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facing. For this purpose the weights of
the various types of vehicles traversing
the highways in New Hampshire wml
Ihode Tsland have been furnished by
the State-wide Highway Planning Sur-
veys and similar information will be fur-

£ MAINTENANCE

nighed for Connccticut as soon as lhe
fickl work by Lhe surveys is completed.

Sinee this is & fve-year study which
will not he eompleled for another year,
nu results or conclusions are formuluted
ub this time.
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BYNOPSIS
A previows paper by ooo of the authors anslyzed sign efficiency into (1) pure

legibility (long time), (2) glanee legibility (short glance), (3) target value and
{4) priority value, the latter two factors dealing wilh altention gelling characler-
istics. This report deals with an extensive study of the firt factor, pure legibility,
of etandard scrics B (narrow letlers) and serics D (wide Jetters), black on white
destination signe. Letler heights from 6 to 24 inches were wused.

A lotal of aboul 400 people scted as observers and made about 4600 individual
observations. Charls show maximum legibility distanes in relation to height and
width of Jettor, reflectorization and illemination (day ve. night). The determine-
tion for esch size, width and type of Jotter depended on & group of from 50 lo
376 observations.

The wider lotters showed greater effectivencss than the narrower ones, but both
widths lost approximutely 15 per cent of their legibility dislamce under night
conditions (Aoodlighted). Rough practical norme for day conditions end
“normal™ vision gave B0 M. per in, of letter height for the wide and 33 [t per in.
for the nurrow letlers. Tt is suggesied that these values should be reduced in
practice to lake nccount of the poor vision of many drivers known to be on

the highways.

The results also indicated the advanlage of foodlighted signs st any location
where  lighted backgrownd i encounlered. Reflectors reduwesd the daylime
legibility of the Jetters only in the largest sizes, and the reflectorized letters were
as effective as the Aoodlighted ones at night against o dark background.

It is suggested that glince legibility tests will probably reduce the legibility
distances somewhat, and that & correction factor may be developed, to correspond
more closely Lo briel glimpses of signs oflen necessitated by heavy traffic.

Il the resulls are applied lo give the molorists 10 seconds warning at & speed
of 50 miles per hour, al least n 10 inch serice D or & 12 inch serics B letter is

needed for night conditions.

A number of traffic officials and others
ialerested in traffic engineering have come
io the opinion that methods of improving
the effectiveness of certain types of high-
way signs should be studied. Varying
opinions are found as to what character-
itics make a highway sign scen most
essily and the standard manual on Uni-
form Traffic Control Devices represents
an attempt Lo standardize und erystallize
the besl opinion on this subject.

There is, however, still a wide feld in
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which lack of agreement is characteristic.
Bpecifically; is it more effective to use a
6-in. high series D letter or a 10-in. eeries
B7? The latter is relatively narrower and
henee ean be fitted in where the wider
letter could not. This problem is espe-
cially pertinent for long nemes on desti-
nation signe. Another specific question
is whether or not floodlighted signs are
more efficient aml can be read farther
than reflectorized signe, again thinking of
the destination sign. A problem which
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Arises on newer highways due to an in-
crease of design speed s that of the over-
sized sign which is recommended by the
Standard Manual when conditions war-
rant. What size of lettor should be indi-
cated to give a certain amount of warning
or legibility distance? Can the legibility
of smaller letters be multiplicd up on a
proportional basis to obtain legibility dis-
tances for large signs? And what dis-
tances ean be used for letters of various
proportions?

_ A method for the analysis of highway
sign gﬁclnncy which will answer these
questions has been worked out and dem-
onstrated to be practical in a previous
paper.! Four basic factors of sign effi-
cieney were derived as follows: legibility,
glgmcu legibility, target value, and pri-
ority value. This analysis followed in
rongh faghion other analyses that had
been made in the field of advertising, but
with modifications to meet the highway
problem.

Pure legibility was used to indicate the
maximum distance at which sign copy
could be read under oplimum conditions,
i.e., with no distraction and unlimited
time, Glance legibility indicated the dis-
tance at which a sign could be read under
quick glance conditions, such as those
where a driver must attend to other cars
amd has just a fleeting glimpse of the
sign. Target value indicated that char-
acteristie of & sign which makes it stand
out as different from other signs and ob-
Jects. Priority value was applied to the
characteristic which causes one sign to be
scen first from among a number of other
very similar or identical signs.

The present paper reports 8 more ex-
tensive study of the firat factor, 1. ¢, pure
legibility distance, of standard black on
white destination signs, relating two-
letter widthe and letter height to legi-
bility distance under day and night eon-

thl Fm T W, I#Hl;i‘thod for Analysis of
I viness o way Bigns. Journal,
Applied Psyehology, 1939,

ditions. It is hoped that studies of other
factors may be carried out later by our-
gelves or athers.

Method

A large number of obscrvations were
obtained using standard destination signs
under both night and day conditions witl
refleetorized and unrefleetorized letters.
Figure 1 shows how eight different signs

Figuare 1
TUM:I;I D Signs Mouonted for Doy
eal.
Lower—Observations in Progress, [llmatraliag
Scatter of Different People on the Same Sip

were mounted at one Lime. The observers
were first stationed at a distance of aboul
1400 feet where they were unable to read
any of the signs. They then approached
the signs and recorded the letters seen
and the distance at which they were
first able to read them, Distances were
chalked on the pavement at 20-ft. in-
tervals. By this modification of the pre-
vious technique it was poasible to utilize
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te gbeervers in groups of 30 or 35 and
ts expedite the amassing of a large
umber of vbservations. The observers
wre on foot mnd three supervisors
deeked Lo insure proper recording.

Test Signa

Six-letter words were painted in black
@ white boards. Words were chosen
fum the vicinity of the Pennsylvania
Turmpike to add realisn o the test and
ach six-letter word included one mis-
gelling in order to guard against guess-
g by the observers. This precaution
poved important since some 400 faulty
sheervations (in which the misspelling
ws not recorded) had to be thrown out
imm the approximately 5000 tolal ob-
uined. Five variations of cach test word
were thus obtained. This allowed the use
o & different series of test words for
meh group of observers, In this fashion
it was possible to present to cach group
s new test in spite of discussion of the
tests by members of the same organi-
ution.

Six letter hoights were used in the plain
klter for each of two widths {series D
1o series B). Three letler heights were
povided in the reflectorized series D
ketter. The reflectors used were of glass
awd for the G-in. letter were 0.5 in. in
diamoter; for the 12 and 18-in. letter
they were 0.7 in, in diameter.

Letter Proporlion and Spacing

Letter dimensions and proportions were
eblgined from working drawings for
wrics B and series D letters as listed in
the Manual for Uniform Traffic Control
Devices? For convenicnee these dimen-
sons are shown in Table 1.

Since spacing is known to be of im-
portance it was desirable that the spacing
psed should be definitely specified. In
determining the epacing several alter-
palives fromn usual practice appeared.

10btained from the Public Roads Adminis-
imtion, Washington, D. C.

Constant spacing was discarded because
it gives a poor balanee and therefore poor
appearanee. A varicd spacing was ob-
tained which had been derived for prac-
tieal use * and which was satisinctory ns
to appearance, but involved some 50 com-
binations of letters and spacing.

In order to make this system more
practical, it was neeessary to reduce the
spacing to a simpler basis, which could
be used in the sign shop. This was done
by epproximating the spacing and by ex-
pressing all spacings in terms of adjacent
glrokes, rather than edjocent letlers.
Thus three spacings resulted as follows:
spacing between (1) parallel strokes, (2)
a glonting and a vertieal stroke, and (3)
strokes slanting towand each other.

On this basis it was found practical
and fairly casy to lay out lettering for
il sign painter and the results were ul-
ways predictable. This spacing attempts
to equalize gomewhat the arca between
letteras due to different letler shapes.
Table 2 givea the detail of the three spac-
ings together with illustrations of their
applications.

For night observations the upper hall
of the signbosrd containing unreflector-
ized signs was foodlighted. This was
done by mounting seven 50-watt goose-
necked lamps to shine directly on the
test signs. Power was obtained from the
batteries of two cars in order to oblain
easy mobility and to be able to operate
where power was not available from city

lines. A switch was supplied to cul off the
floodlights when observing reflectorized
gigns under headlights alone. Illumina-
tion intensity as measured by a Weston
light meler ranged from 5 to 15 foot-
candles. A reflection faclor of about 0.3
was indicated after the signs had becomc
gomewhat dirty from use and handling,
g0 thal an average brightness of about
3 footlamberts was estimaled to be nol
far wrong.

t By the Signal Bervice Corporation.
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For reflectorized signs the headlights

obtained. The signs were dircctly in

WIDTH-INCHES

TABLE 1

§:§§§§§ﬂ o car were trained upon the threc signs  front of the car and therefore illumina-
- a the lower half of the signboarl. The tion should have been somewhat better
. - ar proceeiled abreast of the group of ob-  thun ordinarily obtained on the shoulder.
:zx:mxﬁ «rers g0 hat the light was slways MHowever, the hot spot did not fall di-
S s sughly at the point of observation. For reelly on the signs at any point, & con-
the majorily of observations a 1838 dition similar to that under which most
= e |+ | # Fe (lrysler waa used with newly replaced  signs are seen on highways.
- Hﬁiﬂﬁﬁﬂ 0 ﬂmgmgﬁg
TABLE 2
Fesfowe ¢ [ e ORI b )
= I TEEeEas Cisla bettar Bpasing Lelwesn Tluatrathen
-~ e i OBN
Eﬁ?@ §§§= M M:E-n ?Sc.l gﬂ - Paralle! strokes. N o
| F, L, J and parallel stroke. LV] FA
wemeseew [ | wenesee o kLA
“EE¥RRE |\ | §FETREE Bloping and verlieal stroke, /W VBAKD
Y
| T, E, F, L and verlical slroke. ' EF LT
e 15% +§E§ E. ﬁﬁmgﬁga ! Opposite sloping strokes, NN VY KA
= HA
g 5 T, E, F, L and opposite sloping stroke. wa TVLAJ
Eﬁﬁiﬁﬁé’z E%EEEEEE Nore: Spacing is measured hetween two nearest pointa of adjacent letlers.

Pexwstivasia Tuesriss Cosnasaion
Dimensions for Steneil Letters and Numbers for Large Signs

Bpasiog
1- -
ZEEE‘“"EE 'f gquwﬁg it Barlea “B” Btk “C™ Beries "
x y | 2 x ¥ z x Y z
& + : - ¥
SNLESE. |1 | SESIESS o | % | % | % 0% | % | % | ve | me | %
- 8 14 4 b 134 A L 113 1% 1
AEATARAE-SE ARVE AR AE:
| 1
sFemsey | | uEas. e | x| | o | oaw | e | 4| |
b ] 3% 284 1} 44 b1 01 24 534 44 3
oy owwe | ® ¥ ’
—mmEw 7 - headlight bulbs, giving approximately The mounting of the signa was such
50,000 bean candles. The hot spot was  that the highest portion of the reflector-
; gi W AR e aimed directly ahead and depressed so as  ized signs was between five and six feet
e U B lo etrike 32 in. above the ground 200 ft. above the road, and the lowest approxi-

ockes

wntal.) Observers stood on the rear
bumper 8o that & loaded condition was

+ shead of the vehicle when loaded. (Top mately three feet in an attempt to obtain
. of hot spot about 1.4 deg. below the hori-

mounting heights somewhat similar to
those ordinarily found and indicaled as
standard by the Manual.
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Peraonnel

Some diffieully was cxperienced in ob-
taining sufficicnt personncl and for that
reason the total number of observers is
smaller than had been planned originally.
It was found possible to hold each group
of observers about onc-hall hour, which
wasa the time required for o complete sct
of observations, on cight series D and five
series B signs. The observers consisted
of engineering office personnel, members
of the national guard, and enrollees of an
army maedical school. The apes of the
last two groups tended toward the lower
el of the seale, and both groups would
be expected to have betler vision than
some drivers on the road. This factor
was accounted for later,

Groups were scheduled in a fashion as
eonvenient ns possible for the personnel.

Resulls

A total of 4,623 observations was ob-
tained from 412 different persons divided
between day and night groups. Each
plobted point in the curves is based on
from 50 to 276 observations as shown on
cach distribution,

The various observers were able to
read a given test sign at widely different
distances, as would be expected. Thus,
for a given letter height (sce Fig. 2 as an
example} the legibility distances showed
ranges of from 300 to roughly 700 ft. It
was therefore necessary to present the re-
sults in the form of o frequency distri-
bution.

For our purposcs, the most reliable
measure obiainable from such distribu-
tions iz probably the median, or middle
ease, and this value has therefore been
indicated and & median trend line shown.
Similarly the 80 percentile values, 1. e,
the distance at which 80 percent of the
group were able to read the sign, has been
determined and ils trend line indicated.
These 80 percentile values are probably
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of most interest for the determination of
practical sign legibilily distances. Fur-
therore, 85 percentile poinis have boo
indicated in onder Lo show the distance
for these wilh the poorest vision. These
85 percentile points are not of az pren
statistical reliability since a much lurger
sample would be required to determine
accurately the points st the extremes of
the distribution,

Figures 2 to 6 show the results for the
wider, or series D Jetter, while Figures 7
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Figure 2. Daylight Legibility, Black en White,
Series D Lelters, Unreflectorkeed

and 8 show those for the narrower, or
series B letler. Each fpure represents oli-
servations made by the same group of
people on the six-letier test words for
letter sizes of 6, 8, 10, 12, and 18 inches,
as indicated. One very small group of
observations is shown in Figure 2 for
24-in. letters. It was unfortunately im-
poegible to obtain more observations with
this size sign.
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Figure 5. Night Legibility, Headlights, Black
on White, Series D, Reflectorized, Dark Field,
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Trend Indices

It will be seen that the medians fall ia
A very consistent fashion and that the
trend varies slightly from a straight line
"I_'Im B0 pereentile trends are generally
similar to those for the meidiang, b
show a shorter legibility distanee to the
cxtent of fromn 50 to about 200 feol. The
85 pereentiles show a greater variatios
from the median than the 80 pereentile
as would naturally be the case, and also
a poorer eonformity of the plotted poin
through the trend line, indieating pP;m
reliability for this measure.
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Figure 7. Daylight Legibility, Black on White,
Series D Letters, Unrellectorized
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) Figure 9. Effect of Width and Reflectorin-
tion, Daylight Median Valuer. Series D, Wider
Letters. Seriea B, Narrower Lellera

Therefore, for purposes of compariss
of letters under different conditions, me-
dians will be used, whereas practiesl
legibility distances will be based on 8
percentile figures. The range of vision
represented will be shown later to give
o further reason for choice of the 80 per-
centile as a base for practical values,

Day Legibility

The resulls for the different lefters
under day legibility conditions are sun-
marized in Figure 9. As shown by the
medians, the narrow letters (series By
gave from 100-300 feet less legibility die
tance than the wider letters for the rang
of letter sizcs compared. The reflectar-
1zed letlers showed practically no differ
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wee in legibility from the plain or unre-
fclorized letlers in the smaller letter
A1,

Night Legibility

The night observations again show a
smilar relationship beltween the wide and
arrow lelters as indicaled by the me-
dans in Figure 10. Here again it will
be seen that the narrow lellers gave
from 80 to 250 fect less legibility dis-
tance, when unrcfleclorized letters are
compared.
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Tigure 10, Effect of Width and Reflectorization
at Night. Median Values

Day versus Night Legibility

When the legibility distances for the
wille letters are compared on a day and
night basis, it appears, as shown in
Figure 11, that the floodlighted letters
give from 25 to 200 feet less legibility
i§ to 20 per cent). Similarly for the
natrower, or series B letters, the loss
under floodlighting at night was from 30
to 160 fect of legibility distance (12 to
20 per eent). It will be noted that the
loss was proportionally greater for the
higher letters and longer distances, a re-
sult which is probably cxplainable as
due to low effcctive brightness of the
signs at long distances at night.

Effeet of Reflectorization

As previously noted, it was possible to
reflectorize only serics D Jetters, and

™
329

therefore conclusions must be limited to
results from the wide letters, With this
reservation, however, the effeet of the
reflectors in the black stroke of the letter
wns negligible under day conditions up
to the 12-in, size (sce Figure 9). For the
lurger letters (18-in.) there appears to
hove been some loss in legibility dis-
tance.' This is understandable sinee re-
dueed contrast would be more deleterious
ut o long distanee where the effective
brightness of the signs is very nuch
redueed,
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Figure 11. Comparison of Night and Day
Legibility, Medion Values

The night legibility of the reflectorized
letters, when viewed under headlights
and in & dark ficld, was approximately
the same as for our fooilighted lelters
for the smme height snd width (see
Figure 10). The condition referred to
as “dark feld” includes some seattered
street lights of low wattage but no field
of light close to the sign.

On the other hand, the same reflector-
ized letters under the same headlights
lost from 30 to 50 per cent of their legi-
bility distance when viewed against a
low-intensity light feld directly above
them. The light feld consisted of the
lighted signs of approximately three foot-

4 Thia wos not due to the smaller number of
cuses s shown by compurison wilh the insert
in Figure 2 which represents the smaller group
on plain letters,
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lamberts brightness. The reduction oc-
curred in the two larger sizes as shown
in Figure 10. Apparently any inercase
in size above 12 inchies under these con-
dlitions resulled in very litlle inerease of
effective distance. This points out the
need for grealer intensity of reflected
light if the eigns are to be viewed against
any lighted background, providing the
irradiation from the greater intensity
tloes not offsct its advantage. Converscly,
refleetorized signs would seemn to be most
effective in locations where a dark back-
ground is to be expected a large propor-
tion of the time.

Practical Distance Values

In order to determine from our obser-
vations the practical distunce at which
signa of a given letter height and width
are legible to the driving publie, it is
necessary to make some estimate of the
vision of our observers ns related to that
found on the highway. Such an cstimate
was attempled by giving the ordinary
Snellen eye test (chart) to two groups
of observers, Their records for the 8-in,
test words were then compared with their
record on the Snellen test. Figure 12
ghows a comparison of the Snellen and
the sign obzervations and indicates the
method of deriving the visual scale rep-
resented by the 6-in. letlers in daylight.

In order to delermine a point corre-
gponding to 20/20 vision, the median of
the 20/20 group (eve test) was nssumed
to correspond Lo the score of this median
person on the 6-in. letters. Other acuities
were then figurced on a proportional basis
and the scale plotted as shown. Iis ap-
proximate correctness is indicated by the
rough correspondence of the range of cye
test scores and of computed vision for the
two small groups. Unfortupately some
individuals were transferred from groups
4 and 5 before the eye test was given, so
that group 1 gives the more reliable index.

By this procedure, it was indicated
that our 80 percentile point represented
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approximately 20,20 vision, and our 95
percentile approximately 20/30 vision. In
other words, the vision of oar ohservers
wis betber than average in eye test tenm-
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uice personnel undoubtedly had better
vieugl correction than many whose job
Joes ok eal] for use of the eyes on close
sk, On the basis of these results, our
8l pereentile distances winy be tuken as
wpresenting 20,20 vision aml should be

éuﬂ enl rather than the mediang in order to
g be conservative.
g F A= 270 However, it should be remembered that
~ h | | /40 vision (50 per cent vision) is used
% - f00' Tlq4o0 GO0 dom w iualify drivers in a number of states
so Leqiivlity Disfance and therefore a cerlain proportion of
I drivers of this type is lo be expected on
o i vy any highway. Distances mrre*.t_;:omlmg;
a il 1 h_ 1o | 4 o 20/40 wvision can be delermined by
? fdo o0 6oa  #od
* ) Legibility Diafonce I
S - Al e L
%.’Il ) r A . ’.c" .
8 E._ Fal | -
CEL s s / .
T A i
o Vizlonr t A L. _
Medvar of fof., " u Aeidrchorire e
o § aﬁyyﬁf‘%’. §; /  Flosaichies
S =2 1| I/ /4 a%en
P
$ ooy Snce 25 erceitite Legibiy Drstonce 7
o | Figure 13. Practical Legibility Values Corre-
o = i peading to 20/20 Vislon, 80 Percentile Pigures.
Fraion
Qg g g L tsking 50 per cent of the distance shown
_IIE_Ju_ N -? on our chart in Figure !3.
Vision Jcale (aeuify) In deriving the practical values shown

Figure 12. Eye Tests and Legibility Dislasee
Snellen Tests on Two Subgronps of Obeervens
Related to Their 6-Inch Legibility Distases
Visual Scale Derived from This Compariste
Indicates Range of Vislon Represenied in Total
Group of Day Observers

Medisn of 20-20 Eye Test Group Eqoated
to Corresponding 6-Tnch Legibility Distasce.
Visual Scale Computed Proporticnally fnm
This Point.

This was to be expected, since our army
uml national puard observers were a
selected group and sinee the enginecring

-

in this figure the plain and reflectorized
values for the wide or serice D letter
under day conditions have been thrown
together. Similarly, the floodlighted and
refleelorized values for night observa-
fions have been lumped in order to give
1 single approximate line of relationship.
{Although the medians indicate that the
difference between plain and reflectorized
letters is & real one, nevertheless, for
practical purposcs the 80 percentiles may
be considered roughly the same, as will
be scen from the seatter of the points
ground the line.) Curves for the series B

——
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80 percentiles are also included. It will
be remembered that the 80 percentiles are
from 50 to 200 feet ghorfer than the
median values.

Comparison by Lelter Width

One of the original questions which
wus posed in the introductory paragraphs
may now be answered from Figure 13.
The values shown indicate that under
day conditions, the narrower 10-in. serics
B is slightly more effeetive in terms of
legibility than the 8-in. series D, and the
8-in. serics B iz approximately 80 per
cent as effcetive as the G-in. series D
letters. A similar relationship iz found
for night conditions.

On the other hand, during the day an
18-in. geries B letter shows approximately
the same maxinum legibility as a 12-in.
series D, while under night conditions the
18-in, geries B iz about 22 per cent morc
cffective than the 12-in. series D. Or
stated in another way, at night the 12-in
serics D and the 15-in. series B are ap-
proximately equal. Any other compari-
sons may be made in similar fashion a:
desired.

Practical Imporiance of Nonlinearily

At noled above, for practical purpose.
the reiationship of letler height and widtl
to legibility distance may be stated i
terms of approximate straight lines. Ac
tunlly, & curvilinear characteristio is no
ticeable between G and 10-in. values. Th
variation represented by the points o
the curve, when translated into terms a
visual angle, correspond to slight frac
tione of one minute of arc. In fact, a
ghown in Figure 14, the variations be
tween the night and day values (seric
D) f[alls between a theoretical constar
minimum visual angle of 1 min. and
constant angle of 1.5 min. Variations i
acuity have been demonstrated from D
ta 7.0 min. due to a difference in brigh
ness which would correspond to part «
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our range.* Any such variation must be
the resultant of complex reactions of the
eye and is beyond the scope of this paper,
exeepl that it indicates our variations to
be reasonable,

The prgnticnl importance of a eurved
c!mrmlnrlsﬁc relationship between Jebter
size and legibility distanee is obvious if
an attempt is made to projeet the rela-
tionship found with small test letters to
make it apply to larger sized letters. If
brightness or other relationships result

'Y ""f{; .
i HAAA
i WAWS 7>
i VI =
: ViV 47 -
s, = o /, 3 8- e La boeiE
I e i j:.qr l%::-_w .__,

i
Legedalely Desfance -feed

Figure 14. Emor frem Projection. Dolted
Lines Indicate Projected Values from Small

Letters Alove on the Assumption of a Li
Relationship. o e

Lines Marked 0.5, 1.0°, 1.5 and 2.0' Repre-
sent Theoretical Valoes Assuming the Indicated
Minlmum Constant Vieual Angle,

in a curvilinear relationship, it becomes
much more difficult to extrapolate the
eurve for larger signs and makes it nee-
casary to know the characteristic curva-
ture fuirly definitely.

_ It will be noted that if only the emaller
sized letters had been employed the rela-
tionship m_nghf.- casily have been inter-
preted as linear. The error which would
have occurred from the extrapolation of

_ *Ferreo, C. E, & Rand, G, “The eff

intensily of illumination on the |uﬂl; :Flt;;
normal eye and eyes slightly defective os 1o
refraclion.” American Journal of Paychology,

such & linear trend line is shown in
Figure 14.

However, the use of smaller letters fu
Lest purposes is mueh casier aml mwn
convenient and would be possible if the
curved characteristie is known,

DMECUBSION

Obviously many other factors which
were not included in our situation will
affcet the practieal distance at whic
signs are read under traffic conditions v
the highway. A few other poinis alw
deserve brief congideration.

Vision of Driver

We have considered the vision of our
observers as related to one of the ususl
eye test norms and have thereby eor-
rected our resulls to correspond fo
20/20 vision. There remains the fues-
tion of what propaortion of the drivers
on the highway actually have BVCTuge
vision and what proportion have var.
ous degrees of poorer vision. Reliable
data on this subjeet are searce, but one
report ® shows out of a tolal of 35,040
drivers tested at automobile shows,
safety ﬁ;ntiﬂm. ele., that about 7.3
per cen a vigion eorresponding tu
about 20/33, and 242 per nm:nfud

vision corresponding to 20/25 (60 and
80 per cent vision respectively). 11 all
tl}qnc had been ruled off the road whose
vision was poorer than 20/40, or 50
per eent vision, the figures would be
reduced by about 1 per cent. If we dis-
regard the question of whether or not
those tested at such gatherings repre-
ngnt 8 true sample of driverzs on the
hlﬂlwn}"! these fgures would Bugges|
that a vision figure of not better than
iﬂﬁ_ﬂ n{muld probably be used. As
previously noted, this would correspond
roughly to our 85 percentile points.

® Allgaier, E., American Automnohile Associs.

Vol 34 p. 288, o ;.l;nn. “Interrelationships of Driver Test Beores ”

escarch Report No. 11, 1039,
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However, the choice of a given value
seems inadvisable due to the many
aspeets involved and we have thercfore
preferred to merely indicate our 80
percentile values as corresponding to
20/20 vision (“sverage” or “normal”
vigion).

An application of the findings on gign
legibility may be of importance in rela-
tion to the question of eycsight stand-
ards for drivers. Other organizations
are working on this question.

Glance Legibility

Other factors tending to modify the
legibility values obtained are those
of familiarity, comfortable vision, and
glance legibility. Familiarily with the
sign can be shown to increase its effec-
tive reading distance, while the driver
who does not strain his eycs, but waits
for & comfortable distance (of an un-
familiar sign), would read at a shorter
distance than the maximum value
which we have obtained. However,
these two factors are somewhat im-
ponderable and cannot be casily in-
cluded in & reproducible measure.

The third factor, glance legibility, is
probably the most important of the
three, since it is involved where dis-
tractions arise from other traffic and
where blocking out by other cars allows
thie driver only a short duration glance
at the signs. The preliminary study
showed that this factor is measurable
and that it probably results in a short-
ening of the practical legibility dis-
tance. It is to be hoped, therefore, that
g further study, perhaps by other in-
vestigators, may be earried out in
which & correction or multiplier factor
may be derived for expressing glance
legibility as a proportion of the pure
legibility distances which we have mea-
pured. Such & factor would be con-
venient since the long time “pure legi-
bility™ wvalucs are easier to measure
than the short time values,
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Relation to Glare

The light field which causced a re-
iduction of from 30 to 50 per cent in
the legibility distance accruing lo the
larger reflectorized letters should be
carefully distinguished from the in-
tensities ordinarily thought of as glare
in connection with headlighling, As
previously noted, our intensities of il-
lumination were from 5 to 15 fool-
candles with a reflection of approxi-
mately 4 of this amount, Thercfore,
the average brightness toward the eye
of the floodlighted signboard which
conetituted our light field was approxi-
mately three footlamberts as compared
to 2000 candlepower from & point
source, which has been shown by others
to cause & 50 per cent reduetion of visi-
bility of a gray figure under head-
lights.” The latter visibility, however,
was from 200 to 300 feet under bright
headlights and the illumination of the
objeet was therefore many times higher
than the intensity of the light from the
reflectors in our signs st from 500 to
900 feet. On this basis, the blanking
effect of the relatively low brightness
which was found in our study is under-
standable.

The relatively great loss in effective-
ness due fo the light field calls atten-
tion to the value of floodlighted signs
in any location where a light field of
any intensity or extent is met. How-
ever, on an open highway where dark
conditions prevail for a great propor-
tion of the time, the values for the re-
flectors would seem to be equally good.
Although headlights present a high in-
tensity, the short time during which
they are ordinarily facing the driver
would mean that their efiect on refiec-
torized sign legibility would be of short
duration exeept under dense traffic
conditions.

TReid, K. M., “Seeing on the Highway."
Proccedings, Highway HNescarch Bu.lﬂ,q'}‘ﬂ. {T.
p- 420, 1037.
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Relation to Fifly Foot Rule

A rule of thumb which is in use by
eome of those in the praclical sign field,
gives 50 ft. of legibilily distance per
ineh of letter height. It will be noted
that our resulls show a good corre-
spondence to this rule for the wider
series D lebters under day conditions,
but roughly 15 per cent shorler dis-
tance than this for night conditions,
The series B letters, on the other hand,
result in more nearly 33 ft. to the inch
under day conditions, and again with
a 15 per cent loss atb night.

Speed and Warning Distance

On the basis of the pure legibility
values, however, it is interesting fo
note the size of letter indicated if &
certain warning time and speed are
assumed. Assuming a value of 10 sec.
warning, which has been suggested by
some experts, and a conservative speed
of 50 miles an hour, a distance of
750 t., or an 18-in. serics D sign (night
values) is indicated. On the same as-
sumption, but with the sign placed 400
ft. aliead of the hazard as recom-
mended by the Manual for Control
Devices, a 10-in. geries D, or a 12-in.
serics B sign is indieated for night con-
ditions. The curves in Figure 13 also
point out dramatically that the night
condition is the eritical one from the
point of view of sign legibility.

EUMMARY

1. A study of pure legibility distances
has been made using standard black on
white destination signs with 6 to 18-in.
letters of two widths (series B and series
D). Total observations numbered ap-
proximately 4,600 and the total number
of observers 412. Each plotted point on
trend curves was derived from distribu-
tions of from 50 to 276 observations. A
teehnique was used which eliminated
puessing by observers. Test conditions
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included day and night, refleetorized and
unreflectorized signs, foodlights and
headlights.

2. Bpecified spacings were levelipol
by a simplification of a more complex
spacing. Spacings were specified in terms
of adjacent slrokes rather than lelter
combinations. This system proved prae-
tical for laying out signs.

3. Since median values are most re-
liable, they were used ns an jmlex fur
comparing trends and relative values,
However, our 80 perecntile values were
shown to correspond roughly to average,
or 20/20 vision, and were therefore usnl
for deriving practical distance values.

4. Curves were presented which al-
lowed a comparison of the relative effici-
ency of the different letters used in terms
of pure legibility, ¢.g., at night a 12-in,
geries D letter gave approximately the
same legibility distance as the 15-in.
series B, .

5. Reflectors reduced the daytime legi-
bility of the smaller letters very little but
showed some effect on the 18-in. Jettors,

6. The night legibility of the reflector-
ized signs against a dark background was
approximately the same as for the flood-
lighted signs. However, when the food-
lighted signs were left illuminated to a
brightness of about three footlambers,
8 reduction of 30 to 50 per cent in the
legibility distance of the larger reflector-
ized letters occurred. This brightness
corresponds to the less bright display
gigns and is very much lower than the
brightness of oncoming headbights, The
value of floodlighted signs where constant
light backgrounds oceur is indicated, al-
though reflectorized signs scem as legible
with a dark background,

7. Our observers represented better
vision than the average, and therefore
consideration was given to the poorer
vision to be expeeted on the highway. A
point. corresponding to any given vision
value can be obtained from the 20,20
curves presented. The dislance values
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dwwn may be of use to those who are
selting standards of vision for r.]n!rc:rg,

The distance values obinined indicate
the use of nt least 10-in. D or 12-in. B
kiters if 10 sce. warning is to be given
the driver at 50 miles per hour at night,

8. The demonstration of s nonlincar
relationship between letler size and dis-
wnee is of importanee if projection of
values is attempted from tests on the
amuller Jetter sizes. It has been gener-
slly assumed that such projections can
be made on & linear basis. Our results
indicate that the relationship which may
appear linear in the smaller v?lueu. may
be actually curvilinear. In this case the
curve must be known in onder to project.

9. In a previous paper by one of us,
olher factors of import to sign efficiency

| were derived, and it is to be hoped that

studies will be made of these. It is prob-
sble that glance legibility will be some-
wlhat ghorter than the pure legibility

See PI"H’G. H.S.C.E-, Jdn.,

of Sign hketter Jizes”
litchell amd T- W Fvbas.
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values here reported and it is suggested
that a correction faclor will be derived
eventually by which glance legibility
may be oblained from the pure legibility
values, ) )

10. Analysis of sign cfficiency in tJnn
general fashion will furnish a scientifie
basis for Lhe development of highway
gigns to meet the inercasing demands of

modern highways.

The field chservations were carried out under
the Bpecial Highway Division of the Pennsyl-
vania Turopike Commission with the coopern-
lica of the Division under Mr. Gunm_Hal.ch-
cock, and were made possible by Lhe inlerest
and guidance of Mr. Charles M. Noble, Special
Highway Engineer. We are indebled to Mr.
Guy Heleey and the Signal Bervice Corpora-
tion for Joan of refleclors. Personnel was ob-
toiped through the fine coopemtion of the
officials of the Turnpike Commission, the offi-
cers of the Harrishurg Post of the Pennsylvania
National Guard and the Commandunt of he
Arny Maolieal Fiehl Berviee School ut Carlisle,
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