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BACKGRCUIID 

To better optimize the flow of t r a f f i c  t h r o u g h  t h e  Newark Airport 

Interchange, tiew Jersey i s  developing a I-lotorist Advisory System through 

the cooperation o f  the ilew Jersey Eepartrnent of Transportation, the EIational 

Advisory Committee on Urban Traffic Control Devices of the Federal Highway 

Adminis t ra t ion ,  and the consultant, Ed\rards and Kelcey, Inc. 

The svstem will u t i l i ze  variable message and fixed message signs t o  

divert  large volumes of interchanginq and through t r a f f i c  t o  a1 ternate 

routes. The signing used should be highly visible and dis t inct  from 

normal guidance s i g n f n g  indicating the desirabil i ty of the use of a new 

color. 

t o  use a color unassiqned by the llanual o n  Uniform Traffic Control Devices, 

and the consultant recommended purple since i t  seemed t o  provide: 

The flew Jersey Department of Transportation advised the consultant 

1 .  A h f q h  de!ree of contrast w i t h  the qreen background of existing 

route guidance siqns. 

P, h i c h  dey-ce of contrast witn rlhite lettering o r  clear bulbs or 

yellow dfsks which wil l  SE used ir; constructing the s ign  message. 

A distinctly different s i g n  which lwill have good attention 

attracting abi  1 i t i e s .  

2. 

3 .  
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OBJECTIVES 

The original purnose o f  the demonstration was t o  evaluate how well 

purple attracted the attention o f  the motorist. An alternative t o  u s i n g  

color for attracting attention i s  t o  use the message i t s e l f .  Therefore, 

the message was included i n  the demonstration as a basis f o r  determining 

i f  either the message o r  the color or b o t h  should be used t o  a t t ract  the 

attention of the motorist. 

The demonstration was held under the following expected environmental 

and driver conditions : 

1 .  Three ainbient light situations -- sun on sign face, sun i n  

back of  sign, n i g h t  w i t h  lights. 

'Iiewfng distances of G00 or more f ee t .  2 .  

3. Y i t h  and w i t h o u t  color blindness. 

a. !iith and w i t h o u t  use o f  sunglasses. 

Explanation o f  Terns 

Character - The arraiqment of bults or disks i R t o  a narticular 

symbol, i . s .  "2," "E," etc. 

Font - The distinct bulb or disk arrangemnt used i n  a r iatrix 

t o  disnlay a p a r t i c u l a r  charactzr. 

: l a t r ix  - The g r i d  t h a t  produces a character composed o f  small 

discrete bulbs or disks. 

:'atrix Cacky-ound - The immediate backgrouzd o f  the matrix v r i t h i n  

the  module. 

rlodule - The unit containing the matr ix .  

Panel - The background on which the matrix nodules are mountEd. 

'"aterial Limi tatfons 
--I_ 

Ilrlike conventional characters ~ + f c ? i  ars C G C W S E ~  o f  continuous lines 
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and l ine segments, the matrix characters are composed of small discrete 

dots. The way these d o t  matrix characters are arranged can effect their  

1 egibi 1 i ty. I 

Under ideal conditions each matrix would have the same character 

arrangement or font. 

facturer d i d  n o t  have the same font. 

ma t r ix  characters, b u t  the real setup would use several words, thus 

extending the panel well beyond the eight foot length used i n  the demon- 

stration. Also, the panels used t o  support the matrices snowed mucn more 

background than would actually be shown i n  the field. 

Unfortunately, the matrices furnished by the manu- 

The displays used only one o r  two 

PRGCEDURE 

During the demonstration questionnaires were f i l led out  by key people 

from Traffic Engineering, Operations Research, and the consultant. 

i s  the number of participants for  each condition: 

Following 

XORElAL V I S IOR SMiGLASSES COLOR BLIND 

N i g h t  9 0 1 

Sun i n  Back of S i g n  11 2 1 

Sun  i n  F r o n t  of S i g n  11 2 1 

First , each participant answered questions regarding color bl i ndness , 

visual acui ty ,  and use of sunglasses. 

his questionnaire independently. 

Appendi x. 

Also,  each participant was t o  answer 

Sample questionnaires may be found in the 

For the f i r s t  demonstration ( I ) ,  the participants evaluated three 

4 '  x 8 '  colored panels w i t h  three kinds of matrix modules mounted on each 

(FicJure 1 ) .  The three colors were black, green, and purple. Two colors 

were set  up side by side, and the participants f i l led i n  a questionnaire 

regarding the color of each panel and the brightest of the two. Also ,  
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each matrix character was evaluated for legibility. To cover a l l  

possible combinations, a total of three side by side displays were 

se t  up ,  and questionnaires were f i l led i n  for each display. 

The f i r s t  demonstration ( I )  was conducted under each of the 

following ambient light conditions: 

sun i n  front of sign. Also, the displays were viewed from a distance 

of 600 feet o r  more. 

n i g h t ,  sun i n  back of sign, and 

A second demonstration (11) was designed t o  answer the following 

questions: 

w i t h  a standard 16" h i g h  b u t t o n  copy? 

compare w i t h  each other? 

How would the various types o f  matrix characters compare 

How would the mat r ix  characters 

The demonstration was set  up as i n  Figure 2 ,  and the participants 

evaluated the attention attracting characteristics of each type of matrix. 

Next, the display was shown again w i t h  1.5" disk on black cardboard matrix 

replaced w i t h  a 2.2" disk on black cardboard mat r ix ,  and the participants 

f i 1 1 ed out  another ques ti onnai re. 

distance of 600 feet and the sun was i n  back of the sign. 

Demonstration I I was conducted from a 

RESULTS 

Panel Attenti on Attracting Character1 s tics 

The attention getting characteristics o f  a panel are measured by 

how well i t  i s  identified and how b r i g h t  i t  i s .  

ambient light conditions, the majority of the participants correctly 

identified both the purple and the green panels, and from Table 2 under 

the same conditions both the puvle and the green panels were chosen as 

being equally b r i g h t .  

From Table 1 under a l l  
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TABLE 1 

PANEL COLOR IDENTIFICATION 

N I GHT SUN IN BACK OF SIGN SUN IN FRONT OF SIGN 
01 NO. a m 140. m .  NO. b 

01 O/ 

B1 ack 4 22 21 95 22 100 

Purple  17 94 22 100 22 100 

G reen 18 100 21 95 22 100 

allumber of  times o u t  of  a poss ib l e  18 times a c o l o r  was i d e n t i f i e d  

b!lurnber of  times o u t  of a p o s s i b l e  22 times a c o l o r  was i d e n t i f i e d  

c o r r e c t l y .  

c o r r e c t l y .  

TABLE 2 

PAHEL COLOR BRIGHTNESS 

il I GHT SUrl 111 BACK OF SIGfi SUN Iil FRONT OF SIGN 
N 
I J  

dl 
13 

b MO. 01 NO. a /O 

E l  ack 1.5 8 0.5 2 0 .o 0 

Purple  16.0 89 15.5 70 16.5 75 

Green 9.5 3 17.0 77 16.5 75 

ailumber of  times o u t  of a poss ib l e  18 times each c o l o r  was chosen 
a s  the b r i g h t e s t  over the o t h e r  two. 
f o r  the respondents who s a i d  t h e  co lo r s  were equa l ly  b r igh t .  

a s  the b r i g h t e s t  over tne o t h e r  two. 

Figures adjusted t o  account 

b:hnber of times o u t  of a poss ib l e  22 times each c o l o r  was chosen 
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Effects of Panel Color on Matrix Leqibility 

Referring t o  Table 3 ,  under all  ambient light conditfons the majority 

of the participants f e l t  t h a t  the legibility of  the encapsulated bulb matrix 

was most improved when a purple panel was used rather t h a n  either a black or 

a green panel. 

cardboard matrix was improved when a black panel was used rather than a 

purple panel, and the legibil i ty of  the open bulb matrix was improved 

when a purple panel was used rather tnan a black panel. 

Under the same conditions, the legibility of the disk on 

Encapsulatsd Bulb 

Black Purple Green U 

?li gh ta 42 58 46 

Sun i n  &ackb 86 91 90 
of sign 

Disk on Cardboard 

ack Purple Green E 

39 22 46 

14 9 0 

TAELE 3 

EFFECT OF PAIiEL COLOR 011 NATRIX LEGIGILITY 

Open Bulb 

ack Purple Green 

19 20 E 

0 0 10 

Sun  i n  Frontb  0 4 0 100 91 100 
of s i 2 n  

0 5 I) 

aFercsntage of  times out of a possible 18 t imes t h a t  a matrix was 

bPercentage of times o u t  of a possible 22 times t h a t  a matrix was 

chosen as the most legible o f  the thrte. 

chosen as the most legible o f  the three. 

Referring t o  the far r i g h t  hand column o f  Table 4 ,  i t  i s  interesting t o  note 

t h a t  under a l l  ambient l ight conditions the legibility of a l l  three matrices 

as a whole was believed t o  be least inadequate when a purple rather t h a n  

ei ther a black o r  a green panel was used. 
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Matrix Attention Attracti nq  Characteristics 

The attention attracting characteristics o f  matrix characters are 

measured by how legible they are and by how well they stand o u t  i n  comparison 

w i t h  the standard b u t t o n  copy used on guide signs. 

In  Demonstration I three types o f  matrix characters were evaluated 

for legibil i ty and legibil i ty inadequacy: 

the 1.5" disk on cardboard matrix, and the open bulb matrix. From Table 5 

under a l l  ambient light conditions, the majority of the participants chose 

the open bulb matr ix  as the least legible of the three matrices and from 

Table 6 the participants had mixed feelings as t o  the legibility inadequacy 

o f  the three matrices. 

the encapsulated bulb matrix,  

Demonstration I1  (Figure 2 )  was held t o  help determine how well the 

different types o f  matrix characters stood out  i n  comparison w i t h  the standard 

b u t t o n  copy used on guide signs. 

used in Demonstration I ,  another type of matrix character was introduced -- 
a 2.2" magnetic d i s k  module (Figure 3) .  

following reasons: 

m a t r i x ,  i t  was lighted internally, and i t  was unavailable for use i n  

Demonstration I .  

In a d d i t i o n  t o  the three matrix characters 

This module was added f o r  the 

i t  was more real is t ic  looking t h a n  the disk on cardboard 
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Encapsulated 

Disk 

Open 

Encapsulated 

Disk 

Open 

None 
Inadequate 

TABLE 5 

LEGIBILITY OF PATRIX CHARACTERS 

- NIGHT SUN IN BACK OF SIGN surj I r i  FRGEIT OF SIGN 

N0.a % r4o.b /o PI0.C % O l  

26.3 49 57.0 89 1 .o 2 

19.3 36 5.0 8 64.Q 97 

8 . 3  15 2.0 3 1 .o 1 

arlumber o f  times out  of a poss ib le  54 times each matrix was chosen 
as the most l e g i b l e ,  
who chose more than one matrix as  the most leg ib le .  

as the most l e g i b l e .  

as  the most l e g i b l e .  

Figures adjusted t o  account f o r  the respondents 

bfIumber of times out  o f  a poss ib le  64 times each matrix was chosen 

CNumber o f  times o u t  o f  a poss ib le  66 times each matrix was chosen 

TABLE 6 

LEGIBILITY IflADEQUACY OF MATRIX CHARACTERS 

_I_ ri I GHT SUr: Iii BACK OF SIGN SUf: I!! FROIiT OF SIG;I 

C I  N0.a x NO. N Fio.c k 
a/ 

2.0 4 1 .o 1 25 .O 56 

13.0 29 51.5 83 3.0 6 

12.0 27 7.5 12 8.5 18 

17.0 38 2.0 3 8.0 17 

aFIumber of times out  o f  a poss ib le  44 times the l e g i b i l i t y  o f  each 
matrix was chosen as  inadequate. Figures adjusted t o  account f o r  
the respondents who chose more than one matrix as  inadequate. 
of the respondents f e l t  t h a t  none of the matrices were inadequate. 

matrix was chosen as  inadequate. 

matrix was chosen as inadequate. 

Some 

bNumber o f  t i n e s  out  of a poss ib le  62 times the l e g i b i l i t y  o f  each 

Ci"lumber o f  times o u t  of a possible  45 times the l e g i b i l i t y  o f  each 
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b u t t o n  copy 

T e l c s p o t  d i s k  on  
c a r d b o a r d  d i s k  
m a t r i x  - 9 ..*.. 
\li n k-Q-Yati c 
e n c a p s u l a t e d  o p e n  face 
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iEottoll jj See F i g u r e  3 I 
FIGURE 3 

YAGfIETIC DISK WTRIX FIOCULE 

F1 u o r e s c e n t  tu5e w 
Background  

liousinq 

0 

l u o r e s c e n t  t u b e s ,  o n e  
oni tor? of m a t r i x  a n d  
one kelov t h?  m a t r i x  

Liaht s o u r c e :  two ~- 

f' 
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i I n  Demonstration I 1  t h e  twelve p a r t i c i p a n t s  viewed the s i g n  from a 

d is tance o f  s i x  hundred f e e t ,  and only  one ambient l i g h t  c o n d i t i o n  was 

used -- sun behind the s ign.  

di f ference between the f i r s t  and the  second was t h a t  t h e  1.5" d i s k  on 

A1 though two d i sp lays  were shown, the  o n l y  

cardboard m a t r i x  was replaced by a 2.2" d i s k  on cardboard matr ix .  

I n  Table 7 the  m a t r i x  characters were ranked according t o  t h e i r  

capaci ty  t o  stand ou t  i n  comparison w i t h  a standard 16" h igh  bu t ton  copy. 

The p a r t i c i p a n t s  f e l t  t h a t  t he  2.2" magnetic d i s k  m a t r i x  stood o u t  more 

than both the 1.5" and the  2.2" d i s k  on cardboard matr ices,  and from 

Figure 4 they f e l t  t h a t  t he  2.2" magnetic d i s k  m a t r i x  was less  inadequate 

i n  standing out  i n  comparison t o  the  d i sk  on cardboard matr ices.  

TAGLE 7 

MATRIX CHARACTERS RAI'IKED ACCORDIRG TO THEIR CAPACITY - 
TO STAND OUT I N  COMPARISON WITH 16" HIGH LUTTON COPYa 

CHARACTER 

16" h igh bu t ton  copy 

Encapsulated bu lb  m a t r i x  

Open bulb m a t r i x  

DISPLAY lb DISPLAY 2' 

1 2 

2 

3 

1 

3 

2.2" magnetic d i sk  m a t r i x  4 4 

1.5" d i sk  on cardboard m a t r i x  

2.2" d i sk  on cardboard m a t r i x  

aEach character was ranked on a scale o f  one t o  f i v e ,  one befng the 

bl .5" d i sk  on cardboard used. 

c2.2" d i sk  on cardboard used. 

NOTE: Sun was behind panel. 

h ighes t  rank and f i v e  being the lowest rank. 

- 
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- N w ~ u l c n u o 3 c o o  
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177? &en bu lb  

17% Open bulb 
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Encapsulated bu 

Encapsulated bu 

sk 

sk 

b 

b 

, 

I 

4 
w 
I 



- 14 - 

CONCLUS IONS AIiD RECOFIMEN DAT IONS 

The f i r s t  choice would be t o  use a purple panel mounted w i t h  encap- 

sulated bulb matrix modules. 

degree of contrast w i t h  existing green guide signs, b u t  i t  also enhances 

the legibility of the encapsulated bulb matrix characters. 

The purple panel not only offers a h i g h  

The second choice would be t o  use a black panel mounted w i t h  magnetic 

disk modules. The black panel improves the legibility of the magnetic 

disk characters. 

of i t s  easier maintenance and lower energy consumption, t h o u g h  consideration 

should be given t o  lighting the matrix a t  a l l  times except when the sun 

i s  on the face of the sign. 

The magnetic disk module may also be desirable i n  view 

The responses t o  different panel colors variea lkss than the responses 

t o  different matrix types, i n d i c a t i n g  t h a t  matrix legibility seems t o  be a 

more important factor i n  determining sign perception than panel color  and 

brightcess. I t  should be noted t h a t  i n  the field less panel color would be 

showing t h a n  was displayed i n  the deronstraticn. 

For those who used sunglasses, the results were the same except that 

purple was identified correctly less often than b o t h  black and green, and 

the results were unchanged for the one participant who was red/green color 

blind. 

As a result of observations made by several engineers a t  n i g h t  from 

an automobile w i t h  headlights on, i t  was noticed t h a t  the button copy 

was the brightest of all  the characters used. 

t h a t  the b u t t o n  copy will be used a t  times w i t h  VMS matrices, a suffi- 

cient amount of light should be reflected or emit from the matrices 

t o  match the b r i g h t  bu t tons .  

Since i t  i s  expected 
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SPECIFICATI"I1S CF V A R I A E L E  YESSAGE tV.TRICES U S t D  

Encarsulated System 

Bulbs :  1.5" diarnEtsr G . E .  +13S5 low voltage (17 to  22 v . )  spotl ight 

design. 

Bulb protection: Individual metal cylinders the face of which was 

blue f i l t e red  glass. 

the bulbs aDpear white rather t h a n  yellowish. 

Th? blue f i l t e red  glass tended t o  make 

l ' a t r ix  Dackqround Color: Purple 

rTodule Size: 22" h i g h  by 15" vide 

T l  a c r l x  c : Size: f ive by seven 

?pen 5ystcm 

CulDs: 1 .5"  diameter G.E. 251.;. , 1 2 W .  spotlgiht d e s i y  

Culk protection: A plastic face covering t h e  front of the module. 

A sun screec, t o  help keep out direct  sunlight, was behind 

the nlast jc  face. 

! :a t r ix  Cack9round Color :  Clack 

r'odule S i z e :  21.5' '  cli9b Sy li?" wide 

r.!atrix Size: f ive by seven 

Yaqnetic 9isk 

The 2.2" disks were colored a fluorescent ye1 lol:r/c_rrcen (not retroreflectfve).  

llatrix Eacknrourd Color: C 1  act: 

t'odule Size: 38.5" h f g h  5y 43.5'' vide 

?!atrix Size: f ive Sy s2vm 

SPECIFICATIONS' OF BACKGROUNCS USED 

Flat Black 

Standard Inters ta te  Green 

Purple p a i n t  w i t h  Munsell ?.iotation - h u e  lOP, value 4 ,  chroma 8 
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C H A  NG E A B L E M E S S A G  E 6 A  C K G R 0 U t.1 D 
C 0 L 0 R D EM 0 N S T R A T I 0 f4 

Name 

Tel ephone Number , 

Do you m i n d  answering t h e  below ques t ions  regard ing  your 

v i s i o n ?  Yes no 

1 .  Have you ever  been t e s t e d  f o r  'color. b l indness?  

If  t e s t e d ,  a r e  you c o l o r  b l ind?  

n o  u red/green 

bl uelyel low 

0 a 1 1  c o l o r s  

o t h e r ,  expla in  

r; 

d o n ' t  k n o w  

I f  not  t e s t e d ,  d o  you have a n y  problems with c o l o r  v i s i o n  

t h a t  you a r e  aware o f ?  a 

n y e s ,  expla in  

2 .  Do you need t o  wear g l a s s e s  f o r  nea r s igh tedness?  

I f  y e s ,  do you plan t o  wear them? 

D y e s  on0 

Do you have a probleni seeing d i s t a n c e s  ( w i t h  g l a s s e s ,  , 

i f  needed)? 

T h i s  information wi l l  be  held i n  confidence a n d  your 
name w i l l  n o t  b e  a s s o c i a t e 4  w i t h  a n y  r cpor t ed  r e s u l t s .  
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. C HANG E A B L E M E S S A G  E BA C KG R OU N 0 

C 0 L 0 R D E I4 0 N S T R A T I 0 t i  

I n i t i a l s  

C o n d i t i o n :  

SIDE BY SIDE DISPLAY 

Ambient L i g h t  

0 S u n  i n  back o f  sign 

0 S u n  i n  f a c e  of s ign  

U C l o u d y  - no s u n  

0 N i g h t  

P l e a s e  e n t e r  your o b s e r v a t i o n s  independent  o f  d i s c u s s i o n  

w i t h  o t h e r  o b s e r v e r s .  

1 .  What i s  t h e  a p p a r e n t  c o l o r  o f  t h e  L E F T  S I G N ?  
r, n C a n ' t  t e l l  

2 .  !.lhat i s  t h e  a p p a r e n t  c o l o r  of t h e  RIGHT S I G N ?  

n C a n ' t  t e l l  u 

3 .  I n  comparing background b r i g h t n e s s e s  which s t a t e r s e n t  

s e ems b e s t  ? 

0 They a r e  e q u a l l y  b r i g h t  

0 L e f t  s i g n  i s  b r i g h t e r  

URight  s i g n  i s  b r i g h t e r  

4 .  I n  comparing t h e  c o l o r  d i f f e r e n c e s ,  which s t a t e m e n t  

seems b e s t ?  

O T h e y  a r e  very  d i f f e r e n t  

U N o t  very  d i f f e r e n t  

n Not  d i f f e r e n t  a t  a l l .  

I 



- 
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k'hich,  i f  any ,  a r e  i n a d e q u a t e ?  

0 l e f t  n m i d d l e  n r i g h t  

6. When t h e  f i g u r e s  were rnbved t o  t h e  RIGHT SIGFi,  d id  t h e  

l e g i  b i l i  t g  seem t o  change? 

l e f t  same u w o r s e  0 b e t t e r  

middle  a same E w o r s e  b:tter 

r i g h t  r! s a m e  worse b e t t e r  

klhich, i f  any,  seem i n a d e q u a t e ?  

n l e f t  n m i d d l e  l l  r i a h t  u -  Li w -  

Which of t h e  f i g u r e s  o n  t h e  RIGHT SIGN i s  most l e g i b l e ?  

l e f t  E m i d a l e  0 r i g h t  

Which i s  l e a s t  l e g i b l e ?  

0 l e f t  E r n i d d l e  a r i g h t  

I - Why? Expla in  
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Zondi t i o n :  

BOTTOM A N D  TOP D I S P L A Y  

i .  W h a t  i s  t h e  a p p a r e n t  c o l o r  of t h e  s i g n  o n  t h e  bot tom? 

O c a n ' t  t e l l  

Glhat i s  t h e  a p p a r e n t  c o l o r  o f  t h e  s i g n  on t o p ?  

8 .  The re  a r e  f o u r  e l e m e n t a r y  r e q c i r e m e n t s  which e v e r y  t r a f f i c  

c o n t r o l  d e v i c e  shou ld  meet :  1 )  i t  s h o u l d  compel t h e  

a t t e n t i o n ;  2 )  i t  shou ld  convey a s i m p l e ,  c l e a r  meanina a t  

a g l a n c e ;  3 )  i t  shou ld  a l l o w  a d e q u a t e  t irne f o r  e a s y  

r e s p o n s e ;  a n d  4) i t  should  coromand t h e  r e s p e c t  o f  t h e  

r o a d  u s e r s  f o r  whom i t  i s  i n t e n d e d .  T h e  second a n d  

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

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

I n  your  o p i n i o n ,  how does  t h i s  d i s p l a y  r a t e ,  g i v e n  

t h e s e  two r e q u i r e m e n t s ?  

\ 

Conipels a t t e n t i o n  0 Adequa te ly  

0 1nade .qua te ly  

b 

Commands r e s p e c t  Adequa te ly  

0 I n a d e q u a t e l y  

Any cornmen t s ?  
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9 .  A f t e r  hav ina  s e e n  a l l  t h e  d i s p l a y s ,  which background 

c o l o r  f o r  c h a n g e a b l e  messages d i d  you p r e f e r ?  

1 0 .  Which m a t r i x  f i g u r e s  d i d  you p r e f e r ?  

f.1 I D D L E 

Do you  have a n y  f u r t h e r  comments or o b s e r v a t i o n s .  

4 

I 

i 
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