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CA de51gn and experlmental study of traffic control devices, car-
ried out by a multidisciplinary team of psychologists, engineers
and graphic de51gners 1S*descrrbed” The work encocmpasses an
appreciation of the background and operation of uniform traffic
control devices, an extensive series of laboratory investigations,
road tests, and a substantive group of graphic design exercises.
The investigsation of the basic design elements of a transportation
graphics system included the study of legend, pictograph, symbol,
color, shape, arrows, and destination signing. Both the labora-
tory and the road experiment design and data analyses draw
heavily on recent advances in the theory of signal detectability,

an application of statistical decision theory. >,
| Y
| -
Applicaticns ¢f the study techniques to further problems are

noted throughout this report. Also included is a graphic design

discussion of the urban sign situation.

This work was performed by Bolt Beranek and Newman Inc. of Cam-
bridge, Mass. under Contract No. CPR-11-5955 for the Bureau of
Public Roads, Federal Highway Admlnlstratlon, U.S. Department
of Transportation.
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1. . SUMMARY

A balanced program of design and experimental study was pursued
under the sponsorship of the Office of Traffic Operations, Bureau
of Public Roads. This work embodied an investigation into the

design and performance of uniform traffic control devices.

A multidisciplinary approach was formulated and effected that
utilized the services of engineering and experimental psycholo-
gists, engineers, and graphic designers. This marriage of disci-
plines is reflected both iIn our research and in the content and
stylés of this report. Depending on his own backgfound, the
reader’may resonate more strongly with some sections of this

" document than with others. This is not unintentional.

The work encompasses an appreciation of ‘the background and opera-
tion of uniform traffic control devices, an extensive series of
laboratory invéstigations, and road tests, along with a substantive
group of graphic design exercises. This program is an investiga-
tion of the basic design elements of a transportation graphics sys-

tem.

The design work includes studies of legend, pictograph, and symbol,
with particular work on gulde signs, and gives special attention

to the urban problem.

The laboratory work-comprises experiments on color, shape, arrow
types, stack-type destination signing, and the meaning and recog-
nizability of pidtdgraphs. Experimental design and data analyses
lean heavily on recent advances in' the theory of signal detect-
ability, an gpplication of statistical decision theory. The power
of the method bears the price of complexity, but we have devoted
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substantial effort to explaining its rationale and use. We have
also tried to make the reader cognizant of the limitations of our

approach.

The basic laboratory paradigm was one of brief visual presentations
of the stimulus material. Observers were provided with a list of
response alternatives and were instructed to choose the most likely
and, in addition, to rate numerically their confidence in the re-

sponse alternative selected.

Road tests with a more limited stimulus set were conducted using
a visual interruption apparatus of our own devising. Used suc-
cessfully by us in the past to measure the information input rates
from roadway environment to driver, the device served in this case
to delimit the information input rate. Coupled with a demanding
driving task, this technique allows us to degrade sign recognition
to measurable levels while maintaining speeds and driving perfor-
mance consonant with safety. It simulates the distractions and
switching of visual attention common to everyday driving and is,
we feel, a more adequate technique than accompanying auxiliary
task techniques, such as mental arithmetic or code-lock tasks,

which have been used on other occasions.

Probably of greatest interest to the general reader are our find-
ings about: arrow types, showing the superiority of one design;
stack type guide signs, defining the advantageous arrow placements,
the differences between dark énd light lettering on contrasting
surrounds, the effect of place name position; and pictographs, rank-
ing their recognizability and meaning. We cutline two different
models of motorist interaction with destination signing that we

feel should be given further attentiocn. Ultimately, we hope that
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the study technigues that we have introduced will, through further
application, prove as worthwhille as any specific findings. Avenues
for further exploratiocn are noted where applicable.

Of general interest, too, is the detailled graphic design discus-
sion of the urban situation — particularly topical in the light
of current urban beautification efforts.

An inclusive set of references i1s included for areas directly re-

lated to our program. This list, too, will prove of value to other

investigators.

1-3
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2. BACKGROUND

2.1 History:-of Sign Development and Regulation

When man first began to move arcund his earth he was ‘gulded by>
nature. Paths and trails often followed the contours of the land
and were oriented by hills ard rivers, chasms, lakes and oceans.
Warning signs were provided by animal tracks or rushing water, by
smells and sounds. There was no need for regulation by man.. ‘

It was, of course, many centuries before men grouped together in
villages, and sought avenues of commerce between villages. At the
same time they formed governments to rule their villages andg,
later, their nations. Thus it was many centuries before there was
a need for, or a notion of, any formal traffic sign system. '

Imperial Rome provided road signs for travelers. Under Caesar
Augustus, the twenty-nine major military highways which led from
the ecity to the outposts of the empire were provlded with mile-
stones for their first hundred miles A law establishing compul-
sory measurement of these routes was enacted in 183 B.C. It took
almost two hundred years for a standard milestone to come into

general use.

Nelther travel nor road signs changed significantly during the
next eighteen centuries.

In the early days of turnpikes between settlements and cities,
road signs were the responsibility of private 1ndiv1duals, as were
many of the majecr roads. Some roads had signs, others did not.

If the signs on one road resembled those on any other, it was '
likely to be a coincidence.
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2.1,1 Early developments in the United States

In this country, for example, the principal highway between New -
York and Philadelphia was spotted with milestones as early as

leS. These markers were set at two-mlle intervals and at inter-

sectlons with other public roads.

The introduction of regular stagecoach travel over estabiished
routes helped to'encourage the development of maps showing mileage
between two polnts on these roads. The best of these were pro-
duced by the U.S. Post Office Department.

Ih the second quarter of the nineteenth century, the steam rallway
became an important means of overland transportation, and highway
use diminished consilderably.

The rallroad ran a fixed course, interrupted by hazards such as
highway 1intersections. Traffic control problems pecullar to ‘
rallroads therefore caused the evolution of a special set of rali-
road signs and slgnals. For example, a sign was developed to pre-
vent rear-end collisions. However, these signs had 1little to do
with highway traffic problems and were of little concern to the
highway traveler,

Near the end'of the nineteenth century,vthe blecycle became very
popular and bilcyclists, with their boundless energy, began to
agitate for better roads and better blcycle paths. New communi-
ties, and expanding populations in the cities, Increased the com-
‘mercial and soclal interaction between communities and encouraged
the development of statewlde road systems.

With the advent of the automoblile, problems which for centuriles
had been benlign and almost academic became complex and urgent.
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Local networks of rcads were integrated into statewide systems and
then into interstate connections. Route numbers and names evolved

slowly, but signs were sparse and inconsistent.

Private SOufcesvprovided help. - Automocbile clubs and highﬁay
ésseciatiens (formed to‘promote the use and improvement of specific
rdads) often provided signs for those roads which were of infterest
to them. The Automobile Club of California put signs on the prin-
cipalihighways within 250 miles of San Francisco in 1907. Earlier,
in 1905,'the Buffalo Automobile Club had provided signs for 1its
section of New York state. ‘

Other private organizations with interests in highway travel also
stepped into the void. The B.F. Goodrich Company marked‘railread

crossings with warning signs and formed a touring service which

~* marked routes and issued route books and maps. Goodrich sign crews,

working out of New York, Chicago and San Francisco, erected thou-
saqu of signsreach year between 1910 and 1920.

Rand McNally Company, the Chicago map maker, was another private
organization with a significant commitment to highway ldentifica-
tion. Rand“McNally not only promoted the .marking of highways but
~ also paid pedple'to do the work. These markings consisted of a
system of colored bands on . telephone poles; where there were no
telephone poles other posts or structures along the road81de

were used. The color code was then plcked up- on the maps.

These commercial 1nterests and the numerous road assoc1at10ns d1d )
much to provide orlentatlon for many travelers. However the- multl-
plicity of these organizations also fostered confusion and chaos.

There was a wide range of sizes, colors and shapes of signs along
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main roads. Oftén, long stretches of major highways had many d4dif-

ferent route designations.

Even more confusing was the fact that the same road or route some-
times had several different locations. A road promoter, for example,
might enlist local support from parallel communities near a pro-
posed north-south route. 1If these communities were a number of
miles apart, two roads would be built, one through each town, both
with exactly the same name and designaticn. Eventually the two

roads might Jjoin, only to be split again 1nto two or more separate

roadways with the same name.

Without a comprehensive system of route identification, confusion
prevalled, and even the experienced driver often found himsélf‘-
miles away from where he thought he was.

The state of Wisconsin was a leader in the organization of princif
pal roads within the state. In 1918, Wisconsin's roads were marked
accérding to a systematic plan, and maps were prepared with roads
identified by number. ’

Wiscénsin not only led 1n the systematic organiiation of signs, but
also in determining the physical form of the sign itself. Most
early signs and route markers were painted on telephone poles or-.
affixed or painted to structures along the roadside. (Companies
owning the poles objected to anything but paint on the poles since
signs would interfere with pq;e ¢limbers.) Paint wore out quickly,
however, and poles, culverts or bridge railings were often poorly
lTocated for driver visibility. Wisconsin became the first state to

use baked enamel markers on sheet metal, supported on relatively
light standards.
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Many other states followed Wisconsin's lead and within a few years
developed and implemented numbering systems and a few standard

warnling signs for their own highways.

The obvious next phase was interstate control to overcome the con-
fusionsg caused by the separate state systems. In 1924, the American
Assoclation of State Highway Officials urged the creation of a com-
prehensive interstate route system, the development of a "uniform
.schemé for designating such routes," and recommended adoption of

uniform signing practices.

At the time, the Bureau of Public Roads was a part of the Depart-
ment of Agriculture, and the Secretary of Agriculture appointed a
board to do the job..

The Board's recommendations were accepted and a manual for rural
highways was published in 1527. A manual for urban streets was
published in-l929 by the National Confefence on Street and.HigHway
Safety., In 1935, the two manuals were combined to form the first
Manual on Uniform Traffic Control Devices. This Manual has been
revised through the years, most recently in 1960. This edition was
published by the Bureau of Public'Roads in June 1961.

2.1.2 Early developments in Europe

Mcdern Eurcpean signs also have roots in the activities of private

entrepreneurs and motor clubs.

In 1808 the Convention con the International Circulaticn of Motor
Vehicles was held in Paris. If resulted in four road signs depict-
ing typical road dangers of the times — bump, curve, road crossing

and flat or level-grade railrcad crossing. Many European countries
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ratified the Convention; however, signs were not governmental re-
sponsibility and were installed by private organizations with the
help of commercial sponscrs such as automoblle and tire manufac-
turers. These commercial sponsors felt obliged to advertise thelr
wares on these signs so that many were badly cluttered with adver-
tising messages. Many of the signs were verbal and therefore could
be read only by those whc understocd the national language.

In 1926, the Convention Relative to Motor Traffic described a uni-
form system of signs. A very modest system containing only six
signs, it specified pictorial conventions for uneven pavements and
curves and also adopted the triangulaf shape as the international
standard for danger signs. As in America, these signs were intended

for rural situations and did not include urban regulatory signs.

2.1.3 The League of Nations

The Traffic Committee of the League of Nations developed a set of
urban reguletory signs in 1928. 1In 1931 the Convention for the
Unification of Road Signs was adopted in Geneva.

Under this Cohvention, the number of road signs rose from six to

twenty-six and signs were divided into three categories: danger
signhs, signs giving definite instructions and signs giving indi-

cations only.

In 1939 a committee of the League of Natlons recommended further
refinements of the international road sign system, but the Second

World War prevented implementation.

2.1.4 ‘The United Nations

After the Second World War the United Nations developed'a new
"protocol on road signs," which was adopted in 1949. It specified
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more than fifty traffic signs and was signed by about thirty

nations.

In the early 1950'5 a United Nations group of experts was formed
to study the problem further and to recommend an international
system which would take into account the other systems that were
being used in the world. Their report was published in 1953.

It did not, however; generaté the.reception which had been hoped
for and ten yearé later only two»Eurdpean:nations had subscribed'
to it. The 1949 protocol thefeque remains the basis for most

European sign systems today.

2.1.5 Early developments in Great Britain

The British Motor Car Act of 1903 included the authority for the
erection of warning signs by local authorities. These were speci-
fied in 1904. They consisted of shape specifications only with
one exqeption: prohlbilitory signs were to be indicated by a red
disc. Speed limit signs were to be incorporated in circlés, warn-
ing signs were to be indicaﬁed by triangles, and all others by
diamond shapes. The signs were to be 18 inches in diameter, their
lowest point was to be not less than 8 feet ffom the ground and
they were to be located approximately 50 yards from that to which
they referred. Beyond these specifications, local authorities

were free to act on theilr own.

British standards evolved through national acts and circulars in
1909, 1820, 1821 and 1923. Three years after the 1926 convention
in- Paris, Britain ratified the agreement on road signs and, for
the first and only time in its history, formally adhered to an in-
ternatiocnal agreement on roadside traffic signs.
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Certain of the signs inbluded in the 1931 Geneva convention were
adopted by Great Britain but it did not support the convention
generally and continued its own way with a national committee 1n
1933.

Many British road signs were uprooted in 1940 because of the fear
of invasion. A néw committee was formed and issued its feport in
1944, It did not recommend any radical departures, however, aﬁd

the signs which were installed after the war were very much 1ike

those which had preceded them.

In December, 1961, a committee headed by Sir Walter Worboys was

appointed by the Ministry of Transport to review traffic signs on
all-purpcse rocads, including those in urban areas, and to recom-

mend what changes should be made. The commlttee 1lssued its report

in 1963. The implementation of its recommendations began in 1964 —-
and 1is expected to end in about 1972. And so the present Brifish

system is among the most modern in the world today, although it‘is

based primarily on the signs contained in the 194G U.N. Protocol.

2.1.6 Other systems

All other sign systems in use through the world today were es-
sentially developed frcm the systems we have already cited. 1In
Africa, for example, conferences were held in Jchannesburg in
1937 and again in 1950 and the sign systems are essentlally based
on those included in the Geneva Protocols of 1926 and 1931. In
the Western hemisphere, most signs are based on the U.3. system.
The Canadian and Mexican systems, which will be described in the
next Section, were initially developed following the U.S. or

U.N. pattern. |
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2.2 Today's Systems — Comparison and Contrast

Each sign system has its own peculiarities and noc two are exactly
alike. They have, however, essentially polarized around two basic

philoscphies.
One of these is best represented by the U.3. system.

The U.S. system relies heavily on the use of verbal messages to
transmit information. "Over the years a -small, but significant,
body of pictographic images have become part of the system. Cer-
tainly this trend 1s continuing. Nevertheless, there seems to
have been a general aversion to using visual shorthand, except in

what would appear to be the "safest" of situations.

Canada has followed the U.S. system to a great extent. Tnnovations
have been added or borrocwed from other systems in certain situa-

tions.

The Canadians use pictographic images for regulatory signing. Dur-
ing their introductory period, however, supplementafy plates were
used containing verbal messages. (0Of interest is the fact that
sometimes the verbal message and the visual image differ. Ver-
bally, for example, a sign will say "No Left Turh," while visually
illustrating the fact that traffic can proceed straight ahead or
turn right. In other words, the verbal message is prchibitory

while the visual message 1s permissive.)

The Mexican system is closely allied to the recommendaticns of the
U.N.-1953 group of experts. Mexican warning signs are usually
purely pictographic, without any verbal message on the sign or on
any auxiliary plate. Regulatory pilctographs are partially sup-
ported verbally.
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Most European ccuntries use systems based on the U.N. protocols

of 1949. The recommendation of the U.N. group of experts which
met in 1952 and 1953 are principally used in Mexico and the Middle
East.

Most African nations use & related system based on the League of
Nations' Geneva protocols of 1931, and modified at international
conventions in Johannesburg. This highly visual system reflects
the diversity of African languagés and alsc, perhaps, in the lim-
ited number of signs, the relative simplicity of Africa's traffic

control ﬁroblems.

The current Brifish system 1s much more extensive and precilse than
those of the other nations of the world, particularly in 1ts de-
lineation of guide signs. The British system accommodates a dif-
ferentiation among signs for motorways, primary and secondary roads.
'Color‘coding is uséd for visual differentiation of these types of
roads, and specific map-type signs are included for a wide varilety
~of highway configurations and junction situations. Still in the
process of installation, the British system is the flrst to be
devised with the continuing assistance and consultation of a
graphic designer,

2.2.1 Regulatory signs

In the U.S. system, regulatory signs are considered a slngle cate-
gory. In other systems, they are divided into two categories:
mandatory and prohibitory.

Most U.S. regulatory signs are rectangular, whereas other systems
‘use circular forms. In the Canadian system, there is often a com-
promise; the circular form is retained within a rectangular shape

and the pilctograph and verbal legend are included on the same plate.
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The octagonal red STOP sign is the only octagonal sign in the
U.s. systemrand; in fact, the only octagonal sign in any_signM
system. It.is, at presént, also the only red sign in the‘U.S.
'sign system (although the proposed introduction of the abstract
NO ENTRY'andythe red YIELD signs may change this).

In our tests, and in other tests of shape, the cbservers were more
apt to confuse the octagon and the circle, than the circle and the
diamond. This raises the possibility of making the American stop
sign cifcular. This step would have no effect on its visibility,
practically no effect on its unigueness in the American system,

and would make the sign somewhat more compatible with the other
stop signs of the world. Whether such a change would be worth the
effort required is doubtful. (It should be noted that the diamond-
shape rallroad sign,. an accompanying change, has been independently

proposed.)

The European and British STOP signs incorporate the triangle wlth-
in the circle. This arrangement presents several weaknesses. When
the legend "Stop" 1s included within the triangle, it must of neces-
sity be small and therefore difficult to read. When the legend
breaks through the legs of the triangle, as it does in the British
stop sign, the triangle loses its shape .and serves almost no func-

tion.

The yellow United Nations 1953 STOP sign is based on the octagonal
U.S. sign. The legend 1s superimposed on a pictographic image for
an intersection with a major roadway. The meaning of the pictograph
is lost, however, in the confusion with the verbal legend and the
overall slgn shape, diminishing the effectiveness of the sign.

2-11




Report No. 1726 7 Bolt Beranek and Newman Inc

Closely related in functlon to the STOP sign is the YIELD sign,
which requires that a driver be prepared to stop before entering

a stream of traffic. Here the systems of the world are consistent
in thelr selectlon of the triangle, vertex down. Note that 1n
European and British systems the triangular form is also used in
STOP signs.

Another sign which is closely related in function to both the
‘STOP and YIELD signs 1s the NO ENTRY sign. Again, the driver
must stop. In the European and British systems, the abstract

NO ENTRY sign picks up the circular shape of the STOP sign. The
U.N. 1953 system reverts to a more pictographic form with the
red diagonal bar slashed acrcss the red STRAIGHT AHEAD arrow.

In the U.S. system, the verbal DO NOT ENTER sign 1s completely
inconsistent with both the STOP and the YIELD signs.

The obvious inconsistencies among these three signs in the U.S.
system pose several problems. Although each of the signs should
- elicit approximately similar responses from the driver, the signs
differ In- shape and coler. The propcsed introduction of the ab-
stract NO ENTRY sign into this country would be a significant
improvement. In fact, the abstract NO ENTRY sign is quite close
in 1its visual characteristics to the STOP sign and 1s therefore
qulte compatible with it. The proposed use of red for the YIELD
slgn is ancther useful step toward visual consistency.

Whereas the European systems and Great Britain rely on cilrcular
shape for all regulatory signs, the United States and the rest

of North America use the rectangular shape.

A rectangle is a more efficient fleld for a verbal message than

a cirele and so the basic shape difference may be considered as a
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reflection of the verbal-legend versus pictograph dichotomy. It
is also an efficient shape for pictographs and so, any change to
a plctographic system would not necessarily mean a change in shape.

Although the U.S. relies on verbal messages in regulatory signing,
the Canadians increasingly use pictographic images. for regulatory
signing. In their newer signs, they have combined the European
pictograph and circle with the North American rectangle and verbal
legend. From a visual point of view, the use of the circular color
border is questionable. It restricts the size of the pictograph
and confuses the use of shape. Perhaps a strong border following
the shape of the sign, which would permit a larger image without

diminishing color coding, would be preferable.

Color is not utilized in U.S. regulatory signs as 1t is in all
other systems. Although the significance of color has yet to be
determined precisely, we should question its absence in the U.S.
-system of regulatory signs. (Color is, of course, used in urban
parking signs, but its use is obscured by the clutter on these
signs and by their lack of consistency with any other regulatory

signs.)

Red is internationally used as a prohibitory color. The bold red
border has been familiar to European drivers since the inception

of formalized sign systems and is well-understood. To provide.
added emphasis, the United Nations group of experts incorporated
the diagonal red bar across the pictographic image tc indicate pro-
hibition in their system. Thus even the most naive driver {(who may
look at the red vorder as a decorative element) should be brought
to attenticon by this red bar. The bar also aids thcse individuals
-whd experience difficulty in red-green discrimination. Although
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prohibitory signs are not treated as a distinct classification in
the U.S. system, nevertheless a number of control signs for mov-
ing traffic are prohibitfory in nature, and might be made more ef-
ficient with the careful use of colcor. These black-on-white rec-
tangular signs do not transmit any sense of strength or urgency
from a visual point of view. They must rely totally on verbal
legend for communication, since their shape or color tells the

driver nothing.

The United States system is, through recently proposed changes,
moving toward wider and more efficient use of color. There per-
sists, however, the indecision as to whether color shculd be
allied with sign category or sign meésage. Thus, yellow 1s used
for warning signs, red for stop signs, and orange (proposed) for

construction warning signs.

2.2.2 Warning signs

The U.S. diamond shape'provides a convenient field for pictographic
images and.for very brief verbal legends. Research has shown that
the black on yellow is a highly effective color combination (for
visibility) and the United Nations' group of experts recommenda-
tion of the U.S5. shape and color for warning signs recognized this _

effectiveness.

U.S. warning signs have long used plcteographic lmages for curves
and intersections. They have relied primarily on verbal legends

for most road hazards, however.

- Other systems of the world have historically used the triangle as
& warning sign. The triangle provides a distinctive shape and
was probably much more effective when it was used as an abstract
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form to indicate danger in the very early highway systems. For,
the triangle does not efficiently accommodate pictographic images
or legends. The diamond is much more efficient as a visual field
and at least equally distinctive as a unique shape. .There would
seem to be little justification for the U.S. system to consider
conversion to a triangular format. The argument for increased
reliance on pictographs, however, 1s wvalid and should be heeded.
But, as we have indicated elsewhere, careful attention must be
glven to the selection of pictographs and development of a picto-
graphlc system which will provide the visual consistency essential

for effective communication.

2.2.3 Guide signs

In the very early days of sign systems, only broad specifications
were enumerated by conventions or government bodles. Local juris-
dictions were left $to thelr own devices insofar as basle sign de-
slgn was concerned. W1ith the passage of time and increased sophis-
tication, all systems have become much more specific about regula-
tory and warning signs. The British, however, have carried this

detail into guide signs.

"The U.S. system treats route markings rather carefully} In con-
trast, direction signs are very broadly brushed and as a result,
the U.S. system may not help to guide the driver as much as do
other systems. Without a comprehensive point of view, U.S. guide
signs have proliferated without adding to the effectiveness of the

system,

Problems involving guide signs are problems of content and of
design. This was well-recognized in the most-specific British
system. We do not necessarily agree with all that the British
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have done, or with the extent to which they have specified signs,
but we do feel that much of what they have done has at least con-

ceptual application in this country.

The British have carried the specification of map-type signs to
an extreme. The manual provides a specification for almost every
given situation. The specifications &also provide for primary and
secondary roads as well as motorways, all of which are indicated
by various color codings. Accommodations are also included for
route numbers, which are again coclor-coded. The imposition of
such a detailed system might be an arduocus task. There is no
doubt, however, that a less complex system that (a) made use of
map-type signs and (b) provided directional continuity through
the color-coding of route numbers and their inclusion on signs,

would comprise a significant step forward.

The American manual seems to be the only one which does not speci-
| fy directional and destination signs which include route numbers
and other information c¢cn a single plate. Such signs are specified
by both the Mexican and the Canadian manuals and, although they do
net have map-type signs, they are both somewhat more specific in
their description of guide signs, and somewhat more sophisticated

in thelr sensitivity to driver information needs.
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2.3 The Driving Task

2.3.1 Driver processing of information

In the early days of automobiling, the "task" for the driver was
often more physical than'mental, and human perfofmance reQuire;
ments were based on the strength necessary to operate the start-
ing handle, the tiller, and the wheel brake, '

Sixty years of motor vehicle and highway development has gradﬁaily
but completely changed this éituation, . The physical demands'of
the driving process now fall within the capabilities of almost |
all,of the non-bedriddén populationﬂr»Investigators of the driv-
ing procees.commonly regard tﬁe"driver as primarily an iﬁformaf
tion processor with secondarylphysicel capabilities ueed to
interact with the vehlcle controels and the eﬁvironment. ~The
driﬁer‘s need for 1nformatlon is based on the tasks'he'must per—
form; these include lane holding, car following, vigilence’fer'

hazards, and the monitoring of gages and controls of his vehicle.

Although the output of such a‘sensof—processor-actOr system can
be measured and understood, it isydifficult to specify what the
input 1is fhat results infthe observed output. Attembts have
been made by several'investigatore to determine these'elements
in the complex visual world of road, traffic, and traffic con-
trols that elicit the driver's respcnses. Recent efforts by
Senders et al. (i967)yhave concentrated on the total visﬁel in-
formation the drilver takes in through the windshleld as he ob-
served the rcadway ahead, and has led to a model of how‘infofma-

ticn flows 1nto the driver and is processed.

In thils model, a certaln information density is postuleted’for

the roadway, so many bilts per'ﬁnit distance. A section of road
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with many curves or traffic control devices has a high informa-
tion denslty. The faster one traveled a portion of the road,
the more bits per unit time must be pfocessed.V.The model then
describes the requirements for visual sampling of a road, where
the minimum sampling rate 1s related to the information density
of the road and to the velocity at which it 1is traversed.

Were the driver to get a glimpse of the road only at fixed inter-
vals, he would develop uncertainty about details not discernible
at his last observation, and about where his car is on the road.
IT the intervals between observations (snapshots) were very
1ong, then the accumulated uncertalnty and the amount of infor-
mation to be absorbed on the next observatlion would be greater.
If the short observation time itself were to remain fixed, the
driver would be unable to absorb the amount of information re-
quired, and would be forced to réeduce the rate at which he must
proecess the iInformation. This would mean reducing his speed,

so that the information rate, the product of infeormation density
and speed, 1s reduced in proportion. In this way the driver
finds a 1limiting speed related to his information processing
capabilities. It should be noted in passing that an experi-
mental technique, based on this visual sampling, was employed

in some experiments described in Chap. 3.

The sampling process just described is quite appropriate to the

"normal" task of driving. Instead of the external imposition of
Vvisual sampling, this sampling process 1is controlled iInternally.
‘Mén is a'sampler of the constant stream of signals reaching his

central processcr from his senses. Although some selective at-
tention 1s apparent at the sensor level (e.g., focusing the eyes
on a sign), the control resides with the central information
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processor which runs all the time, and switches (attends) to
sensor inputs one at a time. This sampling is conditicnal; that
1s, it 1s based on previous 1nputs. If the information coming in
through a few sensors. does not occupy the central processcor full
~time, man finds other things to do with the excess input capacity.
If there are few signs and curves on a particular road, then the
driver turns on the radio or looks'at‘the distant .scenery. He~
may, 1n fact, daydream or'tend to sleepiness in ‘order to lower
the effective full lcad capacity of the pfocessord‘ If he does
reduce his excess capacity, he alsc increases his probability of

missing a sign or signal that'is important.

When the task is challenging, the effectlve capacity 1s expanded,
but too much attentional demand at once will also lead to over-
load and miésing importanp‘sensor'inputs. As the driver comes

' to the advance exit sign, his effective processing capacity
starts to reach the limit; he stops attending to (looking -at)

the scenery or (listening tc) the radio, and switches this at-
tentionaljcépacity to the tfaffic control signs. - Road geometry-
and unusual traffic flow patterns near the exit can also impose
encrmous inereases in attentional demand. If this occurs, the
central pr@ceésor‘will be‘overloaded, and important information

" will not get processed. A sign which meets all ordinary require-
ments of legibility at distance (or for exposure time calculated
from vehicle speed) may not be "readable" at all. Alternatively,
drivers who do "read" the sign may,havé vehicle control problems.
Thus they may spoil the smooth flow of traffic, or even -cause

collisons.

This view of information processing and its critical role in the
driving task leads to several cbservations about the design . and

use of traffic control devices.
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Where atfentional demand of the driving task is low (as on rural
expressways), the driver needs advance warning to trigger the
builld-up to greater information-processing capacity. The driver
cannot remain vigilant for guide signing (for example) if the
frequency of occurrence of such signs has been very low. -1f the
attentional demand of gulde signing had been made more uniform
along the road, the difficulties with the build-up time could be
avoided. Since the attentional switching (at any effective in-
formation processing capacity) is conditioned by the previous
inputs, a maximum interval between guidé signs could be estab-
lished. This interval might be one minute or ten minutes driving
time, and would depend on the size of the related information

processing task.at the next critical decision point.

Where attentional demand of the driving task is quite ‘high (as on
urban expressways) the driver needs signing that presents the
necessary information in a way that mixes in as few irrelevant
cues as possible. Such irrelevant cﬁes can ccme from inconsis-
tencies in layout, design, or presentation. If the messages
Metropolis, Utopia and Exit 29 appear on one sign, then they all
should appear on every sign that can convey that information.
Scrambling the order in which these three messages appear, using
different background or alphabet styles, or changing the layout
from centered to justified-left on succeedling signs introduces a
great degl of 1rrelevant information. This information, which
is Just '"noise" must be sensed and processed before it can be
separated out and discarded. Thils processing often imposes at-
tentlional leocading on the driver under conditions where he can
least afford it., The steps necessary to reduce this irrelévant
infeormation should be'as much a part of uniformity of traffic
control devices as the regulation of shape and color,
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2.3.2 Relating signs to the driving task

The relationship of the deéign ofl traffic—control devices to their
intended use has two aspects. The manipulation of design eleménts,
such as shape, coler and content, to improve the recognizability

is treated in detail in Chap. 3. Some possibilities for relating
the message presented for recognition and the driving task that

occuples the observer will be explored briefly in this section.

Traffic control devices are used to tell the driver something
that the road does not tell him, sclely to increase the proba—

bility of correct vehilicle response. :

Optimizing the process‘of communication alore is likely to be
suboptimization for the system; the vehicle and the driving task
itself shouid be considered. As discusséd in the prévious sec-
ticen, the driving task invclves maneuvering the vehicle on the
road as a result of decisions which are usually based on the
proceséing of wvilsual cues. Putting signs on a road often puts
some‘lead,‘or prediction in the system. If this 1is the case,

we should take advantage of the fact that the goal is strictly
one of vehicle responée. Slgns do ndt talk directly to the
‘Vehicle yvet, so at present, 1t seems appropriate that signs tell
the driver what vehicle control actions he needs, and with what

probability.

What do traffic control devices tell him now? Sometimes they
tell him what the vehlcle must do, or can do, and sometimes they
- tell him what he must expect, or can expect. Often signs com-
bine these unconsciously, forcing on the driver an additional
Information processing task to select the appropriéte respOnée.
This need not be the case; design elements of signs could ex-
plicitly carry such information as (a) the probability, (b) the

action required, or (c) the intended reader.
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Probabllity cues would be useful in warning signs, for example.
Warning signs direct the atftention of the driver to two kinds of
things. ©One kind, indicated by a BUMF cr a curve warning sign
is an event that is certain to happen. The driver must make the
appropriate response to keep the car on the road. The second
kind, indicated by a TRUCK CROSSING or FALLING ROCK sign 1s an
event with a probability that i1s usually small, but not zero.
There may be a truck or a rock in the road, and the driver may
have to take appropriate evasive action, but usually he dces

not, and no specific action 1is alwdys appropriate.

A highly reccgnizable design element of the sign, rather than

the entire message, could be used to make the distincticn between
certain events, and those of various low probabilities. Research
may indicate the desirabillity of making additional distinctions

ameng events of differing probability.

Tne second distinction, according to intended action, 1s a logi-
cal forerunner to the automated highway. Such a highway com- ‘
municates vehicle control commands directly to the vehilicle. At
present, the Signéu35éékﬁfof the highway, and address thé driver.

Transmitting informatlicn 1n order to elicit the appropriate vehicle

response might be done meore efflclently by encoding the message in
a way related more dilrectly to the vehicle control actions de-
sired. The message set 1s not large; the driver controls the
vehicle through few inputs. The feet control the longitudinal
behavior (and signaling) and the hands control the lateral be-

havior (and signaling).

STOP signs, YIELD signs, maximum, minimum or advisory SPEED
LIMIT signs all ask the driver to use his foot on the brake or
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accelerator pedal: these signs could share a common design ele-
ment. Following the previous argument, the STOP sign and the
YIELD sign would contain different probability messages, how-
ever. Such signs as route markers and trail blazers, LEFT TURN
ONLY, or curve warning require turning the steering wheel, and

would be distinguished by a second action message.

The third distinction, according to intended user, arises from
the observation that not all signs are for all people. To re-
quire the driver of a passenger car to process the information
on a sign, only to find that the message is relevant only to
trucks, bicycles or motorcycles dilutes the expected value of
all signs. As shown in the design exercise in Chap. 6, the
develcpment of a seriles of signs intended for a single class cof
users has two benefits: 1t reaches the intended audience more
effectively, and it allows the remalnder of the road users to

concentrate on signs of utility to themselves.

2~23
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3. THE PRESENT STUDY

3.1 Objectives and Limitations

This project was concelved and executed in response to a number

of factors relating to uses and abuses of traffic Sighs, signals
and markings. To help the reader appreclate better the directions
that this effort took, we begin by detalling those factors that
inspired the study. First and foremost, there is a wealth of dis-
satisfaction on the part of the driving public with the operation
of‘our current system, While this study has made no effort to
document this dissatisfaction, evidence appears dailly 1in the free
pfess and, we suspect, on the desks of cognizant municipal, state

and federal agencies.

The majority of complaints in one way or another deal with the in-
formation conveyed‘by the sign. For our purposes we can divide
such comments into three categories. The first category is MIS-
INFORMATION: the message 1s simply incorrect — perhaps a misdirec-
tion to oné's destination, an illusion to constructlion work com-
pleted months or years ago, or an lnappropriate invitation to pass
a leading vehicle. Difficulties of this sort are quite easily
corrected once brought to the attention of the proper (although
_sometlmes difficult to identify) authority. ‘

The overt costs, in terms of time lost, fuel and rubber consumed,
and damage risked, are difficult to calculate with precision, and
are perhaps not excessive. Of more immediate concern to us here
is the covert cost — the sacrifice in eredibility of all signs.
More technically, we are concerned with a driver's estimate of the
a priori probability of the veracity of the message. If a driver
holds an inordinately low estimate of this a priori probability
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(i.e., tends to mistrust signs), the effectiveness of the system
may be drastically reduced. Precisely in those cases where a sign
is most necessary — where 1t describes a situation not otherwise
apparent — will that sign be ignored.

A second category of disaffectlon with the current system relates
to MISSING INFORMATION. Signs, signals or markings may simply
fail to answer a question asked by a given motofist or user group;
The difficulty in rectifying this problem is, of course, the dif-
ficulty of accurately assessing the users' needs. Progress along
this line is being made. Ironically, however,»the more the system
is upgraded, the more costly such missing information becomes to
the driver. As people more and more depend upon the system, to the
exclusion of, or with inattentiveness to other cues, then the more

catastrophie is the absence of a pilece of information.

Moreover, there .1ls constant change in the particulars of the driv-
ing task.  This change is a reflection of improvements 1n car and
roadway deslgn, variation in trip purpose, increases in numbers of
vehicles and road mileage, and shifts in the makeup of the driver
population. Concomitant with changes in the driving task are de-
mands for new information. Thus, missing information results not
only from oversights in the past, buf also because of 1imited fore-
sight.

The third category .is that of INEXTRACTABLE INFORMATION. Confusiocon
may stem from too much information, unintelligible or unidentifi-
able symbology and word legends, poor placement, generally poor
design, or a lack of uniformity both in the implementation of the
system and in the legal interpretations underlying the system. The

primary focus of this project has been upon basic design elements,
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to facilitate extraction of information. And, while the outcomes
of the project will provide certain contributions, this 1s tempered
by the realization that much greater strides can be made in the

short run by increased emphasis on conformity to current standards.

The genesis of this study lies also with suggestions for increased
use cf pictographic or symbolic information. These suggestions

have had a powerful influence on the study. In order to appreciate
this effort properly and to make use of its findings, it is essen-
tial to recognize the sources and import of suggestions for in-
creaéed~symbology. It is éssential‘to realize that proposals for
increased symbology are not directed solely at improving the ex-
traction of information by our own driving public. In fact, desire
for improved information extracticn per se provides but a small part

of the impetus.

In one way or another, a great deal of the impetus toward lncreased
- use of symbols and pictographs is provided by the traffic control

- practices of Great Britain and the continent. Travelers return

from.abroad wondering why we do not adopt one or another of the
signs or symbols which allowed them to motor relatively success-
fully in spite of unfamiliar language, regulations, terrain and
driving habits. There are also those who claim farsightedness and
envisage a two-way exchange of drivers — increased tourlism in this
country. There are those who argue compéllingly for internaﬁionally
uniform traffic control devices for uniformity's sake. Then too,
our own country is not completely monolingual, nor totally liter-
ate. In some cases, pilctographic representations may provide a

better common denominator.

Last, but in no ways 1least, is the complaint that many of our cur-
rent signs blight, rather than adorn, the countryside. The plea
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for beautification is directed at our roadside signs as well as
highway billboards and smoldering dumps. While they may never
become objects d'art, signs can be made more aesthetically pleas-
ing without sacrificing their efficiency. For reasons whilch we
discuss elsewhere, symbols and plectographs have been proposed to

achieve this end.

Tc repeat, proposals for increased symbology are not directed
solely at improving the extraction of information by cur own driv-
ing public. For this reason, and cthers discussed below, this
project did not undertake, in many cases, to compare the effective-
ness of a proposed symbol versus a currently-used word legend.

Lest this be thought a shortcoming to the study, let us examine,
1n general, what such a comparison wculd involve.

To carry out such a comparison we must define a test prccedure — a
method for presenting the stimuli, control over the relevantvparame-
ters, a means of collecting responses from test subjects and a cri-
terion for scoring those responses. A first thought might be to run
such tests in the field under actual driving conditions. In this
case, two locations would be isclated whefe such a sign function 1s
warranted, and one of the signs erected at each. The relevant pa- .
rameters would be the matching of location according to rcadway
geometrics, traffic volume, warranting conditions, trip purposes
over the road, sign placement and so forth. Because many signs do
not properly lead to overt, cbservable driving behavior (DEER
CROSSING, for example), the research might involve stopping cars

and questioning drivers about the sign just passed.

Alternatively, the tests might be run under more controlled con-
ditions — stimuli might be preSented for very brief exposure dur-

ations or at varying sign distances. The question is, "What
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question do we ask the observers?" Typically, there are three
categories of questions: (1) detection, (2) absclute identifica-

tion or (3) recognition.

To ask an observer "Did you just see a sign? Yes? or No?" is to
investigate detection. As we shall see, to be able to evaluate
the responses properly, the guestion must be asked not only in
cases where a sign had in fact been presented, but also in cases
where no sign was presented. The whole concept of detection, how-
ever, 1s fraught with problems and; as a consequence, not vitally
interesting. Suppcse, for example, we are testing in the field
with naive observers — passing motorists stopped at random after
having driven by a test location. Because the subjects were not
especially prepared for the detection task (other than the normal
"demands of motoring), we run the risk of confounding detection
with recall. To ask "Did you see a sign?" may be to ask "Do you
remember seeing a sign?" and this may serve to prejudice the re-
sults. That is, a novel sign (such as a new pictograph) may be

more easily recalled even though no mcre detectable.

To ask for absolute identification — "What sign did you just see?"
”Whatiwés the meaning of the sign you just passed?" may be to prej-
udice the results in the opposite direction. Most naive observers,
with their tremendous overfamiliarity with words of the English
language and reiative unfamiliarity with a particular pictograph,
might well do better at absclute identification. Certainly, so-
liciting from the observers a verbal response about meaning prej-
udices the case in faveor of word legends inasmuch as the word
legend 1s the response as well as the stimulus. The correspondence
is exact. In the case of a pictograph c¢r symbel, the cbserver must
select an appropriate verbal response from among a large unstruc-
fured set, thus presenting a problem both for the observer and the

3-5
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experimenter (who has to judge the correctness of the verbal re-
sponse). Suppocse that to avoid this problem we give the observer

a name to use for tbe symbol or pilctograph. The name might reflect
the intended meaning like "do not enter"; 1t might be more descrip-
tive of the symbol, "meatball," for example; or it might be com-
pletely arbitrary, like "x" or "y." Giving the observer this name
to work with means (in general) again presenting the'symbol in con-
tiguity with the name. With naive subjects, this must be done after
the test presentation, and now it turns cut we are testing reccgni-
.tion (in additiom tc recall). The name is, in fact, irrelevamt.

We are, in effect, asking "Was this the sign you just saw?".

Under more controlled conditions (in the laboratory, for example)
we can properly prepare the observers by glVlng them names for the
test items befcre the actual test. We can), morecver, ask the queS-

tion before the test presentaticns of the stlmall,.thereby reducing

the risk of contaminating recoghitiocn with recailfi For these reasons
among others, we chose to use a recognition test paradigm } Stlll one
mlght inquire as to why direct comparisons between say-y aﬁwer,f £
V@and a symbol or pictograph were not undertaken. ~Let us pursue this

.point.

Suppose we actually carried out such a simple and direct comparison —
two stimuli, say, a current DO NOT ENTER sign and the DO NOT ENTER
symbol, & white horizontal bar upon a red circular field" Suppose'
further that we chose to control (as the independent parameter) the
duration of exposure. Numerous trials would then be ,rin, "the ob- .-
“server being instructed to indicate which sign was presented on each
trial. As discussed below, a recognizability score could be computed

for each 51gn But what would these scores tell us?

3-6
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If beth recognition scores were very low, we could conclude: (a)-

the exposure durations were too brief for adeguate processing,

such that the observers were simply guessing, or (b) the two signs
were ‘actually highly confusable, one with the other. Increasing

the exposure durations rules cut the former alternative énd, assum-
ing the scores remained low, we are left to conclude that the signs
are highly confusable. This information would be beneficial if we
were considering using the two signs interchangeably. We would know,
toco, that a proposed change from one to the other would not make
things worse than they formerly were. Interesting though these things
may be, they do not help to determine whether such a change might be

of any benefit.

On the other hand, if both recognition sccres are high (for .appro-
i-priately short durations) — meaning that the two signs are quite
easily distingulshable, one from the other -~ then 1s this of in-
terest? Probably not. The point 1s, we wish to know how easily
distinguishable a sign is from among the entire set of signs with
which it 1is 1ikely to be used! If it is at all correct to assume
that a move toward pictographs will be made for "external" reasons,
the apprcpriate question is.”whéther a proposed symbol or picto-
gfaph is satisfactorily distinguishable from others with which it
must work." This last point underscores the approach which has

been used generally through the course of the study. In some cases,
cross comparilsons might be made from a legend set to a plctograph
set on the basis of minimum exposure necessary for acceptable rec-
ognition within the set. It should be emphasized that as the wecrd
legends become familiar in the course of testing, they might be
ftreated as quasi-abstract symbology,. not as legends to be read,

This process preobably pertains — or should — for the more frequently

used word-legend signs on the highway today, and highlights the
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requirement that where word messages are used they be exactingly

uniform, and stylized in layouts different from one another.

3.2 Choice of Independent Variable

Evolution of the automcobile-roadway system 1s placing increasing
demands upon the driver, particulariy in the case of dense, high-
speed traffic. Wheﬁ demands upcn an cperator become critical, a
factor of prime importance is the speed with which an appropriate
response can be made. One way of relating a study of traffic con-
trol devices to such time constraints is to measure an observer's
"readtion time" to a control device. Time would then be a depen-
dent variable of the study. Alternatively, time may be used as the
independent varlable in the study, thereby sidestepping the problem
of having to trade off reaction time against error rate (a seccond
dependent variable).

As an independent variable, time may be used to constrain both the -
presentation and processing of information — where the experimenter -
contrels the rate of presentation and the observer tries to "keep

up" — thereby confounding the presentation and processing times,.
Instead, this study uses exposure duration — the length of the pre-
sentation interval — as the basic independent variable in the labora-

Exposure duration has several nice properties which champion its use
in experiments of this type. It is easily controllable over a suf-
ficiently wide range sc as to produce a measurable error rate in the
observer's performance. Its use &3 an independent, rather than a
dependent, variable simplifies enormously the collection and analysis
of data. Morecver, exposure duration has a meaningful correlation in

the actual driving task — the amount of time a driver need spend
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looking at, say, a sign. While the processing time (the amount
of time a driver must spend thinking about what he just looked

at) has been left uncontrolled, we feel that we have abstracted
the more essential feature of the task within the drlving context.
Psychologists do not universally agree that thinking about one
thing necessarily precludes thinking concurrently about something
else, There is little disagreement, however, that looking at one
thing may indeed remove other thlngs from your field of wview.
Head-turning movements, refocusing, and fixating and tracking'a
target moving relative to you accentuate the problem. Thus, a
sign requiring an overly long look may take its tecll in damage
risked. Poor signs and other devices can wreak havoc with traf-
fic flow. Imagine a drilver, anxicus to cbtaln some specific in-
formation, who races up to the next sign, then crawls along (or
stops!) to read it. The amount of time which must actually be
spent in viewing a sign, as opposed to a later processing of its
information, can be related to sight distance (for a given traffic
flow rate) and thereby translated into sign size, and thus dollars;

3.3 The Principles of the Data Analyses

In addition to asking which of a set of stimuli was presented on
a given tfial,‘the experimenter asks also for a rating of confi-
dence on a four- or an eight-point scale. Acquiring raw data of
this type allows the analysis to receive the benefits of recent‘
advances in decision theory. While decision theory has hereto-
fore been 1little exploited in such applied problems, its concepts
have become firmly entrenched in more idealized investigations of
signal detection.and recognition by human observers [see, e.g.,
Signal Detection and Recognition by Human Observers: Contehporary
Readings, J.A. Swets (ed.), 1964; and Signal Detection Theory and
Psychophysics, D.M. Green and J.A. Swets, 1966].
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The chief advantage of an analysis ‘in terms of decision theory is
that it yields a pure measure of recognizability, uncontaminated

by the biases or predispositions of the observers. To give a con-
crete example, the costs and values of driving on the highway may
predispose one to give a "STOP sign" response with the slightest

of provocations. That is, a driver may have a strong "stop signal”
bias. As we shall show bélow, decision thecry allows us tc assess
separately the recognizabllity of a stop sign, and the bias toward
responding "STOP sign." Moreover, the index of recognizability
which we arrive at 1s a pure number and, as such, allows compari-

son of different stimuli.

In brief, decision theory, or signal detectability theory, applies
as follows. When the observer is presented with a stimulus (e.g.,
a picture of a STOP sign), we can consider his choice as a binary
-one between the response "STOP sign" and the set of all other per-
missible response'altefnatives. In fact, we could put precisely
this question to the observer, namely, "Was that a STOP sign you
just saw? Yes or no?". Because we could have asked this question
about any one of the response alternatives, no loss of generality
is implied.  Moreover, we could have questioned the observer

about whether a STOP sign was presentéd, when in actuallity some
other stimulus had been presented. In this example, then, there
are four,'and only four, possible combinations of events. With
repeated trilals we can estimate the probability of each event

and tabulate the data as shown below.

TABLE 3-1.

Stimulus Observer's Response

"STOP Sign" |["Other"
STOP sign | o, 1-p,

Other P, 1-p,

3-10
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As indicated, all the information in Table 3-1 can be summarized
by the two probabilities p, and p,. These are conditional prob-
abllities, the former being the probability of response "STOP
sign" given that a STOP sign was presented — p(S|s) — and the
latter is the probability of response "STOP sign" given that

some other stimulus was presented — p(S[o).

Now i1f an observer suddenly increased his predisposition to re-
spond "STOP sign," we would expect both p(S|s) and p(S|o) to in-
crease. We would not, however, be‘willing to say that the stop
sign had suddenly become more recognizable. What we need to
know is how p(S|s) and p(S|o) can be expected to change in con-
cert with each other for a constant level of recognizability of
the stimulus, Thils 1s where decision theory helps us.

The theory tells us that if we plot p(S|s) as a function of
p(SJo) for various blases, then we can draw a smooth curve fthrough

the points as shown below in Flg. 3-1.

This smooth curve, or "operating characteristic" could be called
an "iso-recognizability" curve. If another experimental stimulus
under ldentical conditions yilelded a curve above the one shown,
we could conclude that it was more recognizable. In short, we
need to know what the curves for two stimuli look like in order
to compare them. It is the‘ratings of c¢onfidence, solicited
with each response, which allows a fairly complete curve to be
obtained for a given stimulus (see, e.g., Egan, Schulman, and
Greenberg, 1959; or Markowitz, 1967). The theory defines an
absolute scale for the height of a curve, which is an index of

recognizability.
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FIG.3-1 OBSERVER'S OPERATING CHARACTERISTIC.
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Basic to the model 1s the assumption that all the available in-
formation in the stimulus 1s processed by the observer and
eventually reduced toc a sihgle Quantity — say, the odds that the
stimulus was s rather than o. Because the system 1s presumed
noisy, this quantity is a random variable,.x. Moreover, any
value of x can arise contingent on either an s or an o presenta-
tilon. Thus there are two conditional probability density
functions f(x|s) and f(x|o) that describe the likelihood that =a
given value cof x will be computed by the observer for each type
of presentation. Figure 3-2 below illustrates these functions.

Then, for any computed value of x, the observer can assess ratio
of the two likelihcods. This is compared with some preset cri-
terion value of likelihood ratio, denoted c¢ in Fig. 3-2. If a
computed value exceeds ¢ then the observer responds "STOP sign."
If the value falls short of ¢, then the response is "other."

The coordinates of a point in Fig. 3-1 .are relatéd to this figure
as follows.

The abscissa value p(S|0) = f: f(x|o)dx, the area under the
leftmost curve of Fig. 3-2 which 1s to the right of c¢; the ordi-
nate value, p(Sls) = f: f(x|s)dx, the area under the rightmost
curve of Fig. 3-2 which is to the right of c.

If we assume that the underlying distributions are vaguely nor-
mal (Gaussian), then it makes sense to replot Fig. 3-1 on a
normal-normal coordinate system where the operating character-
istic is approximately linear, and thus the curve fitting task
is simplified. If a further assumption — the equality of the,'
variances of the two underlying distributions — is made, values 

of the index of recognizability, denoted d' can be obtained from
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tables (Swets, 1964). This then is the general data analysis

procedure which we have used in the current study.

3.4 The Choice of Stimuli

In addition to myriad other considerations entailed in well con-
trolled and well executed experiments in the area, just what
specimens to test must be decided. Certainly currently used signs
and signals are good candidates. Testing these alone, however,
would hardly'lead to much progress. So, what alternatives should
we consider?

One way to approcach the problem is simple, sound, scilentific, and
prohibitively expensive in both time and dellars — parametrice in-
vestigation of each possibly relevant dimension and all interac-
tions. Another approach is to use proposed and currently used
signs of all countries as specimens. The basic problem is that

people qualified to pursue experimental testing are not often

qualified to choose meaningfully among the multitude of sign al-

ternatives., The approach for this study was to create an inter-
disciplinary team combining the skills of experimental psychclogy
and graphic design.

The graphic designer is schooled tc manipulate visual elements so
as to maximize the desired effects of these elements, or of the
totality of which they are a part, on human perception. His pri-
mary functions are to expedite communication through visual mes-
sages and, at the same time, to insure a level of aesthetic quality
in these messages. Traffic control devices must communicate ef-
efectively and efficiently, controlled by the manipulation of the
various visual elements which make up individual signs and sign

systems. In a traffic control device, these elements may include
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size, shape, color, typography, composition and lighting character-
istics. FEach of these elements and their relationships within
single signs and sign systems are critical tc¢ the ultimate effec-
tiveness of the entire system. Even within the protocols estab-
lished by the current United States Manual on Uniform Traffic Con-
trol Devices and similar publicatlons of other countries and inter-
national groups, there are many potentigl variations of each of
these elements.

To maximize the potential of the proposed study, these elements
must be isolated and varied in a meaningful fashion. This isola-
tion and manipulation must be based on a thorough understanding of
the design phenomena involved. A problem such as this cannot be
effectively solved by trial-and-error arrangements. Rather, it
requires a continuing interrelatioﬁsﬁip between those whé under-
stand the principles of design and those who are expert in the

testing, measurement and analysis.

The potential contribution of the graphic designer to such a prob-
lem was first recognized in Great Britain when a designer was

made a part of the motorways advisory committee that determined
signage for the British Motorways System. This was followed by
more extensive involvement in the committee headed by Sir Walter
Worboys which was appointed in 1961 to review signs on all-purpose
roads in Great Britain, as discussed in Chapter 2.

3.5 Experiment I — Shape

The term shape here refers to the background shape. In the con-
text of road signs then we are referring to the shape described
by the border.
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f(XIQ) f{x]|s)

FIG.3-2 DISTRIBUTIONS PRESUMED TO UNDERLIE
THE OBSERVER'S DECISION.
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Shape can carry a small amount of information quite effectively. .
In part its effectiveness is high because it is not easily de-
graded. No porticn of the population seems tc be afflicted with
a shape processing weakness analogous to color "blindness.”
Shapes retaln their -identity over an extreme range of ambient
illumination intensities and spectral characteristics (as gen-
erated by selective absorptlion of various meteorological condi-
tlons, or color-temperatures of illumination sources). Shapes
of the type under discussion are not easily affected by contrast
with nearby shapes. Background shape can (and should) be con-
gruent with silhouette and therefore 1ts identity can be pre-
served when covered with dirt, snow or condensation. Finally,
border effectively carries all the shape information, so that,
for example, only the border need be reflective 'if cost is an .

overwhelming consideration.

A diéadvantage of shape in comparison to color is that 1ts infor-
mation cannot be contained in a point scource. 1In order to be re-
cognizeds‘a shépe must subtend some minimum visual angle., On the
other hand; if the wvisuzal angle Subténded ils too large, then con-
siderable scanning must beAemployed. This is, of course, a sefi—
ous drawback, but the successful use of shape in the current U.S.
system attests to the fact that a useable range of visual angles
does exist. The use of shape in this country must be considered
a plus in contrast to other systems. To compromise with other
systems by giving up a potentially useful ccding dimension does

not seem to be indicated.
Sign shape in this country generally conveys gross infecrmation

about the more detailed information carried by the sign. Accord--
ing to the 1961 edition of the Manual on Uniform Traffic Control
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Devices, the significance of sign shapes i1s standardized as

follows:
* The octagon shall be reserved exclusively for the STOP sign.

- The. equilateral triangle, with one point downward, shall be

reserved exclusively for the YIELD sign.

+ The round shapershall be used for the advance warning of a
rallroad crossing, and for the civil defense Evacuatlon Route

Marker. It is also used for some State Route Markers.

« The diamond shape shall be used only to warn of exlsting or

pcssible hazards either on the roadway or adjacent thereto.

« Regulatory signs, with the exception of STOP signs and YIELD
signs, shall be rectangular, ordinarily with the longer dimen-
sion vertical.

¢+ Guide signs, with the exception of certain route markers, shall

be rectangular, ordinarily with the longer dimension horizontal.

* Other shapes are reserved for special purposes; for example,
the shield or other characteristic design for route markers on
Interstate; U.S5., and State highway routes, and the crossbuck
for railrocad crossings.

Method

Qut of fourteen shapes shcown on Figs., 3-3 and 3—ﬁ, fen were
selected for testing. Eliminated because of their highly spe-
clalized current uses were the two shields, the U.S. route
marker (#13) and the interstate shield (#14), as well as the
star (#7). The equilateral triangle was shown only vertex

downward (#4) and not vertex upward (#1).
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FIG. 3-3 SPECIMEN SHAPES — BLACK FIGURE ON A WHITE SURROUND.
(POSITIVE IMAGE) '
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SPECIMEN SHAPES — WHITE FIGURE ON A BLACK SURROUND.
(NEGATIVE IMAGE)
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Approximately thirty observers were used, each for at least ten
dally sessions. Eacﬁ session lasted two hours, during which time
a subject‘Was exposed'to‘eighty tachistoscopic stimulus presenta-
tions. Four exposure durations were used and each of the ten
stimulus shapes was bresented at each exposure duration in both
positive (black shape on white surround) and negative (white
shape on a black surround). The exposure durations used in this
serlies of experimenté were 0.015, 0.020, 0.025 and 0.030 seconds.
Eaéh stimulus presentation was both preceded and followed in

time by masking fields, visual nolse of slightly higher energy.
In general terms, both the pre-stimulus and poét—stimulus pre-
sentations of visual nolse were designed to limit the effective
stimulus presentation to no more than the actual exposure dura-
tion. ‘The‘ﬁre—stimulus visual nolilse served. also asla warning
signal to the cbservers. The action of the pre-stimulus visual
noise fits into the conceptual framework of both "'mas]zcing;'-t and
the "psychological refractory period," the action of the pdét-
stihulus‘viéual noise being related fto "backﬁard-tempbral mask-

ing" and the "erasure" phenomena of Sperling and Averbach.

‘The task put to the observer was to tell which of the ten shapes
occurred on a given.trial, and to attach to his answer a numeril-
cal rating of from one to four, to indicate thé confidence he
felt in his‘judgment. The observer was provided with a suitable
answer sheet upon which to record his responses, as well as“cop—
les of Figs. 373 and 3-4 to assist in identification and to

1imit the set of responses. Observers were required to answer

on each and every trial, When they were unsure, they were in-
structed to choose the most likely aiternative‘shape, and-to
accord it a sultable confidence rating. '
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Results

Data in this experiment were analyzed according to the principles
set forth in Sec. 3.3. With respect to any shape, two things
could have actually been presented, that'shape (s), or some other
(0). The ocbserver could have responsed either with the name for
that shape "S" and a numerical rating of confidence, or some
other "0" and & rating. These "O" responses‘were in a sense re-
garded as "S" responses, but of even less certainty and such that
the more sure the cbserver was about "O0," the less sure we con-
sider him to have been about "S." That is, for a particular sign
under consideration, an observer's response can be described by

the pair:

<t,x> where t o T {ngm, "o"}

and x DX {1, 2....n} ,

The set T representing the set of shape types, and the set X re-
presenting the set of confidence ratings, where n=4 in our case.

Then the transformation made is

<”O”,X> = <Hslr, n + (.'ﬂ+l) - x>

<tghy 2n + 1 - x>

and inasmuch as n in this case is equal to four
<"oM",x> = <", § - x>

Finally, then, we can think of any response as

<"g",c> where ¢ 2 C = {1, 2....8}
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Because either s or o could have been presented we are interested

in the two conditional probabilities.
p(<"s", e>|s)

and
p(<"s", c>[o)

or more precisely we are interested in the cumulative conditionél
probabilities,

i .
Z p(<"S", C>|S)
c=1

it it
P("S, [s)

and

5 .
P(nsinlo) Z p(<"S", ~C>|O)
c=1

Thus, the primary data reduction 1s to a 2x8 table of the form

TABLE 3-2.
i P("S.iHIS), P(lls'ililo)

"very sure"

"very unsure" 1.00 1.00
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Table 3-3 represents data pooled over observers, exposure dura-

tions and positive and negative 1mages, brocken down according to
shape. The eighth row is omitted inasmuch as it is constrained

to be 1.00.

The data in Table 3-3 were plotted to obtain the ten operating
characteristics shown in Fig. 3-5. One estimate of recogniza-
bllity, dc, was abstracted from the operating characteristics
themselves, at theilr intersection with the negative diagonal,
and 1s given in Table 3-3. Another 1ndex, d4d', was taken using
the mlddle data point and assuming that the underlying distri-
butions are of equal variance. Fulfilliment of this condition
would be operatling characterlistics of unit slope. As can be
seen from PFlg., 3-5, the assumption is ncot gulte accurate as the
slopes are.generally less than unity. Nonetheless, ranking the
shapes according to either index glves reasbnably good agreement
with the other as shown.in Fig., 3-6. '

Now ‘let us separate the data according to whether the positive
(black shape on a white surround) or negative (white shape on a
black surround) was shown. These data are presented in Table 3-4
and plotted in Fig. 3-7. As before, the data are pooled over
observers and exposure durations. TFor purposes of comparison,

d' values are shown. A rank-ordering according to d' values 1is
glven separately for positive and negative presentations in

Fig. 3-8.

Discussion

The shapes that appear to be most distinet and recognizable from

the set, irrespective of whether positive or negative, are those

‘with the most  acute angles — triangle, pennant and trapezold.
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Reduced data for shape, poo]ed'over positive and negative images,
all durations and observers. d' for the middle point is given, as

TABLE 3-3.

Ge-¢

is de taken from the plots of the data. '

Square

Ll 2

Circle Triangle Diamond Bar
.516 .004 .1h9 .010 .685 .001 by .005 .433  ,001
612 .017 . 403 .01l4 .815 .010 .500 .009 .516 .013
.661 .022 .hue .025 .907 .017 .552 .020 667 .015
.693 .036 .596 .029 . 925 .027 .578 .025 715 .022
.738 .14s5 .873 .135 .962 142 .789 .131 .871 .137
.818 .286 .888- .276 .981 .285 .921 .267 .950 .284
.935 . 485 .920 U467 .981  .500 .9#7 473 .999 .501
a' = 2.32 d' = 2.14 d' = 3.38 d' = 2.15 da' = 2.56
d, = 1.92 d, = 1.90 de = 3.00 d, = 2.0 d, = 2.30
Pentagon - Octagon Hexagon | Trapeioid Pennant
.372 .000 .h4oo .018 301 019 .482 .009 .550 .003
.559 .003 427 .027 yhy 022 .633 .012 .685 .013
.610 .015 .518 .035 555 029 .783 .034 716 .015
.6ul .025 .554 .040 666 037 .833 .ob?2 716 .025 -
672 .130 .690 .150 841 150 .966 .1h9 .866 L1h7
.762 .265 .781 .282 904 270 .966 .291 .966 .294
.966 461 .963 465 985 432 .933 487 .984 .500
d' = 2.34 d' = 1.89 a' = 2.26 d' = 2.69 d' = 2.53
d, = 1.84 d, = 1.75 d, = 2.06 d, = 2.60 d, = 2.46
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POSITIVE IMAGE (BLACK SHAPE ON WHITE)

Circle
igele) .003
577 012
.690 .026
LT74 .040
.845 .298
.957 .491
.971  .693
d' = 2.49
Pentagon
.084 .001
.16¢ .001
.197 .066
.239 .032
JAass L 263
704 L4460
854 .650
d' = 1.18

Square
.154 011
.281 .022
.394 .031
408 L04g
704 .275
.850 .475
.943 .670
~d' = 1.41

Octagon

121 .000
.187 .001
266  .016
.333 .031
.600  .U436
.800 624
.946 .B15

NEGATIVE IMAGE

Circle
.051 .007
.051 .012
115 .025
167 .043
.641 ° .587
.821 .850
.897 ' .921
ar = ,80
Pentagon
.044 .003
L044 . 009
LOTY .021
.104 .086
.686 .541
.940 .816
.955 .897
a' = .06

d' = 1.44

Triangle
Jhz2 ,001
.605 .003
647 .01l
704 .022
.873 .276
943 474
.985 .679
da' = 2.58
Hexagon
L1117 .000
.235  .016 .
.323 .04i8
.397 .070
.705  .300
.867 .482
.970 .688
d' = 1.22

(WHITE SHAPE ON BLACK)

Square 7
.038 .000
.038 .000
.078 .011
. 155 052
.623 .586
.883  .829
.948 .905
ar' = .65
Octagon
.100 .003
.110 .007
. 159 L0117
217 Lol
.782 .568
.Ql2 .842
.00 .14
at = .98

Triangle

071 .022
.100  .030
.185 .063
. 257 122
.742 .578
.971 .833
.00 .907
a' = .54

Hexagon .
. 0G0 .000
.000 .003
.031 .015
. 093 .054
671 576
.984 .828
.00 ,898
dt = .30

3-28

Diamond
.397 .019
575 .039
671 .063
.712  .097
.808 .336
.876  .553
. 904 701
d' = 1.84
Trapezoid
.062 .001
.234 006
344 029
L4221 .056
.703 .303
.828 .L498
.953  .743
d' = 1.35
Diamond
.052 .001
.078 .007
.092 027
L 223 .0R7
723 .578
.855 B4k
.034 .G08
at = .78
Tragezoid
.04l .o003
. 0h5 013
.083 . 057
L166  .137
.652 .575
.916 .837
.93C .909
d' = .13

Bar
461,009
584 014
.676 .021
.769 .034
861 <311
.953  .hg7
.00 .699
d' = 2.62
Pennant
541 .006
.639 .01%
.680 .014
.763 .019
.930 . 273
.986 .1489
.00 .707
a' = 2.76
Bar
.027 .004
.054 .008
.178 .032 .
181 .066
616 ,581
.835 .861
.945 .g20
d' = .59
Pennant
.067 .011
148 ,022
.243 .057
337 117
L7473 .610
.932 .855
.972 .914
dat = .76
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Figures with more obtuse angles — octagon, pentagon, square and
dlamond, as well as the circle — fare relatlvely more poorly.
Quite reasonably, a slim figure, the bar, does well and in a
sense 1s similar to the acute angle figures. One way of describ-
ing the difference between the better and poorer performance is
that.the former have small visual areas w1th twe edges and thus
high local contrast definltion.

Separating out the data according to negative and positivevpre—
sentations 1s qulte reveallng. DMost prominent 1s the superilority
of the positive (black figure on white surround) limages. As can
be seen in Flg, 3-7, this holds true for every shape, without
exception. Figure 3-8 1s also quite revealing. It shows that
the superlority of the acute angle figures is dominated by the
positlve presentation data. Reversing the figure-ground rela-
tionship appears toc reverse the trend, an interesting and little
remarked upon relationship. The question of whether highway signs
are positive or negative against their varied and uncontrollable
backgrounds is & difficult one, compounded by the possibility of
day~-night reversals, parficularly with dark-colored, background-
reflectorized signing. The use of a border reversed from the
background shape, undoubtedly mltlgates the problem and 1s to be

recommended.

The reader should net overlook the dominant finding that all the
shapes can in fact convey their information effectively in ex-
tremely brief observatlon intervals. The total set then con-
stitutes an acceptable medium for codlng of limited information
and shape coding éhould most certainly be continued. Each shape
constitutes a reasonable field in which legend.or symbolic iInfor-
mation can be placed. The pennant provides the least amenable
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field for messages, but 1ts proposed singular usage for the
"keep right" message, whether by 1egénd or symbol should be
effective.

Because of various suggestions that a circular shape supplant the
cctagon for the 3TOP slgn, a special analysis of the errors to
circular stimuli was made. As might be guessed, a greater number
of errors to the circle were octagon responses although the dis-
proportion was not inordinate — 16.3% as against an expected
11.1%. The directilon of the errors does then mitigate slightly
the transitional problems which would be encountered. There are,
of course, other difficulties in that the cirecle 1s currently

reserved for railroad crossings,

3.6 Experiments — Arfows

4

‘The use to which arrows are put 1n traffic-control devices 1is
straightforward and needs virtually no detalled explication here.
On guide signs, arrows serve to indicate direction destination;
on warning signs, arrows have been suggested to show that the
warning is an advance one — 1.e., up ahead; llkewlse thelr use
with route shields indlcate the message is in advance., Such

uses as the latter two do not constitute as pressing a problem

as the former. The reason 1s that in the latter cases, there 1s
seldom a choice of driving maneuver — turn right, veer left, etc.
The use of arrows on guide signs is the more critical application
inasmuch as they occur at a choice point, where often there 1s
time pressure. To make matters worse, there is almost always
more informaticn to be processed, some of it highly uncertain.
Time left for processing the information contalned by the arrow

may then be minimal.
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The experiments'with arrow type are in response to the cperational
situation which contains a choice point — a4 set 'of alternative
directions — and immediacy. As the set of alternative directicns,
we chose the four cardinal ones: up, down, right and left. The
initial feeling was that to answer questions about arrow type,
four would suffice. The downward pointing arrow was included
basically for completeness and balance although 1t does, in fact,

see service in overhead lane-control signing.

While no gréat pridfﬂexpectations-about the:supéfiofity of one
or another arrow type existed, the results were, as will be
shown, extremely gratifying. The experiment might, of course,
have included arrow types deliberately poorly designed — "straw"
arrows, as 1t were — but 1n fact 1t did not. The seven arrow
types tested appeared to be a priort effective and pleasing.

Method

Seven types of arrows Qere selected for study. They are shown
in Fig. 3-9 below. While there does not exist a really good
language for describing arrow types, there 1s a fair lexicon for
aircraft configurations which might be helpful. Accordingly,
five of the arrows are delta-winged, two of them unswept deltas
(Nos. 1 and 6), and three of them swept-back deltas (Nos. 3, 5,
and 7) of varying severity; two are simple swept wing arrows
(Nos. 2 and 4). Note that one of them (No; 1) has a wasp-

- _waisted fuselage, a slightly smaller arrow head and a slightly

longer shaft.
Five cbservers were run continuously over ten dally sessions.,

Each session lasted two hours, during which time each cbserver

was exposed to eighty tachistoscopic stimulus presentations.
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3-3%4




;Repoff'Nd.’l726 h Bolt Beranek and Newman Inc

The exposure duratiocns used during this series of experiments
were 0.015, 0.020; 0.025 and 0.030 seconds, as in the previous
series. Again, each stimulus presentatiocn was both preceded and
followed ih-time by masking fields (visual noise of slightly
higher energy), for reasons explained in the previous experiment.

A stimulus presentation entailed ohe of the seven‘érrow types

oriented in one of the four cardinal directions, up, down, right
and left. Choicé of arrow typé and orientation were determined
randomly and counter-balanced approprilately over days- and expo-

sure durations.

The observers were instrgcted‘to indicate - in which orientation
the arrow had been displayed, and to rate theilr confidence in the
decision on a four—point'numefical scale fanging from very sure
.£o very unsure. Note that the observersVWere not requiped to
identify the arrow types, but merely to abstract information
abcut direction from the presentation, as they'wbuld be required
. to do at a real choice point in the field. -

Results

The data were analyzed according to the prihcipléé set forth'in
Sec., 3.3 above., Points on a given operating curvé,were adduced
from the data as described in the method sectlon of the previous
experiment, reported in Sec. 3.5. Insofar as the operating
characteristics obtalned appeared reasonably well-described by
linear functions on normal-normal probability coordinates,aé' |
seen in Fig. 3—10; tabular values of d' were agbstracted from the
date.
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OPERATING CHARACTERISTICS — ARROW TYPES
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Looking first at accuracy in judging orientation, independent of
arrow type, a substantial difference 1s found between up and
down, on the one hand, and right and left, on the other. The
supporting data are given in Table 3-5 below. The table entries
are d' values and are gilven as a function of both orientation
and‘eXposufe duration. For each exposure duration, the up and
down corientations produce superior performance. This is seen
more easily in Fig. 3-11, which shows average d' values for the
vertical and horizontal orientations as a function of‘exposure
dgration in milliseconds,

~

TABLE 3-5. d' Values for each orientation, as a function of
' exposure duration and pooled for all arrow types.

ORIENTATiON
Exﬁosure E : o
Duration Up Down Left - Right ..
30 ms 87 .e2 2 . e8
25 S .72 60 .26 .51
20 .57 .51 REN: .14
15 -.10 .20 -.20 . .13

To give the reader some notion of"hgw much more accurate the ob-
servers were in the vertical orientations (up and down) as
opposed to the horizontal orientations (right and left), we have
extrapolated the data of Fig. 3-11 to a convenient 4' value of
1.00. While this performance would be reached on the vertlcal -
orientations at an exposure of slightly more than thirty milli-
seconds, it would take an exposure duration of moremthdﬁ"forty

milliseconds to produce the same accuracy.
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FIG.3-11 AVERAGE d' VALUES FOR VERTICAL AND HORIZONTAL
ORIENTATIONS OF DIRECTIONAL ARROWS AS A FUNCTION
OF THE EXPOSURE DURATION IN MILLISECONDS.
~ DATA ARE POOLED OVER ARROW TYPE.
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Now let us consider arrow types. Table 3-6 below gives data from
the experiments, pocled over observers and exposure durations,
~and broken down according to arrow type. These same data are
plotted as operating characteristics in Fig. 3-11. The rank or-
.dering Qf arrow types 1is depicted graphicélly in Fig. 3-12.

Discussion

Two 1nteresting findings of the experiments on directional arrows
and arrow types are the superiority of the vertical orientations,
and the clear superiority of one arrow type. While the latter
finding is the more applicable to highway signing problems, 1t 1s
also the more explicable, and we shall defer it for the moment.
Why the vertical orientations should l1lead to the best performance
i1s a perplexing one. Our observers dld, of course, view the stim-
uli binocularly and, lnasmuch as human beings are side-by-side
(rather than oné aboVe the other), there is an’overlapping cen-
trai portion which is elongated 1n the vertical direction. It is
then. conceivable that arrows in the vertical orientation can be
thought of as going along two channels rather than a single one.
To rely on such an assumption we ére forced also to assume a de-
gree of information processing at a very peripheral level — highly
speculative, but our only speculation to date.

To return to the superiority of arrow types, arrow type 1 1s
clearly the best. No doubt its advantage lies in the fact that
directional information is carried nct only by the arrow head but
by the shaft as well., As a consequence, necessary processing of
the figure is reduced. For example, 1t is nc ionger necessary to
"find" where the arrow head is located — any small slice is suf-

ficlent to tell exactly the orientation.
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TABLE 3-6.

.118
.230
.262
.521
-559
755
-850

d'

Arrow Shapes.

.010
-033
433
U445
.525
700
.800

df

.020

.025

. 065

.089

.190

.389

.673

1.39

5

.110 . 015
.206  .070
244 .110
22 233
.595  .393
LT84 673
.916 .868
a' = 0.54

Bolt Beranek and Newman Inc

.009 .027
.070 .088
.160 .260
.189 .380
.300 .589
.44s5 .736
.692 .912
0.7k ar
6
.025  .015
.156  .073
. 386 167
425 .256
.562 . 486
.700 .591
.750  .843
d' = 0.46

3-40

.008 .000
. 050 222
.154 .333
.233 .355
.487 545
.835 .581
. 889 .933
0.44 q’
.000 .009
.089 .020
.188 .125
.263 .205
Lush .430
.734 .630
.950 .814
at 0.16

. 010
.038
.080
.150
.322
.550
-717

0.66
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FIG.3-12 RANK ORDERING OF ARROW TYPES, DATA FROM TABLE 3-6

3-41




Report No. 1726 » Bolt Beranek and Newman Inc

3.7 Borders

The function of a border on a highway sign is to convey redun-
dantly the Information coded in the shape, as discussed in

Sec. 3.5. Proper borders, colored in contrast to the background
color and inset from the shape's silhouette edge, can serve to
offset reversals or ambiguities which may arise about whether a
shape is positive (dark shape on a light surround)'or negative
(light shape against a dark background). A proper border ensures
that there are both positive and negative representations of the
shapes thus, there is always a positive representation of the

shape.

There is, 1in fact, relatively little to the design of a border.
Inasmuch as it 1s to follow sign shape, the only degree of de-

sign freedom is border width.

Because the information transmitted by a sign border is that of
shape, the meaningful question to be asked of observers is, quite
simply, "what shape did you see?" and, of course, "How confident

were you?". In many respects, then, these experiments were quite
similar to those discussed in Sec. 3.5.

Method

Three shapes only were used 1in this series of experiments, dia-
mond, circle and square. These shapes were represented by
borders of four different wldths. The set of stimull used are

shown in Fig. 3-13 below.

Five observers were run contlnucusly over ten daily sessions.

Each session lasted two hours, during which time any cbserver
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OO

O 00O

Increasing Border Width—»

FIG 3-13 STIMULUS SET USED IN EXPERIMENT ON BORDERS.
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was éxposed to eighty tachistoécopic stimulus presentations.
The éxposure durations used were 0.015, 0.020, 0.025 and 0.030
secends, as in the previous series. Agailn, each stimulus pre-
sentation was both preceded and followed in time by'masking
flelds.

A stimulus presentation entailed cne of the four shapes repre-
sented by one of the four border widths. Cholce of shape and
border were determined randomly and counter-balanced appropriately
over days and exposure durations.

The\observers were instructed to indicate which shape had been
dlsplayed, and to rate their confldence in the decision on a
four—point‘numerical scale ranging from very sure to very unsure.
Note that the observers were not required to identify the border
widths, but merely the shapes, as they would be required to do

on the road.

‘Results

The data were analyzed according to the principles set forth in
Sec. 3.3 above. Points on a glven operating curve were adduced
from the data as described in the method section of the experi-
ments on shape; reported in Sec. 3.5. Insofar as the operating' 
chafacﬁeristics obtained appeared reasonably well described by
linear functions on normal-normal probabllify paper, as shown

in Fig. 3-14, tabular values of 4d' were abstracted from the

data,

Table 3-7, below, glves these data broken down by shape and

border width, and pboled over observers and exposure durations.

Because the primary questions were about border width, quite -

3-414



a=¢

PROBABILITY OF CALLING A SQUARE A SQUARE

PROBABILITY OF CALLING A DIAMOND A DIAMOND

+PROBABILITY OF CALLING A CIRCLE A CIRCLE

- L
» % - 9980
w 1
14 @ w w
< (3 a
3 3 3
0 a 9300 a 500
W 9000 v v
o : 2] a < A
x. & &
. 6000| P a «
3 s000) 1 3: 3.
@, 3 @ @
4 ca E <
o o o
z z z
- 4 -
e Fl -
g o ) o
& I s
o0sol NARROWEST - » MEDIUM-NARROW > MEDIUM-BROAD | —] > BROADEST
2 BORDER — 5 BORDER ] 5 BORDER ot BORDER
IO q [ 1 ]T 2 wor T JTT] 2 e IENEEE
2 8 o g 88 <] 3 ] o
FRaHECE R HHEFRLE g ghiilt HI R R g gHaiie HUIEEHIE g HEERI IR
PROBABILITY OF CALLING ANOTHER SHAPE A SQUARE PROBABILITY OF CALLING ANOTHER SHAPE A SQUARE PROBABILITY OF CALLING ANOTHER SHAPE A& SQUARE PROBABILITY OF CALLING ANOTHER SHAPE A SQUARE
v rd
-9990| 9990 K o
8o o 6 2
4 5 z 8.
= s a
9800 a 3 a
3 w00 2
9000 A < o w: < S
/ o [=] £ g
Z° 2 A o
000) =] o A =
3w — 3 <
o o, a’
<« <
o 74 o o
z z z
- 1000| -4 -
= - =l
a < «
o v o
S S ] & |
NARROWEST [ > weDium-Narrow ] = MeEDwm-groad L1 BROADEST ]
BORDER — 5 BORDER 3 'Z-' BORDER — 5 BORDER —
JIEEEIE 2 [T TTTT 3 111 3
Q001 @ 000! m 0001 @ 000
o Q o o
i BaRfcR e BEGEREREREGR M P £ 8 SR I ER LI §5§§§§§i g SEERCE IR REREEE Eiiii,
PROBABILITY OF CALLING ANOTHER SHAPE A DIAMOND PROBABILITY OF CALLING ANOTHER SHAPE A DIAMOND PROBABILITY OF CALLING ANOTHER SHAPE A DIAMOND PROBABILITY OF CALLING ANOTHER SHAPE A DIAMOND
<
) et ferey .
P
9900) w 9900
u w w
g o G - O -
a a <«
w w v w 4
o 2 oo g wob g
o o o
a a .
< o o
z z z
- - -t
- -4 3
3 g a osoof
1 & o0 ] 55 1 & 3
NARROWEST S MEDIUM-NARROW || MEDIUM - BROAD — » BROADEST -
000 BORDER — '::‘ o0z9 BORDER — 5 BORDER 5 BORDER . H—
JI[ JT 1T 3 JlIl 2 il JI 3 [TT [T J] I
m ooar @ 000 @ 0001
o 8 - o 3 g =} 2
HEEEEL g 3 g FEEERE R EHEIR R g g EedE 1K1

PROBABILITY OF CALLING ANOTHER SHAPE A CIRCLE

FIG.

3-14

PROBABILITY DF CALLJNG ANOTHER SHAPE A CIRCLE

PROBABILITY OF CALLING ANOTHER SHAPE A C{RCLE

OPERATING CHARACTERISTICS

BORDERS.

PROBABILITY OF CALLING ANOTHER SHAPE A CIRCLE

DATA FROM TABLE 3-7.

*ON aaoday

92.LT

OUT UBWMSN PpuB yauedsag 3Tog



Report No. 1726 | Bolt Beranek and Newman Inc

TABLE 3-7. Border, 3 shapes, 4 widths.

A . B c___  _._ D

.500 " .010 .720  .018  .778 .017 - .933 .019
.750. - .014 .850 . .020 - 778 .025 - .956 .027 -
, 775 .028 - .885 .033  .789 .028  .356 .033
Diamond .840 .049 .885 .043 .901 .035  .978 .056
. .989 .117 .955 .09 .955 .057 .9L8 .067
. .989 -.278 ~  .955 .[121 .955 .140 .990 .095 B
1.00  .536 .989  .578 1.00 .483  1.00  .303
a' =2.63 a' = 2.98 a' = 3.03 a' = 3.60
575 .010 - .700 .01l2 455,020 ' .833  .022
778  .020 722 .015 .755 .035 .956 - .028
. .785 .026 777 .020 .833 .040 .975 .055
cirele <789 .036 777 022 833 .047 .975  .063
.895  .110 - 777 .118 .885 .077 987 .075
.955  .253 .792  .2h4o .883 .097 1.00 .10l N
1.00  .570  1.00  .670 1.00  .520 1.00  .250
ar.= 2.56 a' = 2.82 ar = 2.87 d''= 3.60"
577 .010 .818 .022 .833 .019 .922  .015 .
722,012 .818 © .022 .833  .029 .967  .017
. .845 o017 .878 .032 - .855 .032  .967 .034
Scuare 845 ..020 .878 .034  .889 .032  .3989 .okl -~
=4 -~ .845 093 .878 .078.° .933 .089 -1.00 .078
.94k .203 1.00 .110 - .933 .098 1.00  .095
944,510 1.00 .500  .998 .307 1.00 ° .303
S dr o= 3.0k a' =3.06  d' =3.11  d' = 4.07
3-146 .
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independent of shape, the observers' responses were pooled to
yield Table 3-8 and these data are plotted in Fig. 3-15.

As can be seen from Table 3-8, within the limits of border widths
that were used in this series, the wider the border, the better
it conveys its shape information. As can be confirmed in

Table 3-7, thils hoclds for each individual shape without exception.

TABLE 3-8. Border width, A, B, C, D.
A is narrowest, D is broadest.

A B C D

.818 .000 .902 ,012 .933 .010 .980 .020

.818 .008 .973. .014 .933  .012 .985 ,026

.892 .020 .973 .020 .933 .012 .985 .026

.892 .032 .973 .050 .955 .020 .985 .040

.B892 .0Lo - .973 .062 .955 .055 .989 .051
- .899 .040 1.00  ,076 .955 .078 .989 ,051
1.00 .051 1.00 .076 .989 .222 1.00 .067

d* = 3.11 d' = 3.52 a' = 3.80 d' = 4.07

Discussion

The finding that broader borders convey shape information better
is not a surprising one and needs little discussion here. What
1s pleasantly surprising is that such subtle differences in

width produce measurably different performances.

Thils experiment did not, of course, explore the entire fange of
possibtle border widths. At one extreme, the border becomes in-
creasingly thin and "disappears," while at the other extreme '
the border gets so thick as to "dlsappear" (becomes the shape).
Inasmuch as broader borders are superlor, there would be no need

to explore finer ones than were used., Exploring borders quite
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a bit thicker would eventually mean studying a compromlse be-
tween message fleld size (and thus message size) and border
width. There is the definitional question of when a border
ceases to be a border and becomes a symbol in its own right.

3.8 Colors and Colored Shapes

Color plays an important role in our current system of traffic;
centrol devices and the use of color is belng expanded and made

more systematic. Accordihg to a proposed draft of the 1970
U.S. Manual on Uniform Traffic Control Devices:

*+ Red shall be used as a background color for stop and do not
enter messages, and as a legend color for parking prohibition

and yield right of wav messages.

» Black shall be used as a background on one-way, and night-
speed-limit signs. Black is used as a message on white,

yellow and orange signs.

* MWhite shall be used as a background color on all regulatory
signs not using red or black backgrounds, and for miscellane-
ous information signs. White 1s used as a message on brown,

green, blue, purple and red signs.

+ Orange shall be used as a background color for construction,
maintenance and emergency signs, and shall not be used for
any other purpose.

* Purple shall be used as a background color for school signs,
and shall not be used for any other purpose.

*» Yellow shall be used as a background color for warning signs

not using orange.
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+ Brown shall be used as a background color for guide and in-
formation signs related to points.of recreational, sceniec or

cultural interest.

+ Green shall be used as a background color for guide signs
and route shields, other than those using brown and mileposts
and as legend color on white background for permissive park- .
ing regulations.

. Blue shall be used as a background color for informaticn signs
related to motorist services including police services and
rest areas.

+ Three other colors — gray, buff, and brilliant ye]]ow-green'— .
have been identified as suitable for highway use, and are

belng reserved for future needs.

* Wherever white 1s specified herein as a sign color, it is
understoocd to include silver-colored reflecting coatings or
elements that reflect white light.

In some cases, then, color carries its information redundantly
wilth shape; 1in other cases, 1t carries a message of its own. 1In
order tc appreciate the effects of color, there are, then, really
three sets of questions which need to be asked agbout colored

shapes: which shape? which color? and which colored shape?

The flrst question allows the lnvestigator to assess whether the
introduction of color affects the recognition of shape. The
second question allows him to assess whether color recognition
is affected by shape. The thilrd questlon allows him fo explore
cases where cclcor and shape together might unicquely determine
the message,
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As a result, three distinct series cf experiments were performed
using the same set of stimuli — the ten basic shapes as discussed

in Sec. 3.5 in four baslc colors: red, blue, green, and yellow.

3.8.1 Recognition of shape as a function of color

Method

From among the fourteen shapes shown on Figs. 3-3 and 3-4, ten
were selected for testing as in our previous experiments on shape
as described in Sec. 3.5. Eliminated were the two shields and
the star as before, and the equilateral triangle was shown vertex

downward and not vertex upward.

Nine observers were used, each for fifteen dailly éessions. Each
session lasted two hours, during which time an observer was pre-
sented tachistoscopically with one-hundred-and-twenty stimuli in
four groups of 30 apiece.' Each group was shown at a different
exposure duration, 0.030, 0.025, 0.020 and 0.015 seconds, the
slowest presentation at the beginning of a session and the brief-
est last. Each group of thirty contained randomly selected
cclored shapes, the colors belng red, yellow, blue, and green.
As in previous experiments each stimulus presentation was both
preceded and followed in time by masking fields, visual noise

of slightly higher energy. The visual nolse was whites and
grays, and thus achromatic, or falrly uniformly distributed over
the visual spectrum, as you will.

The task put to the observer was to tell which of the ten shapes
occurred on a given trial, and to attach to his answer a numeri-
cal rating of from one to four, to indicate the confidence he

felt in his judgment. The observer was provided with a suitable
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answer sheet upon which to record his responses, as well as cop-
ies of Figs. 3-3 and 3-4 to assist in identification and to limit
the set of responses. Observers were required to answer on each
and every trial. In cases where they were unsure they were in-

structed to choose the most 1likely alternative shape, and accord

it a suitable confidence rating reflecting how unsure they‘were.

Results

As in previous experiments, the data were analyzed according to
the principles set forward in Secs. 2.3 and 3.5 above. Table 3-9
below gives data broken down according to shape, and pooled over
the observers and the four exposure durations. The data were
plotted as operating characteristics on normal-normal coordinates
and areée shown in Fig. 3-16 below. _Insofar as the operating
characteristics appeared reasonébly fit by linear functions,
tabular values of d' were‘abstracted from the data and are given
in Table 3-9. ’

Figure 3-17 shows the rank ordering of shapes according to thelr
recognlizabllity when shown 1n one of four basic colors, red, blue,

yellow, and green.

The data were further broken down to consider the recognition of
shape, color by color, Table 3-10 gives‘data by shape, consider-
ing only the presentatidn of red stimuli, Table 3-11 similarly _
for yellow, Table 3-12 for blue, and Table 3-13 for green. " These
data are plotted as operating characteristics in Figs. 3-18,
'3-18, 3-20 and 3-21, respectively. Rank orderings by shape,
broken down by cclor are shown in Fig. 3-22. |
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TABLE 3-9.
Circle
173 .00k
.300 .012
. 436 .022
.586 .03h
.643 .229
.952 .388 -
.966 .675
da! = 2.11
Pentagon
.151 .004
.315 .011
.525 .021
.659 . 057
.867 .152
.918 . 485
;960_ . 700

ar = 1.96

Square
.148 .005
by .014
.626 .027
.793 .079
.869 .225
.885 11
.948 .712
4d ='2.2o

Octagon
.193 .006
L343 .013
.508 .024
.558 . .037
.790 227
.928 481
.950 .674
d' = 1.90

Triangle
.191  .005
.361 .013,
.552 .016
.669 .0l45
.830  .191
.922 .390
.957 .664
d' = 2.08
Hexagon
J1h2- ool
.332 .010
463 .020
.576 .031
.831 .169
.858  .489
963 - .71k
ar = 2.08

Shape, pooled over 4 exposure»duratjons.

Diamond
.116 .005
271 .013
U429 .025
.601 .051
.624 .196
.967 - .395
.98Y4 .670
a' = 1.90
Trapezoid
.135 . 004
.300 .015
450 .029
.625 .052
.760 .222
.865 . .472
.911 135

d' '7= 1-97

bar
.185 .003
.391 012
L6114 .022
.645 .042
.870 .223
.924 Ja1h
.945 .693
ar = 2.14
Pennant

270 .002
436 .014
.621  .030
.810 .0b7
843 .. 346
.891 .731 .
.962 .901
dr = 2.52

*ON aaqodey

9¢lt

OUT UBWMSN PUB ¥eurasg 31049



Report No. 1726 Bolt Beranek and Newman Inc

#990 2990 w ] .
C K v — e ot
w N H N 71
W peoof—r / Z S ‘gaea 1 1
e 2 z 1
& 3" Pt T
o o w 000
2 W - a0 -
o 1o =T q £ 70 [
e v 3 < ¥
§ o 2. £ s :
3000 ¢ < L < 3000 -
g g £ § oot 13
3 o 3 3 et 4]
3 T bR 3 o0 EB
8 sios T = i 7 B ] s
¥y -oc8q * COLOR —1 o COLOR 1 r 89 l\ T[CT COLOR
g3 o 7 = g?ﬁ‘u’ R
4 L1 LT ] g [ I | RENEAE
@ oo @ ooolK .00}
g 8 HLEHEER: YRR ERERERe Qi ;| ¢ GECECHGERRERIRREIOI O
PROBABILITY OF CALLING ANOTHER SHAPE A CIRCLE PROBABILITY OF CALLING ANOTHER SHAPE A SDUARE PROBABILITY OF CALLING ANOTHER SHAPE A TRIANGLE
7 " P
- Z e T ‘;[ T 1 § n :L -
: , ¥ £ 1 4
g ot I %S & o i
a B T a —
< 3 T "4 z
8, 2 v | 9 Vi
g y “ ~ g ny . .
= g 1 z >
< < i - -
% ; £ A % % - -
= .
=  p - = —
-3 ; ] 8! —1 ! \ -
e poses COLOR — COLOR — = - COLOR -
g e o — 2 - -
2 soo] [T 1] g I 1T 1T 2 ol T T B
P OGBRICHRERGERNERIRER BB OB p BEGRECEBRIGERGRERERI R P g sudi: N
PROBABILITY OF CALLING ANOTHER SHAPE A DIAMOND PROBABILITY OF CALLING ANOTMER SHAPE A BAR PROBABILITY OF CALLING ANOTHER SHAPE A PENTAGON l
v
Ve ‘ / g
z L 2 R
g, A g r 1 e,
- = @ p
S v £, 7 < 109
Z. < 400 A 2.
§ oo I 3 § 2000 5
= 7 < -+ g«- %
3 ¥ ; b hd . r‘,
z- ‘! I - « 1
2 I g ; T :: ! 7 i I
2 3 ool T 2 [ -
5| 7 = s2 , 1 53 I — ,
[ I COLOR [~ > T COLOR - = COLOR
;‘ T g o o —— 5" %
3 T TIIT 2 o OO 2 ol T 1]
g B HEHEE £ SO EEEBCHETR B UM BF § 2 g BeRUCHRC RECREZRRANE B) f
PROBABILITY OF CALLING ANDTHER SHAPE AN OCTAGON PROBABILITY OF CALLING ANOTHER SHAPE 2 HEXAGON PROBARILITY OF CALLING ANOTHER SHAPE A TRAPEZOID
-1 l L 7] . .
i e FIG. 3-16 OPERATING CHARACTERISTICS -
X
¢ 2 ‘ COLORED SHAPES. DATA FROM
ot T
N TABLE 3-9, .
. :
d
<
S‘.m J = l
-,
2 ]
o ]
& 100 -
[=rol COLOR -
= 99101~ ! X
g wel T II
T R IVTI T I o
PROBABILITY OF CALLING ANOTHER SHAPE A PENNANT
3-54




Report No. 1726

Bolt Beranek and Newman Inc ‘

d' INDEX OF RECOGNIZABILITY

2.80
2.40
200 O n NS |
LGO‘
.20
‘ 0
— b=

- - z o S o z

.80 Z—w o O N T} 2 O

g @ w Z (L) wJ < o (&)

=z a . <J a I

Q < a 2 [

4 2 ot - o o E @ Ei g O

40 a a g 3] - T - a a O
0
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TABLE 3-10.
Circle
.304 .010
JAdel .027
.638 048
.826 . 065
841 .349
. 884 400
.899. .720
ar = 2,42
Pentagon
.129  .002
371 .010
.516 .018
.694 .021
726 .220
.871 JA16
.968 479
l a? = 2.56

Red Shape - Recognition of Shape.

Square 7
.171 .000
. 357 .014
Lu71 0 Lo017
.786 .019
.829 .316
.929 .362
.971 676
ar = 2.86

Octagon
.189 .008
. 391 .011
LA72 ,021
.660 .038
.830 .248
. 906 .488
.081 .750
dl

= 2.16

Triangle
246 .002 -
410 .019
557 .029
.b4os .0b6
.803 .269
.918 497
.934 752
a’ = 2.20

Hexagoh
.184 .006 -

469 .011
.551 .019
.673 .022
.796 .256
. 837 .508
.878 -7577

a’ = 2.49

Diamond
157 .000
. 353 . 006
.608  .007
L7485 .015
.882 L2402
.922 U84
.00 L7137
a’ = 2.72
Trapezoid
174 . 005
L3901 .009
.607 .021
. 739 .025
.826 .312
. 848 .378
.869 .697
4’ = 2.52

.231
.365
.558
673
.788
. 865
.981

dl

Pe

<377
- 493
.652
.826
.869
.928
.986

dl

o
o
=

.006
.008
.013
.022
.214
L4116
.634

= 2.49

nnant

. 000
.009
.022
.024
. 320
.381
.708

= 2.83

‘oON adgaodey
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TABLE 3-11.

Circle

.282 .008
423 017
.592 .032
.732 .048
.831 .312
.930 .573
.958 .808
dar. = 2.25
Pentagon
L1413 .002
.250  .009
.470 .015
641 .032
.688 .297
.84y .555
.969 .782
' = 2.24

Square
.185 .016
463 .028
.519 .034
LT40 .062
. 925 .251
.963 481
.963 .664
d' = 2.19

Octagon
167 .008
. 300 .008
. 433 .022
.633 .035
.833 .284
. 883 .554
.983 .790
_d' = 2.08

Yellow Shape — Recognition of Shape.

Triangle

.139 .002
.316 .019
.557 .028
671 .0lg
LTh7 .269
.911 .638
.911 .824
ar = 2.08

Hexagon

.192 - .005
. 327 .011
423 .029
.635 .038
.846 .285
.962 .561
.00 .792

a' = 2.11

Diamond
.230 .019
.385 .028
.538 .040
.708 .087
.908 .286
.969 .559
.00 .805
d' = 1.90
~Trapezoid
.156 .007
.356 .016
L4y .031
.667 .045
.800 .302
.844 .573
.978 .789
ar = 2.08

bar
.155 .000
276 .018
.586 .027
.690 .080
.759  .290
.914 546
.983 .785
d' = 1.90
Pennant
122 .002
.243 .002
.419 .007
.541 .015
.650 .288
.703 .556
JT57 .787
a’ = 2.15
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TABLE 3-12.
Circ]e
141 .008
.282 .022
451 .040
.602 .04s5
.Bi45 .383
.930 .649
.958 .838
a = 1.90
Pentagon
146 .002
231 .013
.339 .021
. 493 .043
.750 .298
.798 .569
.940 .838
a' = 1.72

Square
.153 .000
288 .01k
. 303 .018
398 .02h
797 .355
.915 .633
966 .826
a' = 1.80

Octagon
140 .000
.195 .010
.300 .025
.566 .052
733  .633
816 .69
.908 .808
ar = 1.82

Blue Shape — Recognition of Shape.

Triangle
.152 .000
271 .008
. 337 .020
LU67 .040
.870 .349
.ohy .369
.00 .837
a' = 1.68
Hexagon
.120 .004
202 .008
.375 .012
L4814 .033
.667 L410
.801 .643
.81L9 .837
d' = 1.83

Diamond
L1111 .000
.259 .008
.358 .020
. 456 .043
.878 .388
.987 .638
.995 .827
d' = 1.62
Trapezoid
130+ .009
.205 .011
.289 .024
LLhsg .050
.637 .670
.T43 .7135
.818 .893
a' = 1.51

Bar
.132 .008
.264 .020
72 .024
.584 .0b42
.666 .375
.857 .570
.8614 .868
d' = 1.95

Pennant
.160 .004
.363 .010
.597 .034
.816 .045
.829 .323
.943 .546
.969 .853
d' = 2.56

°oN‘qaqdag
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Circle
.128 .008
.240 .020
Luby .029
.595 .043
.940 .371
.971 . 450
.990 .780
d' = 2.00
Pentagon
.118 .002
.235 .013
. 397 .027
.559 .040
.603  .313
721 577
.824 .815
d' =1.90

Sguare- 7
.138 .000
277 .009
.430 .011
462 .022
.662  .293
.769 .570
.815  .816
a' = 1.95

Octagon
.121 7002
.212 .009
.333 .015
. 485 .026
.545 .335
.621 .586
.667 .820
a' = 1.86

TABLE 3-13. Green Shape — Recognition of Shape.

Triangle

L1471 .003
.266 .028
.391 .0u3
.531 . 057
.625 .403
.719 JAa72
.750 778
S d' = 1.62
Hexagon
“.148  .000
.279 .002
410 .013
.540 .053
.590 .310
.623 .568
.738 . .811

da' = 1.74

Diamond
.098 .000
. 246 .009
.4o9  .021
.525 .032
672 .284 .
.738  .559
.836 .809
d’ = 1.93
Trageioid
.096 .004
.194  ,013
.339 .015
.500 .037
.580 .252
.613  .469
.661 .843
a = 1.75

bar
.108 .000
246 .002
L400 .011
U492 .034
.554  .,296
677 571
.813 .812
d' = 1.86
:Pennant
154 I;OOO
.323 .000 .
431 .007
.523 .022
.570 . 297
.631 .579
677  .819

a' = 2.10
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Discussion

The basic question to which thils series of experiments is address-
ed 1s that of whether the introduction of coler drastically or
adversely affects the recognition of shape. The overall answer
to the questicon is a straightforward negative. The introduction
of color effects no drastic changes in the recognition of shape,
The basis for this anéwer rests in a comparlson of Flg. 3-22 and
Fig. 3-8. As with any'answer, there are, cof course, certain
reservations. While all the shapes achleve quite good recogni-
tion scores when shown 1n color, even at the brief exposure |
ddrations we have ﬁsed, color may introduce a few idiosyncrasiles.
The square seems to 1lmprove upon belng presented 1in célor, par-
ticularly in red. The triangle undergoes some degradation in
'blue'and green. The trilangle is good in yellow — the preéent

| arrangement for the YIELD sign — and even a trifle better in red,
reinforcing the proposed change in YIELD signs from yellow to 7
red. The pennant and bar hold their places qulte well, being

relatively better in red and blue.

When discussing shape in prior experiments, we were emphatic in
"pointing cut that all the shapes can, in fact,‘convey their in-
formatlon effectlvely 1in extremély brief observation intervals.
We conclﬁded that the total set constituted an acceptable medium'
for coding of limited informatlion and that ccding by shape should
most certalnly be continued. Inasmuch as the introduction of
color does not drastically reduce the recognition of any of the

shapes, we see no reason to change these conclusions.
In order to make use of certain of the more detailed findings, a

rather complete re-evaluation of the role of both shape and color

would have to be uhdertaken. A coherent pelicy would have to bhe
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arrived at, settling whether shape and color should be used for
categories of messages or for particular messages, and whether
they shculd be used redundantly or as independent coding dimen-

sions. This point will be discussed again in later chapters.

3.8.2 Processing color information from colored shapes
Method

From among the fourteen shapes shown on Figs. 3-3 and 3-4, ten
were selected for testing as in the previous experiment. In
nearly every respect, the proccedure was 1dentical with that of

the previcus experiment.

As before, nine observers were used, each for fifteen dally ses-
sions. Each session lasted two hours, during which time an ob-
server was presented tachistoscopically with one-hundred-and-
twenty stimull in four groups of 30 apiece} Each group was
shown at a different exposure duration, 0.030, 0.025, 0.020 and
0.015 seccnds, the slowest presentatlon at the beginninglof the
session, and the briefest last. Each group of thirty'contained
randomly selected colored shapes, the colors being red, yellow,
blue, and green. As 1n previous experiments each stimulus pre-
sentation was both preceded and followed in time by masking
fields, visual noise of slightly higher energy. The visual ncise
was whites and grays, and thﬁs achromatic, or fairly uniformly

distributed over the visual spectrum, as you will.

Observers were instructed to respond with the color which they
Jjudged most likely to have been presented on a given triazl. Ob-
servers were also instructed to attach to each answer a numerical

rating cf confidence on a four-pcint scale, A simple answer
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sheet was provided for this purpose. Inasmuch as only four -
basic colors, red, green, blue, and yéllow were used, and lnas-
much as these meost surely constitute a well learned set, no cue

sheet of specimens was glven the observers.

Results

The raw data were analyzed as in previous experiments and are
summarized in Table 3-14 below. The table is broken down accord-

ing to color and exposure duration, and d' values are given.

In PFig. 3—23 we have plotted values of d' for each color és a

functicn of the exposure duraticn in milliseconds.

Discussion

Data involving color judgments about briefly presented stimuli
must be approached with some caution. The human eye 1n some re-
spects behaves as 1f if were composed of discrete populatiohsvof
receptor elements unliguely sensitive to different portions of
the color spectrum — different "eyes" for different coleors, as
it were. Among the parameters peculiar to each of these "color-
eyes" 1s what amount of energy need be integrated over what pericd
of .time in order tc produce a given magnitude of sensation. As
a consequence, certain colors can "disappear" at quite brief ex-
posure durations, while other cclers may be still apparent. In
certain experimental cases, such a disappearance can provide a

troublesome artifgct. Witness Fig. 3-23.
Note the extremely high value of d' for yellow at the briefest

of the exposure durations. More importantly note that the‘recog—
nlzability of yellow apparently declines with more prolonged
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TABLE 3-14. Color, 4 exposures - ,030, .025, .020, .015 seconds.

Red .030 Blue .030 Yellow .030 Green .030
.517 .028 .022 .022 .225 .024 .120 .052
.724 .065 .130 .143 .350 .037 .280 .110
.862 .065 .348 - 154 .600 .055 elo) .162
.931 .083 .587 .209 .925 .073 .550 .165
.931 .290 .739 .308 .950 . 250 .660 377
.931 .564 .848 J4bo 1.00 .500 .820 .597
1.00 .B50 .957 .6g2 1.00 .799 .940 .812
ar = 2.84 da' = 1.03 a' = 2.85 ' = 1.10
Red .025 Blue .025 Yellow .025 Green .025
.318 .006 .022 .010 .029 .009 .000 .009
.500 .019 ..089 .095 .088 .051 .258 .038
.636 .050 .289 .200 . 265 .154 .323 .085
.772 .056 .533 .286 : .382 .231 .355 - .181
.318 .288 .533 .495 .588 487 .548 .321
.909 .54l 667 .705 .735 .735 .581 .509
1.00 .806 . .833 .867 .921 .889 .935 L7117
d' = 2.33 d' = 0.64 d' = 0.44 d' = 0.54
Red .020 Blue .020 Yellow .020 Green .020
.118  .018 .025  .015 .152  .088 .029  .009
.206 .069 .187 .073 .212 .124 .088 .051
.29l .112 .375 .161 .303 .150 . 265 .154
b2l .190 Lu2s .234 .394 .186 .382 .231
.559 . 387 .525 .u82 : .667 L416° .588 L U487
.794 .673. .700 .591 _ .788 .735 .735 .734
.912 .871 . 850 .781 .967 .929 .912 .889
d' = 0.68 a' = 0.53 a' = 0.63 d' = 0.44
Red .015 Blue  .015 Yellow .015 Green .015
.156 .031 .000 .019 .379 .000 .000 .009
.188 .093 . 109 .075 .621 .000 .079 . 045
.406 .116 . 236 .10l .793 .000 .184 .134
.438 . 240 400 .311 .931 .009 .263 .205
.594 .535 .618 472 .966 .200 CA447 420
.875 .791 .782 .783 . 966 L4633 737 .625
.G938 .946 - .909 .896 1.00 .806 . 947 .813
d' = 0.55 a' = 0.25 a' = 3.79 a' = 0.17
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exposure duraticns, the decline being denoted'by the dashed line.
In order tc understand so curious a result, recall that the
experimental usage of recognizability means recognizability from
among a finite set of alternatives. In this case the set is quite
small — four colors — and there are truly three and not four
completely independent pileces of data. A most pertinent example
will make thils clear.

Suppose red, blue, and green shapes such as ours all disappear
completely at exposure durations of, say, 15 milliiseconds. Then,
if an observer "sees" anything, he can with assurance call it
"yellow." Seeihg nothing, an observer must choose virtually at
random among the alternatives red, green, and blue. Thus they
will be unrecognizable one from the other, and distinct only
from yellow. On the other hand, yellow will be highly recogniz-
able.

Alternatively, suppose 1t is the yellow stimull only that dis-
appear at the briefest exposure durations. Yellow wculd still
appear highly recognizable — an artifact — inasmuch as an cb-
server can respondl”yellow" with assurance when he "sees" nothing.
The other three stimuli colors, red, green, and blue will be

only slightly recognizable one from the other {(as befits =
fifteen-millisecond exposure), but, of course, quite distinct
from yéllow.

Of the two alternative hypotheses, we favor the latter. First

of all it is a priori more likely. The expéeriment did use pre-
and post-stimulus masking fields of higher energy than the
stimulus., Then, too, the background, which while neutral in hue,

was on the lightish side, provided slightly less apparent

3
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contrast with the yellow stimull as opposed to the others. Fi-
nally, both the subJects and the experimenter repofted precilsely
such a phenomenon — a quarter of the stimull "disappearing" at
the briefest duration. The experimenter could, of course, verify
that the disappearances were of yellow stimuli. And while we
would be among the last to place unswerving faith in such sub-
Jeétive reports, it would be gratuitous to overlook them, par-

ticularly in the absence of other evildence.

It must be pointed out that this finding bears on the data in
thils section and does not alter the results or conclusions of
the previous experiment on colored shapes, where the recognition
of shape only was at issuei While seeing "no shape," the data
tell a lot about the color; it tells naught about the shape.

Recognizing the spurious néture of the datum for yellow at a 15- -
millisecond duration, as shown on Fig. 3-23, it 1s apparent that
of the set, the red of our stimull was the most distinet color
and reguired the briefest exposure duration for processing.
Yellow, too, is quite distinct (considering only the unbroken
portion of the curve), but requires . several more milliseconds'
exposure. Blue and green are less distinct, being reasonably
confusable, one with the other. "~ It dild not appear efficlent at
the ﬁime to run a more exténded range of exposure duratlons. In-
deed, 1f one were limited to four, a more judicious cholce couid
herdly have been made. Shorter exposure durations might have
allowed one to intuit which color "disappears" next. Longer
durations wculd allow one to watch the growth 1n distinctiveness
of green and blue. Forced to speculate about the true nature

of the 5urves, one can hypothesize those shown in Fig. 3-24

below.
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3.8.3 Recognizing both shape and color
Me thod

Again, ten shapes were used as in the previous two experiments,
as was én almost identical procedure. The number of observers
was 1increased, from nine to twelve, and each served for fifteen
daily sessions. As before, each session lasted two hourS'during
which time an observer was presented tachistoscopically with
one-hundfed-ahd—twenty stimull in four groups of 30 apiece.
Each group was shown at a different exposure duratidn, .030,
025, .020, and .015 seconds, the slowest presentation at the
beginning of the session, and the briefest last. Each group of
thirty contained randomly selected colored shapes, the colors:
being red, yellow, blue, and green. As 1n previous experiments
each stimulus presentation was both preceded and followed in
time by masking fields, visual noise of slightly higher energy.
The visual noise was whites and grays, and thus achromatic, or
fairly uniformly distributed over the visual spectrum, as you
will.

In this experiment, however, cobservers were required to respond
by giving the most likely shape, and color, as opposed‘to“just
one, or the other as in the two preceding experiments. Numeri-
cal ratings of confildence, on a four-pcint scale, were also

solicited from the observers,

Results

The data from this serles of experiments were analyzed as in all
previous experiments. These data are glven in Table 3-15 below
brecken down according tec both shape and color, but pooled over
observers and exposure durations. Values of d' are glven in
Table 3-15 as well. |
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TABLE 3-15. Color and Shape, all four exposures.

SHAPE #2 CIRCLE

2. Red 2. B]ue 2. Green 2. ' Ye]]oW
.071  .000  .036  .000 .000  .000 .000  .000
.214 .002 .316 .012 .214 ,003 . 050 .000
.286 .006 .316 .025 L2114 .012 .050 .002
.286 .011 .368 .037 L2114 .021 .050  .005
.286 .311 ' .368 .333 .214 .317 .050 .309
.429 .632 21 .655 .571 .631 .100 .639
.500 .994 .605 .991 .929 .983 450 .998
ar = 1.75 dr = 1.46 da' = 1.26 d' = 0.68

Shape #3 Square

3. Red 3. Blue 3. Green 3. Yellow
L1473 .000 .000 .000 .000 .000 .000 .000"
571 .001 273 .011 - J176 .005 .063 .003
L7114 -.004 . 333 .023 235 012 .063 .010
LT1h .006 .333 .028 .235 .012 .125 .010
714 .306 . 333 .337 .235. .318 .125 .311
.00 .626 ch24 657 .706 .629 .188 .634
.00 .984 1.00 . 997 1.00 .982 . 375 .997
a! = 2.90 a! = 1,45 d! = 1.60 at = 1.16

Shape #4 Triangle

4, Red 4, Blue q. Green 4, Yellow
.000 .000 .000 .001 .000 .006 .000 .000
.267 .005 . 295 .022 214 .008 . 000 .000
.267 .011 . 364 .030 , .286 .017-  .143 .004
.267 .018 .386 .038 .286 .024 .286 .016
. 267 .316 .386 . 347 .286 .321 .286 .305
.533 .635 .568 .668 1.00 626 .286 .626
.800 .586 .818 .995 1.00 .983 .571 .987
ar' = 1.47 _ d' = 1.48 da' = 1.38 dr = 1.61
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TABLE 3-15 {continued)

Shape #5 Diamond .
5. Red 5. Blue 5. Green 5. Yellow

.000  .000 .000  .000 .000  .001 .000  .000
.100  .002 .286  .006 .287  .007 .000  .002
.100  .005 .286  .009 .287  .019 .000  .004
.100  .009 .286  .016 287 .022 144 L0115
.200  .158 .286  .315 .287  .319 144 .305
.550  .630 .524  .643 .857  .630 L1440 .629
.800  .989 .810  .988 1.00 .984 .570  .987
d' = 1.04 at = 1.61 d' = 1.48 dr = 1.12

Shape #6 Bar

6. Red 6. Blue 6. Green 6. Yellow
. 000 ., 000 .000 . 000 .Q000 . 000 .000 .000
.556 .007 .286 .005 LuLs .000 .000 .000
667 .010 457 .008 - .667 . .004 000 .002
. 889 . 013 . 486 .011 .667 .012 .286 .012
.889 .310 .486 .321 667 .317 . 286 ., 301

.00 632 .486  .648 1.00 .628 286  .626
.00 .982 .686  .998 1.00 .984 .429  .988

d' = 3.146 a' =.2.27 a' = 2.71. a' = 1.72

Shape #8 Pentagon

8. Red 8. Biue 8. Green 8. Yellow
.100 .001 .026 . 000 .000 .000 .000  .000
.600 .004 .308 .008 .000 .001 .000 .001
.600 . 007 + 333 .017 .000 .009 .000 .004
.600 .013 . 385 .025 .167 .018 143 .012
.600 . 311 410 .326 167 . 309 .143 . 305
.700 .635 .615 .640 .667 .623 .143 .629
.700 .980 . 785 .995 1.00 .982 e .991

ar = 2.49 a' = 1.67 a' = 1.15% a' = 1.22
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TABLE 3-15 (continued)

Shape #9 Octagon

9. Red 9. Blue 9.  Green 9. Yellow
.000  .001 .000  .000 .000  .000 . .000  .000
.400  .004 .063  .008 .267  .006 .000  .001
.600  .007 .188  .020 .400  .009 000  .004
.800  .013 .188  .023 L4677 L010 L1430 Lo012
.800  .312 .250 .323 Jhe7T o .312 143 .305
.900  .630 438 .637 (667 .631 L1430 .629
.900  .987 .813  .986 ©.933  .984 L7140 .985
ar = 3.07 ar = 1.12 ar = 2.24 dat = 1.20

Shape #10 Hexagon
10. Red 10. Blue - 10. Green 10. Yellow

. 43 .000 .000 .000 .000 .000 .000 .000
.286 .00k .072 .003 .143 .004 .000 .000
.286 . 007 L1543 .012 .143 .010 .000 .005
.286 .009 .179 .014 .143 .013 .072 .012
.286 . 309 .197 .322 L1473 .312 .072 .308
714 .629 .321 .644 .571 .629 .072 .94y
. 857 . 985 .643 .997 1.00 .982. .214 .999
at = 1.75 da' = 1.26 a' = 1.17 ‘@' = 0.81

Shape #11 Trapezoid

11, Red 11. Blue 11. Green 11. Yellow
.067 .000 . .000 . 000 .000 .000 . 000 .000
.133 .000 .071 . 005 L071 .006 . 000 .000
.200 .011 .250 .014 iz .020 .063 .008
.200 .024 .250 .025 b2 .035 .125 .030
.200 .316 . 250 .324 b1 .324 .125 .312
.333 .632 . 429 .640 .500 .632 .188 .633
.867 .986 .750 .992 .786 .986 .313 .999
a' = 1.16 dar = 1.29 ar = 1.61 d' = 0.73

Shape #12 Pennant

12. Red 12. Blue 12. Green 12. Yellow
.000 .000 .000 .000 .000 .000 .C00 .000
.067 .003 L4 011 .000 .001 L1143 .001
.200 .003 .515 L 017 .000 .003 143 . 019
. 267 . 009 515 .019 .125 L0114 .143 .303
.333 . 305 .515 .331 .125 .308 .571 .625
Lu67 .630 .667 652 .875 .630 571 .625
.933 .983 .848 .989 1.00 .982 714 .985
4a! = 1.70 at = 2.10 a’ = 1.09 at = 0.56
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Because the data must be broken down according to both dimensions,
thus yilelding a matrix composed of forty cells, an individual
cell contains rather less data than would be liked. For this
reason, as well as for economy of space, the forty operating

characteristics are not displayed.

Discussion

Out of respect for the varlabllity inherent in these data all
shape-color combinations have been broken into three groups, the
best, the worst, and the in-between, d' values of 1.00 and 2.00

serve as convenient cut-points.

Most distinct colored shapes are:

RED BLUE GREEN
Bar Bar Bar
Octagon Pennant Octagon
Square
Pentagon

Least distinct colored shapes are:

YELLOW

Hexagon
Trapezold
Cirele
Pennant

Recall the words of caution in the discussion of the results of
the previous experiment (Sec. 3.8.2), with respect to color data

obtained under very brief vlsual exposures.
If we are correct 1n our hypotheslized color recognition functilons

(for our stimuli) shown in Fig. 3-24, then it is only at the
longest exposure duration, thirty millliseconds, where errors due
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to color are not unduly emphasized. Fbr this reason the data
from thirty- and'twenty—five—millisecond exposures, has been
broken out separately. These data are glven in Tables 3-16 and

3-17.

As can be seen from the data broken dowh according to exposure
duraticn, different length exposures impose different weights on
the relative effect of errors due tc shape confusion and errors
dus to color confusions. Recall that observers had to identify
both shape and coclor. An obvious way to ease the dilemma is, of
course, to utilize color codlng and shape coding redundantly
rather than as independent coding dimensions. In the probable
eventuality that this is too restrictive, they can be used as
intelligently correlated dimensions; using a red triangle, ccta-

gene, and circle for yield, stop, and do not enter; for example.

3.9 Guide Signs

It seems that most proposals for change and Improvement in uni-
form traffic control devices treat things other than directional
signing. Yet, perhaps, a majority of incidents, provocative of
complalint by the driving public about signing practice, deal
with gulde, or directional, signing. The majority of such com-
plaints refer to the information such signing might convey.
Particularly appropriate to guide signs are the previously dis-
cussed three categorles: misinformation, missing information,

and inextractable information.

This 1s not to say that strides have not been taken toward
alleviating certain of the problems associated with guide signs.
The need for larger signs to be read at greater distances to

allow for adequate processing at today's higher speed has been
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30 MILLISECONDS

TABLE 3-16.
RED
Circle

. 257 .021
.543 .030
.667 .041
.729 . 045
. 826 .391
.930 .564
.959 .825
d' = 2.25
Pentagon
.151 .002
.283 .019
.405 .022
.566 .037
.7129 ..556
.881 .T789
.929 .921
a' = 1.93

Square
.160 . 009
272 .019
415 .020
.696 .027
.896 .563 .
.989 .649
.998 . 917
a' = 2.40

Octagon
.142 .002
.296 .017
.393 .019
.601 .036
LTUL .869
.895 . 884
.975 .956
d!

= 2.00

Triangle
.163 .000
.293  .002
.350 .015
.5614 .026
.878 .753
.900 .890
.973 .940
d' = 2.03
Hexagon
.144 .000
.260 .010
400 .016
.575 .029
778  .700
.833 . 739
977 .899

d' = 2.08

Diamond
.149 .000
.270  .011
.303 .015
.510 .027
.788 .815
.943 .892
.998 .956
d? = 1.90
Trapezoid
72 .000
.290 .000
.336 .010
. 507 .014
.890 .756
. 955 . 880
.983 .956
d = 2.08

Bar
.197 .000
.344 .012
.590 .019
LT04h .025
.793 750
.897 . 889
.9h1 .915
a' = 2.40

Pennant
.260 .000
.397 .011
.596 .022
.736 .036 .
.838 CTITT
.973 .840
.980 .899
ar = 2.39

*oN qJoday
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TABLE 3-16 (continued)

YELLOW 30 MILLISECONDS

Circle
.130 .000
.196 .000
.293 .002
62 .031
.866 .509
.o41 .822
.968 .913
da' = 1.78
Pentagon
.150 .000
.228 .000
Labh .015
.550 .037
.818 .616
.875 779
.970 .884
a’ = 1.88

Square
.188 .000
.209 .009
.299 .017
.533 .025
.826 . 489
.953 671
.966 .890
d* = 1.96

Octagon
.135 .000
.160 .009
.283 .020
. 490 .035
.816 Y
.940 .868
.987 .940
d' = 1.72

Triangle
171 .000
.260 .000
.293 . 009
. 379 .019
877 .600
.960 .872
.981 .933
ar = 1.74
Hexagbn
.156 .000
.199 .000
.293 .021
.560 .036
.807 .609
.966 .889
. 975 . 971
ar = 1.90

Diamond
.133 .000
.170 .008
.218 .011
. 490 .027
.890 Ju72
977 .780
.989 .853
a' = 1.86
Trapezoid
.160 .000
211 .002
377 .025
.576 .050
.710 577
.856 .725
.956 .909
d' = 1.84

bar
.178 .000
.219 .009
.316 .015
.622 .039
.790 .555
.883 .750
.980 .900
d' = 2.06
Pennant
173 .000
222 .010
.389 .022
.611 .036
.853 .588
.893 .T40
.970 .898
d’ = 2.03

*oN auqodsy
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BLUE

Circle
.150 .000
211 .005
.363 .009
410 .027
.880 173
.960 .798
. 990 . 935
d! = 1.65
Pentagon
.155 .001
. 197 .012
.297 .030
.566 . 045
.817 170
.960 .809
.ou8 .958
da! = 1.82

TABLE 3-16 (continued)
30 MILLISECONDS

Square
.170 .000
.281 .008
.373 .015
.500 .028
.861 .7h0
.937 .838
.00 .970
a! = 1.88

Octégon
.160 .002
.210 .013
.310 .022
. 490 .0b7
.893 775
.970 .811
.992 .914
a' = 1.62

Triangle
.139 . 000
L2710 .019
.361 .026
. 483 L0U7
.840 .787
. 898 .878
.934 .909
da’ = 1.59
Hexagon
173 .000
.191 .010
.243 .029
.556 .0l5
LT87 .789
.061 .829
- 990 .934

a' = 1.79

Diamond
.143  .001
. 206 . 005
. 350 .020
473 .027
.810 811
.973 .898
. 993 .980
d' = 1.80
Trapezoid
.161 .000
.210 .015
.333 .052
.555 . 066
.898 .709 .
.970 .852
.988 .920
ar = 1.62

Bar
173 .000
.193 . 008
2uy .018
.516 .028
.832 157
.951 .828
.978 .963
dr = 1.93

Pennant
171 .000
.380 009
L4633 .022
.569 .04
.715 .680
.860 .792
.933 .915
da’ = 1.93

*oN aaoday
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TABLE 3-16 (continued)
GREEN 30 MILLISECONDS

2g8-¢

Circle Square Triangle Diamond Bar
.143 .000 .166 .001 .159 .010 .160 .000 .163 .000
.270 .012 .289 .013 .191 .019 .270 .019 .250 .000
.304 .027 L4115 .028 .288 .029 .361 .027 .340 .017
Lhuo .039 .516 .037 .L68 .047 .560 .036 .522 .026
.820 L1377 .818 L.761 .898 .795 CTHT .795 .786 .817
.990 .818 .940 .888 .955 .837 .856 .887 .853 .889
.998 .908 .963 .919 .989 .950 .937 .933 .960 .931
d' = 1.60 d' = 1.80 d' = 1.56 d' = 1.90 d' = 1.93
Pentagon Octagon Hexagon Trapezoid Pennant
141 .019 .129 .001 .159 .002 .160 .001 J1h2 .000
.204 .025 .133 .010 .170 - .012 .190 .009 .195 .002
.279 .036 .2h1 .026 .259 .030 . 255 .015 .360 .021
.600 .050 .409 .036 .488 .036 Luhy .035 U475 .029
.718 .703 . .898 .813 .700 .793 .789. .773 .817 .826
.850 .875 .963 .970 .850 .889 .889 .818 .930 .900
.920 .909 .990 .989 .988 .977 .933 .908 .986 .925
d' = 1.90 d' = 1.52 a' = 1.72 a' = 1.60

a' = 1.83

*ON qaoday
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TABLE 3-17

RED 25 MILLISECONDS

Circ]e
.184 .010
224 .022
.380 .033
.520  .041
.795 .515
. 880 .738
.980  .797
a' = 1.80
Pentagon
.135  .020
.26h .028
.380 . 035
. 482 . 045
.825 .599
.920 .680
.993 .822

d' = 1.59

Sguare
.190 .011
272 .036
427 .oly
.626 .0lg
.700 .590
.853 .818
977 .889

a! = 1.97

Octagon
.131 . 007
.264 .011
.388 .027
Lany .038
L1775 .603
.84 721
.967 - .831

a' = 1.60

Triangle
.180 .009
.292 .020
.350 .036
LU50 .040
800 .535
.833 674
.989 .780
a’ = 1.62

Hexagon

.216 .009
.333 .012
.390 .028
Lueh .037 .
.733 .666
.821 722
.955 .853

a' = 1.65

Diamond
.188 .008
240 .023
.374 .033
.398 . 042
.808 .575
. 970 .838
.998 .927
a' = 1.50
Trapezoid
.132 .011
.297 .025
.336 .035
U475 .045
.698 .708
.834 .811
.978  .878
d' = 1.59

bar

.19} .005
.388 .009
Jash .024
.580 .039
.7T19 .600
.820 .795
.033 .885
d' = 1.95
" Pennant

277 .002
.388 .005
420 .010
. 498 .025
.600 . .630
.478 LIT7
Loy .933
da' = 1.88

*ON agoday
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TABLE 3-17 (continued)

h8-¢

YELLOW 25 MILLISECONDS

Circle Square Triangle Diamond Bar
146 .002 .145 .002 .115 . 002 .125 .009 .186 .010
.197 .020 .199 .009 .150 ¢+ .009 .170 .025 .286 .012
.253 .033 .266 .016 .222 .022 .230 .029 .379 .022
.366 .039 .332 .027 267 .030 .278 .034 419 . 040
.866 .575 .900 496 .970 .500 .866 .601 .808 667
.919 .710 .989 .700 .00 .628 .988 .799 .890 .808
.00 .830 .960 <137 .QO .938 .997 .898 .986 .889
a' = 1.42 d* = 1.44 d' = 1.27 a! = 1.30 a’' = 1.55
Pentagon_ Octagon Hexagon Trapezoid Pennant
.129 .002 .118_ .005 .148 .004 127 .005 CATT .009
.258 .020 176 .011 .192 .006 .186 .007 . .209 .011
.284 .033 .259 .030 242 .017 221 .017 277 .015
.355° .039 .294 .035 .275 .025 .256 .029 .360 .026
.888 .616 .91°2 .530 LTU7 437 .863 .570 .579 .T10
.919 .830 .976 = .667 .852 .700 .917 .614 .785 .793
.990 .870 .00 - .919 .934 L84y .966 .847 .936 .860
d’ = 1.39 d' = 1.20 da' = 1.30 a' = 1.24 da’  § 1.52

OUI UBWMBN PU®B }aurdag 3Toq
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BLUE

Circle
.150 .014
.222 .022
. 267 030
.333 .040
. 880 .555
.935 .800
.990 872
d' =1.31

bentagon
121 . 010
.199 .013
. 301 .025
.349 .0h6
.843 .633
.904  ..797
.964 .883
a' = 1.26

TABLE 3-17 (continued)
25 MILLISECONDS

Square
.189 .010
.235 .015
.307 .027
.350 .0l5
877 .633
.980 .715
.989 .770
ar = 1.26

Octagon
L1117 .003
.170 .013
.186 .027
271 .0b0
.938 515
.960 .680
.994 877
-d' = 1.14

Triangle
111 .001
.130 .003
.211 .015
.233 .027
.985 .611
.997 .833
.00 .920
a' = 1.14
Hexagon
.019 .002
.157 . 005
.196 .008
.239 .024
.696 .hot
.796 .7133
.930 .875

d' = 1.18

Diamond
.116 .010
.135 .020
.227 .029
.300 .05
. 850 .616
.950 CTTT
.983 .889
ar = 1.12
Trapezoid
.129 .007
.170 .011
.260 .023
277 L0441
.819 .615
.909 .711
.956 .822
ar = 1.17

Bar
.192 .011
. 256 .023
.321 .039
.359 .048
.833 .619
.923 .723
.962 ,911
' = 1.28

Pennant
175 .005
.196 . 007
217 - .019
.290 .025
.616 .653
.700 740
.909 .819
d" = 1.32
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GREEN

Circle
141 .009
.200 .015
.273 .031
.309 .0b2
.960 L1490
.985 .676
.00 .920
at = 1.24
Pentagon
.140 . .008
.180 .011
.264 .020
.299 .036
.862 613
.928 .785
.958 .900
Q' = 1.22.

TABLE 3-17 (continued)
25 MILLISECONDS

Square
.181 .009
.204 .011
.260 ..035
.293 .04y
.936 .606
.988 .T11
.00 .854
d' = 1.20

Octagon
.112-  .011
.185 .020
.225 .036
.253 .04y
.843 .636
.955 LT17
.078 L9114
d' = 1.08

Triangle
122 .002
.134 .005
.215 .010
240 .025
.978 .610
.980 .799
.993 .909
da' = 1.18
Hexagon
117 .003
.181 .00Y4
.2lho .010
.253 .032
.602 .387
.791 .740
.860 .850

a' = 1.20

Diamond
.120 .008
) ..015
.155 .023
. 265 .037
.936 .625
.960 .709
.988 175
ar = 1.14

Diamond.
.109 .003
.133 -.005
.205 .015
.236 .026
.880 - .610
.950 770
. 995 .815

da+ = 1.18

bar
.191 .009
.293 .016
.319 .026
.346 .0hs5
.828 .620
. 955 137
.994 .929
d' = 1.26
Pennant
.160 .002
.191 .005
.220 .010
.267 .025
.705 .633
.855 .716
.933 .889
ar = 1.27
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Report No. 1726 Bolt Beranek and Newman Inc

recognized. The drawbacks of having successive signs referring
to the same choice polnt be orthogonal in meaning to one an-
other, rather than confirming of what the driver has abstracted
from the previous ones, have likewlse been recognized., The need
for information sufficiently in advance of the choice polnt has
been underscored, and a system such as that used on our western-
most freeways — always giving, In order of appearance, the destli-
nations 6f the next three exits — appears as a conslderable
improvement. Finally, well motivated authorities have decided
that no more than three (or four) destinatlon names may appear

on the same guide sign. The arguments underlying such a limita-
tion are that too many destination names make a sign tco hard to
read...too confuslng...too lengthy to read in the short period.
of time safely allowable. While not about to dispute such
claims, we might suggest that not everyone "reads" a sign — cer-
tainly not everyone '"reads" it in the same way. Not everyone
reads a guide sign 1n the same way because not everyone has the
same goal. The varlety of goals leads to a variety of strate-
gles, at least two of which are of interest here. To give them
names, we designate’one strategy as "searching," the other as

"discovering."

"Search," as used here, refers to a situation where an observer,
approaching a choice point, has a well defined destination and
he fully expects to find the name of that destination on the
sign. The observer has, morecover, a good guess as to what al-
ternatives of the cholce point are (e.g., straight ahead, right
or left). His job, then, is to search through the words on the
gulde sign until he comes to the one 'he is locoking for and find

the direction associated with 1it.
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Discovery, as we use 1t here, applies when the observer either
has no well defined destination, or does not expect . to find his
destination on the sign. Ee, foo, we shall assume, can guess -
some things about the choice point. Yet his task is qulte dif-
ferent. He must discover which destination names go with which 7
directicns, and then, finding the named destination most properly
related to his destination, he will know in which directlon to

proceed.

Restricting the number of place names a gulde sign can contain
is of benefit to those employing a "discover" strategy. The
restriction 1s quite possibly detrimental to those who would
"search." To give a compelling illustration, suppose that an
observer approaches a guide_searching for a particular destina-
tion name., If his target 1s one that has been ieft off in com-
pliance with a number restriction, his search must terminate un-
successfully. He must then search for an aiternate, or change

to a "discover" strategy.

There is not sufficient information at the moment to decide to
which strategy one should cater. Perhaps & compromise 1s
indicated — not simply adding a few more destination names, and
making neither strategy workable, but by giving primary, and
secondary information, identifiable as such. If these were to
go on separate signs, note that the secoﬁdary information must

appear first, according to the analysis sbove.

A discussion of such strategies, however meaningful it might be
to changes in guide signs, was introduced to explain why two
.different series of guide sign experiments were conducted. In

all cases, the stimuli were identical, consisting of three
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destination names, permuted randomly 1in both order and direction,
In one case, however, observers were reduired ﬁo;give‘thé direc-
tion correspbndihg tQ a given destination. In the other case,
cbservers gave thé destination which lay in a partiéulérfdirec—
tion.

3.9.1 Searching for a destination
Method

The stimuli used in this serles of experiments consisted of a set
of gulde signs containing three destlination names — Salem,

Dayton and Richmond — cne presumed lying to the right, one to the
left, and one straight ahead. Each of the destination names
could occur?in any one of the three positilons on the sign (top,
middle or bottom) and be associated with any one of the three
directions of travel (right, left or straight ahead). The ar-
rows representing the direction of travel could be either all to
the left of the destination names, all to the right, or stagger-
ed; 1n the first two cases, the names were left justified.
Finally, a sign could be elther positive (black legend on a
white surround) or negative (white legend on a black surround).
All possible comblnations of these variables were used. Repre-
sentative selections of the signs are reproduced in Fig. 3-25

below.

Twenty-one obsérvers‘Were tested for approximately.éevéh days,
which included a day or two of practice inasmuch as a range of
exposure durations different from previous experimentSchad;to
be selected. The exposure durations. selected were 0.075;”01080
and 0.09C seconds. These durations were ccnsiderably longer

than those required in previous experiments, as you might
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<« Richmond

= Dayton

A Richmond

Richmond <

A Richmond

Richmond =

A Richmond

Dayton <

FIG. 3-25 SOME SPECIMEN GUIDE SIGNS USED IN EXPERIMENT.
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expect. Even then, the data from the 75-millisecond exposure

were not utilized because the duratilon was insuffilcient.

Daily sessions lasted fof two hours, during which fimelan ob=-
server was exposed to a random selection of 90 ¢f the stimuli
presented tachistoscopically, 30 at each of the three exposure
durations. On each trial, observers were required‘to give the
directicn of travel,associatéd with a particular destination
name. The particular destinatlon name was changed for each
block of ten trials. In addltion to responding with the direc-
tion of travel assoclated with a particular place name, observers
were also required to assign a numerical rating of confldence

to theilr answers. As in previous experiments a four-point scale
was utilized. Again, és in previous experiments, each stimulus
presentation was both preceded and followed 1In time by masking

fields of wvisual noise.

Results

Because of the insufficilency of the 75-mlillisecond exposure
duratioh,(the data from these presentations are not included.
The remaining data were treated in accord with the principles
set forward in Sec. 3.3 above.

The data were first analyzed to loock at the effect of arrow
placement. Table 3-18 shows the data broken down according to
placement of thé directional arrows, and pooled over observers
and each of the other varlables. Values of d' are given in the
table. ‘The data are plotted in Fig. 3-26 below. AsS can be
seen from both the table and the figure, arrow placement to the
right of the destination name 1is inferior to placement to the
left, or staggered — thesé last two leading to about equal per-

formance.

3
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"TABLE 3-18. Guide Signing — "Search”

Arrows to LEFT of
Destination Name

Arrows to RIGHT of

Destination Name Arrows STAGGERED -—

.002 .003 .019 .005 .011 .006
.051 L0441 .088 .031 .097 .0U6
L144 .106 .196 .089 .203 .105
.247 .183 .303 .160 .318 .173
.372 .283 Jh29 249 U445 L2614
544 . 459 .598 423 597 .Lo3
770 .725 .796 .695 .795 .690
a' = 0.24 ‘ d' = (.46 d' = 0.48

To fellow up the previous findings regarding the superiority of

positive (black legend on a whilte surround) as opposed to nega-
tive‘images, the data were broken down according to positive or

negative presentations, pooled over other variables. These data

are presented in Table 3-1G6 below and plotted in Fig. 3-27.

Value of 4d' abstracted from these data are also given in the -
table. As 1is obvious from both the table and the figures, pro-

cessing of information is superior when the legend is positive

as opposed to negative.

One can also investigate which position on the sign is most

easily and efficiently processed in a brief visual exposure.

Table 3-20 presents data bearing on thils question. The data

are broken down according to position — top, middle and bottom —
and pooled over the other variables. These data are plotted in
Fig. 3-28 below. As can be seen in both the table and the figure,
the mlddle position led to the best performance.’
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TABLE 3-19. Guide Signing - "Search"
Comparison of Negative and Positive Images

Light on Dark Dark on Light
(Negative) (Positive)
.102 .029 L2481 .008
452 .14y 571 .078
. 599 221 .705 .102
.605 .227 .719 .109
.616 .236 : - LT737 .125
.768 163 .80L .328
.oul .868 .951 .758
a' = 1.02 a' = 1.81

TABLE 3-20. Guide Signing - “Search”
Legend Position on Sign

Top Middle Bottom
L1200 .000 .373 .020 .100 .000
L161 .018 .534 L0443 .120 .022
.161 .Qlg .609 .048 .250 .0bo
.333 .080 L714 .048 .4go .055
.645 .270 .815 .372 .550 .280
.700 .392 .850 .550 .600 LUgs
.950 .604 .910 .666 .765 .590
ar = .96 ar = 2.20 ar = 1.30
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A final question 1is whether a particular direction of travel
leads to superior performance. The relevant data are given in’
Table 3-21 below, and plotted in Fig. 3-29. As can be seen in
the figure and table, the stralight ahead direction provides the
best performance. The data were also broken down according to -
exposure duration and, as might be expected, the longer duration

leads to improved performance.

Discussion

The first thing to be noted is the length of the exposure dura-
tions necessary to provide adequate viewing time for this series
of tasks. A four~ to six-fold increase was necessary, compared
with the slmple recognition tasks of previous experiments. This
important, although not unexpected, finding must be kept 1in mind
in the design and placement of guide signs. Sight distance and
size for a given travel speed are, of ccurse, the analcogues of
our variable of exposure duration and should be adjusted corre-
spondingly as contrasted with the simple warning and regulatory
signs. In this connection we should point out that the 1ncrease
in view time found necessary is, if anything, conservative. In
all of these experlments the observers were extremely familiar
with the stimulus materilals because of the repetition. Such
familiarity with particular destination names on a particular
gulde sign would less likely be on the highway. The more stand-
ard warning and regulatory signs would, as in the lab, be rela-
tively familiar.

The individual findings, agaln not wholly unexpected, can be put
tc good use on the highway. Left Jjustified names with direc-
tional arrows to the right should be avoided in favor of a stag-
gered, or all-left placement,

L. D0
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TABLE 3-21. Guide Signing - "Search”

Direction of Travel

Right Left Straight

90 MILLISECONDS ,
.014 .000 .050 .000 .200 . 000

.351 .000  .350 .008 L460 .000
.635 127 .600 .097 740 .097
.730 .16k .683 .121  .820 112
.784 .255 .733 . 234 .860 .351
1.00 .591 1.00 .605  .980 .649
1.00 .882 1.00 .911 1.00 .970
dr .= 1.60 ar = 1.64 ar = 2.14

80 MILLISECONDS

.024 .000 .000 .000 .130 .000

381 .040  .283 045 .370 .035
524 189 .U457 170 .609 - .108
524 235  .5U3 261 .609 267
691 406 .630 330 .761 - .372
.952 615  .957 .614  .935 674
1.00 .814 1.00 .930 1.00 .988
d' = 0.76 d' = .7k ar = .89
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The finding that the stralght-ahead direction leads to superior
performance when compared tc left and right arises most pfobably
because in the set of directicn there 1s but cne vertical arrow,
but two horizontal arrows. One possibility which might be con-
sidered is to equalize the three directlons by spacing the arrows
more uniformly about 360 degrees. Right might then be indicated
by 120 degrees (as opposed to 90 degrees), and left by 240 de-
grees (vs. 270 degrees). Such a sclution would, of course, be
contra-indicated 1f the geometrics of a sufficiently large num-
ber of choice pbints actually included such sharp right and

left-hand alternatives.

With regard to which of the three positions (top, middle and
bottom) provides the best information, our finding of the superi-
orlty of the middle position may reflect either the effect of

the overall display, or, simply the effects of eye position. To
implement such a finding on the highway would entail placing the
most frequently sought, or the most troublesome, destination in
the middle. This would be in conflict with standards making
position redundant with direction. This study did not identify
the tradeoffs involved, and so must remain silent on this ques-

tion.

The finding that improved performance results from a positive
(dark message on a light background) as opposed to a negative
(light message on é dark background).presentation i1s consistent
with ours, and others' findings. For other reasons, guide signs
are now specified to be white messages on a green field — nega-
tive. According to this study's equating of view time in the
experiments with sight distance and size, these parameters

should be adjusted accordingly. Said another way, relevant to
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a question raised in revising the Manual on Uniform Traffic
Control Devices, "small'" gulide signs would be better executed

in black on white,

One further point should be made at this time, which concerns
the population c¢f observers used in our experiments. Many of
our experiments used brighter than average subjects — college
students or college-bound high-schcol students. In previous
‘experiments on simple recognition tasks this was felt to be of
minor significance. In the experiments to be described later
on the meaning of plctographs, an average or below average
population was felt desirable. In this series of experiments
on searching for a destination name, it was declded to use both
populations of observers. Nine of the observers, then, constil-
tuted a "bright" group. The remaining twelve observers, an
"average" group, were female assembly workers at a nearby in-
dustrial plant. Separate analyses were undertaken for each
group, which showed that the findings remalned the same, inde-
pendent of "intelligence," but that the bright group could per-
form better with briefer exposure durations. This 1s nicely
exemplified by the data in Tagble 3-22 below. The data are
broken down to direction and exposure duration, and given
separately for the "bright" and the "average" groups. These
data are plotted in Fig. 3-30. As was indicated, the finding
(superiority of straight ahead) remains the same for each group,
but in each case, for a given exposure duration, the "bright"
group performs better than their "average" counterpart. Such
analyses give confidence that these results do not depend on
'sampling biases, and reinforce the decision to use the "average"
group in investigating questions of meaning in the following

section on pictographs.
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TABLE 3-22.

"Average" Group - 90 ms Exposure Duration

1726

Guide Signing

Bolt Beranek and Newman Inc

Straight
.092 .003
.289 .063
462 .186
. 497 .218
.613 . 313
.7T74 .566
.988 877
d’ = A

Right
.102 .024
.218 .125
. 354 214
401 . 250
.503 .346
741 .623
. 966 .810
a’' = 42

"Bright" Group - 90 ms Exposure Duration

<357
Jaey
796
. 837
949
-979
<979

ar =

”Avérage” Group - 80 ms Exposure Duration

.000
.012
.109
.109
.208
.506
798

2.22

.206
450
631
.700
770
.950

00
at

.010
.021
.070
.129
.178
537
726

1.66

.015
.187
. 256
.290
458
676
.943

d'

.030
.113
. 234
.301
L416
664
-951

.03

.017
.100
.184
.226
.393
.653
.971

d'

040
L1177
.320
.415
.506
675
948

.54

"Bright" Group - 80 ms Exposure Duration

.202
436
.616
.788
-840
.508
.968

dl

.034
.075
.114
.152
.300
.510
-755

1.84

224
J471
666
.778
.836
.899
-951

d!

3-102

.033
070
.109
.150
.239
Jh72
.736

1.81

df

Left

075 .018
.269 .152
L4133 .258
469 .319
.525 .404
.781 641
.950 .903
da’ = Ao
.156 .015
LU429 .031
.697 .088
.766 .156
.854 . 286
.961 . 759
.981 . 989
at = 1.73°
.005 .025
.139 .188
.183 .308
227 .385
.351 .510
.658 .697
.891 .947
a’ = .46
.226 .021
454 .059
.637 .098
.780 .150
.831 . 303
.8814 .520
.935 .761

= 1.81
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3.9.2 Discovering a destination
Method

The stimuli used in this series of experiments were identical fo
those used in the previous series, as discussed in Sec. 3.9.1
above. The stimull consisfted of a set of gulde signs with three
destinations, each associated arbitrarily with a direction of
travel. Name position, travel direction, and arrow placement
were all permuted randomly for both the positive and the nega-
tive images. A representative selection of stimulil are repro-
duced in Fig. 3-25 above.

Nine of the observers used in the previous series of experiments
on guide signs were continued over Into this series. In the
previous series the observefs had been given a destination name
and were required to respond with the associated direction of
travel., In this series, however, the cobservers were given a
particular directlion of travel and asked to discover the name of
the destination presumed to be lying 1n the target direction.

As before, the observers attached a numerical confidence rating

to their judgments.

The observers were run for four daily sessions, each two hours
long. In each daily session, a random selection of 108 stimuli
were presented tachistoscopically, each tachistoscopic presenta-
tion being of 80 milliseconds' duration. Each of the directions,
right, left and straight were used as the target directicn for
one-third of the trials in a daily session. As in all previous
experiments, each stimulus presentatiocn was preceded and follow-

ed in time by masking fields of visual noise.
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Results

The data from thls series of experiments were analyzed in accor-
dance with the principles set forth in Sec. 3.3 above. Analyses
were conducted to answer the same questions raised in the previous

section.

The data were first analyzed to loock at the effect of arrow
placement. Table 3-23 shows the data broken down according to
placement of the directional arrows, and pooled over cbservers
and each of the other variables. Values of d' are given in the
table. These data are plotted in Fig. 3-31 below. As can be
seen from both the table and the figure, arrow placement to the
right of the destinatlon name is inferior to placement to the
left, or staggered. The staggered placement leads to the best

performance by a slight margin.

TABLE 3-23. Guide Signing — "Discovery"
Position of Arrows

Arrows to LEFT of
Destination Name

Arrows to RIGHT of

Destination Name Arrows STAGGERED

. 250 .002 242 .019 . 344 .020
.391 . 061 b2y .029 594 .060
.551 126 .623 .110 .728 .120
.656 .216 .718 144 .811 .188
.801 .U436 .788 .266 .872 .378
.906 .U58 .905 .556 .939 574
.996 | .688 .961 .740 .978 .636
dr = 1:18 a' = 1.66 da' = 1.76
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The data were next analyzed to compare the effect of positive
(dark legend on a light surround) as opposed to negative (light
legend on a dark surround) stimulus presentations. These data,
pocoled over the other variables, are presented in Table 3-2U4
below and plotted in Fig. 3-32. Values of d4d' abstracted from
the data are included in Table 3-24. As these data show, pro-
cessing of information was superior for the positive legends,

compared to the negative legends.

We also investigated which position on the sign was most easily
and efficiently processed in brief visual exposures. Table 3-25
and Fig. 3-33 contain these data and respective d' values, and
show that the best performance is assoclated with the middle

position.

TABLE 3-24. Guide Signing — "Discovery"
High-School Subjects: 80 ms.
Comparison of Dark on Light and Light on Dark

Light on Dark (Negative) Dark on Light (Positive)
257 .000 .320 .000
LU66 .023 ) .576 .013
.660 .083 .778 .028
L740 .137 ‘ .898 .051
.844 .206 .944 .194
.956 . 485 .975 411

1.00 .729 1.00 - .680
at = 1.72 da' = 2.92
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TABLE 3-25. Position of Place Name

Top Middle Bottom
.181  .03%4 549 L006 .126 T.000
.363 .101 .780 .019 .72 .022
.543 .171 .829 .04y .753 .058
.601 .799 .878 .050 .851 .079
657 .285 .891 .106 .890 .20l
.796 536 - .9l1 182 .958 .539
.928 .786 .988  .L38 1.00 .866
1.00 1.00 1.00 1.00 1.00 1.00
a* = 1.10 a' = 2.82 a' = 2.44

Finally, we asked whether a particulér direction of travel led
to superior performance. The relevant data are given in Table
3-26, and plotted in Fig. 3-33 below. Reference to the figure
and table shows that the straight ahead direction leads to the

best performance.

Discussion

The results from thils serles of ekperiments are wholly in agree-
’ment'with those of the precedlng series. As before, having all
directional arrows to the right of left-justified destination
names 1is contra—indicatéd, staggered or all-left placement 1is

to be preferred. Again, the straight-ahead direction leads to
superior performance, probably for the reasons previcusly dis-
cussed. Finally, as before, poéitive images and middle name
positions provide the best conditions. for processing information
under brief visual exposure. Inasmuch as the results are in
accord with the previoﬁs section, the commenté contained therein

should apply to this series of experiments as well.
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TABLE 3-26. Guide Signing — "Discovery"
9 High-School Subjects: .080 millisecs
Direction of Travel

Straight Right Left
.370 .021 360 .009 .311 .005
.624 .051 .548 .045 .513 .022
.788 .100 712 .080 .663 .04y
.874 .120 .786 .098 773 .069
.907 .239 .918 211 .818 .124
.9L6 430 .918 .398 .904 .335
.996 .650 .971 .646 .961 .606
a' = 2.30 ar = 2.08 a' = 2.21

. One further interesting question one can ask 1s whether there
are dilfferences between the two strategies that have been label-
led "search" and "discover." The former strategy refers to the
series of experiments reported in Sec. 3.9.1, wherein cbservers
are given a destination name as a "target," must search for
that destination name, and respond with’ its associated direction.
The latter strategy covers the present series cf experiments
wherein observers have a direction as their "target" and must
discover the destination which lies in that direction.

Inasmuch as the discovery experiment employed only the "bright"
group of nine observers; and only an 80 millisecond exposure
duration, 1t must be compared with the equivalent data for the
same subjects in the search experiments.

Table 3-27 below shows the relevant data from both series of

experiments contrasted. These data are plotted in Fig. 3-35,

and, as can be seen from elther, there is marginally superior
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TABLE 3-27. Guide Signing. Data from two series of experi-
ments using "bright" group ofxgpservers only,
and a single exposure duration®gdf 80 milliseconds.
Data are pooled over other variables.

"SEARCH" Strategy "DISCOVER" Strategy
205 - .013 .298 008
S .038 - .505 .038
639 S 079 T35 064
773 117 . 806 .089
.85 .291 858 - .185
.926 524 933 455
975 776 985 .691

a' = 1.92 d' = 2.22

performance in the discovery series. It must be borne in mind
that the data are pooled over all the experimental variables,
and that, moreover, the discovery series of experiments was run
subsequent to the search series, and there remains the possi-

bility that any differences may merely.reflect order effects.

3.10 Pictographs

As mentloned previously, suggestions for increased use of picto-
graphs probably rival public complaints about guide signs in
frequency. The arguments most generallylmade'in favor of the
increased use of pilctographic information are uniformity, de-
creased dependence on literacy in a given language, and improved
aesthetic appeal. It would be hard to try'and evaluate any of
these arguments in the laboratory. Nor can one evaluate the
relative efficiency of pictographic and word legends by direct
test (see Sec. 3.1). It appears, moreover, that changes to

pictographic message representation will come about because of
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other pressures. What these experiments have tried to do, then,
is to discover which of a large set of pictographs are most
easily recognizable from amcngst that set. The problem is, What
response alternatives should be allowed the observers? ‘When
previously dealing with relatively simple "geometrice" shapes,
observers were allowed to refer fo shapes by arbitrary indica-
tions (numbers) with the ald of a code sheet that reproduced the
stimulus set. There are, of course, reasonably accurate semantic
labels for each such simple shape, and they were used in the
discussion. Using either designation interchangeably was feit'
Justified because the (gebmetric) "name" was not the (sign's)
"meaning." The intended meaning in the highway operational con-
text was not inherent in the geometric name. On the other hand
with pictographs, the situation 1is quite different. Any eco-
nomical name (other than arbitrary alpha-numeric designation,
which would be difficult to learn for a large set) for a bicto-
graph is nearly synonomous with ifs intended meaning. 1In a

very real sense, it is this property which défines a pictograph.

The dilemma was resolved in favor of giving the cbservers a list
of intended meanings as the set of response alternatives. That
is, the names by which observers referred to the stimuli were

gquite close to the intended meaning of the plctograph.
To further bear on this problem, a second serles of experiments

were run to ascertaln meanings assigned a pricori to the same

pictographs by a naive population of observers.
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3.10.1 The recognition of pictographs
Method

A set of forty-four plctographs was used in this series of ex-

periments. The stimull are shown in Fig., 3-36 below.

Nine observers were run continuously over fifteen dally sessions.
Each session lasted two hours, during which time an observer was
exposed to one hundred tachistoscopic stimulus presentations,
twenty-five at each of four exposure duraticns. The expoéure
durations used were 0.012, 0,015, 0.020, and 0.025 seconds. As

in previocus experiments, and for reasons previously described, each
stimulus presentation was both preceded and followed in time by

masking fields (visual noise of slightly higher energy).

Each observer was provided with an appropriate answer sheet and
a list of the forty-four response alternatives. In additicn to
choosing that response alternative most likely on a given trial,
observers were required to attach to their responses a numerical

rating of confidence on a four-point scale.

The list of response alternatives . is given in Table 3-28 below.

Results

As in previous experiments, the raw data were reduced in accord-
ance with the principles set forth in Sec. 3.3 above. ‘The re-
duced data for each pictograph are shown in Table 3-29, below,
alcng with the respective values of d'. The values are pre-
sented again in Table 3-30, which gilves a rank ordering, best

to worst, of the recognizability of the various pictographs.
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TABLE 3-28

Falling rocks
River bank
Swinging bridge
Sudden ;ide winds
Electric cables
Hump bridge
Slippery road
Low flying aircraft
No horn blowing -
No passing

Deer crossing
Sheep

Horse

Cattle

Elephant

Train
Railroad

Signal ahead
Police

Buses

Motor vehicle

Bicycle

Bolt Beranek and Newman Inc

Motorcycle
Telephone
Trailer camp
Youth hostel

Mechanie
»Food

Wash room

First aid -
Camping “

Drink

Gas

Up hill

Down hill

Rough road

Uneven roéd'7

Dip |

Bump

Pedestrian crossing
Road Work

Truck sign ‘
Children playing
Children crossing
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TABLE 3-29.

Electric

Hump

Slippery

Falling River Swing
Rocks Bank Bridge Side Winds Cables Bridge Road Airplane Horn No Passing Deer

020 .00l .o49 .009 .033 .007 .000 .000 .000 000 ,028 007 .032 .000 .022 .000  .000 .000 .030 .006 .029 .000
‘052 .009 .062 .013 .063 .013 .000 .000 .025 .004 ,O49 .009  .063 .005 .028 .018 .018 ,000 .083 .009 .045 .012
‘140 .011  .084 .025 .125 .020 .029 .000 ,050 .007 .092 .015 .090 008  ,053 .021 .026 ,001 .,106 .015  .084 025
‘84 .012 .284 .035 .173 .022 .652 005 .102 .013 .224 .025 ,250 .013  .308 .022 .077 .007  .220 .036  .229 .057
‘526 .235 .u487 .194 .531 .231 .374 .377 .Ms2 .376  .370 .267 .282 .230 .511 .217  .309 .340  .403 .226 .476 .132
680 .uho  .706 .230 .6ho .316 .657 .u81 .71k .392 .509 .501  .468 345 741 .364 .684 .490 .561 .47h  .517 .389
800 .600 .798 .537 .846 .790 .693 .619 .84 ,679 .666 .560 .Th2 .738 .786 .658 .825 .523 .750 .726  .810 .679

4 = 1.74 d' = 1.17 d' = 1.10 d* = 0,92 4*' = 1.04 d' = 1.11 d* = 1,64 d' = 1,54 d' = 0.98 d' = 0.98 d* = 0,81

Railroad Signal
Sheep Horse Cow Elephant Train Crossing Ahead Police Hat Bus Car Bicycle
.027 .000 .O4% ,012 .033 .000 .048 .008 ,036 ,000 .O44 ,000 065 004 034 .000 086 ,012 .058 .014 051 .013
.048 005 .065 .015 .045 000 ,070 .012 .067 ,003 ,068 ,000 .073 .007 .057 .013 .06k 018 .082 .015 _.096 .020
.053 .013 .092 .022 .078 .003 .105 .019 .100 ,013 .081 .,000 .142 015 .067 .020 .087 .021 .122  .020 119 .028
.12k ,017 .251 .039 .087 .009 ,207 .037 .218 ,018 .097 .004 .291 .024 .076 .026 .113 .049 .244 037 .227 .0u6
.283 .231 .350 .218 .304 .285 .386 .231 .374 360 .21h 469 .356 .258 .293 .205 .206 .257 .342 (229  .357 .224
.530 .367 .603 .341 .348 .487 .536 .380 .545 483 .351 .628 .380 .355 .U59 486  .495 274 .52 .369  .539 .390
.804 ,603 .796 .603 .685 657 .74l .591 .B18 .576 .730 .722 .T720 .592 .686 .678 ,700 ,650 .713 .758 .683 .657
d' = 0.88 d' = 1.08 d' = 1.02 d' = 0.94 d' = 1,28 dt = 1.33 d' = 1.32 da' = 0,48 d' = 0,41 4! = 1.04 d' = 0.90
- Youth Fork &

M:;:rcy;;: o chnone “raller Hostel Wrench Spoon Rest Room  First Ald Tent Cup Gas Pump
. . .017 .005 .045 034 ,019 .000 017 .005 .019 .022 .052 .0 .026 .012 .038 .01

.063 ,005 .04 .012 ,080 .03 .049 .005 .029 .012 .034 024 .029 2033 'ggg 'ggg .046 014 .029 .023 -9 g -932
.132 .009 .078 .026 .104 064 .095 .008 .056 .025 .052 .047 T131  .ol9 146 '032 .070 .024 S131 .033 -109 .035
.158 .013 .110 ,046 .147 .076 .110 .013 .085 .026 .089 .075 .224 .o42  .291 .245 .123 037 .259 .ok2 .144 058
.381 .363 .333 .166 .218 .165 .336 .275 .316 .206 .350 .223 .340 .240 .384 .359 347 .238  .360 .271 .M15 .360
-;zg -253 ."2: .355 .503 .393 .458 .519 .396 .618 .u82 .301 .u483 .u61 .675 .627 .545 .385 .536 ,397 .731 .h4od
. .640 .754 .653 .710 .676 .917 .642 .833 .775 .701 .545 .689 .628 .799 .627 -833 .,528 .717 .615 .784 .731
da' = 1.33 d' = 0.41 d' = 0,36 d' = 1.09 d' = 0.54 d' = 0.06 d' = 0.98 d' = 1.08 a' = 0.58 d' = 1.11 d' = 0.47

Pedestrian Men - Children Child

3P Grade Down Grade 3 Bumps 2 Bumps Dip 1 Bump Crossing Working Truck Crossing Playfﬁ?
.0 .01 .0 .000 .0 .000 . . .
072 034 033 :939 -84 338 :81z %8¢ -034 .01 :ggg '83? :g%g -000 '8%3 012 .gul .386 'Og" .014  .026 ,000
. . T . .11 .012 .098 .014 .139 .056 143 017 157 032 '1 y '0 8 * * . M . .
'l|15 .385 .527 .268 422 .289 J420 .405 LL4B2 .372 '511 .‘l21 . 1 '2314 .15 .02 .170 .037 .129 .039 .150 .026
L747  .402  ,669 .520 ,634 416 652 ,555 536 .399  .696 .562 ‘33? . .386 .256  .389 .293 .516 .256 .366 316
- : : . . . . . . . .580 .643 .537 .595 .569 .723 .282 .626 .402
:Z 67i 7?u 679 .8?9 .760  .856 .805 .839 .729  .797 .768 .794 .662 .714 671 .742 .661 .76k .514  .819 .530

= 0.7 d' = 1.10 d' = 1,09 d' = 1.04 d' = 0.47 d' = 0.97 d' = 0,89 d* = 0.84 d* = 0.62 a' = 0,84

a' = 0.80
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TABLE 3-30. Pictographs.

g q
Falling Rocks 1.74 ' Rest Room ‘ .98
Slippery Road 1.64 1 Bump .97
Airplane l.SM Elephaﬁt .94
Railroad Crossing 1.33 Sicde Winds ‘ .92
Motorcycle 1.33 Bicycle .90
Signal Ahead 1.32 Pedestrilan Crossing .89
Train 1.28 Sheep .88
River Bank | 1.17 Men Working : .84
Hump Bridge . 1.11 Children Flaying . 84
Cup - 1.11  Deer .81
Swing Bridge 1.10 . Truck .80
Down Grade 1.10 Up Grade T4
3 Bumps o 1.09 ~ Children Croessing .62
Youth Hostel 1.09 Tent .58
Horse 1.08 Wrench L
Pirst Ald 1.08  Police Hat BT
Electric Cable 1.04 Gas Pump = Ll
car 1.04 . Dip T
2 Bumps 1.04 - Bus L1
Cow : 1.02 Telephone | 41
Horn .98 Trailer ' .36
No Passing .98 - Fork and Spoon

3-124



Report No. 1726 Bolt Beranek and: Newman Inc

For purposes of later discussion the plctographs are separated
into five categories. The category boundaries chosen are suc-
cessive intervais of d4'=0.40. The distribution of the picto-
graphs among the five categories is shown in Fig. 3437 below,

and for our purposes provides reasonable categorization.

According to this categorization, those pictographs most easily
recognized are those depicting FALLING ROCKS and SLIPPERY ROAD.
Those pictographs which are easily recognized iﬁclude AIRPLANE,
RAILROAD CROSSING, MOTORCYCLE, SIGNAL AHEAD, and TRAIN.

On the other hand, those pictographs pooriy recognized include

UP GRADE, CHILDREN CROSSING, TENT, WRENCH, POLICE‘HAT, GAS PUMP,
DIP, BUS, and TELEPHONE. Those pictographs most poorly recognized
are the TRAILER and FCRK AND SPOON. The balance of the forty-~
four pictographs fall into the central category shown in Fig. 3-37.

Discussion

In evaluating the results of this series of experiments 1t must
be borne in mind that the first experiment has only determined
the recognizability of the pictographs from among the set of
pictographs displaysed. Meaning of the pictographs is considered

belcw and the two sections must be considered together.

With these cauticns in mind, let us make a few observations about
the data which might neot have been obvious at first. One of these
is the performance of the animal pictographs. In the presenta-
tion set there were five animals represented, all four-legged.
Offhand, because of theilr similarity, oﬁé might suppose they
would perform guite poorly due to inter-confusicns. In fact,

however, none were below average, From the cperational standpoint
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one might question whether making fine distinctlons between fdur-
legged animals — slow-moving chicanes — provides additional use-
ful information for the driver. That 1s, does a driver behaﬁe
differently if warned a deéer crossing area, or a cattle cross-
ing?ﬂ‘A poiht precisely analogous'éan be made concerning one,

two, and three "bumps".

Disappointingly poor were CHILDREN CROSSING, TELEPHONE and FORK
AND SPOON, inasmuch as these messages are to be borne by picto-
graphs'presently in our system. Uncrossing the utensils (as is
being done) .undoubtedly is a help removing>general confusions
with X, a recurrent theme. Another possibility 1s to use the
CUP instead., Alternatives to the plictured telephone — a hand-
plece and dangling cord, for example — are available, and should,
be tried. The poor‘performance'of’the'CHILDREN is disconcerting
and it might be well to consider alternatives before finalizing

the design.

The best of the pictographs speak'fofifhemselves. Interestingly,
the SIGNAL tested was extremely good'withouf the complexlity and
consequent cost of two addltional colors as is curcently pro-
posed for the 1970 draft Manual on Unifofm Traffic Control De-

vices (MUTCD). It is comforting to see the superior performance

of the symbols for AIRPLANE and SLIPPERY ROAD, both of which are
coming into use. In this context it should be pointed out that
the rendition cf SLIPPERY ROAD tested is not that of the most
recent draft (MUTCD). Rather, it conforms to international
usage; and might be profitably substituted. The motcrcycle
renditicon also differs frdm that proposed, but slightly.
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3.10.2 Meaning inferred from pictographs
Method

The same set of pictographs was used in this series of experi-
ments as was used 1n the previous series. These stimull are
shown in Fig. 3-36 in Sec¢. 3.10.1.

Because of the nature of the experiments 1t was desirable to
avold using an overly bright population of observers,. clearly
unrepresentative of the driving rank and file. The experiment
used twelve female assembly workers from a nearby plant. By
the choice of the fairer sex, we. implied no denigration of the
native intelligence of women. Rather, 1t was hoped thaf this
seléction would exclude driving enthusiasts - people with a .

long-term persénal interest and involvement in highway problems.

The twelve observers were run continucusly over fifteen daily
sesslons. Each session lasted two hours, during which time an
ocbserver was exposed to dne hundred tachistoscopic stimulus pre-
sentationé, twenty-five at each of four exposure durations.  The
exposure durations used were 0.015, 0.020, 0.025 and 0.030-sec—
onds. As in previous experiments, and for reasons previously
described, each stimulus presentation was both preceded and
followed in time by masking fields (visual noise of slightly
higher energy).

In contrast to previous experiments, a set of respcnse alterna-
tives was not defined for the observers. Instead, they were

asked to tell what they saw on each trial in their own words.

At first blush, the decision to use brief visual presentations

of the stimuli in this particular series of experiments might
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seem to be 2z strange one., 0On the basis of the previous series
of experiments, howéver, it was known, in fact, that brief
visual exposures were sufficient to select responses from a
closed set of alternatives. The eiperimenters were admittedly
curicus to discover whether such brilef presentations would suf-
fice in this case. Partly because of curiosity, but more im-
portantly because of the basic bellef that viewing time on the
highway is, in many circumstances; a scarce and valuable commod-
ity, the tachistoscopic presentation method was used. As will
be seen, this choice allowed one to discriminate among the

pictographs.

Results

Inasmuch as this series of experiments departs from the more
usual methods of data collection, ﬁhe responses of each observer
were treated differently than in other experiments. Each re-
sponse from each observer was evaluated independently. The
evaluation consisted of a sorting into four categories which
were: strictly correct, generallglcorféct, irrelevant, and

coﬁtradictory.

Table 3-31 gives the percentage of striectly correct pictograph
interpretations, pocoled over observers. Table 3-32 presents
the cumulative percent correct responses (strictly ang gen-
erally correect). Both tables are rank-ordered from best to

worst,

Figure 3-38 shows the frequency distribution of responses accord-
ing to percent correct responses. The dashed lines imposed on
fhe frequency distributions give hypothesized distributions and

indicate that the apparent bi-modality of the raw distribution
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TABLE 3-31. Pictographs - strietly correct responses.

43 children cressing 64%
1 falling rocks 56%
15 elephant ' 56%
12 sheep 52%
9 horn 52%
14 cattle 48%
11 deer ‘ 484
7 sliprery rocad L48¢%
26 rest room g
20 bus _ hhg
40 pedestrian 439
42  truck 4249
25 trailer 4%
13 horse 38%
32 cup 38%
18 signal ahead 36%
8 airplane 36%
28 fork & spoon ‘ 36%
3 swing bridge 33%
44  children playing 32%
.35  downgrade: 32%
16 train 32%
24 telephone . 31%
27 wrench 30%
39 one bump 28%
17 railroad crossing 25%
34 upgrade 25%
41 men working 249
22 Dbleyele 243
37 two bumps 20%
36 three bumps 20%
23 motorcycle 16%
38 - dip 16%
31 tent _ 12%
33 gas pump 11%
19 police hat 87%
4 sidewinds 47
5 electric cable 0%
3C. first aid C%
21 car 0%
2 river bank 0%
26 youfth hostel 0%
& hump bridge 0%

10 nc passing 0% -
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TABLE 3-32. Pictographs - strietly and generally correct
responses.

43 children crossing 92%
12 sheep 92%
40 pedestrian 91%
9 horn ‘ 847
14 cattle g4
1 falling rocks 80%
11 deer 78%
15 elephant 76%
13 horse ' - 76%
18 signal ahead .- 76%
44 children playing 72%
"7 slippery road 67%
29 rest room - 60%
25 trailer 60%
8 airplane 60%
32 cup 57%
28 fork & spoon 56%
42 truck S54%
3 swing bridge 54%
24  telephone 54%
41 men working 52%
22 bicycle 52%
20 Dbus. , 51%
34  upgrade ' 50%
117 railroad crossing b4eg
23 ‘motorcycle . h27
4 sidewinds bog
35 downgrade : hog
37 two bumps 40%
38 dip 4049
5 electric cables 40%
16 train 36%
36 three bumps 36%
27 wrench 35%
39 one bump 32%
31 tent 32%
19 police hat 28%
33 gas pump 17%
30 first aid 13%
21 car 12%
2 river bank : 9%
26 youth hostel 4q
6 hump bridge 47
1C no passing 0%
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may be accounted for by two underlying populations — cne of
basically uninterpretable pictographs, the other those whose

meaning can be inferred to a greater or lesser degree.

Discussion

It seems appropriate to base this discussion upon the more len-
ient evaluation of correctness. This decision 1s based upon the
fact that the highway environment is not likely to be as demand-
ing as is that of the laboratory. Accordingly then, the first
part of this discussion centers arocund the data of Table 3-32.

Disappointing, and at the same time instructive 1s the pocr
performance of the NO PASSING pictdgraph. It is, of course, the
only pictograph incorporating the negating diagonal slash. In
addition its message depends upon an atstract spatial repre-
sentation — abstract in that it must be viewed from "outside,"
as by a third party. Surprising too, by 1ts poor showlng 1is

the FIRST AID symbol. Bear in mind, however, that it was not

a "red cross" — all pictographs being black silhouettes.

On the positive side, it is refreshing to see many of those
pictographic symbols currently proposed, or already in use, rela- .

tively high up on the 1list.

Particularly intéresting 1s the outstanding performance of the
pictograph depicting children crossing. This is in contrast'to
its poor showlng strictly in terms of recognition from amongst
the set of forty-four (at crucially shorter exposure durations).
Such a contrast in performance isolated by the two techniqués ‘

reinforces the a priori feeling that two dissimilar processes
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are involved. At the same time, such a dichotomy raises the

question of how to welght each process.

While one can glve nc pat answer to the question, the data can
help the reader resolve the dilemma according to his own a priori
welghtings. Most useful for this purpose is Fig. 3-39 below.

The Flgure shows each pictograph, ldentified by number, located
‘on a grid by two coordinates, one 1ts recognizability, the other
its meaning transmissibility. The closer to the upper right-
hand corner a plctograph lies, the better. The worst lle closest
tc the lower left-hand corner. A series of parallel lines of
negative slope can be used tc separate the pictographs according
to quality. The actual sleope chesen determines the weighting

of meaning relatlive to recognizability. The steeper the slope,
the more heavily meaning is weighted. The shallower the slope,
the more heavily recognizabillty 1s weighted.
For purposés of this discussion of both experiments on plcto-

graphs, we have scribed lines of unit negative slopé. Accord-

ingly, the best pictographs are: FALLING ROCKS, SLIPPERY ROAD, —
SIGNAL AHEAD, AIRPLANE, CATTLE CROSSING, PEDESTRIAN CROSSING,
SHEEP, HORN; HORSE, ELEPHANT, and CHILDREN CROSSING.

According to this same classification scheme, the worst of the
plctographs are: GAS PUMP, NC PASSING, PCLICE HAT, YOUTH ‘
HOSTEL, FOCRK & SPOCN, HUMP BRIDGE, TENT, WRENCH, DIP, CAR, RIVER
BANK, FIRST AID, BUS, TELEPHONE, and TRAILER.

3.11 Some Selected Signs

This series of experiments with a selected series of signs must

be viewed as an investigation of the most preliminary sort
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designed with several objectlves in mind. The experiments in-
~clude both experimentation in the laboratory of the scrt now
familiar to the reader, and more reallstic experimentation on
thé road, described in detail below. Other differences between
these and previous experiments are reflected in our choice of
stimull, In keeping with the basic philosophy of intensive
examination of basic design elements of traffic control devices,
stimuli in previous experiments were deliberately and pains-
takingly restricted to simple, uncontaminated examples of the
elements. The present series of experiments. deals with certain
signs in their entirety and entalls the complex interaction of
the basic elements. Using an identical set of stimull 1in the
laboratory and on the road enables us to lsolate whatever basilc
differences exist between the two situations. In turn, this
aliows us to quallify conclusions drawn from the laboratory find-
ings. One baslc difference encountered between the two situa-
tions was the role of color. This was not unexpected; our pre-
vious discussicn of the results of laboratory experiments pointed
up the necessity for cauticn where brief exposures of colors are
involved. As a result, the data analysis comparing the two
situations turns out to be complicated. The road testing pro-
cedures which we have employed are interesting in their own
right, of course, and prcvide a valuable technique for further

explorations.

An initial selection of ten signs was made and these signs are
shown in Fig. 3-40. As can be seen from the figure, the group
is far from homogeneocus. Colors, shapes, legends, plctographs,
and gbstract symbols are variously intermixed. Moreover, there
are two versions of each message. Note that this selection g

is in violation of the previous wafnihgs about the difficulties
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NO
RIGHT
10 TURN

FIG. 3-40 SOME SELECTED SIGNS FOR LABORATORY AND ROAD TEST.
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inherent in frying to do evaluations wifh a mixed system. As
will be seen, this leads to complexities in the data analyses.
Nonetheless, this avenue of experimentation was considered
necessary. Hopefully, the difficulties encountered in this ser-
ies will not serve to obfuscate‘the merits of the technigues em-

ployed.

3.11.1 Selected signs in the ]aboratory
Method

Tachistoscopic projection of the stimuli was used with two ex-
posure durations, 0.015 and 0,020 seconds. As in previous ex-
periments stimulus presentation was both preceded with and
followed by visual masking fields, visual noise of slightly

higher energy. The ten stimull used are shown ih'Fig. 3-40.

Seven observers were used, each for ten daily sessions. Each
session lasted approximately an hour during which time each ob-
server was presented with eighty stimull, forty at an exposure
duration of 0.020 seconds, and forty at an exposure duration of
0.015 seconds. | o '

Each observer was provided with a copy of Fig. 3;40 and a suit-
able answer sheet. On each trial the observer was required to
indicate by number which of the ten stimuli had most likely

been presented. In addition the observers were required to
indicate the confidence they attributed to their answers. These
confidernice ratings were given on the basis of a four-point scale

ranging from vefy sure to very unsure.
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Results

The baslc data were reduced as in all previous experiments (ex-
cepting those dealing with the meaning of pictographs) in ac-
cordance with the procedure detailed in Sec. 3.3. Because

of the complexity of the stimulus set a number of different
breakdowns of the data were necessary, scme of which, as indi-

cated below involved discounting of certain data.

The basic data, pooled over observers and exposure durations is
presented in Table 3-33. In Table 3-34 these data are broken
down according to exposure duration. Estimates of d' are in-

cluded in the Tables.

One breakdown to be made 1n the stimulus set is between two sets
of signs, one of current Unilited States signs, the other a set of
alternatives. The former set is comprised of Nos. 2, 6, 7, 9,
and 10. The alternatives are Nos. 8, 4, 5, 1, and 3, respectively.
One can look at the performance of a sign within its own set byl
separating the data approprilately and lgnoring those confusions
which arose between signs of one set‘énd those of the other.

The relevant data for the United States signs are presented
pooled over exposure durations 1in Table 3-35, and brokén down
according to exposure durations in Table 3-36. Estimates of 4!
abstracted from the daté are Included in the Tables. The rele-
vant data for the alternatives zare similarly presented in

Tables 3-37 and 3-38.

Another way in which the stimulus set can be broken down is
according to color: six red signs, Nos. 1, 7, 8, 3, U4, and 5
(the last three with black); two yellow signs, Nos. 6 and 9;
two signs black on white, Neos. 2 and 10. The relevant data are
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TABLE 3-33.

Sign #1
.283  .002
.312  .005
.538  .011
L6440 .018
.898  .590
.971 .860
.00 .898
dar = 2.1

Sign #6
.155  .002
.233  .005
.300  .009
LAay .012
.ouy 575
.00 .763
.00 .833
av = 2.17

Some Selected Signs — Laboratory Experiment.

Sign #2
. 300 .000
a1t .000
.630 .000
127 .011
790 .667
.930 .889 -
.997 . 920
dr = 2.93
Sign #7
176 .000
.276 .000
377 .002
.563 .005
.898 .668
1.00 .800
1.00 .835
ar = 2.72

o

1
1

Sign #3
.156 . 000
.253 .000
.366 .000
.590 .010
.817 .700
.980 .716
.00 .784
a' = 2.55

Sign #8
. 155 .000
.419 . 002
.566 . 009
.688 .022
<909 .517
.00 611
.00 .670
d' = 2.56

Sign #4
.163 .000
.250 .000
.333 .005
571 .020
.916 .615
.00 .693
.00 TTT
da' = 2.23

Sign #9
.130 .000
.223 .003
.395 .006
.567 .020
.796 .666
.880 .700
.995 .718
d' = 2.23

Sign #5
.213 .000
. 303 .000
.516 .002
.533 .015
.718 770
.888 .860
.998 .901
da' = 2.12
Sign #10
.190 .000
.370 .003
.555 .003
.681 .006
.919 .500
.00 .710
.00 .815

d! 2.98
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TABLE 3-34.
20 msec.
Sign #1
.500 .01y
722 .028
.94y . 049
.ohy .064
.oh4y .116
.o44 .378
.00 .526
d' = 3.10
Sign #6

. 389 .000
.778 .000
.94y .000
.94y .016
.94y .092
.00 .2h2
.00 .510
d' = 3.60

Some Selected Signs — Laboratory Experiment

Sign #2
.823 .000
1.00 .000
1.00 .000
1.00 L0614
1.00 .090
1.00 . 266
1.00 .558
a' = 4,00
Sign #7
.387 .000
.710 .000
.839 .006
.903 .006
1.00 .080
1.00 .235
1.00 .511
da? = 3.80

Sign #3
.382 .000
.588 .000
.647 . 000
L7664 .031
.882 .094
.00 . 245
.00 .h22

d 2.58
Sign #8
.545 .000
.818 .000
-939 .013
.939 .026
-939 .104.
.00 .246
.00 .528
da! 3.43

Sign #4
.578 .000
.789 .000
.895 .010
.895 .036
.895  .102
.00 .243
.00 .533
d' = 3.03

Sign #9
.163 .000
.250 .006
.562 .006
.625 .010
.688 .084
.750 .221
.875 .49l
d' = 2.65

Sign #5
.565 .000
.739 .000
.826 .005
.826 .005
.00 . 055
.00 LAIT7T
.00 . 399
a' = 3.52

Sign #10

.250 .000
.659 .006
.659 . 006

.781 . 006
1.00 .061
1.00 .235
1.00 R iels
d* = 3.28

*oN aa0day
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15 msec.
Sign #1
.010 .000
.029 .006
.071 .012
. 286 . 050
.792 779
.929 .906
.00 .997
a’ = 1,08
Sign #6
.000 .003
.167 .009
.250 .021
.583 .101
.00 .794
.00 .920
.00 .969
d' = 1.48

o e

TABLE 3-34 (cont'd)

Sign #2
.012 .000
.167 .000
.333 .000
417 .071
.00 .756
.00 .8814
.00 . 997
dr = 1.27

Sign #7
.000 .000
.087 .000
. 087 .000
.261 .031
. 957 .765
.00 . 905
.00 . 997
da’' = 1.24

Sign #3
.000 .000
.053 .000
.083 .013
167 .0b2
.833 .650
.917 .884
.00 .988
ar = .80

Sign #8
.000 . 000
.267 .006
.553 .012
.667 .0L46
.917 .822
.00 .923
.00 .997
d' = 2.08

Sign #4
.000 - .000
.083 . .000
.090 .066
.333 .019
.00 .679
.00 L7179
.00 .919
da' = 1.61

Sign #9
.000 .000
.083 .000
.333 .019
.500 .075
.833 .820
.917 .910
.00 . 997
ar = 1.40

Sign #5
.000 .000
L.074 .000
.222 .000
.222 .043
.667 .799
.889 .813
.963 .929
a' = .98
Sign #10
.000 .000
071 .000
.142 .000
214 .006
.929 L1772
.00 .907
.00 .967
a' = 1.69

*ON qaodeu
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TABLE 3-35. Some Selected Signs — Laboratory Experiment.
Performance of U.S. Signs Within Their Own Set.

Sign #2 Sign #6 | Sign #7
.350 .007 .222 .010 . 389 .000
.778 .020 , .500 .015 .B67 ,005
.800 .060 677 .030 .723 .020
.963 .075 .780 .076 .898 . 059
1.00 .196 .961 .216 1.00 .205
1.00 . 267 1.00 .511 1.00 460
1.00 .550 1.00 .700 1.00 .715
a' = 3.15 ‘ a' = 2.17 d' = 2.83
Sign #9 Sign #10
.291 - ,000 .200 .000
16 . .010 .550 ,007
.560 .037 778 L0440
.700 .050 .900 .080
.909 277 1.00 .187
1.00 .516 1.00 .385
1.00 .725 1.00 .698
ar = 2.16 d' = 2.68
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1
1
1

Performance of U.S.

TABLE 3-36.
20 msec.
Sign #2
.500 .000
. 780 . 005
.850 .010
.950 . 050
.00 .157
.00 .360
.00 .610
ar = 3,28
15 msec.
Sign #2

.260 .009
a7 .010
.563 .078
.780 .087
.00 .270
.00 . 393
.00 .786
' = 2.11

Sign #6
.500 .000
.600 .009
.750 .015
.800 .027
.970 217
.00 .383
.00 .709
ar' = 2.72

Sign #6
. 222 .020
. 300 .0u45
.500 .050
.760 .090
.889 .279
.00 .386
.00 .802
da' = 2.04

Some Selected Signs — Laboratory Experiment.
Signs Within Their Own Set.

Sign #7
.489 .000
.609 .000
.700 . 007
.820 .020
.00 .202
.00 . 390
.00 .626
ar' = 2.96

Sign #7
.200 .000
. 350 . 005
400 .026
.500 .043
.00 .303
.00 416
.00 - .778
d' = 1.95

Sign #9
.300 .000
.650 ~.005
.750 .015
.875 .049
.980 .195
.00 .4o6
.00 667
ar = 2.82

Sign #9
.190 .000
.217 .025
.336 .029
L4ho .057
.600 .340
.00 .526
.00 .790
d* = 1.40 .

=

Sign #10
.500 .000
.600 .000
.750 .010
.800 .029
.00 .160
.00 .384
.00 L711
da' = 2.72

Sign #10
.180 .000
.275 .012
.300 .039
.580 .060
.00 .300
.00 .506
.00 .609

ar = 1.75

'bN qJo0dsy
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TABLE 3-37. Some Selected Si?ns — Laboratory Experiment.
Performance of Alternate Signs Within Their Own Set.

Sign #1 Sign #3 Sign #4
.367 . 007 L 490 .000 .330 .000
L U497 .011 .609 .000 .556 .000
.605 .029 .715 .020 .633 . 009
.811 .053 . 800 .029 .700 .015
L9856 - .182 1.00 - .190 .933 .190
.989 .217 1.00 .330 1.00 .320

1.00 .578 ~1.00 .595 1.00 511

ar = 2,52 ar = 2.72 a' = 2,58

Sign #5 Sign #8
.312 .007 R .002
426 .010 .510 .015
.520 . 025 .700 .023
.636 ,03% .820 .059
.810 .217 .923 .173
.926 .370 1.00 .303
1.00 .520 - 1.00 .505
ar = 2.11 ar = 2.46
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TABLE 3-38.
20 msec.
Sign #1
.511 .000
.626 . 007
.702 .010
.898 .026
.990 .150
1.00 . 300
1.00 .653
d! = 3,16
15 msec.
Sign #1
.200 .010
.350 .022
400 .033
.500 .040 .
.725 211
.900 .363
.00 .750
a’ = 1.75

Sign #3
.500 .000
.625 .000
.750 .007
.800 .013
.00 .128
.00 . 290
.00 .580
d' = 3.16

Sign #3
.318 .000
. 496 . 000
.bl2 .020
.603 .0bo
.756 .311
.920 . 397
.00 .690
d' = 2.00

Some Selected Signs — Laboratory Experiment.
Performance of Alternate Signs Within Their

Sign #4
.500  .000
750 .000
.795 .000
.820 .013
.950 .136
.00 .285
.00 .517
d' = 3.24

Sign #4
117 .000
.256 .000
.393 .015
.b13 .023
.650 .390
.825 .526
.00 .700
ar = 2.08

Own Set.

Sign #5
.375 .005
.500 .010
.690 .029
.750 .033
.900 .202
. 950 .315
.00 .626
da’' = 2.56

Sign #5
.126 .005
.375 .025
420 .036
.550 .036
.798 .200
.910 . 397
.00 .680
a' = 1.68

Sign #8
.510 .000
.725 .000
.7197 .020
. 898 .035
.00 .119
.00 . 356
.00 .670
d' = 3.03

Sign #8
S217 .007
L1400 .027
.510 .033
.660 .050
.789 .297
.853  .412
.00 .620
d' = 2.05

‘oN qaodsy
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presentéd in Table 3-39 broken down according to color (disregard-
ing confusions across color) and pooled across exposure durations.
These data, broken down further according to exposure durations
are presented in Table 3-40. Estimate of d' are included in each
of the Tables.

The final breakdown of the stimulus set regards these signs with
word legends, and those without. Nos. 2, 5, 6, 7, 9, and 10 in-
corporate word legendssy Nos. 1, 3, 4, and 8 do not incorporate a
word legend. Data relevant to this breakdown are presented 1n
Table 3-41.
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TABLE 3-39, Some Selected Signs — Laboratory Experiment.
Performance of Signs Within Color Sets. '

Red Stimuli

Sign #1 Sign #3 | Sign #4. Sign #5

.427  .000 .375  .000 .366  .000 .398  .002
.519 .000 .500 .000 b2 .002 .512 .015
. 758 .00¢% .725 .009 .530 .013 .587 . .01§:
.850  .035 .900  .011 778 .023 .699  .020
.970 .195 1.00 . .207 .923 ,200 - .780 .195
1.00 . 359 1.00 Jh11 1.00 .365 .921 .370
1.00 .630 1.00 675 1.00 690 1.00 .709
dt = 2.79° dar = 3.60 d* = 2.82 a' = 2.58
Sign #7 Sign #8
Jh1a .000 Lholb .003
.522 .000 .526 .013
.670 .010 L667 .0ko
.725 .027 .720 .051
.931 .292 .987 .206
1.00 .350 1.00 .390
1.00 L712 1.00 .673
d' = 2,49 a' = 2,22
Yellow Stimuli Black on White Stimuli
.372 .008 .328 .000
.651 L0031 .613 .036
. 822 .039 759 .051
.915 .085 .934 .066
L9611 .178 .94g .2u1
.969 .34g L9614 . 387
.392 ,628 1.00 672
a' = 2.74 d' = 2.94
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TABLE 3-40. Some Selected Signs — Laboratory Experiment.
Performance of Signs Within Color Sets.

Red Stimulus Only

20 msec.

Sign #1 Sign #3 Sign #4 Sign #5
LLhy .000 .4gs .000 .500 .000 4oy .000
.590 .000 . 755 .000 725 .000 .626 .000
. 868 .007 .923 .003 .810 .004 .778 .007
.955 .025 1.00 .050 .910 .009 . 889 .025

1.00 .068 1.00 .110 .919 .075 .G10 .150
1.00 .311 1.00 ,296 1.00 .296 1.00 .325
1.00 .595 1.00 .505 1.00 .560 1.00 .606
d' = 3.63 a' = 3.69 a' = 3.11
Sign #7 Sign #8
.398 .000 . 395 .000
.506 . 005 420 . 005
.693 .012 .510 .015
.802 .032 .710 .022
.926 .090 . 889 .095
1.00 .260 .966 .298
1.00 .583 1.00 .560
da' = 2.72 dr = 2.60
15 msec.

Sign #1 Sign #3 Sign #4 Sign #5
217 .000 .311 .000 .300 .000 .202 .005
400 .000 .580 .000 U450 .010 .523 .015
L6660 .009 626 .010 .550 .030 623 .023
.720 .050 .700 .059 © .700 .035 .715 .04o

©,820 .256 . 909 223 .820 .251 .818 .212
1.00 . 480 1.00 ,502 .500 . 395 .956 . 390
1.00 .606 1.00 L7117 1.00 .616 1.00 L670
da' = 2.22 d' = 2.08 ar = 2.28 da' = 2.33
Sign #7 Sign #8
.205 .000 .262 .010
LU16 .007 .313 .012
.511 .020 .572 .043
.707 .058 .600 .055
.826 .271 .797 .290
L9390 .392 .868 .313
1.00 .708 1.00 L717
d' = 2.10 d' = 1.80
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Yellow Stimulus Only — Signs #6, #9

20 msec.
.509 . 000
.667 .014
87T .018
.982 .070

1.00 . 155

1.00 .32k

1.00 .592
a' = 3.52

15 msec.
306,006
581  .006
.Th2.019
.839  .051
.919 121
.935 .268
.98L  .535

a' = 2.63

Black on White Stimulus Only — Signs #2, #10

20 msec.
.325 . 000
649 .013
w779 .013
.961 026
.961 211
. 974 .342

1.00 671
4q' = 3,63

3-150

15 msec.
.286 .000
. 486 .066
.629 .098
771 .115
.800 .279
.814 L4443
.00 672
d' = 1,92
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Some Selected Signs — Laboratory Experiment.

Performance of Signs Within Sets:

Without Legend.

Sign #2
.243 .006
L5y .026
678 .032
.954 .035
.967 .243
.987 -433

1.00 .679

d'.= 3.39

Sigh.#?
.289 .003
.523 .006
.752 .01k
.926 .034
.926 .276
.960 45l
.993 698

d' = 3.35

Signs Without Legends

Sign #1
.278  .000
451 .000
691 .009
.950 © .023
950 .24
969 .52
.981 .75k
d' = 3.69
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Sign #5
.289 .000
. 455 .006
.710 .01 -
.910 .022
.938 .245
.979 . 4o8
.00 675
da' = 3.39
Sign #9
.182 .003
.530 - .016
.750 .016
.917 .030 -
.917 .275
.955 . 471
.985 . .665
ar = 3.28
_Sign #3 - Sign #4
.292  .003" .295  .003
.507 .01k .518 .006
.694 D14 770  .008
.958 ,017 .950 .015
.958 .253 w957 275
©.979 .492 986 489
1.00  .758 = .993 .764
d' = 3.80  d' = 3.69

With,
Sign #6
.220 .003
492 .019
173 .030
.894 .038
.901 .303
.947 462
.992 .675
4" = 2.98
_Sign #10
.202 . .,000
.519 .011
.682 .027
. 946 .046
.946 L2572
.961 458
1.00 . 664
~ar = 3.28
Sign #8
.357 .000°
.579 . .005
.722  .013
.937 .024
.837  .270
.952 .516
.976  .783
d' = 3.60
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3.11.2 Road testing of signs

The experimenfs previcusly described in this chapter report the
performance of the basic elements of traffic control signs,

based on a controlled and systematized laboratory test technigue.
It is natural to ask whether or how these results relate to a
more realistic test situation, that is, testing with actual road

traffic.

As explained in Sec. 3.1, results of many "simple" road tests
are subject to a number of systematic errors or ambiguities.
Road testing, per ipse, 1s not necessarily more valid, although
it is usually more expensive. To model the eventual performance
of a proposed set of traffic control devices (which couid include
just one new sign) a road test must (a) replace the old set with
the new throughout a sizeable test area, (b) expose the driving
population to the individual signs in natural locations (i.e.,
SLIPPERY RCAD signs where this condition does occur) and (c) ob-
serve the long-~time end results (for a STOP sign, obedience; for
SLIPPERY ROAD, <Zncidence of skidding accidents). This procedure
is more like regional implementation than testing, and is far

beyond the scope or resources of the present research.

It 1s, however, useful toc ask whether the results change if the
test 1s shifted from the reccognition task as isolated in a lab-
oratory to the recognition task imbedded in an actual driving
situation. It was this latter form that was conceived for the
road éxperiments; to reproduce the laboratory recognition experi-
‘ment while adding as much detail of the actual driving task as
possible. The situational differénces are many. In the labora-
tory the cnly task 1s recognition. R The observer is seated at a
fixed distance from and has a continually unobstructed view of
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the point of stimulus presentation. The stimulus always appears

after an audible and visible warning cue.

The laboratory experiment to be replicated. on the road was that
using the ten selected signs shown in Fig. 3-40. The driving
task was not simulated, but used a real car on a real road, and
the observer was the driver. By the cholce of car and road, and
the apparatus tc control the amocunt of visual attention the
driver could devote to the task, the experiment attempted to
present a driving situation that was both as realistic and as
demanding as possible. It was within this driving situation, with
its high visual informaticn processing demands, that the sign A
recognition experiment was conducted. The individual components
of this experimental situation, as will be described in the

following paragraphs, were carefuliy chosen.

The Vehicle

The car driven by the observer had been speclally purchased for
previous research for the Fedeﬁal Highway Administration. This
vehicle had been specifled to meet a number of requirements, many
quite approprilate to the present experimental use:

(a) The exterior and interilor appearance and dimensions were
that of an ordinary vehicle, so the car seemed "normal" to

the range of observer-drivers.

(b)Y The driving environment was similar to that experienced by
the average American driver. This requirement, which
related to seating configuraticn, level of physical effort
required to operate vehicle controls, and vehicle dynamic
response to ordinary control inputs, was integrated with

requirement (c).
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(¢) The range of stable and predictable operation (based on
population stereotypes) was extended to higher limits of
longitudinal accelerations and deceleraticns and lateral
accelerations. Sinee the experiment involves operation at
attention levels that approach the 1limit of the driver's
controlling abllity, it was felt that special efferts should
be made to extend the safe range of operation of the vehicle
and to insure that limit behavior is reasonably predictable

from the normal experience.

(d)} The vehicles were equipped with'optimum avallable occupant-
protective equipment. Although absolute speeds would be
low, and no other vehicles would be present, the task was

demanding, and errcr-inducing.

The following illustrates the matching of the vehicle as well

as its equipment to the requirements listed above. For item

(b) the basic vehicle dimensions (wheelbase, overall length,
weight) were matched within 2% to the reported average for full-
size, four-door sedans as pdrchased in the U.S. Such full-size
vehicles represented 51,3% of total automobile production in the
U.S. feor the year reported (1967).

By matching the wheelbase, weight, and length, gquite a number
of vehicle-behavior parameters that affect the "feel" to the
driver are simultaneously matched. For example, gquickness of
steering is matched since it is related to wheelbase and steer-
ing gear ratio at low speeds and in addition, polar mcment of
inertia at higher speeds. The steering response time, which
depends on the center-of-gravity height and suspension damping
ratio, and the ride and pitch frequenciles (controlled by the

vehicle weight, spring rates, and pitch polar moment), are also
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well matched to the weighed average by matching the three

selected parameters as described.

The Road ‘ )

The road used for the experimeﬁt”was:Bryar Mdﬁbrsp@rt Park. This
tréck, shown in Fig; 3-41, is‘typicéi'of mahy road Pécing cir—.
cults: the outer circuit has a tofai length of 1.6 miles with
10 turns of varying direction and fadii, and numerousﬁelevatidn,
changes.'fThe road surface 1s smooth asphaltic concrete as used
in moderﬁ.highway construction. Many of the ﬁurhs areASupere‘
elevatéd,'foilowing the formulae used by the New Hampshire Higﬁ—
way Department, but extrapoclated tc the smaller radii used on

the track layout. All roadway‘is a minimum of 28 ft wide, and
all curves are a minimum of 40 ft wide. This road ié-qonsidered
a good éxample of the narrow,-winding, hilly country road that
places considerable demands on a driver. All driving'was;done |
in-a clockwise direction around the outer circuit, preéentinglphe

driver with four left-hand and six right-hand curves.

Eq@ipmentjfor Varying Driver Attention

Control”offdriver attention 1s based on a.translucent screéh:
which can be pericdically lowered over the driver's eyes and
through which no road or vehlcle detail can be sezen. This‘séréen
is the pivoting face shield of a protectiﬁefhelmet actuated by a
pneumatic cylinder mounted on the helmet. The visor action can

be seen in Fig. 3-42.

The pneumatic cylinder is powered from .a Co, bdttle, pressure
regulated to 5-7 psi and the gas fiow cbhtrqlled‘by\a{solenoid-
valve. The electrical control to the solenoid valve derives

from an interval timer which cycles the visor up or down for
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FIG. 3-42 VISION‘ INTERRUPTION APPARATUS.
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fixed time intervals. The time intervals for up or look time
(TL) and the down time (TD) could be adjusted from 0.2 to 20
seconds. A "dead man" safety switch for the experimenter held
the visor up unless this foot switch was held depressed. Only
the timer controls and safety switch were placed in the front
passenger space with the experimenter. The remainder of the
apparatus (CO2 supply tank,;poweﬁ'invefter, solencild valve,

other control switches, valves, and metefs) were mounted together

on a platform fitted to a rear footwell of the car.

The motivation for the ﬁse of the visioniiﬁterfuption apparatus
described is twofold: efficiency and safetyﬂ‘ As just described,
the test road is rather demanding to drive at "normal" speeds,
and the experiment could have asked the driver to drive as fast
as possible, without leaving‘the marked roadway (error-free driv-
ing). Under these circumstances drivers who had no inhibition
about speed i1tself would find themselves driving parts of the
road at a speed limited by their ablility to process visual infor-
mation, and parts at speeds limited by the capabilities of the

vehicle. For fthese curves and parts of the road where information

processing capabllities were taxed, the recognition experiment
stimull could be displayed at;panddm, and the observer/driver's
responses recorded. For those‘eaéier stretches, the attentional
demand of ﬁhe road would be so low that such an exberiment would
yield near-perféct scores, uééless feor éomparative reccgnition

tests.

Obviously, such speeds would put excessive stresses on the
vehlicle, and considerably increase the risk of injury in case of
an off-rcad excursion. The visgion interruption apparatus can im-

pose a sampling rate that reduces markedly the amount of visual
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information the driver can process per unit time. Thus the driver
can stiil drive to the limit, and the visual 1information procéSs—
ing tésk will set his maximum speed everywhere on the road. :In
this way a larger number of stimulus display locations can;be

used.

The look interval was chosen to give the observer time for a |
single visual fixation. Visor operating times that yleld 7—15%
vision (such as TD¥3 sec,rTL=O.H sec) can limit a driver to |
speeds for curves and tangent sections that are close to those

chosen for a "normal'" drive on such a rcad,

Display of Experimental Stimulus

Eleven possible locations were selected along the roadside for
display of the experimental stimulus. At each location,'a port-
able sign holder was assembled. This sign holder, shown in

Fig. 3-43, has a set of magnets and a locating pin which hold
the changeable display 1in place. A c¢lear plastic backing pre-
vents wind forces from dislodging théwaisplay.' |

Since the signs in the stimulus set wereundt’all_ﬁhe same shape,
they were normalized to a 200 sg in. aresa.  Each sign ih‘the
stimulus set was then reproduced in color on postef board. Steel
plates (for the magnetic attachment) were glued to the back. An
entire stimulus set was stored at each display lccation; only a

few seconds were required to replace one d;splay with another.

Observer/Drivers

The observer/driver selecticn procedure used more than the mini-

mum requlirement: a license to drive. The road experiments -
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i
(a) Sign holder, showing (b) Sign on holder. Folder at
magnets for sign - - base contains the 9 other
attachment. 31gns

(¢) Typical sign position along road.

FIG. 3-43 THE ROAD EXPERIMENT STIMULUS.
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entail considerably more effort and potential risk than the
corresponding laboratory tests, and this influenced the choice

of observer/drivers. The goal was to achieve good motivation‘

for what was a'demanding mental and physical task. Selection
standards were chosen that favored rapid stabilization of perform-
ance, coupled with an opportunity to get insight into the experi-
ment from the observer viewpoint. The requirements beyond:a;
license were (a) an expressed liking for the normal‘expefiencé‘

of driving, (b) current or recent experiencé in:driming-a car

of this type, and (c¢) daiiy driving experience aﬁd a minimum,of
50,000 miles total driving experience. Ali cbservers were giVeﬁ
between 100 and 200 miles of familiarization with the test.ﬁehiblea
dn public highways, and a minimum of ten 1éps on the tést~road

using the vision interruption apparatus.

To test the influence of this selection procedure, the perform-
ances of three "normal" observers and three "selected" observers
were compared. The "normal'" group drove very slowly at first;
often they were unable to avoid arivingﬁefrors unless a shorter
vision interfuptioh interval (TD) was ‘used, corresponding to an
increase 1in the sampling rate. This group was able to use the
same sampling rate as the "selected" group after an éxtended
learning périod, althcugh they continued to drive at somewhat
lower and more erratic speeds. The recognizability test scores
for the individual stimuli were generally lower fof the-”normai"-
group. Significantly, the relative performance of the stimull
was not different for the two observer‘groups.r This finding 1is
in complete agreement with the results of laboratory tests

{(Sec. 3.9.1) comparing "bright" and "average" observers. Most
importantly, the results suggest that no biasing of the results:

would result from the use bf the selection procedure,
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3.11,3 Some selected signs on the road
Method | o

The stlmull used in this series of experlments were, the same as
,thosejused‘in the preceding labonatory experlmeht anqlare,shOWh

in Fig. 3-40.

SlX observer/drlvers were. used over a perlod of 12 days at the
test reoad. .In each test session, whlch lasted approx1mately two
hours,‘obeervers were used_in pa;rsr‘ Three such 5e551ons were .

run in a day.

The experiment was arranged So‘that bhe obeerver/driver wéé drlr—
‘ing the test vehicle along the test road at the llmlt .of hlS
abllity to process visual 1hformatlon, as descrlbed in the pre-
cedlhg,seotlon. In a 81ngle lap,‘each observer drove by the 10
stimuli displayed along51de the road s, a8 seen 1n Fig. 3 HM “At‘
thelend,of the lap, the observer flnlshlng hlS run was replacedw
by the'alternate At the end of the next lap, the dlsplay
stimulil at each of the 10 p051tlons were replaced w1th a new 1‘
set randomly selected from the 10 p0551b111t1e5 at each p051tlon
At the.end of the succeeding lap, the.flret cbserver drove once
more, allowing the alternate to rest.‘ Each randomly selected
set_of‘stimuli displayed at the lO,locationerelohgelde the.roadl
wee thus eeen by two observers for a total of 2orobserratiohs,
before a new set was displayed. In the course of the experiment
the six. observers made 280 laps, for a total of 2800 trlals, the

number used at one exposure duration 1n the laboratory experlment.

Each observer was provided with a copy othig,_3—40J and. required
to memorize the five sign names YIELD, DO NOT ENTER, NO RIGHT
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(a) Subject and Experimenter.

(b) The Experimental Stimulus,

FIG. 3-44 THE ROAD EXPERIMENT.
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!

TURN, SCHOCL CROSSING, and STOP,«\He was also reguired to memor-
ize two categories: standard (etimuli'Z ,6,7,9,10) and alternate
(stimuli 1,3,4,5, 8) On each trlal the observer was required to
indicate by calling out the name and category whlch ‘0of the ten
stimuli had most llkely been presented In addition the observers
were requlred to indieate the confldence they attributed to their
answers. These confldence ratings were given on a four—p01nt
scale ranging from very sure to very unsure. The.experlmenter,
seated in the front right, recorded‘the answer and;cenfidence

rating.

The sampling rate of the vision infterruption apparatus worn by
the observer/driver was set at 0.3 sec TL (look time) and 3.0 sec
TD, allowing vision 9% of the time. Each observer was instructed
to drive as fast as possible, while making no driving errors.

The white lines at the road edge Were considered to define the
"driving lane" and crossing the wﬁite line was to be considered
an error, equal to complete loss of control in normal driving.
Crossing the white line was cause:to reject the trial data at
that locatidﬁﬂk‘Drivers were giveh a short rest after each pair
of laps as noted above. Fof the ﬁieual*sampling rate used, the
performance;of the subjects was usually driving error free dur-
ing a sesslion. As the subjJects learned the vehicle and road,
their driving~speede'rose slightly. This increase in speed

{(from 22 to 28[mph for example) éutometically increased the at-
tentional demarid rate of -the driving"tésk.aﬁd keptefhe observer
operating at his self-assessed limit of ability'ﬁe‘pfecess

visual information.
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Results

The basic data were reduced as 1n the previous'1aboratory'experi-
ment in accordance with the-procedure detailed in Sec. 3.3. Be-
cause this stimulus set involved the simultaneous presence of
several graphic design elements a variety of breakdowns of the
basic data are possible. Those breakdowns previously reported

for the laboratory date will be repeated.

The basic road experiment data, pooled cver all observers is

presented in Table 3-42, and 4' estimates are given.

The first breakdown tc be made in the stimulus set is between the
set of standard U.S. signs (stimuli 2,6,7,9,10) and the set of
their alternatives (stimuli 8,4,5,1,3, respectively). ' The per-
formance of such signs'within their own set can be isclated from
the baslc data by separating out the data for correct identifica-
tions and confusions of signs within one set. The appropriaté _
data for U.S. signs are presented in Table'3—43, aidng with esti-
mates of d' abstracted from this reduced data base. The relevant

data for the alternative set is similarly presented in Table 3-44.

A second way the stimulus set can be broken down 1s according to
color: the set of five red signs (stimuli 1,7,8,3,4,5), the two
yellow signs‘(stimuli 6 and‘9),’and the two black-on-white signs
(stimuli 2 and 10). The relevant data are presented in Table 3-U45
by color set (disregarding confusions between color sets), and

are accompanied by appropriately estimated values of-4d'.

The third breakdown of the stimulus set 1s into two sets, one
with word legends, and one without. Stimuli 2,5,6,7,9;10 include
word legends, stimuli 1,3,4,8 do not. Data and estimates of g
relevant to this breakdﬁﬁn are presented in Table 3-i46.
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Some Selected Signs — Road Experiment

TABLE 3-42.

Sign #1 Sign #2
.273 .004 .136 . 000
.394 .004 .318 022
LU55 .007 .364 .036
.606 075 .500 .069
.909 .352 .818 .386
.969 .521 .818 .549

1.00 .734 .909 .726
a' = 1.68 a' = 1.47

Sign #6 Sign #7
.226 .004 .296 .003
.419  .o007 .407  .009
.516 .011 .481 .022
.548 026 .519 .04l
.839 .373 .815 . 334
.903 -537 .963 .627

1.00 .728 1.00 . 803
d' = 2.01 dr = 1.80

Sign #3
.353 .004
.510 .004
.569 .032
.627 .039
.902 .389
.980 .547

1.00 .756
dat = 2.08

Sign #8
.196 .004
.413 .016
. 456 .040
.478 .063
. 739 413
.935 .540

1.00 .718
a' = 1.50

Sign #4 Sign #5
.267 .000 .136 .000
.367 .007 .hoog .000
L433 .026 . 455 .009
.533 .086 .500 .ohy
.833 .379 . 864 .318
.933 .528 .955 .385
.967 . 7132 .955 . 755
ar = 1.4 at = 1.75

Sign #9 Sign #10
. 435 .000 .038 .000
.609 .007 .115 .004
.652 .011 .154 .00L
. 739 .055 .231 .014
. 957 .369 .574 .382
. 957 544 .692 544
.957 .Th45 .962 .721
ar = 2.19 a' = 1.31

*oN adoday
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Some Selected Signs — Road Experiment. o
Performance of U.S. Signs Within Their Own Set.

TABLE 3-43.
Sign #2
.333 .000
.690 .067
. 833 .081
.952 .100
.976 . 255
1.00 . 383
1.00 .658
a’ 2.92
Sign #9 ‘
.383 .000
.638 L01k
.702 .035
.723 .078
. 851 .213
.936 .319
.957 ﬂ681
d' = 1.98

Sign #6
L3406 .007
STT .022
. 750 . 050
L769 .101
.904 .223
962 . 309
1.00 .669
a' = 2.02
Sign #10
.382 .000
.559 .020 .
.618 .034
L824 .034
941 .176
4971 '331
1.00 .6hg
d' = 2.80
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Sign #7
.659 ~.007
.756 . 007
. 829 .014
.902 .036
.927 .214
.976 -371
1.00 . 807

d' = 3.03



Report No. 1

726

Bolt Beranek and Newman Inc

TABLE 3-44. Some Selected Signs — Road Experiment.
Performance of Alternate Signs Within
Their Own Set.

Sign #1 Sign #3 Sign #4
«333 .000 . 250 . 000 . 389 .000
544 .004 .589 .008 .556 .000
.667 .021 .696 L0b2 .648 .004
.760 .068 .786 .092 LTHL .079
.930 .336 .964 .361 . 889 .328

1.00 Lh43 .982 A7l .963 L 456
1.00 .685 1.00 .668 1.00 701
d’ 2.18 d' = 2.14 d' = 2.04
Sign #5 Sign #8
. 365 .000 .333 .000
577 .000 .550 .008
.615 .012 617 .008
.673 .049 . 733 .008
.885 .329 .950 .275
.962 461 1.00 517
1.00 .695 1.00 .725
a' 2.08 a ' 2.07
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TABLE 3-45. Some Selected Signs — Road Experiment.
Performance of Signs Within Color Sets

Red Stimulus Only

Sign #1° Sign #3  _ Sign #4 Sign #5
.317  .000 241 .000 368 .000 .358  .000
.517 .003 .569 .006 .526 .000 .566 .003
633 .017 672 .039 614 . 007 .604  .010
750 .07k 776 .08l .702  .070 660 .06
.933  .293 .966 .3k .860  .295 .887  .289

1.00 421 .983  .Ls8 965 k23 .962  .u438
1.00 .660 1.00 .658 1.00 .668 1.00 .668 .
a' = 2.14 ar = 2.17 d' = 2.00 d' = 2.05
Sign #7 Sign #8

429 .000 .303  .000
492 .003 .500  .034
540 .020 - .561  .038
587  .047 .667  .038
762 .315 .89k 306
857  .L51 ~.970  .Lsy

1.00 .685 1.00 656
a' = 1.87 a' = 2.19

Yellow Stimulus Only Black on White Stimulus Only

Sign #6 - Sign #9 Sign #2 Sign #10
367 .024 367 .000 318 .000 333 .000
612 .0u8 612 .0L3 659 .256 L4187  .068
.796 .095 . 786 .106 . 795 .282 .538 .091
.816  .190 .810  .191 .909  .282 .718  .091
.898  .214 .505  .213 .90 .462 .74k .20k
.959  .286 .952  .362 .32 .513 JTHE 341

1.00 .571 976 .617 1,00 667 1.00 .582
a' = 1.80 a' = 1.76 a' = 1.92 g' = 1.92
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Performance of Signs Within Sets:
Without Legend.

Signs With Legends

Sign #2
.298 .000
617 .043
. 745 .060
.851 112
.894 .246
.936 .323

1.00 .534
a' = 2.27

Sign #7
.587 ,004
o674 .004
. 739 .009
. B804 .027
.848 .210
.934 . 353
.00 .629
ar = 2.72

Signs Without

Sign #1
.352 .000
574 .007
.704 .020
.833 .073
oLy .258

1.00 .364
1.00 .636
a' = 2.42

Sign #5
. 432 .000
.682 .004
127 .022
. 795 044
.932 .204
1.00 .342
1.00 .591
ar = 2.59
Sign #9
.367 .000
612 .009
673 .023
L6914 051
. 837 217
.939 .336
.959 .581
da' = 2.14
Legends
Sign #3 Sign #4
.286 . 000 LOhT .000
673 .000 .638 . 000
.796 .oby LT45 .000
. 898 .101 .851 .050
.980 . 296 .936 248
.980 . 409 1.00 .391
1.00 .623 1.00 671
d' = 2.56 d' =

3=170

2.68

Sign #6
.346 .005
BTT .014
.750 .032
.769 .065
.904 .226
.962 .336
.00 .576
da' = 2.21

Sign #10
L277 .000
. 4ok .013
U7 .030
.596 .030
L7445 .185
.787 . 323
.00 .534
dr = 2.14

Sign #8
. 345 .000
.569 .000
.638 .000
.759 .000
.948 207 -

1.00 = .367
1.00 .6L0
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Discussion

The results from this series of road experiments are, as men-
ticned, of interest in comparison with the results obtained from
the same stimulus set in fthe laboratory, but not particularly of
interest or moment themselves. Indeed, the least valid use for
these results would be as an evaluation of the practical perform-
ance of the particular 10 signs used as experimental stimuli.

VThis is true for a number of reasons; certainly becausé no- stretch
of the imagination could suggest that this set representéd a com-
plete or a meaningful part of a system of traffic controllsigns.
If a sign one might like to evaluate does appear in the set, the
signs 1t should be evaluated with do not appear in the set. Thus,
as pointed out in the beginning‘of this chapter, it is only too
p0531b1e for the considerable effort to get stathtlcally signif-
icant answers tc be exoended on a questlon w1th no practlcal
significance.

The appropriate comparisons between the rocad experiment results
and the laboratory experiment results reported in Sec. 3.11.1

can be made from the palired data breakdowns.

The basic data from the‘laboratory are shewn in Tables 3—33‘and
3-34; the comparable data from the road tests are in Table 3~-42.
A comparison of d', the measure of recognizability, shows the
road test values are generally lower than the laboratdry'valués
derived from the pooled data (Table 3-33) but lie between the
data for 15 msec and 20 msec exposure times (Table 3-34). This
suggests that the effective visual information processing time
for the rcad experiment was nbt the entire 0;3 sec (or 300 msec)
look time (TL),

this fraction could be as low as 5—6% if we assume the laboratocry

but rather cnly a fraction of that. Mereover,
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and road observer groups had equal recognition abllities. This
is strong evidence that the attentional demand of the driving
task, as desired, left little visual processing reserve for a

sign recognition task.

The relative recognizablility of indiwvidual signs in the set shows
differences between the laboratory tests and the road tests. By
marking three equal intervals of d' between the lowest and highest
values repcrted for éach experimeht, the signs can be grouped into
arbltrary categeries cof recognizability. This arrangement is
shown in Table 3-47.

TABLE 3-47. Some Selected Signs — Compariscon of Tests.

Recognizability Category Road Tests Laboratory Tests
upper Sign #3,6,9 Sign #2,7,10
middle 1,5,7 1,3,8
lower 2,4,8,10 4,5,6,9

The greateét difference in performance is seen for DO NOT ENTER
(#2), SCHOOL CROSSING (#6), YIELD (#9), and NO RIGHT TURN (#10).
DO NOT ENTER and NO RIGHT TURN have superior performance in the
laboratory. These signs are both rectangular, and in the labora-
tory both the 35mm slide aperture and the projection screen pro-
vide a comparison rectangular format that is nct present con the
road. Both YIELD and SCHOOL CROSSING are yellow. The "dis-
appearance" behavior of yellow shapes at short visual exposure‘
times reported in Sec. 3.8.1 is borne out by the poor performance

observed in the laboratory for these two signs.

The performance of U.S. signs within thelr own set 1s reported
in Tables 3-3% and 3-43 for the laboratory and road respectively.
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The relative performance within the set was quite consistent
across the test procedures; and it should be noted that here the
average d' values were nearly equal., Tables 3-37 and 3-44 show
that the alternative signs, evaluated within their set matéhed
almost as well, and again showed average d' values between test
procedures that were nearly equal. The relative performaﬁce of

these two sets did not change with test procedure.

It haé been noted that the base data for the 10-sign set shows
a wider gap between average d' values for the two test technilques
than is observed for either the U.S. or alternate signs withiln |
their cwn set. This finding can be interpreted simply as the
presence of more confusion between sets in the road test observa-

tions than in the laboratory test observatiocns.

Examinaticn of the data brcken down by color sets (Taﬁles 3-41

and 3-46) is revealing. The rcad test d' values always are lower
than the laboratory values pooled for exposure times. The differ-
ence 1is greatest in the yellow signs and the black-on—whitevsigns.
In the rcad tests, the members of both these sets were less dis-
tinguishable (within the set) than members of the red sét. In

the laboratory, the opposite was néarly true; the red set per-
formed as well &as the yellow and poorer than the blackFon*white
set. The first compariscon just reports the relative difficulty
of the reccgnition task for the two test procedures and observer
groups. The second comparlson suggests that the red signs ha&e
cues that are better utilized than those of yellow or black-on-

white signs when the testing 1s done on the road.

Finally, the breakdown with regard to the presence or absence of

word legends, as seen in Tables 3-41 and 3-46 show little
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surprises. The average 4d' values are agalin lower for the rcad
test results. The corder of recognizability within sets is gquite
close, and the relative performance of the sets with and without

legend does not change with test procedure.

In summary, the detailed comparison of the road and laboratory
test results is reassuring. The transfer of the recognition task
into a real driving environment did not upset the laboratory
findings., The reader should recall that the test stimuli were

an unorthodox mixture of complete signs and combilined cues cof
shape, color and content (pictograph, symbol or legend). When-
ever this selection of signs was broken down intc meaningful sets,
the relative recognizability of the signs in the sets was stable
across test technigues. Only when the entire stimulus set was
analyzed together did several major differences appear, and these
seem related to the laboratory test procedures. One of these
differences had been observed earlier for brief exposures of

color.

These comparisons point out that, with due consideration of
artifacts of the laboratcry results, the researcher on traffic
control devices can use laboratory recognition tests as an
efficient research technigque to supplement road recognition
ftests. In this way, 1t is possible to achieve considerable

economies and experimental flexibility.
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4. CONCLUSIONS

4.1 Warning and Regulatory Signs

Comments about warning and regulatory signs will be grouped to-
gether because they have in common the property that the messages
they conveyrform a reasonably limited set of alternatives — as op-
posed, for example, to guide signs., That i1s, the well-educated
motorist, driving down a road, seeing a sign which he can classify
as to warning, or regulatory, can make a reasonably good guess as
to just what its message is. The important advantage of this
should be obvious. Let us spell ocut on which factors the advan-

tage depends,

First, the sign must be able to be quickly and easily categorized
at a distance. Currently a distinct shape and distinct color(s)
(ignoring the YIELD sign) serve to define the warning sign. Warn-
ing signs are diamond-shaped, and yellow (with orange and differ-
ently shaped purple proposed), and, as the experiments have indi-
cated, both the shape code and the c¢olor code are recognizable.
(An unfortunate excepfion is retention of the circular RAILROAD
CROSSING sign.) For regulatory signs, several shapes — rectangle,
cctagon, triangular and circular (as proposed) — are used, as are
several distinet cclors — white and red; again, this study and
others have demconstrated the recognizabllity of these. Note that
in the case of regulatory signs as newly proposed, a "red" sub-
category of messages 1s being defined, and in the case of warning
signs, two new subcategories, '"orange" and "purple" are being de-
fined. In all, then, there will be five distinct and recognizable
subcategories under the general heading of regulatory and warning

signs, and g few others comprising guide signing.
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Psychologists have, in other areas, shown that the number of cate-
gories conveniently kept in mind is In the neighborhood of seven,
so one can assume that a well-educated.motorist can make the ini-
tial classification by category. EHow good a guess the motorist
can now make about the precise message of a sign depéends on

(1) the number of alternatives in the category, and (2) how many
additional cues are given by such things as road geometrics, the

pehavicr of preceding vehicles, and the like.

In the “purple” subcategory there will be two alternatives; in
the "red" subcategory there will be three; and a substantially
greater number in the "yellow," "orange," and "white" subcategor-
ies. The question is how can we limit the number of alternatives
further in the broader regulatory and warning categories. One
way 1s to make even further subdivisions; the U.N. convention to

code speed limits with a circular border is an example.

Another avenue is to strive for greater uniformity in regulations —
pernhaps agreeing that speeds need only be limited to the nearest
ten miles per hour, rather than the customary five-mile-per-hour

- increments. Agreement on a few basic time periods during the day
for qualification con signs regulating parking, left turns, etc.,

is another instance. L relatively few such basic time periods,
properly coded, would eliminate the motorist's burden of reading

part of the message and checking real time to the nearest half-hour.

As regards general warning signs,. any attempt to further delimit

the set of alternatives or to divide them into subcategories must
awalt the proper development of a model of driver behavior — spe-
cifically, the interaction of driving behavior and warning signs.

This report has occasionally remarked on the fact that the number
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of options open to a driver/vehicle is far smaller than the num-
ber of messages directed at that driver/vehicle. A ‘proper model

of driver behawvior (and, of course, vehicle dynamics — a far

o

uld allow us to define the options more pre-

cisely. It should be clear that it is the driver/vehicle combi-
nation, with its two-fold limitations that must be considered.

Once these optlons were defined we could then suggestﬁépﬁfﬁbriate
subclassifications of warning signs. Certaln other distinctilons
are, of course, reasonably intuitive — for example, contrast thgn
prcbabilities inherent in a "deer crossing" warning with a curve

warning.

In other-research, the authors have begun exploration of the opera-
tional use of roadway information by drivers. The basis of the
techniqyg is the use of the special visual interruption apparatus,
which enébles‘the experimenter to control the rate of information
presented to the driver or, alternatively, to measure the rate

at which he demands information. While this has made a start to-
ward an information-processing model of driver behavior (described
elsewhere), a substantial amount of work is still necessary. Here
we wish only to argue the priority of such work, encourage investi-
gators toward that end, and peint up the relation of that work,
seemingly abstract on the face of it, to the very real problems of
the design and operation of more effective signs, signals, and

markings.

4.1.1 Design of warning signs

From a graphic designer's point of view, the warning signs of the
U.S. system, in general, have much to commend them. The use of
black on yellow 1s effectlive and distinctive. The diamond shape

is distinctive, and, for symbolic content or very brief verbal

-3
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content, very efficlent. The advantages of the U.S. format were

recognized by the U.N. Group of Experts in théir studies and subse-

quent recommendations. T e B

‘~%mr& BoE :
L : -
The diamond is not an efflclent shape for c@mplex verbal messages;

this, however, would become less of a-prqp@em if there were a

ftransition to pictographic ilmages. E o

T
£

Content is something of a problem in warnlng 51gns What hazards
should be defined? How specific should- that deflnltlon be° How
can hazards best be communicated? What do we: expect from the

driver in response to a given sign, or to hazardf51gns 1n genera1°

"The more warning signs there are on the'highWéy, fgfés;léiéni—

ficant they become" is a statement often repeatéd”énd as often mis-
construed. The statement is really an inadequate ph%ESIDg of the

follow1ng problem. ) “s

‘dﬁw
One can think of a mocteorist's viewling of a warnlng 31gn as a stlmu-
lus presentatlon about whlch a decision must be made — namely,
should he believe and heed the warning, or, alternatlvely, what 1is
'thé likelihoced that the specified danger 1is actﬁally present? As
the motorist passes the sign he sees if in fact the danger was
present — that is, he gets "feedback" about his decision. Now,

as explained before, cne of the factors which affects each decision
is the a priori likelihocd of the danger which the motorist attri-
butes to the message. Influencing this a priori evaluation is the
past history of feedback in similar circumsﬁéhces. ‘If, in the -
motorist's recent prior experience, 90% of such signs have been
"false alarms" — feedback showed no danger — then the a priori

probability of danger estimated by the motorist will be low. If,

o
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on the other hand, a similarly high percentage of the time the
danger had actually materialized, the motorist would hold a high
a priori probability of the presence of a danger given a warning

sign.

Thus, the significance of warning signs is not dependent of the
number of warning signs. It depends on the percentage of such
warning signs actually followed by feedback indlcating a true
hazard.

The prescription for more effective warning signs is not to arbi-
trarily remove so-and-sc many of‘them. One way would be to remove
only the signs least often indicating a real hazard. But now we

are caught on the horns of a dilemma. It is often those cases where
a hazard materializes rarely, but drastically, that the motorist
most needs warning. Fortunately, these rarer, but exceptionally
important cases, may also contribute to the "significance'" or
credibility of warning signs. A second component in the motorist's
decision can be shown to be the "utility" or importance of the out-

come of the decision.

It is unlikely that anyone would argue the importance of warning
drivers of impending curves and intersections, cor of acute hazards
in the roadway. If a car runs Into a deer at a given point on the
highway, however, 1s it necessary or meaningful tec place a "deer
crossing" sign at that point? Do drivers react to such signs? In
some areas there are "squirrel crossing" signs; should we also have
"raccoon crossing' or, even more important, "skunk crossing" signs?
If we were to do so, we might end up with solid walls of hazard
signs (not of eqgual importance) along the highways. What is the

optimum? When do we have "enough" and not "tooc many?" While there
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is no pat answer at the moment ‘the problem 1s solvable ) It"ié
“Solvable along the lines indicated above — quantlfylng the prob-
abilities involved, estimating the utilities, and how feedback

on the highway changes a motorist's a priori evaluations. In short,
"wWe are agailn urging that.recent advances in statistical decision

theory be applied.

There are qguestions of another type to be investigated, too. If
“animal warnings are critical, is it. important tc define the gpeci-
fic animal? What's the difference iﬁ_desired driver reaction be-
tween a deer crossing warning and a cow crossing warning? Do we

'need tc differentiate between school children crossing, playing

children crossing, and other pedestrilans crossing?

If pictographs and symbols are used, what should they illustrate?
In existing systems, some pictographs illustrate thé hazard (fall-
ing rocks, for example) while others illustrate tne result (such

‘as a skidding car for a slippery road situation).

A11 of these questions and many others that evolve from them should
be answered in an effort to re-evaluate the operational aspects of

the warning sign system.

Once an initial 1list of specific signs has been completed, and an
apprcach to them developed, pictographic symbols, based on the best
" in the existing systems, but modified to be consistent with each
other and the rest of the system, and to be as clear and as effec-

tive as possible, should be developed and tested.

"4.1.2 Design of regulatory signs
The basic problems of U.S. regulatcory signs are the result of the

system's use of wverbal rather than visual messages.

4-6
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As we have indicated elsewhere, much has been learned zbout effec-
five lettering since the current U.S. standards were first insti-
tuted, but little of this research has been applied to these stan-
dards. If they were to be evaluated against today's understanding
of typographic communication, they would fare poorly. As will be
discussed in deftail In the gulde sign section of this report, new

letfering standards should be developed.

Even 1f the alphabets were greatly improved, however, baslc lay-
ouf problems in warning and regulatory signs would not be solved.
Current U.S. regulatory signs reflect a layout which seems to imply
that the sign maker should do whatever possible to £ill the entire
sign with the message, using whichever alphébet or alphabets can
most efficiently fit on the field. Since sign face sizes are
varied by six-inch increments, the actual process seems to be that
of attempting a marriage of the most convenient sign face size with
the most promising alphabet sizes to produce a finished slgn. Al-
though this 1s a deliberate misinterpretation of a practice which
was intended to emphasize, by size, the important word(s) of the
message, 1t is disturbing to ncte that this misinterpretation

arpears tctally consistent to the ocutside cobserver.

The result, of course, is that there are many inconsistancies in
size and layout of U.S. regulatory signs. Messages are broken into
different sizes and configurations, and are often cramped and ob-
scured by the layout. As we have indicated, this 1s primarily the
result of the need to handle the variety of different verbal mes-

sage lengths.
The use of a consistent pictographic system, however, would change.

the situation completely. Such a system would still require care-
ful planning in order to have the internal consistencies which are &

b7
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necessary for maximum effectiveness in communication. By stream-
lining the number of alternative regulatory messages — eliminating
inconseguential differences — the effectiveness of symbolic presen-

tation would be assured.

It is unlikely that any pictographic system could be completely
word-free. And, during any transition to a plctographic system,
it 1s likely that verbazl confirmations or explanations would be
required until the new signs were firmly implanted in drivers'

minds. So although a conversion to a pictographic system would

change the problems considerably, it would not eliminate them,

Thus, work will still be needed with American standard alphabets
and with the layouts of verbal messages within the regulatory sec-
tion of the U.S. system. This work should be undertaken in ccn-

nection with any transition to visual messages.

A consistent, loglcal system 1s most easily learned and understood.
It is therefore important that the rationale behind regulatory
signs is consistent throughout, and that this rationale be based
not only on visual considerations but alsoc on a consistent philos-
ophy of expression.

Every regulatory sign 1is the result cof a prohibition. Unless there
is something that the driver 1s not allowed to do, then there is no
need for a regulatory sign. For example, a-RIGHT TURN ONLY sign'
i1s needed only when drivers are prohibited from making a left turn
or from continuing straight ahead. Although the underlying intent
is always fto prohibit, 1t sometimes seems more efficient and empha-
tic to tell the driver what he must. or can do, instead of what he

must not do.

L-8
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Not all systems agree on which instructions are best expressed as
permission and which are best handled as prohibition. When picto-

graphic images are used, these questions are still not resolved.

In the Canadlan system, for example, most regulatcry turn signs
are visually permissive: arrows are used to indicate the turns
which may be taken and a green ring is used arcund the image to
reinforce the permissiveness. But the NO U TURN sign 1s an

exception and is expressed as a prohibition.

An even greater inconsistency in the current Canadian system in-
volved the use of supplemental plates for the transition period
from verbal to symbolic signs. Many of the signs which are vis-

ually permissive have plates which are verbal prohibitions.

A consistent and optimal arrangement of prohibitory and mandatory
(permissive) regulatory signs has not been worked out. It 1is a
subject which should be studied so that a responsible determination
can be made. This determination should then be translated into a
system of regulatory signs which could be immediately understood

and followed. This task is particularly critical in the urban
environment, as we have pcinted out in another Chapter, if signs are

to help alleviate the congestion of urban traffic.

In developing such a system, careful attention should be paid te
the relationship of all signs in the system to each other, and to

visual cues 1in the environment.
For example, in many regulatory sign situations (particularly

lane use and turn control signs in the urban environment) the

message carried by a sign is often reinforced by other signs or

H-9
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visual cues in the situation. If a driver is at a simple four-way
intersection and is faced with a RIGHT TURN ONLY sign, he 1is

also likely tc be within viewing range of DC NOT ENTER and/cr

ONE WAY signs at each of the other corners. He is also likely

to be faced with a strong visual cue to the situation as he sees
all lanes of the street to his left and front occupled by cars
heading into the intersection. Even if there were no signs at
all, this flow of traffic might convince him that a right turn

was the only move he could make.

We are not suggesting the elimination of regulatory, or in fact,
warning signs. BRather we are pointing at the potential use of
visual cues — well planned and obvious geometrics — and of other
signs in a given traffic situation which may be used to reduce the
total number of signs reguired to keep fraffic moving safely and
efficiently. We are also calling attention to the fact that each
of these signs is an element of a comprehensive system and not a

single unrelated piece of visual communication.

As this country moves toward pictographic regulatory signs,‘it
should do so logically and with care. Signs used in other systems
should be patiently questioned befcre they are recommended for in-
corperation. Designs should be considered in relation to the total
U.S; system; not only to the current system but to that of the fu-

ture as well. The evolution must be planned in advance.

For example, the use of circles of color — red or green — around
pictographs on Canadlan regulatory signs (some cof which are now
being recommended for use in this country) does create scme sem-
blance of shape similarity between these signs and the circular

counterparts now in use elsewhere in the world.
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Whether the retention of this circular image is of importance is
gquestionable — regulatory signs tell thelr story with their speci-
fic messages and not bj their general shape (excepting the STOP
and YIELD sign perhaps). Thus the propagation of the circle may

not be so significant.

From a design point of view, it would be much more visually effi-

cient to use the full field of the sign. If a border is helpful,

it should follow the configuration of the edge of the sign — 1.e.,
it sheuld be rectangular not circular. If color is critical, per-
haps the entire background should be in the significant color, or

perhaps the pictograph itselfl should be colored on a white field.

These questions should be answered before fthe United States em-

barks on any full-scale transfer to pictographic regulatory signs.

4.2 Guide Signs

With the exception of the British, none of the major sign systems

manuals of the world deal extensively with gulde sign problems.

The United States Manual on Uniform Traffie Control Devices (MUTCD)
deals extensively with route markers and arrbws. It dwells on
placement and on general dese¢riptions ¢f signs. It appears that
gulde signs have not evolved as a system but rather as a continu-
ing series of additions or revisions to a base established in the
very early efforts to produce & coordinate sign system in this

country.

Fifty years ago guldance problems were much simpler than they are
today. The response which was necessary and appropriate at the
time was the development of a very simple set of highway markers
so that the driver would know what road he was on, and, if pos-

sible, where he was headed.
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These are still the primary functions of guide signs. Today,
however, there are a great many more rcads than there were a
half century ago, and there are very many more cars traveling at
much higher rates of speed on these roads. The type of informa-
tion need may have remalned a constant, but the type of solution

required has changed considerably.

The British recognize this in thelr new guidé signs. They com-
prise & true system and not a collection c¢f elements. To an ex-
tent thilis has been done in the U.S. Interstate system. All other
U.S, gulde signs should alsc be systematically organized, so that
they do their jobs in the best possible way, while effectively re-
lating to all other elements of a total sign and communicatlon

system."

4.2.1 Route signing

It is appropriate to begin with route number signs.

In most cases, . .route numbers are enclosed in one type of shield
or another. The shield may have been an inferesting heraldic
device a half century ago, but we must gquestion whether it is
appreopriate or in any way necessary today. It can be a somewhat
awkward shape which restricts the size of the message which 1s
contained within it. If the route number is the message to be
communicated we should communicate it as efficiently as possible,

and should not decorate 1t with unnecessary graphic devices.

We should, however, alsc question the basic premise of the system
of route designations. Is the current definition cf routes — In-
terstate, U.,S., state, county — at all useful for orienting

drivers? Are these designatiocons meaningful to drivers?
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Perhaps we should have another system which would differentiate
ameng primary (1imited access) highways, secondary highways, and
local roads. .Perhaps color-coding or other visual means could
be used to diffgfentiate among these highways. These same colors
could be used on maps as well as being used consistently through-

out the sign system. An example is given in Fig. 4-1.

Again we feel 1t 1s 1important to consider sighs as an element of

a larger communications system. There must be a comprehensive
approach to guide sign design problems as there must be Lo other
sign design problems. This approcach must include the systematic
presentation of Information in such a way that the driver will be
able to relate sign material and visual cues in the environment as
well as‘thbSe pro&ided by other orientation and guidance materials,

such as maps.

In the years to come, we would expect also that the electrical
and electfqnicﬂtechniques (such as the Bureau of Public Roads
ERGS) will become a significant .part of our highway guidance sys-
tem. TFor the immediate future, however, we must assume that two-

dimensional signs will provide the essential guidance information.

4.2.2 Sign layout

There are no map-type.signs specified in the U.S. MUTCD, whereas
the British system and other systems make extensive use of this

type of advance direction sign where 1t can be used to advantage.

The British Rbéd Reseérch Laboratory has conducted experiments to
evaluate the effectiveness of the U.S. stack-type silgn-as compared
to the map-type sign. Subjects were exposed to various signs.

After each exposure they were asked to indicate the direction of
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FIG. 4-1 ROUTE NUMBERS — COLOR CODING EXAMPLES.
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a particular destination. The signs included varying complexities

of intersections.

The fact thatvlarger ietter slzes are possible on stack-type signs
meant that destination names could be read ét greater distances
than was pquible with the map-types. TFor simple junctions the
stack-type sign proved mofe_effective.. However, at five-way
junctions, considerably mére Brrors were made with the U.S. sign

than with the map—type'equivalent.

Experiments conducted by the Medical Research Council's Industrial
Psychology Unit (also of England) also led to similar ccnclusions.
These experiments also indicated that drivers were capable of
dealing with a mixed systeh of sigﬁs ﬁhibh included both map and
stack-type layouts.

The map-type sign pfovides two threshcolds of recognition. The
map layout itself provides the first threshold. It is a visually
strong image with a high target value ‘and makes it possible for

the driver to dbmprehend visually,whéf‘lieé ahead.

The second threshold of recognition is of the destination names,
making it possible for the driver to relate names tce the visual
image he has of the highway ahead. In a complex situation this
provides a much better method of orientation than dces a stack-
type sign in which placement and layout have little relationship

to the actual environment.
Map-type signs'should be explored as part of the gulde-sign system,

particularly fbr‘complex Junetions, such as five—way intersections

or even four-way intersections with unusual features (Fig. L-2).
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FIG. 4-2 EXAMPLES OF MAP-TYPE SIGNS.

4-16



'Report No., 1726 Bolt Beranek and Newman Inc

4.2.3 Other Tayout considerations

The U.S., MUTCD provides for this use of underlining in guide signs
to provide a graphic separation. It does not, however, provide
any example of such a layout. It hés been demonstrated that such
underlining is useful in reducing the possibility of destinaticn
name beilng assocociated with a wrong dlrectlonal arrcw. The tech-
nique should, therefore, be 1ncorporated intc the Manual with

specific examples and lllustratlons of its use.

Except for Interstate highways, rcute numbers are not normally com-
bined with destination and direction signs (Fig. 4-3). They should
be combined wherever possible, and, cnce a proper system 1s devel-

oped, should utiliZe color as an indicator of the type of route.

The comblnatlon of such signs will not only 1mprove communications

effectiveness, but will also help to reduce the number of signs on

the highway (Fig. 4-4).

In dealing with layout problems the totallty of the sign must be
carefully considered along with its relatlonshlp to the entire
sign system. Layout should provide the best,p0581ble arrangement
of essential elements on the sign surface. It should also provide
the definitiecn of hierarchal values for these elements. And it
‘should help improve aesthetic quality at the same time.

4.2.4 Lettering

Guide signs must communicate verbally for the most part. Although
pictographicrsymbols may be used for outstanding landmarks and ser-
vice facilities, almost all distance and destination signs must be

verbal. As a result, the lettering on the signs 1s most critical.
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5 FAIRFAX 6 BRISTOL 15
| LINCOLN 30 ~| YORK 49
[ T 0

4 BRISTOL
«DOVER

i U

NG

Typical route markings at intersections (for one direction of
travel only).

FIG. 4-3 EXAMPLE OF CURRENT PRACTICE.
(FROM U.S. MANUAL ON UNIFORM TRAFFIC
CONTROL DEVICES, 1961 EDITION)
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FIG., 4-4 COMBINATION SIGN EXAMPLES DISCUSSED IN SEC. 4.2.3.
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The lefttering standards provided in the U.S. system have several

shortcomings in design and specification.

A great deal of research has been done on legibllity of lettering.
Many factors are known to affect it., Letfter width, stroke width,
spacing between letters,‘prokimity of borders and other lettering,
contrast between color and brightness between’léttering and back-
ground, and general level of brightness all affect legibility.
These factors interact with each other to affect legibility in
different ways than each deces individually. A4s a result, the con-
clusions reached in the study of individual elements has variled

with those reached when factors were studied in combination.

For example, Berger found that the optimum relationship for stroke
width to letter height was 1:8 for black letters on a white back-
ground and 1:13 for white letters on a black background. Lauer
found ratios of as low as 1:4 for black letters on the white

background.

Narrower strokes are recommended by Soar for white lettering on
black backgrounds because of the visual phenomenon known as "irra-
diation" or "halation." That is, the visual image of the bright
area appears to spread into the dark background zo that the light
area appears larger than it actually l1s. The same phenomenon has
been found to reduce_the legibility of white signs on dark back-
grounds as the lettering seems to become surrounded by a 1light
halo.

In the alphabets specifled as U.S. standards the stroke width

varied in conjunction with the letter width {(the ratio of the

U.S. series E is 1:6, which is the same as the ratio used by the
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Ministry of Transport in England). No accommodation is made for
variations if the 1eﬁtering is to be used in the negative, how-

ever,

It has been found that the legibilifty of signs can be increased by
increasing the spacing between letters, as the 1961 MUTCD indicates
Solomon found, for example, that in certain American signs, maxi-
mum legibllifty was obtained when the length of a place name was

40% larger than it would be with normal letter spacing. However,
given the same amocunt of space, Increasing the letter size results
in a significantly greater 1ncrease in legiblility; so although
letter spacing is important, letter size remains the overriding

factor.

The legibility of lettering of a given size can alsc be lmproved
by 1ncreasing the space between the message and the edge of the
sign. Again, however, this is less than the increase obtained
when the letter size 1s increased and the beorder width reduced.
Bridgeman and Wade found that the border width need be no wider
than the stroke width for black letters on a white ground. The
British Ministry of Transport has found that optimum legibility
results from the use of space equal to about twoe stroke widths be-

tween names and between the message and the border of the sign.

The question of whether to use upper and/or lower case letters is

another cone involving legibility.

It has been claimed that lower case lettering (with an initial
capital) 1s better than all capitals in direction signing because
the ascenders and descenders of such lower case letters (such as

B and Y) give a characteristic shape to a name, which in turn
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facilitates recognition. In an experiment carried out in this
country (Forbes, et al.), recognition was improved by about 10%
when lower case letters were used rather than upper case letters

in signs of egual area.

This experiment 1s suspect, however, for several reasons. Only
single-name signs wérelused. The marginal spaces were too large
for maximum legibility and more space was left empfy on the capi-
tal letter signs than on those which contained the lower case let-
tefs. S0 although the results are interesting from a laboratory
point of view, they may not relate well to the realities ¢f rocad

signing.

Christile and Rutley at the British Road Research Laboratory have
carried out a number of experiments involving upper and lower case
comparisons and have found that the diffefenqes between good ex-—
amples of upper and lower case lettéring‘are_negligible. In these
experiments signs of equal area were uéed with the x-helight of the
lower case letters being apprbximately 3/H‘of the height of the
upper case letters. Wé feel that theée experimenté were'realistic

!

and that thelr conclusions are valid.

Legibility may also be related to the detalls of the lettering de~
sign, These same authors have suggested, for example, that serifed
letters might be more legible than the sans-serif letfers normally

used for traffic signs.

This has been tested by them and the results indicate that any ad-

vantage 1in using serifed letters is small.

It may be possible to increase this advantage by emphasizing the

distinguishing features of the letters, for example, by exaggerating

Ch-22



Report No. 1726 Bolt Beranek and Newman Inc

the horizental bar on the G to distinguish it from a C. However,
it is doubtful that this could be done in any way that weculd be
aesthetically acceptable.

4,2.5 The U,S. alphabets

The U.S. standardized alphabets have, according to the 1961 MUTCD,
been '"standardized by many years" (Fig; 4_5). Research over the
years has had no effect on the letters themselves and little ef-
fect on the specifications for thelr use. For example, the MUTCD
states that better legibility can be obtained by using relatively
wide spacing between letters, than by using wider or taller letters
with cramped spacing. As we have explained above, this 1s not al-

ways true.

The Specificatidns for spacing given for standard alphabets are
quite complex and unnecessarily confusing. A better system would
be to determine spacing by the use of a body or block on which

each letter is mounted.

This is the method by which spacing is determined in the British’
Traffic Signs Manual (Ministry of Transport) and provides a much-

simplified means of setting up words correctly.

The relationship of the lower case alphabets tc¢ the upper case
alphabets in.the U.S. system 1s also poor. Specific lower case
alphabets should be designed for each uppér case alphabet. Type
face‘design is a- precise technology and the advances made in this
technology in recent years should be 1ncorporated into the U.S.

system of 1etter1ng
Also, more specific standards should be included in the manual on

word spacilng, interlinear spacing, and the use of upper and lower
case alphabets.
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In short, work should be carried ocut both to improve the U.S. alpha-

bets and to provide better specifications for their use.

4.3 The Role of Color

The Subcommittee on Color, of The National Joint Committee on Uni-
form Traffic Control Devices (NJCUTCD)}, has provided the Committee
with a great deal cf background on the subject of color and has
made recommendations which are consistent with the findings of

others who have conducted research on color perception.

For example, Conover, XKraft and other researchers have found that
there are a relatively limited number of different colors which
we can easily discriminate. In the NJC Color Subccmmittee's re--

port, this number 1s defined as nine or ten.

Acéordingiy; the Subcommittee assigned each of nine colors to
various sign categoriles. Scome, such as yellow for warning signs,
have long been used. Others, such as brown for recreational and
cultural locations, have been used only on a limited basis, if at
all.

If we are to maximize the potential impact of any visual element
in a sign system, such as color or shape, it must be used very
qarefully: If we are to maximize the effectiveness of our total
léigﬁ;system, we must use each of these elements with careful re-
:éard-tq.the needs of the system as a whole. We must begin with
drivep'information needs and procéed through the structuring of a
cdmpléte Systéﬁ'to respond to those needs,-as they relate to each

other and to the total problem.

Whether the current recommendations for the 1970 MUTCD on the use

of color reflect such an approcach is guestionable. The use of
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brown for places of recreatiocnal, scenic and cultural interest,
for example, does nct ‘seem appropriate in the system concept.
If, as the report states, there are only nine colors which can be

used, is i1t wise to use two of them — blue and brown — to classify

guide-sign information not "directly essential torthe driving task?".

Color can be used to indicate meaning, or as a coding device.‘ In
the U.S., system, 1t is primarily used for coding purposes — to
separate one class of sign from ancther. Although there are ex-
ceptions, such as in the use of red or green in signal lights and
perhaps the use of red on the STOP sign, color seldom 1s used to
convey a specific message to the. driver. Yellow may indicaté a
hazard, for example, but the driver must rely on the text or image
contained on the sign for the specific nature cof. the hazard.‘ And,
since there are so many hazard warnings of varying significance
(and since color education is poor) there.is no meotivation to

assoclate the specific color with a specific response.

Obviously, we cannot have a separate color for each sign in a

. system, as we cannot have the same number of separate shapes.> S0
color will always be used primarily to code, rather than for mean-
ing. The question arises, however, as to what the most effective
coding system might be. We need a rationale for color coding that
is coﬁsiétent with drivers' overall information needs, the driving

task, and the entire sign systemn.

Within this system, we may want toc use a very few colors to make
highly critical signs -unique. Thus, we have the stop sign in

red (and perhaps the yield and no entry signs). In all three cases,
the message 1s critical to safety, and the driving response is to
stbp, or at ‘least pause: There may be other critical signs, such

as an extremely dangerous. and otherwise unapparent hazard.
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Beyond this, we should try to code our signs so as to maximize
thelr communications effectiveness while minimizing the strain

created by extraneous wvisual nolse on the driver.

It may be that this coding should follow the type of message
rather than the class of sign. Instead of using green, blue, anad
brown to guide drivers, perhaps we should consider the differences
in information needs among different types of drivers. The tour-
ist, for exampie, is likely to be interested 1n service facilities
on or off the highway as well as in the cultural or recreational
amenities of the area. The local driver is 1likely to have far

different information needs than the through driver.

In other words, it may be quite useful‘to study trip purposes and
informaticn needs by driver classification and then use color to
channel infermation for these purposes. A driver who knows that
blue signs mean lccal information while green signs contain
through iInformation could be saved the task of wasting his time
on local signs and would instead selectively seek through infor-
mation signs.

Hazard signs, on the other hand, are most likely to contain mes-
sages applicable to all drivers and should therefore be of a
single color, (Since the black on yellow format is quite success-
‘ful from a legibllity and visibility point of view, its use for

hazard signs would seem appropriate.)

The use of red and green on regulatory signs 1s guestionable, ex-
cept in the stop or go situation. In parking signs, for example,
the meaning of the letter color i1s 1lost on the predominantly white

background, and the driver seeks out very specific information
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which would probably better be presented in black and white. A
sign may say '"nmo parking" but it still must be'thoroughly read to

determine the applicable hours or days of the exclusion.

The proposed use. of the color orange for construction signs is-

‘also questionable. Its variance from the yellow might be rein-

forced by the use of a shape other than the diamond to really set
it off.  There is also the gquestion of whether construction haz-

ards are more critical than the normal hazards on the highway.

‘In most situations, the obvious disarrangement of the highway, the

uses offflares,.lights, barricades and oversize signS'may empha-

size the general fact that construction is taking place.

The segregation of school signs from other signs relating to pe-
destrians, ycung and old, can be questioned. The use of purple

and the pentagonal shape seems unnecessary. Schbol crossings are
safety problems to be sure, buf so toc are many other hazards. And
althdugh there are many arguments about the intrinsic meaning of
color, there would seem to be some support for the use of strong
vibrant colors for hazards (such as red, yellow and orange) rather

than purple, which 1i1s pacific.

In short, 1t dces not appear that the proposed uses of color in

the American system are the optimal utilization of color, and we
feel more Céreful,attention should be given to the use of color,
along with Shape, throughout the sysfem. More care should be gifen
to the consistent use of color, The use of red and blue in the
interstate shield is an example of. an inconsistency which, although
minor, nevertheless diminishes the overall effectiveness of color
in the system.  In ‘any case, if color 1s tc convey any meaning. or
classification, much more should be done to educate the driving

public to its significance in the system.
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4.4 The Role of Shape

Shape 1s a major factor 1in our ability‘to make visual discrimina-
tions., This study tested the recognizabllity of various shapes
in.the laboratory and has found thét certain shapes, such as the
triangle, are mcore easily recognized and more surely identifiable

than are other shapes, such as the hexagon.

Over the years a number of others have studled the comparison of
the relative discriminability of variocus geometric shapés employ-
ing varicus testing methods. Thelr conclusicons seem to vary scme-
what depending on the nature of the test and the variety of forms

used.

In tests by Munn and Giel aimed at determining the reiative rebog—
nition thresholds or shapes commonly used as backgrounds in traf-
fic signs (circle, triangle, sguare, diamond, and hexagon) the
triangle scored consistently highest, followed by the diamond; the
square, the circle and the hexagon._. Elliptical shapes were not so
“easily recognized. This leads to the assumption that simple forms
containing intersecting angles (not more than four) are more easily
recognizable than the elliptical or circular forms (including the

hexagon).

We can contrast fhis, hewever, with experiments by Sleight which
examined forms insofar as they could be efficiently sorted and

selected when presented to test subjects.

Twenty-four forms were used. The most complex, the swastika,
proved to be the most discriminable. Of the six "best" forms,

cnly two could be called "simple" in the sense that this term is
used by the gestalt psthplogiSt. In these experiments, complexity
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proved to be a virtue. A more general rule as we have found might

be the absence or infrequency of obtuse zangles.

Thus, as Sleight reported, when he had sorted previous literature
into ”disagréements among comparable data and agreements among
unrelated data one reached the concluslon that there can be no ef-

ficient ranking of geometric forms as an uniquivocal abstract in
itself,™

Tests carried out by Ferguson and Cook for the state of Virginia
on the recall of sign shapes, for example, resulted in a descend-
ing order of octagon, triangle, and circle, with diamond ranking
a close fourth.

The interesting fact here 1s that the three "best" shapes — cctagon,
triangle, aﬁﬁbcircle — are used exclusively for single sign func-

tions. Each‘ﬁlays a unique role within the total sign system.

Bvaluation must be appiied to any given form or group of forms de-
pending upon the total situation being considered and the purpose

to be served.

In dealing with sign design and sign effectiveness, shape cannot
be considered in isolation. . It must be considered in relation
to the other design elements available, and 1t must be related to

the hierarchy of functions we wish a sign to perform.

Shape in i1tself is an abstractlon as it relates to sign function.
There 1s nothing inherent in the diamond shape that signifies dan-

ger. If must be a learned assoclation. Once learned we may assume

that a driver will react to a blank diamond shape on a sign pole
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as he would if he perceived a sign saying 'danger.'" Decause the
shape is simpler in configuration than the total of all the let-
ters used in the word "danger" we can assume that he will perceive
. the symbolic shape earlier than he would perceive a written legend

of the same size.

Modern signs are not blank shapes however., .In each sign there is
a hierarchy of elements which range from concrete to gbstract.

We can expect that the pidtograph or legend in the sign is its
most concrete element. Color on a sign is Sdmewhat more abstract.
The use of red as a symbol of danger has been almost universal
however; red has a meaning in much of our experience and there-
fore we may expect that the association is relatively strong. We
may expect 1t to be even stronger if we conslider 1t in the context
of the highway situation where the red light or red flag or red
ball has long meant "stop." We may-possibly'trace the same asso-
ciative values with the color green. The ”éreen-go” relation-
ship is well-established in the minds of most drivers. So al-
though color is an abstraction, it may have some assoclative mean-

ing in certain situations.

There is likely to be a much less learned association with shape,
however, and in the sign hierarchy shape may be the least meaning-
ful of the design elements insofar as communications content is

concerned. Education then 1s the key.

What are the purposes to be served by shape in a highway sign sys-—
tem? There are four possible'criteria fof selecting shape: first
'is_to denote the class of sign, secondly to achleve the highest
target value for the basic sign, third, to accommodate most ef-
ficlently the elements which appear on each sign, and fourth, to
separate a critical or important sign by using a unlque shape.
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The significance of shape as an indicator of sign type in the U.S.
system is not taught consistently in driver educaticn programs and
in fact 1s often omitted. Most drivers do not know that the dia-
mond indicates a warning sign and that the rectangle 1s used for
almost all regulatory signs (Ferguson and Cook). Among the rea-
sons for this ignorance 1s the lack of specific education about
the meaning of shape. It 1s also possible, at least in the U.S.
situation, that the type of sign — regulatory, warning or guide -
may be of relatively little significance to the driver. In the
U.S, system, with its high dependency on specific verbal communi-
cation, there is 1little reason for the driver to seek other cues

as to the meaning of a sign.

OQur hypothesis 1s cdoncerned with situations in which a single
shape 1s used for many different messages. It does not deny the
significance of shape as a factor in visibility or even discrimi-
nation. In other words, we do not deny that the diamond is an
easlly distinguishable form; but if the driver may expect to find
any one of 30 or 40 different messages written on that form, he

wlll seek and respond to those messages.

If, however, he knows that one shape can have only one meaning,
the situation 1s scomewhat different. Thus the highly distinctive
shape of the railrcad cross buck communicates quickly and effi-

clently. The same may be true of the octagonal STOP sign.

In the case of the STOP sign's unigueness, however, other factors
must be considered. The octagon, from the graphic designer's view,
is c¢lose to the circle in its visual characteristices. If there
were a number of circular signs in. the U.S. system, the octagonal

shape of the STOP sign would not be-nearly as unique as 1t now is
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and 1t would not be as effective as 1t may now be. The almost
‘exclusive use of red and the unique legend of the U.S. STOP sign

alsc contribute greatly to 1ts high communicaticn value.

The importance of shape lies in its careful use for the lsolation
of a very few highly critical signs in the system. Its importance

as a means of defining types of signs 1s less significant.

One could further guestion the need for any visual indication of
sign groupings such as regulatory or warning. We have seen 1n
the comparison of varlous systems that there are varlances 1in
warning and regulaftory signs and definitions from system to sys-
ftem, ‘and in some cases the same sign may. appear as a warning or .

regulatory sign in the same system.

At the moment i1t seems that i1t 1s the message which is more im-

portant and the driver reaction which that message should evoke.

Both the diamond and the rectangle have much to recommend them as
useful shapes. If identifiability and discriminabillity are of

significance both shapes seem toc qualify quite well.

Just as important, however, may be the fact that both shapes are
very efficient fields for visual forms. The diamond is a highly
efficient shape for symbolic images and brief typographlc messages.
The square or rectangle is very efficient for both symbolic images

and verbal messages.
The Eurcpean triangle is a very inefficient shape for both picto-

graphs aﬁd verbal legends. The circle is somewhat more efficient,

particuiarly for pictographs. From the point of view of shape
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efficiency, we see no reason to adopt European shapes for U.S.
signs. One possible exception might be ccnsidered in the interest
of international compatibillity. Since the cctagon is close to the
circle in its wvisual dynamics and since most cther systems use the
circle for "stop,'" some consideration might be given to adcpting
the circular shape for the U.S. STOP sign. This would make 1t
combatible with the European sign without altering its visual
characteristics significantly. (If this were done we would sug-
gest that the RAILRCAD CROSSING sign be changed from a circle to

a diamond shape. There seems to be little justification for the
uniqueness of the RAILRCAD CRCSSING sign shape.)

The effectiveness of shape as a communications element diminishes
as the number of different shapes in a system increases. Since
shape 1s an abstract visual element, 1ts meaning i1s not learned

easily unless its connotation is critical to the driving task.

4.5 The Use of Legend and/or Symbol

The U.S5. system differs from most others in cone significant re-
spect: its use of verbal legends rather than pilctographs. The
obvious trend, however, has been toward the use of mecre pictcecgraphs.

The extension of this trend would serve several purposes.

First, it would help make the U.3. system more ccmpatible with
others and more international in its attitude. The pictographic

or symbolic sign crosses language barriers.

Second, avallable evidence suggests that the symbeol cor pictograph
may be visible at a greater distance than a word legend on a sign
of equal area, and sc the extended use of plctographs might help

to make the U.S. system more effective.
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Third, the length of various messages makes it necessdry to use
different sign shapes and sizes, and varying letter helghts for
different meséages within those shapes and sizes, to accommodate
the messages; This has led tec a lack of uniformity, particularly
in-regulatory signing, and to a variance in the relative visibility
df‘word legends. The pictograph, on the other hand, allows for
consistently shaped and sized signs, with consistently sized images
on them (Fig. 4-6).

Fourth, there are aesthetic considerations. A plctographic sys-
tem can be more attractive than a series of cluttered verbal

legends.

Although it may potentially have many advantages, a comprehensive
and truly effective pictograpﬁic system has not yet been developed.

Relatively little methodical work in design and research has been
devoted to this problem so far, although many people have worked
on plctographic systems. One of the first such efforts (Krampen)
led to an auxiliary picture language called "isotype" ("Interna-

tional System of Typographic Picture Education™).

The first isotypes were prepared in Vienna, Austria, from 1925 to
1934 under sponsorship of a governmental public museums progran.
The work has been continued by the International Foundation for
the Promection of Visual Education by Isctype at the Hague and in
London. More recently, such organizations and individuals as the
InternationaliCommittee for Breaking the Language Barrier, the
International ﬁnioh of Railways, the Interﬁational Transport Asso-
clation, International Council of Graphic Design Asscciations,
Rudolf Modley, Charles Bliss, and others have dévoted extensive

energy and effort to international symbolic languages.
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FIG. 4-6 EXAMPLES SHOWING VARIATIONS IN LEGEND SIZE,
AND CONSISTENCY IN PICTOGRAPH SIZE.
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Most of these efforts have proceeded from certain basic assump=-
tions which can be related to the development of a proper system

of symbcls for fraffic signs.

1. Each symbol should givé all the important facts in the state-
- ment it is picturing, and should provide a hierarchy of recog-
nition so that 1if seen only for an instant, 1t will communi-

cate ifs most 1lmportant message.

2. A symbol should not contain unnecessary detalls which do not
play a role in its message (such as a hat on a man's head, or
5féGbow on a woman's dress). "Only-a certain amount of know-
ledge will be kept in mind. A simple picture, kept in the
memory, 1is better than any number of ccomplex ones which have

gone out of 1t."

3. Varilety and variations:are not intrinsically desirable in a
picture symbol. Commonallty shculd be incorporated wherever
possible, to provide visual continuity and to facilitate re-~
cognition and comprehension. The elements of the message
which are unique must be very uniquely expressed, however, so
that the total symbol can communicate simply and effectively;‘

Increasing the number of pictographic images in the U.S. sign
system 1s not as complex as developlng a new and tetally compre-
hensive symbdlic system, of course. There are a number of pictc-
graphs used in various sign systems and many of these could be
adapted for U.S. use. The choice is not so simple, however, and
much work needs to be done before an optimal pictographic sign

system should be introduced on any large scale.

As this report, among many others, has said, an effective sign

system must be comprehensive and consistent. So, 1f pictegraphs
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are to be used effectively, they must be treated systematically,

and not as a collection of isclated visual images. This must pro-
ceed from an understanding of the essential elements of pictographic
communication, some of which are mentioned above, of how pecple per-
celve and learn to comprehend visual symbols, and of how all of

this relates to highway sign problems.

Iﬁ dealing with pictographs for highway signs, one must begin with
the limitations of pictographs in general, and with their inade-
quacies in other sign systems in particular. For example, picto-
graphs do nct adequately cover all message situatlons, and certain
messages such as "keep right except to pass" or "slow down" require

rather obscure images.

The quality of a drawilng affects the efficiency of the system. In
examining the pictographs now used in the various systems through-
out the world, one finds many symbols that might be improved if re-

drawn .to sharpen their visual clarity.

There are'many ways to render the same subject (Fig. 4-7). One
cannot casually determine which of the varicus renderings of the
same subject i1s the most effective. All prospective plctographs
should be tested and compafed to each other to determline which 1s
most effective. We must recognize, however, that 1t is difficult
to design reliable tests to determine which variation of the same
subject is the most effective in terms of communication, but feel

the techniques used in this research may provide a start.
" Content is as much a problem in a visual system as in a verbal

one, and the problems of content determination do not disappear

when pictographs are used.
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FIG., 4-7 VARIOQUS RENDERINGS OF THE SAME PICTOGRAPH SUBJECT.
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First there are contradictory philosophies reflected in the visual
content of certain current pictecgraphs. For example, 1in some

- cases, plctographs reflect the nature of a hazard, such as a bump
in the road, while in other cases, the image reflects the result of
the hazard, as in a pictograph of a skidding car for a slippery
road.. . o

Even more 51gn1flcant 15 .the problem of pos1t1ve VErsus . negatlve
1nstructlon ‘ Although this .problem permeates all 81gn system
phllOSOphy, 1t is most apparent when dealing with picteographs be-
cause of the need for visual consistency. Shculd a sign tell the
driver what he must not do, or should it tell him what he may do?
Should we say "no turns" or should we say '"straight ahead only?".

Which is more convenient? Which is more effective?

As an example of current practice, we could coensider certain

Canadian regulatory signs. "No left turhﬁ‘prOVides a symbcl which
1ndlcates permlssion to proceed straight ahead or rlght The. sym—

bol 1s surrounded by a. green circle to relnforce the p051t1ve mes-

sage. The verbal plate used ‘'with the sign, however, proevides a -

negative instruction: "No left turn."

The point is that there should be a c¢onsistent philosophy of in-
struction, and that this consistency 1s essential to & properly

ordered pictographic system.

Animal warnings provide another example of pictcgraphic problems.

There are a number of different specific animal warnings contained

among currently used pictographic symbecls. Is 1t necessary to dif- -
ferentiate between a deer and a cow? Should the driver react dif-

ferently to each prospect? For street crossing situatlions do we -
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really need an image of children in a school zone and adults
(sometimes with a child) elsewhere? Could we simply visually
say, ''people crossing'" and use a consistent human 1lmage for every

cressing situation?

In these hazard warnings, of course, we must be ccnstantly aware
of the action we wish the driver fo take and the state of readi-
ness he should assume 1n response to the message. One may say,
therefore, that the driver should be aware that the potential
pedestrian may be a child since a child 1s more likely tTo make an
irrational dash across the street, and that therefcre the driver
should be mcre alert than if he were faced with the prospect of

a more mature and (theoretically) more rational pedestrian. The
findings ¢f pedestrian acclident studlies which suggest that the
victims may be the young, the o0ld and the intoxicated are rele-
vant, too. These are some of the questions that should be answered
in the_development of a comprehensive pictographic system. At the

same time, some consideration might be given to abstract signs.

Purely abstract signs (Fig. 4-8) are a visual step beyond picto-
graphic images. A tctally abstract visual symbol can have high
visual impact and therefore a great potentlial for rapid communi-
cation. Some purely abstract images might be highly effective if
Judiciously used for important sign functicns, in concert with

proper education.

Although simple abstract symbols have high visual impact, it wculd
be I1mpossible to design an effective sign system'using only ab-
stract images. - Such a system would<quickly become complex, cumber-
some and also almost impossible to learn. A very few of these
images, which could not be confused with each other, might be very

useful however.
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EXAMPLES OF ABSTRACT SIGNS WITH HIGH VISUAL IMPACT
COLOR AND PATTERN WOULD CODE THE MESSAGE.
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Signs which are not critical to the driving task are learned very
slowly. The verbal SPEED ZONE AHEAD, for example, is unlikely to
create a meaningful response in most drivers. These same drivers
will slow down when faced with a sign indiéating a sharp drop in
the speed limit. And, they learn to recognize a STOP sign quite

guickly.

The STOP sign, in fact, is often perceilved as an abstract image.
The driver does not read the sign; he instead reacts to it: to

the image of shape, color, and the white band of lettering across
its center. In one experiment, reported by Robinsocn, for example,
the large majJority of drivers did not notice anything unusual
about an octagonal red sign with "TOP3" in white letters across

its face.

There i1s little doubt that a small number of abstract signs for
critical messages cuuld be easily learned. The abstract NO ENTRY
sign, for example, has been used in many systems and is now being
used in this country on an experimental basis. It 1s a gcod ex-
ample of a powerful and simple abstract image. One would also
expect that at least part of its success 1In this country is based
on its visual relationship tc¢ ocur STOP signs. The red circle is
close to the occtagon, and the white band across the center is
close to the white band of lettering. When faced with either,
the driver must stop.

Traffic signals are very basic and universal images, which are
quite c¢ritical for the driving task and which are therefore taught
and gquickly learned. We have no doubt that other critical images

could also be guickly learned, if properly taught.
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5. CONTINUING PROBLEMS AND RECOMMENDATIONS

5.1 Design Review

As should be clear from the bulk and the content of this
report, and from the work of other investigators in the area,
the problems of traffic control device design are many and
complex.  Nor do they all admit of solution at the present time.

What 1s clear at the present time is that there is the need
for uniform design review procedures. These should be per-
formance-oriented, and include not only proposed hew desligns
but continuing re-evaluation of existing designs. Ideally,
the procedures would be simple, 1nexpensive, and implementable
at a relatively local level, using State Universities and local
consultants for example. In all likelihood, this would not be
feaslible for some time, and does not in itself provide the
national uniformity necessary. An alternative is to provide
centralized, or centrally ccentrolled and managed, facilities
for continuing performance review of propesed designs. Such

a function would be appropriate for the National Traffic Safety
Research Center. Interested parties would then be enccuraged
to submit problems and propose solutlons for evaluation. This
policy would ensure that evaluations were rendered within the
framework of the then-current system of uniform traffic control
devices. Implementation of new signs for national use through
the FHWA should then occur more easlily. As we have emphasized,
this fteotal syétems viewpoint is necessafy in order to avoid
proliferating designs which, while independently effective for

reglonal problems, conflict with the current overall system.
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Such a central facllity would also effect coordination of
proposed local testing. By providing consultation in experi-
mental design and data evaluation, the results of such testing
would have maximum applicability to other Jurisdictions.
Moreover, such a facllity mightlgracefully impose upon cooper-

ating local jJjurisdictions when in vivo testing is found desirable.

Ultimately, any steps taken toward broad-based, performance-
oriented testing will have as thelr consequence the opportunity
fer culling and advertising a variety of design fundamentals 1n
the area of transportation graphics. Moreover, only when such
coordination is established can the ccsts and values of any
major revisions to our system of uniform traffic control devices

be intelligently evaluated.

We should emphasize that there 1s nothing intrinsic to our
urging cocrdinated performance testing which comes into conflict
with the role of functioning rule-making bodies, such as the
National Joint Committee on Uniform Traffic Control Devices
(NJCUTCD). The intent is, in fact, to provide better liaison
among testing groups, rule-mgking bodies, and traffic operations
perscnnel in the field.

5.2 - Content

The greater part of this effort has been concerned with design-
elements of a transportation graphics system rather than with
the contents of such a system. Yet, one can hardly embark on
such a study without coming repeatedly up against questions of
oontent. In scme cases, our ideas have influenced the choice

of experiments, as in the work on directional signing.

5-2



Report No. 1726 Bolt Beranek and Newman Inc

For the directicnal signing experiments, we chose to ask two
different kinds of guestions of the observers because we felt
that motorists on the highway might themselves ask these two’
kinds of gquestions. These two types of questions, one about
particular destinetions, the other about the orientation of

the choice point, led to rather different content requirements.

In the former case, the demand may be for quite a few, popular
destination names - names of fregquent destinaticns, perhaps not
well-enough known tc orient a complete stranger. While the list
may be too long to be remembered, that 1s not the intent; rather,
the purpcse of the long list 1is to preclude, insofar as possible,

a metorist searching for an unlisted destination.

In the latter case, the list must be short enough to be re-
membered, and consist of destinations major encugh to provide
orlentation for the motorist. This case is the one which current
signing practice seems tc handle best. In part, this is probably
accldental and due 1in large measure>to the fact that the signing
1s decided upon by those whe are likely to view the choice point
in "plan view" — those who are familiar with the design of the

road net — rather than by "users."

Ancther aspect of content of which the authors have become
increasingly aware comes under the heading cof "confirmation."
When a motorist has processed the information on a sign and
‘has decilded upon or -initiated a course of action, he should be
given confirmation. Needless to say, the more congruent the
confirming sign 1s to the sign upon which the initlal decision
was based, the better able the motorist is to abstract that

confirmation, or note its absence. Subtle changes in color,
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layout, typography, shape, order of destination, and spelling
or abbreviations, can serve to dislocate the motorist.
Additional information, or the deletlion ¢f information in

confirming signs, is to be discouraged.

These comments are meant to-apply te signing in advance of the
cholice point, at the choice point, and after the choice 1is made,
Naturally, in this last case, only information pertaining to
that choice should be carried. As & consequence, the necessary
degree of congruence can be achieved only if the information

on preceding signs has been properly grouped.

There is one possibly acceptable alternative if an operational
need is adequately defined — the use of two levels of desti-
nation signing, for example. A prcperly designed, executed,
and explained uniform code might be developed for what a driver
can expect to be confirmed — perhaps only a color and/or a
shape, a code name, or a code number.

Advance signing cften also informs the motorist about the distance
to the cholce point or hazard. This message is usuglly borne

by legend, perhaps on a separate plate. An alternative is to
make uniform the number cf advance signs in a series, three,

for example. A simple code would then tell the motorist which

of the series a particular sign was; a proposed international
solution is the number of diagonally striped, supplemented bars
attached tc the sign support. One nice thing about such a

scheme is that 1t is dimensionless. Kilometers, miles, or feet
are not spelled out. Instead, the burden rests on known, uniform
placement. As a result, placement could be .adjusted, dependent
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on average traffic speed, to always present advance warnings
so—and-sc many driving seconds before each other 'and before the

hazard cor choice point.

Another practice deserving of comment is the use of advisory
speeds for complex curves, such as are found at interchanges,
Such advance warning only 1s given as if for a single curve,
rather than giving an indication of the points of transition

from straight to curving and back again.

More generally, we suspect some of the abuses in signing are in
the area of content, in the sense that the contents of a number
of signs are totally inappropriate in the highway context. All
too often messages are posted for the motorists which have no
implication feor his driving. Telling the driver how much a
stretch of pavement costs, or what the population of a town is
are unlikely to affect his driving — except adversely, by
drawing his attention from something more important. (If we feel
that in certain instances a driver must be distracted by an
irrelevant message 1in order toc keep him alert, then these should
be carefully conceived tc be distinct from the proper message
set.)

5.3 Placement and Warrants

One side of the problem of placementlhas recently been brought

to public attention in dramatic fashion. Hearings before a
congressional subcommittee have underscored potential hazards of
the physical sign or signal structures. This valuable public
service will undoubtedly lead to more careful attention to future
placements, and, hopefully, to corrective measures for existing
Installations. A word of cautlon is 1n order, however, to ensure
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that safe placement does not compromise effective placement. For
example, one alternative to the roadside-hazards problem is to

set signs and signals farther back from the side of the highway.

Note, however, that moving signs back increases the angle of view
away from the road, and slightly increases the distance at which

the sign must.be viewed. Tc keep the angle of view away from the
road constant, at the same time as the 'sign is set farther from the
road, the view distance is markedly increased. To have the signs
work at these increased distances, they must, of course, be increased
in size. Moreover, setting signs further from the road edge mékes
more difficult the task of judging at what polnt on the road the
signs applies — end of passing zone 1ndications, for example.

In general, sign placement must be determined so as to allow
sufficlient processing time and time for action prior tc obstacle
or choice point. Inasmuch as time is the crucial parameter, sign
size, sight distance, and prior placement must be figured con the
basis of expected traffic speeds. Moreover, these factors must be
responsive to traffic speeds which have been steadily rising in

the majority of cases.

Needless to say, signs should be placed so as to be visible to

the -drivers of vehicles to which they apply. It is only recently,
however, that "no passing” signs, for example, are suggested for
left-hand placement. There are undoubtedly other areas in which
50 seeminglyrobvious a rule should be appliled.

With respect tc¢ warrants, we wish only to echo the oft-repeated

notion that many signs (for which well-defined warrantS do not
exist) currently on our roadways are not in any sense warranted.

5-6



Report No. 1726 o | Bolt Beranek and Newman Inc

Construction and other temporary signs persist in some jurisdictions
long after they are relevant. KEEP OFF THE MEDIAN signs are found
in profusion where oftenlthe greatest slngle hazard in the median

i1s the sign 1itself. Inadequate signs are often left in place

aftér more and better signs are installed. These and numerous

other examples of sugﬁ practice are to be condemned. Excess signs
serve the motorist neither wisely nor well. Rather, they are a
distraction, a hazard, and reduce the credibllity of the entire

system of uniform traffic control devices.

In common to many of the messages berne by signs, signals and
markings is the notion of a change <n conditions. TFor example,

a speed limiting message of, say 50 mph, may signify a change,
downward or upward, from the posted limits encountered previously;
on the other hand, an identical sign may merely appear at inter-
vals to serve as a reminder, connoting no change. Similarly, for
CONSTRUCTION, or MEN WORKING signs, and again for parking
regulations. Road markings may change from dashed to sclid, or
the reverse, with no difference in line width, color or spacing
as compared wlth the steady state. Advance warning only is given
of a curve, rather than an indication of the points of transition
from straight to curving and back again.

Presently, such changes are handled in a variety of ways: special
signs telling the motorist he is leaving a construction zone,
SPEED ZONE and END OF SPEED ZONE signing, and NO PASSING ZONE
signs. Sometimes the changes are not signified at all. We feel
that consideration should be given to developing a common symbolic
representation for so common a message. Careful attention should
be pald tc whether changes in one direction should be treated

similarly or distinétively from changes in the reverse direction.
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5.4 Driver Education

As has been mentioned, there is a wide variety of public dis-
affection with the operétion of our current system of uniform
traffic control devices. The bulk of this study has been the
investigation of basic elements of traffic control devices to
enable more effective design. The authors have, however,,tried
to get at the sources of dissatisfadtion of the public, and speak
to these points where appropriate. There 1s no doubt that a pért
of the difficulty with signs and signals is traceablé~to the

driver's ignorance about the operatlon cf today's ﬁniform,system.

Now, there are a very large number of messages‘which might profit-
ably be communicated to a passing motorist by a road sign, but

there are a relatively few dimensicns, such as cclor, shape, and
legend or pictograph, along which the information can be encoded.

In order for a sign to convey its message most efficlently, the
population of drivers needs to be aware of the specific roles

played by color, shape, and legend or pictograph. Let us see

how these dimensions are typically used, and then observe how novice
drivers are made aware of the role of each dimension by the various

states.

Our first concern is with regulatory and warning signs which, by
the ihformétion they portray, dictate the actions of all motorists
as 6pposed, say, to destination or guide signs. As an example,
consider the familiar STOP sign. To describte a STOP sign as a
red, octagonal sign bearing the legend "STOP" is to tell only a
part of the story. The STOP sign is the only red sign; the only
octagonal signj; the only sign simply bearing thé legend "STOP."

Thus, any two c¢f the dimensions are totally redundant, by which
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we mean that a STOP sign is completely defined by any cone of its
attributes. (Note that this will no longer be precisely the case
when and 1f the red DO NOT ENTER and YIELD signs are adopted.

The illustration is useful and familiar, however.)

The purpose of redundancy 1s, of course, to ensure that a message
can be understood even when some parts of 1t are missing. Notice
that the STOP sign is the only sign where the dimensions are used
with such complete redundancy. In ccontrast, the YIELD sign which
uses exclusively the triangular shape {(vertex downward) and the
legend "YIELD" shares its yellow color with round and diamond shaped
signs of other meanings. (Again, note the proposal to changé the
color of the YIELD sign.)

One can guess that a high degree of redundancy is used when the
consequences of inappropriate action are particularly costly as in
the S3STOP sign example. Yet, it must be apparent that such redun-
dancy can be effective only where a driver knows the meaning of
the individual attributes. That is, a novice driver must be told
and shown graphically the role played by each dimension alone.
Such knowledge must be made prerequisite to the privilege of

driving,

This project analyzed the operaftor's licensing manuals of the fifty
states to ascertain how such informaticn is presented, and, one

presumes, tested.

The rcole of legend in the examples cited is self-explanatory to
cne who 1s familiar with the language. The roles of cclor and
shape, on the other hand, need tc be explained, and 1t was found
that three basic methods have been used for explanatory purposes —
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a textual description, a picture of the sign bearing its legend,
and a pilcture o¢of the sign without its legend. This last method,
providing a picture uncontaminated, as i1t were, by legend is the

method which explains the independent roles of color and/or shape.

For the purposes of analyses, we ccnsidered that each of the three
methods — text, picture with legend, and pilcture without legend -
could be used singly, or in combination with one or both of the
others. Consequently, a presentaticn by a state could fall in one
of eight categories as shown in Table 5-1. Presentation of the
roles of color and shape were analyzed separately and Table 5-1
also contains the findings given as the percentage of states

whose presentations fall in each of the eight categories.

As can be seen from the table, twe categories, IV and VII, are
completely empty, &s none of the states' presentations for either
color or shape fit this category. While the actual numbering of
cur categories is not to be taken as an indication of quality,
the poorest presentation would be 1in Category I, and Category
VIII represents the most complete definliftion. Examples of the
six non-vacuous categories are given in Figs. 5-1 through 5-6,

which are exerpted from various current state driver's manuals.

Because of the importance attached tc the role cof each dimension,

it is felt that the presentation should be as in Category VIII.

Naturally, one must appreciliate the ceost factor involved in the

cclor 1llustrations necessary for a Category VIII presentation

of the role of color. One alternative 1s a separate uniform —
flyer or insert which could be made available to drivers on a

national basis. Moreover, a complete and concise expositicn of

the role of signals and markings should be included. Finally,
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TABLE 5-1.

Description of signs in State Driver's Licensing Manuals.
The categories I through VIII are defined by the methods
Y indicates that a method was used,
N indicates that a method was not used.

of description used.

Percentage of States Using Method

Methods of Description Category to Explain the Role of:
Picture Picture
Bearing Without Textual
Legend Legend Description " Number COLOR SHAPE
T N N N I 16% - 0%
I_I
l._l B
N N Y 1T 14 0
N Y N 111 0 2
N Y Y 1V 0 0
Y N N v 34 22
Y "N Y VI 32 36
Y Y N VI 0 0
Y Y Y VIII it 4o

‘ON aJqoday

92 .1

_OUI UBWM3N Ppue YaurJdag 3109



Report No.

FIG.

5-1

1726

THE ROLE OF COLOR IS NOT EXPLAINED AT ALL HERE,
EITHER IN TEXT OR BY COLOR ILLUSTRATION.
PRESENTATION OF THE ROLE OF COLOR IS AN EXAMPLE
OF CATEGORY I, AND IS DRAWN FROM A CURRENT STATE

Bolt Beranek and Newman

Each traffic sign is placed so as to serve some definite
purpose. In addition to its words, the shape of a traffic
sign has a meaning. Much thought has been given to
their location. They are for your protection. You are a
skillful driver when you use them.

Public officials are constantly working toward greater
uniformity in traffic signs throughout the nation. Uni-
form standards provide six basic sign shapes so motorists
can tell instantly the type of sign by its shape.

QOO

This diamond shape always carries warning of some
hazard or unusual condition on the road ahead and calls
for caution and reduced speed.

Only one meu'nge is ever carried in this
round shape: Caution-highway-rail inter-
section ahead.

The crossbuck is devoted solely to
marking highway-rail crossings. It means
reduce speed, look and listen Ffor trains
before crossing the trackas.

SIATE
‘ STDP This octagon is used only for the
stop sign, which means stop and
HEHWY : make sure the way is clear before

proceeding.

DRIVER'S MANUAL.
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ROAD SIGNS

TRAFFIC SIGNS AND WHAT THEY MEAN
4 BASIC SHAPES EVERY DRIVER MUST KNOW . . .

OCTAGON

The stap sign, red with white lettering,
means come to a full stop and be sure
the way is clear before proceeding.

DIAMOND

The warning signs are yellow with black
letters or symbols. They warn of
dangerous or unusual conditions ahead,

such as curve, turn, dip, side road, or
schoal.

TRIANGLE

The yield right of way sign, yellow with
black tetters, means slow down at inter-
section and stop if necessary. Cross
traffic from either direction has the
right of way.

. ROUND
N\ The railway advance warningx sign, yel
) low with black crossbuck X and the

letters, RR, means a highway-railway
crossing is ahead.

FIG. 5-2 THE ROLE OF COLOR IS GIVEN IN THE TEXT ONLY.

THIS PRESENTATION OF THE ROLE OF COLOR IS AN
EXAMPLE OF CATEGORY II, AND IS DRAWN FROM A
CURRENT STATE DRIVER'S MANUAL.
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TRAFFIC SIGNS AND SIGNALS

The signals and signs along the road and the morkings on them are a
great help in safe driving. They point out to you things you may not have
seen. They tell you of danger ahead and ask you to do something about it.

There are many kinds of signs. Some just show you where to go or what
route you are on. Others warn you of curves, hills, workmen in the road,
cross streets, narrow bridges and other things before you see for yourself
what is there. Some of these warning signs just let you know what is ohead,
while others advise you by their shape to slow dewn. The most important
signs are the ones which tell you what you must or must not do. You are
breaking the law if you do not heed them, *'STOP’’ signs are the most com-
mon of these, but there are also others showing one way streets, no parking,
speed limits and other rules.

OV OO L

Yield Right Railroad Reduce Infarmation
of Way Warning Spaed

Stop or
Regulatory

FIG. 5-3 THE ROLE OF SHAPE IS EXPLAINED ONLY GRAPHICALLY,
UNCONTAMINATED BY LEGEND. THIS PRESENTATICON OQF
THE ROLE QF SHAPE IS AN EXAMPLE OF CATEGORY III,
AND IS DRAWN FROM A CURRENT STATE DRIVER'S MANUAL.

4
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STOP SIGN — White on red
1 Make a complete stop even with sign or
stop line. Stop in back of crosswalk.

2 Look in both side directions for traffic and
pedestrians. Yield right of way.

YIELD SIGN — Black on yellow

1 Stow down as required when approaching
this sign.

2 Look both left and right and yield to traffic
and pedestrians.

3 You must stop when necessary to avoid
pedestrian or traffic on protected street.

WARNING SIGN — Biack on yellow
1 Warning signs warn of actual or potential

danger ahead.
2 A specific message is given by words or
diagrams.
3 Extra caution should be observed at all
warning signs.
) 4 Most warning signs indicate a decrease in

‘speed.

S Read and obey the specific message on
warning signs.

NO PASSING SIGN — Black on yellow

1 This sign is on the left side of the high-
way and faces the driver.

2 Marks the beginning of a NO PASSING
ZONE.

3 Passing must be completed before reach-
ing this sign.

NO’
PASSING
ZONE.

FIG. 5-4 THE ROLE OF SHAPE IS GIVEN HERE ONLY BY A PICTURE
WITH LEGEND. THIS PRESENTATION OF THE ROLE OF
SHAPE IS AN EXAMPLE OF CATEGORY V, AND IS DRAWN
FROM A CURRENT STATE DRIVER'S MANUAL.
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Teaflhc Signs

Eight-Sided Sign ...

Triangular Sign

FIG.

5-5

A stop

. STOP
(White on Red, or Black on
Yellow) )

sign always means
STOP-—a dead stop—not just
a rolling stop.

Even if you stop behind other
vehicles that have stopped.
you must make another dead
stop whea you get up to the
stop sign.

A stop sign is the only sign
of this shape.

........................................ YIELD
This sign means that you must
grant the right of way to

other traffic and that you must
slow down to a reasonable
speed. In the event of an acci-
dent such accident shall be
deemed . . . evidence of such
driver's failure to yield the
right of way.

Belt

Diamond-Shape

Rectangular Sign

SPEED
LiMIT

40

Round Sign

Vehicles
liguids such as
by law to stop
if there are no

carrying  explosives

Beranek and Newman Inc

Sign oo, WARNING
This sign- warns you of spe-
cial hazards just ahead—wind-
ing road, hill, underpass, soft
shoulders, narrowing pave-
ment, slippery when wet, hos-
pttal, school zone, etc.

................... INFORMATION
This sign  informs you of
traffic regulations and pro-

vides other helpful informa-
tion, i.e.—Speed Limits, Do
Not Pass, Rotary, One Way,
etc.

......... RAILROAD CROSSING
This sign always mecanas that
you are within 2 few hunderd
feet of a railroad crossing.
Slow down and look carefully
before crossing the railroad
tracks. .

inflammable
gasoline and oil are obliged
at all railroad crossings, even
trains approaching or warning

or

signals given, and so are school buses and pub-
lic service vehicles. Be prepared to stop behind

them.

THE ROLE OF COLOR IS EXPLAINED BY A COLOR

ILLUSTRATION OF SIGN WITH LEGEND,

TEXT AS WELL.

MANUAL.

AND BY

/ THIS PRESENTATION OF THE
ROLE OF COLOR IS AN EXAMPLE OF CATEGORY VI,
AND IS DRAWN FROM A CURRENT STATE DRIVER'S
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KNOW THESE SIGNS BY THEIR SHAPES.

Signs, and their Shapes

oV OO
8ja

Hlﬂl\ww

Rallroed Waming Sign Rogulatory
Warning

, Regulatory signs regulate the movement of
Regulatory signs traffic. They are black and white with the excep-
tion of the Stop sign, Yield Right of Way sign and

the Railroad sign.
The STOP sign is the only B.sided traffic YIELD — THE YIELD sign is the only tri-
sign. It means that you must come to a angulor traffic sign. It is yellow with black
complete stop befors entering the inter- letters. It means slow down so you con
section ahead and yield to traHic clese yield to vehicles on the roadway being
enough to be an immediate hazard. If entered.

there is a crosswalk, stop before entering
the crosswalk.

Guide

These informational traffic signs  signify
that you are driving on a portion o? the
national system of Interstate and Defense
Highways, or on a U. S. or State Route.

-‘ The MERGING TRAFFIC sign informs you
that you will be merging with other traffic

traveling in the same direction. Rules
erning the ‘’changing of lanes” appl aara
with the driver on the main route having
the right of way. Those entering must
make use of speed-change lanes to merge
with the main traffic flow smoothly and
safely.

THE ROLE OF SHAPE IS EXPLAINED BY ILLUSTRATION WITH
AND WITHOUT LEGEND AND BY TEXT AS WELL. THIS IS AN
EXAMPLE OF CATEGQRY VIII, THE MOST COMPLETE DEFINITION,
AND IS DRAWN FROM A CURRENT STATE DRIVER'S MANUAL.
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special ftreatment should be given to gulde signs explaining

the classes of information they convey, and illustrating both
the uses and limitations cf this information. This 1issue c¢culd
be the subject of & National Highway Safety Standard calling
for the inclusion of such information into state manuals, and

furnishing model sections.

The 1ideal time for such a document 1s perhaps now, inasmuch as
a new edition of the Manual on Uniform Traffiec Control Devices
is due shértly and will contain several revisions that will in
themselves necessitate widespread exposition. DBesides, a good
explication could be expected to serve nct only an educational
funcetion, but a public relations functicon as well., It can
serve to dramatize officialdom's concern with the motorists'
needs, and to underscore the step being taken to service these

needs,.

The time for such a document is ideal, too,‘in light of the
proposed periodic retesting and relicensing of drivers. The
availability of a good treatment of traffic control devices
might thus imbue the retesting with an upgrading of driver

knowledge.

Periodic relicensing also provides a distribution ocutlet for
such informaticn. Other good sources are available as well.
Permission and encouragement for reproducing or distributing
the material might be given to industrial interests as well —
011l companies who provide road maps and trip rcuting services;

automobile manufacturers who produce instruction manuals for

5-18



Report No. 1726 ‘ Bolt Beranek and Newman Inc

their vehicles; car rental agenciles; automobile clubs, and the
like. Appropriate'foreign language versions at ports of entry

are also worth considering.

It is also interesting to speculate on the effect of enlightening
the 100 million odd potential critics and inspectors of our silgn

system, thereby making them "better" critics.

5.5 Maps and Ancillary Devices

Ungquestionably those who make road maps avallable have performed
a needed public service. Such maps serve an informational
function both in trip planning and in extricaticon from difficulty
en route. The authors of this report do not feel entirely compe-
tent in commenting on. the research and development which underlie
map construction. However, 1t is necessary to consider briefly
the relationship of rcad maps to the roadway complex, in par-

ticular to the signs thereon.

Admittedly, map reading is a difficult skill. Pepending as it
does upon a'facility in spatial relations, it may be that many
may never be capable in this area. Making maps conform more
closely tc the informaticn avallable on the road, and perhaps
the reverse, may be. of some help. On limited-access highways,
established signing practice precludes providing tooc much
detailed information, which could not be used effectively by
the driver. Yet maps specifically designed for the through

traveler are not often or readily available.
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On many roads, thelr intersections with political or geographic
boundaries are indicated by signs. Often, however, such inter-

sections do not clearly appear on road maps.

Many states currently opt for uniquely shaped state route markers.
Yet, these shapes are not provided on many maps. Color codes
such as that of interstate route markers are lost, or worse,

changed.

On the highway, separate, correctly reading signs are provided
for opposing directions of travel. Yet, map readers encountering
spatial relations difficulties, who would prefer to rotate the

map, are then forced to read "upside-down."

Many classes of highways will shortly be provided with detailed
mile markers. It might be helpful if choice points on maps

provided related information.

On the other hand, maps are keyed, usually by color and stroke
width, to the class of highway. Yet on the highway related

information is not always explicitly provided, nor keyed to maps.

Finally, because of thelr wide distribution; road maps could be
used to present useful, updated information of several sorts to

the motorist. To date, this avenuerhas been inadequately explcored,
certainly with respect to uniform traffic control devices, as

well as those non-uniform peculiarities of state practice which
may persist. When, as an example, an oil company providing maps
changes 1ts emblem, or logo, 1t is understandably quick 1n using
its maps as cne medium for educating the public. As traffic signs,
symbols, and markings are changed, or newly introduced, might not
maps convey such informatiocn?
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Likewlse, automotive manufacturers both on their product and in
fhe asscocilated manuals might prcvide a similar service, Again,
company logos and brand names are displayed with understandable
gusto. In some countries, windshield decals are available with
certain information about uniform traffic contrcl devices, but
the practice is regrettably absent here. This opportunity for
service 1s also available to car-rental agencies, important
inasmuch as their vehicles are guite often used in an envircnment

unfamiliar to the driver.

Informaticn centers, where provided, might also strive to conform
more closely to highway symbology than many presently do. Of'
course, one can envisage a computerized routing system which
provides tc the guestioner not only directions but accurate
representaticns of crucial signing at and preceding crucial
cholce points. This need not entail storing a representation
of every sign, of course. When and if true uniformity is
achieved, including a set of logical rules for deciding what
information to display con a highway sign, a much smaller data
baée need be stored. The representations could then be synthe-
sized. While such a system might be regarded as off 1n the
distant future, if ever, it cculd probably be implemented more
easlly and quickly than proposals for an Electronic Route Guid-
ance System (ERGS), for example.

Notwithstanding the difficulties in implementing this and others'
suggestions for maps and ancillary devices, the efforts should be
made because of the gap 1in what should be the continuing educa-

tion of every driver.
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6. THE URBAN SITUATION

Traffic problems in our cities are acute — causing a progressive
arterial strangulation in urban areas. Over the years, some tech-
nigues established to alleviate the problems often add to the con-
fusion. New arteriles, in the form of expressways, are cut across
the urban landscape. Traffic patterns are then revised; regula-
tions inecreased. Signs, as well as vehicles, clutter the urban
area, and the problems grow only more intense.

Obviously, such massive problems regquire many different levels of
action aimed at many different causes. But the development of a
comprehensive urban sign system could be one of the more signifi-
cant attempts to solve some of these problems.

Current sign systems as described in the various manuals pay little
attentlion £o the urban prcoblem. There are certain signs which are
obviocusly only used in an urban situation and each of the various
manuals will, on rare occasicn, acknowledge the fact that the ur-
ban environment creates speclal slgn prcblems. However, there has
been no attempt to treat the urban sign problem as a totality or

to devise signs that may truly help to alleviate the pressures on
urban traffic and to reduce the blight that flourishes on the pro-

liferation of urban traffic signs.

In approaching the problem, 1t 1s essential that the emphasis be
placed on information needs, with traffic signing serving as a
subsystem within a larger system of public orientation and commun-

ication within the city.

At the same time, other major trafflec generators and orientation

points in the city must be identified and ftheir rocle defined.
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These points include natural elements, such as. a2 major and
obviously identifiable river, which provides orientation for all
but the most foreign to the city. But, more often, they are
man-made, ranging from a universally recdgnizable structure or
landmark to the private signs that identify stores, bulldings
and other features of the city. |

All of these elements provide visual communications of varying
specificity, and must be complemented and supplemented by the
public sign system, which, in fact, provides the great bulk of
communications. And this should be done without adding unneces-~

sary chaos to the ¢ity's visual environment.

6.1 Information Needs

As we have Indicated, the first step in the development of a sign

system should be the determination of information needs.

Information needs are not the same for all people. They vary
considerably, depending on the individual's familiarity with the
city as a whole or the neighborhood in which he 1s traveling,

as well as by his purpose in the city.

OCbviously & sign system need not be designed for those who are
intimately familiar with the area being signed. On the other
hand, i1t may be very difficult to design a sign system for those
who know absolutely nothing about the area. We must encourage
these people to acquaint themselves with at least the broad
characteristics of the area (by providing maps, for example) and
then design the system to supplement that very basic understand-
ing.
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We may then assume that a sign system should be designed for
those wlith only the barest knowledge of the envirconment in gques-
tion., If we assume this as a constant we are left with another

variable: different people require different types of information.

& truck driver may need to know the best truck routes to the
mercantile district. He may need to know how to get to a ship-
ping point in the heart of the downtown. He may need to know
how to get through the city on those routes which encourage

commercial traffic.

A tourlst may be loocking for totally different sets of informa-
tion: the locatlon of historical landmarks, of other places of
interest, of cultural institutions or of colorful or histceric
districts within the city.

The opccaslonal downtown shopper is another type of sign user.
She may heed to know which parking lot is most convenient to the
downtown shopping area or which is the best rcute from the sub-

urbs to downtown.

As a first step in the definition of information needs, we may
be able fto categorize user groups, such as the truck driver, the
tourist or the shopper. Ohce we have established user categor-
ies, we should be able to define the type of destinaticn and
en-route guide informatlion that these users will need in order
to complete a typical trip. We will need to know how each of
these user groups orients 1tself 1n the clty. Are route numbers
of significance? Are neighborhood names meaningful? Are major
street names important to emphasize? Are there landmarks which

can be used as orientatlon points?
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Although no two cities are alike and the specific answers to some
of these questlons may vary from city to city, we feel that there
are likely to be many common characteristics and types of infor-
mation needs which may be defined. A tourist in Boston may seek
Beacon Hi1ll, whereas his counterpart in San Francisco may seek
Ncb Hill. But these are superficial differences.

There has been a certain amount of work on how pecple oriént
themselves within the city. Kevin Lynch in The Image of the (ity,
for example, defines certain elements by which he feels people
crient themselves — such as paths, edges, landmarks, nodes, and
districts. But Lynch, and others, have also found that many
people do not know how to orient themselves within citles even

with such guidepoints.

The determination of user groups, the definition of trip purposes,
and the development of a comprehensive system for defining infor-
mation needs would not be an easy task. It would not be an im-
possible assignment, however, and it cculd lead to basic standards
for information content that would not only vastly improve guide
and informaticon signs 1n the urban environment but would also be of

significance to guide sign pelicy for the rural and interurban area.

Even before this is completed, however, there are many changes that
should be investlgated with respect tc the U.S. Manual on Uniform

Traffic Control Devices' current standards on urban signs.

Generally, the MUTCD's lack of specificity, in defining and illu-
strating guide sign standards in particular, has not allowed ifs

use to combat the proliferation of unnecessary and redundant signs
and signs of divergent content and design from state to state and

even from city to city.
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6.2 Guide and Information Signs

The concept of the ilnterrelationship of user groups, modes of
travel and trip purposes to determine content would have its most

significant application in the area of gulde and information signs.

The present MUTCD ignores the problem of urban guide and informa-
ticn signs by not setting standards, but, rather, allowing sign
Jurisdictions to vary at whim within loosely framed verbal speci-
fications. The MUTCD provides no useful illustraticons, and sc
those responsible for urban signs have had to develop their own
specifications and to do whatever has seeméd appropriate, based

cn other signs in the MUTCD and cn the experiences of other cities.

The problems relating to guide and information signs in an urban
environment are not dissimilar from those of the same type of
signs in a ncn-urban situation. The basic and very significant
difference, however, 1s that the compression of space within the
urban environment and the multiplicity of decision points, poten-
tial destinations and streets all combine To create many very

speclal problems in a very congested environment.

Although the present MUTCD concerns itself only with highway sign-
ing as it guides or contrels vehicle and pedestrian traffic, in
order to be effective, the ideal urban sign system should serve
the total scope of travel within the urban area. It must recog-
nize that the urban trip is often divided among several different
modes of Transportation. The individual may ccme into the city

by car, by bus, by trolley, by train, by subway, or even by heli-
copter or bocat. He may then transfer to a second mede of trans-
portation and then perhaps even to a third before arriving at

his destinaticn.
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For example, a shopper Irom the suburbs may come 1lnto the city by
train, transfer to a subway, and then even to a bus or taxicab,
and, finally, may walk the last bléck'or more to his destination.
If the urban sign system'is to provide the necessary guldance and
information for these users, 1t must provide the necessary con-

tent and its elements must be placed in a consistent and predic-

table fashion — not only in the streets but at major transfer
points. It must relate to the subway system and other modes of
transportation within the city.

Signs alcone cannot meet urban information needs. For example, if
maps and other visual materials were created within the city and
distributed outside the city, and 1f these maps were drawn to a
consistent and comprehensive system of orientation, signs could

then be created to accompany the maps.

Much of the ecarly pressure toc post specific route numbers con high-
ways was generated by the need to coordinate these highways with
maps. In teday's city maps, there are many varying standards.

A1l city maps have street names; some define street numbers; some
contain route designations; most define townships one way or an-
other; some define districts within the city. In all of these
cases, however, the specific information presented and the method
of presentation vary considerably.

In most cities, public transportatiocn maps are available in sta-
tions, on buses and subway cars, and for general distribution.
Scme of these maps, such as those on subway cars and busés, make
little attempt to orient the passenger to the city above cor aroand
him — rather, these maps are intended only to enumerate the stops
on a given line. Transportation system maps which do felate'tran-

31t lines to the city seem to be notoricus for their complexity.
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A fruly comprehensive urban sign system must consider all modes of
transportation within the city and all other means of communica-
ting with travelers and pedestrians in the city. We may, there-
fore, be wise to consider maps as part of the sign problem and,

in fact, to create standard formats which may be used to orient
pedestrians within the city. It would be certainly useful to

have these maps, and the sign system 1tself, coordinated with the
efforts of other agencies responsible for the orientation and

transportation of people within the city.

Creating a matrix that includes user groups, modes of travel and
information needs may allow development of a total urban communi-

cation system.

User Groups

Within the system, information would need to be channeled to par-
ticular user groups; for example, to isolate the information needs
of truck drivers and provide a channel of communication — in the

form of a special subsystem of signs — for them, as discussed be-

low.

Trucks are excluded from a number of major urban arteries for one
reason or another, Other routes are used primarily by trucks dur-
ing certaln hours of the day, although automoblle traffic is al-
lowed on them as well. As congestion in the city increases, the
need to route truck traffic expeditiously will increase. There
will also be increased demand for the reduction of nolse and
pcllution caused by trucks 1in residential areas of the city. There
.wlll be more routes prescribed for trucks only and/ocr more which
exclude trucks completely or 1limit the hours in which they may

pass through a given area. Increased regulation of commercial
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traffic will increase the need for signs to regulate and particu-

larly to guide this traffic.

A special set of "truck" signs (Figs. 6-1 through €6-5) would pro-
vide a.compact and consistent channel for communication with truck
traffic. These signs might utiiize shape, symbol, and perhaps
color, to provide vivid identification. They would be so dis-
tinetive that the automobilile driver (after an introductory ?er-
iod, of course) would instinctively avoid paying attentilon to
them, while the truck driver, however, wduld be highly consciocus
of them and, we would éxpect, would react to their messages qulck-
ly and expeditiously.

Another channel of communication could ald pedestrians.

There are several characteristics which should be buillt into any
purely pedestrian sign system. It must work effectively with
other signs and must not distract motorists; that is, there should
not be situaticns in which a motorist may detect the presence of
such a sign and, not knowing its function, snarl traffic while he

stops to read it.

Remember that the‘ultimate objective of any sign system 1s to min-
imize confusion and to expedite all traffic. Great care must be
taken to insure that special channels of communication, such as
those to pedestrians or truck drivers, sufficiently separate them-

selves by placement, color coding and design.
Much of the urban regulatory sign problem involves curbside park-

ing signs and so most of ocur discussion deals with them. We

should not lose sight of the other urban regulatory signs that. are
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FIG. 6-1 EXAMPLES OF SIGNS FOR TRUCKS.
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also a part of the urban scene, and that these signs also have
weaknesses. We have already discussed signs for lane use control
and traffic flow in the chapter on regulatory signs. That dis-

cussion applles to these signs 1n the urban situation as well

6.3 Urban Regulatory Signs (Figure 6-6)

Regulations themselves cause many of the problems ofeurDEn'regu—
latory signs. Trafflic ordinances within a city are often patch-
works bullt up over many years in reSponse'to_Specific ptessures
at various intervals. Thus, there 1is rarely'a consistent pattern
of“reguiatiéh_and,rés>a result, specific signs are required to
binpeint these regulations. Even more important,thWever; are
queétibnsloflbasic communication which should be answered in -the
design of aﬁy'sign system, and which certainly should be answered

in connectlon with urban regulatory signing.

"What does the driver really need to know?" is a question which
again must be asked when designing curbside parking signs. There
also seems to be 1little consideration for other visual cues whlch
can communicate along with sign messages. The potentlal of sup-
plemental pavement markings, for example, has not been fully ex-
plered in the urban context. Nor do we fully utilize the cemmuni—
cation potential of other visual elements of the curbside, éuch as

parking meters and light standards.

From an aesthetic point of view, there are a number of shortcomings
in meost urban signs, and particularly in urban—regqlatory signs.
The frail sign standard cluttered with a hodgepodge of different

parking signs is an obvious example.

The complexity of many messages often creates a serious confusion

'of_gfaphic{eleméntSTWithin the sign. Closely related to thils is
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the fact that the visual emphasis 1s often on the wrong elements.
For example, the fact that a location may be a taxi stand is not
as significant to the driver as the fact that he cgnnot park.

The use of color as a method of delineation on current urban signs
is half-hearted énd, as a result, color coding is ineffective.
Color should be treated so that its meaning is clearly expressed.

Ancther factor in the visual inadequacies of current'urban signs
is thelr purpose. We must expect that the average driver will

use a seriles of viéual cues other than signs to bring him to a
prospective parking place. A row of cars along the curb with oc-
casicnal gaps is such a cue. A row cof parking meters along the
curb 1s another such cue. These cues guide the driver to the area
of the prospective parking place; then the specific sign takes
over. So the sign should be sized toc be seen fromla relatively

short distance away.

Mcre attention should be paid to combination signs that would
greatly reduce the number of sign assemblies. For example, if, .
at a given point, parking is prohibited to the left of a sign for
a bus stop, and to the right at certain hours for traffic control,
a combinaticn sign would have (1) a "no parking" heading or symbol
and (2) clear and simple messages on the sign itself. Currently,
we would have two separate signs attached to the same pole, un-

necessarily repeating information.
It is also possible to combine different types of urban signs:

regulatory signs or signals with Information signs, for example,

as we have illustrated eslsewhere.

6-16



Report -No., 1726 © - - Bolt Beranek and Newmah Inc

In addition to. the simplification of overall sign structures and

organization, much could be done to simpllfy individual signs.

Alcong with restructure, there would be an effort to aid communi--
ties in untangling the web of regulations that contribute to the
confusion of sign standards and also aid in many traffic strangu-
lations. Terminoclegy should be questioned. Is it necessary (or
workable) to differentiate between standing, stopping and parking?
The necessity of certain messages, such as tow-away zone, Snow
emergency route, etc., should be questioned. We must primarily'
consider only the information that the driver needs to respond

appropriately to the instructions conveyed by the sign.

We realize the practicality of providing the driver with an indi-

catlon of the seriousness of the offense, should he choose to vio-
late a parking law; we know that drivers are often willing to haz-
ard a $1 fine or a $2 fine where they would not be nearly as likely
to take a chance on a $15 or $25 fine. We feel,‘however; that this
may be done in a more efficient and effective manner. Symbols, or
perhaps'even color bands, cculd be used to commuhicate these mes-

sages, 1f they are really necessary.

Most curbside regulatory signs in this country todaykhave a con-
fused letftering that detracts from the effectiveness. This ié
partially because of the multiplicity of messages and message units
which are often compacted on a single sign. In conjunction with
the simplification of message or content, 1t weoculd alsc be very
useful to provide new, well-designed specificatlons on lettering

style, and on the sizes for these regulatory signs.

Although the federal government must respect the prerogatives of

local communities in (a) establishing parking systems appropriate
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to each community, and (b) providing the signs which are neces-
sary for the proper administration of those regulations, we -
nevertheless feel that the national Manual should provide more
specific guidance. We also feel that the national Manual could

provide more specific 1llustrations for lccal officials.

6.4 Design Exploration

6.4.1 Parking signs

On the foliowing pages we have 1llustrated a series of exploratory
exercises involwving pcssible design directions for parking signs.
These are indicative of general directions only and require in-

tensive additional exploration.

In thls exerclise we have used coleor to differentiate between pro-

hibitory messages and permissive messages.

Figure 6-7 (a and b). Color coding the entire background of park-

ing signs provides a very strong visual cue as to the type of mes-
sage the sign ccontains. This strength is, hcwever, a weakness.

Too much emphasis on the basic message distracts from the dis-
tinctiveness of the specific information ineluded on the sign.

In addition, the use of a solld red background creates an immediate
confusion with the stop sign. Possibly the use of sclid coleor in
this way would lead tc some confusion and would provide a disturb-

ing element in the urban environment.

Figure 6-7 (¢ and d). Present standards call for the use of coloréd

lettering to indicate the basic sign message. We feel that there
are serious questions as to whether the general diffusion of coler

on the whole sign face causes a reduction in its meaningfulness for
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color coding. Probably, resecarch weculd indicate that the meaning

of coclor 1s lost when it 1s diffused in this way.
In addition, the contrast between the colored letter and the white
background is less than optimal and probably leads to a reduction

in the visibility of the lettering.

Figure 6-7 (e and f). The use of colored symbols on a white back-

ground might provide strong cclor ccding identificatipn without
causing any of the confusion engendered by the use of a solid »
color‘baékground. The area of the symbol itself is cohesive

enough sb that the color is not diffused as it is with lettering.
It 1s not so strong, however, as to reduce the impact of the speci-
fic message. The symbol remains distinctive and stands out on the
sign. We feel that this is a most worthwhile area. for furthef ex~

ploration.

Figure 6-8 (a and b). Color-coded blocks or strips appear in many
urban parking signs today and are included in the U.S. Manual on -

Uniform Traffic Control Devices.

As presently used, however, the color strip provides emphasis for
the least important part of the sign's message. For example, we
doubt whether "tow-away zone" is the most important part of any
sign. In addition, the use of white lettering on a small colored
band placed on a larger white background is, from a visual point
of view, less than satisfactory. The primary contrast is between
the colored band and its white background, resulting in greatly
diminished visibility of the lettering. However, color-coded
strips could possibly be used effectively in an ufban sigh system,

and we feel that their use should be further expléred.
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Figure 6-8 (¢ and d). Use of a white symbol on a solid background

deserves some brief exploration. Thils approach has the weaknesses
inherent in the use of solid color bébkgrOund and sO we may ex- |
pect that this dvenue will not be highly fruitful. The possibility

should be included 1in any comprehensive exploratory program.

Figure 6-9 (a and b). These illustrations represent two approaches

o the multiple message urban parking sign: the first is incorpor-
ated intoc street furniture, while the second stands alone. The
first alse incorporates a slat system which we feel should be ex-
plored in urban signing. Each slat is a modular unit that may be
combined with any number of others to create a complete sign. In
this example, all redundancies have been eliminated, greatly re-
ducing the visual clutter, In this example, symbols have also

been used to minimize verbtal confusion.

Figure 6-9(b) shows the incorporation of strips that would be
preprinted on a reflective adhesive-back material. These strips
could then be affixed to standard width sign forms. Forms could

be made in varyling lengths to accommodate the messages.

Both of these methods are indicative only of potential approaches
almed at reducing the number, the visual clutter and the unneces-
sary redundancies of signs. Probably, a number of other approaches
should be attempted experimentally in order to reach the same ob-
jectives. The basic argument here is for a highly flexible system
that would accommocdate all messages 1in a consistently uniform

fashion.

Also bullt into thls example 1s the chronological ordering ¢f sign

messages in a consistent fashion. Where different regulations may
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apply at different times in the day, information should be trans-
mitted in a logical, consistent manner. The example goces chronc-

logically from top to bottom.

6.4.2 Urban guide signs

As is the case elsewhere, these illustrations do not represent
actual design recommendations, but are meant only to illustrate
and suggest the types of signs which might be used in a compre-

hensive urban guide sign system. -

If one were to interpret the current MUTCD liberally, then all of
the slgns 1ncluded 1n this section would be permissible. Our
argument again 1is that the MUTCD should provide more than permis-
siveness; it should provide specific Instructions along with

specific illustrations.

6.4.3 Major guide and destination signs

We have iliustrated two types of majcr guide and destination signs:
the first [Fig. 6-10(a)] is the map-type; the second [Fig. 6-10(b)]
is a stack-type sign. Both represent elements of an intermediate
subsystem, which would come between expressway destination signs

and those used for purely local guidance. -

These signs would relate to the expressway signs through the use
of color, specifically, thelr green backgrounds. Their relation-
ship to the local system would be established, of course, by their

ccntent. -

As a rule we would expect that the map-type sign woﬁld be more ap-

propriate for complex junctions, whereas the stack-type would be
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quite adequate for simple junction situations. (Fcr a more de-
tailed dlscu551on ‘of the two fypes, please. refer to. the guide

sign section of Chapter b,

6.4.4 M1nor gu1de and dest1nat1on s1gns

The 1nformation contained in the maJor guilde signs should be ex-
tended into a subsystem of more local destination signs. Here
we assume the driver ‘is within the city, away from expressways
and other major arﬂeries,”aﬁd may bé secdking local destinations
such as universities, hospitals, parking areas, major shopping
areas or cther landmarks or institutions within a very limited

radius of the sign locaticn [Fig. 6-11(a)].

The insistent use of blue, either as a background or a’'border on
these signs, would lead to their recognition as elements of local
information only.

6.4.5 Street name signs

In this suggested system, street name sighs would also be predom-
inantly blue [background or border and letterings as shown in
Fig. 6-11(b)]. 1In addition to providing the street name, they

would also provide street numbers for the relevant block.

Major streets could be indicated by advance information signs.
In Fig. 6-11(c), the fact that a major street intersects three
blocks ahead is Iindicated. '

There are, of course, a number of variations pessible on advance
information signs and careful attention must be paid to systema-
tic content that would provide the user with logical and predict-

able sources of lcocal information.
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6.4.6 Pedestrian signs.

The most local information would be included in pedestrian signing.
In both Fig. 6-12(a) and 6-12(b), the blue border has been used to

remind the usér‘dfftheflocalrnatufe of the infbrmation.

Placement of pedestrian signs would be critical in that they should
not provide distracticn for- automoblle drlvers and that they should
be easily visible to pedestrlans

Pedestrian maps would be a very useful addition to a city's public
information system. As we have indicated, these maps should be
carefully ccordinated with transportation maps and other informa-
tion vehicles available to the city.

Such maps should be primarily located at transfer points, parking
areas, public plazas,and malls, wherever a major point of trans-
fer or declsion exists for’pedestrians.

Maps should be primarily of those areas within walking distance
of the map's location. Maps of adjacent areas might be included
in miniature or on a roller system (which might provide vandalism

prcblems).

In constructing a pédestrian éigﬂ systém; some consideration should
be given to private sign problems which may be of public interest.
For exémple, it may be feasible tc héve special structures which
would accommcdate local advertisements, perhaps even political
handbills, and other "bulletin board" information. Any such struc-
tures would need to be carefully planned and located 1f they are

tc be effective and if they are to escape damage or destruction

by vandalism.
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6.4.7 Combination of regulatory and guide signs

To reduce the number of separate signs in the urban environment,
it may also be possible to combine certain regulatory and gulde
sign functions on a single standard or structure. This 1s par-
ticularly true where the regulatory sign also ser#és something of
a gulde function as in a ONE-WAY‘situation;_ Some examples that
illustrate these suggestions are shown in Fig. 6-13. Not all such
combinatlicns are workable, and the loss of important;cues such as

shape 1s usually unacceptable,.

6.5 Urban Expressways

Urban expressways>also present a number cof unigue problems and
should, 1t is felt, be dealt with independently. Again, the fact
that a road is in the city (or over it or under it) makes it wvery
much different from the same type of highway cut across the coun-
tryside. The multiplicity of exits and heavy congestion create

unusual pressures on traffic control and on the sign system.

The present MUTCD acknowledges some of the problems by allowlng
for close placement of advance exit sipns., Other sign systems —
even the British with its detailed guide and information signs -
make no particular accommodatlion for the urban expressway.

There seems to have been very little work done in connection with
the relation of the urban expressway to the city around it. In
part, this may bé a matter of orienting the driver in relation to
landmarks, districts, and major streets in the area through which
he is traveling. This must be counterbalanced, however, by the
very real fact that there is little opportunity for casual brows-
ing of signs on an urban expressway. Decislons must be made

quickly and often in a fast-moving stream of closely-packed traffic.
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FIG. 6-13 EXAMPLES DISCUSSED IN SEC. 6.4.7.
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A very well-planned lane-use dontrol system should be designed to
gulde drivers through and off the expressway. Exit information
should be amplified at the end of every exit ramp, where the driver
slows or stops before jolning the streamlof city traffiec. At this
point the driver should be able to identify and use a subsystem of
gulde signs extending from aﬁd related to the system he has just
left. - o

Signs in the c¢ity should also.guide:theidriver to the expressway
and inform him where the expressway goes. Extra precautions must
be taken to help avoid "wrong way“ drivers. Signs at entrance

and exit ramps are of critical importance.

Highway planners are currently very conscious of the highway's re-
lation to the city. Whereas once the major arteries seemed ugly
slashes created only to expedite traffic, many of today's highways
are being planned by those who have a sincere concern for the his-
tory and integrity of the c¢ity and for its aesthetic values. The
signs on the expressways and in the city should reflect the same

consideration.

Summary

The urban envirohmeht»provides the setting for many - complex and
critical problems, many relating to traffic flow, the relation-
ship of expressways to ‘the clity and the visual pllght caused by

the proliferation of urban traffic signs.

None of ﬁhe'sign systems of the world deal with the urban sign-
problem insany significant manner. The ¥U.S. Manual on Uniform
Traffic Csntrol Devices hardly acknowledges the problems and pro-
vides very little in the way of guidance for those responsible for

the implementation of urban signs.
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The urban sign problem requires special attention in that it

should be approached comprehensively.

Information needs must be defined as accurately as pessible. The
delineation of user groups may be useful in determining these
information needs. The relationship of other visﬁai'cues in the
urban environment to signs must be considered in the process of

determining information content.

Other modes of transportation must also be considered in additioen
to auto traffic., A total communications system, of which traffic
signs are the major components, must consider every form of trans-

portation and every information need in the city.

In crder to help reduce the proliferation of signs while expediting
communications, special subsystems of signs should be explored for

particular user groups.

The proper definition of information needs and the detailed struc-
turing of a truly comprehensive urban information system will re-
guire a great deal of time and effort. In the interim there are
many things which can be done to Improve significantly the design
of specific signs and of types of signs. This Chapter has included
illustrations of the type of design direction which should be ex-

plored.

In all of this, of course, the authors have been concerned only
with public signs in the city. Although private signing is be-
yond the scope of this study and beyond federal control, it is
nevertheless an important factor in the city's visual environment.
The relation of private signing to the overall visual environment
in general, and to public signs in particular, should be explored
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and examined. The results of such an examination may be very use-
ful in developing rnew standards for publle signs and perhaps for
suggesting approaches to the problems of pfivaﬁe sighs in the ur-

ban environment,

Signs and the Environment

This report has stated that the devéiopment of urban sign systems

‘must be approached‘with a prlimary concern for communications needs
in the city and how these needslmay best be met by signs anq other
communications generators. One Shduld,_hoWevef, be very sensitive
to the urban environment in the c¢reation and‘médification of ‘any |
sign system. One should‘hot only seek ways to reduce visual clut-
ter wherever possible, but should also try tc enhance the environ-

ment and complement the light and color of the cltyscape.
Eliminating unnecessary sign messages and combining signs wher—
ever possible will help to alleviate some of the clutter, but the

efforts must go further, however.

One area worthy of exploraﬁioh is the combination. of certain sighs

with other curbside structures. This Chapter illustrated a slat sign
system incorporated into a plece of street furniture. The develop-
ment of a structure to include traffic signals and certain signs is

another example of such exploration. It may also be possible to

combine parking meters and sign structures. Experiments indicate

that this, too, 1s a feasible method of minimizing sign pro;iféraf.

tion. In any caée, wherever a single structure can efficienﬁly'
contaln the functions now being performed by several signs, then

we will have progressed in the right direction.
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Still ancther avenue for exploration, and perhaps in the long run
the most significant, is the assumption of sign functions by other
communications devices. We have already spoken of the under-
utilization of pavement markings as sign substituteé. 'The paint-
ing of curbs also has & place in the total communications scheme.

In areas where weather conditicns sometimes obscure curb and pave-
ment markings, anclillary devices such as relatively short reflec-
torized posts may be used. Electric lights are another possibility.
A system using red and green lights to indicate times of parking

and no parking has been suggested.

Signal lights are in themselves a very complex problem which have
not been studied in any detall during this program. They, too,
represent an opportunity for improvement and, as we have indicated,

for integration with other communications elements.

In general, the more simple abstract communication elements (such
as markings and lights) that can be bullt into the city sign sys-
tem, the less interference there will be with the urban environ-
ment. In fact, flashing lights and colored signals can, if done

properly, be a positive aesthetic factor In the environment.

If we are to provide highly effective communication while enhanc-
ing the urban envircnment, more attention must be pald by and to
urﬁan planners with regard to public signs in the city. Histori-
cally in urban renewal situations, signs have been put up after
construction is finished and have been impocsed on the street in
accordance with local ordinances, the MUTCD, and, in some cases,
the whims of the local traffic engilneers. A large section of a
city may be meticulously planned and carefully constructed to fit
that plan while appearance and placement of signs has no relation-
ship to the plan whatsoever. More work needs to be done toc help

integrate signs with other aspects of urban planning.
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