f  t h e  

t e s t  car. I n  so doing, t h e  exper imenter was gene ra l l y  ab le  t o  match h i s  

speecl t o  t h a t  o f  t h e  c a r  approaching f rom t h e  rea r  when a b o u t  3 -5  c a r  

1 engths separated t h e  vehicles. He cont inued t o  gradual l y  modulate h i  s 

speecl w i t hou t  b rak ing  t o  o b t a i n  a headway o f  about 3 c a r  lengths. T h i s  

gradual l ane  i n t r u s i o n  and speed modulat ion a l lowed t h e  t e s t  veh ic l  e t o  

o b t a i n  t h e  p roper  p o s i t i o n  w i t hou t  alarming t h e  unsuspect ing d r i  v e r  o r  

p resen t ing  him/her w i t h  a b r a k e  s i g n a l  b e f o r e  t h e  a c t u a l  t r i a l .  

Simultaneously, t h e  mon i t o r i  ng c a r  moved i n to  a p o s i t i o n  t h a t  placed t h e  

sub jec t  veh ic le  w i t h i n  t h e  radar  beam. Th is  was done by approaching t h e  

s u b j e c t ' s  veh ic le  f rom t h e  r e a r  u n t i l  a headway o f  app rox ima te l y  t h r e e  

t o  s i x  c a r  leng ths  was o b t a i n e d .  E n s u r i n g  t h a t  t h e  s p e e d  o f  t h e  

mon i to r ing  c a r  was between 56 and 72 km/h, t h e  c r u i s e  c o n t r o l  mecha n i  sm 

on t h e  mon i to r ing  c a r  was set. Th i s  p recau t ion  was taken  t o  assure t h a t  

t h e  changes i n  speed recorded by t h e  radar  s y s t e m  w e r e  t h o s e  o f  t h e  

s u b j e c t ' s  veh ic le  and no t  o f  t h e  mon i t o r i ng  car. 

The event recorder  was then  tu rned  on, and when t h e  t r a c e  o n  t h e  

rada r-system t rack  was s u f f i c i e n t l y  no ise  f ree,  t h e  exper imenter checked 



t o  ensure t h a t  t h e  spacing between t h e  t e s t  and sub jec t  c a r  appeared t o  

be w ' i t h i n  f i v e  c a r  leng ths  and informed t h e  exper imenter i n  t h e  t e s t  c a r  

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

exper imenter i n  t h e  t e s t  car, a f t e r  double-checking t h e  s i t u a t i o n  i n  h i s  

r e a r  view mi r ro r ,  i n i t i a t e d  a  t r i a l  v i a  a  sw i t ch  which b o t h  t u r n e d  o n  

t h e  b r a k e - l i g h t  c o n f i g u r a t i o n  be ing t e s t e d  (w i t hou t  a c t u a l l y  b r a k i n g  o r  

dece le ra t i ng )  and generated a  pu lse  on one t r a c k  o f  t h e  event r e c o r d e r  

tape  f o r  t h e  d u r a t i o n  o f  t h e  brake s i g n a l  p r e s e n t a t i o n .  The  b r a k e  

s i gna l  was presented f o r  3  seconds, t h e  d u r a t i o n  c o n t r o l  l e d  by  a n  

elec1;ronic t imer.  

An a d d i t i o n a l  task  o f  t h e  exper imenter i n  t h e  back  s e a t  o f  t h e  

mon i t o r i ng  c a r  was t o  record  whether du r i ng  t h e  3-second b r a k e - s i g n a l  

p resen ta t i on  t h e  s u b j e c t ' s  brake l i g h t s  became i l l umina ted ,  and w h e t h e r  

t h e  sub jec t  changed lanes i n  response t o  t h e  b r a k e  s i g n a l .  He a l s o  

recorded t h e  s u b j e c t ' s  age (young, m i d d l e - a g e d ,  o l d ) ,  sex, h e i g h t  

(shor t ,  medium, t a l l ) ,  and t h e  s i z e  o f  t h e  s u b j e c t ' s  v e h i c l e  ( s m a l l ,  

medium, large, p ickup truck/van).  I f  s u b j e c t ' s  age, sex,  o r  h e i g h t  

coulcl not  be c l e a r l y  ascertained, t h e  exper imenter i n  t h e  t e s t  c a r  was 

asked f o r  ass is tance v i a  radio. 

Only one t r i a l  was g i ven  t o  each subject. Two p r e c a u t i o n s  w e r e  

taker1 t o  ensure t h a t  t h e  sub jec t  was shown t h e  i l l u m i n a t e d  supp lementa l  

lampsl (combined w i t h  t h e  convent ional  lamps) f o r  t h e  f i r s t  t i m e  when a  

t r i a l  was presented. F i r s t ,  du r i ng  ac tua l  b rak ing  by t h e  t e s t  c a r  i n  

t r a f f i c ,  on l y  t h e  convent ional  lamps were i l l u m i n a t e d .  Second, when 

running t h e  high-mounted condi t ions,  d r i v e r s  who s t o p p e d  i m m e d i a t e l y  

behind t h e  t e s t  c a r  i n  t r a f f i c  (due t o  t r a f f i c  s i g n a l ,  e t c .  ) a n d  s o  

p o t e n ~ t i a l l y  observed t h e  u n l i t  supplemental 1 amps, w e r e  n o t  u s e d  as  

sub jeicts. 

The da ta  were c o l l e c t e d  between 9:00 and 11:30 a.m. a n d  b e t w e e n  

1:30 and 4:00 p.m. on days w i t h  no p r e c i p i t a t i o n .  A major  concern was t o  

operate t h e  t e s t  and mon i to r ing  cars  l e g a l l y  a n d  s a f e l y ,  a n d  n o t  t o  

c rea te  a  s t r e s s f u l  s i t u a t i o n  f o r  t h e  sub jec t  d r i v e r  o r  o t h e r  motor is ts .  

Urban route. The procedure was i d e n t i c a l  t o  t h a t  on t h e  s u b u r b a n  

r o u t e  except f o r  t h e  f o l l o w i n g :  The separa t ion  between t h e  t e s t  c a r  and 

a  sub jec t  c a r  a t  t h e  t ime  o f  t h e  t r i a l  was 1-2 c a r  leng ths  a t  a  speed o f  



32-4.0 km/h. S ince these speeds a re  below t h e  minimum speed a t  which t h e  

c r u i s e  con t ro l  mechanism on t h e  mon i  t o r i  ng c a r  f u n c t i o n s  p r o p e r l y  

(approximately 48 km/h), t h e  c r u i s e  c o n t r o l  was not used. (The d r i  v e r  

o f  the  mon i to r ing  c a r  made a spec ia l  e f f o r t  t o  keep t h e  v e h i c l e  a t  a  

constant speed dur ing  t h e  t r i a l  i n t e r va l .  The experimenter i n  t he  r e a r  

seat o f  t h e  mon i to r ing  c a r  double-checked t h e  speedometer t o  ensure t h a t  

t h e  vehic le  was t r a v e l l i n g  a t  a  f i x e d  speed, somewhere between 32 and 40 

km/h, ) 

Data Analys is  - 
Two aspects o f  t he  response o f  t h e  sub jec t  t o  t he  onset o f  t h e  t e s t  

c a r ' s  brake s igna l  were o f  i n t e r e s t :  ( I )  D id  t he  s u b j e c t  r e s p o n d  b y  

e i t h e r  apply ing t h e  brakes o r  s imply decelerat ing, and (2)  i f  so, wha t  

was t he  reac t i on  t ime between s igna l  onset and t h e  b r a k i n g  o r  speed -  

change response? 

Only t r i a l s  meeting t h e  f o l l o w i n g  c r i t e r i a  w e r e  i n c l u d e d  i n  t h e  

analys is :  

1. The  s u b j e c t  v e h i c l e  d i d  n o t  a p p e a r  t o  h a v e  b r a k e d  o r  

decelerated i n  response t o  vehic les ahead o f  o r  a d j a c e n t  t o  t h e  t e s t  

car, changes i n  roadway c o n f i g u r a t i o n  o r  a  t r a f f i c  c o n t r o l  device, o r  i n  

p repara t ion  f o r  t u r n i  ng o f f  t h e  roadway. Responses t o  vehicles ahead o f  

o r  adjacent t o  t h e  t e s t  veh ic le  were assumed t o  h a v e  o c c u r r e d  when a 

b rak ing  o r  dece le ra t ion  response occurred a f t e r  i n i t i a t i o n  o f  veh i c l  e  

c o n t r o l  maneuvers (e. g., brak ing o r  lane  changing) by nearby veh i c l  es. 

Responses t o  changes i n  roadway c o n f i g u r a t i o n  w e r e  assumed t o  h a v e  

occurred when a b rak ing  o r  d e c e l e r a t i o n  r e s p o n s e  c o n t i n u e d  u n t i l  

nego t i a t i on  o f  a  curve was executed. Responses t o  a  t r a f f i c  c o n t r o l  

dev ice were assumed t o  have occurred when t h e  sub jec t  veh ic le  braked o r  

decel~erated w h i l e  approaching a red 1 i g h t  o r  o t h e r  t r a f f i c  c o n t r o l  

device. Responses r e l a t e d  t o  p repara t ion  o f  t h e  sub jec t  veh ic le  t o  t u r n  

o f f  t he  roadway were assumed t o  have  o c c u r r e d  when a b r a k i n g  o r  

dece le ra t i on  response c o n t i n u e d  u n t i l  t h e  b e g i  n n i  ng o f  a  t u r n i n g  

maneuver (as i nd i ca ted  by t u r n  s i gna l s  o r  ac tua l  tu rn ing) .  

2. The  m o n i t o r i n g  c a r  d i d  n o t  b r a k e  d u r i n g  t h e  3 - s e c o n d  

p resen ta t ion  o f  t h e  t e s t  c a r ' s  brake signal .  



3. The roadway was gene ra l l y  f l a t .  

4. The sub jec t  veh ic le  was a passenger car, p ickup truck, o r  van. 

No passenger vehic les w i t h  a t r a i l e r  a t tached o r  commerc i  a 1  v e h i c l e s  

were used. 

5. The t r i a l  was t he  f i r s t  and on l y  s i gna l  p resen ta t i on  f o r  each  

subjlect d r i ve r .  

Resu l ts  -- 
Table 1 presents, f o r  each b rake - l i gh t  system tested, t h e  number o f  

t r i a l s  i n  which t h e  sub jec ts  responded by speed change ( b o t h  w i t h  a n d  

w i t hou t  b rak ing)  t o  t h e  brake s i gna l  on t h e  t e s t  c a r ,  as we1 1 as  t h e  

corr~espondi ng mean r e a c t i o n  times. ( I n  a1 1 present experiments, o n l y  a 

speed change w i t h  a de lay o f  3 s o r  l e s s  was considered t o  be a response 

t o  a s i gna l  presentat ion.)  

Table 1 

Types o f  responses, t h e i r  frequencies, and t h e  correspondi ng mean 
r e a c t i o n  t imes i n  seconds. (Summed across both t e s t  vehic les and bo th  
rou1:es. ) 

---_1--------1-------------------------------------------------------- 

I I T r i a l s  Responded t o  by a Speed Change 
I I----------------------------------------------- 

Brake-Light 1 Number o f  1 W i th  Brak ing [Wi thout  Braking1 To ta l  
2jystem I T r i a l s  I---------------+---------------+--------------- 

I I 1 React ion l l React i  on l 1 React ion 
I 1 Number1 Time INumberl Time 1 Number1 Time 

---..--------+-*-------+------+--------+------+--------+------+-------- 
Cont;rol 1 424 1 62* 1 1.28 1 251 1 1.24 1 313* 1 1.23 
S i  ngle-High-l I 1 I I I I 

Mcrunted 1 424 1 65* 1 1.10 1 247 1 1.17 1 312* 1 1.16 
Dual-High- I I I I I I I 

Mounted 1 424 1 68* I 1.16 1 242 1 1.25 1 310* 1 1.23 ...................................................................... 
* On 15 t r i a l s  ( two w i t h  t h e  c o n t r o l  system, t e n  w i t h  t h e  s ing le-h igh-  

mour~ted system, and t h r e e  w i t h  t h e  dual-high-mounted system) t h e r e  was 

a brake response, but  no d i s c e r n i b l e  speed change. 



The Pearson t e s t  o f  assoc ia t i on  (Hays, 1963) i n d i  c a t e s  t h a t  t h e  

p rob lab i l i t y  o f  responding t o  a  s igna l  (whether by b rak ing  o r  o therw i  s e )  

d i d  not d i f f e r  among t h e  s y s t e m s  t e s t e d .  S i m i l a r l y ,  a n a l y s e s  o f  

var iance i n d i c a t e  t h a t  t h e r e  w e r e  no s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e rences  i n  t h e  corresponding r e a c t i o n  t i m e s .  ( T h r o u g h o u t  t h i s  

r e p o r t  t he  s t a t i s t i c a l l y  s i g n i f i c a n t  l e v e l  was se t  a t  < 0.05. ) The 

d i s t r i b u t i o n s  o f  t h e  r e a c t i o n  t imes o f  a l l  responses t o  t h e  t h r e e  brake- 

l i g h t  systems a r e  shown i n  Table 2. 

Tables 3 and 4 present  c ross - t abu la t i on  a c c o r d i  ng t o  t h e  b r a k e -  

l i g h t  system, s u b j e c t ' s  age, sex, height, and c a r  s ize, and whether t h e  

sub jec t  changed lanes i n  response t o  t h e  brake s ignal .  The r e s u l t s  o f  

analyses o f  variance i n d i c a t e  t h a t  none o f  t h e s e  v a r i a b l e s  p r o d u c e d  

s t a t i s t i c a l l y  s i g n i f i c a n t  i n t e r a c t i o n s  w i t h  t h e  r e a c t i o n  t i m e s  t o  t h e  

t h r e e  d i f f e r e n t  b rake - l i gh t  systems. 

The mean reac t ion- t ime data (summed across a l l  t h r e e  b r a k e - 1  i g h t  

systems) a re  presented i n  Table 5 .  W h i l e  t h e s e  d a t a  show s e v e r a l  

trends, analyses o f  var iance revealed none o f  these t o  be s t a t i s t i c a l l y  

s ign i i f icant .  

A l l  o f  t h e  above analyses were performed on t h e  da ta  summed a c r o s s  

bo th  t e s t  cars  and bo th  t e s t  routes. Tables 6-9 present t h e  p r i n c i p a l  

r e s u l t s  f o r  each t e s t  c a r / t e s t  r ou te  combi nations. The Pearson t e s t  o f  

assoc:iation i n d i c a t e s  t h a t  t h e  number o f  responses d i d  n o t  v a r y  among 

t h e  t h r e e  b rake - l i gh t  systems f o r  any  o f  t h e  t e s t  c a r / t e s t  r o u t e  

subdata. S i m i l a r l y ,  analyses o f  var iance and  - t - t e s t s  f o r  c o n t r a s t s  

i n d i c a t e  t h a t  none o f  t he  d i f f e r e n c e s  i n  t h e  r e a c t i o n  t i m e s  we re  

s t a t i s t i c a l l y  s i g n i f i c a n t ,  w i t h  t h e  except ion o f  t he  AMC S p i  r i  t / u r b a n  

route, combination. The - t t e s t s  f o r  con t ras ts  i n d i c a t e  t h a t  f o r  t h i s  

combinat ion bo th  t h e  speed-change responses w i t h o u t  b r a k i  ng and  t h e  

t o t a l  s e t  o f  s p e e d - c h a n g e  r e s p o n s e s  t o  t h e  c o n t r o l  s y s t e m  w e r e  

s t a t i s t i c a l l y  longer  than  those t o  t h e  single-high-mounted system o r  t o  

t h e  combined group o f  t h e  single-high-mount e d  a n d  d u a l  - h i  gh -moun ted  

system. I n t e r e s t i n g l y ,  these d i f f e rences  were present  on ly  i n  t h e  d a t a  

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

afternoons. (D i f fe rences  i n  t h e  morning and a f te rnoon t r a f f i c ,  w h i c h  

might have con t r i bu ted  t o  t h i s  f i nd ing ,  a re  discussed below. ) 



Table 2 

React ion- t ime d i s t r i b u t i o n s  o f  a l l  responses f o r  each brake- 
l i g h t  system. (Summed across bo th  t e s t  veh ic les  and bo th  
routes. ) 

I Frequency* 
I n t e r v a l  [--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
M idpo in t  I I S i  ngle-High- 1 I 

( s )  I Con t ro l  I Mounted I Dual-High-Mounted I To ta l  
I System I System I System I 

----------+---------+------------+--+-------------------+------- 
0.1 I 0 I 0 I 0 I 0 
0.3 1 7 1 2 3 I 15 1 45 
0.5 1 35 1 3 8 I 3 1 1 104 
0.7 1 43 1 4 4 I 34 1 126 
0.9 1 43 1 37 I 46 1 126 
1.1 I 36 I 34 I 4 1 1 111 
1.3 1 31 1 2 5 I 30 1 86 
1.5 1 28 1 12 I 2 8 I 68 
1.7 1 21  1 14 I 26 1 6 1  
1.8 1 12 1 15 I 12 1 39 
2.1 1 17 1 8 I 11 1 36 
2.3 1 14  1 12 I 12 1 38 
2.5 1 3 I 7 I 10 1 25 
2.7 1 11 I 1 I 6 1 18 
2.9 1 0 I 0 I 5 I 5 

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

Mean 1 1.23 1 1.16 I 1.23 1 1.21 
S.D. I 0.62 I 0.64 1 0.6 3 1 0.63 ............................................................... 

* On 15 t r i a l s  (two w i t h  t h e  c o n t r o l  s ys tem,  t e n  w i t h  t h e  

s i ng le -h i gh  mounted system, a n d  t h r e e  w i t h  t h e  d u a l - h i g h -  

mounted system) t h e r e  was a brake response, bu t  no d i s c e r n i  b l  e 

speed change. 



Table 3 

Mean r e a c t i o n  t imes f o r  each b r a k e - l i g h t  system accord ing t o  t h e  
s u b j e c t ' s  age, sex, and height. The numbers i n  parentheses a re  t h e  
corresponding frequencies. (Summed across bo th  t e s t  vehic les and 
bo th  routes. ) 

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

I Subject  I s  Age ISubjects  I s  Sex1 Subject ' s  Height  
Brake-Light I-------------------+-------------+--------------------- 

System j IMiddle-1 I I I I I 
IYoung I Aged lO ld  I Male lFemalelShortlMediumI T a l l  

------------+------+-------+----+-------+------+-----+------+------ 
I I I I I I I I 
1 1.30 1 1.20 11.131 1.20 1 1.28 1 1.211 1.24 1 1.23 

Clontrol I (124) 1 (157) l (30)  1 (199) 1 (112) 1 (33)  1 (169) 1 (109) 
I I I I I I I I 

Single-High-1 1.16 1 1.17 11.101 1,16 1 1.16 1 1.171 1.14 1 1.19 
Mounted 1 (101) 1 (177) l ( 2 4 )  I (192) 1 (110) 1 (23)  1 (171) 1 (108) 

I I I I I I I I 
Dual-High- 1 1.23 1 1.21 11.391 1.21 1 1.27 1 1.191 1.25 1 1.23 

Mounted 1 (135) 1 (144) l (28)  1 (190) 1 (117) 1 (33)  1 (169) 1 (105) ................................................................... 

Table 4 

Mean r e a c t i o n  t imes f o r  each b r a k e - l i g h t  system accord ing t o  t h e  
s u b j e c t ' s  c a r  size, and t h e  presencelabsence o f  a l ane  change as 
a p a r t  o f  t h e  response. The numbers i n  parentheses a re  t h e  
correspondi ng frequencies. (Summed across bo th  t e s t  vehic les and 
bo th  routes. ) 

-..--o------------I------------------------------------------------ 

I Sub jec ts ' s  Car S i ze  I Lane Change 
Brake-Light I-----------------------------------+--------------- 

System I I I I Pickup1 I I 
a 1 Small I Medium I Large I Van I Yes I No 

-.,------------+-------+------+---+--------+---------+------+-------- 
I I I 1 I I 
1 1 . 2 0 1  1.29 1 1,17 1 1.28 1 1 . 2 0  1 1.23 

Contro l  I (46) 1 (102) 1 (110) 1 (53)  1 (11) 1 (300) 
I I I I I I 

Single-High- 1 0.94 1 1.20 1 1.17 1 1.20 1 1.09 1 1.16 
Mounted 1 (34)  1 (82)  1 (123) 1 (63)  1 (13)  1 (289) 

I I I I I  I 
Dual-High- 1 1.28 1 1.18 1 1.23 1 1.31 1 1.03 1 1.24 

Mounted 1 (37) 1 (107) 1 (110) 1 (53)  1 ( 9 )  1 (298) 
--,-----------------------.---------------------------------------- 



Table 5 

Mean r e a c t i o n  t imes according t o  t h e  sub jec t ' s  age, sex, height,  and 
c a r  size, and presence/absence o f  a l ane  change. The numbers i n  
parentheses a re  t h e  correspondi ng f requenci es. (Summed across a1 1 
t h r e e  b rake - l i gh t  systems, both t e s t  vehicles, and both routes.) 

....................................................................... 
I Mean 

Category I React ion T i  me 
---<------------------------------1------+------------------------- 

I I 
Subject I s  I Young I 1.23 (360) 
Age I M i  dd l  e-Aged I 1.19 (478) 

I 01 d I 1.21 ( 82) 
I I 

Subject I s  I Male I 1.19 (581) 
Sex I Fema 1 e I 1.24 (339) 

I I 
Subject ' s I Shor t  I 1.19 ( 89) 
Height  I Medi urn I 1.21 (509) 

I T a l l  I 1.21 (322) 
I 1 

Subject  ' s  I Sma 1 1 I 1.15 (117) 
Car I Medi um I 1.22 (291) 
S ize I Large I 1.19 (343) 

I Pickup/van I 1.26 (169) 
I I 

Lane I Yes I 1.11 ( 33) 
Change I N o I 1.21 (887) ....................................................................... 



Table 6 

Typies of responses, t h e i  r frequencies, and t h e  correspondi ng mean 
rea 'c t ion  t imes i n  seconds. (Vehic le :  AMC S p i r i t ;  rou te :  Suburban. ) 

------------------------------------v--------------------------------- 

I I T r i a l s  Responded t o  by a Speed Change 
I I--------------------------"-v------------------ 

Bralte-Light INumber o f1  W i th  Brak ing IWithout Braking1 To ta l  
System I T r i a l s  I---------------+---------------+--------------- 

I I 1 React ion l l React i on l 1 React ion 
I 1 Number1 Time 1 Number1 Time INumberl Time 

------------+---------+------+--+------+--------+------+-------- 
Cont ro l  1 106 1 14 1 1.04 1 60 1 1.25 1 74 1 1.21 
S i  ngle-High- l I I I I I I 

Mounted 1 106 1 16* 1 1.04 1 56 1 1.17 1 72* 1 1.14 
Dual -High- I I I I I I I 

Mounted 1 106 ] 14 1 1.14 1 65 1 1.29 1 79 1 1.26 
-1-,.-------------1---------------------------------------------------- 

* On two t r i a l s  w i t h  t h e  single-high-mounted system t h e r e  was a b r a k e  

response, b u t  no d i s c e r n i b l e  speed change. 

Table 7 

Types o f  responses, t h e i  r frequencies, and t h e  correspondi ng mean 
reac t  i o n  t imes i n seconds. (Vehic le :  AMC S p i r i t ;  rou te :  Urban. ) 

-I-..------------------------------------------------------------------ 

I I T r i a l s  Responded t o  by a Speed Change 
I 1 _ - - - - - - - - - _ - - _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Brake-Light 1 Number o f  1 W i t h  Brak ing IWithout Braking1 To ta l  
!;ystem I T r i a l s  I---------------+---------------+--------------- 

I I 1 React ion l IReact ion 1 1 React ion 
I 1 Number1 Time l Number1 Time l Number1 Time 

---..--------+---------+--------+--+------tv-------+------+-------- 

Cont: r o l  1 106 1 17* 1 1.22 1 62 1 1.36 1 79" 1 1.33 
S i  ngle-High- I I I I I I I 

Mounted ] 106 1 22* I 1.27 1 58 1 1.06 1 80* 1 1.11 
Dual-High- I I I I I I I 

Mounted 1 106 1 29* 1 1.18 1 50 1 1.19 1 79* I 1.19 
-.- . ,CI-I-------------------C------------------------------.------------- 

* O n  s i x  t r i a l s  (one w i t h  t h e  c o n t r o l  system, f o u r  w i t h  t h e  s i  n g l  e -  

high-mounted system, and one w i t h  t h e  dual-high-mounted system) t h e r e  

was a brake response, bu t  no d i s c e r n i b l e  speed change. 



Table 8 

Types o f  responses, t he i  r frequencies, and t h e  correspondi ng mean 
r e a c t i o n  t imes i n  seconds. (Vehicle: GM Toronado; route: Suburban. ) 

- ...................................................................... 
I I T r i a l s  Responded t o  by a Speed Change 
I I----------------------------------------------- 

Brake-Light (Number o f  \ W i th  Braking lWi thou t  Braki  ngl Tot a1 
System I T r i a l s  I---------------+---------------+--------------- 

I I 1 React ion 1 l React i on 1 1 React ion 
I 1 Number 1 Time l Number l Time I Number1 T i  me ------------+---------+---+---+---+------+--------+------+-------- 

Control  1 106 1 10 1 1.32 1 68 1 1.19 1 78 1 1.21 
S i  ng1 e-Hi gh- l 1 1 I I I I 

Mounted 1 106 1 15* 1 1.07 1 68 1 1.25 1 83" 1 1.22 
Dual-High- I I I I I I I 

Mounted 1 106 1 1 2  1 0 . 9 8  1 6 3  1 1 . 2 4  1 7 5  1 1 . 2 0  

* On one t r i a l  w i t h  t h e  single-high-mounted system the re  was a b r a k e  

response, bu t  no d i  scern i  b l  e speed change. 

Table 9 

Types o f  responses, t h e i r  frequencies, and t h e  correspondi ng mean 
reac t i on  t imes i n  seconds. (Vehicle: GM Toronado; route: Urban. ) 

--1.,------4----1------------------------------------------------------ 

I I T r i a l s  Responded t o  by a Speed Change 
I I------------------------------------------*---- 

Brake-Light INumber of1 Wi th  Braking IWithout Braking1 Tot a1 
5;ystem I T r i a l s  I---------------+---------------+--------------- 

I I !React ion\  !Reaction1 1 React i on 
I 1 Number1 Time l Number1 Time l Number1 Time 

----,-I------+---------t------+--------t------+--------+------+-------- 

Cont ro1 1 106 1 21" 1 1.25 1 61  1 1.16 1 82* 1 1.18 
S i  ngle-High- 1 I I I I I I 

Mounted 1 106 1 12* 1 0.88 1 65 1 1.21 1 77* 1 1.17 
Dual-High- I I I I 1 I I 

Mounted 1 106 1 13" 1 1.32 1 64 1 1.28 1 77* 1 1.29 ...................................................................... 
* On s i x  t r i a l s  (one w i t h  the  con t ro l  system, t h r e e  w i t h  t h e  s i n g l e -  

high-mounted system, and two w i t h  the  dual-high-mounted system) t h e r e  

was a brake response, bu t  no d i s c e r n i b l e  speed change. 



EXPERIMENT 2 

Th is  experiment evaluated t h e  e f f e c t s  o f  roof-mounted brake l i g h t s  

on tlhe response frequency and response delay o f  f o l l o w i n g  d r i  vers. 

Experimental Setup 

I d e n t i c a l  t o  t h e  procedure i n  Experiment 1. 

Test Vehic le  - 
The 1980 AMC S p i r i t  from Experiment 1 was used. 

Brake L i g h t  Conf igura t ions  - 
The f o l l o w i n g  two systems were t e s t e d  (photographs o f  each a r e  i n 

F igure  6) :  

S i  ngl  e-roof -mounted system. The c o n t r o l  system (see Experiment I ) ,  

p l us  an a d d i t i o n a l  cen te r  lamp mounted on t h e  uppermost p o r t i o n  o f  t h e  

hatchback l i d .  Th is  supplemental lamp prov ided a s top s igna l  only. 

Dual-roof-mounted system. The c o n t r o l  system, p l us  two addi t i  o n a l  

lamps mounted outboard on t h e  uppermost p o r t i o n  o f  t h e  h a t c h b a c k  l i d .  

These supplemental lamps prov ided a stop s igna l  only. 

Route -, 

The data were c o l l e c t e d  on t h e  suburban r o u t e  used i n  Experiment 1. 

Procedure -- 
I d e n t i c a l  t o  t h e  procedure f o r  t h e  suburban rou te  i n  Experiment 1. 

Data Analys is  

I d e n t i c a l  t o ,  t h e  data ana lys is  i n  Experiment 1. 

Resul ts  -- 
'Table 10 presents, f o r  each system tested, t h e  number o f  t r i a l s  i n  

which t h e  sub jec ts  responded by speed change ( b o t h  w i t h  and  w i t h o u t  

b r a k i n g )  t o  t h e  b r a k e  s i g n a l  o n  t h e  t e s t  c a r ,  as  w e l l  as  t h e  

correspondi ng mean r e a c t i o n  times. (For  comparison, t h e  r e s u l t s  f o r  t h e  

two roof-mounted systems a re  presented t oge the r  w i t h  t h e  r e s u l t s  f o r  t h e  

c o n t r o l  and t h e  two high-mounted systems tes ted  by u s i n g  t h e  same c a r  

and t h e  same r o u t e  i n  Experiment 1.) The Pearson t e s t  o f  a s s o c i a t i o n  
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i n d i c a t e s  t h a t  t h e  p r o b a b i l i t y  o f  responding t o  a s i g n a l  ( w h e t h e r  b y  

b rak ing  o r  o t h e r w i s e )  d i d  n o t  d i f f e r  among t h e  s y s t e m s  t e s t e d .  

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

s t a t i i s t i c a l l y  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  c o r r e s  p o n d i  ng  r e a c t i o n  

times. 

Table 10 

Types o f  responses, t h e i r  f requencies,  and t h e  corresponding mean 
r e a c t i o n  t imes i n  seconds. (Vehic le :  AMC S p i r i t ;  route:  Suburban. ) 

I I T r i a l s  Responded t o  by a Speed Change 
I I----------------------------------------------- 

Brake-Light [Number o f  1 W i th  Brak ing IWi thout  Braking1 To ta l  
5iystem I T r i a l s  I---------------+---------------+-------------- 

I I 1 React ion l IReact i  on 1 1 React ion 
I 1 Number 1 Time INumber 1 Time 1 Number 1 Time 

------------+---------+---+---+--------+---*--+--------+------+-------- 
Contirol 1 106 1 14 1 1.04 1 60 1 1.25 1 74 1 1.21 
S i  ngle-High- l I I I I I I 

Mounted 1 106 1 16" 1 1.04 1 56 1 1.17 1 72* 1 1.14 
Dual-High- I I I I I I I 

Mounted 1 106 1 14 1 1.14 1 65 1 1.29 1 79 1 1.26 
S i  ngle-Roof- l I I I I I I 

Mounted 1 106 1 1 0 * 1  1.40 1 6 6  1 1 . 2 7  1 7 6 * 1  1.28 
Dual-Roof- I I I I I I I 

Mounted 1 106 1 9* 1 1.14 1 65 1 1.13 1 74* 1 1.13 

* On f o u r  t r i a l s  ( two w i t h  t h e  single-high-mounted system and one each 

w i t h  t h e  s i  ng l  e-roof-mounted and dual -roof-mounted system) t h e r e  was a 

brake response, b u t  no d i s c e r n i b l e  speed change. 



EXPERIMENT 3 

The obta ined response r a t e s  i n  t h e  t w o  a b o v e  e x p e r i m e n t s  a r e  

subst ;ant ia l ly  lower  than  t h e  average 46% response r a t e  i n  t h e  s t u d y  b y  

S i  vak, e t  al. (1979). Therefore, t h i s  experiment evaluated t h e  e f f i c i e n c y  

o f  high-mounted brake l i g h t s  on a t e s t  veh ic le  o f  t h e  same make, model,  

and y e a r  as t he  t e s t  veh ic le  used i n  t h e  1979 study. 

Experimental Setup 

I d e n t i c a l  t o  t h e  procedure i n Experiment 1. 

Test Veh ic le  - 
A green 1979 GM LeMans was used. As w i t h  t h e  AMC S p i r i t  i n  

Experiment 1, on l y  t h e  outboard brake lamp was kep t  opera t iona l  on e a c h  

side. 

Brake L i g h t  Conf igura t ions  - 
The c o n t r o l  a n d  s i n g l e - h i g h - m o u n t e d  s y s t e m s  w e r e  t e s t e d  

(photographs o f  each a re  i n  F igure  7). 

Route 
-8 

The data were co71ected on t h e  suburban r o u t e  used i n  Experiment 1. 

Procedure 

I d e n t i c a l  t o  t h e  procedure f o r  t h e  suburban r o u t e  i n  Experiment 1. 

Data (Analysis - 
I d e n t i c a l  t o  t h e  data ana lys is  i n  Experiment 1. 

Resul ts  -- 
'Table 11 presents, f o r  both systems tested, t h e  number o f  t r i a l s  i n  

which t h e  sub jec t s  responded by speed change ( b o t h  w i t h  a n d  w i t h o u t  

b r a k . i n g )  t o  t h e  b r a k e  s i g n a l  o n  t h e  t e s t  c a r ,  as  w e l l  as  t h e  

corresponding mean r e a c t i o n  times. The P e a r s o n  t e s t  o f  a s s o c i a t i o n  

i n d i c a t e s  t h a t  t h e  p r o b a b i l i t y  o f  responding t o  a s i g n a l  ( w h e t h e r  b y  

brakiing o r  o therwise)  d i d  not  d i f f e r  among t h e  s y s t e m s  t e s t e d .  The 



Figure 7. The GM LeMans t e s t  c a r  w i t h  con t ro l  system ( top )  
and single-high-mounted system (bottom). 



r e s u l t s  o f  an ana lys is  of variance i n d i c a t e  t h a t  t h e  b r a k e - r e a c t i o n  

time!; t o  t h e  single-high-mounted system were s t a t i s t i c a l l y  sho r te r  t h a n  

those t o  t h e  con t ro l  system. However, t h i s  r e s u l t  should be i n t e r p r e t e d  

w i t h  cau t i on  because o f  t h e  extremely s m a l l  number o f  o b s e r v a t i o n s  

i nvo'l ved. 

The brake response frequencies are i n  t h e  same r a n g e  as i n t h e  

o the r  two present experiments and considerably lower than those measured 

by Siivak e t  al. (1979) us ing  t h e  same make, model, and yea r  o f  t e s t  car. 

Table 11 

Types o f  responses, t h e i r  frequencies, and t h e  corresponding mean 
reac t i on  t imes i n  seconds. (Vehicle: GM LeMans; route: Suburban 
o r  Urban. ) 

I I T r i a l s  Responded t o  by a Speed Change 
I I----------------------------------------------- 

Brake-Light !Number o f  1 Wi th  Brak i  ng lWi thou t  Braking 1 Tot a1 
$ i y s t m  I T r i a l s  I---------------+---------------+------------- 

I I 1 React i on 1 1 React ion 1 l React i on 
I 1 Number 1 Time l Number l Time 1 Number1 Time ---..--------+---------+------+--------+------+--------+------+-------- 

Cont~ro l  1 80 1 11*1 1.64 1 48 1 1.18 1 5 9 * 1  1.25 
S i  ngle-High- l I I I I I I 

Mounted 1 80 1 7 1 0.91 1 50 1 1.28 1 57 1 1.23 
---.,------------------------------------------------------------------ 

* O n  3 t r i a l s  w i t h  t h e  con t ro l  system there  was a brake response, b u t  

no d i s c e r n i b l e  speed change. 



SUMMARY AND DISCUSSION 

Th i s  daytime study evaluated i n - t r a f f i c  responses o f  u n s u s p e c t  i ng  

d r i v e r s  t o  supplemental, high-mounted brake l i g h t s  us ing two d i f f e r e n t  

t e s t  veh ic les  (compact and f u l l  s i z e )  and t w o  d i f f e r e n t  t e s t  r o u t e s  

(suburban and urban). The supplemental lamps were mounted j u s t  be1  ow 

t h e  r e a r  w i  ndow o r  a t  r o o f  l eve l .  Measures were taken o f  brake-response 

and speed-change frequencies, and o f  t h e  correspondi ng r e a c t i  o n  t i  mes. 

(The speed responses were measured b y  r a d a r . )  The  f o l l o w i n g  m a i n  

r e s u l t s  were obtained: 

Response frequency. The frequency o f  brake responses and o f  s p e e d  

changes d i d  no t  d i f f e r  s t a t i s t i c a l l y  among t h e  systems t e s t e d  i n  e i t h e r  

o f  t h e  t e s t  veh i c l e / t es t  r o u t e  combinations. 

React ion time. Brake-react ion t imes d i d  not  vary among t h e  systems 

t e s t e d  f o r  any o f  t h e  t e s t  veh i c l e / t es t  r o u t e  comb i  n a t i o n s .  Speed-  

change r e a c t i o n  t imes a l s o  d i d  not  vary among t h e  systems t e s t e d  f o r  any 

o f  t he  t e s t  v e h i c l e / t e s t  r ou te  combinations w i t h  t h e  e x c e p t i o n  o f  t h e  

compe~ct vehic le /urban r o u t e  combination: Here, a  system w i t h  a  s i n g l e ,  

supplemental lamp, c e n t e r - m o u n t e d  j u s t  be1  ow t h e  r e a r  w i  ndow was 

assoc ia ted w i t h  s t a t i s t i c a l l y  s h o r t e r  r e a c t i o n  t i m e s  t h a n  was t h e  

c o n t r o l  system. 

I n  comparison t o  a  study by Sivak e t  al. (1979), which ob ta ined  a n  

average 46% b r a k e - r e s p o n s e  r a t e ,  t h e  p r e s e n t  s t u d y  o b t a i n e d  a  

subs tan t i a l  l y  1  ower brake-response r a t e  (14%). Th is  d i f f e r e n c e  rema i ned  

even f o r  cond i t i ons  us ing  a  t e s t  c a r  o f  t h e  same make, model, and  y e a r  

(GM LeMans) on t h e  same t y p e  o f  r o u t e  ( s u b u r b a n ) .  However ,  t h i s  

d i f f e r e n c e  may be accounted f o r  by  t h e  f a c t  t h a t  t h e  t w o  s t u d i e s  

d i f f e r e d  i n  some impor tant  respects. F i r s t ,  t h e  ac tua l  t e s t  routes were 

not  t h e  same: The 1979 study u t i l i z e d  on l y  t h e  bus ies t  p o r t i o n  o f  t h e  

rou te  used i n  t h e  present  s t u d y .  Second,  t h e  1 9 7 9  s t u d y  was r u n  

e x c l u s i v e l y  i n  t h e  afternoons, w h i l e  t h e  present s tudy was r u n  b o t h  i n 

t h e  mornings and afternoons. T r a f f i c  counts from 1978 i n d i c a t e  t h a t  t h e  

a f te rnoon t r a f f i c  on t e s t  r ou tes  o f  b o t h  s t u d i e s  i s  s u b s t a n t i a l l y  

heav ie r  than  t h e  co r respond i  ng  m o r n i  ng t r a f f i c .  T h i  r d ,  t h e  d a t a  

c o l l e c t i o n  i n  t h e  1979 s tudy extended u n t i l  a p p r o x i m a t e l y  4  : 4 5  p.m., 

w h i l e  t h e  da ta  c o l l e c t i o n  i n  t h e  p r e s e n t  s t u d y  was t e r m i n a t e d  a t  



appr~oximately 4:00 p.m. Traffic counts from 1978 f o r  t h e  two t e s t  
r o u t e s  i n d i c a t e  t h a t  t h e  t r a f f i c  on t h e  r e s p e c t i v e  r o u t e s  i s  
substantially heavier between 4:00 and 5:00 p.m. than the corresponding 
t raf , f ic  in mid and l a t e  mornings or  early afternoons. I t  i s  l ikely that  
thesle differences in  t r a f f i c  conditions a f f e c t e d  t h e  b rake - response  
frequencies in the two studies. This explanation i s  in agreement wi th  
the reported sens i t iv i ty  of brake-response frequency t o  the roadway and 
t r a f f i c  conditions (A1 1 en Corporation, 1978). 

An additional difference between the results of the present  s t u d y  
and those of S i  vak e t  al. (1979) concerns the relative b rake - response  
frequencies among the various brake-light systems. In contrast  t o  t h e  
resul ts  of the 1979 study, the p r e s e n t  s tudy  d i d  not y i e l d  h i g h e r  
resplonse frequencies t o  single- and dual-high-mounted sys tems t h a n  t o  
the control system. While the reason f o r  th i s  difference i s  not c l e a r ,  
i t  also could be due t o  the traffic-conditi  on d i f f e r e n c e s  d i s c u s s e d  
abovle. 

I n  terms of the brake-reaction times, the present study confirmed, 
in general, the finding by Sivak e t  al. (1979) tha t  systems with high-  
mounted brake l i g h t ( ~ )  did not yield f a s t e r  reaction times than did t h e  
control system, although the present study found the average r e a c t i o n  
time to  be 0.18 s shorter than that  obtained in  the 1979 study. 

Speed-change reaction times also d i d  not vary among t h e  systems 
tested f o r  any of the t e s t  vehicle/test route  combinat ions  w i t h  t h e  
exce~ption of the compact vehicle/urban r o u t e  combi nat  i on: Here, a 
system with a single, supplemental lamp, center-mounted just below t h e  
rear window, was associated with s t a t i s t i c a l l y  shorter r e a c t i o n  t imes  
than the control system. 

For the compact v e h i c l e / u r b a n  r o u t e  combi n a t i o n ,  t h e  mean 
difference in the speed-change reaction times between t h e  c o n t r o l  and 
the single-high-mounted system was 0.3 s .  T h i s  d i f f e r e n c e  may be 
sufficient to  account fo r  the rear-end-coll ision reductions observed i n 
accildent studies (Malone e t  al.,  1978; Reilly e t  al., 1 9 8 0 ;  Rausch e t  
al., 1981). 



I n  conclusion, t h e  r e s u l t s  o f  t h r e e  recent  s tud ies  on responses o f  

unsu:specting d r i v e r s  t o  brake s i gna l s  by var ious b r a k e - 1  i g h t  s y s t e m s  

( A l l e n  Corporat ion, 1978; Sivak e t  dl., 1979; and t h e  p r e s e n t  s t u d y )  

suggest t h e  f o l l o w i n g :  

1. I f  i n  r e a l i t y  t h e  s i n g l e - h i g h - m o u n t e d  b r a k e - 1  i g h t  s y s t e m  

increases t h e  p r o b a b i l i t y  of a  response by f o l l o w i n g  d r i v e r s ,  t h i s  

b e n e f i t  does no t  appear t o  h o l d  across a l l  types of veh ic les  and a c r o s s  

a l l  r o u t e / t r a f f i c  s i t u a t i o n s :  Increases i n  brake-response p r o b a b i  1  i t y  

were obta ined under t h e  c o n d i t i o n s  o f  b o t h  t h e  A l l e n  and  S i v a k  e t  

al. studies, bu t  n o t  u n d e r  t h e  c o n d i t i o n s  o f  t h e  p r e s e n t  s t u d y .  

Furthermore, speed-response p r o b a b i l i t y  was found no t  t o  d i  f f e r  among 

t h e  systems tes ted  i n  a l l  t e s t  v e h i c l e l t e s t  r o u t e  combi n a t i o n s  i n  t h e  

present  study. 

2. I f  i n  r e a l i t y  t h e  s i n g l e - h i g h - m o u n t e d  b r a k e - 1  i g h t  s y s t e m  

r e s u l t s  i n  s h o r t e r  response t imes o f  f o l l ow ing  d r i  v e r s ,  t h i  s  b e n e f  i t 

does not  appear t o  h o l d  across a11 types o f  v e h i c l e s  a n d  a c r o s s  a1 1 

r o u t e l t r a f f i c  s i t u a t i o n s :  Sho r te r  brake-response t imes w e r e  o b t a i  n e d  

under t h e  cond i t i ons  o f  t h e  study by A l l e n  Corpora t ion  b u t  not  under t h e  

cond i t i ons  o f  t h e  s tudy by S i  vak e t  al. o r  t h e  present  study. S h o r t e r  

speed-response t imes were obta ined i n  t h e  present  study, b u t  on l y  i n  t h e  

da ta  c o l l e c t e d  du r i ng  mornings i n  t h e  c o m p a c t  v e h i c l  e / u  r b a n  r o u t e  

condi t ion.  
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