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FOREWORD 

Albert Burg - Chairman, Symposium Planning Committee 

The TRB Committee on Visibility has maintained a continuing effort to disseminate information 
on critical visibility topics to individuals responsible for providing motorists with a safer 
highway environment. Toward this end, since 1968 the Committee has sponsored six conferences 
and symposia, the most recent of which was the Symposium on Conspicuity on the Highway, held 
in St. Paul, Minnesota on June 24-26, 1980. This Circu\ar presents most of the papers presen­
ted at that Symposium. 

The purpose of the Symposium was to present state-of-the-art information on techniques, devices 
and principIes that can be used to increase the highway user's ability to detect relevant oh­
jects in his environment, day or night. Ten papers were presented dealing with the principIes 
of conspicuity and the conspicuity of vehicles, people and highway elements. Workshops were 
held at the close of the Symposium to summarize the information presented and the conclusions 
reached. Publication of this Circular makes available to a large number of interested profes­
sionals a summary of most of the ideas and concepts discussed at this meeting. 
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PRACTICAL ASPECTS OF CONSPICUITY PRINCIPLES 

T. W. Forbes, Department of Psycho1ogy and Highway Traffic Safety Center, Michigan State University 

My assignment is to furnish a brief general back­
ground for other more technica1 papers on the pro­
gramo First, though, a bit of history and some 
definitions. When some of us were beginning to 
study visibi1ity on the highway in the ear1y 1930's, 
the highway and driving conditions were very much 
different from those of today. Speeds were lower, 
the requirements for highway and equipment visibi1i­
ty was 1ess and sign visibi1ity and 1egibi1ity were 
much poorer. It was common to find a 1arge number 
of place names, each on a separate wood board 
mounted one above the other on "totem po1es" at 
road intersections. Figure 1 gives the layout of a 
typica1 crossroad insta11ation from an ear1y re­
search report (3). Figure 2 i11ustrates an ear1y 
expressway sign-:- a reduced "totem po1e." 

As compared to these ear1y highway conditions, 
present highway signing and traffic conditions are 
much improved. Speeds are higher on both types of 
roads, however, and cortspicuity and 1egibi1ity can 
sti11 be improved. Figure 3 shows an overhead 
mounted sign on a freeway. This examp1e i11ustrates' 
not.on1y improved 1egibi1ity and conspicuity, but 
a1so an off-ramp to the 1eft. 

As noted in a recent report, conspicuity is 
more necessary where a1ignment is contrary to the 
usual right hand off-ramp which most .drivers expect. 
This expectancy factor is of considerable impor­
tance as pointed out by these authors. 

FIGURE 1: "Totem po1e" sign layout at an intersec­
tion studied in ear1y research (1). 

Needs for Definitions 

Before discussing the various interre1ated factors 
and needs for conspicuity on the highway, defini­
tions of conspicuity and re1ated terms wi11 be 
considered to avoid possib1e confusion as to 
meaning of terms. 

Definition of Conspicuity 

According to Webster, the term "conspicuity" comes 
• from the Latin meaning "get sight of" and thus 
. means (1) obvious to the eye or mind, and a1so (2) 

attracting attention. The 1atter meaning has a1so 
been app1ied in some uses to auditory and other 
methods of obtaining attention. 

Re1ated Termino1ogy 

The fo11owing re1ated terms are defined thus--the 
first three from Webster: 

1. Visibi1ity--The distance objects 
identified visua11y with the naked eye. 
certain purposes, this distance is often 
a measure of visibi1ity. 

can be 
For 
used as 

2. Detectabi1ity--Characteristics such that 
the fact of presence or existence can be determined, 
i.e., this ls the minimum even before the object 
can be identified. 

3. Recognizabi1ity--Characteristics of the 
thing such that it wi11 be perceived as something 
previous1y known. Thus visibi1ity invo1ves both 
detectabi1ity and recognizabi1ity according to 
these definitions. 

4. Attention Va1ue--Having characteristics 
which attract attention. 

5. Target Va1ue--Visua1 characteristics of 
signs, usua11y 1uminance and contrast, giving 
visibi1ityand attention va1ue, i.e., conspicuity 
of one type. 

FIGURE 2: Modified "tetem po1e" sign en expressway 
in 1941. 
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FIGURE 3: Modern sign on a free~lay. 

This last term was originally used by the late 
Guy Kelcey referring to attention-getting effects 
of high luminance of sign legends using retroreflec­
tive buttons. lt was adopted in connection with 
some of the earliest studies of highway sign leg­
ibility and visibility (3). lt, therefore, refers 
to conspicuity of one type. 

Need for Recognizability in Addition to Conspicuity 

Conspicuity on the highway may be obtained without 
recognizability, and recognizability is highly im­
portant. For example, a flashing light on the high­
way ahead will definitely provide conspicuity. But 
if the driver is to make the required judgments and 
responses correctly, he must know whether he is 
seeing a railroad crossing warning, a railroad engine 
headlight, an emergency vehicle flasher or a police 
car flasher, or an advertising sign. 

Again, a vehicle ahead on a two-lane road may 
be of sufficient size and color to be conspicuous, 
but a driver must recognize: 1) whether it is a 
car, truck, bus (or school bus); 2) whether it is 
going in the same or opposite direction; 3) and, in 
overtaking situations, whether it is coming towards 
him in the wrong lane. He must be able to recognize 
the proper alternative in order to stop, continue 
and pass or quickly pull off the road. 

What Has to Be Made Conspicuous? 

After this preliminary introduction, we will now 
look at sorne of the wide range of highway elements, 
vehicles, people and animals which have to be made 
conspicuous in the interest of safe and good driving. 
For cornpleteness, Table 1 lists first highway ele­
ments, then vehicles and then animals. lt will not 
be necessary to discuss these in detail since they 
are rather self-evident, but they will illustrate 
the range of items to be considered. 

Who Neéds Cónspicúity? 

To increase safety and to reduce the probability of 
accidents, everyone on the highway whether operating 
a vehicle, motorcycle or bicycle, carrying on 
various kinds of maintenance tasks, or when crossing 
or walking along as pedestrians, has a vital need 

FIGURE 4: View of an intersection illustrating 
highway elements requiring conspicuity. 

for conspicuity. All of these people can be clas­
sified under 1) vehicle operators and regular road 
users, 2) pedestrians of various types and 3) others 
on the highway. Table 2 lists these. 

Again, it is not necessary to go over these item 
by item. lt is clear that car drivers, motorcycle, 
moped and bicycle riders all need to be seen by 
other operators and in turn they need to see vehicles, 
people, signs, signals and where the road goes. 
Similarly, maintenance workers, enforcement person­
nel and others such as railroad crews and drivers 
at crossings must have conspicuity in order to 
operate safely. Pedestrians have a vital need for 
conspicuity in order to be seen and avoided by 
drivers. Heavy vehicle operators, because of the 
longer time to stop or avoid hazards, have an 
especially great need for conspicuity of other 
vehicles, highway features and other users of the 
road. 

When ls Conspicuity Needed? 

All would agree, 1 think, that conspicuity is needed 
at all times when driving, walking or just being on 
the highway or its shoulder. This includes, of 
course, ordinary daylight but also shadow and partly 
dark conditions in tunnels. (See Table 3). 

Lighting and reflectorization factors are 
especially important at night, or course. Such 
factors as even lighting distribution vs. "visual 
noise" from spotty lighting are highly important 
as are effects of glare on visibility and conspic­
uity. Also lighting alone does not necessarily 
provide conspicuity since sornetimes lighting pro­
duces shadows which actually hide certain objects. 

Practical Methods of Obtaining Conspicuity 

Certain basic factors shown in Table 4 are both 
important and well-known. Many of these factors 
such as color contras.t, brightness contrast, place­
ment and relative size will be discussed in more 
technical detail latero A few examples follow 
which illustrate well-known practical applications 
of such factors. 
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TABLE 1. WHAT HAS TO BE HADE CONSPICUOUS? 

l. HIGHWAY ELEMENTS 

A. Signs 
B. Signals 
C. Pavement markings 
D. Changes in horizontal alignment 
E. Dips or bumps 
F. Pavement vs. shoulder 
G. Obstruetions and barrieades 
H. Construetion areas 
l. Roadside hazards 
J. Bridge approaehes 

2. VEHICLES 

A. Cars 
B. Trueks and trailers 
C. Busses 
D. Bieyeles and mopeds 
E. Motoreyeles 
F. Reereational vehieles 
G. House trailers' 
H. Other vehieles being towed 
l. Farm vehieles and equipment 
J. Construetion vehieles and equipment 
K. Railroad trains and engines 

3. ANlMALS 

A. Seeing-eye dog 
B. Pets 
C. Farm animal s 
D'. Harness animals 
E. Riding animal s 
F. Deer and other wild animals 

TABLE 2. WHO NEEDS CONSPICUITY? 

1. VEHICLE OPERATORS AND REGULAR ROAD USERS 

A. Car and truek drivers, motoreyele, moped, 
and bieyele riders* 

B. Traffie engineering erews for safety 
C. Maintenanee workers and flagmen 
D. Enforeement personnel and vehieles 
E. Emergeney personnel and vehieles 
F. Railroad erews and drivers at erossings 
G. Others on speeial roadways e.g., airport 

roadway and taxiways 
H. Maritime pilots at highway bridges 

2. PEDESTRIANS 

A. General publie 
1. Adults 
2. Children 

B. Joggers 
C. Crossing guards 
D. Fire fighters 
E. Poliee 
F. Construetion, maintenanee and utility erews 
G. Motorists or repairmen adjaeent to vehieles 

3. OTHERS ON ROADWAY 

A. Bieyelists 
B. Mopedists 
C. Motoreyelists 
D. Equestrians 
E. People on roller skates or skateboards 

*To see: Signs and signals, both urban and rural. 
Where the road goes, espeeially rural. Eaeh other; 
urban, rural, and roadside. 
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TABLE 3. WHEN IS CONSPICUITY NEEDED? 

l. AT ALL TIMES WHEN DRIVING OR WALKING IN: 

A. Ordinary daylight, shadow or tunnel eonditions 

2. 

B. In dusk, darkness, and dawn 
C. In poor weather eonditions - snow, fog, rain 

and other 

LIGHTING AND REFLECTORIZATION AS FACTORS AS NIGHT 

A. Even lighting distribution vs. "visual noise" 
B. Lighting alone does not neeessarily provide 

eonspieuity 
C. Glare, visibility, and eonspieuity 

TABLE 4. PRACTlCAL METHODS OF OBTAINING CONSPICUITY 

l. BASIC FACTORS 

A. Color eontrast 
B. Brightness eontrast 
C. Intermittent stimulation 
D. Relative size 
E. Plaeement (re: driver's line of sight and 

to avoid eompeting objeets 

2. EXAMPLES OF PRACTICAL METIIODS 

A. Refleetorized signs and high luminanee 
signals 

B. Oversized stop signs and symbol signs 
C. Lane width flashing arrows proteeting 

approaeh to road work 
D. Fluoreseent orange flagman's vest 
E. Flashing lights on poliee vehieles 
F. Flashing lights on emergeney vehieles 
G. Addition of sirens and auditory warning s 
H. Bi-modal stimulation (e.g., rumble strips) 

3. INCONSPICUITY - EXAMPLES 

A. Car hits freight train aeross road 
B. Driver miss es one-way arrow, goes wrong way 
C. Road turns, driver eontinues straight 

(off road) 
D. Laying reeording tapes on highway 
E. Pedestrian on road side 
F. Rear-end stopped vehiele in the rain or 

without lights 



I 

I 

6 

Examples of Practical Methods 

Flashing lights as attention getters are well known. 
Reflectorized and oversized stop signs have been 
used widely, and there have been studies to deter­
mine the best method of using them. Road work 
approach warning s consisting of flashing arrows 
and fluorescent orange vests for flagmen are wide­
ly used. 

Addition of signs and auditory warnings or 
rumble strips have been found helpful for hazardous 
locations, toll booths and other special facili­
ties such as bridg~s. 

Examples of Inconspicuity 

Of equal importance are examples of lack of con­
spicuity. Late night accidents where a car hits 
a freight train across the road happen all too 
often. A driver who goes the wrong way on a 
divided highway having missed a one-way sign 
illustrates a very hazardous effect of lack of 
conspicuity. 

Figure 4 is a daylight scene where a road turns, 
but the driver at night may easily continue straight 
ahead. Pedestrian accidents and rear-end colli­
sions with a stopped vehicle are all too common. 

Maintenance people, I am sure, will recognize 
the need for conspicuity to allow road work with 
reasonable safety. It is very significant that 
the Institute of Transportation Engineers, in 
cooperation with various other highway organizations, 
has, developed a special training course on flagging 
in a training program for construction and main­
tenance personnel. All of the features in the 
course are basically concerned with improving 
conspicuity and safety QJ. 

Research on Conspicuity Requirements 

A great number of researches have been done all 
over the United States, Europe and Japan, but 
only a few examples will be mentioned to illustrate 
research in three areas. These are (1) visibility 
of pedestrians, (2) visibility of vehicles, and (3) 
visibility of highway signs. A fourth area is 
research on visual sensitivity of people which, of 
course, is basic for visibility of any kind. 

Conspicuity of Pedestrians 

Visibility of pedestrians depends, of course, on 
both lighting of the pedestrian and reflectivity of 
his body and clothing. Many of the same factors 
apply to visibility of bicyclists and motorcyclists. 

Richards (13, p. 8) reviewed his own and other 
previous studies. In one study, pedestrians dressed 
in dark brown and a reflective factor of 30 percent. 
Under headlights on a city street this gave a 
luminance 50 percent greater than the road at 25 
feet but at 100 feet was only half as bright. 
Therefore, seeing the pedestrian changed from 
direct to silhouette seeing at about 50 feet. 
Distances, of course will be different with modern 
headlights and with different reflectivity of 
pedestrian clothing and road materials. 

Allen (2, pp. 150-153) reports that although 
11.8 percent of drivers claim they did not see a 
pedestrian in daylight, at night 23.4 percent 
claim they did not see them before the impacto In 
his studies, pedestrian clothing reflectances 
ranged from 9 percent for black to 16 percent for 
gray and 75 percent for white. Dummy pedestrians 

represented the range of clothing reflectances to 
be expected on the highway. Critical visibility 
distances (stopping distances) were checked against 
visibility distances for the pedestrians. For the 
darker clothing, safe visibility distance was ob­
tained only to 30 mph, whereas white "pedestrian" 
clothing increased conspicuity to a 50 mph stopping 
distance (185 feet). Reflectorized tape increased 
the visibility distance even farther. 

Richards (12) reported an extensive series of 
tests carried ~t in Massachusetts by several 
cooperating organizations to determine the safest 
color for clothing to be worn by hunters. 
Attention was given both to normal and to color 
impaired observers. Lighter colors were the more 
visible under low lighting conditions such as 
twilight, but yellow might be confused with white 
at such times. Fluorescent colors, especially 
blaze orange, were seen best especially at dusk. 
Red, on the other hand, tended to disappear at 
dusk and might be confused with other colors. 

Fluorescent orange has been adopted not on1y 
for hunters' clothing but also for vests to be 
worn by flagmen and other personnel who must be on 
the highway for maintenance or for other purposes 
at all times of day. 

Sleight (15) in his chapter on the pedestrian, 
summarized research on the pedestrian and quoted 
the determination of critical visibility distance 
by Hazlett and Allen (1). Re noted the pedestrian 
accident rate ls much higher in darkness than in 
daylight. 

Daytime accidents involving pedestrians also 
may involve conspicuity. Factors of vehicle design 
for visibility may affect conspicuity as discussed 
in detail by several authors (Merrill Allen (2) and 
Mortimer (!), among others). -

Conspicuity of Vehicles 

Informal experiments on improving the conspicuity 
of vehicles have been carried on by bus campanies. 
They have reported that the use of headlights by 
their bus ses during daylight as well as at night 
has reduced accidents. Rard data on this are 
scarce, but it would be expected that headlights 
would help with conspicuity by showing which way a 
bus is going especially on two-lane highways. 

Vehicle color and luminance may affect 
conspicuity of passengers, cars and larger vehicles 
including recreational vehicles. Allen (2) gives a 
plot of color against relative visibility-through 
a filter and shows that shades from white to cream 
have much greater visibility than the darker colors. 
Re claims that 10 times as many accidents happen to 
black cars as to white ones (2, pp. 138-139). 

Contrast with the background against which the 
vehicle is seen may be as important as the color. 
Automobiles are often seen against a dark highway 
or other background which might explain poorer 
conspicuity and safety for darker colored cars as 
reported by Allen. Rowever, in northern areas where 
cars may be seen against a white snow bank, darker 
colors may have greater conspicuity. Therefore, a 
combination of dark and light colors may be advan­
tageous for vehicle safety. In daylight and sha­
dow the findings of the Massachusetts hunter study 
would suggest use of fluorescent colors. At rail­
road highway crossings, low illumination and 
shadow conditions are often found. Therefore, 
markings on the side of railroad cars and on 
engines might be most conspicuous if light colors 
and even fluorescent colors are used. 



Headlights and Rear Lights 

lmproving rear signal visibility on automobiles by 
higher placement of rear signals and use of colors 
specific to the meaning of the indication are 
suggested by Allen (2 pp. 130-137). Mortimer (11, 
pp. 200-212) discusses interference with the view 
of the driver from the design of the vehicle and 
methods of avoiding this. He also points out the 
need for rear visibility requirements and discusses 
different possible types of vehicle marking and 
signalling. Problems with certain types of suggest­
ed rear light signals are pointed out by Mortimer. 

Other studies on improving conspicuity of high­
way vehicles and railroad cars have been done in 
past years (e.g., those by A. R. Lauer) but these 
examples will suffice for the present purpose. 

Conspicuity of Highway Signs 

A number of investigators have carried on research 
on visibility as well as legibility of highway 
signs. As a specific example, as series of 13 
studies on visibilityand attention value of high­
way signs was reported by Forbes, Pain, Fry and 
Joyce (5-1). A very brief review of methods and 
results follows. 

The first part of the study was carried out in 
the laboratory where simulated highway signs and 
backgrounds were projected onto a moving picture 
screen. To make the slides, miniature test signs 
were made and photographed against pictures of 
backgrounds obtained at actual highway locations. 
Groups of about 25 subjects viewed a given set of 
conditions. Each subject, acting as an observer, 
indicated which of four signs was "seen first and 
best." 

As an auxiliary "loading task, " the subject 
was required to relight small red lights in a 
matrix when certain of the lights were extinguished 
on a random basis by automatically controlled 
equipment. At certain times in this sequence, the 
blank background scene (i.e., without test signs) 
was suddenly replaced by the same scene with test 
signs in the picture. By pressing one of four 
buttons, the subject indicated which of the four 
test signs he judged to be seen "first and best." 
The small matrix of red signal lights served as a 
visual focal point and maintained dark adaptation. 

The results were analyzed for each combination 
of signs. A large number of combinations of dif­
ferent parameters gave results for color, bright­
ness, symbol and sign size, contrast of legend to 
sign background and contrast of sign background to 
surround. 

The details of the results are given in the 
three publications listed in the references. Brief­
ly it was found that mounting location over the 
highway gave better relative visibility than sign 
~ounting beside the highway. Therefore, the 
remaining presentations and observations were made 
with mounting over the highway. One of these 
mountings with test signs as seen by the subject is 
shown in Figure 5. 

Relative size also proved to be a factor, and 
this was held constant for other analyses. Color 
and br1ghtness of the sign background and bright­
ness of the white legends or symbols affected 
visibility. 

Contrast with background gave a higher percent 
seen first. When measured luminance of the colors 
was plotted against percent seen "first and best" 

on an average basis for three different luminance 
backgrounds, the percent increased for the lighter 
colors (higher luminance). However, contrast 
proved to be important when percent seen first was 
plotted separately for each of the three back­
grounds (See Figure 6). Here the lighter colors 
were seen best against the darker background, but 
against a lighter background, the darker colors 
gave better visibility. 

Figure 7 shows results of actual outdoor 
observation distances for signs on the highway 
compared with expected calculated visibility 
distances. A mathematical model derived from 
laboratory relationships and based on luminance 
contrast of legend, sign background and surround 

~ background modified by relative size was used for 
calculated distances. 

Applying this result to vehicles would explain 
why light colored cars would be more visible and 
may have an advantage for safety when reports from 
all backgrounds are averaged, but against snow 
backgrounds a darker car would be expected to have 
an advantage. Therefore, the combination of a 
bright and dark color on the same vehicle is 
suggested. 
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Another study by Forbes (4) showed that against 
a relatively even luminous background green and 
blue were seen better at low levels, while white, 
yellow and orange required a larger ratio of color 
luminance for color recognization as the ambient 
background luminance level increased from .127 to 
15.25 cd/m2. In other words, color recognition 
was affected markedly by the luminance of the 
surrounding background. 

The relationships are complex and will be found in 
the papero lt is clear from both studies, however, 
that contrast with surround and background is a 
very important feature both for conspicuity and for 
color recognition. 

Visual Sensitivity of People 

The var10us characteristics of human visual sensi­
tivity obviously will affect the conspicuity of 
objects, people, vehicles and other features of a 
scene. Among the characteristics of most impor­
tance are visual acuity, color sensitivity and low 
contrast sensitivity under night vision conditions. 

The first two factors are discussed at length 
and their optometric characteristics given in de­
tail by Richards (13) and by Allen (2) and cannot 
be included here. :Psychological factors of visual 
perception are discussed in the next papero 

Low contrast sensitivity under night vision 
conditions also may be of great importance for 
conspicuity. A study by Forbes and Vanosdall (~) 
of 371 subjects of ages 16 to over 60 showed that 
some individuals have much poorer low contrast 
sensitivity under night vis ion conditions than 
others. Such reduced sensitivity had been thought 
to be more characteristic of older subjects, but 
this study indicated that there was also a signifi­
cant proportion in the younger groups showing this 
difficulty. lt was recommended that all age groups 
should be educated concerning night vis ion 
def iciencies. 

lt 1s true, of course, that under night 
conditions higher luminance usually gives greater 
contrast of the illuminated object with background. 
But silhouette seeing of pedestrians with an 
illuminated roadway behind them may be very impor­
tanto Thus for conspicuity, luminance contrast is 
of importance as well as color and luminance alone. 
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FIGURE 5: Subject observing simulated signs against 
a bright sky and snow background (1). 

FIGURE 6: Effect of contrast with three backgrounds -
green signs of four luminance levels <l)· 
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Summary 

l. A brief overview has been presented of the 
wide variety of highway characteristics, vehicles, 
people and other objects that must be made con­
spicuous. It is clear that conspicuity is impor­
tant for safety and for smooth traffic operation. 

2. The complexity of requirements for 
conspicuity has been indicated. Other speakers 
deal with certain of these complex factors in 
more detail. 

3. Color and luminance contrast, relative 
luminance, relative contrast and relative size 
have been shown to be very important factors for 
conspicuity and recognition. A few examples have 
indicated some of the research which has been 
carried out in related areas. Other examples have 
been given to show practical application of these 
factors for safety and smooth operation'of traffic. 

REFERENCES 

l. Alexander, Gerson J. and Lunenfeld, Harold. 
Positive Guidance in Traffic Control. U.S. 
Dept. of Transp., Fed. Hway. Admin., Office 
of Traffic Operations, April 1975, Pp. 57, 
U.S. Govt. Printing Office. 

2. Allen, Merrill J. Vision and Highway Safety, 
Chilton Book Co., Phila.,PA, 1970 Pp. 253. 

3. Forbes, T.W. A Method for Analysis of the 
Effectiveness of Highway Signs. Jour. 
Appl. Psychol., 1939, VXXIII, No. 6, 669-
684. 



4. 

5. 

6. 

7. 

8. 

9. 

Forbes, T.W. Luminance and Contrást for 
Sign Leglbi1ity and Color Recognition. 
Transp. Resch. Record, #611, 1976, 17-24. 

Forbes, T.W., R.F. P/ilin, J.P. Fry, Jr., and 
R.P. Joyce. Effect of Sign Position 
and Brightness on Seeing Simu1ated Highway 
Signs. Hway. Resch. Record, 1967, No. 164 
29-37. ' 

Forbes, T.W., J.P. Fry, Jr., R.P. Joyce and 
R.F. Pain. Letter and Sign Contrast, 
Brightness and Size Effects on Visibi1ity. 
Hway. Resch. Record, 1968 (a) No. 216 
48-54. " 

Forbes, T.W., R.F. Pain, R.P. Joyce and J.P. 
Fry, Jr. Color and Brightness Factors in 
Simu1ated and Fu11-Scale Traffic Sign 
Visibi1ity. Hway. Resch. Record, 1968(b), 
No. 216, 55-65. 

Forbes, T.W. and Vanosda11, F.E. Low Contrast 
Vis ion Under Mesopic and Photopic 
I11umination. Hway. Record # 440 1973 
29-37. " , 

Haz1ett, R.D. and Al1en, M.J. The Abi1ity to 
See a Pedestrian at Night: The Effect of 
C10thing, Ref1ectorization and Driver 

10. 

11. 

12. 

13. 

'; 
14. 

15. 

9 

Intoxication. Amer. Journ. Optom. and Arch. 
Amer. Acad. Optom., 1968, 45, 14, 246-258. 

Institute of Transportation Engineers. Traffic 
Technician Curricu1um, Washington, DC, 
1979. 

Mortimer, Rudo1f. Human Factors in Vehic1e 
Design, Chapo IX in Forbes (Ed) Human 
Factors in Highway Traffic Safety Research. 
John Wiley and Sons, NY, 1972, Pp. 417. 

Richards, Osear W. Massachusetts Hunter -
Safety Color Tests. Jour. Amer. Optom. 
Assn., 1961, Oct., V 33, No. 3, 205-207. 

Richards, Osear W. Visual Needs and Possibi1i­
ties for Night Automobi1e Driving. Amer. 
Optica1 Corp. Resch. Group, Southbridge, 
MA, 1967, Pp. 194. 

Richards, Osear W., Ph.D., Woo1ner, Ra1ph W. and 
Panjian, Lt Jack. What the We11-Dressed 
Deer Hunter Wi11 Wear. Nat1. Safety News, 
Nat1. Safety Counci1, Chicago, 11, Mar 
1966. 

Sleight, Robert B. The Pedestrian, Chapo X in 
Forbes, T.W. (Ed) Human Factors in Highway 
Traffic Safety Research. Wi1ey - Inter­
Science, John Wi1ey and Sons, NY, 1972, Pp. 
417. 



10 

PROVIDING FOR VISIBILITY IN NIGHT DRIVING 

Richard A. Olsen, PhD, The Pennsylvania T~ansportation Institute, The Pennsylvania State University, 

Providing adequate visibility on roads of all types 
is a problem which pushes the state of the art in 
many aspects of applied science and engineering. 
While certain "solutions" are in use, the problem 
has not been fully defined in terms of who the 
users are, what criteria should be used, how 
visibility and conspicuity can be quantified, and 
how these needs can be translated into engineer 
practice in a practical way. 

Visibility of road features is important on all .~~ 
roads, of course, but the economics of providing 
visibility on low volume roads at night dictate 
that they act as a worst case for discussion of 
roadway visibility. Low volume rural roads (i.e., 
those carrying 400 vehicles per day or fewer) 
provide indispensable rural accessibility. About 
8X of the total U. S. vehicle miles are traveled 
on these roads, although they constitute two-
thirds of the highway mileage (Glennon, 1979). 
Accident rates are about 70% higher than those for 
all roads combined. The low probability of two 
vehicles colliding when volumes are low is partly 
offset by the tendency of drivers to drive as 
though they will never meet another vehicle on 
these roads. Higher standards for low volume 
roads would quickly increase the cost -of main-
ta~ning them, and the balance between higher 
costs and higher safety is difficult to determine. 
Low cost improvements are especially desirable, 
though the effectiveness of such improvements is 
tied to how well the drivers' needs are understood 
and specified in objective, measurable ways. 

Since 60 to 80 percent of all accidents on low 
volume roads are single vehicle accidents, the 
limited information provided to drivers--almost 
all of it visually--is probably partly to blame. 
While it is recognized that alcohol plays a signi­
ficant part in single-vehicle accidents, there is 
no indication that the driving population will ever 
be totally sober, and even for the somewhat impaired 
driver, reasonable attempts should be made to des­
cribe what is coming next on the highway. 

It is well known that as volume increases, 
accident rates decrease. This is undoubtedly due, 
in part, to the fact that more money is put into 
the design, construction, and maintenance of the 
busier roads. Wider shoulders and lanes, better 
markings, and more signs all help, but driver 
behavior is also affected by traffic volume. 
Drivers expect and plan for other traffic when 
they meet vehicles every few minutes or more often. 
Part of this planning includes giving more attention 
to staying on the proper half of the roadway, 
especially on curves. The driving is also likely 
to be at slightly slower speeds, and other traffic 
may serve as models to some drivers, making them 
more conservative. 

In his summary on the cost-effectiveness of 
features of low-volume roadways, Glennon (2) sug­
gests speed signs, including warning signs-on 
curves requiring reduced speeds, are the only 
visible, added roadway element that can be justi­
fied in all cases. Centerlines are added at 
volumes of over 300 vehicles per day, but stop 
signs, no-passing stripes, clear zones, wide 
shoulders, and guardrails are generally too ex­
pensive. Edge lines, so often mentioned in 
driver opinions of valuable safety features, are 
not even discussed because of their high costo 

Sufficiency ratings of some kind are usually 
developed for assessing the marking of low-volume 
roads through site visits by individuals or teams, 
since accident, volume, and hazard data do not 
existo The form and thoroughness of such rating 
visits varies widely, but, in many cases, this 
"visit" is likely to consist of an occasional 
drive through the area with the observer looking 
for specific defects or anything unusual. The 
lack of general guidelines for such visits, and 
the fact that they are probably made only in good, 
daytime weather, means that any reports or 
recommendations for action depend on the inclination 
and experience of the individual observer. There 
are some promising developments which may eventual­
ly make the visibility assessment more objective, 
but the techniques are not yet available for 
routine use. Since many of the drivers likely to 
have trouble negotiating a roadway are les s 
familiar with it than the official observer, the 
observer trying to check a roadway's visibility may 
not be looking for some of the most critical 
features in terms of accident likelihood as they 
affect the average (or below-average) driver. 

Lack of light is not the only problem in road­
way visibility, of course. Water on the surface 
changes several aspects of visibility. A recent 
study by NTSB (4) developed a Wet Fatal -Accident 
Index, based on-the finding that fatal accidents 
are four times more likely on wet-pavement than 
on dry surfaces. If the percentage of wet road 
accidents is greater than the percentage of time 
the roads were wet, the index signals wetness is a 
substantial safety problem there. Ihe ímmediate 
topic of interest in that report is the effect of 
water on road friction. Especially at night, a wet 
surface has serious effects on visibility: mark­
ings are obscured, reflections are confusing, 
glare problems are multiplied, splash and spray 
add to the problem, and even shadows cast by sign 
posts can look like hazards or pedestrians moving 
on the roadway. A minor driving error or correc­
tive steering action, brought about by these 
things, could precipitate a skid and loss of con­
trol. Thus, it may be true that visibility was 
the primary cause of the loss of control, while 
skidding or reduced braking was the mechanism 
for the crash. Increased friction may have 
allowed drivers to maneuver and avoid a collision, 
but improved visibility may be more basic in pre­
venting the driver error that triggered the need 
to maneuver. 

What are the most critical visible features of 
a roadway in terms of accident prevention? The 
driver needs to know what is out there in order to 
react in the proper way at the proper time. 
Alexander and Lunenfeld (1) described three levels 
of driver performance, in-their positive guidance 
approach, as control (of direction and motion of 
the vehicle), guidance (deciding on the proper 
path and speed for the vehicle), and navigation 
(execution of the trip from origin to destination). 
Each level is contingent on the lower levels, so 
that navigation, for example, i8 C'ssentially 
disregarded by a driver who barely missed a gore 
sign while confused at a choice point (fails at 
the guidance level), and both these levels are set 
aside when a driver gets into a skid (fails at the 
controllevel). 



The information reaching the driver's eyes de­
pends on what is out there, how much visual energy 
reaches the driver's eyes from these features, and 
the context in which the energy is provided. At the 
simplest level, the driver needs to know only where 
the lane boundaries are or where the path is in the 
next few hundred feet, and what obstacles are or 
may suddenly appear in that path. At night in the 
rain, most of that information is provided by 
reflection of the driver's own headlights, though 
other traffic and the land uses near the roadway 
may present important cues as well. The patterns 
of visual energy reaching the driver depend on a 
multitude of variables, including the vehicle 
des ign , dirt on windows, headlight aiming, re­
flectivity of objects and other surfaces, other 
lights, the driver's vision, and the heights of the 
driver's eyes and headlights. The effects of each 
variable and the interactions among them defy 
systematic evaluation in any simple way. Physical 
and geometric descriptions do not necessarily 
predict the concepts various drivers might form when 
exposed to a complex visual environment. 

Each driver--and almost every passenger--has 
a concept of the kind of driving situation being 
encountered. There are several conceptual levels 
that can be differentiated, and each level has one 
or more information leve1s that influence it. For 
example, the driver has a concept of heading, de­
veloped from visual cues, information from the 
vehicle, and inertial (inner-ear) cues. The 
driver also has a path concept which' involves the 
curves and hills that are likely to appear, and the 
width and other characteristics of the highway. 
The next higher level can be labeled the route 
concept, where the road becornes part of a-netWork 
of roadways and has urban-rural and other 
characteristics of land development. The highest 
level is the environment concept, which includes 
cultural or population characteristics that might 
involve hazards that are regional in character. 

Most persons already have these concepts at 
any moment, but they may be more or less inaccurate, 
depending on general experience in driving and 
specific knowledge of a given piece of roadway. 
For the navigational level of performance, the 
passenger, in sorne cases, can contribute to a 
driver's concepts of the environment and the route, 
provided they are more complete and accurate than 
the driver's are. At the guidance and control 
levels of performance, however, the driver may not 
have the opportunity to process such additional 
information, and must act largely on his or her 
own concepts of heading and path. Since upon 
entering any roadway a driver's concepts are in­
complete or inaccurate to some extent (and some­
what resistant to change even when wrong) , the 
highway agency is responsible for reshaping those 
concepts to keep the driver out of trouble. Most 
of this concept reshaping is done by signs and 
marking, but sorne of it is carried by the physical 
structure of the surrounding world. This world 
does not necessarily reveal itself accurately 
(or at all) at night without artificial visibility 
enhancement. This simple fact may not be obvious 
to those who already have accurate concepts of a 
roadway. One does not usually add bits and 
pieces to a concept; rather, it is formed as a 
whole or "Gestalt" from the entire context in 
which information is seen. That context starts 
with the observer's idea or expectancy and is 
modified --eventually--when the accumulated infor­
mation contradicting the original concept is 
great enough. Then, suddenly, a new Gestalt is 
formulated. 

11 

Because of the great lack of predictability 
among driver reactions, vehicle design and roadway 
marking are potentially the most controllable 
aspects of the highway system. In a setting with 
few visible features, the situation is more pre­
dictable than one with a complex visual environment, 
though it is still far from simple. The narrow, 
unmarked rural roadway with foliage on all sides, 
on a wet, overcast or foggy night, becomes a 
challenge at the most fundamental level: where do 
1 go next? The driver seeing an oncoming or 
leading vehicle ahead may welcome it for the pre­
view of the road's path that it provides. In this 
case--which may be unique in that each driver 
tends to give the other driver credit for some 
knowledge--each driver as sumes that the other 

• knows more about the course of the roadway than he 
or she does. It can become a case of the blind 
leading the blind--literally unless conspicuous 
cues to the roadway course are available. 

Besides being conspicuous, the visible cues 
also must be unambiguous enough to guide even 
those drivers whose concepts of the roadway are 
inaccurate. Single bright spots of light from 
post-mounted reflectors on each post, separated 
vertically by a standard distance of perhaps 20 cm 
(8 in.), would give the driver an immediate gauge 
of the distance to each post, and there would be 
no uncertainty as to which posts were adjacent. 
Fewer posts might be sufficient, reducing the 
total costo The use of more than one color of 
reflectors in a row of posts is notorious for 
cornplicating the driver's distance judging task, 
but it is still seen. Reflectors also are 
suspected of encouraging drivers to drive too 
fast in fog or rain because their high contrast 
provides a clear path concept, though other haz­
ards of the route and environment are not made 
obvious. In this case, a dimmer continuous cue 
like center lines would probably be safer, though 
more costly. Unfortunately, the center lines are 
not continued through the intersections where dri­
vers probably need guidance most when visibility 
is poor. 

While the near-zero visibility case is largely 
a problem of the economics of providing known 
visibility aids, the more complex visual environ­
ment raises the issues of human information 
processing and interpretation of visual ioputs. 
In order to react to a stimulus a person must 
first be aware of it. In a complex scene, the 
relevant cues for maintaining performance must be 
"conspicuous." Conspicuity is a concept that is 
generally understood: A conspicuous object is one 
that is easily noticed or one that attracts atten­
tion by being unusual or remarkable. It is seldorn 
possible to assign a conspicuity rating or value 
to an object, however, until the setting in which 
that object is to appear is known. 

Drivers are bombarded by thousands of bits of 
information each second from all their sensory 
stimulations. Most of that information is ignored 
because of the brain's limited information 
processing capability. In order for certain in­
formation sources are classified as important or 
unimportant. In the visual sense, the mechanism 
which determines the conspicuity of an object is 
largely (but not entirely) the luminance contrast 
the object has with its immediate environment. 
In peripheral vision, motion is likely to make an 
object conspicuous. The meaning of the object 
and the driver's readiness to look for and use it 
also play an important part in the conspicuity 
rating that observers would give it. The infor­
mation content of a given object does not direct­
ly determine conspicuity, but the information 
available frorn a given visual environment is 
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dictated to a considerable extent by the relative 
conspicuities in that environment. In a given 
setting, unbiased observers will be relatively 
consistent in. their ratings of conspicuity: item A 
is the most conspicuous, B is next, And so on for a 
small number of items. The biases created by a goal­
oriented behavior such as driving, however, may 
change the order of the ratings considerably. Ex­
perienced drivers may be quite consistent in their 
conspicuity ratings, though they might differ from 
the unbiased observers as a group. The type and 
amount of experience also affect the observer's 
perception, but regional, age, and perhaps even 
sex differences also are important. The range of 
individual interpretations of a given situation 
can also be wide. Thus the provision of visual 
information sources on the roadway must be con­
cerned not only with describing the situation ahea~, 
but also with the drivers' expectation of what will 
be there, the probability of detection or the 
relative conspicuity of the visible objects, and the 
range of the interpretations various road users 
might make of the information available. 

MODELING THE PROBLEM 

In order to provide a framework for pulling various 
facts, concepts, and considerations together, 
researchers like to build conceptual models of 
problem areas. A mode1 can be highly complex and 
mathematical, or it may be merely a means of insur­
ing that all of the most important elements of a 
situation are kept in mind. The EIDAC ("Eye-dak") 
driver information processing model to be dis­
cussed here is of the simpler variety, though it 
may also have experimental implications for re­
search in a more sophisticated sense. 

The EIDAC model is based on an earlier IDA 
model discussed by Taylor et al (7). For those who 
are not familiar with this report~ Appendices A and 
B are highly recommended. They provide 64 pages of 
detailed discussion of the driver information 
requirements and delineation needs. For each of 13 
"classical" situations presented to drivers, the 
IDA sequences are described in terms of the 
information the driver requires, the decisions to 
be made, and the actions to be taken.--The 
analysis is actually done in reverse order, start­
ing with the actions necessary in a situation. A 
maneuver requires more than one action, of course. 
A right turn for example, may involve eight actions: 
1) approach vicinity of intersection, 2) change 
lanes (if necessary), 3) establish position in the 
lane, 4) approach intersection, 5) enter intersec­
tion, 6) begin the turn, 7) complete the turn, 8) 
establish final lane position. The decisions 
required for each act can then be stated, and the 
information required for making the proper deci­
sions, in turn, becomes explicity. 

For the situations involving minimal delinea­
tion, low-volume, and poor visibility conditions, 
the actions to be taken may be more elementary in 
that they are concerned with insuring that the 
driver can stay on the proper part of the roadway 
and that the driver can avoid the hazards that are 
present or may be encountered. The information­
decision-action sequence is still valuable, but it 
is incomplete. To make it complete, two further 
concepts should be added, one on each end of the 
sequence. The EIDAC mode1 thus consists of 
expectancy-information-decision-action-confirmation. 
With the IDA concept, experienced drivers who are 
familiar with an area may be guided appropriately. 
But the drivers unfamiliar with an area and those 
who are less than average in ability (about half 
the population) require more preparation, not only 

on what to expect but also on the fact that some­
thing is different ahead. The Europeans have used 
a simple /:í sign to denote this. Many drivers 
need, in addition, assurance that the choice they 
have made or the course they have taken is correct 
or is not correcto 

Once more, the economic aspects of providing 
more information are important. Drivers should be 
prepared for what they will encounter next, and they 
should be told immediately after Cand even during) 
a maneuver that they are where they want to be or 
will need to make a corrective action because of a 
previous error. Where this requires more signing 
or marking, the cost must be justified, and a 
persuasive argument may have to be contradicted. 
That argument is that, if almost everyone under­
stands the signs and markings, the situation is 
adequately taken care of. 

One thing that is beginning to become clear 
from accident investigations is that the reasons 
for accidents seem different, not only from place 
to place, but also from accident to accident at any 
one place. Unfortunately, there is a tendency to 
conclude that someone made an error and therefore 
the driver was at fault so nothing need be done 
except to increase enforcement or to improve 
driver education. The frequency of a need cannot 
be taken as the sole criterion for action. If a 
specific kind of error is made at some site by only 
one-half of one percent of the drivers, the result 
can still be disastrous. Even with light volume, 
for example 1000 vehicles per day, such an error 
rate would result in five near-misses or erra tic 
maneuvers each day. Since traffic tends to be 
distributed unevenly and concentrated at specific 
times of the day, the erratic maneuvers would also 
be bunched, so that it is likely that an accident 
will eventually occur at that point. "Righ­
accident sites" are generally characterized by less 
than one collision per year on the average. 

The traffic engineer is thus charged with pro­
viding the information everyone needs for 
negotiating a road system, but also with providing 
for the small minority that requires more or 
different information because their recent 
experience does not provide the context for fully 
understanding the situation at hand. The tourist, 
the teen-ager, the elderly driver, the driver who 
has a blood alcohol level (BAL) of 0.05 (defined 
legally as "sober"), and the driver who is not 
accustomed to night driving, all fit this 
description. 

In order to insure that all that is economi­
ca1ly feasible is done to prevent driver 
problems, the highway engineer must be willing to 
think in terms of sorne worst case driver or design 
driver. Although the middle-aged, male driver with 
a 0.08 or higher BAL probably has most of the 
characteristics of the worst case and, in fact, may 
be almost typical, at times constituting perhaps 
20% of the drivers on the road, there is a natural 
reluctance to "designing the roads for drunks." A 
more acceptable design driver is probably the 55-
year old male who drives less than 100 miles per 
month at night and a total of about 8000 miles per 
year. Age usually is correlated with increased 
reaction times, increased decision times, reduced 
visual sensitivity and acuity, and a somewhat out­
moded understanding of current laws and the newer 
signs and marking techniques. The advance warning 
or "expectancy shaping" adequate for younger drivers 
may not be appropriate for or understandable by this 
driver. Ris slower driving speed may help by 
providing longer times between warnings and the 
required actions, but his concepts of the road may 
be more deeply entrenched, so that more information 



i8 needed to make him fully aware of unusual or aty­
pical situations. A single curve-warning sign, for 
example, may not be 'sufficient if the roadway has 
been almost straight for some time. 

The visual capabilities of older drivers can be 
simulated to some extent by the use of lenses that 
are tinted and frosted. The reduction of contrast, 
the color and brightness changes, and the greater 
susceptibility to glare that result may help the 
observer appreciate the limitations of the older 
or impaired driver. Pastalan (6) has provided some 
of this information in the form-of slides showing 
scenes with normal and impaired visiono 

In spite of advances in instrumentation and 
improved retroflective materials, the degree to 
which the nighttime visual environment can be 
quantified is highly limited. Part of the problem 
is the lack of a criterion level. For the purpose 
of sign design, visual acuity is assumed to be 4/6 
(20/30), though a large portion of the driving 
public has no better than 4/8 (20/40) acuity in the 
daylight and much worse at night. Most other 
aspects of visual perception are judged subjective­
ly in practice, so that the characteristics of the 
judges are critical. The visual capabilities 
provided for cannot be those typical of a young 
traffic engineer or aide. Perhaps even more 
important, the information processing and reaction 
capabilities also must be more representative of 
the design driver. This includes the expectancies 
that engineers familiar--too familiar--with the 
roadway are not likely to appreciate'. 

Confirmation is probably the aspect of inform­
ing drivers that is least appreciated by engineers. 
Erratic maneuvers after a decision point may be due 
to the driver's uncertainty regarding the choice 
just made. If it is clearly correct, the maneuver 
is likely to be smooth; if it was clearly wrong, 
the driver will search for possible corrective 
actions at the next choice points. Where no 
information is available, the search will continue 
and may include attempts to read signs intended for 
the traffic in the opposite direction or to find 
landmarks or secondary information sources to 
confirm or disconfirm the previous choice. A 
driver who knows he has made an error may be more 
dangerous than usual, but a driver who doesn ',t know 
whether he is right or wrong is even more likely to 
behave in ways that other drivers would label unpre­
dictable or even "stupid". 

SOME PROMISING CONCEPTS 
Several concepts that may be promising as improve­
ments in the driver's visual environment, both for 
nighttime and for daytime driving, will be dis­
cussed to illustrate driver information needs. The 
first is the use of symbols for reducing the infor­
mation processing requirement in complex freeway 
interchanges. In this approach, a small "trail­
blazer" sign is added to the usual destination or 
route signs so that, once a given symbol is under­
stood to be associated with an intermediate 
destination ( a new direction or highway number), the 
driver need only follow that symbol and can ignore 
other symbols or written legends temporarily. The 
symbols also may appear more frequently than 
regular signs because of their small size, and they 
can be installed on the pavement to help in lane 
assignment. The confirmation of route at each 
choice point is also made practical with these 
saall signs, and the termination of a series can be 
marked with the new pictorial sign convention, a 
diagonal line through the symbol, if that is felt to 
be desirable. 

Another eommon aouree of erra tic behavior on 

13 

freeways is the missed exit. Drivers are commonly 
observed backing considerable distances or even 
driving against traffic on the shoulder in order 
to use an exit they should have taken originally. 
While the symbol marking system has been shown 
to reduce erratic driver behavior, ~hat system is 
not necessarily appropriate for all exits where 
backing is common. The reason given for backing is 
usually that the time and trouble to go to the next 
exit and double back is excessive, or that the 
driver feels that it would be difficult to find the 
same destination from a different approach. For 
these cases and a few others, drivers would probab­
ly make use of U-turn markings if they were provi­
dedo Given an authoritative indication of how to 

~ get back to a missed exit safely, the risk in 
backing might become more apparent. 

A vehicle design problem that complicates the 
driver's task unnecessarily is the lack of a con­
cept of the "transparent vehicle." Window, body, 
and styling designs often prevent a driver from 
seeing through the vehicle ahead, so that thé 
driver is not aware of other vehicles, brake lights, 
signals, signs, intersections, and other informa­
tion sources or hazards ahead of the lead vehicle. 
While some vehicles, such as most heavy trucks, 
cannot be transparent, many that now are not, could 
be. Optional rear window treatments or tints are 
part of the problem, especially on recreation 
vehicles and vans, but design of the size, height, 
and angle of windows and interior features of many 
vehicles seems to ignore the potential benefits of 
providing more transparent vehicles in the traffic 
stream. Drivers would be better informed as to 
the actions they must take, as well as being more 
aware of the reasons for the behavior of others. 
The need for multiple signs and lights as infor­
mation source would also be reduced if drivers 
could see ahead of (i.e., through) as well as 
around other vehicles. Retroflective signing is 
most effective when it is in the position most 
often blocked by alead vehicle, and provided a 
following driver can see it, the lead vehicle's 
lights often make a sign visible sooner to the 
following driver because the angular relationships 
are adequate and the lead driver may be using high­
beam headlights. 

As a final example, the visual environment of 
the low-volume rural read, where the cost of 
visibility treatments often is hard to justify, 
can be improved if the concept of delineation is 
broadened in some ways, and if the analysis is done 
so as te provide information only where it is need­
ed mosto Contrasting shoulder treatments--in color 
or in texture--are being employed more often since 
the treatment can usually be done as part of 
routine shoulder maintenance. Both shoulder main­
tenance requirements and driver information needs 
tend to be greater on curves, so that selective 
installation of contrasting shoulder treatments 
can be employed to reduce costs further. 

Drivers often make use of cues that were not 
intentionally provided for their use. For example, 
they can be both led and misled by tree lines and 
foliage. A change in foliage boundaries alone may 
bring about a need for added delineation or curve 
warnings. The signal from the foliage regarding 
the apparent but wrong path may be so strong that 
signing or marking must be highly conspicuous in 
order to overcome that message. 

Other, more novel approaches to low-cost visi­
bility augmentation have yet to be exploited. The 
high likelihood that utility poles will be found 
adjacent to rural roadways suggests that they might 
be useful as delineators. While the poles are 
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serious collision hazards themselves, it is seldorn 
practical to place them elsewhere. Many drivers 
make use of the reflections from the cables or 
wires strung between the poles as advance warning 
of oncoming traffic beyond hills or curves. New 
wire or sheathing is especially effective in this 
way, but even well-weathered materials can provide 
several seconds of warning the driver would not 
otherwise have. The wires could be treated to 
maximize this effect at little or no cost to the 
highway agency, and poles could be used to support 
reflective devices. Even though this geometry is 
less than ideal, current reflectors mounted on 
utility poles could be helpful in conditions of 
marginal visibility or where redundant information 
sources are needed when rain, snow, or mud obscure 
road markings. lt is also likely that more l!-_ 
efficient reflectors could be designed for this 
purpose, if their use became common practice. lt 
is conceivable that utility companies would accept 
the argument that collision with a pole would be 
less likely if they were marked and would mark them 
at their expense. One caution is worth mention­
ing; in those cases where the utility poles 
suddenly start fbllowing a line different frorn 
the road path, the reflectors must give a danger 
message (red) or must not be visible to drivers 
in order to prevent misleading them. 

Most of the concepts discussed in this paper 
and others are expanded in a longer report written 
for the Federal Highway Administration (Olsen 1980). 
In that paper there is further discussion of a 
Visual Quality Assessor (VQA). based on a photo­
scanner developed by Merritt et al (1). The VQA 

. is s.uggested as a means of measuring the adequacy 
of the visual environment, though it has not yet 
been studied carefully. A photographic technique 
in which the dark spots on a negative are counted 
and examined for patterns a1so is discussed. lt 
too must be developed before it will be practiced. 

SUMMARY 

Until sorne of these potential tools are developed 
we are faced with mostly subjective judgments of 
the adequacy of visual environments and severely 
limited budgets with which to attempt to meet all 
needs. This paper has been a review of the 
driver's information needs and sorne of the 
considerations which may be helpful in meeting 
them within the confines of practical programs. 

The EIDAC model was used to remind designers and 
traffic engineers that users are diverse and most 
are different in their needs cornpared to the people 
who typically attempt to provide for these needs. 
Observers who are not familiar with an area are 
better able to judgethe users.' needs, and if 
possible, lay volunteers should be included on 
site visits in which delineation adequacy is under 
study. The unusual or rare need may still be a 
highly legitimate one in terms of accident 
prevention. In most cases, the information system 
designer must consider all five aspects of the 
EIDAC model: expectancy shaping, information 
provision, decision processes, action requirements, 
and confirmatory information after an action. 
Sorne examples of novel and possible visual infor­
mation sources have also been discussed. 
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DAYLIGHT FLUORESCENT COLOR - THE COLOR TEAT SHOUTS 

Harry J. Smith, Day-Glo Corporation 

Daylight fluorescent colors have a long history of 
use for virtually dozens of safety related applica­
tions. The claim to fame for these uniquely 
different colors is extremely high brightness in 
the presence of daylight (up to four times brighter 
than regular colors). 

Most scientists, engineers and consultants who 
design and/or specify products and materials for 
safety purposes have a broad awareness of these 
bright colors and some of their more common uses 
such as traffic cones, flagmen's vests and warning 
fIsga. wnat is not generally understood is the 
phenomenon that is responsible for these high 
intensity color effects. A basic knowledge of this 
mechanism will also explain why the functionality 
of daylight fluorescent colors increases several 
times in dawn, dusk, fog and overcast conditions. 

The objective of this presentation is to give 
a layman's definition for the phenomenon and a 
brief history of successful uses of daylight 
fluorescent colors in safety products and applica­
tions. 

An understanding of the "why and what" of 
fluorescent color will facilitate judgments on 
where these extraordinary bright and visible colors 
can be put to work to reduce, and in some instances 
eliminate, accidents. 

Daylight fluorescent colors are brighter than 
ordinary colors because they act as converters or 
transformers of light energy. To prove this we are 
going to return to the high school physics class 
for a moment and review a couple of terms. 

Let's begin with the question, what is daylight? 
Daylight can be defined as the energy that is 
emitted by the sun, travels through space, and 
strikes the earth's surface. The greatest share of 
this energy lies within the visible portion of the 
spectrum--violet, blue, green, yellow, orange and 
red. On one side of this visible spectrum is 
invisible ultra-violet and the other side invisible 
infra-red. But today we are concerned with only 
the visible portion of the spectrum, which, as you 
will see, is responsible for color as we know it. 

Our next question is, what is color? Color may 
be defined as the optical effect produced by any 
portion or portions of the visible spectrum striking 
the human eye. A series of three filters can demon­
strate the effect. For example, a blue-violet 
filter passes violet and blue light and blocks all 
the yellow, green, orange and red. A yellow-green 
filter passes all the yellow-green light in our 
daylight source and blocks the violet-blue, the 
orange, and red. An orange-red filter passes 
orange-red light and blocks all the resto Thus, 
a color effect is achieved when portions of our 
visible spectrum come into contact with the human 
eye. 

What is fluorescence? Fluorescence is defined 
as the phenomenon in which light energy of a 
relatively short wavelength is converted into 
visible light energy of a longer wavelength. In 
comparing fluorescent and conventional red-orange 
color examples side by side under simulated day­
light, the two surfaces appear quite similar. Both 
are obviously reflecting red-orange light to our 
eyes and the primary difference is that the 
fluorescent example is brighter. 

However, when the aamples are illuminated with 
yellow-green light, something very unusual occur. 
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The con~entional color appears to darken, while 
the fluorescent surface continues to emit a 
distinctive red-orange effect. This is due to its 
ability to convert yellow-green to red-orange, 
rather than absorbing the transmitted light as does 
the regular red-orange. 

The effect is even more dramatic with short 
wavelength blue-violet 1ight. Conventional red­
orange goes almost completely black, while the 

)fluorescent again continues to emit ~right red­
orange color. Thus, fluorescent colors are 
brighter than ordinary color s because they are 
capable of converting light energy that is normally 
absorbed and wasted to visible light, which in turn 
reinforces the color in intensity. Hence, there is 
greater visibility in daylight conditions. 

In fact, certain fluorescent colors are four 
times brighter than their conventional color counter­
parts. 

It would be appropriate to mention the excep­
tional visibility fluorescent color exhibits at 
dawn and dusk and in conditions of limited 
visibility such as fog and haze. The reason is 
that the longer wavelengths of light are unable to 
penetrate haze, so regular colors undergo a general 
darkening or graying effect. However, fluorescent 
surfaces convert the short wavelengths into longer 
wavelengths, reinforcing the fluorescent color. 
This not only makes it appear more brilliant but 
also more visible, especially on hazy days. 

There is a common misconception among non­
technical people that, because these materials are 
described as having a fluorescent quality, they 
glow in the dark. Daylight fluorescent colora do 
not -- repeat do not -- glow in the dark. Only 
phosphorescent-materials are capable of storing 
light energy and then re-emitting this energy in 
darkness. 

Today, fluorescent colors are used in substan­
tial quantities by a number of industries outside 
the field of safety, but it is interesting to note 
that the first major use for this bright color was 
for a safety application for the military during 
the early days of World War 11. There were periods 
during the North Africa campaign when our aircraft 
were dive bombing and strafing our own ground 
forces. In fact, mistaken identify was occurring 
nearly 50 percent of the time. The standard 
colors on ground to air signal devices were just 
not visible at high altitudes against a desert 
background. Fluorescent color corrected this 
situation. The same message panels, this time in 
fluorescent colors, were visible at altitudes of up 
to 20,000 feet. Since World War 11 all three 
services, Army, Navy and Air Force, have used 
fluorescent color for air-ground recognition 
panels, beach markers and landing panels and on 
aircraft carriers for signaling systems, rescue 
clothing and many other uses. 

Under the impetus of the military, the extra­
ordinary brilliance of fluorescent color has 
·carried over into a vast number of safety situations. 
The Air Training Command, and subsequently other 
branches of the military, used literally thousands 
of gallons of fluorescent paint for markings on 
aircraft. In the early 1960's the ATC flight 
training base at Hondo, Texas experienced 9 mid-
air collisions under Visual Flight Rules condi-
tions in one year. After the fluorescent marking 
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program was fully implemented, which involved over 
1600, aircraft the number of mid collisions dropped 
to zero. In fact, there never has been a mid-air 
collision, during daylight hours, between aircraft 
with florescent markings. 

In other aircraft-related applications, there 
are scores of factual accounts about disaster 
having been averted because the pilot was able to 
see either the fluorescent markings of another air­
craft or a ground obstacle under conditions of 
limited visibility. 

During the Navy's "Operation Deep Freeze" in 
the Arctic, a cargo transport crash-landed on an 
ice floe and the crew survived. They were observed 
because they propped a broken wing with a fluores­
cent painted tip against the side of the downed 
craft at about a 45 degree angle. It was 
this small patch of bright orange color that caught 
the eye of an observer in one of the search and res­
cue aircraft, and as a result they were sighted and 
their lives were spared. 

A familiar picture these days is the major high 
speed highway undergoing repair, complete with bar­
ricades, flags and traffic cones. 

This scene is commonplace, it occurs in almost 
any major U. S. city on any given day. Fluorescent 
traffic cones are hard at work alerting motorists 
and pedestrians of a hazardous contruction site. 
Fluorescent color has become the standard color for 
traffic ones and delineators because of its proven 
capability to visually communicate the presence of 
dangerous conditions fas ter and at much greater 
distances than can regular color. 

Another widely used warning device is the trian­
gle used to alert approaching motorists of slow 
moving vehicles that travel on public roads and 
streets. This particular device combines the ad­
vantages of fluorescence for daytime in the center, 
and retroflective tape on the outer edge for night­
time visibility which is highly visible to an over­
taking vehicle. The red border of reflective 
sheeting glows brilliantly when illuminated by auto­
mobile headlights. Baggage carts at jet age air­
ports also sport this emplem. 

The same principIe applies to the Deparrment of 
Transportation safety triangle, which is man4atory 
equipment on all interstate ttuck traffic in the 
U.S.A. and which has just been adopted by the 
Japanese Diet for all motorized traffic. Placed be­
hind disabled vehiCles, over-taking traffic has 
sufficient notice to move over or slow down. 

On water, the use of fluorescent color with 
water sports has prevented many accidents and saved 
many lives. According to Mr. Paul Cerosi, Chief, 
Division of Watercraft for Ohio's Department of 
Natural Resources and President of the National 
Association of Boating Law Administrators, "When 
life-boats and vests are fluorescent colored, skiers 
and surfers can be spotted immediately, thus showing 
they would be recognized and picked up fas ter in the 
event of a mishap." The State of Ohio has a law re­
quiring pleasure boaters to carry a fluorescent 
orange colored distress flag. 

In the sports world, fluorescent color plays a 
role in the reduction of mistaken-for-game accidents. 
In the early 1960's, Jack Woolner, head of Informa­
tion and Education section of the Massachusetts 
Divisioo of Fisheries aod Game, became highly coo­
cerned about the recurreoce of mistaken-for-game 
deaths io his state, especially amoog deer huoters. 
As a result, he spearheaded the search for a solu­
tioo that iovolved the cooperative effort of the 
Massachusetts Divisioo of Fisheries and Game, United 
States Strategic Army Command and the American Opti­
cal Company. ·The cooclusion they reached after 
extensive evaluation was that fluorescent-colored 

safety garments proved to be the most effective 
answer to this problem. 

Let me quote Mr. Wooloer's remarks about the 
importance of fluorescent color in hunter safety. 

"Research and tests at the Harvara University 
Center for Cogitative Studies indicate that 
any man or woman, expert or novice, with a 
desire to see a deer and aided by sound or 
color or movement may be able to see a deer 
when none existo Given clues in the form of 
shape, color or movement, the memory bank in 
the human mind can supply the missing facts 
and complete the image of a deer that just 
do es not existo Extensive tests with conveo-

íL tional and daylight fluorescent colors proved 
that fluorescent orange is the easiest color 
to see and recognize in the outdoors. Because 
this color is unlike anything in nature, accord­
ing to vis ion and human behavior authorities, 
the sight of this man-made color would cause 
immediate mental rejection of any deer associa­
tion with the object under observation. It 
follows that a hunter wearing fluorescent Blaze 
Orange could not be mistaken for a deer. It's 
a brilliant color to both people with normal 
vis ion and almost all of those who have color 
deficient vision." 

In 1962 the Massachusetts legislature passed a 
law requiring deer hunters to wear two hundred 
square inches of daylight fluorescent color. Since 
that date there is no record oa any hunter being 
shot for game in the state while wearing the correct 
Blaze Orange garments. The use of Blaze Orange in 
Massachusetts and Maine has proven that it will 
reduce deer hunting accidents more than 50%. Since 
1962, 39 other sta tes have passed similar legilation. 
Safety applications of fluorescence abound everywhere. 
We haven't even touched on existing uses at sea, 
underwater and even in space. What we have attempted 
to accomplish today is to first demonstrate why 
fluorescent color excels over regular colors in 
brightness and visibility, and secondly, to provide 
a broad overview of just sorne of the areas where 
this unusual brilliance has and is being successfully 
used. It works so well that some safety experts 
refer to it as the "Safety Color That Shouts." 

1 would like to conclude my presentation on this 
note. The fluorescent color industry is just as 
eager to find effective solutions to pressing safe­
ty needs as you are. One of our primary aims is to 
identify those areas where the functionality of 
fluorescent color can be put to work to prevent 
accidents and save lives. 

In this connection, we have had a tremendous 
amount of experience in working closely with techni­
cal people at all levels of government, as well as 
industrial designers, safety engineers and producers 
of safety equipment and products. If you have any 
ideas or projects that you believe fluorescent color 
should be considered for, and if you have questions 
about economic or technical feasibility, please feel 
free to contact uso We will readily put you in 
direct contact with technical people who are quali­
fied to offer assistance. 
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DETECTION AND RECOGNITION OF PEDESTRIANS AT NIGHT 

Richard D. Blomberg, William A. Leaf, Harold H. Jacobs 
Dunlap and Associates, Inc., One Parkland Drive, Darien, Connecticut 06820 

Background 

There is, as yet, no definitive study which quanti­
fies the extent of the pedestrian accident problem 
accounte4 for by the poor visibility of the pedes­
trian at night. However, for substantial numbers 
of nighttime pedestrian accidents, "inconspicuity" 
is strongly suggested as a major contributing 
factor. Moreover, it appears that enhancing the 
conspicuity of the relatively small (with respect 
to other elements of the traffic environment) 
pedestrian visual stimulus represents a counter­
measure with great potential for accident reduction. 

In a study of the causative factors in rural 
and suburban pedestrian accidents (1) two of the' 
accident types identified might be cha~acterized 
as nighttime events. The "Walking Along the Road­
way" type (11.6% of the study sample) had 55% of its 
occurrences after dark. This type involves a 
pedestrian walking in the roadway either with or 
against traffic. The type called "Hitchhiking," 
although of lower incidence (1.5% of the study 
sample), was almost totally an after dark 
phenomenon (87% after dark). It was also 
characterized by an absence of roadway lighting in 
almost half (43.5%) of the studied cases. 

Another way to estimate the nighttime pedes­
trian accident problem is to examine the relative 
accident risk day and night. This was done by 
Austin, Klassen and Vanstrum (2) when analyzing 
pedestrian fatality figures from 1973. When 
pedestrian exposure and vehicle miles were 
considered for the nighttime driving situation, the 
authors calculated the expected number of nighttime 
fatalities to be 10 percent of the daytime number. 
In fact, the actual nighttime number was 119 
percent of the daytime figure. They concluded that 
the "night environment is dramatically more 
dangerous for the pedestrian than the daytime envi­
ronment is." 

The reasons for this apparently large difference 
in fatality figures are likely to include poor 
pedestrian visibility as well as the effects of 
alcohol and fatigue in both drivers and pedestrains. 
For example, a recent study of the role of alcohol 
in pedestrian injuries and fatalities (3) found 
that almost 70 percent of adult (age l4-and older) 
pedestrian accidents that occurred between 8:00 p.m. 
and 4:00 a.m. involved a pedestrian whose BAC was 
.10% or higher. Certainly alcohol involvement 
cannot be ignored as a casual element in night-
time adult pedestrian crashes. 

One approach to correcting a pedestrians's 
poor visibility at night is to enhance his target 
value with retroreflective material. This type of 
material reflects light, such as the illumination 
from an automobile headlight, directly back to its 
source. The driver, who is close to the source, 
sees a much brighter image than could be seen with 
ordinary diffuse reflecting materials. 

Many studies have shown the enhanced visibility 
that results from the use of retroreflective materi­
als at night. 

Hazlett and Allen, in a study of visibility 
associated with intoxication (4), found a decreasing 
ability of drivers with increa;ing blood alcohol 
concentration (BAC) to detect simulated pedestrians. 
The study showed that a small amount of reflector­
ization on a pedestrian increased detectability 
even by drivers with high BAC's. 

Hazlett, Courtney, Stockley and AIlen studies 
various geometric patterns of retroreflectorization 
on motorcycle helmets (5). In the road test 
portion of the study, observers riding in an auto­
mobile with headlights on low beams detected 
highly reflectorized shapes mounted on a helmet at 
an average of 800 feet. This compared with a 
normal white helmet being detected at only 243 

• feet and showed the clear superiority of reflector­
ization. 

Based on these and other studies not necessarily 
associated with pedestrians, there appears to be a 
potential safety benefit to the addition of 
retroreflective material to pedestrians at night. 
Moreover, if there is enhanced conspicuity as a 
consequence of adding retroreflectorization, it 
should be measurable in terms of detection and/or 
recognition of pedestrian targets at night. In 
this context, detection distance is the range (in 
feet) at which a subject (driver) determines that 
a target is in his visual field, and recognition 
is the range at which the subject unequivocally 
can identify the target as a pedestrian. 

In order to examine the effects of various 
retroreflective treatments on the detection and 
recognition of pedestrians at night, two 
controlled field experiments were conducted by 
Dunlap and Associates, Inc., with funds provided 
by the 3M Company. 

The first of these studies (6) examined the 
relative detection and recognitlon distances 
for point sources (2" by 2"), stripes (1" by 24") 
and full figure treatments at varying levels of 
reflectivity and retroreflectivity (luminance). 
All trials were run on a totally dark course 
(Lime Rock Raceway in Lime Rock, Connecticut). 
Detection and recognition distances were measured 
directly through on-board instrumentation in the 
test vehicle activated by the experimental sub­
jects as they drove the course at a constant speed. 

The second study (7) employed a similar proce­
dure to examine 16 different garments on a dark 
course. These garments represented a range of 
configurations including: 

a. child jacket (size 8), 
b. medium jacket (size 14), 
c. large jacket (size 44), 
d. full figure coveralls (large), and 
e. trousers (large). 

Three levels of retroreflectorization (1, 3 and 8 
cpl) as well as white and neutral gray were tested, 
although not every garment was tested at each 
target level. (cpl=candles per lumen or candlepower 
per footcandle per ft.2 These levels were designa­
ted Rl, R3 and R8 in the studies.) In addition, all 
four of the child jackets (gray, white, R, R3 and 
R8) were tested in a "typical" suburban environ­
ment with ambient lighting from street lamps and 
potential glare from oncoming vehicles. Only 
recognition distance was measured for the suburban 
course while both detection and recognition dis­
tances were taken on the dark course (run at an 
airport after it closed at night). 

Some of the data from these two experiments are 
presented below to aid in the dirivation of some 
basic principIes for maximizing the effectiveness 
of retroreflective conspicuity enhancement of 
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pedestrians at nlght. In examining these data, one 
should keep in mind the following: 

1. All data were collected in test cars with 
new, properly aimed headlamps on low beam; 

2. All subjects had normal vision withou 
correction; 

3. Subjects knew their task was one of tar­
get detection and identification. Although dis­
tractor stimuli were included in every test run 
and the targets were located irregularly along 
the course, the measured distances should be 
considered somewhat long when compared with the 
detection and identification performance which 
could be expected from unselected persons driving 10 
normally. This aspect of the studies should also 
add confidence to the comparisions between test 
stimuli; since subjects were alert and tested 
under uniform conditions, differences in the data 
across target configurations should be due only to 
target differences; 

4. Within the first study, six subjects (male) 
were tested on each target stimulus three times 
(on three separate nights). In the second, 10 
male and 11 female subjects were tested on each 
target stimulus once. Thus, all the reported data 
are based on nearly equal numbers of observations. 
For each stimulus condition, the standard devia­
tions across observations varied from les s than 
100 feet to about 200 feet. (Smaller values were 
found in the earlier study and for target stimuli 
with smaller means across both studies.) As a 
general yardstick, differences in the means of two 
target stimuli of 100 feet or more may be consider­
ed statistically significant (p. 0.05). All effects 
described below, however, were tested specifically 
and found to be statistically significant; 

5. Data for the child sized jackets were 
collected with the target in profile stimulating a 
child about to dart into the street on a path 
perpendicular to the vehicle. This is the most 
typical child accident situation (e.g.,8). All 
other targets were oriented facing the oncoming 
vehicle with arms at sides; and 

6. All targets were stationary. 

FIGURE 1: Suburban course mean recognition distances, 
jacket targets (I). 
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Figure 1 shows the mean recognition distances for 
the nine targets tested in the suburban setting. 
Two target shapes--a child f!guie in profile to 
the subjects and an adult figure facing toward the 
subjects--were tested wearing gray pants and jac­
kets of several levels of reflectiviry and retro­
reflectivity. For the same target brigbtness 
levels, the larger adult figures were recognized 
consistently about 70 feet fartber away than the 
sma1ler child targets. For the same size targets, 
adjacent luminance levels were also significantly 
different, with the brighter targets recognized 
farther away than white ones, but not significantly 
so.) 

The same pattern was found across most other 
tested conditions. Figure 2 shows the average 
detection and recognition distances for the five 
full figure targets tested in the first study on 
the Lime Rock Raceway. Detection distances in­
creased significantly with each brightness in­
crement, from 469 feet for the all-gray figure to 
2,284 feet for the figure with R8 long-sleeve 
jacket and trousers. 

Recognition distances also increased consistent­
ly with increasing target brightness. (Only the 
recognition difference between the R1 and the R3 
targets failed to reach significance at the .05 
level.) The R8 target was recognized as a 
pedestrian at two and one-half times the distance 
for the gray target (718 feet vs. 288 feet) and 
75% farther than the white target (408 feet). 

While increased detection distances with 
increased brightness was the rule across all 
tested conditions, the same was not always true for 

FIGURE 2: Dark course mean detection and recognition 
distances, full figure targets (~. 

2300 

2200 

2100 

2000 
IOETECTION 

1900 

1800 LillJ RECOGNITION 1700 

1600 1599 

1500 

1400 

1300 

1- 1200 w 
Il! 1100 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

O 

TARGET VALUE 



recognition. Figure 3 shows the data for the 
stripe targets used-in the first study--gray 
figures with a 1" stripe running horizontally 
across the chest and arms. Data for the all-gray 
figure are included for comparision. The strip 
targets were detected farther away than the 
gray target, and brighter-stripe targets were de­
tected farther away than less bright ones. In 
fact, the stripe targets were detected about as 
far away as the full figure targets of the same 
luminance level. Recognition distances, however, 
showed no corresponding shift. For the stripe 
targets as a whole, recognition was slightly (but 
significantly) worse than for the all-gray target. 

Nearly identical findings were seen for the 
"point source" targets, which had white, Rl or R3 
square spots (2" by 2") on the chest of an other­
wise gray figure. Again, the data (not shown) 
suggest that the single bright area may actually 
interfere with identification of the whole figure 
(reduced recongition distance). 

To further investigate this finding, other 
less-than-full-figure targets were tested in the 
dark course segment of teh second study. Figure 
4 shows mean detection distances for 13 targets. 
(Three other targets--of medium size with white, 
Rl and R3 jackets--were tested as well. Their 
data were nearly identical to the data for the 
similar large-jacket targets and have been omitted 
from the Figure.) 

At any target luminance level, the full figure 
targets showed the longest detection distances, 
followed by the targets with gray jackets and 
brighter trousers, then the adult targets with 
bright jackets and gray trousers, and fina1ly, the 
child (profile) targets with bright jackets and 

FIGURE 3: Dark course mean detection and recognition 
distances, stripe targets ~). 
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gray trousers. Targets with higher luminance 
levels were detected farther away than (similar) 
targets with lower luminance levels. 

The corresponding recognition data appear in 
Figure 5. They show the same basie pattern. 
Within luminance levels, targets were recognized 
in the order, from farthest to nearest, or 
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full figure, trousers, jacket and child jacket in 
profile. For all these target shapes, recognition 
was better for targets with higher luminance 

FIGURE 4: 
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levels. The jacket targets, and peThaps even more 
the trouser targets, had brightness patterns which 
did ~ interfere with subjects identifying the 
target as part of a pedestrian. The target with R3 
trousers and a gray jacket, for example, was identi­
fied 200 feet farther away than a similar all-gray 
target was even detected (560 feet vs. 360 feet) , a 
distance at which the gray top of the figure may not 
have been visible to most of the subjects even 
though they had already fixated on the lower half of 
the figure. 

The exact detection and recognition distances 
varied for the same targets between the two studies 
and between the dark and suburban test courses of 
the second study. The patterns of results remained 
consistent, however. Targets detected or recog~ized 
farther away when tested under other conditions. ,_ 
This is graphed in Figure 6, for the nine targets 
tested under both courses of the second study. The 
values fall very close to a straight lineó the 
correlation between means across test conditions 
for the nine common targets was .973. 

Conclusions 

The data presented aboye clearly indicate that 
retroreflective treatments on pedestrians can 
increase the distance at which they are detected 
and recognized. Thus, it is a reasonable exten­
sion of these results to postulate a safety benefit 
from the widespread use of appropriately designed 
retroreflective garments at night. However, it 
must be remembered that all subjects in the report­
ed experiments were alerted, had normal vision and 
were neither fatigued nor intoxicated when the data 
were collected. Therefore, care must be exercised 
in extending these findings, particularly the ex­
tent of improvement in detection and recognition, 
to the entire population of drivers. 

Until additional research can be conducted to 
refine even further the optimal design for a 

FIGURE 6: Comparison of dark course and suburban 
course mean recognition distances (1). 

;:: 
w 
w 

700 

600 

500 

!!> 400 
Z 
o 
E z 

" o 300 
o 
~ 
z « 
f@ 200 
::;) 

~ 
fI) 

100 

oL---------------------------------------
o 100 200 300 400 500 600 700 

DARK RECOGNITION (FEET) 

retroreflective countermeasure for pedestrians, 
the foregoing findings can be utilized to begin 
to enumerate several basic principIes. 

First, to improve detection, one should use 
bright target materials. Consistently, these 
studies showed that each increment in target 
brightness tested produced a corresponding increase 
in detection distance. In these studies, bright­
ness was a more important influence on detection 
than was the total target area, even though the 
targets ranged in size from a minimum of four 
square inches to a maximum of several square feet. 

Second, identification of the targets as 
pedestrians requres more than mere early detection. 
Anthropomorphism of the target shape greatly aids 
recognition. In these studies, shapes which are 
commonly associated with "people" led to effective 
identification even though the shapes on1y partly 
reproduced the human formo Retroreflective 
jackets seemed to produce a significant improve­
ment in recognition. Retroreflective trousers were 
significantly better than jackets, and the 
combination of the two was better than either alone. 
Shapes which did not represent human figures, 
articles of clothing or other visual forms associ­
ated with the human figure--spots and stripes--did 
not enhance and may actually inhibit recognition 
of the pedestrian figures. Hence, for improved 
safety, it would appear best to outline the body 
as completely as possible with the brightest 
material available. 

Finally, the excellent prediction of suburban 
course results from dark course findings is of 
interest. It means that the relative effectiveness 
of new pedestrian conspicuity enhancers can be 
assessed under totally dark field test conditions, 
which are easier to establish and control for 
experimental purposes. Thus, the further refine­
ment of the design of retroreflective treatments 
for pedestrians should not be significantly hamp­
ered by test and evaluation costs. 
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Motorcycles have become a popular form of transpor­
tation in the United States. Since 1961, motorcy­
ele registrations have increased st nearly four 
times the rate of all other vehicles. In 1977, 
motorcycle registrations in this country passed five 
million. In the same year about 500,000 motorcycles 
were involved in accidents, resulting in about 4,000 
deaths and 400,000 injuries (1). 

Motorcycles offer much less protection to their .~ __ 
riders than do automobiles. As a result, when a 
collision occurs, the motorcyclist is far more like­
ly to suffer injury. Unfortunately, barring major 
changes to the vehicle itself, this problem cannot 
be easily solved. Thus, the principal means of 
improving motorcycle safety seems to be reducing 
the incidence of crashes. 

Motorcycle accident data offer some insights 
into how motorcycle safety might be improved. In 
a review of these data (2) the authors point out 
that motorcycle accidents are characterized by a 
substantial over-representation of a type of crash 
in which a straight-traveling motorcycle runs into 
a car attempting to cross its path. This informa­
tion, combined with reports from motorcyclists and 
law enforcement officials, has led to an assumption 
th~t motorcycles are not sufficiently conspicuous. 

The conspicuity hypothesis has resulted in a 
number of studies seeking ways to improve motorcy­
cle/motorcyclist conspicuity. A review of this 
work is provided in (2). Many of the techniques 
suggested were included in the current investiga­
tion. 

14ETHOD 

Introduction 

The purpose of this study was to determine whether 
the conspicuity of motorcyles/motorcyclists could 
be improved to reduce multivehicle motorcycle 
crashes. Various conspicuity-increasing treatments 
were fabricated and tested, using a realistic driv­
ing situation and measuring the response of naive 
drivers. 

Dependent Variable 

A gap acceptance measure was employed in this in­
vestigation. A typical situation and the termino­
logy used are shown in Figure 1. The method 
requires creating a gap in the traffic stream 
between one or more lead vehicles and a test vehi­
ele. The driver of the subject vehicle may "accept" 
the gap--that is, merge with or cross the traffic 
stream--or "reject" the gap (remain stopped). The 
assumption is that changing the conspicuity of the 
motorcycle and/or motorcyclist will modify the 
behavior of other motorists in a way which will re­
duce the likelihood of short gaps being accepted. 

Note that both the lead and subject vehicles 
in this study were part of the normal traffic at 
the test site. Their drivers did not know they 
were participating in a test. 

Equipment 

The required data were the gap size (in time), 
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whether the subject vehicle accepted or rejected 
the gap, and the type of maneuver the subject 
driver executed or planned to execute. A simple 
instrumentation package was developed which was 
carried on the back of the motorcycle. It provided 
a continuous record of time, distance (wheel 
revolutions), and speed. The motorcyclist coded 
other required information by pressing buttons 
which were positioned conveniently on the handlebars. 

Test Treatments 

The following daytime treatments were evaluated: 

l. Car control. A 1969 Maroon Plymouth sta­
tion wagon was used. 

2. Motorcycle control. A normal motorcycle 
with no lights was used. The driver wore dark 
clothing and either a white or dark colored helmet. 

3. Orange fluorescent fairing. The bike was 
equipped with a fairing to increase the frontal 
area. An orange fluorescent fabric was stretched 
over the entire fairing, inc1uding the headlight 
aperture. 

4. Green fluorescent fairing. Same as item 
3, except for the color of the fabrico 

5. Headlamp on. The bike ran with low beam 
on •• 

6. Modulating headlamp. The high-beam f 11a­
ment was modulated from low to full intensity at 
about 3 hz. Low beam filament was off. 

7. Reduced brightness headlamp. A neutral 
density filter reduced the intensity of the low 
beam to one-tenth normal. 

8, Orange fluorescent outfit. The same 
material as used in treatment 3 was made into a 
vest and helmet caver to be worn by the rider. 

FIGURE 1: Schematic of typica1 gap situation 
employed in test. 
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9. Green fluorescent outfit. Same as treat­
ment 8, using the g~een material. 

10. Orange vest. Just the vest from treatment 
8 was used. 

11. Orange cap. Just the he1met cover from 
treatment 8 was used. 

The following night treatments were evaluated (note 
that low-beam headlamps were used in all cases): 

l. Car control. The same vehicle was used as 
in the day condition. 

2. Motorcycle control. This was the same bike 
as was used in the day condition. 

3. Retroreflective fairing. The fairing was 
covered with a retroreflective fabric, leaving the 
headlamp aperture open. 

4. Retroreflective outfit. The same material 
described in treatment 3 was used to make a vest 
and helmet cover. 

5. Running lights. The turn signal lamps were 
on full-time (not flashing). 

FIGURE 2: Schematics of the three maneuvers 
invest~gated. 
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Maneuvers 

Measurements were taken on three maneuvers. These 
are shown schematically in Figure 2. Note that 
only maneuvers 1 and 3 show up as particularly 
troublesome in the accident data literature (2). 
Data were taken on the "right--right turn" maneu­
ver because it could not be separated befo re the 
fact from the "right--cross or left turn" maneuver. 

Test Site 

A site was sought which had a high volume of 
vehicles attempting toe maneuvers of interest. 
A reasonable volume of parallel traffic was 

• required as well to provide lead vehicles for the 
front end of the gap. The si te used for the day 
data collection was a major thoroughfare near the 
city of Ann Arbor, Michigan. The street is five 
lanes wide (center lane for left turns) and lined 
for most of its length with various small busines­
ses. Speed limits were 70 km/h for most of its 
length, 55 km/h for the resto There were three 
stop lights in the 6.5 km test section. 

Most night data were collected during the 
winter months in the city of Gainesville, Florida. 
A major thoroughfare having many of the character­
istics of the northern site was used. Data taken 
on the same configurations at both sites did not 
differ statistically. 

RESULTS 

Daytime Treatments 

"Right--cross or left turn." Figure 3 shows the 
results of the daytime treatments for this maneu­
ver. The figure shows the percent of gaps of 
three seconds or les s which were rejected for the 
control motorcycle {dark vertical bar) as compared 
with all of the various treatments. For example, 
in this instance for the control motorcyle, 94% 
of those short gaps were rejected. Anything which 
appears to the right of the control motorcycle bar 
constitutes an improvement. In the case of this 
maneuver, all of the tested treatments and the car 
control were better than the control motorcycle, 
many of them significantly better (statistical sig­
riificance is shown by the small numbers on the 
right ends of the bars; 01 means 0.01, and 05 means 
.05) • 

"Center--left turn." Figure 4 shows the same 
combination of treatments for this maneuver. In 

FIGURE 3: Daytime Treatment: Right--cross or 
left turn: Percent of gaps of 3 seconds or 
less rej ec ted. 
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FIGURE 4: Daytime Treatments: Right--right turn: 
Percent of gaps of 3 seconds or less rejected. 
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this case, 95% of the short gaps were rejected for 
the control motorcycle. However, the picture for 
the various conspicuity treatments is somewhat 
different for this maneuver than for the "right-­
cross or left turn." Only the orange fluorescent 
fabrics worn by the rider appear to be significant­
ly better than the control motorcycle. None of the 
lighting treatments differ significantly from the 
control, although the modulating headlamp is just 
short of significance at the 0.05 level • 

. "Right--right turn." Figure 5 shows the same 
treatment combinations for this maneuver. It will 
be immediately apparent that there is a rather 
substantial change in the situation confronted by 
the rider of the control motorcycle, in that 98% of 
the 'short gaps were rejected. Because of this, 
there was little room for improvement, and none of 
the tested conditions are significantly better than 
the control motorcycle. 

It will note that the right--right turn maneu­
ver does not show up as partiuclarly dangerous 
in the accident statistics. The explanation may 
be indicated by the findings of this study, which 
indicate that potentially encroaching drivers are 
somewhat more conservative, i.e., more reluctant 
to accept a short gap, when making a right--right 
turn maneuver. 

Nighttime Treatment 

"Right--cross or left turn:" Figure 6 summarizes 
the results for this maneuver at night. None of 
the differences are significant, although the run­
ning lights condition approaches significance at 
the 0.05 level. While a reflective fairing seems 
to be equally effective in terms of percent gaps 
rejected, this percentage is based on a relatively 
small number of cases and hence is not significant. 
It should be noted that, because of the initial 
right-angle orientation of the test motorcycle and 
subject vehicle, the use of retroreflective treat­
ments would not be expected to be effective. 

"Center--left turn." Figure 7 sunnnarizes the 
results of this maneuver at night. The probability 
of short gaps being rejected for the control motor­
cycle drops to .92 in this instance, and both the 
car control and the two retroreflective treatments 
show significant improvements. 

Because the two vehicles are initially facing 
towards one another, this is the only one of the 
three maneuvers where the retroreflective treat-

FIGURE 5: Daytime Treatments: Right--right turn: 
Percent of gaps of 3 seconds or less rejected. 
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FIGURE 6: Nighttime Treatments: Right--right 
turn: Percent of gaps 3 seconds or less rejected. 
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ments would be expected to show any measurable 
effect. 

"Right--right turn." Figure 8 stmllllarizes the, 
results for this maneuver at night. The car con­
trol is significantly better than the motorcycle 
at the 0.01 level. The reflective faíríng shows a 
marginally significant difference, but the initial 
orientation of the vehicle is such that differences 
would not be expected. Hence, the difference is 
probably spurious. The running lights and reflec­
tive vest and cap do not show significnat differ­
ences in comparison to the motorcycle control. 

DISCUSSION 

Methodology 

In general, the gap-acceptance procedure was quite 
successful in the current application. The data 
seem meaningful (i.e., intuitively related to the 
li~elihood of accidents) and can be collected 
quickly, economically, and with relatively simple 
instrumentation. 

This experience suggests that approximately 
one thousand data points are required per treat­
ment to ensure reliable results. This as sumes 
approximately equal distribution across three 
maneuvers, or about 300-350 data points per 
maneuver. It further as sumes that the data are 
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FIGURE 7: Nighttime Treatments: Center--left turn: 
Percent of gaps of 3' seconds or less rejected. 
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FIGURE 8: Nighttime Treatments: Right--right turn: 
Percent of gaps of 3 seconds or less rejected. 
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concentrated in the short gap region, i.e., below 
a gap-acceptance probability of 0.5. 

Two points should be made regarding the val­
idity of the gap-acceptance method in this applica­
tion. First, the relationship of gap acceptance 
and accidents is largely unknown at this time. 
Riding with headlights on seems to be an effective 
accident countermeasure, as was noted in the liter­
ature review section. That the headlamp-on treat­
ment was effective as measured by gap-acceptance 
in this study is encouraging evidence of validity 
However, further validation data would be desirable. 

The second point concerns a limitation of the 
method. It can measure only a fairly general 
response characteristic of automobile drivers. 
The fact that differences were found in this study 
does not mean that other, less general, responses 
cannot account for a significant portion of the 
problem. If this is the case, different counter­
measures may be appropriate. 

Finally. a word about safety. The investiga­
tors were very concerned about safety since our 
riders were being asked to deliberately recreate 
pre-crash configurations known to be overrepre­
sented in the crash statistics. It was hoped that 

the high level of attention required to be able to 
take data would reduce the risk. In the more than 
20.000 miles accumulated during the tests, the 
riders experienced one minor crash and a few near 
misses. Interestingly, none of these occurred 
while collecting data. but all involved pre-crash 
configurations of the classic type described 
earlier in this papero Based on this experience, 
the method seems to pose no special dangers to the 
motorcycle riders. 

Means for Improving Conspicuity 

It appears that there are a number of ways to im-
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.. prove daytime motorcycle/motorcyclist conspicuity 
that should have a meaningful effect on the behav­
ior of car drivers. The simplest is to drive with 
the headlarnp on at all times. The modulating head­
lamp may be sornewhat more effective. but does 
require sorne investment on the part of the motor­
cyclist. High-visibility materials seem quite 
effective as well. but work better when worn by 
the rider than when fitted to the bike. 

The latter finding is somewhat surprising. In 
the opinion of the investigators. the fluorescent 
fairing treatment was a more effective attention 
getter than the fluorescent vest or helmet cover. 
Yet the field test data indicate the opposite. 
This suggests that laboratory studies of motor­
cycle conspicuity can produce misleading results. 
However. it is not clear why the results carne 
about. One possible explanation is that effective­
ness is improved by height. Another is that by 
emphasizing the rider, speed-spacing judgments are 
facilitated. This might happen because apparent 
size is an important distance cue. However. it is 
based on knowledge of actual size. Most drivers 
know less about the size of motorcycles. especially 
motorcycle fairings. than they do about people. 

For nighttime ricÜng conditions there may be 
value in wearing retroreflective garments and 
using running lights. Retroreflective treatments 
applied to the bike seem les s effective, but may 
be of help. There are combination fluorescent/ 
retroreflective materials available which can pro­
vide day and night conspicuity in one package. It 
is also possible to treat ordinary fabric with 
beads and make it retroreflective without changing 
its appearance under normal viewing conditions. 
This may have potential for other vehicles with 
conspicuity problems as well. 
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DETECTABILITY OF HIGHWAY SIGNS 

Robert Dewar, Psychology Department, University of Calgary 
Calgary, Alberta, Canada 

ABSTRACT - DetectabiZity is one of the primaPy 
criteria for an effective traffic signo SeveraZ 
factors incZuding sign characteristics, condition 
of the sign, driver information Zoad, sign place­
ment, environment co~-ditions (darkness and poor 
weather), and individual differences among drivers, 
influence whether a traffic sign will be detected. 
Each of these factors is examined in a review of 
the relevant literature. 

In the driving task, the driver's attention is 
~ .. 

occupied by many things -- control of the vehicle, 
guidance information from the roadway, navigational 
information from signs, elements of the environment, 
such as scenery, buildings, and billboards, and 
distraction from passengers and other stimuli 
inside the vehicle. It is easy to see that driving 
is a divided attention task in which the driver 
must attend to a variety of incoming stimuli, some 
of which are more relevant than others to the 
driving task. It is therefore essential that traf­
fic signs be highly conspicuous, or have high 
detectability or attention value for the driver. 

Forbes makes the distinction between "target 
value," the characteristics which determine whether 
a sign will be seen or not, and "priority value," 
the order in which signs will be seen, depending on 
'factors such as sign location, relative position, 
and drivers' reading habits. 

Among the factors which can influence conspic­
uity of signs on the highway are sign brightness, 
size, and color; contrast between the sign aud its 
background; the placement of the sign relative to 
the driver's line of sight; importance of the sign 
to the driver; reduced processing capacity of the 
driver due to input overload; and individual dif­
ferences due to motivation, fatigue, intoxication, 
familiarity with the road, age, sex, and eye move­
ment search patterns. Each of these will be ex­
amined in a review of the research relevant to 
detection of traffic signs. 

APPROACHES TO THE PROBLEM 

Several approaches have been used to study traffic 
sign detectability. One roadway technique involves 
stopping drivers a few hundred meters beyond a sign 
and asking them whether they detected and could 
identify the sign just passed on the roadway. 
Another common roadway technique is to have indi­
viduals drive a car or ride as a passenger in a car 
driven along a specified route, during which time 
the subject indicates each time he detects a signo 
Variations on this procedure involve pressing a 
button whenever a sign is detected and naming each 
sign as it is detected. One series of laboratory 
studies involves a subjective report of which one 
of a number of signs is seen "first and best", 
Forbes (1). Both of these methods have their lim­
itations~ the laboratory method being somewhat 
artificial. The roadway experiments also have dif­
ficulties; the one in which the driver calls out 
traffic signs is somewhat unrealistic, since he or 
she is attending very closely to traffic signs, not 
the typical situation in driving. Most studies done 
on the roadway have been carried out in daylight 
and good weather conditions. Relatively little has 
been done at night or under adverse weather condi­
tions. In addition, much of the work seems to have 

been done on freeway guide s~ns or similar types 
of guide signs, with little effort to study smaller 
signs of different shapes and sizes (e.g., warning 
and regulatory signs). 

Numerous laboratory methods used by experimen­
tal psychologists provide iuformation about the 
general issue of stimulus detection. and therefore 
have implications for learning about traffic 
sign conspicuity. Some of these wi1l be described 
later in this papero 

BASIC PERCEPTUAL PROCESSES 

Traffic signs are mounted above the roadway, so 
they often do not appear in the driver's direct 
line of sight. Therefore their initial detection 
occurs in peripheral visione Visual acuity becomes 
progressively poorer. the farther the image falls 
away from the fovea of the eye. In order to be 
easily detected in peripheral vision then, a sign 
must be relatively large. staDd out from its en­
vironment, or contain .oviDg or changing components. 

In a laboratory iovestigation of the influence 
of central search task l'mDllllce on peripheral 
visual detection tille Zabn and Baines (2) found 
that detection time vas .uch slower in peripheral 
vision under conditions where subjects' attention 
was directed to a visual central panel of high 
luminance, as compared vith one of low luminance. 
This has important t.plications for the distraction 
likely to arise fra. brigbtly lit streets and head­
light glare during n:1ghttille driving. 

A recent exper~t by Bobel and Sanders (]) 
examined the influ~e of several variables on the 
ability to search for and find target traffic signs 
among several other traffic signs. The variables 
examined vere: uu.ber of signs, sign density 
(whether they vere packed closely together or 
spread out). color -- the extent to which color 
was a major cue in the subject's being able to 
detect target signs. nmmer of target signs (from 
one to four). and whether the subject was engaged 
in a tracking task. Tbe subject's task was to 
indicate the uu.ber of targets (ranging from one 
to four) present in the array. 

The resulta iDdicated faster search times to 
find the targeta vhen color could be used as a cue 
(the color of the target sign borders in the 
easiest of the four color cond'itions was distinc­
tively different from the borders of the non-target 
stimuli). Search times were faster when the signs 
were closer together (the dense condition). Search 
time vas essentially a linear increasing function 
of the total number of stimuli, ranging from ten 
to nineteen. Performance was somewhat worse (125 
msec longer) when subjects were engaged in the 
tracking task while searching for the targets. 

Attention is obviously an important factor in 
information processing. Lapses of attention, dis­
traction and input overload all reduce the driver's 
ability to take in information. There is a need 
for advanced warning in low attention areas, such 
as rural freeways, so that the driver will be pre­
pared to attend more closely to his driving. For 
the purposes of preparation and attention, there 
is an optimal distance between signs. This dis­
tance depends upon the various distractions, inclu­
ding competing signs, which use up the driver's 
information processing capacity. As speed increa­
ses, attention to the driving task increases, and 



the focal point of attention shifts further ahead of 
the vehicle. 

A number of psychological studies have examined 
the influence of input overload on performance. A 
distinction is made between input overload (too much 
total input) and information overload (too much in­
put which is relevant to the driving task). Both 
situations can impair driving. Various factors 
influence the point at which performance will deter­
fmrate under conditions of overload. There are 
various methods of coping with overload. One 
involves chunking or grouping the information in 
such a way as to process it more efficiently. In 
some cases a certain amount of information is missed; 
that is, only part of the information is detected. 
Errors also may occur, or it may take a greater 
length of time to process the same information under 
high input conditions. A good example of overload­
ing in driving is a very busy intersection with 
numerous traffic signs, advertising signs, traffic 
lights, and heavy traffic conditions. Under such 
circumstances the driver has to take in a great deal, 
determining which input is relevant, initially, and 
then processing more thoroughly that which is rel­
evant (or that which he thinks is relevant). 

A study by Lee and Triggs (4) required subjects 
to detect small lights inside their vehicle in their 
peripheral visual field while driving under various 
conditions. Detection was much poorer while driving 
in shopping centers or in suburban locations, as 
compared with freeway and isolated residential street 
driving. Surprisingly, there was no difference 
betwe"en performance while subjects were driving and 
while they were passengers. Under both conditions 
subjects detected only about half of the lights when 
driving in suburban areas and in shopping centers. 

The importance of distraction by billboard 
advertising signs has been demonstrated by Johnston 
and Cole (5) in a study done in Australia. In a 
laboratory-simulation task they found that perfor­
mance on a tracking task was worse under conditions 
of distraction from advertising signs than under a 
control condition. The relevance for this with 
regard to detection of traffic signs is obvious. 
Not only are advertising signs likely to serve as 
visual noise, making it difficult to notice traffic 
signs in the visual environment, but also they tend 
to distract the driver from the driving task. 

SIGN CHARACTERISTICS 

A number of physical characteristics of traffic 
signs influence their conspicuity. Forbes and his 
colleagues have done much of the laboratory research 
on this issue. Forbes (6) describes a procedure 
developed for measuring the probability that a traf­
fic sign of given brightness, color, and contrast 
characteristics can be seen against various day and 
night backgrounds. Requirements for valid measure­
ment of the perception of highway signs and a dis­
cussion of the advantages and disadvantages of 
movies and slides were presented. It was concluded 
that the discrete presentation method (slides) was 
to be preferred. Details of the procedure can be 
found in Forbes' paper in this symposium. 

Forbes (1) summarizes a systematic series of 
studies of sIgn visibility. A total of 14 lab­
oratory experiments were conducted using more than 
500 subjects. For most signs, a green material 
matching the U.S. interstate green signs was the 
basic color. Simulated signs of different bright­
ness were made by applying different density neutral 
overlays. The subject was required to respond by 
indicating which of the four simulated signs he saw 
"first and best." 

Forbes also had subjects view the signs against 
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a "day-snow" background or against a night back­
ground. Four different sign sizes in each of the 
four brightnesses were varied systematically, as 
were the four sign positions over the roadway. 
Results indicated that the signs "seen first and 
best" were those with greatest brightness contrast 
against the background, and those which were larger 
when brightness was held constant. In addition, 
relative size and contrast might enhance or oppose 
each other when both were varied. Against a night 
background, the brightest of four signs was seen 
best, while against a day background, the darkest 
sign had the advantage. 

Two experiments presented simulated signs 
.. against different colored backgrounds. Results 

indicated that no one color was best against all 
backgrounds. The brightest green was most visible 
against dark green trees and the darkest green was 
most visible against a blue-gray or yellow-brown 
background. When seven different colors were pre­
sented in pairs against dark green trees, yellow­
brown hill, gray-blue cliff, and day-snow back­
grounds, the light green and yellow were "seen best" 
most frequently. Mathematical models were developed 
for relative size and brightness contrasto 

In order to check the laboratory simulation 
studies against actual observations on the highway, 
subjects rode in the right-hand seat of a station 
wagon driven by the experimenter, and called out 
all signs as soon as he saw them, giving the color 
of the sign and its location, and indicating whether 
it was an advertising sign or a highway sign. 
Although there were considerable individual differ­
ences, the observed results coincided fairly close­
ly with those predicted from the laboratory studies. 

Attention-getting characteristics of highway 
signs were measured by Pain (7) using Munsell gray 
chips. The subjective respon;e of "the stimulus 
which they saw best and quickest", and subjects' 
eye movements were measured. 

The subjective measure was found to be more 
consistent than the eyemovement measure. Some sub­
jects had no eye-movements to the stimulus which 
they saw best and quickest, further illustrating 
the importance of peripheral vision in driving. 
In general, the stimuli seen best were those with 
the greatest brightness level and those with the 
highest brightness ratio. 

ROADWAY STUDIES OF TRAFFIC SIGN DETECTABILITY 

Laboratory investigations play an important role in 
evaluating sign detectability and the factors which 
contribute to it. However, many researchers be­
lieve that it is difficult to beat the "real thing" 
-- measures of detectability on the roadway. 

Odescalchi (8) tested white signs of various 
sizes under open-conditions (field and hedge back­
ground and shaded trees). Signs were placed at the 
side of the road according to existing British 
standards. Subjects were instructed to look down 
the road, not directly at the sign, and rate the 
sign as "too large, just too large, adequate, just 
too small, or too smal1." It was found that a 
white sign had to be 1.5 m2 (16 ft 2) in area to be 
conspicuous at 225 m (250 yds) and for each addi­
tional 90 m (100 yds) the sign should be 1.22 m2 
(13 ft 2) larger, up to the tested maximum of 4.7 
m2 (50 ft2) at 450 m (500 yds). Larger signs were 
required in shaded areas. 

A second experiment attempted to determine the 
amount by which signs of various colors would have 
to be larger (or smaller) than white signs to be 
equally conspicuous. A paired comparison technique 
was utilized. The results, in terms of the amount 
the colored sign area had to exceed the white sign 
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area to be equally conspicuous, were: yellow - 8%; 
red 7%; blue 24%; green 42%; and black 125%. Con­
spicuity increased as the luminance factor increased, 
with the exception of green. 

Johansson and Rumar (9) investigated the capac­
ity of car drivers to get-information from road 
signs. Five subjects were driven through the 170 
km (105 mile) test area and instructed to press a 
button each time they detected a road signo Ninety 
percent of the total estimated road signs were 
"registered" by the subject. 

In another experiment drivers were stopped and 
interviewed about 200 m (1/8 mile) beyond the signo 
The drivers were asked "What was the last road sign 
you passed?" All testing was conducted in the day­
time and approximately 200 drivers were interviewed 
for each signo An attempt was made to explain the l 
data on the basis of the "urgency" of the sign's 
message. The five signs, arranged in descending 
order of registration, were: Pre-warning for 
speed-limit zone (78%); Police control (63%); Road 
$urface damaged by frost (55%); Warning (non-
specific) (18%); and Pedestrian crossing pre-warning 
(17%). The authors conclude that there "was a sig­
nficant difference between the percentage of drivers 
registering the different signs." 

An extension of this work was done by Johansson 
and Backlund (10). The following objections to the 
validity of the method were pointed out by the 
authors. The time and space span between passing 
the sign and reporting it is fairly large, and there 
may be a substantial memory decay after 15 to 30 
seconds. If so, the percentage of people remember­
ing"the signs would be low. The appearance of a 
police barrier could result in a sudden emotional 
disturbance, causing the momentary forgetting of the 
signo This hypothesis was examined by having half 
of the police in uniform and half of them in plain 
clothes when they were stopping motorists. No 
differences were found. 

In the study by Johansson and Backlund (10) 
signs were tested in different locations. Instead 
of testing each sign on separate experimental 
occasions, all five signs were tested on every 
occasion. When the measurements were repeated with 
the conditions held as constant as possible, a sig­
nificant variation in probability of recognition 
was obtained, casting doubt on the reliability of 
the results. 

A more recent study of traffic sign detection 
on the highway was carried out by Summala and 
Naatanen (11). They required subjects to name all 
the traffiC-signs they saw as they drive along a 
257 km (160 mile) route in Finland. Their subjects 
were able to report approximately 97% of all signs 
on the route, a figure much higher than some earlier 
researchers had found. It was concluded that ear­
lier results suggesting the relative inefficiency of 
traffic signs were due to deficient motivation of 
the subjects. The results indicated more unreported 
signs in urban driving (8.95%) as compared with 
highway driving (1.06%). This is to be expected, 
in view of the high visual load and attention demand 
encountered on urban streets. 

SIGN PLACEMENT 

Sign placement is very important, since the sign 
must be properly located to be seen and acted upon 
in time. Specifications for placement are laid 
down in sign manuals, however, these regulations are 
often either violated or turn out to be inappropri­
ate for specific locations and conditions. Buil­
dings, structures such as bridges, and road geometry 
frequently necessitate modifications in the rules 
which govern sign placement. Many signs are cur-

rently placed so that they cannot be seen by the 
driver when is using low beam headlights. 

A primary concern in sign placement is the 
angle of view -- how far away from the forward line 
of vis ion a driver must look in order to read the 
signo The farther off the road a sign is, the 
larger it must be. Certain messages need to be 
placed not only on the right side of the road, but 
also on the left side. In some locations NO 
PASSING and NO LEFT TURN signs have been placed on 
both sides of the road. This is desirable, since 
the driver will be on the left side of a two-lane 
highway when he is passing, and his view of the 
sign may be obstructed by the vehicle he is passing. 

In a study by Brown (12) a NO PASSING sign, in 
the form of an isosceles triangle mounted on its 
side, was placed on the left side of the road. 
After three months, arrests for illegal passing 
dropped 63 percent. On three control highways, 
arrests rose 20, 10 and 7 percent. It has been 
demonstrated in both field (13) and laboratory (14) 
studies that overhead signs are easier to detect:-

ENVIRONMENTAL FACTORS - DARKNESS, WEATHER, 
CONSTRUCTION ZONES 

Night driving presents a set of visual problems not 
encountered under daytime conditions. Glare from 
headlights, reduced visual acuity and color sen­
sitivity, and sudden changes in dark adaptation 
level can influence perception of traffic signs at 
night. In addition, the visual properties of the 
sign may be different at night than in the daytime. 
Problems can arise from very bright signs which 
may alter the driver's dark adaptation and impair 
perception of other signs in the vicinity of the 
bright signo 

The following factors influence the brightness 
of a sign: photometric properties of the sign face 
material, lateral and vertical position of the sign, 
distance from sign to vehicle, vertical and hor­
izontal alignment of the roadway, driver's eye 
position, and vehicle headlights (number, type, 
arrangement, location, and high or low beam). 
Signs which have adequate conspicuity under day­
light conditions may be difficult to detect at 
night. Therefore, daytime inspection of the ade­
quacy of signs may not be appropriate. 

A systematic examination of the surrounds 
(background) against which signs appear at night 
was carried out by Woltman and Youngblood (15). 
Several instruments for measuring luminance of 
nighttime sign surrounds were evaluated and their 
accuracy compared with that of a laboratory quality 
telephotometer. The authors describe a technique 
for surround evaluation and point out that conven­
tional descriptions are often inappropriate. 

The detectability of two types of retroreflec­
tive material--engineering grade (EG) and high 
intensity grade (HIG) were examined at night in a 
study by Godthelp (16). Subjects drove along an 
11 km (7 mile) route on a rural roadway in Holland, 
and indicated when they could detect each of the 9 
signs and when they could recognize the sign shape 
and read its message. Differences in detectability 
were negligible when sign detection was at less 
than 50 m (165 ft) for cars (100 m (330 ft) for 
trncks). At distances of more than 100 m (330 ft) 
(200 m for trucks) the luminance of HIG signs was 
about three times that of the EG signs. Under con­
ditions of dense fog (visibility = 0.2 km or .12 
miles) the detection distance for HIG signs was 
approximately 20% greater than for EG signs. 

The NCHRP Report #123 (17) describes a computer 
program which permits the insertion of the actual 
highway alignment, taken off construction plans, 
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and the determination of the brightness of any sign 
at any point along this alignment for any special 
type of vehicle approaching in a specific lane. 
This can provide valuable information on sign place­
ment for optimum viewing, whatever the road geometry 
may be. 

R~latively little research has been done exam­
ining the conspicuity of signs under adverse weather 
conditions. One of the most frequently occurring 
adverse conditions involves rain. A study by Hutch­
inson and Pul len (18) examined the scattering of 
light from dropletS-of dew and crystals of frost on 
retroreflective sign materials. The relative per­
formances of a number of combinations of signing 
materials were subjectively evaluated under natural 
conditions of signing material were subjectively 
evaluated under natural conditions of dew and frost 
at night. Various combinations of encapsulated lens 
enclosed lens and button copy material s were tested. 
The signs were examined under headlight illumination, 
using on-site observations and photographs. On the 
basis of the subjective evaluations, messages moun­
ted on encapsulated lens reflective material per­
formed better than those mounted on enclosed lens 
material. It was found that all of the combinations 
of materials were les s affected by frost than by dew. 

A common cause of poor sign conspicuity, espec­
ially at night, is dirt on the signo A study in 
Sweden by Rumar and Ost (19) examined the extent to 
which dirt on traffic signs reduces their effective­
ness by reducing reflected light contrasto The 
signs were measured for dirt accumulation once a 
week qnd cleaned each week. Weather conditions 
were important, with wetness of the road being the 
most detrimental factor. The reduction in reflected 
light varied from ° percent (very rare) to 69 per­
cent. 

Another environmental condition which interferes 
with detection of signs can be found at roadway 
construction sites. Poor traffic sign conspicuity 
is a particular problem in construction zones for 
several reasons: signs are often poorly placed 
(lower than the recommended height); signs tend to 
get dirty quickly because of this low placement and 
because of the increased amount of dust and mud in 
the vicinity; atmospheric dust reduces visibility; 
vehicle windshields may also be dirty for these 
reasons; detours may result in poor roadway align­
ment, which makes it difficult to place signs in the 
driver's line of sight; signs may be hidden by 
machinery, mounds of earth, etc; driver's attention 
may be distracted due to complex roadway geometry, 
presence of construction vehicles and personnel, 
etc. Such problems tend to be magnified at night, 
especially if good advance warning is not provided. 

DRIVER FACTORS 

So far a number of factors relating to the sign and 
the environment have been examined. In all phases 
of the driving task it is essential to eonsider the 
capacity and state of the driver as well. 

An important individual differenee variable in­
volves cognitive style. As indicated earlier, 
visual distraction can make it more difficult for 
drivers to detect signs and other relevant informa­
tion. A sign embedded in a context of other signs 
or other distraeting visual input is less likely to 
be detected, as indicated by Loo (20). In a reac­
tion time study (using slides as stimuli) whieh 
measured time taken to detect and identify traffie 
signs he found that it took a good deal longer when 
the sign was embedded in a natural seene, as eom­
pared with when the same sign was presented by 
itself. Embedding signs in a context led to much 
poorer performance on this task among subjects who 
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were field-dependent than among field-independent 
subjeets. This difference is to be expected on the 
basis of the literature on cognitive style. The 
fact that there was an interaction between field 
dependence-independence and whether.or not the 
signs were embedded indicates that the impairment 
was due to increased time required to deteet the 
stimulus, rather than to identify it. Such indi­
vidual differences are seldom taken into aceount 
in studying traffic sign perception or other driving 
tasks. 

Alcohol has been found to narrow the field of 
view of objeets, a phenomenon sometimes referred to 
as "tunnel vision." This narrowing of the visual 
field, or inability to detect peripheral targets, 

• seems to oeeur when attention to the central visual 
field is required (21). A related phenomenon is 
the manner in whieh~he driver scans the visual 
environment when intoxicated. Visual scanning is 
less active and more limited to the center of the 
roadway under the influence of alcohol, aceording 
to Moskowitz, Zeidman and Sharma (22). 

CONCLUSION 

Deteetability is a primary criterion for any traf­
fie sign, for if it is not detected, obviously its 
message will never get to the driver. Several fac­
tors which influence traffic sign detectability 
have been examined. A sign may be missed because 
it is too small, embedded in a complex visual 
environment, poorly placed, poorly maintained, or 
because the driver has inadequate visual capabil­
ities, is distracted, or is overloaded by other 
elements of the driving task. 

How can all of these problems be remedied? 
Greater care must be taken in placing and maintain­
ing signs. Drivers should be made more aware of 
the problems assoeiated with traffic signs detec­
tion. Driver education requires students to learn 
the meanings of signs and the shape and color codeso 
They should also be taught effieient means of scan­
nipg the environment and processing relevant infor­
mation such as that on traffic signs. The simple 
need to detect traffic signs presents many problems 
to the driver. Those responsible for signs must 
pay greater attention to the basic information 
needs of the driver. 
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SIZE VERSUS INTENSITY AS AIDS TO SIGNAL CONSPICUITY 

Robert J. Ruden, JGM Associates, Inc., Palo Alto, California 
Albert Burg, Safety Consultant, Los Angeles, California 

Providing the motorist with more effective traffic 
control devices has been the objective Qf constant 
efforts by the traffic engineering commUnity, aided 
by professionals from other disciplines who share 
their interest in traffic safety. In recent years, 
an increasing amount of research has been devoted 
to improving the conspicuity of traffic control 
devices by manipulating parameters such as size, 
shape, color, brightness, location, number and so 
on. 

Among the results of this research are the 
not-so-surprising findings that within limits, the 
conspicuity of traffic signals can be improved by 
increasing their intensity, as well as by increasing 
their size. Of these two improvements, increased 
intensity would appear to be the simpler alternative, 
since (in effect) all that is required is a brighter 
bulb, although there has been increasing use of 
larger signal heads at "problem" intersections. 

In the past few years, however, restrictions in 
available funds have increased the need to assess 
the "cost-effectiveness", if possible, of every pro­
posed improvement in the highway system. In addi­
tion, growing concern for present and future energy 
supplies, which may pose an even more pressing con­
straint than fund restrictions, has injected a new 
set of values in the cost-effectiveness evaluations, 
resulti.ng in changes in the "trade-offs" that can be 
considered "acceptable". 

One such trade-off relating to traffic signals 
has to do with size versus intensity as a means for 
making the signal more conspicuous and, hence, more 
effective. This paper describes research that pro­
duced findings which may be of value in resolving 
this issue. 

OVERALL METHODOLoGY 

The research described below was conducted as part 
of a larger study directed toward developing more 
effective warning devices for highway-rail grade 
crossings. This rather complex project, involving 
indoor and outdoor laboratory studies as well as 
the collection of field data, is described in detail 
in a report by Ruden, et al. (1). 

The indoor laboratory study phase of the total 
project was conducted in the Federal Aviation 
Administration's Low Visibility Facility at the 
University of California's Richmond (California) 
Field Station. This facility consists of a buil­
ding 1000 feet (305 m) long and 33 feet (10.1 m) 
wide, with 28 feet (8.5 m) of paved roadway along 
its length. It is 36 feet (11 m) high at the high 
end, tapering down to a height of 11 feet (3.4 m) 
for the last 500 feet (152.5 m). Translucent panels 
allow natural light to enter the facility, permit­
ting observations to be made under daylight, as 
well as nighttime conditions. The facility also 
incorporates equipment for generating artificial 
fog of controlled density. 

The indoor laboratory tests concentrated on 
determining the conspicuity of pairs of flashing 
lights, although retroreflectors and stop signs 
also were studied as add-ons to gate arms. Both 
incandescent bulbs and xenon flash tubes (strobe 
lights) were used as light sources, and included 
among the incandescent light units tested were 
standard 8-inch (20.3 cm) and l2-inch (30.5 cm) 
traffic signal heads. The primary variables inves­
tigated for the traffic signal heads were 

1. CQI,OR: Red, blue, red and blue, orange, 
and amber flashing light pairs were tested. 

2. FLASHRATE: Tested flashrates ranged from 
40 to 120 cycles/minute, with a 50 percent duty 
cycle, for pairs of lights. 

3. BRIGHTNESS: Luminance (brightness) levels 
used ranged from 275 to 1240 footlamberts (fL). 
This brightness range, below what one normally 
sees in st7ady-burning traffic signal lights, was 
necessary 1n order to test blue-filtered incandes­
~ent lights at a luminance level equivalent to 
that of amber-, orange- and red-filtered lights. 
That is, an incandescent bulb, rich in red wave 
lengths, is unable to transmit higher energy levels 
through blue lenses. The luminance values chosen 
were based on the recommendations of Fisher and 
Cole (1), as cited in Lunenfeld (3), as to the min­
imum luminance levels required for daytime viewing. 

4. SIZE: Lights with 8-inch (20.3 cm) and 
l2-inch (30.5 cm) diameter lenses were compared. 
The lights in a pair were always of the same size. 

5. PLACEMENT: Signal conspicuity at three 
positions was evaluated: "11igh Center" (17 feet 
(5.2 m) high, centered over the roadway) "High 
Right" (equally high, on the "right shouider") and 
"Low Right" (9 feet (2.7 m) high on the "right 
shoulder"). "Low Left" (on the :'left shoulder") and 
"Low Center" positions also were used, but only as 
decoys. The various flashing light pairs were pre­
sented to the subjects in all positions during the 
course of the testing. 

Some 150 drivers of both sexes and all ages 
served as subjects in the indoor laboratory tests. 
Nine subjects were tested per day, from 3PM to llP~I, 
and each viewed from 100 to 180 "displays". A "dis­
play" normally consisted of six "elements" - three 
pairs of flashing lights with each pair mounted on 
a separate post (left, center and right), and with 
a standard reflectorized highway sign mounted on 
each post below the flashing lights. No signs 
were used with the flashing lights when they were 
high mounted, because neither a high-mounted sign 
nor a large gap between the sign and the flashing 
light pair would have been appropriate. 

In each display, only one pair of flashing 
lights was considered the primary target and the 
other two flashing light pairs and any post-mounted 
signs present served as "decoys". (The subjects 
were unaware of all this, of course.) Each day, 
nine subjects (plus two experimenters) were seated 
in a movable cabin structure, 8 x 16 feet (2.4 x 
4.9 m) in size, that approached the display at a 
speed of approximately 5 mph (8 kph). When the 
subjects were approximately 450 feet (137 m) from 
the display, a shutter curtain automatically opened 
and closed, revealing the display to the subjects 
for a short time interval, which was varied from 
l~ to 4~ seconds during the course of the study. 
(Short exposure times were used to simulate the 
time-stressed nature of real-world perception,) 
For each display presentation, each subject was 
instructed to record the single element of the dis­
play that most attracted or held his attention. 
This subjective judgement of conspicuity, or target 
value, then, was the dependent variable. Tests 
were conducted under daytime,nighttime and 475-foot 
(145 m) daytime fog conditions. For the nighttime 
tests, low-beam automobile headlights affixed to 
the subject cabin were turned on. In all instances 
displays were viewed against either a noncompetitiv~ 
rural or highly competitive urban background, the 
latter including a variety of lights, signs and/ 
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opposing vehicle headlights (when appropriate). 
In the daytime fog tests, the flashing light pairs 
were not accompanied by reflectorized signs on 
the same posts, since these signs could not be seen 
at all at the distances at which they were viewed. 

OVERALL RESULTS 

Before discussing the experimental results specific 
to the size/intensity issue, it may be of value to 
understand some of the overall findings of the 
indoor laboratory tests. In brief, these results 
may be summarized as follows: 

1. ~: Excluding white or clear unfiltered 
light, and with equal luminance for all colored 
lights, red is the most conspicuous daytime color 
and blue is the best nighttime color. Amber and 
orange are slightly better colors in daytime fog. 
These results are consistent with findings reported 
by Rumar (~). 

2. FLASHRATE: Flashrates of 70 to 90 cycles/ 
minute for alternately-flashing incandescent lights 
generally lead to greater conspicuity than either 
higher or lower flashrates. 

3. BRIGHTNESS: Brightness increase yielded 
somewhat greater conspicuity during the daytime and 
in daytime fog conditions. At night, however, little 
difference in conspicuity was found, suggesting 
that even the lowest luminance level tested (275 
fL) was more than adequate for detection and recog­
nition. 

4. SIZE: Increasing lens size from 8 inches 
(20.3 cm) to 12 inches (30.5 cm) increased conspic­
uity dramatically under all conditions, far more, 
proportionately, than did increasing the brighthess 
(This is discussed in detail below.) When viewed 
at a distance of 450 feet (137 m), the size differ­
ence between the 8-inch (20.3 cm) and l2-inch (30.5 
cm) signals was dramatic. 

5. PLACEMENT: The "High Cen ter" and "Low 
Right" positions were more conspicuous than the 
"High Right" position for all viewing conditions. 
"Low Right" placement was best for daytime fog 
conditions. (It should be mentioned that in the 
real-world situation, the "High Center" - Le., 
cantilevered-position sometimes presents a difficult 
viewing situation to the motorist when the signal 
aligns with a row of streetlights in the distance.) 

SIZE VERSUS LUMINANCE COMPARISONS 

The overall indoor laboratory findings described 
above suggested the influence that size and lum­
inance independently have on the conspicuity of 
flashing lights. However, they did not reveal the 
significant interaction that exists between these 
two critical variables, an interaction that has 
important implications for signal brightness stan­
dards and, ultimately, energy consumption. These 
implications go far beyond the findings given above, 
and in order to explore them further, separate 
indoor laboratory tests were conducted to study the 
interactive effects of light size and luminance. 

Methodology 

The conspicuity of pairs of alternatively-flashing 
red traffic signal lights was tested by comparing 
them with each other and with decoy targets 
(described above). Each pair of red lights was 
either 8 inches (20.3 cm) or 12 inches (30.5 cm) 
in diameter. Incandescent bulbs were used as light 
sources, and two luminance levels were used for 
each size: 620 fL or 1240 fL for the 8-inch (20.3 
cm) and 275 fL or 550 fL for the l2-inch (30.5 cm) 

Each light pair was flashed at arate of 55 
cycles/minute (in keeping with current practice), 
with a 50 percent duty cycle. Three positions 
were used for placement of the light pairs: "Low 
Left", "Low Center" and "Low Right". Observations 
were made by 81 subjects, all of ~hom viewed the 
1ights under daytime, nighttime and 475-foot (145 
m) daytime fog conditions. Each display was re­
vealed to the subjects for ~ seconds, utilizing 
the same test procedure and apparatus as described 
above. 

Results 

Based on the frequency with which test subjeets 
selected the target pair of flashing red lights as 
being the most attention-getting (and attention­
holding) element of a display, the following 
results regarding the relative importance of lum­
inance and size to target value were obtained: 

1. Some increase in conspicuity resulted from 
doubling the luminance of the l2-inch (30.5 cm) 
heads from 275 fL to 550 fL under all three visibil­
ity conditions; however, this increase was not 
statistically significant (Chi-Square test). 

2. A slight increase in conspicuity resulted 
from doubling the luminance of the 8-inch (20.3 
cm) heads from 620 fL to 1240 fL under daytime and 
nighttime conditions, but once again, this increase 
was not statistically significant. There was, how­
ever, a significant increase in conspicuity (p=O.OOl) 
(the probability that the obtained difference in 
conspicuity occurred as a result of chane e is les s 
than one in a thousand) resulting from doubling the 
luminance of these smaller heads under daytime fog 
conditions. 

3. Comparing the two signal sizes under differ­
ent visibi1ity conditions, as shown in Table 1, the 
results were quite consistent. 

a. When viewed at night, the larger head 
had significantly higher target. value than the 
smaller head regardless of their relative luminance 
levels. This was true even when the larger head, 
with 2.25 times the area of the smal1er head, had 
only about 22 percent of the brightness (275 fL 
versus 1240 fL). 

b. In daytime fog, the larger head at 275 
fL and the smaller head at 1240 fL had approximately 
equivalent target value, with both targets being 
significantly more conspicuous than the smaller head 
at 620 fL. The larger head at 550 fL was signif­
ieantly better than the smaller head at 620 fL, and 
slightly better than the smaller head at 1240 fL, 
but not significantly so. 

c. Daytime results showed that conspicuity 
increased in the order: 8-inch (20.3 cm) at 620 
fL, 8-inch (20.3 cm) at 1240 fL, l2-inch (30.5 cm) 
at 275 fL and l2-inch (30.5 cm) at 550 fL, although 
the differences between the two head sizes were not 
statistically significant for two of the comparisons. 

Discussion of Results 

It should be pointed o~t that in the daytime tests, 
the primary and decoy targets were viewed against 
a moderate-contrast background, without backplates, 
and a1though the "order of finish" of the four 
size/luminance combinations was the same as in the 
nighttime tests, the amplitude of the differences 
was much less in the daytime results. Although 
higher luminance levels were not tested, post 
project analysis of the data suggests that had 
higher luminance levels for both head sizes been 
used in the daytime tests, the results might well 
have been identical in significance to those 
obtained in the nighttime tests, since target lum-
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TABLE 1: Traffic Signal Conspicuity as Related to Size, Intensity and Viewing Environment 

SIZE/INTENSITY VIEWING ENVIRONMENT 

COMPARISONS NIGHTTIME DAYTlME FOG DAYTlME 

8-inch 12-inch 12" better 12" better 12" better 

(20.J cm) 
v. (JO.5 cm) (pf.02) (p!!.004) (p~.lO) 

@ 620 :fL @ 275 :fL 

8-inch 12-inch 12" better Both about 12" slightly 
v. 

(p~.05) 
better, but 

the s ame not signi:f. @ 1240 ::fL @ 275 ::fL l. 

8-inch 12-inch 12" better 12" better 12" better 
v. 

(p~.005) (p6.001) (p:f.05) 
@ 620 ::fL @ '5'50 ::fL 

8-inch 12-inch 12" better 12" better, 12" 5 lightly 
v. 

@ 1240 ::fL @ 550 ::fL 

inance would have been further into the supra­
threshold range, where the effects of size can 

(p~ .008) 

more readily be isolated. Outdoor daytime testing 
with high background luminance levels in all likeli­
hood would require even higher target brightness, 
plus the use of backplates, to produce results 
similar to those seen in nighttime viewing. It 
should be pointed out that the luminance levels 
used in the study were far below those recommended 
by the Institute of Traffic Engineers (5), and 
adopted by reference in the Manual on Uniform 
Traffic Control Devices (MUTCD) (6). The ITE stan­
dards call for 1411 fL for 8-inch-(20.3 cm) and 
1596 fL for l2-inch (30.5 cm) red signals. (These 
standards are given by ITE in candelas, but have 
been converted here to footlamberts, the measure 
of luminance used by most simple light-measuring 
devices.) 

The results obtained in the study indicate that 
for daytime and nighttime there exist (different) 
supra-detection threshold values for the contrast 
between the light source and the "near" background 
such that any small increase in the luminance of 
the light source (such as doubling or tripling) 
will result in neglible improvement in the target 
value of the light source. Once the contrast 
exceeds this supra-detection threshold, increasing 
signal size is far more effective than increasing 
signal brightness as a means for improving target 
value. The nighttime data show that this contrast 
value was exceeded, while daytime results indicate 
that, w{thout backplates, it was noto Daytime fog 
test results suggest that size, while more critical 
to target value than luminance, is, however, not 
completely dominant, as evidenced by the significant 
increase in target value resulting from doubling the 
luminance of the smaller, 8-inch (20.3 cm) head. 

IMPLlCATIONS OF THE FINDINGS 

In recent years, the concept of dimming traffic 
signals as a means for conserving energy and redu­
cing unwanted glare during hours of darkness has 
been given increasing consi.deration. For examj?le, 
in 1974 Labrum (7) proposed replacing 8-inch (20.3 
cm) signal heads-with l2-inch (30.5 cm) heads for 
increased effectiveness, but suggested reducing 
bulb size in the l2-inch (30.5 cm) heads from the 

but not better, but 
signi::ficant not signi::f. 

standard 150 watts to 100 watts, to save energy. 
(He recommended doing this for the yellow and green 
indications only, not for the red, because of the 
differential color sensitivity of the eye.) 

Lunenfeld (3) suggested that while there are 
few instances in which the standard 8-inch (20.3 
cm) signals should be dimmed at night, there are 
many more situations in which the l2-inch (30.5 
cm) signal brightness can be reduced to the level 
of the smaller head without 1055 of an adequate 
margin of safety. He states that these decisions 
must be made on a location by location basis, taking 
into account such factors as background luminance 
and competition, geometric design and signa! place­
ment relative to the driver's line of sight. King 
(8) also feels strongly about signal placement, 
stating that it is the major element in signal 
effectiveness. This suggests that improved signal 
placement can be used together with signal dimming 
to reduce energy consumption without 1055 of signal 
effectiveness. 

Fausch and Apeldorn (9) addressed the issue of 
glare, and recommended that all signal systems 
incorporate equipment that automatically adjusts 
signal brightness as a function of background lum­
inance. A variety of such devices have been mar­
keted for seve~al years, and have been used by 
various governmental entitities for dimming signal 
indications, despite the fact that the MUTCD pro­
vides no clear-cut authority for this and that cri­
teria have yet to be developed that establish 
minimum signal luminance levels based on driver 
(and pedestrian) needs. 

What has resulted is inconsistent, non-uniform 
application cf a principIe which appears sound, and 
in recognition of this, in 1978 the Federal Highway 
Administration indicated its desire to fund research 
in this area (RFP 413-8), citing the shortage and 
cost of energy and the possibility of glare from 
traffic signals at night, as well as the non-uniform 
application of signal-dirnming techniques throughout 
the U.S., among the reasons why such research was 
needed. The FHWA project initially is to deal with 
driver/pedestrian requirements for the conspicuity, 
detectio~ and recognition of signals in terms of 
their color~ contrast, size and position in the 
visual field, and then is to concentrate on signal 
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intensity using both 8-inch (20.3 cm) and l2-inch 
(30.5 cm) signal heads. 

The FHWA research has not yet been accomplished; 
however, a significant headstart toward answering 
some of the critical questions addressed by the FHWA 
has been made by the study described in this paper, 
as well as by sorne of the other relevant research 
efforts completed to date. lt wou1d appear reason­
ab1e to make the fol10wing inferences from the 
research findings currently avai1able: 

1. As presently designed, once a supra-threshold 
contrast value has been attained, far greater con­
spicuity can be achieved by using 12-inch (30.5 cm) 
instead of 8-inch (20.3 cm) signa1 heads for the 
same or less expenditure of energy. This does not 
mean that the larger heads should automatically be 
used in all situations since, as King (8) suggests, 
it may be advisable to have a mix of signal head 
sizes, reserving the 1arger he~sizes for the red 
indication, where more impact is desired. 

2. lf we can as sume that the resu1ts of the 
present study, which used flashing lights, can be 
extended to steady-burning traffic signals, then 
there is no question but that the standard 150-watt 
bu1b used in 12-inch (30.5 cm) signa1 heads is 
consuming excessive e1ectrica1 energy during hours 
of darkness, with miniscu1e target value advantage 
over the same head in a dimmed operation. There 
is scme question as to the va1ue to conspicuity of 
powering l2-inch (30.5 cm) signal heads with 150-
watt bulbs at ~ time; that is, if they are needed 
for driver detection in bright day1ight, then 
clear1y the standard 8-inch (20.3 cm), 60-watt 
head has to be seriously deficient in the same 
app1ication. 

3. Signal dimming is feasib1e; signa1s at night 
are often too bright, but additional research is 
needed to establish the exact values for required 
luminance in daytime in re1ation to size, and the 
degree of dimming permissible at night. 

4. lt is 1ike1y that energy savings can be 
accomp1ished a10ng with both an increase in con­
spicuity and a decrease in glare, by manipu1ating 
size, intensity and placement of signa1 heads. 
Rowever, it wi11 be necessary to study each case 
individua11y, and take into account background, 
highway geometry and other factors. 

5. lt is like1y that the costs associated with 
conversion to the larger head sizes wi1l, in the 
long run, be more than offset by energy cost savings 
(let alone the abso1ute reduction in energy consump­
tion as a social goal). This cannot be confirmed, 
of course, without a cost-benefit eva1uation; 
however, if energy costs continue ta rise and energy 
supplies become more critica1, whether or not the 
conversión to larger head sizes wi11 "pay for 
itse1f" may become immaterial. 
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DETECTION OF WORK ZONE TRAFFIC CONTROL DEVICES 

Richard F. Pain, Bio Technology, Inc., 3027 Rosemary Lane, Falls Church, Virginia 

Before discussing any data, there had best be sorne 
definition of the topie at hand. The work zones 
studied and the data reported herein are of the 
long-term (over 24 hours), high-speed (45+ mph) 
variety usually found in freeway or four-lane high­
way settings. 

Detection has several definitions, but for this 
presentation will have two meanings: (1) when do 
drivers see that a device is present, and (2) when 
and how do drivers react to devices? 

Particular emphasis will be placed on channeli­
zing devices, with less consideration of advance 
signing and delineation. 

BACKGROUND CONCEPTS 

Traffic control devices (TCDs) are part of an infor­
mation system that is supposed to meet those driver 
information needs required to traverse a work zone 
(1). Therefore, major concerns about TCDs are what 
behavior is elicited frorn drivers at what point in 
the work zone. 

While behavior can be observed and measured, 
current information needs statements leave several 
unanswered questions (~. Does optimal (in terms 
of safety and throughput) work zone operation require 
speed reductiou; should merging at lane closures be 
spreád out as much as possible; and should channeli­
zing devices provide advance hazard warning and lane 
closure information, in addition to delineating a 
clear path through the work zone? For purposes of 
this paper, the assumption was made that channelizing 
devices serve both roles. The rationale behind this 
is that people seem re1uctant to change lanes until 
they see the need. In other words, past experience 
has led many drivers to disbelieve advance warning 
signs; they are not always correcto 

Given the assumption, at what distance should 
channelizing devices provide warning and lane clo­
sure guidance information? The decision sight 
distance concept (3, 4, 5) encornpasses the time, 
expressed in distance-at-different speeds, taken by 
drivers to detect, recognize, select speed and path, 
perform a maneuver safely. The times given in 
Table 1 were derived from experiments with subjects 
driving an instrumented car through a variety of 
city, arterial, and freeway situations. These 
distances provide one performance standard to use 
in assessing detection distance results. 

ADVANCE SIGNING 

Relatively little research has been conducted on 
advance signing. The major research effort has 
been on color coding, with the result that orange 
is the standard construction zone sign color (e.g., 
6). Like other types of signs, work zone signing 
ls equally in need of nighttime illumination or 
reflectivity. Advance signing legibility has not 
been overly studied, and there is little evidence 

$. that legibility of black on orange is sufficient 
on current signs. The greatest problem with 
advance signing has little to do with detection. 
Drivers often read the advance signing message and 
act accordingly, only to find the work zone sit­
uation is different. Signing quickly loses cred­
ibility and, subsequently, effectiveness in eliciting 
the desired driver behavior. 

ARROW BOARDS 

Extensive study of arrow boards (7) indica tes they 
can be initially detected anywhere from 2500 to 
5000 feet away. Identification of the arrow and 
direction occurs between 1500 and 2500 feet. These 
values are well in excess of the recommended recog­
nition distance of 725-1175 feet, depending on 
speed. Field evaluations indicate arrow boards are 
most useful for lane closures, where they promote 
earlier merging. Only in specific situations were 
they helpful in lane diversion (crossover) opera­
tions. Placing the board on the shoulder at the 
start of the taper was more effective than placing 
it in the closed lane farther back in the taper. 
A second arrow board in advance of the taper was 
also effective. Human factors studies (~ indicates 
that the flashing arrow, then chevron, configura­
tions are more effective than the sequential arrow. 
Hooded lights and autornatic dimmers are necessary 
design features. 

CHANNELIZING DEVICES 

Concrete Barriers 

A study .of concrete barrier visibility (2) focused 
heavily on the durability, over a two-year period, 
of six reflective products. Both photornetric 
readings and observer ratings of visibility were 

TABLE 1: Decision Sight Distances (Adapted from McGee and Knapp (5)) 

Speed 
Detection Through 

Maneuver Time Csec) Distance (ft) 

30 10.2 11.7 450 525 

40 10.2 - 11.7 600 675 

50 10.2 - 11. 7 750 850 

60 10.2 11. 7 900 - 1025 
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used to assess performance in a median setting. 
Recommendations for mounting materials, installation 
cost, etc., are given in the reporto From a visibil­
ity perspective, reflectors were superior to reflec­
torized tape. The specific reflectors recommended 
in the report represent something of a compromise in 
that no one product was rated high at the beginning 
and end of the two-year time; there was switching of 
visibility ranking s over time. Other findings 
include: spacing - 80 feet on tangent, 40 feet on 
curves; position - mounted on top, horizontal sur­
face, reflectors weathered best; glare is a problem 
at night; and reflector visibility enhanced under 
wet night conditions, when barriers are usually 
least visible. 

Other Channelizing Devices 

A study of eones, tubes, barricades, panels, drums, 
and steady burn lights was recently reported and is 
summarized here in (2). (Research reported was 
supported through NCHRP Project 17-4.) 

A comprehensive literature review was couducted 
to identify: (1) the safety problem at highway work 
zones as it relates to channelization devices; (2) 
the use and effectiveness of traffic control devices 
in work zones; and (3) measures which can be used to 
evaluate the performance of channelization devices. 
The findings of the literature review supported the 
original contentions that there are many types and 
designs of channelization devices being used. Fur­
thermore, the data are lacking that would support 
current design of these devices or their arrangement 
on the jobo The products of the literature review 
include an extensive bibliography, a literature syn­
thesis, and a chart highlighting current standards 
and usage guidelines for the various devices. 

The next task prior to actual experimentation 
was to develop performance measures that would 
reflect drivers' response and the relative effective­
ness of particular devices. Using the inputs of the 
literature review, an Information-Decision-Action 
(IDA) task analysis procedure was utilized to derive 
candidate performance measures. By analyzing the 
driving task, it was possible to identify the. de­
sired driver and vehicle responses and, in tum, 
translate these into performance measures for eval­
uation. Most of these measures were incorporated 
into the design of the various experiments which 
followed. 

The experimental program consisted of three types 
of studies. The first of these was a laboratory 
study which was aimed at optimizing the design char­
acteristics of barricades and panels. The design 
features studied were: stripe configuration (horizon­
tal, vertical, diagonal, and chevron), width, and 
meaning; white-to-orange color ratio; and height­
to-width ratio. Subjects saw small bar or panel­
shaped stimuli with different design features against 
a visually noisy background. The background was 
divided into quadrants, and subjects had to search 
to find and then detect the stimulus. After seeing 
the stimulus.for 0.4 second, subjects indicated 
where the target was located, the target shape, and 
its configuration. 

Using the results of the laboratory experiments 
to define additional problems, another series of 
experiments were conducted on a closed highway using 
an instrumented vehicle (the DPMAs on loan from NHTSA) 
driven by test subjects. The various devices, with 
varying sizes, spacings, reflectivity, auxiliary 
lighting (steady burn lights), and configurations 
were compared to determine their relative effective­
ness in eliciting desired driver responses. This 
study provided additional findings related to the 
effectiveness of alternate devices and device designs 
when placed in a channelizing array. 

A factorial design was used in which 10 subjects, 
stratified by age and sex, were exposed to each 
treatment. Separate groups saw devices day and 
night. A total of 300 subjects participated. 

The dependent measures were spee~ speed var­
iance, laterial position, displacement from the 
centerline (weaving), array detection distance, 
point of lane change, steering wheel movement, and 
accelerator and brake pedal movement. The only 
measures which differentiated between devices were 
detection distance, point of lane change, and speed. 

Only the detection distance results for single 
devices and device arrays, day and night, are 
summarized below: 

" ~: Seven of the devices have mean detection 
-distances of 2000 feet or better. The remaining 
devices vary from 550- te l750-foot mean distances. 

Night: There was no significant difference 
between day and night mean detection distances for 
single devices in general, i.e., all devices pooled 
together. However, there are changes for specific 
devices between day and night. 

Cones and the 42" post, while detected from 
2400-2500 feet in the day and equivalent in detec­
tion performance to drums and Type 1 barricades, 
became statistically significantly less detectable 
at night. However, only one amount and type of 
reflective collar (6") was studied and there is no 
evidence to suggest this represents an optimum 
nighttime configuration for eones or tubes. Note 
that another NCHRP-sponsored project is currently 
conducting a more thorough test of cone and tube 
performance. 

Arrays: Array detection distance was signif­
icantly longer in the daytime than single device 
detection. 

Array detection distance at night was signif­
icantly higher than single device detection only 
for certain devices (3' x 12" barricades, 12" x 
24" panel, 28" post and cone, steady bum light, 
2' x 8" Type 1 barricade with chevron stripe). 

Array detection in the day was at significantly 
greater distance than at night. 

Single device detection scores were not neces­
sarily predictive of array detection distances. 

Variability in Detection: Considerable varia­
bi1ity arOUDd tbe mean detection scores was evident. 

Using a lOOü-foot decision sight distance as a 
minimum, the 12" x 36" panel, drum, steady bum 
light, ana 8" x 24" panel with chevron could meet 
the criterion of 97% (2 SDs) of drivers at night. 
In the day, only the 42" post, 36" cone, and 28" 
cone met tbe criterion for 97% of drivers. 

The final experiments were conducted in real 
world situation wherein three types of devices 
(eones, barricades, and vertical panels) with design 
and layout variations were tested at three work 
zone types--a-traffic diversion site, a left-lane 
closure site, and a right-lane closure. Measures 
of mean speed, speed variance, lane changing, and 
traffic conflicts were compared to determine rel­
ative effectiveness. 

Collectively, these experiments provided suf­
ficient data to support several recommendations con­
cerning the use of the alternative devices and their 
design and layout parameters. In general, it was 
found that most of the channelization devices 
studied were equally effective in providing a path 
for the motorist. However, not all devices were 
equally effective in their alerting function, as 
it was shown that several types had longer detec­
tion distances associated with them. 

In conclusion, the findings indicate relatively 
successful detection and path guidance performance 
by most devices. One of the major deterrents to 
effectiveness is not the device, but the position, 
dirty, or overturned devices destroy the visual 



1ine or path created by channe1izing devices. 
Therefore, use of appropriate devices is important 
but di1igent set-up and care of the work zone is 
equa11y important. 
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NIGHTTlME DETECTION OF BICYCLES 

Helmut T. Zwahlen, Ohio University, Athens, Ohio 

BACKGROUND 

The purpose of this paper is to summarize what 
research has been done, what we have learned so 
far and what suggestions can be made with regard to 
the nighttime detection problem of bicycles. 

Most of the suggestions are based upon research 
studies carried out at Ohio University (O.U.). De­
tails about these research studies are given in a 
six-volume O.U. human factors engineering and 
design laboratory report (1). Volume 1 describes 
a computer model developed-to simulate the perfor­
mance of a reflectorized object, such as a comer l 
cube reflector, located ahead of a vehicle with a 
selected headlamp system at night. 

Tables and graphs illustrate the performance of 
selected corner cube reflector s at night for various 
geometric, vehicle and headlamp configurations, as 
well as for various environmental conditions. Re­
flector performance is expressed in terms of how many 
times the illumination at the eyes of an observer 
is aboye the 98% detection threshold level for a 
selected representative background luminance (for 
detection threshold levels as a function of the 
background luminance see Fig. 3- l ,9, p.3-35, lES 
Lighting Handbook, 1972) (Z). 

Volume 11 contains a computer analysis dealing 
with the visual detection of point light source 
signals such as a tail lamp at night or during day­
time. Volume 11 also contains an extensive review 
of the visual threshold data and background lumi­
nance data published in the literature. 

Volumes 111, IV, V and VI describe field exper­
iments dealing with the foveal and peripheral detec­
tion of bicycle and shoe reflectors at night. 
Volume 111 provides field research results for 
detecting, ahead of a stationary car at night, a 
bicycle equipped with pedal reflectors and a rear 
wide angle reflector moving parallel to the car's 
axis. Volume IV provides field research results 
with regard to the detection of static vs. dynamic 
pedal reflectors at night. Volume V provides field 
research results with regard to massed vs. distri­
buted reflectors at night, and Volume IV provides 
field research results with regard to detection of 
shoe reflectors at night. Volumes 111 through VI 
report not only the distances at which the various 
reflectors or reflector arrangments were detected, 
but also information as to how many times the illum­
ination level at the eyes of the observers was aboye 
the 98% detection threshold level for a represen­
tative background luminance of the experimental 
environment. 

REVIEW OF RESEARCH LITERATURE 

Only a few studies can be found that deal with the 
nighttime detection of reflectorized objects in the 
field. There exist many studies in the literature, 
however, which deal with the visual detection of 
targets against various backgrounds, the detection 
of point sources, or the detection of chromatic 
light sources in the laboratory. For examples or 
references, see pp. 3-33 to 3-39, lES Lighting 
Handbook, 1972 or W.E.K. Middleton's book "Vision 
through the Atmosphere," 1952 <l>, or the Visibility 
Issue of Applied Optics, May 1964, Vol. 3, No. 5 (4). 
Four studies will be discussed here only briefly. -
They are reviewed in detail in the Ohio University 
volumes described aboye. 

The report by K.G. Cook entitled: "Reflector 
Analysis," 1969 (1), provides useful information 

about reflectors, reflector usage, reflector stan­
dards and tests, the computational aspects and 
methods to analytically assess reflector performance, 
results of an analytic assessment of reflector per­
formance and results of controlled field observations 
of reflective materials. 

Burg and Beers report in the Journal of Safety 
Research, on two studies that were conducted to 
test the relative effectiveness of prismatic retro­
reflectors and retroreflective sidewall tires (6). 
Primary emphasis was on increasing the conspicuTty 
of bicycles and motorcycles viewed from the side. 
The main findings were: 1) from apure threshold 
detection standpoint, brighter stimuli are better, 
regardless of color, and point light sources such 
as prisma tic reflectors are better than extended 
reflectors such as reflectorized sidewalls of equal 
brightness; and 2) in the night environment with 
moderately high visual clutter a relatively high 
luminance contrast as provided by prismatic reflec­
tors does not result in easy recognition of a sta­
tionary or slowly moving stimulus object, however, 
the unique closed circular shape of reflectorized 
sidewall tires is very distinotive and thus far more 
effective as a recognition clue than the higher 
point brightness of prismatic reflectors. McGinnis 
reports on an analytic computer study dealing with 
the reflectorization of railroad rolling stock (7). 
Although this study does not directly deal with the 
bicycle detection problem, the approach, many of the 
calculations and the results have relevance to the 
bicycle detection problem. This author has used his 
own computer model and recomputed the visibility 
regions given by McGinnis. Figure 1 illustrates a 
number of selected threshold multiple curves (1.0, 
7.8, 20, 50, lOO, 500, 1000) for a pickup truck 
(driver eye height of 5 feet, horizontal distance 
from eyes to headlamps 6 feet, headlamps 2.125 feet 
aboye ground and 5 feet apart, and driver at 1.25 
feet to the left of the car axis~. Because of the 
larger observation angles for the pickup truck, 
visibility regions for the truck are smaller than 
for a typical caro 

Another source of information 1s the Stoovelaar 
and Groot report on a study conducted under the 
auspices of the Royal Dutch Touring Club ("A Visible 
Bicyc1e," 1976) (8). This study emphasizes 
pattem-recognition rather than the factors used in 
classical visibility studies such as luminance and 
contrasto 

Discussion of SAE and CPSC Reflex Reflector Standards 

To this author, the ~tE J594f (9)ana the Consumer 
Product Safety Commission (10) reflex reflector 
standards have a uomber of shortcomings. First, 
both standards, are stric.tly stated in photometric 
terms and make no reference or justifications with 
regard to human capabilities and limitations. 
Second, both standards do not prescribe· a minimum 
reflector area. Third, both standards specify the 
minimum photometric requirements for only two obser­
vation angles (0.20 and 1.50 , exception CPSC stan­
dard for pedal reflectors, additional observation 
angle 0.30 ). And fourth, the specified photometric 
values are highly inadequate from a safety point of 
view and far below the state of the art capability 
of the reflex reflector manufacturing technology. 
It is also this author's opinion that the increases 
in the photometric values (50%) for the 0.20 obser-



FIGURE 1: Computed Threshold Multiple Curves for 
a Reflector as a Function of the Lateral and the 
Longitudinal Distance Ahead of a Pickup Truck 
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vation angle in the CPSC standard when compared to 
the SAE J594f standard are far too small to effect 
a significant positive change from a safety point 
of view. It should be noted that all the photo­
metric values for the 1.50 observation angle in the 
CPSC standard remained unchanged when compared with 
the SAE J594f standard. One might argue that the 
CPSC standard includes photometric reflector values 
for additional larger entrance angles (for front, 
rear, and side reflectors only, 300 , 400 and 500 ), 

however, the spec.ified magnitudes for the 0.20 and 
1.50 observation angles, especially for the 1.50 

observation angle, are so small and inadequate that 
even extremely modest positive safety benefits in 
the real world would appear highly questionable. 

In terma of creating more effective reflex 
reflector standards for bicycles, four major changes 
are needed. First, the minimum photometric values 
must be stated and justified in terms of human 
capabilities and limitations for a representative 
night environment. Second, the minimum photometric 
values must all be raised subject to constraints 
such as the state of the art of the reflector manu­
facturing technology, the minimum and maximum fea­
sible or desirable reflector area, etc. Third, the 
practice of specifying the photometric performance 
of a reflex reflector"for only two observation angles 
(0.20 and 1.50

) must be discontinued. It should be 
replaced by a new practice where, for each specified 
entrance angle, a continuous photometric reflector 
performance curve is specified over the observation 
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angle range from O.lÓ to 2.00 (measurement equipment 
to record continuously the photometric values as a 
function of the observation angle is available and 
in use for some time). Fourth, for each reflector 
type (front, rear, side, pedal) the minimum and pos­
sibly also the maximum area of each single reflector 
must be specified, along with the corresponding 
photometric curves. Further, for each of the reflector 
types, the standard must include specifications about 
the spatial reflector arrangements, the reflector 
shapes and color composition (individual rear reflec­
tors could have two colors, red and amber, in order 
to reflect more light and still meet legal require­
ments). For example, two horizontally extended rear 
reflectors might improve factors such as position 

,determination and the estimation of closure rateo 
Another comment is in order with regard to the 

CPSC standard for the retroreflective tire test. 
The measurement procedure, the criteria and the 
minimum acceptable values for the quantity A defined 
in the retroreflective tire test procedure should 
be modified and simplified so that one can make 
quick approximate comparisons between different 
reflective material configurations on a cp/fc or 
luminance basis. An approximate cp/fc-value or 
milli-candelas/lux-value per unit length or unit 
area instead of A would be far more helpful for 
design and comparison purposes. Additionally, all 
of the suggestions made previously with regard to 
prisma tic reflectors should be incorporated in the 
CPSC retroreflective tire test standard, if applicable. 

The "Multiples of Threshold" Concept and the 1000 
Criterion 

The primary purpose of the "multiples of threshold" 
concept is to provide a system of measurement that 
allows a one to one comparison of visual detection 
results for light sources against background s with 
different luminance levels. Figure 3-49 of the lES 
Lighting Handbook, (see Reference 2), depicting 
threshold illumination at the eye from a white point 
source for about 98% probability of detection as a 
function of the background luminance, represents 
the basis for the "mul t iples of threshold" concepto 
After extensive review and calculations, this author 
has concluded that the curve shown in Figure 3-49 
represents a reasonably good compromise of the visual 
detection results reported in the literature. It is 
improtant to note that most published threshold val­
ues were obtained in the laboratory, against uniform 
backgrounds, with highly alerted and motivated sub­
jects. Looking at the curve in Figure 3-49, one can 
observe that the threshold illumination levels in­
crease rapidly with increasing background luminance 
(for example, at O.OlfL the 98% threshold illumination 
level is 0.28493xlO-8fc, at O.lfL the 98% threshold 
illumination level is 0.80303xlO-8fc or 2.82 times 
higher) • 

Based upon field experiments which investigated 
both foveal and peripheral detection at night, 
this author feels that the illumination level at 
the eyes of a driver due to a point light source 
must be at least 1000 times above the 98% laboratory 
detection threshold level (for a representative 
night background luminance level) in order to assure 
the timely detection of a bicycle ahead of the caro 
A list of reasons why a threshold multiple of at 
least 1000 is required is given in the Ohio Univer­
sity laboratory report Volume 11. They include: 
unalerted vs. alerted driver, peripheral vs. foveal 
detection, non-uniform background, low information 
processing workload vs. high information processing 
work load, timely detection or earliest possible 
detection in order to provide a maximum amount of 
time to the driver for the subsequent recognition, 
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decision and control action phases, environmental 
factors such as fog or rain, other traffic, age 
effects, CO, drugs including alcohol effects, dirt 
on headlamps and/or inside-outside windshield, etc. 
The 1000 times above laboratory threshold illumina­
tion level criterion requires (for a representative 
night driving background luminance level of O.OlfL) 
2. 85xlO-6fc, or 3.07xlO-5lux, or 79.4 miles candles, 
or 30.7km candles. Using a representative background 
luminance of O.OlfL, a transmissivity value of 0.99 
per 100 feet (clear to light haze), the 1000 times 
above laboratory threshold would be obtained by a 
light source of 2cp intensity located 805 feet away. 
In light fog (transmissivity 0.88), the correspon­
ding distance would be 579 feet. Considering the 
present state of the art about decision sight dis­
tance requirements (for 50mph design speed 750-1025 
feet, for 60mph design speed 1000-1275 feet, "Decision 
Sight Distance for Highway Design and Traffic 
Control Requirements," (11), the 1000 times threshold 
multiple is certainly no~excessive or unrealistic 
and actually a rather modest proposal. Further, 
looking at Figure 21, p. 816, of Breckenridge's and 
Douglas' publication dea1ing with the "Development 
of Approach-and Contact-Light Systems" (Il1umination 
Engineering, November, 1945) the 1000 times above 
threshold va1ue for O.OlfL background 1uminance 1ies 
between the human bril1iancy ratings of "satisfac­
tory" and "bright". Here, il1umination 1evels cor­
responding to the bri11iancy ratings form a geometric 
series, the bri11iancy sca1e goes from visible, 
faint, weak, satisfactory, bright, glaring, to 
b1inding and the increase of one step in the rating 
required about a fourfo1d increase in the i1lumination 
leve1 at the eyes of the observers. 

Fovea1 vs. Periphera1 Detection 

Figure 2 i1lustrates typica1 eye fixation 10cationS 
for a driver when driving on a straight 1eve1 
two-1ane rural road at night with low beams, from 
data recent1y recorded and analyzed at Ohio Univer­
sity. Looking at Figure 2, one can observe that 
in spite of the severly 1imited richness of the 
visual scene at night there exists quite a disper­
sion among the eye fixations both in the horizontal 
and vertical directions (the spatia1 dispersions of 
the eye fixations are somewhat 1arger when driving 
through curves). Therefore, the initia1 detection 
of a bicyc1e with a bicyclist on the road ahead wi1l 
most 1ikely occur peripherally, rather than foveally. 
The results from a number of field detection exper­
iments conducted at Ohio University indicate that 
the il1umination detection thresholds are lowest 
for foveal detection and increase (U-shape) with 
increasing distance away from the fovea (both nasal 
and temporal). For examp1e, at -10 degrees (left) 
in the periphery the i11umination detection thresh­
olds are on the average about 2 to 40 times higher 
than at the fovea. It shou1d be noted that a11 
fie1d experiments emp10yed high1y a1erted drivers 
who had no other task than to detect an approaching 
bicyc1e with a specific reflector arrangement. 

It is common know1edge that a high visual work­
load and a high information processing 1evel, as 
exist when a driver negotiates a curve, have detri­
mental effects upon the periphera1 detection of 
visual stimu1i. For these reasons, any fie1d studies 
dea1ing with the nighttime detection of bicyc1es 
must inc1ude the measurement of a driver's periphera1 
detection capabi1ities a10ng with the fovea1 detec­
tion capabi1ities. Further, when investigating a 
driver's recognition capabi1ities, periphera1 
recognition capabi1ity must be investigated a10ng 
with fovea1 recognition capabi1ity. A peripheral 
ang1e of lOor 15 degrees might be the most repre-

sentative ang1e at which a driver's peripheral per­
formance (detection and/or recognition) ought to 
be investigated for night driving conditions. 

The Need for an Adequate Bicyc1e Taillight in 
Addition to Adequate Ref1ectors 

A bicyclist with a bicyc1e outfitted with the best 
state of the art ref1ectors and reflector arrange­
ment is sti11 at the mercy of the motorist. Reflec­
tors are a passive system of i11umination and if 
the head1ights of a car are misaimed, covered with 
dirt, or even worse, if the 1eft head1ight is burned 
out, the reflectors may not return enough 1ight to 
assure timely detection, time1y recognition, etc . 

. ~_. An energized lighting system (taillight) also has 
an advantage in sharp vertical or horizontal curves, 
where the reflector performance at higher entrance 
angles is considerably lower. Again, any standard 
for an energized vehic1e or bicyc1e rear 1ighting 
system must be expressed or justified in terms of 
human visual detection capabilities and a thresho1d 
has been proposed. 

In the context of the ear1ier discussed decision 
sight distance requirements, a distance of 800 feet 
(approximate1y 10 seconds driving time at 55 mph) 
has been selected as a representative detection 
distance va1ue. Figure 3 indicates that to meet 
the 800 feet detection distance and the threshold 
mu1tip1e of 1000 criteria in relative1y c1ear 
weather (transmissivity 0.99 per 100 feet) , with a 
representative background with a luminance leve1 
of O.OlfL, a 2cp 1ight source is needed. Since the 
tail1ight wou1d be red, the actual cand1epower of 
the bu1b behind the red lens would have to be 8cp. 
The SAE J585e standard for tai11amps (rear position 
1amps) specifies a minimum cand1epower requirement 
of 2.0cp for H-V and a maximum of 18cp at H or above. 
Actua11y most automobile taillamps "run" at around 
8cp. Tab1e 1 proposes minimum cp-values specified 
in the SAE J585e standard. 

There is no reason why a bicyclist shou1d not 
enjoy "equa1ity" on the road in terms of the minimum 
cp-values for a tai11ight. Whi1e these va1ues 
appear rather high, especia11y considering what has 
been avai1ab1e in the past, a specifica11y designed 
high1y efficient sealed beam tai11amp using about 
1 watt of power (about one third of generator output) 
cou1d probab1y meet the proposed minimuol requirements. 
This author feels that in the past, too 1arge a 
fraction of the power output by the generator has 
been used for the bicycle headlamp and too sma11 a 
fraction has been used for the tai1lamp. It is 
hoped that future energized bicyc1e 1ighting systems 
wil1 be so designed that both forward and rearward 
visibi1ity needs are considered. Using up to 40% 
of a generator's output for the tai1light would not 
be excessive and not too detrimenta1 to the front 
visibi1ity needs. 

Some Computer Mode1 Results of Eva1uating Nighttime 
Detection of Ref1ectorized Objects 

Input for this FORTRAN computer mode1 consists of: 
1) geometric input related to the road geometry 
(straight or curved), 2) car dimensions including 
head1amp aim and driver eye position, 3) background 
luminance and corresponding minimum 98% detection 
thresho1d, 4) transmissivity va1ue of the atmos­
phere, 5) reflector area, position and orientation, 
6) cp-matrix (horizontal and vertical) for beam 
pattern, and 7) cp/fc/area-matrix for reflector 
(as a function of observation and entrance ang1es. 

The output consists of a number of selected dis­
tance values ahead of the car for which the fo1lowing 
variable va1ues are printed out: 1) observation 
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TABLE 1: Proposed Minimum Design Candlepower 
Requirements for Bicycle Taillamps (Improved SAE 
J585e Standard) 

Test Points, Candlepower 
degrees (for One Section Taillamp) 

Vertical Horizontal 

lOU lOL 1.2 
and V 1.6 
lOD lOR 1.2 

20L 1.2 
lOL 1.6 

Su 5L 2.0 
and V 2.0 

5D SR 2.0 
10R 1.6 
20R 1.2 

20L 1.6 
10L 2.0 

5L 2.0 
H V 2.0 

SR 2.0 
10R 2.0 
20R 1.6 

Note: The SAE J585e standard does also specify that 
the signal from lamps on both sides of the vehicle 
shall be visible through a horizontal angle from 45 
degrees to the right. To be considered visible, the 
lamp must provide an unobstructed projected illum­
inated area of the outer lens surface, excluding 
reflex, at least 2 square inches 9l2.5cm2) in extent, 
measured at 45 degrees to the longitutinal axis of 
the vehicle. 

With regard to the proposed bicycle taillamp 
standard the above specification of the SAE J585e 
standard ought to be stated in a different way and 
as follows: 1) the maximum horizontal angle of 450 
ought to be at least doubled, 2) at additional 
selected test points such as + 450 and + 900 horizon­
tal and -lOo, 00 snd 100 vertIcal candlepower values 
ought to be specified (in the range from 0.1 to 
0.3cp), and 3) as recommended in a previous section 
for the reflectors, all candlepower values could be 
specified as continuous curves (rather than for 
single points) for selected horizontal and/or 
vertical angles. 

angle for left headlamp and for right headlamp, 
2) entrance angle for headlamp and for right head­
lamp, 3) candlepower value for left headlamp and 
for right headlamp, 4) illumination at reflector 
due to left headlamp and due to right headlamp, 
5) cp-value at reflector due to left headlamp and 
due to right headlamp, 6) total illumination at the 
eyes of the driver, and 7) number of times illumina­
tion at the driver 's. eyes is above the minimum 98% 
threshold value. 

The model do es not use any geometric simplifica­
tions or approximations and can handle one or more 
headlamps. Any headlamp type and reflector material 
(prismatic or beadi' reflectors) can be investigated, 
provided that adequate information about the beam 
pattern (isocandela distribution and/or cp-matrix) 
and the reflector material (cp/fc/area or cp/fc 
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curve as a function of observation angle for selec­
ted entrance angles and/or cp/fc/area or cp/fc 
matrix) is available. Additional information about 
the model, beam patterns, reflector matrices and 
selected analyzed nighttime detection situations 
can be found in Volume 1 of the O.U. reporto 

Table 2 illustrates one type of program output. 
Reflector performance is given as a function of 
the distance ahead of the vehicle, in this case a 
pickup truck with two type 6014 low beam headlamps. 
!he reflector ahead of the vehicle is positioned 
along a curve section with a radius of 1438.15 
feet with the reflector optical axis tangential to 
the are. The distance ahead of the vehicle is 
defined as the shortest distance between the front 
of the vehicle (center of car between the two head­
lamps) and the position of the reflector. The 
selected measure of reflector performance is the 
number expressing how many times the illumination 
due to the reflector at the eyes of a driver is 
above the minimum 98% laboratory detection threshold 
level, for a representative background luminance 
of O.OOlfL. The last column in Table 2 shows that 
the threshold multiples decrease in an exponential 
fashion as the distance ahead of the vehicle 
increases. Table 2 also illustrates that an obser­
vation angle of 0.20 or smaller is reached only at 
distances above 800 feet (LHL 820 feet). 

Table 2 illustrates clearly that reflectors 
must perform well not only at an observation angle 
of 0.20 but also at somewhat larger observation 
angles, for instance, up to 0.80

• It is hoped that 
future prismatic reflectors will be designed so 
that some of the present high optical performance 
within the observation angle range from 00 to 0.2 
is "shifted" into the observation angle range from 
0.20 to 0.80

• While this would improve performance 
in that range, increased reflector area and im­
proved reflector quality will probably produce the 
major performance improvements. 

It should be noted that the observation angles 
used in Table 2 are relatively large, because the 
vehicle assumed is a pickup truck rather than a 
caro For a caro using a 3.75 feet eye height, an 
observation angle for the left headlamp (LHL) of 
0.20 or les s is obtained for distances above 460 
feet. The larger observation angles obtained for 
a pickup truck are due to the longer vertical dis­
tance between the eyes and the headlamp (34.5" 
for pickup vS. 19.5" for car). It should also be 
noted that the reflector performance in left curves 
is worse than in right curves and on straight roads 
when driving with low beams, since the low beams 
are slightly aimed down and to the right (to reduce 
glare to the oncoming motorist). For example the 
6014 low beam pattern used to compute the results 
has its "hottest point" (260l5cp) 2.00 down and 
2.50 to the right. 

The table also shows that the cp-values for 
the left and right low beam headlamps for any dis­
tance ahead in the left curve are rather modesto 
between one and two orders of magnitude smaller 
when compared with the "hottest point" (260l5cp). 
One can observe too that the entrance angles for 
the left and right headlamps, after an initial dip 
between 70 to 100 feet, increase in a linear fashion 
with increasing distance (these entrance angles 
would get smaller and smaller exponentially with 
increasing distance for a straight road). While 
the entrance angles are sensitive to horizontal 
curvature, the observation angles show only rela­
tive small changes and are not that sensitive to 
horizontal curvature. For example, for a straight 
road at 70 feet, the entrance angles for LHL and 
RHL are both 2.060 (3.450 and 0.690 for 1438') and 
the observation angles for LHL and RHL are 2.450 



TABLE 2: Reflector Performance as a Function of Distance Ahead of the Vehicle 

CfJRVATURE 01' ROAD TO LEFT: H38.15 FT. BA-CKGROIIND LUMINANCr:: 0.001 Fr.. TRAN~~ISSIVITY: 0.99 PE? 100 FT. 
REFLECTOR TYPE ~ COLOR: WIDE ANGLE RED RR-280 R~I'LECTOR, 6.16 SQUAFE INC;f~S A~~A, HN. THRESIIOLD 2.lXE-09 FC. 
BEAM PATTEnN : TWO 6014 LOW 3EA~S REFLECTOR HEIGUT FRO~ GROUND LEVEL: 29 IN. EP5ILON :0. 
HEIG!lT 01' !lEADLAMPS PROM GRO~NO LEVEL :2.125 FT. DISTANCE DETWEEN HnDLA~P'i D.O F'\'. HE HEIGII1 :S.O FT. 
DISTANCE BETiEEN EYE & CAH AXIS :1.25 FT. DISTANC! DETi!EEN EYE ANO FRC •• T OF CAR :6.0 FT., PTCKUP TR!lCK. 
AIM ANGLE 01' IN-CURVE HEAOLA~P IN HORIZONTAL PLAN! :0. AIH ANGLE 01' OUT-cunVE HEAOLAMP IN UORIZONTAL PLANt :0. 
HM ANGLE 01' IN-CURVE HEAOU'P IN VERTICAL PLANE :0. AI~ ANGLE 01' Oll'r-cr'RVE ¡¡EADLA~2 IN VERTICU PLANE : 0. 

OIST 085.1 NGLE ENTR. !NGLE 
ANCE L8L ROL LOt RHL 
FEET 

ijO 
70 

100 
130 
160 
190 
220 
250 
280 
310 
3ijO 
370 
ijOO 
ij30 
ij60 
ij90 
520 
550 
SAO 
610 
6ijO 
670 
700 
710 
760 
'790 
820 
850 
880 
910 
'lijO 

ij.l0 
2.ijO 
1.69 
1. lO 
1.06 
0.89 
0.76 
0.67 
0.~9 
0.5ij 
O.ij 9 
O. ij5 
O. ij 1 
0.]8 
0.]6 
O. ]] 
O.] 1 
O.JO 
0.28 
0.27 
0.26 
0.2ij 
0.23 
0.2] 
0.22 
0.21 
0.20 
0.20 
0.19 
0.19 
0.18 

6.]6 
].79 
2.71 
2.12 
1.75 
1. ij9 
1.] 1 
1.16 
1.05 
0.96 
0.88 
0.82 
0.76 
0.72 
0.68 
0.6ij 
0.61 
0.58 
0.56 
0.53 
0.51 
0.ij9 
0.ij8 
0.46 
0.ij5 
O.H 
0.ij2 
O. ij 1 
O.ijO 
O.] 9 
0.38 

4.ijO 
3. ij5 
3. ij3 
3.69 
ij.08 
ij.5ij 
5.0ij 
5.56 
6.10 
6.65 
7.21 
7.17 
8.]5 
A.9] 
9.51 

10.10 
10.69 
11.28 
11.88 
12.47 
13.07 
13.68 
14.28 
lij.89 
15.50 
16.12 
16.73 
17.35 
17.97 
18.59 
19.22 

2.81 
0.69 
0.59 
1.50 
2.30 
3.04 
].H 
4.42 
5.08 
5.73 
6.37 
7.01 
7.64 
8.27 
8.90 
9.52 

10.14 
10.77 
11.39 
12. o 1 
12.64 
13.26 
13.89 
14.51 
15.14 
15.77 
16.40 
17. O] 
17.66 
18.29 
18.9] 

CANOLE POWER I LLUII. AT REFL 
tUL ROL LUL ROL 

I'C I'C 

2819.64 539.64 1.151305 0.334017 
2499.02 642.97 0.50665j 0.129903 
1249.26 662.72 0.12381Q 0.065453 
991.6] 650.]9 0.057994 0.037904 
798.40 627.04 0.0301]6 0.024055 
715.44 609.80 0.01947ij 0.016541 
660.02 589.2] 0.013]60 0.011885 
620.54 570.26 0.009698 0.008~81 
590.84 5ij9.92 0.007339 0.006807 
566.16 526.84 0.005720 0.005]Oij 
5]9.97 522.]4 0.00ij522 0.004359 
513.06 551.65 0.003617 0.003875 
545.61 512.17 0.001281 0.00]069 
524.70 426.61 0.002722 0.002206 
431.74 433.64 0.001952 0.001953 
434.]6 440.36 0.001725 0.00114] 
4]5.4] ]15.78 0.001531 0.001]17 
]67.00 349.31 0.001150 0.001091 
]52.66 366.37 0.000991 0.001026 
]69.01 ]35.87 0.000935 0.000847 
324.11 299.]4 0.000143 0.000684 
30].08 311.14 0.000632 0.000647 
]15.33 302.0] 0.000601 0.000573 
289.59 268.17 0.000506 0.000ij67 
OUT 01' RANGE 01' T!lE CP TABtE 
OUT 01' R1NGE OF TUE CP TABLE 
OUT 01' R111GE 01' THE CP TABLE 
OUT 01' R1NGE OF TUE CP TABLE 
OUT 01' 8ANGE O F THE CP TABtE 
OOT DI' RANGE DI' TUE CP TABtE 
OUT 01' R1NGE 01' TUE CP TABtE 

REI'L. CP 
LHL RUL 

0.258869 
0.083186 
0.023574 
0.014119 
0.010921 
0.010785 
0.010736 
0.010886 
0.010658 
0.010961 
0.010769 
0.010614 
0.011196 
0.011091 
0.009363 
0.008811 
0.008727 
0.007279 
0.007228 
0.007647 
0.006692 
0.0061H 
0.006293 
0.0056H 

O. Oij 168 8 
0.016001 
0.008914 
0.005939 
0.00U97 
0.003333 
0.002889 
0.0026ij9 
0.002533 
0.002533 
0.002576 
0.002716 
0.002603 
0.002207 
0.002274 
0.002319 
0.001585 
0.001457 
0.001500 
0.001337 
0.001150 
0.001195 
0.001226 
0.001125 

IttUII. NO: 01' 
AT EYR TIllES 
PC TURES!lOLD 

0.1409E-0] 
0.1703E-04 
0.2861E-05 
0.1070E-OS 
0.54]5E-06 
,9. 3606E-06 
0.2610E-06 
0.2015R-06 
0.1568E-06 
0.1311E-06 
0.1078E-06 
0.9089E-07 
0.8045E-07 
0.6706E-07 
0.5120E-07 
0.4309E-07 
0.3539E-07 
0.2676B-07 
0.2399E-07 
0.2228E-07 
O. 176 lE-07 
0.1509E-07 
0.1407E-07 
0.1161E-07 

61274.41 
7404.62 
1243.96 
465.30 
236. ]0 

156.78 
113.47 
87.59 
68.19 
57.00 
46.86 
39.52 
34.98 
29.16 
22.26 
18.74 
15.39 
11.63 
10.43 
9.69 
7.67 
6.56 
6.12 
5.05 
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and 3.70°, (2.40° and 3.79° for 1438'), 340 feet, 
the entrance angles for LHL and RHL are both 0.42° 
(7.21° and 6.370 for 1438') and the observation 
angles for LHL and RHL are 0.52° and 0.79° (0.49° 
and 0.88° for 1438'). 

The 6014 low beam pattern used to obtain the 
results in Tables 2 and 3 is based upon actual 
laboratory measurements of 20 GE 6014 low beam 
headlamps (each cp-matrix value represents the 
average of 20 measurements). A comparison between 
the isocandela distribution for the averaged actual 
data and the isocandela distribution given in GE 
drawing 38l.B.1478 indicates that the averaged 
actual pattern is shifted 0.5° further down than GE 
pattern (Le. "hottest point" in averaged actual 
data is 2° down while "hottest point" for GE data 
is only 1.5° down). With the exception of the 0.5° 
vertical shift of the whole beam pattern, the iso­
candela curves for the averaged actual data and the 
GE data compare reasonably well with each other. 

For an entrance angle of 20° and observation angles 
of 0.1°, 0.2°, 0.3°, 0.5°, 0.8° and 1.5°, the mea­
sured cp/fc values are: 3.9, 3.4, 2.8, 1.5, 0.57 
and 0.185. These values are based on the 1.2 
square inch reflector area of one pedal. The com­
puter model assumes two static pedal reflectors 

The reflector values used to represent the op­
tical performance of the red "cat eye" RR-280 wide 
angle reflector will be briefly described below. 
For an entrance an~le of 0° and observation angles 
of 0.1°, 0.2°, 0.38 , 0.5°, 0.8° and 1.50 the cp/fc 
values (actually measured) are: 19.0, 9.3, 5.4, 1.9, 
0.61 and 0.18. For an entrance angle of 200 and 
observation angles of 0.1°, 0.2°, 0.3°, 0.5°, 0.8° 
and 1.5° the cp/fc values (actually measured) are: 
10.4, 6.15, 3.70, 1.35, 0.43 and 0.08. The reflec­
tor values used to represent the optical performance 
of the amber RR-02l8 pedal reflectors (see Table 3) 
will be briefly described below. For an entrance 
angle of 00 and observation angles of 0.1°, 0.2°, 
0.3°, 0.5°, 0.8° and 1.5°, the cp/fc values (actually 
measured) are: 8.3, 7.6, 6.4, 4.0, 2.4 and 1.07. 

of about 2 square inch area. 
Table 3 presents summary results for selected 

nighttime'detection situations. Four distances 
ahead of the vehicle (70, 160, 340, 700 feet) were 
chosen to provide insight into the nature of the 
nighttime detection problem. In all instances, 
the points are taken from smooth monotonically 
decreasing curves, thus making interpolation within 
the given range from 70 to 700 feet feasible. All 
results given in Tables 2 and 3 are based upon head­
lamps operating at 100% efficiency and vehicle 
windshields transmítting 100% of the light. The 
mínimum 98% laborat0:9 detection threshold level is 
assumed to be 2.3xlO- fc (for a background luminance 
level of approximately O.OOlfL). If one is in ter­
ested in obtaining multiples of threshold for a 
O.OlfL background luminance level (2.8493xlO-9fc) 
one might simply multiply the multiples of threshold 
given in Table 2 and 3 by 0.8072. Table 3 also 
contains information about the performance of a red 
taillamp operating at the SAE minimum specified 
cp-values (see SAE J585e using a special model.) 

Table 3 shows clearly the increased nighttime 
danger of driving a pickup truck, of driving through 
sharp left-curved roads and the extreme danger of 
driving with only the right low beam headlamp 
working. The table further indicates the relative 
superiority of amber pedal reflectors and the super­
iority of a red taillamp operating at the SAE J585e 
minimum specified cp-values. The superiority of the 
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TABLE 3: Summary Results From Computer Model for Selected Analyzed Nighttime Detection Situations-Multiples 
of Threshold1 

Situation Ana1yzed Se1ected Distance Ahead of Car in Feet 

Straight Road, Wide Ang1e Red RR-280 Ref1., 
29" Above Ground, 6014 LB's 

L'Curved Road, 1438' Radius, W.A. Red 
RR-280 Ref1., 29", 6014 LB's 

L'Curved Road, 700' Radius, W.A. Red 
RR-280 Ref1., 29", Pickup, 6014 LB's 

L'Curved Road, 350' Radius, W.A. Red 
RR-280 Refl., 29", PiCkup, 6014 LB's 

R'Curved Road, 1438' Radius, W.A. Red 
RR-280 Ref1., 29", Pickup, 6014 LB' s 

L'Curved Road, 1438, Radius, W.A. Red 
RR-280 Ref1., 29", Pickup, 6014 HB's 

Straight Road, W.A. Red RR-280 Ref1., 29", 
PiCkUp, 6014 HB's 

L'Curved Road, 1438' Radius, W.A. Red 
RR-280 Ref1., 29", Pickup, On1y Right 
6014 LB Working 

Straight Road, W.A. Red RR-280 Ref1., 29", 
Pickup, On1y Right 6014 LB Working 

Straight Road, W.A. Red RR-280 Ref1., 29", 
GE 4000 LB's according to GE 381.B.1479 

L'Curved Road, 1438' Radius, W.A. Red 
RR-280 Ref1., 29", GE 4000 LB' s 

Straight Road, RR-0218 Amber Pedal 

Ref1., 17.5", Pickup, 6014 LB's 

L'Curved Road, 1438' Radius, RR-0218 
Amber Pedal Refl., 17.5", Pickup, 6014 LB's 

Straight Road, RR-0218 Amber Pedal 
Refl., 4.5", 6014 LB's 

L'Curved Road, 1438' Radius, RR-0218 
Amber Pedal Refl., 4.5", 6014 LB's 

Straight Road, Red Taillamp, 

SAE min. Specs., 29", Pickup 

L'Curved Road, 1438' Radius, Red Tail1amp, 
SAE Min. Specs., 29", Pickup 

L'Curved Road, Red Taillamp, 
SAE Min. Specs., 29", Pickup 

70 

2 
311256.17 
13259.70 

27404.62 
38749.91 

3941.50 

" 2976.62 

10495.20 

81068.88 

87587.75 

1194.51 

1573.48 

29550.49 
311236.04 

2 
35419.07 
6359.03 

129141.44 

87217.50 

~271630.44 
458347.88 

;198041.56 
343332.88 

142935.56 

138607.69 

:134036.56 
101421.50 

160 340 700 

741.96 162.24 36.76 
1879.92 375.30 60.10 

236.30 46.86 6.12 

601.43 117.02 13.22 

203.06 21.08 

63.12 

1255.54 199.86 11.56 

4728.77 368.26 

6921.25 1803.31 426.75 

66.72 9.04 1.00 

123.02 28.31 9.88 

516.83 122.80 25.24 
1292.54 283.49 41.27 

239.99 58.23 5.12 
601.78 145.01 11.05 

7112.90 533.93 46.28 

2040.72 144.81 9.87 

11398.05 717.64 53.19 
18299.14 1017.87 60.13 

3014.49 177 .80 10.57 
4673.47 245.38 11. 75 

30844.91 7061.32 1644.14 

29945.15 5207.47 517.92 

22067.48 2203.59 260.45 
8042.45 1133.06 

10.001fL Background Luminance,2.3xl0-9fc Minimum Thresho1d, Transmissivity .99per 100 Feet 

2pickup, Eye Height S', Headlamps 2.125' above Ground and S' apart 
3 
Car, Eye Height 3.75', Headlamps 2.125' above Ground and 5' apart 

4Radius 700' 

sRadius 350' 



red taillamp over the reflectors would be even more 
pronounced if the cp-values proposed in TabIe 3 
were used in the calculations, especially fbr left 
and right curve situations. 

Summary Results of Nighttime Detection Field Studies 

The objective of this section is to present briefly 
a typical field study and a few selected results 
from the O.U. detection studies. The field study 
selected deals with the question of "massed" vs. 
"distributed" reflectorization. The objective was 
to test, for both foveal and peripheral detection, 
whether Cook's statement (p. 69, Reference 5) that 
massed reflectors were better than separate small 
patches was true. 

A. Reflectors and Arrangement 
Two pairs of photometrically matched amber 

bicycle pedal reflectors (#1750, Signal Products 
Division) were used. For an entrance angle of 00 
and observation angles of 0.10 , 0.20 , 0.30 , 0.50 , 
0.80 and 1.50 the typical cp/fc values (actually 
measured) of one #1750 pedal reflector are: 10.35, 
9.75, 6.40, 3.20, 1.99 and 0.41. For an entrance 
angle of 200 and observation angles of 0.10 , 0.20 , 
0.30 , 0.50 , 0.80 and 1.50 the typical cp/fc values 
(actually measured) of one #1750 pedal reflector 
are: 4.40, 4.40, 3.80, 1.75, 0.55 and 0.285. For 
the "massed" experimental condition, the two pedal 
reflectors were fas tened close together (longer 
side parallel to ground, one above the other) on a 
special.bicycle fixture (flat black) extending be­
yond the front wheel of the test bicycle. The cen­
ter of the two pedal reflectors coincided with the 
vertical axis of the bicycle and ~as 11 inches above 
the ground. For the "distributed" experimental 
condition two other pedal reflectors were fastened 
(longer side parallel to ground) at the ends of a 
horizontal bar of the special bicycle fixture, each 
reflector being 20 inches away from the vertical 
bicycle axis (total horizontal distance between the 
two pedal reflectors 40", height above ground 11"). 
No other reflectors were visible on the test bicycle 
when viewed from the front. 

B. Test Car 
The test car was a 1976 Ford LTD with type 

4000 low beams. Photometric measurements of the 
beam patterns and the background were taken with a 
Pritchard photometer. The dry concrete surface 
straight ahead of the car at 165 feet had luminance 
values from 0.015 to 0.029fL, at 435 feet from 0.012 
to 0.015fL, at 585 feet from 0.011 to 0.016fL, and 
the sky close to the horizon from 0.005 to 0.018fL 
depending upon car heading angle, moon size and 
position and extent of cloud cover. 

C. Test Site 
The test site was unused 75 feet wide con­

crete airport runway located at the edge of a small 
c1ty and a small shopping mallo A two-lane state 

with moderate traffic is located parallel 
250 feet away) to the runway. A number of 

and a few lighted advertising signs were 
field of view of the subjects (mainly 

periphery along highway). 

"'jects 
~ groups of five subjects each were used. 

.. ~~~ .. "'jects in the first group were tested 
~ .. "-ssed" reflectors, while the five 
subjeet8 .... second group were tested only with 
"distri1Jutel" DIIflectors. All subjects appeared to 
be well aot1~. adequately dark adapted and 
highly alerted. Tbey bad nothing to do but detect 

t 
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the approaching bicycle with the reflectors (i.e., 
low visual workload and low information processing 
load). All subjects had valid driver licences and 
many were students. 

E. Procedure 
The bicycle approached the stationary test 

car (with about lOmph) from the dark along one of 
three paths parallel to the runway axis. The front 
center of the test car was placed above the center 
line of the runway. Looking forward from the car, 
path 1 was 12.5 feet to the left of center. Path 
2 was 6.25 feet to the right of center (fairly 
representative lateral position for a bicycle ahead 

)Df a car on a straight road) and path 3 was 25 feet 
to the right of center. Paths 2 and 3 were included 
to create some uncertainty with regard to detection 
location and to simulate curve situations. 

The car heading angles were -100 (car axis 
aimed 100 to the left of the runway center line), 
00 (car axis above runway axis), 100, 200 and 400 
to the right of the runway axis. The different car 
heading angles were necessary to investigate the 
,peripheral detection capabilities (subjects were 
instructed to look in the direction of the car axis). 
The order of presentation for car heading angles 
was random. All observations for a given car heading 
angle were made consecutively since it took some 
time and effort to correctly place the test caro 
Thus, for each car heading angle, subjects made 9 
consecutive observations since there were 3 paths 
and the bicycle approached the test car 3 times on 
each path. The order of presentation for the three 
paths was random, subject to the requirement that 
each path had to have 3 approaches. Each subject 
had a total of 45 presentations (5 car heading 
angles, 3 paths, 3 replications). The subjects, who 
sat comfortably in the stationary test car with low 
beams on and the engine in idle, were instructed to 
switch on the high beams for a moment as soon as 
they detect the reflectors and/or the approaching 
bicycle (the bicycle rider wore dark clothing and 
dark shoes). 

A simple manual method was used to mark and 
record the detection distances. Four experimenters 
were used to conduct the detection experiments (one 
at test car, one on test bicycle, two to measure 
and record detection distances). 

F. Results 
Table 4 provides the analyzed detection 

distance statistics for the "massed" and the "dis­
tributed" reflector conditions. In general, the 
detection distance statistics for the "massed" 
condition are considerably shorter than the corres­
ponding values for the "distributed" condition, 
especially for the, peripheral angles. 

These detection distance statistics have 
been further used as input into a FORTRAN program 
containing the appropriate beam pattern, reflector 
matrix, test car and driver dimensions, path geome­
try, representative background luminance and repre­
sentative transmissivity value. This program cal­
culates the visual detection angle and the threshold 
multiples, and produces the output for Figures 4 
through 8. These figures illustrate the typical 
relationships between the threshold multiples 
(plotted logarithmically) and peripheral visual 
detection angles for the "mas sed" and the "distri­
buted" conditions • 

The threshold multiples for the "massed" 
and for the "distributed" condition based upon the 
minimum, x-s, x, X+s and the maximum detection dis­
tance statistics, are shown in Figures 4 and 5. 
The large range in threshold multiples between the 
minimum (most relevant from a safety point of view) 



red taillamp over the reflectors would be even more 
pronounced if the cp-values proposed in Table 3 
were used in the calculations, especially for left 
and right curve situations. 

Summary Results of Nighttime Detection Field Studies 

The objective of this section is to present briefly 
a typical field study and a few selected results 
from the O.U. detection studies. The field study 
selected deals with the question of "massed" vs. 
"distributed" reflectorization. The objective was 
to test, for both foveal and peripheral detection, 
whether Cook's statement (p. 69, Reference 5) that 
massed reflectors were better than separate small 
patches was true. 

A. Reflectors and Arrangement 
Two pairs of photometrically matched amber 

bicycle pedal reflectors (#1750, Signal Products 
Division) were used. For an entrance angle of 00 
and observation angles of 0.10 , 0.20 , 0.30 , 0.50 , 
0.80 and 1.50 the typical cp/fc values (actually 
measured) of one #1750 pedal reflector are: 10.35, 
9.75, 6.40, 3.20, 1.99 and 0.41. For an entran ce 
angle of 200 and observation angles of 0.10 , 0.20 , 
0.30 , 0.50 , 0.80 and 1.50 the typical cp/fc values 
(actually measured) of one #1750 pedal reflector 
are: 4.40, 4.40, 3.80, 1.75, 0.55 and 0.285. For 
the "massed" experimental condition, the two pedal 
reflectors were fas tened close together (longer 
side parallel to ground, one above the other) on a 
special bicycle fixture (flat black) extending be­
yond the front wheel of the test bicycle. The cen­
ter of the two pedal reflectors coincided with the 
vertical axis of the bicycle and ~as 11 inches above 
the ground. For the "distributed" experimental 
condition two other pedal reflectors were fas tened 
(longer side parallel to ground) at the ends of a 
horizontal bar of the special bicycle fixture, each 
reflector being 20 inches away from the vertical 
bicycle axis (total horizontal distance between the 
two pedal reflectors 40", height above ground 11"). 
No other reflectors were visible on the test bicycle 
when viewed from the front. 

B. Test Car 
The test car was a 1976 Ford LTD with type 

4000 low beams. Photometric measurements of the 
beam patterns and the background were taken with a 
Pritchard photometer. The dry concrete surface 
straight ahead of the car at 165 feet had luminance 
values from 0.015 to 0.029fL, at 435 feet from 0.012 
to O.OlSfL, at 585 feet from 0.011 to 0.016fL, and 
the sky close to the horizon from 0.005 to 0.018fL 
depending upon car heading angle, moon size and 
position and extent of cloud cover. 

C. Test Site 
The test site was unused 75 feet wide con­

crete airport runway located at the edge of a small 
city and a small shopping mallo A two-lane state 
highway with moderate traffic is located parallel 
(about 250 feet away) to the runway. A number of 
luainaires and a few lighted advertising signs were 
vitbin the field of view of the subjects (mainly 
in left periphery along highway). 

D. Subjects 
TVo groups of five subjects each were used. 

The fi.e sUbjects in the first group were tested 
only vith tbe ".a.ssed" reflectors, while the five 
subjects in tbe second group were tested only with 
"distributed" reflectors. All subjects appeared to 
be well motivated. adequately dark adapt~ and 
highly alerted. They had nothing to do b~ detect 
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the approaching bicyclewith the reflectors (i.e., 
low visual workload and low information processing 
load). All subjects had valid driver licences and 
many were students. 

E. Procedure 
The bicycle approached the stationary test 

car (with about lOmph) from the dark along one of 
three paths parallel to the runway axis. The front 
center of the test car was placed above the center 
line of the runway. Looking forward from the car, 
path 1 was 12.5 feet to the left of center. Path 
2 was 6.25 feet to the right of center (fairly 
representative lateral position for a bicycle ahead 
of a car on a straight road) and path 3 was 25 feet 

~ to the right of center. Paths 2 and 3 were included 
to create some uncertainty with regard to detection 
location and to simulate curve situations. 

The car heading angles were -100 (car axis 
aimed 100 to the left of the runway center line), 
00 (car axis above runway axis), 100, 200 and 400 
to the right of the runway axis. The different car 
heading angles were necessary to investigate the 
peripheral detection capabilities (subjects were 
instructed to look in the direction of the car axis). 
The order of presentation for car heading angles 
was random. All observations for a given car heading 
angle were made consecutively since it took some 
time and effort to correctly place the test caro 
Thus, for each car heading angle, subjects made 9 
consecutive observations since there were 3 paths 
and the bicycle approached the test car 3 times on 
each path. The order of presentation for the three 
paths was random, subject to the requirement that 
each path had to have 3 approaches. Each subject 
had a total of 45 presentations (5 car heading 
angles, 3 paths, 3 replications). The subjects, who 
sat comfortably in the stationary test car with low 
beams on and the engine in idle, were instructed to 
switch on the high beams for a moment as soon as 
they detect the reflectors and/or the approaching 
bicycle (the bicycle rider wore dark clothing and 
dark shoes). 

A simple manual method was used to mark and 
record the detection distances. Four experimenters 
were used to conduct the detection experiments (one 
at test car, one on test bicycle, two to measure 
and record detection distances). 

F. Results 
Table 4 provides the analyzed detection 

distance statistics for the "massed" and the "dis­
tributed" reflector conditions. In general, the 
detection distance statistics for the "massed" 
condition are considerably shorter than the corres­
ponding values for the "distributed" condition, 
especially for the peripheral angles. 

These detection distance statistics have 
been further used as input into a FORTRAN program 
containing the appropriate beam pattern, reflector 
matrix, test car and driver dimensions, path geome­
try, representative background luminance and repre­
sentative transmissivity value. This program cal­
culates the visual detection angle and the threshold 
multiples, and produces the output for Figures 4 
through 8. These figures illustrate the typical 
relationships between the threshold multiples 
(plotted logarithmically) and peripheral visual 
detection angles for the "mas sed" and the "distri­
buted" conditions. 

The threshold multiples for the "massed" 
and for the "distributed" condition based upon the 
minimum, x-s, x, X+s and the maximum detection dis­
tance statistics, are shown in Figures 4 and 5. 
The large range in threshold multiples between the 
minimum (most relevant from a safety point of view) 
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TABLE 4: Detection Distances for Two -"Massed" vs. Two "Distributed" Bicycle Pedal Reflectorsl 

All oistances in Feet 

Car 
2 Minirnum Maxirnum Standard No. of 

x-s Average x+s 

Heading X oeviation Observo 

s 
Angle 

Path 1 "Massed" 

';'10° 330.0 407.47 466.73 525.99 565.5 59.26' 15 

0° 352.0 560.89 708.40 855.91 871.0 147.51 15 

10° 111.0 123.77 161.06 198.35 234.0 37.29 15 

20° O (-18.99) 17. 33~, 53.65 137.0 36.32 15 

40° O O O O O O 15 

path 2 11 Massed" 

_10° 165.0 251.83 357.66 463.49 599.0 105.83 15 

° 297.0 560.57 902.23 976.0 170.83 15 
O 

731.40 

10° 232.0 245.60 264.33 283.06 290.0 18.73 15 

20° 38.0 57.60 104.00 150.40 229.0 46.40 15 

40° 20.0 22.21 36.00 49.79 70.0 13.79 15 

path 3 11 Massedll 

_10° 154.0 176.65 266.46 356.27 437.0 89.81 15 

0° 470.0 617.26 763.60 909.94 920.0 146.34 15 

10° 238.0 291.68 326.73 361.78 379.0 35.05 15 

20° 119.0 144.36 176.46 208.56 229.0 32.10 15 

40° 34.0 47.72 60.73 73.74 81.0 13 .01 15 

Path 1 "oistributed,,3 

_10° 480.0 542.24 703.47 864.70 1010.0 161.23 15 

0° 320.1 422.01 655.98 889.95 1076.3 233.97 15 

10° O 184.03 332.50 480.97 505.1 148.47 15 

20° O (-0.19) 167.82 335.83 489.8 168.01 15 

40° O (-8.30) 15.25 38.80 61.9 23.55 15 

path 2 "Distributed" 

_10° 364.67 413.71 609.99 806.27 1006.3 196.28 15 

0° 491.50 553.94 801.91 1049.88 1145_2 247.97 15 

10° 180.00 289.83 426.33 562.83 637.3 136.50 15 

° 132.67 262.33 391.99 547.4 129.66 15 
200 105.00 
40 25.00 52.87 105.67 158.47 198.6 52.80 15 

path 3 "Distributed" 

_10° 234.58 279.43 463.15 646.87 787.1 183.72 15 

0° 525.00 589.71 818.93 1048.15 1241.3 229.22 15 

10° 264.33 367.54 513.54 659.54 694.4 146.00 15 

20° 138.42 220.39 337.51 454.63 512.5 117.12 15 

40° 55.92 49.43 115.65 181.87 262.8 66.22 15 

lReflectors 11 inches Above Ground 

21976 Ford LTD With Type 4000 Low Bearns 

3 
Reflectors 40 inches Horizonta11y Apart 

( 



FIGURE 4: Multiples of Tbresholds for Two "Massed" 
Bicycle Pedal Reflectora Based Upon Selected Detec­
tion D1atance Statistics for Path 2 as a Funetion 
of the Peripberal Visual Detection Angle 

100 +-"""''---"'T"""---'--'''''''---1'---r--+ 
-40' -30 -20 -10 O 10 20 30 

PER/PHERAL ANGLE (DEGREESI 

and the maximum detection distance statistics is 
clear. The U-shape of the threshold multiples as 
a function of the peripheral visual angle is clearly 
visible. Figures 4 and 5 also show that the range 
of the threshold multiples extends from less than 10 
to more than 105 • 

The curves in Figure 4 ("massed") are somewhat 
steeper than in Figure 5 ("distributed") indicating 
that, especially in the periphery, two "distributed" 
reflectors of equal total area are more easily detec­
ted than two similar "massed" reflectors. Figure 6, 
which shows the threshold multiple curves for the 
average detection distance statistics for "massed" 
vs. "distributed" reflector pairs, illustrates this 
phenomenon even more distinctively. 

Figures 7 and 8 illustrate the threshold multiples 
for the average detection distance statistics for 
paths 1, 2 and 3 for "massed" vs. "distributed" 
reflectors. The threshold multiples differ little 
between paths 1, 2 and 3. Again, the threshold mul­
tiples curves for paths 1, 2, 3 are steeper for the 
"massed" reflectors than for the "distributed" reflec­
torso At the -100 peripheral angle (representative 
of driving into a left curve), the threshold multiples 
for the "massed" reflectors (based upon 51:, average 
for paths 1, 2 and 3) are about 700 and the corres­
ponding threshold multiples for the "distributed" 
reflectors are about 100 or seven times smaller. 

G. Discussion of Results 
The "massed" vs. "distributed" reflector 

results demonstrate that in the periphery two 
distributed visual stimuli are detected earlier 
than a single visual stimulus of equal total strength. 
In fact, the "distributed" reflectors are even 
slightly better for the case of foveal or near foveal 
detection when compared w"ith the "mass1W¡i." reflectors. 
The advantage of the "distributed" reflectors over 
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FIGURE 5: Multiples of Thresholds for Two "Distri­
buted" Bicycle Pedal Reflectors Based Upon Selected 
Detection Distance Statistics for Path 2 as a Func­
tion of the Peripheral Visual Detection Angle 
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FIGURE 6: Multiples of Threshold Based Upon the 
Average Detection Distances for Path 2 for Two 
"Massed" and Two "Distributed" Bicycle Pedal 
Reflectors as a Function of the Peripheral Visual 
Detection Angle 
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FIGURE 7: Mul tiples of Threshold Based Upon the 
Average Detection Distances for Two "Massed" Bicycle 
Pedal Reflectors forPaths 1, 2 and 3 as a Function 
of the Peripheral Visual Detection Angle 
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the "massed" reflectors gets larger with increasing 
peripheral angle. This study might serve as a good 
example to demonstrate that foveal visual performance 
should not be "extrapolated" to include peripheral 
visual performance without having appropriate 
research results to justify such an extrapolation . 

A case has been made in this paper for the 
importance of peripheral visual detection in the 
nighttime bicycle detection prob~.em. Based upon 
the findings of this field study, a reflector 
arrangement consisting of two horizontally separated 
high performance rear reflectors in combination with 
an improved taillight and improved pedal reflectors 
would seem highly promising and beneficial with 
regard to the rear conspicuity (detection) problem 
of bicycles at night. 

More research is necded to get a better under­
standing of the human visual detection mechanisms 
involved in foveal vs. peripheral detec tion at 
night. Also more research is needed to examine 
the detection dis tance statistics and threshold 
multiples for more than two reflectors, for various 
reflector arrangements and separation distances, 
for various reflector or visual stimulus intensity 
levels and to determine appropriate correction fac­
tors to be used when perforrning engineering illum­
ination or visibility calculations involving peri­
pheral visual detection. 

CONCLUSIONS 

The inforrnation presented here suggests that there 
exists an adequate level of knowledge, adequate 
analytical and engineering design methods and an 
adequate state of the art manufacturing technology 
to effect immediate major improvements with regard 
to the bicycle conspicuity problem. vfuile a number 
of suggestions to improve the night conspicuity of 

FIGURE 8: Multiples of Threshold Based Upon the 
Average Detection Distances for Two "Distributed" 
Bicycle Pedal Reflectors for Paths 1, 2 and 3 as a 
Function of the Peripheral Visual Detection Angle 
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bicycles have been made here, there is still no 
doubt that the bicycle conspicuity problem is fár 
frorn being solved. 

Future conspicuit research must 
to the etect on phase, ut mus nc e recog-
nl t I on phase, the decision phase and cne driver 
cont rol action phase. fhe use 01 a dn.ver eye 
movement and recording system in an instrumented 
car would appear to aid any future conspicuity 
field experiments. The effectiveness of reflective 
clothing or reflective stripes, bands or patches 
(con tour or silhouette striping) for bfcyclists 
must be determined in the real world. 

All new reflector and lighting designs musC be 
examined in terms of a cost-benefit framework. 
While this author believes that every traffic par­
ticipant (including the bicyclist) is entitled to 
some minimum level of safety benefits regardless 
of the magnitude of cos t-benefit ratios, the 
cost-benefit ratios could be helpful when comparing 
various design alternatives on a relative basis. 

The day conspicuity problem must also be fur­
ther researched and any solutions must be inte­
grated into the design approach to solve the night 
conspicuity problem. It is hoped that bicycle 
designers will use an appropriate systems design 
methodology that considers from the start the 
conspicuity and visual safety requirements on an 
equal basis with the aesthetic, structural and 
dynamic force requirements. With such a systems 
design methodology, bicycles may recieve frame 
changes and additional brackets for more protective 
and reliable reflector, generator and lamp place­
ments. 

Last but not least, inexpensive micro-electronic 
devices could contribute to solving the nighttime 
and/or daytime bicycle conspicuity problem. Small 
scale scanning laser systerns located close to the 



drivers eyes, ultrasonic or infrared object detector 
tors (now used in cameras and which could be used 
both for cars and/or bicycles), n~ high efficiency 
sealed beam lamps with micro elec~ronic power reg­
ulation equipment (generator and/or battery) for 
bicycle lighting, new high efficiency bicycle gen­
erators built with new improved magnetic materials 
and combined with micro-electronic controls, could 
be used. Inexpensive, more efficient, more compact 
and more reliable solar cells and sturdy light 
weight solar panels combined with micro electronic 
controls to collect energy froro light could also 
be used to power bicycle lamps. 
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