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THE COMPARATIVE VISIBILITY OF STAND- 
ARD LUMINOUS AND NONLUMINOUS 

HIGHWAY SIGNS 
REPORT OF INVESTIGATIONS BY THE UNITED STATES BUREAU OF PUBLIC ROADS, IN COOPERATION 

WITH THE NATIONAL BUREAU OF STANDARDS 

Prepared by F. W. MILLS, Highway Engineer, Division of Highway Transport, U.S. Bureau of Public Roads 

HE REPORT of the subcommittee on traffic 
control and safety of the American Association of 
State Highway Officials, rendered at the annual 

meeting held in Pittsburgh, November 17 to 20, 1930, 
included the following recommendations: 

STANDARDIZATION OF LUMINOUS SIGNS 

Since it is uncertain what color and size of reflector buttons and 
color of background should be used on the reflector signs when 
made as a combination day and night sign, and due to the vari- 
able focal length of buttons that may be used on these signs, it is 
recommended that the Bureau of Public Roads consult with the 
Bureau of Standards in conducting a series of tests to learn of the 
most appropriate combination to use with the view of making any 
necessary changes in the present designs. 

epee eZ 

FIGURE LO sekevaR's Tee AT enhance OF feitoner a: 
SCOPE. 

important questions is the color of the background most appro- 
priate for use with reflector buttons, keeping in mind both day 
and night visibility. For instance, is a sign with reflector but- 
tons set in a black panel on a white background more efficient 
than one having buttons in a white panel on a black background, 
or is some other combination of color better? Also, the focal 
length and size of buttons as well as the number of buttons for a 
specific size of letter should be determined. 

At the annual meeting of the American Association 
of State Highway Officials, held on September 28, 1931, 
it was resolved that: 

7640—33——1 

One of the most 

The executive committee of the American Association of State 
Highway Officials appoint a special sign committee to act as a 
subcommittee of the regular association committee on traffic 
control and safety, and that this sign committee be made gener- 
ally representative over all parts of the country so far as possible 
in a group of not more than five members; that the members of 
this committee shall be drawn preferably from those members 
who are directly in contact and responsible for the installation 
and maintenance of highway signs and markers. 

FIGURE 2.—PENDULUM FOR REGULATING TIME OF OBSERVATION. 

The executive and publicity committee of the Na- 
tional Conference on Street and Highway Safety, at a 
meeting in New York City on June 23, 1931, adopted 
the following: 

After further discussion it was voted that the executive com- 
mittee of the National Conference on Street and Highway Safety 
favors the combination of the two codes in one publication and 
the setting up of a joint committee representing the American 
Association of State Highway Officials and the conference to 
formulate such a combined code and that Colonel Barber repre- 
sent the conference in dealing with the highway group in the 
appointment committee. 

Pursuant to these resolutions, a joint committee 
consisting of eight members representing the National 
Conference on Street and Highway Safety and seven 
members representing the American Association of 
State Highway Officials was created and the first meet- 
ing was held in Washington on March 24, 1932. 

In harmony with the previous recommendation of the 
subcommittee on traffic control and safety, the joint 
committee was authorized: (1) To make such revisions 
as may seem necessary to harmonize or combine the 

109 
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two codes; (2) to make such additions as will produce a 
single and complete code for both rural and municipal 
use and to complete, in cooperation with the Bureau of 
Public Roads and Bureau of Standards, investigations 
recently inaugurated covering the use of reflecting 
elements; and “) to introduce into the series of standard 
signs such other signals as may be indicated by the 
results of the investigation. 

In accordance with the second item of this authoriza- 
tion the project covered by this report was inaugurated, 
to be carried out under the leadership of Drs. J. Frank- 
lin Meyer and M. G. Lloyd for the Bureau of Standards 
and Mr. F. W. Mills for the Bureau of Public Roads. 

FiGguRE 3.—EQUIPMENT FOR NIGHT OBSERVATIONS. 

Broadly considered, the scope of the investigations 
covered three principal phases: First, personal obser- 
vations of standard signs having different color com- 
binations as between background and legend, letters of 
various standard sizes without reflector buttons being 
used for this purpose; second, night observations of 
signs equipped with reflector buttons; and third, day- 
light observations made on the same signs to determine 
what effect there is, if any, on legibility, thus furnishing 
a basis for comparing their legibility with that of the 
signs not equipped with reflector buttons. The tests 
extended over a period that included summer as well as 
Ww inter climatic conditions and offered an opportunity to 
view the signs in bright sunlight, during rains, snow, 
and fog, and against the changing ‘natural background. 

TACHISTOSCOPE DEVISED FOR REGULATING TIME OF 
OBSERVATION 

Previous investigations in this field apparently did 
not consider the essential element. of personal acuity 
as registered by time intervals. It therefore devolved 
upon “the Bureau of Standards to design an apparatus 
by means of which the periods of free observation could 
be accurately measured and the time interval changed 
at will. Several general schemes were considered, such 
as the use of shutters similar to camera diaphragms, 
but these were lacking in simplicity and portability, or 
restricted the field of vision in a greater or less degree. 

A tachistoscope, meeting these requirements, was finally 
designed at the Bureau of Standards. It consisted of 
two major units, (a) a screened eyepiece with two shut- 
ters moving in parallel vertical planes, and (b) an A 
frame or easel supporting a pendulum by which the 
time interval is regulated and controlled. The screened 
eyepiece or observer’s window is set up on an ordinary 
tripod with adjustable legs and carries the two shutters 
in front of an eye shade. The shutters are held in place 
by magnets. Figure 1 shows an observer seated before 
the eyepiece of the tachistoscope. 

The A frame supporting the pendulum is approxi- 
mately 5 feet high and 4% feet across the base. It is 
held vertical by a hinged strut at the back, thus form- 
ing a complete tripod. The front of the frame carries 
a 5- by 4-foot weatherproofed sheet of wall board rein- 
forced with battens to prevent warping. A 3- by 4- by 
6-inch block situated at the top of the frame and pro- 
truding through the wall board provides a support and 
carrier for a pendulum one meter in length. The pen- 
dulum rod extends 25 centimeters below the bob so that 
in swinging it operates contacts which open the circuits 
of the two magnets at the observing window and re- 
leases the shutters. These contacts are carried on brass 
brackets affixed to the face of the wall board in the are 
described by the pendulum. The contacts consist of a 
simple spring arrangement so constructed that when 
touched by a swinging pendulum the circuit is opened. 
One contact controls the opening shutter and the other 
the closing shutter of the observer’s window. The con-: 
tacts are attached to the bracket by a thumb screw and 
can be adjusted to any desired time interval from 0.1 
to 1.0 second or more. Figure 2 shows the pendulum 
and contacts. 

In order to minimize or entirely overcome the ele- 
ment of surprise, the switch controlling the movement 
of the pendulum, and consequently of the shutters, is 
operated by the observer. It was early recognized 
that the observer must also become used to the noise 
due to shutter movement; accordingly, in each case the 
apparatus was operated several times by the observer 
until all involuntary winking or other distraction was 
overcome and tolerance established. It was also fore- 
seen that in the course of a long series of observations 
the sequence in which the signs were displayed might 
become known to the observer and the reading obtained 
be by memory or by suggestion. This possibility was 
eliminated by reversing the order of display and. se- 
quence of changes in the signs and also the time periods 
during which they were observed. 

It is believed that the investigation has been as 
exhaustive as possible and that the results obtained 
lead to definite conclusions regarding relative efficiency 
within the scope permitted. 

For nght operations, two standard automobile head- 
lights were mounted in front of the observation screen. 
A small telescope with cross hairs, by means of which 
the light beams could be directed so as to fall upon the 
signs, was attached to the cross arm between the head 
hghts (fig. 3). 

In choosing the field for the operations, great care 
was taken in selecting a section of roadway which would 
present the average background encountered on the 
average highway. ‘The main driveway at the Bureau 
of Standards in a large measure met this considera- 
tion. It runs directly east and west, so that the sun- 
hght was directly behind the sign during the morning 
hours and fell directly on the sign in the late afternoon 
with all penumbral phases during the day. Morning 
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shadows were thus compensated for by afternoon sun- 
The roadway was of concrete near the sign in hight. 

shade of the paint used for ground color on the yellow 
signs conform to the colorimetric requirements of rule 

the far distance and of asphalt in the observer’s im-|53 of the sectional committee on colors for traffic 
mediate foreground. 
a concrete building were 
on the observer’s left and 
brick buildings and veg- 
etation immediately in the 
rear and to the right. Ob- 
servations were taken at 
200, 300, 350, 400, and 500 
feet. Figures 4 and 5 show 
the general appearance of 
the area in which the tests 
were made. 

In selecting the observ- 
ers, an attempt was made 
to obtain a complete cross 
section of actual and po- 
tential automobile drivers. 
Many observers were 
obtained from the local em- 
ployment agency through 
the interested cooperation 
of the American Automo- 
bile Association. The ma- 
jority held drivers’ permits 
but care was taken to select 
a due proportion of non- 
drivers. For the dayhght 
operations, approximately 
28 percent were female and 
72 percent male and ages 
ranged from 17 to 70 years. 
Three observers claimed to 
be colorblind but were not 
excluded on that account. 

DAYLIGHT OBSERVATIONS ON 
NONLUMINOUS SIGNS 

The nonreflecting signs 
used for daylight observa- 
tions were of three shapes 
with standard dimensions 
(24-inch diameters): (1) 
Octagon; (2) square; and 
(3) square with diagonals 
vertical (diamond). The 
ground colors were stand- 
ard Federal yellow, black, 
and white. Black letters 
were used on the yellow 
and white backgrounds 
and white letters on the 
black backgrounds. All 
letters were of standard 
height and stroke. In 
making up the various 
legends, separate letters 
were painted on heavy bris- 
tol board and attached to 
the signs as needed. This 
permitted transposition of 
the same letters or the use 
of different-sized letters on 
the same sign to check the 
accuracy of the previous reading. 

All observations were made on signs of standard 

dimensions and design, adopted by the American 
Association of State Highway Officials. 

A low concrete retaining wall and 

SUPERIORITY OF YELLOW BACKGROUND 
FOR DAYLIGHT VISIBILITY DEMON- 
STRATED; THREE-FOURTHS-INCH  RE- 
FLECTING BUTTON FOUND EFFICIENT 
FOR NIGHT DRIVING 

The findings in this investigation of standard 
luminous and nonluminous highway signs are 
briefly summarized as follows: 

1. Daylight observations on nonluminous 
signs.—All evidence points to the definite conclu- 
sion that the standard yellow background with 
black letters or design, under all conditions 
reasonably to be expected in either urban or rural 
driving, is much superior to black on white or white 
on black. In addition to the greater readability of 
the legend the yellow background has a greater 
signal value, being more arresting to the average 
observer and more conspicuous by contrast with 
the average natural or artificial background. By 
the adoption of a definite shade and hue it should 
be possible to prohibit the use of this distinctive 
shade for any roadside advertisements or signs 
other than official highway signs. 

2. Night observations on nonluminous 
signs.—While these observations were not in any 
way conclusive, the inadequacy of daylight signs 
for night driving was clearly indicated. The effect 
of a snow background was especially noted. 

3. Night observations on luminous signs.— 
Observations were made with three sizes of 
reflector button, 0.95-inch, 0.76-inch, and 0.58- 
inch, under conditions simulating both rural and 
city driving. The conclusion was reached that 
the colorless button with a diameter of 0.76-inch 
and a minimum spacing between buttons of 1 inch, 
center to center, is, in general, the most efficient. 
For rural use the 0.58-inch button has a superior 
long-range signal value, but is less readable than 
the unit of larger diameter. 

4. Daylight observations on luminous 
signs.—The effect on distinctness in daylight of 
inserting reflecting buttons in the letters is not 
serious at a distance of 200 feet, even though 
approximately 50 percent of the area of the letter 
is taken up by colorless buttons. The difference 
in the effect on black and on white letters is 
negligible. 

5. Recognition by shape of sign.—The 
practice of outlining highway signs with reflector 
buttons, so that the road user may recognize a 
potential hazard at a distance by the distinctive 
shape of the sign plaque alone, is worthy of further 
development. The use of symbols, except for the 
arrows indicating curve or direction, is not con- 
sidered as effective as outlining the sign with 
buttons. 

signals of the American Standards Association. These 
requirements have been 
adopted by the American 
Association of State High- 
way Officials as standard 
specifications and the 
shade is informally known 
as ‘Federal yellow.”’ The 
three associated elements 
of sign recognition, that 
is, shape, color, and legend, 
were reported on and re- 
corded separately. 

A 3-way telephone sys- 
tem connecting the re- 
corder at the observation 
button with the operator 
at the pendulum and the 
manipulator making the 
sign changes was installed. 
The recorder would in- 
dicate to the pendulum 
operator the time interval 
required and to the sign 
manipulator the desired 
change of the sign. In 
order that the observer 
should not be apprised of 
the character of the change 
or of the time interval, this 
information was conveyed 
either in code or by a pre- 
viously arranged sequence 
of operation. When the 
proper adjustments had 
been made, the observer 
pressed a push button 
releasing the shutters. He 
was then required to in- 
form the recorder whether 
or not a sign had been seen 
during the interval of free 
sight and, if so, its shape, 
color,andlegend. The sign 
or its legend was then 
changed. The change 
might consist of a trans- 
position of letters or the 
display of an entirely dif- 
ferent sign. The trans- 
position of letters or legend 
was particularly interest- 
ing in that it is apparent 
that if an observer could 
not read a 6-inch letter in 
a 0.5-second interval, it 
might be possible and fre- 
quently was so to read an 
8-inch letter in the same 
interval and at the same 
distance. Obviously the 
large direction arrow might 

assist or even suggest recognition of the CURVE 

sign, but if the CURVE is changed to TURN and 

a large R or L substituted for the arrow, it will 

The hue and | serve as a check on the accuracy of the previous read- 
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ing, the color, shape, and time period not having been 
changed. 

For the tests of nonreflecting signs 70 observers were 
used who made a total of 4,563 observations at the 
various distances from 200 to 500 feet. The time inter- 
vals for legibility of the legend ranged from 1.0 to 0.6 
second. This apparently was the shortest interval in 
which the legends could be distinctly read, the read- 
ability, of course, diminishing with the distance. The 
time intervals 0.5, 0.4, and 0.3 second were included to 
determine whether the observer could still see a sign at 
all and, if so, its shape, color and legend. 

The contention that when two colors are used the 
background should be of the darker color is not in 
this instance conclusively borne out because the 
superiority of white on black over black with yellow 
background obtains only at 200 feet. One explanation 
of the apparent difficulty in reading black on white is 
that sun glare on the high gloss white background 
obscures the black letters and this is apparently verified 
when it is noted that the percentages of difference 
decrease appreciably as the distance is increased. At 
400 feet both black and white combinations are equal 
and at 500 feet there is but 1 percent in favor of the 

Figure 4.—GENERAL View oF Main Driveway AT BUREAU OF STANDARDS, WITH OBSERVER’S STATION IN FOREGROUND. 

AVERAGES OF ALL OBSERVATIONS INDICATE SUPERIORITY OF 
BLACK ON YELLOW 

The average of the observations at all distances and 
for all time intervals establishes the following relative 
values: Readings of the black on white combination 
were 57 percent correct; of the black on yellow com- 
bination 66 percent correct, and of the white on black 
combination 59 percent correct. Figure 6 shows the 
variation in the percentage of correct readings with the 
distance of the sign from observer’s station. The data 
are given in tabular form in table 1. Figure 7 gives the 
percentage of correct readings for each of the various 
signs and time intervals used, and for each of the dis- 
tances from the observer. 

In analyzing this tabulation, it is interesting to note 
that at 200 feet, white on black, i.e., white letters on 
black background, had a distinct advantage over black 
on white and a slight superiority over black on yellow. | 
At 300 feet the superiority is to a small extent reversed 
with respect to the black and white combinations, being 
2 percent in favor of the black on white, but at 350 feet 
it is again 5 percent the other way. 

white on black. At all distances, except 200 feet, 
however, black on yellow has the advantage of from 
5 percent to 12 percent over either of the other 
combinations. 

TABLE 1.—Percentage of correct readings at each station, averaged 
for all tume intervals 

Distance Percent- 
from Color combination age of 

obser ver Core 
readings 

Feet 

| Black Onowhiteoete Seen ak Se aL ek. ae ee ee 85 
200 Black Om yellows coe seein oun nh ine iar getel eee 91 

Whitevon black. -0.) sees ols ie Ds ee De Oe 93. 
Black: On WiVitetineieuctae a ieee ee ta ee a eS 62 

300: |; Blacktomtyellopre oe oe een eminent en gn ee ee Tes 
White‘on black vaaeas ator.) Aen ee, i ee 60 

{ Black on’ wihtiten occ One, eee ens Senn eae oe {2 
350.15 Blacksonivello- wee Gore 0a eres o> eee) ede rn Oe 72 

White on. black: £2 :t / Ub 8 ee Ea Gr Sa ee eee ean 67 
| Black On White ssate Lee ee Beek ee ee ieee eee a ye ee 38 

4004; BIACK Ol Vollowt 2 ett el ee ee a ee 48 
White on black Meio! less, SEAR ele eee 38 
Black-on white.” =, (evs. se Nie ees Oe ee 35 

500!) Black oni yellows. ose ore Uae teers we Ue eee 48 
[White on binek-. coke oes eae ee 36 
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Figure 5.—WINTER VIEW FROM OBSERVER’S STATION. 

DATA ON MEAN AND EXTREME DISTANCES ANALYZED 

The previous discussion deals only with general 
averages of correct recognition of the signs, including 
all transpositions of the legend and time periods 
down to 0.6 second. A more complete analysis of 
the correct percentages obtained at the mid or critical 
distance and at the extreme stations (200 and 500 feet) 
follows. The data obtained with signs placed at these 
stations are given in tables 2 and 3. 

The 350-foot distance apparently is the critical point 
beyond which there is an abrupt falling off in readability 
of the signs. At this station, 17 observers (6 female 

these according to time intervals and observing the 
SLOW sign (letters 8 inches in height with 1%. inches 
stroke) at 1.0 second, we find that the black on white 
shows 78 percent, black on yellow 83 percent, and white 
on black 72 percent correct. The STOP sign (6-inch 
letters) at 0.8 second shows: Black on white 64 percent, 

100 ia 

20 2) 
PERCENTAGE OF CORRECT READINGS 

Lard bd . 

and 11 male) made 777 observations. Separating 

TaBLE 2.—Comparative visibility at mean distance (350-foot 
station) 

Per- 
, centage 

Sign Size of letter pein Color combination Pee 

read- 
ings 

Sec- 
onds 

Bisckiontwititie=es ==) eee 78 
SOWeR =. 8 by 1346 inches__- 1.0 |4 Black on yellow__.------------ 83 

Vinh leon DlACK. = eee 72 
Bide onew hile sss. ees 64 

Che Pes CRs (Won lehatel eee ee .8 {Bisex OD y CllO wee eer ones Le 78 
Wihiteton blacks. <= 22a <3 77 
Biackson wihites:- 22 snessse. =. 52 

CURVE oo. 6 by 74 inches. ---_- ntl [Bisek onsyellowa—a-s eae 64 
Wibiteion! black=-3.=2~-2---5. 65 
Black ontwihtite:s sscss2.- 225 62 

LONES 42. - 5 by 54 inches. ___- NOUN Ack On yellows - sae. oo ses 64 
Wihiteonublack= “se 22s = 63 
Blackion Wilte=-=-seeee es 56 

SUE ee ee 8 by 1346 inches___- AA [Bisek on yellowec2--~ 2) _2<2 71 
HU Wiki tevon: black sas seas. Se. 63 

200 

BLACK ON WHITE 

FiacurRE 6.—PERCENTAGE OF CorRRECT READINGS 

oF oO 300 400 OT 

DISTANCE FROM OBSERVER IN FEET 

WHITE ON BLACK 

BEAGCKION YELLOW) (——.— << 

or Non- 
LUMINOUS SIGNS IN DayuicuT AT Various Distances From 
OBSERVER. 
STATION. 

AVERAGE FOR ALL Time INTERVALS AT EACH 
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SLOW | 
BxI= 6x 

16 

STOP CURVE 
= 

6x5 
SLOW 
abel 

CURVE 
6x68 

SLOW 
8x12 Ge! 

feet STOP 
BxI1e 6x) 

60 | 

40 

20 

TATION 300-FOOT 

PERCENTAGE OF CORRECT READINGS 

CLLLM LLIN, 
350-FOOT STATION 400-FOOT STATION 

| SECOND 0.8 SECOND | 0.7 SECOND | 0 6 SECOND | 0.6 SECOND 

80 

60 

40 

GOLOR COMBINATIONS 

[saeco aa BLACK ON WHITE 

20 

BLACK ON YELLOW 

WHITE ON BLACK LIL 

CLLI ELIDA H, 
500-FOOT STATI ON 

| | SECOND | 0.8 SECOND 0.7 SECOND 0.6 SECOND 0.6 SECOND 

FicurE 7.—PERCENTAGE OF CorrEcT READINGS OF NONLUMINOUS SIGNS IN DAYLIGHT AT VARIOUS DISTANCES FROM OBSERVER 
AND FOR VARIOUS LENGTHS OF TIME OF OBSERVATION. 

2 .. ieee, 

ee ee 

a 



September 1933 eNO WE SME PT OCIS 

black on yellow 78 percent, and white on black 77 
percent correct. The CURVE sign (letters 6 inches in 
height with %-inch stroke) at 0.7 second shows: Black 
on white 52 percent, black on yellow 64 percent, and 
white on black 65 percent. With the SCHOOL ZONE 
sign (letters 5 inches in height and *4-inch stroke) at 
0.6-second interval, the percentages are: Black on 
white 62 percent, black on yellow 64 percent, and white 
on black 63 percent correct. 

At this point the accuracy of the observer’s reading 
was checked by again using the 8-inch letters on the | 
SLOW sign. Except for the black on yellow the per- 
centages obtained do not verify anticipations of 
increased legibility for the larger letter, for at the same 
time interval (0.6 second) the readings were: Black on 
white 56 percent, black on yellow 71 percent, and white 
on black 63 percent correct. 

As in the general averages previously referred to, 
black on yellow still maintains its first place with white 
on black and black on white following in that order, the 
percentages at this station being 62 percent for black 
on white, 72 percent for black on yellow, and 67 per- 
cent for white on black. 

The data are not broken down into time intervals 
showing the relative percipiency as between male and 
female drivers but the arithmetical average obtained at 
all intervals may be enlightening. The 6 females made 
297 observations and the 11 males made 480 observa- 
tions at the critical station (350 feet) with the following 
results: 

FEMALE OBSERVERS 

Percent correct 

Blacks onewitite mee ses sae ae ee ee 47 
PI ACheOnT VOU Wea. ea tt ee ee A ee 64 
Wihitesonsblackee. se - Sie. ee BAe: OW 

MALE OBSERVERS 

Percent correct 

[Bikeyel enn h down es oe 76 
Blacksonny.cll oO w:te emia se ee ye 8 he eee 79 
Wihites oni acs aes eeu ee a aa 

Possibly the relatively low female average can be 
attributed to the fact that, of the 6 observers, 3 were 
nondrivers and therefore presumably unfamiliar with 
the signs. All of the 11 males, on the other hand, held 
driving permits. 

At the extreme distances, the following results were 
obtained: At 200 feet the minimum distance, a total 
of 684 observations were made by 12 observers, 3 
female and 9 male. The time intervals were 1.0, 0.8, 
0.7, and 0.6 second and the sign copy as before. At 1 
second, black on white registered 87 percent, black on 
yellow 93 percent, and white on black 95 percent cor- 
rect. At 0.8 second, black on white registered 93 per- 
cent, black on yellow 99 percent, and white on black 
97 percent correct. At 0.7 second, correct registration 
for black on white was 84 percent, black on yellow 88 
percent, and white on black 87 percent. At 0.6 second, 
with the 5-inch letter, black on white registered 76 per- 
cent; black on yellow 83 percent, and white on black 91 
percent correct. Again at 0.6 second, with the 8-inch 
letter, a marked increase in the correct readings is 
noted, giving for black on white 84 percent, black on 
yellow 87 percent, and white on black 98 percent cor- 
rect. The difference in percentages in favor of the 
white on black as against the black on white is again 
pronounced, and white on black is superior also to 
black on yellow, except for the 6-inch letter at 0.8 
second and the 5-inch letter at 0.7 second. In com- 
paring again the visual acuity of the females with that 

of the males, quite the reverse of the condition at 350 
feet is noted, in that for all the time intervals the 
females registered 90 percent for black on white; 93 
percent for black on yellow, and 95 percent for white on 
black, as against 81 percent, 88 percent and 91 percent, 
respectively, for the males. 

TABLE 3.—Comparative visibility at extreme distances 

200-FOOT STATION 

Per- 
| cent- 

Time age 
Sign Size of letter inter- | Color combination of cor- 

val rect 
read- 

| ings 

| Fi | Z 

Seconds 
| Black on white________- 87 

SLOW _| 8 by 13%46 inches___ 1h Oaolack on vellowoeameme sss == 93 
| White Onsmlacke= sees 95 
Black on white_______- = 93 

SLOP. 6 by linches___-___ .8 {Bite On yellowases sees" 99 
Whiteontblack= == 97 
Black one: eee sae eee 84 

CURVE === 6 by 7g inches_____- iy Slack ON) yOllO Wee sae == ee 88 
| White ON OLA CR een ee 87 
Bilaciwom witless = ae aeene| 76 

ZONE _| 5 by 54 inches___-_-_- TON Black: On yellow ee =o oe eee 83 
Wihiveoniblack 22s ae soe anes 91 
| Black ODA MGC et == ee nee 84 

SUO Wenn 8 by 13i6 inches____ SON DlackOn yellows. =5. saan n= 87 
| Wihiteon black 2 22 l22 2252) _| 98 

500-FOOT STATION 

| Blackioniwiht teas =- ==. 55 42 
SLOW2==— 8 by 1346 inches__- IO) Black onyyellowese- ose ee | 58 

Wahuiteomi blac kaa me. ene see 37 
Black on white.2- 222-25 == 2 2__ 4} 30 

STOP__ AG by Linches=—-2-— 8 {Bises onuyelloweeees eee aoe 47 
Wihiteoniblack= == ses. 224} 30 
Black ontwiitos= inane 35 

CURVE____-- | 6by 78 inches-__--_- sit | REM EKO eta ONO a 39 
| |Whiteonblack...._- 37 

Blackonwihite@: .2-4-5- 2255 a 33 
ZONE _| 5 by 96 inches_____- . 6 |, Black on yellow_ 44 

| White on black. 37 
Black on white___- 34 

SLO Wee | 8 by 1346 inches___ AO) [yiblack On VelloWa-- =. see. 5.2 52 
Wihiteonipla Cheese asses eee | 37 

At the maximum distance, 500 feet, at which station 
11 observers made 600 observations, the following data 
were obtained. On the large SLOW sign at 1.0 second, 
42 percent correct for black on white, 58 percent for 
black on yellow, and 37 percent for white on black was 
registered. At 0.8 second, with the STOP sign having 
6-inch letters, the black on white shows 30 percent, 
black on yellow 47 percent, and white on black 30 per- 
cent correct. At 0.7 second with a 6-inch letter having 
a narrow stroke (%-inch) the correct readings were: 
Black on white 35 percent, black on yellow 39 percent, 
and white on black 37 percent correct. The increase in 
percentage of correct readings for the black on white 
and white on black combinations is probably due to the 
fact that the large CURVE symbol (arrow) was dis- 
played on the CURVE sign, thus introducing an element 
of suggestion to the observer. Changes on this sign 
consisted of substituting large letters R or L for the 
arrow or TURN for CURVE. At0.6 second the ZONE 
sign was first used and the changes or transpositions 
consisted of interchanging the words HOSPITAL and 
SCHOOL. These letters are 5 inches in height and 
correct registration was: Black on white 33 percent, 
black on yellow 44 percent, and white on black 37 
percent. 

It is interesting to note that at this point several 
observers were asked if the copy was clearly read or if 
the identification was made from the picture as outlined 
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by the length of the words. A number of observers 
claimed that they actually read the words but perhaps 
a greater number identified the sign by reading the 
shorter word and guessed at the longer. Comparing 
the readings of the ZONE sign at 0.6 second against 
the 8-inch letter of the SLOW sign at the same inter- 
val, we find an increase of 1 percent in efficiency of the 
larger letter over the smaller in the case of black on 
white and 8 percent in the case of the black on yellow, 
while the white on black registered no difference. 

RESULTS OBTAINED BY OTHER INVESTIGATORS DISCUSSED 

As previously indicated, exhaustive investigations of 
sign color combinations have been made in university 
and commercial research laboratories and by. State 
highway departments, but apparently this is the first 
time that there has been an opportunity for estimating 
personal percipiency or reaction of the road user as 
measured by a definitely controlled time interval or 
factor. In effect, the percentages quoted confirm 
deductions made in some of the laboratory tests 
although these may have dealt primarily with the 
visibility of color used on automobile tags and not 
exclusively with highway signs. 

From the investigations made last year by Prof. A. R. 
Lauer, of the department of psychology, Iowa State 
College, under the auspices of the National Research 
Council, it appears that yellow for backgrounds is better 
than orange; but Professor Lauer’s deductions that light 
backgrounds are always better than dark was not com- 
pletely verified. In connection with the studies made 
in the office of the New Jersey Traffic Commission at 
Trenton, Mr. A. H. Vey reports that it appears that 
white on a black background gave from 15 to 20 percent 
ereater distance legibility. No such superiority of 
white on black over black on white is indicated in 
these tests. Mr. Vey further expresses the opinion, 
however, that black on white is more adaptable under 
certain conditions, which will depend upon the back- 
ground; and will probably give better service. He sug- 
gests that any objections to the black background might 
be overcome to a large extent by designing a wide white 
border around the sign. 

In his treatise on Color and Its Application, 1921, 
Mr. M. Luckiesh, quoting a report from Le Courrier 
du Livre, gives the combination black on yellow as first 
and white on black as tenth in his list of 13 color com- 
binations. The customary black on white is sixth. 
This rating is borne out by these investigations only as 
applying to the black on yellow. On the other hand, 
in an unpublished investigation of automobile license 
tags made by the National Bureau of Standards, it 
developed that the black on yellow combination was 
fourth in the list of 25 combinations investigated. 
Black on white was eighth and white on black was 
eleventh. These three combinations gave 93.2, 91.1, 
and 87.7 percent, respectively, of correct readings. 

These ratings, while supporting in a measure the 
present investigations, are not necessarily conclusive 
in that the time interval of free sight was not considered, 
nor was any attempt made to relate the observing time 
to the distance at which the tags were legible. 

RAPIDITY OF RECOGNITION OF SHAPE, COLOR, AND LEGEND 

The rapidity with which the average individual 
observer could select or pick out a sign from its sur- 
rounding background and recognize its shape, color, or 
legend was tested at time intervals of 0.5, 0.4, and 0.3 
second. In only a negligible number of instances and 

at the minimum distance were observers able to identify 
the sign by any of these characteristics at intervals 
shorter than 0.3 second. The SLOW sign with an 
8-inch letter and the STOP sign with a 6-inch letter 
were used for this purpose. In all, 600 observations 
were made by 50 observers. The average percentages 
of correct readings, combining all three factors and 
including all distances, are given in table 4. 

Here the superiority of the black on yellow is again 
apparent, except at the 0.5-second time period, where 
black on white has a 8-percent advantage. This 
superiority is most pronounced at the minimum of 0.3 
second. 

TaBLE 4.—Percentage of correct readings of shape, color and legend 
combined, at short time intervals; average for all distances 

, Per- 
centage 

Sign ee ee Color combination Gee 

read- 
ings 

Inches | Seconds: 
Black-onswihite 33252 ee eee ee 78 

STOP 3a= =a eae 6 0.5 [Blsek On: yellows Seca ee eee 75 
Wihiteion bia.ckes222se= 2 3= = - ae 60 
Black on whiten = 5ese eee 54 

SLO Welt2e = 8 au! [Bees OM VCO Wisse ee eee 64 
Wihiterom black 22s: see. = eae 56 
Blacks Oni win GG ee eee eee 28 

STOP = 6 Fou BACK On, Yellows seems tee see eee 45 
‘Wilaiteomilil ck eae eee ees 33 

In tables 5, 6, and 7, the component characteristics of 
shape, color, and legend, are separated. Table 5 gives 
the data for recognition by the shape of the sign. 

TaBLE 5.—Correct recognition of shape at short time intervals; 
average for all distances 

Per- 
ime centage 

Sign Shape of plaque | inter- Color combination of 

val read- 
ings 

Seconds 
Black’oniwhit@es sss. ssseeee 85 

STOP222= Octagonseeess ae ON} Blackson-yellowss==so==e eee Te 
White! Oni plac kas saan 59 
Black oniwihite@se.. == eae anne 61 

SLOW_.____-_ Lamon 2 eee 740 |, black on yellowoeses see e see 66 
Wihite ont plack==sas= == =—aae bats: 
Black oni whiten. 222) eso 32 

STORS22—2 Octagonzes seas = ares {Biaex On yell OWaee see = eee 49 
Wihtteoniplacks\s=ss===s===as== 33 

The advantage of the black on white at 0.5 second 
may possibly be attributed to the contrasting back- 
ground aided by a bright afternoon sunlight falling 
directly on the sign. This advantage, however, did not 
obtain at the shorter intervals, at which black on yellow 
retains its superiority. 

For recognition of color, a feature which is perhaps 
the most important of the three factors, in that the 
element of color contrast with surrounding backgrounds 
is paramount, the results were as shown in table 6. 

These percentages clearly indicate the superiority of 
the Federal yellow for ground color. This superiority 
is most marked at the shortest interval. The high 
percentage of the black on white at 0.5 second seems to 
check the assumption previously made that bright sun- 
light materially assisted in accentuating the contrast 
with the surrounding background. 

Table 7 gives the results for correct readings of the 
sion legend only. 
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TABLE 6.—Correct recognition of color at short time intervals; 
average for all distances 

Per- 
Time centage 

Sign inter- Color combination of cor- 
yal rect 

read- 
ings 

Seconds 
Black on“whitte:-2-4 54. 2) eee eee, os 91 

SHOR a ee er ies 0nd) |) Black onlyellow- 222-2522 oe Swen tee 92 
Winite.on placks—o 5s. sees sae 7 fen 52 75 
Blackiontwihite:t se Vy eee 68 

SLOW = = 4 IACkaOmeyOllO Wee om queens Seek 2 84 
NY RUGOVOTL DLS CK ee eee ee! Se te eS 68 
BIsck onewihiter se 520" Sea ees er ee: 31 

SHO) 2. <= ee Be Blacks Onley CULO W:senete fe.) See ee 54 
WYihiterom black 2.22282 lee 38 

TaBLE 7.—Correct reading of legend at short-time intervals; average 
for all distances 

Per- 
ie Time centage 

Sign Sena sab Color combination ee 

; read- 
ings 

Inches | Seconds 
BIA CK OMNWIiG Ge: eta sae eee ae he 58 

ref) BLOT be ae ee eres 6 OF0 Us DlackconkyOlOWs 222-5 aoe ee 55 
Wihtte:on bl aelc. 2. aie st Sosa oe oe. 47 
{Black Ong ibee tse ee eae Se 33 

SLO IC 2 eee 8 a BI SGke OUI VCLLOM ses eenes ew tas ee 40 
[Witte on black......-cc.:scssc... 44 
Blaeks On whites a= =e see ee 18 

Ch hos 2a Seen ee 6 Born lack Om velo Woes -eaet eee eo 27 
WiHLLe@ om DIaGker uae eee eee ee 27 

At these intervals no attempt was made to check the 
observer’s accuracy by transposing or otherwise 
changing the letters and the data may not be conclusive 
because it was felt that at least some observers had 
subconsciously memorized previous indentifications. 
As the interval shortens the decreased accuracy is con- 
sistent with the decreases in the shape and color read- 
ings. he general averages for the three short-time 
intervals and at all the distances but for each of the 
elements of recognition, as shown in table &, gives a 
very concrete idea of the weight the respective com- 
ponents bear to complete recognition. 

TABLE 8.—General averages of correct readings of shape, color, 
and legend at 0.5, 0.4, and 0.3 second for all distances 

Color combination Shape Color Legend 

Percent | Percent | Percent 
UEC OAT Pes, ee ee er 59 63 36 
IeCRaO Ty OLLO Wate eee oe ee eee ee 64 77 41 
MusuibesO ne DING hese oe ee pee Sees Sy 49 60 39 

- | 

Here the fact that black on white is superior to white 
on black in the first and second cases is possibly due 
to the element of glare which did not affect recognition 
of either shape or color. For legibility of legend, how- 
ever, white on black has 3 percent advantage over 
black on white, and black on yellow is more readily 
picked up than either of the other combinations. 

Reading at the mid or critical distance of 350 feet 
before referred to and distinguishing between the factors 
shape, color, and legend, we have the following results 
at these short intervals. For recognition of shape, 
black on white gave 51 percent, black on yellow 55 
percent, and white on black 42 percent. Here, as in the 
general average, the superiority of the white over the 
black background is again demonstrated, but the lead 

7640—33——2 

of the yellow is maintained. For recognition of color, 
black on white gave 55 percent; black on yellow 73 
percent; and white on black 64 percent. This reverses 
the black and white order as shown by the previous 
percentages. For recognition of legend, black on white 
gave 37 percent; black on yellow 50 percent; and white on 
black 42 percent, again confirming the general averages. 

At the minimum distance (200 feet) and for the same 
time intervals, that is, 0.5, 0.4, and 0.3 second, the 
following results were obtained. For recognition of 
shape, black on white registered 55 percent correct, 
black on yellow 81 percent, and white on black 85 
percent. As to color, black on white registered 65 
percent, black on yellow 89 percent, and white on black 
85 percent. As to legend, black on white gave 58 per- 
cent, black on yellow 77 percent, and white on black 
87 percent correct. At this short range, it is aifficult 
to understand why the white on black sign should be 
so distinctly superior to the black on white. For color, 
however, the black on yellow is still superior to the 
other combinations. 

At the maximum distance of 500 feet there is a re- 
versal of the relative ratings of the black and white 
combinations, as compared with those obtained at the 
minimum distance of 200 feet, as the following will 
show. For shape, black on white registered 65 percent, 
black on yellow 65 percent, and white on black 23 per- 
cent correct. For color, black on white registered 65 
percent, black on yellow 81 percent, and white on 
black 43 percent. For legend, black on white registered 
17 percent, black on yellow 14 percent, and white on 
black 10 percent. For all three characteristics, black 
on white is superior to white on black, but black on 
yellow still leads. Especially significant is the high 
percentage of correct color readings, 81 percent for 
black on yellow as against 65 and 43 percent for the 
black and white combinations. With the varied back- 
eround of foliage and artificial culture, it was not 
difficult to recognize the yellow even though the time 
interval was reduced to 0.3 second. The white sign 
contrasted distinctly with the natural background. 

Analysis of the recognition of each of the three com- 
ponent elements by time interval at the critical station 
(350 feet) clearly presents the comparison sought and 
it is unnecessary to break the data down into the time 
factors obtained at the other stations. The con- 
sistency of the data obtained at the 350-foot station 
with the comparisons shown in the general averages 
for all distances is significant. The detailed data for 
this station are given in table 9. 

REASONS FOR SUPERIORITY OF BLACK ON YELLOW DISCUSSED 

The foregoing data are sufficiently exhaustive to 
indicate definitely that the black legend on the yellow 
background has a distinct advantage over either the 
white on black or black on white combinations and 
that the selection of this combination by the American 
Association of State Highway Officials is fundamentally 
correct. 

In arriving at this conclusion two features which 
enhance its value as a signal, the rapidity with which a 
driver’s attention is attracted to the yellow sign and 
the conspicuousness of its contrast with surrounding 
backgrounds, have been duly weighed. By signal 
value is meant the maximum distance at which a sign 
can be identified as a sign regardless of the distance at 
which its message becomes clearly readable. At dis- 
tances of 350 feet or greater, with the 0.5 to 0.3 second 



118 PUBLTClROADsS Vol. 14, No.7 

80 

60H Hy 

PERGENTAGE OF CORRECT READINGS 

20 

fe) 

3 
8x1i 
SLOW | STOP CURVE | ZONE 

6X5 5x2 
eee S 8 

5 

we, 

ZZILILIZIZ 
| 

a. 

ASE SLA: 

LIE, me 
IZ. 

CELE DEES SMM Tbe ONT ED SI, 

[ 1.0 SECOND 

“s 

0.8 SECOND | 0.7 SECOND | 0.6 SECOND 0.6 SECOND 
J 

CURVE | ZONE 
5x2 

LLL LEA LLL PID PALE DYED 
RECOGNITION O SHAPE 

SLLERMESE EAMES AEDE SMM MESSED, ee ————— CLL D EMM TERM MAD SES, IM III LO 
n 

OLDISOED EL SAE WMHS 
RECOGNITION OF LEGEND 

t 

4 
[ O SECOND | 0.8 SECOND | O 7 SECOND | 0.6 SECOND | 0.6 SECOND | 4 

COLOR COMBINATIONS 

BLACK ON YELLOW) fesse Enis 

WHITE ON BLACK SLLLALLL STS) 

BLACK ON WHITE 

Figure 8.—NIiGuHtT OBSERVATIONS ON NONLUMINOUS SIGNs: CoMPARATIVE READABILITY AND RECOGNITION OF SHAPE, Couor, AND 



September 1933 

TABLE 9.—Correct recognition of shape, color, and legend at 0.5, 
0.4, and 0.3-second intervals at 350 -foot station 

Per- 
; centage 

_ Time Recognition of— Color combination of : 
interval : 

correct 
readings 

Seconds {Black ongwhites.2-8_ = = Sp ECs is 
ONbEobapes. =. 22. 22 Bisckonpyello wes sean tee eS 68 

White on black 58 
Black on white___ 80 

POmmCOlOne eee Lal ce eos Black on yellow-- 80 
White on black_- Z Ze 71 
Black on white_____- Ce a Be 55 

5 | Legend _|; Black on yellow _ 61 
Wit Cr O ne Le C Kaen eee ee 2 a Se, 45 
BISCkOnkWwihit Gs eae ae eee eee oe eee ee 60 

HSAs sneer sos Se BlacksOne yell Ow eee se ee es yee 51 
IW nivesonto lacks =a. ae een eins eee 39 
IBIACKOMAW HtG se 2 eee ee ee See 60 

Aa Colona eee Boe ee Blacksonyello Wess es ee tee 80 
Wihite.on black sae =- ae sear eee 80 
Blacksonwhiteswes oes eee = Se Le 4] 

Stal A Begey te ee ee Black on yellow.------=.--- Pie. SS Bee 51 
White on black______- See Se ae 58 
ABV EVA ar \AGIIKe. pee oe oe 19 

MOUS UADOsee rant a es ee oa Black on yellow-_-__-- Bae Shee ee eS 50 
Wihiteson black sae a eas ee ee ete 29 
Blackstone wiittemecers ees ea eee 25 

aril (OGL ee Se eee ee eee Black on yellow_- = 56 
White on black a 35 
IB ACKION WiltQses=s=nes == =P 13 

Pay: |) a Df stexs) 0 YGLe =e ee eae [Black ORS el OWaeeesen a aoe ae ed 38 
WELLS ON DLa CK opeesen i eon ee ee ee 23 

time intervals, particular advantage is seen for the 
yellow background and at 300 feet or less the wording 
becomes progressively more legible. At 40 miles per 
hour a car will cover 59 feet per second, so that if the 
driver’s attention is attracted to the sign at 350 feet, 
he will have 3 seconds in which to arrive at a point 
approximately 180 feet in front of the sign, where 
legibility is reasonably assured. 

NIGHT OBSERVATIONS ON DAYLIGHT SIGNS 

As a proper supplement to the comparisons made in 
daylight, 260 observations of signs unequipped with 
reflecting units were made at night. The observing 
personnel consisted of 4 females and 6 males, a total of 
10 observers. The general location was the same as 
that used in the daylight tests except that on account 
of side illumination from street lamps and adjacent 
buildings it was necessary to change the position of the 
test object. Automobile headlights of a type approved 
by the Eastern Conference of Motor Vehicle Admin- 
istrators were mounted in front of the observer’s screen 
previously described. The observing platform was 
set up in the right hand driving track of the highway 
and the signs were placed on the road shoulder ap- 
proximately 2 feet to the right of the pavement edge. 
The headlight beams were directed straight ahead with 
the vertical angle such that the cut-off of the beam fell 
approximately on the upper third of the sign, thus 
ae as far as possible actual driving conditions 

g. 3). 
By experiment it was found useless at night to at- 

tempt to read the daylight signs at distances greater 
than 200 feet. For this reason the data presented are 
confined to that distance. At distances in excess of 
200 feet, the black sign could not be distinguished from 
the surrounding background, except when piles of snow 
furnished a contrasting field. In a lesser degree this 
is also true of the yellow background. The white 
background seemed to merge into the illuminated 
pavement or snowbank; and iffit was distinguished at 
all the observers invariably claimed to have seen a 
yellow sign. This may have been due to selective 
reflection or to the yellow hues of the light beam. 
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Briefly, it was felt that the data obtained at distances 
greater than 200 feet would not be susceptible of any 
real differentiation and could not serve as a basis for 
comparison. At 200 feet the black sign was in distinct 
contrast with the snow background, resulting in 100 
percent correct recognition of the color, as against 74 
percent for legend and 83 percent for shape. 

As in the daylight tests, four signs were used, L.e., 
SLOW, STOP, CURVE, and ZONE. The time inter- 
vals for reading the shape, color, and legend were 
1.0, 0.8, 0.7, 0.6, and 0.5 second. 
In order to determine the general readability of the 

signs under these conditions the device was employed 
of transposing letters and determining whether the 
transpositions could be picked up by the observer. 
The data on comparative readability are given in the 
first panel of figure 8. Average values for the different 
color-combinations were as follows: 

Percent 
correct 

Biscktonawhl tess = wae eee ee a Ra ee a 54 
Bis cksone yellow see een eee eee te 67 
Midaundoronnioleyolie. a Sok ee ee 59 

The remaining panels of figure 8 give the data on 
recognition of shape, color, and legend, respectively, 
and of shape, color and legend combined. Average 
values are given in table 10. 

TaBLE 10.—Night observations on daylight signs; average per- 
centages of correct readings of shape, color, and legend for all 
tame periods at the 200-foot station 

| Percent- 
ania oe . et es age of 

Recognition of Color combination gaurd: 

readings 

DlackOn willl Giese 88 
SHapete = see oe ome AIS a 2 Black<On Vell 0 wee ee ae = ae eee 100 

Wohitero nba che tere ae ae eee &3 

BS TACK We WiELUG see ee a eee 51 
Color see ee ee eee ales ACK OI VOLIOWisatt oe eee nee 94 

| White Nie Dl ACK Sie ame paneer ae 100 

Bleck: Om White=c-1= es eae 80 
Legvendt asso nape se a eee = Blackson- vellow=2= ee aes een ae 71 

Waltiesonib la chaps === seen ae eee 74 

Thus it seems that as a sign the yellow background 
contrasted more distinctly with its surroundings and 
was more easily recognized than either the black on 
white or white on black; but the legend was more 
legible on the latter two signs. It should be remem- 
bered, however, that the yellow tinge of the light beam 
threw a distinct yellowish hue on the white sign. The 
probability of this effect was called to the attention of 
the observers and it is possible that they were influenced 
thereby to a greater or less degree in their decision, 
calling the white sign yellow. 

NIGHT OBSERVATIONS ON SIGNS EQUIPPED WITH REFLECTING 
UNITS 

In carrying on the night tests for signs equipped with 
reflecting units (buttons) the same general procedure as 
for the daylight signs was followed but, inasmuch as a 
differentiation between reflectors of different diameters 
was sought, it was necessary to make up three sets of 
letters required for each sign. As the painted bristol 
board letters used on the daylight signs could not be 
perforated to receive the reflectors, letters punched 
to receive the reflectors were stamped out on aluminum 
sheets. These letter silhouettes were countersunk 
into wood blocks which in turn fitted into their respec- 
tive places across the body of the sign proper. This 
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permitted rapid change or transposition of letters 
equipped with different-sized buttons. The buttons 
used were white or colorless and of three diameters, 
viz, 0.95-inch, 0.76-inch, and 0.58-inch. These are the 
overall dimensions of the mounting flange. The optical 
diameters were 0.76, 0.58, and 0.41 inch, respectively. 
Figure 9 shows examples of the signs with reflector but- 
tons and the manner in which they were fabricated. 

FiaurE 9.—EXAMPLES OF SIGNS EQuippED WitH REFLECTOR 
Burrons, SHowine Meruop or FABRICATION. 

Because of the different shapes and superficial areas 
of the various letters, spacing between reflecting ele- 
ments could not be made constant except at the expense 
of proper definition. The letters L, T, and E, as shown 
in table 11, serve as a basis for the comparison of the 
spacing of the different-sized buttons and the relative 
areas occupied by them. 

The SLOW and STOP signs, and CURVE and 
TURN signs with directional arrow symbols were used. 
The SCHOOL and HOSPITAL ZONE signs were not 
included. Signs of this character are not usually 
equipped with reflecting buttons; the width of the 
letter stroke would admit the 0.58-inch button only 
and even this would leave practically no margin. 

There were 13 observers, 11 male and 2 female. 
The total number of observations was 652. Observ- 
ing stations included the 200 and 300-foot stations for 

RUBE CGAROAD Vol. 14, No. 7 

TaBLE 11.—Proportions of areas of letters occupied by reflecting 
buttons of different sizes and spacing 

Space Area 

Diam- tere ing, | occu- rer e 
Letter Size Area | eter of é center | pied g 

ip but- of total 
utton asa to by but- aan 

center | tons 

Sq. ins. | Inches Inches | Sq.ins. 
8 by 1%6 imches___| 12.84 0.95 8 13% 5. 67 44 
6: by: dhinchese===- 9. 31 . 95 7 14 4.96 53 
6 by 7 inches_____ 10. 06 .95 (1) (1) (4) (1) 
8 by 1346 inches___| 12. 84 ii 11 1 5.09 39 
GC byslinchessese=. 9. 31 ahi ill 1% 5. 09 54 
6 by % inches-_-__-_- 10. 06 a6) 12 3 5, 55 §2 
8 by 1%6 inches___| 12.84 . 58 14 34 3. 70 29 
6 by 1 inches__-__-- 9. 31 . 58 11 1%6} 2.91 31 
6 by 7% inches- ___- 10. 06 . 58 16 34 4, 23 40 

1 The letter E in this series did not admit the large button. 

complete data and the 350-foot station for confirma- 
tory data on the 0.95-inch button only. 

In the night observations on signs equipped with 
buttons the ground color was not considered especially 
important, and was not used as a factor. 

The general average percentages of correct readings 
for the four signs used in these observations are shown 
in figure 10. At 200 feet, the general averages of cor- 
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Fieurr 10.—Nicut OBSERVATIONS ON LUMINOUS SIGNS; 
AVERAGE PERCENTAGES OF CorrREcT READINGS FOR D1rF- 
FERENT SIZES OF BuTTON. 

rect readings of the four signs and for all time periods, 
are: On the 0.95-inch button 74 percent correct; on 
the 0.76-inch button 88 percent correct; and on the 
0.58-inch button 58 percent correct. 

At 300 feet, the results are as follows: On the 0.95- 
inch button 39 percent correct; on the 0.76-inch button 
54 percent correct; and on the 0.58-inch button 42 per- 
cent correct. 

At these distances the 0.76-inch button is apparently 
the most efficient. Several observers intimated that the 
reflection from the 0.58-inch button dispersed in such a 
manner as to make the word illegible. On the other 
hand the small button was noted to be particularly 
brilliant, and thus a great measure of signal value or 
attention arresting attraction may attach to its use. 
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The large 0.95-inch button has an advantage over the 
smallest button at 200 feet but at 300 feet the condition 
is reversed and probably can be attributed to the fact 
that at the greater distance glare on the 0.58-inch button 
proportionately decreased. Observers also intimated 
that the 0.95-inch button lacked in brilliancy when com- 
pared with the other two. 

Figure 11 gives the detailed data for each time period 
and size of letter. Table 12 gives the same material in 
tabular form for the 200- and 300-foot stations. 

TABLE 12.— Night observations on luminous signs; average percent- 
age of correct readings by time period with different sizes of 
reflector button 

AT 200 FEET 

Percentage of correct 
readings 

a ; | Time 
Sign Size of letter 

interval 0.95- | 0.76- | 0.58- 
| inch inch inch 
buttons} buttons| buttons 

| 
Seconds | 

St ON eee eee Sa yal toucneseaeta-se == 1.0 81 94 69 
oes =. | OLby.limches== pe eee .8 81 94 50 | 
PUN Soe ne Gibyalinchesee ne ee es) + a 81 88 62 
WURV Ret) = 22: 6 by 7% inches__ eae pect Ai = ees 88 44 
CUNO A tse se aoe 6 by 1 inches. a he 69 81 62 
CD WV eee 8 by 134 6 inches_- ee eee Sapeh 56 88 62 

AT 300 FEET 

2) KO} ee Sub ees tiowChesseesseeene se eae 1.0 60 85 75 
oC) Pee ne 2s Gibyelanenes = ey eee .8 30 60 60 
pike Nes 6 by 1 inches_- pa ay | 33) 55 15 
ASU Y Beto ss 2 6 by 7% inches__- Efe | royal (es ee 45 20 | 
iO Pee 6 by 1 inches. eee eae | .6 35 45 40 
SUTOM Eee 8 by 1346 inches__ = get Sead 5 35 35 40 

4 : = = 9g cal The two readings at the 0.6-second period were taken 
to check accuracy. The stroke of letters in CURVE 
is narrower than in STOP and the word itself has a more 
crowded appearance and is more difficult to read unless 
the meaning is suggested by using the direction arrow. 
Asin the case of the TURN sign, the letters R or L were 
frequently substituted for the direction arrow as an 
additional check. The width of stroke of letters in the 
CURVE sign is too narrow to admit the large button. 

These tabulations confirm deductions made from the 
general averages but it is especially interesting to note 
the apparent efficiency of the 0.76-inch button at 200 
feet. With the 8-inch letter of the SLOW sign at 1.0 
second, the readings were 94 percent accurate and at 
0.5 second on the same sign this had decreased by 6 
percent. In the case of the 0.95-inch button the de- 
crease was 25 percent. With the 0.58-inch button there 
was an increase of 18 percent between the readings of the 
congested lettering in the CURVE sign at 0.6 second 
and the more open lettering on the STOP sign at the 
same interval. This wide difference also occurs at the 
300-foot station and apparently justifies the assump- 
tion that legibility is greatly impaired by glare. The 
pattern on the word CURVE contributes largely to 
this feature. 
“At the 350-foot station the average of correct obser- 

vations of the 0.95-inch button fell off to 35 percent and 
it was not considered worth while to increase the num- 
ber of observations or to go to greater distances. Sev- 
eral signs, however, were carried back to 450, 500, and 
600 feet to ascertain signal value, disregarding time 
period for readability of the legend. The distinct 
brightness of the 0.58-inch button was again noted to 
a degree not obtained with either of the larger-sized | 
buttons. 
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Bxi% | 6x! 6x I 6x5 | 6 xI\ 
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Figure 11.—NiIGHT OBSERVATIONS ON Luminous Sieans: Db8- 
TAILED PERCENTAGES OF CorREcCT READINGS FOR DIFFERENT 
Stans, T1iME INTERVALS, AND S1zES OF BuTTON. 
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LONG-RANGE IDENTIFICATION ASSISTED BY OUTLINING MARGIN 
OF SIGN WITH REFLECTOR BUTTONS 

At these distances observations were also made of 
signs outlined by inserting 0.95-inch buttons in the 
margin as shown in figure 12. The shapes thus out- 

Fiaurp 12.—Sians witnh Mareins OUTLINED BY REFLECTOR 
BUTTONS. 

lined were distinctly visible and could readily be de- 
scribed at all distances up to 600 feet or more. At 
extreme distances, however, some observers confused 
the octagon with the circular railroad sign. The char- 
acteristic difference in the illuminated outlines of these 
signs is the luminous cross bar carried on the railroad 
disc. Apparently this feature was noted by some 
observers and to that extent assisted in accurate differ- 
entiation. To other and presumably less acute ob- 
servers the luminous outlines presented no material 
difference at distances greater than 500 feet. For 
long-range identification of a warning sign at night, the 
definition of shape by marginal installations of reflecting 
buttons has much to recommend it. 

The idea of attributing special significance to the 
shape of the sign plaques was one of the first considera- 
tions in the design of standard highway signs adopted 
by the American “Association of State Highway Officials. 
Obviously rapid and perhaps subconscious recognition 
of the sign warning by this method is largely a latter 
of education of the driving public. It is believed, 
however, that the indication of potential hazards exist- 
ing on the highway as shown by a series of differently 
shaped signs will more readily appeal to the average 
road user than will a series of symbols such as has been 
recommended in some of the codes adopted by foreign 
governments and suggested for international usage. 
Outlining the shape of the sign by reflecting buttons for 
night use undoubtedly merits further investigation than 
the limited scope afforded by these tests. 

RURAL AND CITY DRIVING CONDITIONS COMPARED 

The night observations described up to this point 
were taken under full headlight illumination which at 
200 feet was 0.2 foot-candle on the sign and at 300 
feet was 0.1 foot-candle. Every effort was made to 
obtain actual rural road driving conditions. Surround- 
ing street lights were extinguished and window lights 
from adjacent buildings were screened. 

The investigation would not have been complete 
without an attempt to compare rural with city driving 
and to this end lights in adjacent buildings and street 
lights were turned on, and the headlights were dimmed. 
Observations, however, were restricted to the 300-foot 
station and four observers made 136 observations 
with the following results. Readings on the 0.95- 

inch button were 35 percent correct, on the 0.76-inch 
button 63 percent correct, and on the 0.58-inch button 
81 percent correct. In figure 13 these results are 
compared with those obtained at the 300-foot station 
under rural driving conditions (full headlights). 

Attention is particularly called to the increased 
efficiency of the small button under the city driving 
conditions. An appreciable increase is also found in 
the 0.76-inch button. This is probably due to the 
absence of glare under subdued lights or to the in- 
fluence of the extraneous lighting combining with the 
headlight beam. 
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Figure 13.—Nicut OBSERVATIONS ON LUMINOUS SiGNns: Com- 
PARATIVE READABILITY OF Signs UNpER City anp RURAL 
DrivinG ConpiTIONS AT 300-FrooT STATION. 

DAYLIGHT OBSERVATIONS OF SIGNS EQUIPPED WITH REFLECTING 
BUTTONS 

Responsible manufacturers have laid great stress 
upon the reflecting values of their individual products 
and arguments in favor of this or that design have 
invariably emphasized advantages of brilliancy of the 
reflected beam, breadth of the angle of reflection, 
focal length, and other special characteristics of de- 
sign, but have not considered their effect on the day- 
light legibility of the sign wording. It is recognized 
that many of the hazards inherent in a roadway, 
such as abrupt curvature, road intersections, railroad 
gerade crossings, etc., readily seen in daylight, require 
adequate sign protection at night. This condition, 
however, should not operate to minimize the daylight 
values of the warning signs. The tests on signs 
equipped with buttons’ were, therefore, extended to 
cover daytime observations of the SLOW, SOR 
TURN, and CURVE signs at distances from 200 to 
400 feet. Black letters on yellow background and 
white letters on black background only were used. 

Twenty-nine observers, of whom 9 were female and 
20 male, made a total of 2,098 observations. 

Figure 14 gives the percentages of correct readings 
in daylight, at distances from 200 to 400 feet, for signs 
equipped with the three sizes of button. For purposes 
of comparison, the average percentages obtained at 
these distances with daylight signs having the same 
backgrounds (black on yellow and white on black) are 
also plotted in this figure. Table 13 gives the com- 
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parative data in tabular form. Detailed data for the 
various distances are given in figure 15. 

TABLE 13.—Comparative readability of luminous and nonluminous 
signs under daylight conditions; average percentages of correct 
readings at each station for both black on yellow and white on 
black 

Percentage of correct readings 

At 200 At 300 At 350 At 400 
feet feet feet feet 

CDSS SUP CTs gS ee pe 92 65 7 43 
PUN ECONO HONS 222-8 ooo. cose ooan a | 55 | 68 31 22 
PP ETIO LM OIUCOUSS 95 owe eee 74 63 25 30 
es-inck buttons. -- ---=.-1 -=.-- -| 64 | 67 27 25 

| 

The percentages for the daylight signs were obtained 
from observations made in relatively bright sunlight 
during the summer months, whereas observations for 
the button-equipped signs were made in January with 
the sky overcast during a portion of the time. At the 
350-foot station, observations were made during heavy 
snowfall, which probably accounts for the abrupt falling 
off in the percentages computed for that station. At 
the initial station (200 feet), however, atmospheric 
conditions affecting visibility were the same at both 
periods of observation and it is interesting to note that 
with approximately 49 percent of the area of the black 
letters occupied by the buttons, the legibility materially 
decreased. A tabulation of the detailed data for the 
200-foot station is given in table 14. 

TABLE 14.—Comparative readability of luminous and nonluminous 
signs under daylight conditons at 200 feet 

Percentage of correct readings 

Time r Sign inter- | with. With buttons 

val out 
but- = 

si 0.95- 0.76- 0.58- 
tons inch inch inch 

Seconds 
1.0 94 81 94 94 
.8 98 38 87 81 
adi 87 68 56 62 
.6 7) al, eee 50 38 
.6 92 44 75 56 

100 

PERCENTAGE OF CORRECT READINGS 

Oo 4 

200 300 4,00 

DISTANCE FROM OBSERVER IN FEET 

SIZE OF BUTTONS 

0.95 INCH ON CAIN CA ae OnoOuINGH 

NO BUTTONS —-— 

Ficure 14.—ComparRaATIvE READABILITY OF LUMINOUS AND 
NONLUMINOUS SIGNS UNDER DayLIGHT CoNnDITIONS; AVERAGE 
PERCENTAGES OF CorrRECT READINGS AT EACH STATION FOR 
Bots Biack oN YELLOW AND WHITE ON BLACK. 

The visibility of the button-equipped signs at this 
station was considerably lessened by overcast or cloudy 
sky but the consistency of the results with the com- 
parisons at 200 feet (table 14) should be noted. 

The data for the 350- and 400-foot stations are given 
in table 16. At the 350-foot station observations of 
the button-equipped signs were made during a severe 
snow storm. Comparison, therefore, with the results 
obtained during bright sunlight from daylight signs will 
not form a basis for definite conclusions. The observa- 
tions made under the differing atmospheric conditions, 
however, are decidedly interesting. 

TaBLE 16.—Comparative readability of luminous and nonlumi- 
nous signs under daylight conditions at 350 and 400 feet 

Increase in legibility of the STOP sign at 0.6 second 
over the CURVE sign for the same period may be 
attributed to the wider stroke and more open distribu- 
tion of the letters in the STOP sign. 

Table 15 gives the comparative data for the 300-foot 
station. 

TABLE 15.—Comparative readability of luminous and nonluminous 
signs under daylight conditions at 300 feet 

Percentage of correct readings 

Time ee 
Sien inter- | With- With buttons 

val out 
but- ae " 

z 0.95- 0.76- 0.58- 
tons | inch | inch | inch 

Seconds 
SELON See ee 1.0 81 75 86 93 
SUA 1S Oe ee ee ae 8 76 78 67 82 
{PURI ye a na Ail 59 67 41 46 
CUED IDS ot OS Se eee 6 Ar eee oe 46 43 
UNDA EL | OES SS eee ee eres eee 6 66 57 71 71 

Percentage of correct readings 

Distance} ‘ 
Fanpob: Sign ne With- With buttons 
server 

out but- 

tons 0.95-inch | 0.76-inch | 0.58-inch 

Feet Seconds 
SLO Wee oes 1.0 77 59 63 58 
STOPS ee .8 77 34 28 33 

2Filtes Co Shia WAN a eet Be So) ee eS eat 65 21 11 ll 

CURV EPs some) see 0 Lot Pe eee aa ae 15 14 
WSTOP= 455 ae .6 67 21 15 38 

Riss O) Wie ee reer 1.0 59 53 64 64 

STOPS Sa s22 ee 8 39 16 25 27 

A005 TOR NS est ef 42 8 3 3 
CORNE = 56 3! | Se eo eee 30 14 

AUS LO Pare eee eee ee .6 41 8 22 16 

The conditions of visibility at the 400-foot station 
were similar during the observations on both the button 
equipped and the unequipped signs; and the decreased 
efficiency, particularly for the 0.7-second period, can be 
attributed directly to the lack of contrast between the 
letters and sign background due to the buttons. 
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COMPARISON MADE OF RELATIVE LEGIBILITY OF BLACK AND 
WHITE LETTERS WHEN EQUIPPED WITH REFLECTING BUTTONS 

Reference to table 11 in which are shown the percent- 
ages of the superficial areas of the letters L, T, and E 
occupied by buttons of different diameter, suggests the 
desirability of comparing the readability in daylight of 
black and white letters when equipped with reflector 
buttons. The figures and tables which follow give com- 
parisons of percentages of correct readings, for legibility 
only, of signs with yellow background and black letters 
and those with black background and white letters. 
Figure 16 shows the variation of legibility with the dis- 
tance from the observer. In the first panel of figure 17 
the average values for each type of sign and each time 
interval used are given. The remaining panels of figure 

17 give the detailed data for each station. Table 17 
gives general averages for all distances, signs, and time 
periods. 

TaBLE 17.—Comparative legibility of letters equipped with reflectors 

; Percent- 

ee es Color combination nee 

readings 

Inches 
0.95 Kei. on yellow nce 8 2 hee? eee ee ee eee ee ee ee, 43 

: White on black 20... Sst: 3 se Peg ete ee eee 45 
76 Gane on yellow.298 2 Se ee eee 49 

‘ White on black=2....25. 28 yee Oe ae eee eee 47 
5g fasts OD VellO Winns a5, es beeen See ee nee ee 45 

"TA Wehite: on black: te& Shite a ae a ek aie keen eee Fe ee 46 
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BLACK ON YELLOW 

PERCENTAGE OF CORRECT. READINGS 

WHITE ON BLACK 

PERCENTAGE OF CORRECT READINGS 

200 300 

DISTANCE FROM OBSERVER IN FEET 

SIZE OF BUTTONS 

0.95 INCH OF GING Hi OO NC 

Figure 16.—ComPpaARATIVE READABILITY UNDER Dayuicut CoNnbDITIONS OF BLACK AND WHITE 
Letrers WHEN EQUIPPED 
WitH DISTANCE FROM OBSERVER. 

The differences in these averages are seen to be 
negligible and if we make the comparison station by 
station we obtain the extremely close check shown in 
table 18 and figure 16. 

TaBLE 18.—Comparitive readability at various distances under 
daylight conditions of black and white letters equipped with 
reflecting buttons 

Percentage of correct readings 

Distance 
from Color combination 

observer 0.95-inch | 0.76-inch | 0.58-inch 
button | button | button 

Feet 
200 { blackslevternse ete eee hae ee 52 69 65 
= WHT OsOLLGL Ams oe ae eee ee ee ee Du 79 63 
300 wise Jeter see es a a ee 71 68 66 

WVilite lel ler sae aee eee ee ees, 66 59 68 
350 ae Lei OTe see aren AS oe a E 28 28 24 
ecainustite letters eae ere eT RL 34 22 30 

400 ppkackale htenseme ee. 2 Meter ee eee 21 32 24 
VV iLeNettens eu en eee SS 24 29 26 

Comparing this table also with the percentage read- 
ings for legibility of daylight signs given in figure 14, 
which indicated 92 percent correct at 200 feet, 66 per- 
cent at 300 feet, 70 percent at 350 feet, and 43 percent 
at 400 feet, we note that legibility has been greatly 
impaired by the introduction of the buttons if we dis- 
regard the unfavorable atmospheric conditions which 
obtained at the 350-foot station. At the 200-foot 
station the 0.95-inch button fell off from 92 percent to 
52 percent; the 0.76-inch button to 69 percent, and the 
0.58-inch button to 65 percent. These are for the 
black letters. At the 300-foot station there was a 
slight increase for the two larger buttons but no change 
for the 0.58-inch button is noted. At the 350-foot 
station, where snow fell during the observations of the 
button-equipped signs, the falling off for both the 0.95- 
and 0.76-inch button is from 70 to 28 percent, and from 
70 to 24 percent for the 0.58-inch button. At the 400- 
foot station the decreases are from 43 to 21 percent 
for the 0.95-inch button; 43 to 32 percent for the 0.76- 

witH ReFrLEcTOR ButTrons oF VARYING DIAMETERS; VARIATION 

inch button, and 43 to 24 percent for the 0.58-inch 
button. The consistency of rise and fall or parallelism 
of the curves for the same button in the different colored 
letters is especially interesting. 

The first panel of figure 17 is likewise interesting in 
this respect. It shows the average percentage of cor- 
rect readings for legend only at all distances broken 
down into time periods for each of the three sizes of 
buttons in black and in white letters. Here the paral- 
lels are strongly emphasized. The CURVE sign was 
not used for the 0.95-inch button at the first 0.6-second 
period. 

Finer analyses of these data at the 200-, 300-, 350-, 
and 400-foot stations are shown in the remaining panels 
of figure 17. In the case of the 0.76-inch buttons on 
black letters the STOP sign at 0.8 second shows a 
higher percentage than the SLOW sign at 1.0 second. 
This reversal may perhaps be attributed to the ele- 
ment of surprise in the initial reading in the case of 
two observers, the surprise having been overcome by 
the time the STOP sign was read. Between the 
CURVE sign at 0.6 second and the STOP sign at 0.6 
second, the readings on this reflector were identical 
but with the large SLOW sign the white letter gave 
100 percent while the black letter fell off to 63 percent. 
These results do not substantiate the hypothesis that 
a black letter is more impaired than a white letter by 
insertion of colorless buttons. There is some indica- 
tion that such might be the fact at specific distances and 
for some of the time intervals but evidence that the 
white letter has a superior value when so equipped is 
not preponderant. It has been suggested that red 
buttons should be substituted for colorless buttons in 
the STOP sign on the ground that by so doing legibility 
of the word would suffer less impairment in daylight. 
Whatever the desirability of utilizing red buttons in 
this sign for emphasis may be, their use should not be 
based on the assumption of increased daylight visibility 
only, though red may have psychological potentialities 
as a mandate to stop. 
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TABLE 19. —Number and spacing of reflector buttons used for letters 
of various standard sizes 

SLOW 

Size of | =e : | Spacing | Number 
buttons Size of letters Letter | lof buttonsjof buttons 

Inches 
14 

Inches 2 re Fs 
ORR esa Vals 1G COCs ose nn ee eee ee | Oo 1546 14 

WwW 134 16 

eons: 
| Ss oy Gea 

Fea. 4d L 1 1 
a. Oi foeos = Gere see oa ee 2 a ee 8 eee a snes ee sase | oO 1 18 

| WwW 1 24 

68 

| _————n 
Ss 1346 21 
L 3 14 

208 |---- 0 os wae ob ae eee oma Oo 1346 29 
WwW 1346 32 

« 89 

STOP 

Ss 16 16 : he 
BODMING) Dyelern chia se ses ne ee Pes ee a es 14 

P 1346 12 

49 

| Ss 1546 18 
7A Ge | eae GLO see ee eres FoR eee nee Se ee é ae ig 

| P 1546 15 

62 

Ss 1346 20 
1346 

ie} I eae QW )nontxoseea: S25 se eas = SSeS iS 13,6 om 

ie 1346 lg) 

68 

CURVE 

Cc 78 12 
U 4% 14 

BOM MOK Var Sbn CO mente tae oe An ee ee R 78 17 
Vv 1% 12 
E 48 12 

67 

¢€ 34 iy 14 
U 34 17 

mDS less OX ie SA = ca eae ond oe oS tees A R 34 19 
Vv 34 15 
E 34 16 

81 

TURN 

TE 1346 a 
34 

POpalG byglein chemeate cee see Rete meena B ee iS 
N 1346 13 

44 

| T 1546) 9 
U 1 13 

LOW eee 0 ae ene Oe ee eee R 1 15 eo tet 
53 

iy 34 12 zs = 
cs ee LG eee ae ee u ba a 

N 34 22 

72 

STRUCTURAL CHARACTERISTICS OF BUTTONS NOT STUDIED 

The resolution of the American Association of State 
Highway Officials covered investigation of focal lengths 
as well as the spacing and optical diameters of the 

reflecting units. It was, however, found impracticable 
at this time to consider the method of backing, mount- 
ing, or geometric shapes of the reflectors because such 
investigations would involve reconstructing all test 
letters with buttons from each of a dozen or more re- 
sponsible manufacturers and repeating all tests for each 
of the different commercial products. A coe SEL set 
of letters and symbols requires approximately 2 ,000 
reflector buttons. As indicated in this report, the 
prime consideration was to test the personal acuity of 
the average road user and the effect of a reflecting unit 
on the legibility of the sign message. The product of 
but one manufacturer was selected as representative of 
the industry. Because of this fact tests can be dupli- 
cated and the results of this investigation checked 
without introducing any variables not now considered. 
Moreover, tests of the character and quality of the 
materials used for metallic backing and method of 
sealing the reflector in its housing would involve ex- 
posure to the weather over a long period of time and 
definite conclusions could not be arrived at unless such 
exposure could be made in rural as well as congested 
urban areas, and the effect of gaseous contamination 
ascertained. 

SPACING OF BUTTONS DISCUSSED 

In spacing the individual reflecting buttons in a letter 
the first consideration obviously is clear definition of 
the letter, and this in turn depends, apparently, not so 
much on the optical diameter and spacing of the unit 
as upon factors which may cause a merging of parallel 
lines in such a way as to render the pattern indistinct 
or increase the glare to a point where the word cannot 
be recognized, resulting in the sign having what has 
been termed an arresting or signal value only. This 
phase is apparent in the percentages tabulated and 
plotted and particularly so where the use of the bent 
arrows in the CURVE and TURN signs tended to 
suggest to the observer the meaning without his being 
able to read the wording correctly. 

Table 19 shows the number of units required for each 
letter and their spacing center to center, and figure 18 
shows the general arrangement of the units in the 
letters S, R, and O. Table 20 shows the number and 

TABLE 20.—Number and spacing of reflector buttons used in bent 
arrows for STOP and SLOW signs 

Spacing of buttons Number of buttons 

Size of | Width of 
buttons arrow z 

Stem Head cluster Stem | Head | Total 

| | | 
Inches Inches | Inches | 

0. 95 218 AU}! Alewake lei asmnaysleXe ee 9 | 4 | 13 
. 76 2\8) EW UU ONG) Veep pt res Ba d 11 10 | 21 
. 58 248 SAS) Claes ee See ee 14 | 10 | 24 

spacing of the buttons for the bent arrows used in the 
TURN and CURVE signs. It is believed that in these 
the minimum number of units that will adequately out- 
line the letter is not exceeded and any attempt to reduce 
the number of reflectors in the interest of economy 
should not be permitted, because of the lability of a 
driver confusing, for instance, an ill-defined N with 
H or an ill-defined S with the figures 8 and 2. 

CONCLUSIONS SUMMARIZED 

In summing up the foregoing the various phases of 
the investigation will be treated i in the order in which 
the tests were made. 
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The first phase involved determination of the relative 
values of the ground colors and the legibility of the 
respective legend colors and design. All evidence de- 
duced and analyzed points to the definite conclusion that 
the standard yellow background with black design 
color, under all conditions which might reasonably be 
expected to obtain on either a city street or upon a rural 
highway, is much superior to black on white or white 
on black. Not only has this been demonstrated to be 
true as to readability of the legend but the yellow back- 
ground is more arresting to the average observer, is 
more conspicuous by contrast with the average natural 
or artificial background, and, therefore, has a greater 
signal value than the other backgrounds or combina- 
tions. Moreover, by adopting a definite shade and 
hue, such as is covered by the specifications of the 
American Association of State Highway Officials in 
rule 53 of the sectional committee on colors for traffic 
signals of the American Standards Association, it may 
be possible by legislative act or otherwise to prohibit the 
use of this distinctive shade for advertising or for pur- 
poses other than official road signs upon the highways 
controlled by State or other properly constituted 
authorities. Obviously it would be difficult to obtain 
restrictive legislation for black or white backgrounds. 

The investigation of the effect of headlights or local 
illumination such as street lights upon the signs not 
equipped with reflecting units was not in any way con- 
clusive. When some of these observations were made 
the ground was covered with snow, of which there were 
several piles immediately adjacent to the line of sight, 
and conceivably this condition will obtain for several 
months in the year over a large area of the country. 
Such conditions emphasize the inadequacy of the day- 
light signs at night. 
“With respect to the use of reflecting units, there are 

two points to be considered which in a degree appear to 

O 

| conflict. In urban areas there is usually a great deal 
of illumination from street lights, electric signs, and 
other sources falling on the sign; and local regulations 
may require that headlights be dimmed or depressed. 
These conditions do not, as a rule, obtain on rural 
highways. In city driving speeds are relatively slower 
and clear perception of the sign message is more readily 
had than on rural highways. In view of these con- 
siderations, the conclusion is forced that the colorless 
button with a diameter of 0.76 inch with a minimum 
spacing of 1 inch, center to center, is the most efficient. 
This is notwithstanding the large increase in the 
efficiency of the 0.58-inch diameter button with dim 
headlights over the same button with full headlights. 
For rural use the small button apparently has a superior 
long-range signal value but is less readable than the 
unit of larger diameter. 

The effect on distinctness in daylight of inserting 
reflecting buttons in the letters has been gone into 
exhaustively. As indicated by the tests, the effect of 
such insertions, even though approximately 50 percent 
of the superficial area of the letter is taken up by the use 
of colorless units, is not serious at 200 feet and the 
difference between black and white letters is negligible. 

The recognition by the road user of the existence of a 
potential hazard by the shape or outline of the sign 
plaque alone has been briefly touched upon and the 
idea is susceptible of further development. Par- 
ticularly is this true in view of the trend toward the use 
of symbols. The use of symbols, except for the arrows 
indicating curve or direction, is not considered as 
effective as outlining the sign with buttons. At night 
the road user can best be warned at long ranges against 
such hazards as may exist at narrow bridges, highway 
intersections, and other places in this category by 
clearly defining the shape of the plaque with reflecting 
units. Having been so warned he will be able to read 
the character of the hazard at 200 feet or well within 
braking distance for a car traveling at the maximum 
authorized speed. 

These investigations had to do exclusively with the 
reactions of the average road user to the sign mes- 
sages as measured by the tachistoscope. No account 
has been taken of the technical details of construction 
of the reflecting units, composition, refraction coeffi- 
cients, or other optical properties of the glass; every 
effort, on the other hand, was made to simulate actual 
driving conditions. Maximum personal response to 
the warning is the ultimate consideration in sign design 
and it is not believed that optical analysis or other 
technical tests, however exhaustive, can measure this 
response. In the foregoing tests, 121 individuals were 
used as observers and these made a total of 7,710 sep- 
arate observations involving about 12,000 items. These 
observers represent a fair cross section of the potential 
car-driving public. A number of them, however, had 
not received driving permits and were not car drivers. 
The gamut of education and personal intelligence was 
wide. A number of observers were furnished through 
the cooperation of the American Automobile Associa- 
tion, which in turn enlisted the aid of the local employ- 
ment bureau. As indicated in the text, both males 
and females were used. Observations were made under 
the varied weather and seasonal conditions obtaining 
in the District of Columbia, and the results of the in- 
vestigation may be taken as representative of the com- 
parative visibility of the signs throughout the country 
as a whole. 
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