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• SIGNIFICANT ADVANCEMENT in roadway lighting depends on the combined action 
of many people, including the best engineering ski l l s , scientific research personnel, 
and fac i l i t ies . 

One of the objectives of this paper is to arouse interest in the benefits which w i l l 
be produced by attention to better seeing conditions f o r night dr iving. The scientific 
resources available, which should be directed toward the improvement of night seeing 
conditions, include the personnel of a l l federal and state highway departments, and 
some universities, institutes, associations, and committees. 

Also, individual contributions based on thoughtful use of one's knowledge should be 
highly significant. To make progress, knowledgeable, shrewd people must speak up, 
t e l l what they know, and show how i t can help improve the tremendous mult ibi l l ion 
dollar industry or business of night motor vehicle transportation. 

Many American people desire, or may be required, to drive the streets and high­
ways after dark or before dawn. During the hours of darkness roadway lighting should 
be appropriately used to extend and continue the efficient and pleasant use of motor 
vehicle transportation fac i l i t ies . 

POSSIBLE PUBLIC BENEFITS 

Serious consideration should be given to the public benefits of good night seeing con­
ditions such as: 

1. Night transportation should also operate efficiently. 
2. Increase value of automotive-highway investment. 
3. Better environment f o r social, recreational, business activit ies. 
4. Development of useful land areas. 
5. More pleasant, less fearsome night dr iv ing . 
6. An improved standard of night l iv ing f o r night motorists. 

Helping provide these benefits by means of good night seeing conditions is the human­
itarian objective which has impelled the development and more widespread use of road­
way lighting. The lighting of municipal streets, highway interchanges, and roadways 
extending through, around, beyond, and between sizeable centers of population and 
business activity is worthy of immediate attention. 

Night Transportation Should Also Operate Efficiently 

Efficient motor vehicle transportation requires reasonable night as wel l as day 
speeds. When roadway lighting is used to provide good seeing conditions, safe or 
c r i t i ca l speeds are higher than f o r dark streets or highways. The economic value of 
t ime saved with higher c r i t i c a l speeds just if ies many roadway improvements, includ­
ing roadway lighting f o r night t r a f f i c . The economic benefit is used in the jus t i f ica­
tion of many roadway improvements. The saving may amount to more than the cost 
of roadway lighting. Roadway lighting should increase safe speeds by 10 to 20 mph. 

When only 2, 500 vehicles per night increase average speed f r o m 45 to 60 mph, the 
economic value of time saved amounts to $6,000 per mile per year (Fig. 1). This is 
based on the outmoded $0.02 per vehicle minute estimate. When time is evaluated at 
the current rate of $0.06 per vehicle minute, the economic saving is increased to 
$18,000 per mile per year. 

Cr i t i ca l , or safe, night driving speeds are higher and more nearly approach day­
time speeds when lighting is provided f o r good seeing. 

Uti l ize Highway Capacity During Darkness. —The after-dark, evening, or early 
morning capacity or efficiency of roadways depends on the seeing conditions provided. 
Operations such as avail of passing opportunities, headways, lane use, and merging 
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Figure 1. Economic value of time saved, due to higher c r i t i c a l or safe speeds, also ap­
plies to night t r a f f i c . Roadway lighting should increase safe speeds by 10 to 20 mph. 
VJhen only 2,500 vehicles per night increase average speed from to 6o mph, the econom­
i c value of time saved amounts to $6,000 per mile per year. When time i s evaluated at 
$0.06 per vehicle minute, this economic saving i s increased to $l8,000 per mile per year. 

of vehicles are improved by lighting f o r good seeing. The safe, expeditious movement 
of large numbers of vehicles requires quick and accurate seeing on which good d r i v i i ^ 
judgment is based. 

The U.S. Bureau of Public Roads, the Connecticut State Highway Department, and 
other interested agencies are seriously considering engineering studies of the improve­
ment in heavy t ra f f ic conditions, such as capacity achieved by means of roadway light­
ing. 
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Increase Value of Automotive-Highway Investment 
Better seeing conditions f o r night driving w i l l continue, extend, and expand the ben­

efits of motor vehicle transportation. Increasing the dividends received f r o m a wor ld­
wide mult ibi l l ion dollar investment—industry or business—may be considered v i ta l to 
progress. 

Pleasant, attractive night driving conditions encourage increased use of streets, 
highways, autos, trucks, and buses. Turnpike t o l l highways are being lighted to assist 
and attract night motorists. The lighting of interchanges is most prevalent. 

The increase in financial dividends through motor fuel tax revenue may be reinvest­
ed in additional faci l i t ies f o r the public benefit. Figure 2 shows an example of the state 
and Federal motor fuel tax revenue that may be generated by night use of streets, or 
highways by various volumes of t r a f f i c . After-dark use may account f o r sizeable pro­
portion of the over-a l l fue l tax receipts. 

Those who use these faci l i t ies at night and provide this substantial revenue may be­
lieve that they should be appropriately aided by the improvement in seeing conditions 
which roadway lighting provides. Improvement of roadway and vehicle faci l i t ies usual­
ly attracts and encourages the people to make more use of such fac i l i t ies . 

The appropriate use of roadway lighting is a night use improvement which may pro­
duce an appreciable increase i n motor fuel tax revenue. I f the average increase in 
t r a f f i c volume is 3,000 vehicles per night, the increase in revenue to the state is more 
than $5,000 per mile per year. In addition, there may be an annual increase of $2, -
500 per mile f o r the Federal road program. The motor fuel tax receipts shown in F ig­
ure 2 are based on the assumption that the average vehicle consumes one gallon of 
gasoline f o r each 15 miles of t ravel . The $0.07 per gallon state tax and the $0,035 per 
gallon Federal tax are representative. 

Better Environment fo r Social, Recreational, Business Activities 

I t has been estimated that a large percentage of the over-a l l travel-use of streets 
and highways in the United States is generated by social and recreational motives. 
Family contacts during the evening hours may be considered highly important. 

Tourists may be an attractive business enterprise as wel l as an activity which brings 
pride of one's community. It is generally reasonable to assume that the people do not 
desire that a l l such activities be confined to the daylight hours. 

Some countries are purposefully floodlighting buildings, foliage, monuments, and 
installing lighted fountains to obtain beautiful effects fo r the benefit of tourists as well 
as the local populace. Obviously the roadway paths to be traveled to and f r o m such 
centers of attraction should be adequately lighted. 

Often people enroute to a destination may prefer to drive at night rather than delay, 
or instead of having less t ime the next day f o r sight-seeing or business activity. 

Night street or highway travel may be a matter of necessity in getting to, or f r o m , 
centers of employment or shopping. Peak t ra f f i c conditions may occur during the 
hours of darkness or near-darkness, part icularly during the short daylight hours of 
winter. Road capacity and t ra f f i c efficiency may be most important at night. I t has 
been estimated that 90 percent of the people in the U.S. t ravel by automobile. Trucks, 
buses, and a i r or r a i l terminals now also operate on a 24-hr basis f o r the delivery of 
people and goods. Night shift employees and after-dark customers deserve serious 
consideration. Lighting is good business. 

Shopping centers and other roadside business establishments remain open after dark. 
They enhance their own private business at night by providing lighting on their property 
f o r the comfort , convenience, and protection of their customers. 

The wide extent of this privately financed lighting activity should be an indication of 
the public desire and approval of appropriate lighting on the streets and highways which 
provide access to af ter-dark business establishments. These customers should not be 
rushed away f o r a hurried return home in order to avoid driving or walking along dark 
streets or highways. 

Continuation and extension of prosperity during the hours of darkness is a normal, 
logical public desire. Many activities which aid the general over-a l l economy of an 
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Figure 2. Might use of motor-vehicle transportation f a c i l i t i e s generates a sizeatle 
proportion of state and Federal motor fuel tax receipts. Increased night use with the 
encouragement which good seeing provides should produce an appreciable Increase i n fuel 
tax revenue for over-all, day-€is-well-as-night, improvement of the roadway system. When 
the volume (or the increase) of night t r a f f i c averages only 3,000 vehicles per night, 
the annual state revenue i s more than $5>000 per mile. In addition, there i s $2,500 for 
the Federal road program, including a small percentage for research. The motor fuel tax 
receipts are hased on consumption of 15 miles per gallon of gas, and $0.07 and $0,035, 

state and Federal tax, respectively. 
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area may be kept open—and made even more prosperous—during the hours of darkness 
by using the highly efficient lighting aids that are now available. 

Development of Useful Land Areas 

After-dark access to an area with comfort , convenience, and safety is an obvious 
requisite f o r area (property) desirability and development. This benefit results f r o m 
almost a l l highway improvements. Roadway lighting appropriately used should favor­
ably affect property values. Night l iv ing in a community is more pleasant and secure 
when lighting is provided. 

More Pleasant, Less Fearsome Night Driving 

"Drive at night" is a reasonable suggestion when good seeing conditions are provid­
ed to produce a pleasant, attractive, convenient motorist experience. Roadway light­
ing helps provide an environment f ree f r o m fear. 

The "don't-drive-at-night-if-you-can-avoid-it" attitude may apply to motorists who 
are fatigued or otherwise handicapped; but even when partially incapacitated people 
do persist in driving after dark, good seeing conditions assist them. 

Good seeir^ is also essential fo r the protection and assurance of the other motor­
ists or pedestrians who also happen to be on the road at night—the "other fel low" who 
may be shielded by another vehicle must be seen to be avoided. 

The t ra f f ic safety benefits of good night seeing conditions are generally appreciated. 
Roadway lighting fo r good seeing helps the dr iver discern an impending t ra f f ic situa­
tion soon enough and at a distance in advance which is sufficient to avoid coll ision. 

Being able to see the vehicle path ahead, the roadway, its alignment, and objects 
thereon often make the difference between a safe versus hazardous condition. 

Removing the "cloak of darkness" by means of lighting is an effective aid to control 
of night c r imina l activities. 

This is well known by the police. There are many instances in which robbery, van­
dalism, etc. have been appreciably decreased by adding the protection of lighting. 

And the journey-trouble-stops (such as a f l a t t i re) along a highway at night are less 
fearsome to contemplate when lighting has been provided to aid repairs or law enforce­
ment. 

An Improved Standard of Night Living f o r Night Motorists 

Roadway lighting helps raise the standards of night l iving f o r night motorists, pe­
destrians, and others who do not desire to confine their activities to the daylight hours. 
Insurance costs should be lowered by the general use of lighting. 

The economic gains and dividends to be attained by means of lighting may be large 
and worthy of very serious evaluation and consideration, A progressive attitude toward 
night activities may favorably influence the value of property. The value depends on 
usefulness when the people have the time and the desire to ut i l ize . Increasing the 
value received f r o m the public automotive-highway investment may produce a tremen­
dous over-a l l improvement in the national or local economy. 

For example, an automobile would be of l i t t l e or no value i f i t must stay in a gar­
age. Such faci l i t ies are of more value if they can be used—at night as well as during 
the day—with comfort , convenience and safety (Fig. 2). 

Other Benefits 

There are also other motivations, opportunities, and obligations which should place 
use of adequate roadway lighting and evaluation of its benefits uppermost in the minds 
of engineers and scientists, as well as a l l others who represent the American public, 
night business activities, and night motor vehicle transportation. 

Good roadway lighting is an obvious indication of community progress and desire to 
prosper. Such an improvement of night l iving conditions should be seriously consider­
ed by a l l those responsible and accountable f o r the public welfare. 
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STUDY IMPROVEMENT EST NIGHT TRAFFIC CONDITIONS 

The sizeable potential increase in night use and the value of streets, interchanges, 
and highways extending through, around, beyond, and between sizeable centers of pop­
ulation and business is worthy of immediate attention. 

Roadway lighting advancement is notable because of the number of installations be­
ing made, the extent and amount of light being provided, also because of the adherence 
to the technology by which the essential good seeing conditions are achieved at nominal 
cost. Obviously this involves the engineering approach. 

The night transportation industry, business, and prosperity, can be benefited by 
evaluating the economic improvement produced by adequate seeing. Figure 3 is an 
over-simplification of the objective factors. Evaluation and appraisal of the benefits, 
including comfort , convenience, facil i tat ion, efficiency, accident prevention, and f r ee ­
dom f r o m fear, is essential. The roadway lighting considered should be effective in 

N I G H T T R AF Fl 
COMFORT CONVENIENCE 

S E E I N G 
D R I V E R A L E R T N E S S 

V I S U A L C O M F O R T 

Figure 3. Public or operational t r a f f i c benefits derived from pleasant and efficient 
night use of the multibillion-dollar Investment in automotive transportation f a c i l i t i e s 
requires good seeing conditions. Effectiveness of roadway lighting i s improving the 
seeing factors and visual comfortj v i s i b i l i t y may now be rated so as to provide a 
basis for eval\iation and ratings for the resultant increase in night t r a f f i c benefit. 

producing visual comfort , v is ib i l i ty , and proper dr iver aspect. 
Night t ra f f ic studies include the following: 

1. Highway safety study. 
2. Connecticut Turnpike study. 
3. Texas intersection studies. 
4. Michigan State dr iver efficiency studies. 
5. Studies encouraged by I . T . E . Committee on Roadway Lighting. 

Highway Safety Study 

One of the recent significant t r a f f i c and seeing developments has been the publica­
tion of a report of the Highway Safety Study conducted under the direction of Charles 
W. Prisk, U.S. Bureau of Public Roads. 

This report stresses the need f o r better and more general understanding of the fun­
damentals in : 

...transportation, driver research,...perception,...judgment,...de­
cision making,...fatigue,...loss of vi g i l a n c e , . . . s k i l l fatigue,... 
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etc. Considering a l l advantages to driver and other social ad­
vantages, i t can he concluded that modern street lighting adequately 
designed and operated, does improve safety in most c i t y situations 
...the driver becomes 100 percent involved since obviously no action 
takes place on the highway except at his instigation...there i s less 
c r i t i c a l knowledge about him...the ways in which the demands of the 
task are adapted to the characteristics of the human being w i l l be a 
determinant of the safety and efficiency with which the highway-
transportation system w i l l function...the highway i t s e l f i s the one 
permanent structure of highway safety, working 2h hours a day every 
day in.every year to f u l f i l l i t s public service function.... 
...Comfort, convenience, and safety are considerations of importance 
egual to a consideration of capacity. In today's highway planning. 
This concept of adequate f a c i l i t i e s requires modem techniques for 
handling traffic...The Bureau of Public Roads has in i t i a t e d appropri­
ate cooperative studies with State authorities so that sorely needed 
new concepts, c r i t e r i a , and techniques w i l l be developed for determin­
ing the true value of continuous lighting on rural highways. 

Additional pertinent excerpts f r o m this report are presented f o r ready reference in 
Appendix C, 

Connecticut Turnpike 

Congratulations are due the U.S. Bureau of Public Roads f o r their research studies 
of roadway lighting, such as those conducted on the Connecticut Turnpike (2, 45). Traf­
f i c volumes were low during the studies which have been made. It is hoped that studies 
and analysis w i l l be continued on this highway and the 17-mi extension into the City of 
New York which w i l l soon be lighted continuously. 

Texas Intersection Studies 

The U.S. Bureau of Public Roads is also cooperating with the Texas Transportation 
Institute and the Texas Highway Department in studies (2) of intersection il lumination. 

Michigan State Driver Efficiency Studies 

T . W . Forbes' paper on "Some Factors Affecting Driver Efficiency at Night" is 
given elsewhere in this Bulletin, 

Institute of Tra f f i c Engineers Committee on Roadway Lighting 

The foregoing is also in line with the Resolutions Favoring Research on Roadway 
Lighting which was Adopted by Institute of Traf f ic Engineers Committee on Roadway 
Lighting, Detroit, Michigan, September 23, 1957. " T h e l . T . E . Committee on Road­
way Lighting strongly endorses additional research on the benefits of roadway lighting, 
including dr iver comfort , t ra f f ic safety, roadway capacity, and other f ac to r s . " 

USE ILLUMINATING ENGINEERING AID 

Some of the aids available f o r the improvement of night motor vehicle transporta­
tion have been developed by illuminating engineering, its industry, and init iat ive. Re­
cent advancement w i l l be discussed under the following headings: 

1. Products which are more efficient and effective in producing good seeing. 
2. Improved roadway lighting practice essential f o r efficient night transportation. 
3. Ratings f o r evaluation of the visual seeing effectiveness of roadway lighting sys­

tems. 
4. Instrumentation recently developed f o r f i e l d measurement of seeing factors. 

More Efficient Products 

The efficiency with which lamps and luminaires produce seeing has been appreciably 
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increased during the past year, fur ther enhancing a long-range upward trend. In an­
nouncing new products i n June 1959, the General Electric Outdoor Lighting Depart­
ment's General Manager stated "a luminaire sells f o r 20 percent less per lumen of 
output than in 1939—the cost of other things the ut i l i ty buys have gone up—coal up 130 
percent since 1939; copper up 200 percent; steel up 165 percent; but street lighting 
luminaires are down 20 percent. Here is what has happened to what cities buy: road­
ways up 250 percent; public buildings up 175 percent; motor vehicles up 150 percent; 
street lighting luminaires down 20 percent." 

Installation, maintenance, and power costs are reduced by new mercury lamps which 
not only produce more than 50 lumens of light per watt, but also operate 9,000 hr, 
more than 2 years, with only 12 percent reduction in light output. A few years ago the 
few lamps that lasted that long had as much as 50 percent loss of light when operated 
2 years. This is a 4:1 improvement in light output at the end-of-two-year lamp l i t e . 
Replacing lamps once every 2 or l^k y r obviously involves much less labor than was 
required f o r filament lamps which were replaced two or three times each year. This 
is as important f o r remote intersections as f o r systems of several hundred or several 
thousand luminaires. 

The trend in roadway lighting (predicted 10 years ago) is back to arc lamps now in 
the f o r m of mercury arc discharge lamps. 

The use of 1,000-watt mercury lamps, producing more than 50,000 lumens in each 
luminaire, is rapidly increasing along with a general appreciation of the v is ib i l i ty real­
ly essential f o r night dr iving. 

A contribution by the luminaire manufacturers is a completely new look in lumin­
aires involving large tooling investments to lower the costs of installing and maintain­
ing luminaires in the f i e l d . The manufacturer now mounts and wires the components 
inside a sleek, modern die cast housing. The ut i l i ty or contractor is not now required 
to mount, and wire , or maintain each component separately. The integrated luminaire 
comprises: 

1. Lamp, reflector, refractor f o r light direction and control. 
2 . The ballast-reactor f o r efficient operation of the mercury lamp. 
3. A photoelectric control to automatically turn on the lamp at night when needed, 

and turn i t off in the morning when the light f r o m the lamp is not needed. 
4. A single terminal board to which incoming power wires are attached. 

New acrylic plastic refractors are now available f o r some luminaires. This is one 
answer to glassware breakage, wherever i t is a problem. 

Another interesting product development has recently been installed on Manahawkin 
Bridge by the New Jersey State Highway Department. The cost of low mounting height 
lighting f r o m the bridge r a i l w i l l apparently be cut in half by using modern production 
tooling. Some brieve designers do not l ike poles. Maintenance is easy. Individual 
units may be used as obstruction markers. The Manahawkin installation is said to be 
the f i r s t actual installation of lighting permanently designed into a bridge ra i l ing . The 
New Jersey State Highway Department has f o r many years invested in the maintenance 
and operation of roadway lighting involving many thousands of luminaires. 

Sight Production 
Due to advances in luminaire developments and proper use of available data, the 

vis ib i l i ty effectiveness of modern roadway lighting systems continues to increase ap­
preciably and is now much higher than that obtained f r o m roadway lighting as of 20 
years ago. 

The vis ib i l i ty and visual comfort effectiveness of luminaires is being improved by 
increased attention to the factors shown in the lower portion of Figure 5 (1., 2, 3, 4, 5, 
6, 7, 12, 13). For example: 

1. Control, or cutoff, of luminaire candlepower at dr iver approach distances f r o m 
the luminaire greater than the top of auto windshield cutoff (shown shaded in F ig . 4) 
improves visual comfort and v is ib i l i ty : 
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Figure k. The v i s l t l l l t y significance of cutoff, or sharp diminution of candlepower 
from a single roadway lighting lumlnalre, at distances greater than top-of-auto-wlnd-
shleld-cutoff, I s shown by this data diagram for several representative driver paths a-
long roadway. Lumlnalre candlepower extending out to longitudinal distances such as 15 
MH, or 1̂ 50 f t from lumlnalre produces about the same loss of v i s i b i l i t y due to DVB as 

equivalent candlepower extending only 3.5 MH, or 105 f t frcm lumlnalre. 
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a. Visual comfort is improved by decreasing the actual luminaire brightness 
and the range of fluctuation shown at the le f t of Figure 5. 
b. Vis ib i l i ty is improved by decreasing the percent loss due to DVB (disability 
veiling brightness) as shown at the right side of Figure 5. 

2. Appropriate build-up and proportioning of the candlepower distribution at dis­
tances f r o m the luminaire less than the top of auto windshield cutoff (shown unshaded 
in F ig . 6) increases vis ib i l i ty without detracting f r o m the gains described under "More 
Efficient Products." 

a. The relative effectiveness of candlepower in producing pavement brightness 
along the roadway (Fig. 6) shows that f o r reasonable uniformity of pavement 
brightness, the candlepower should be increased, with increase in longitudinal 

N I G H T T R A F F I C 

COMFORT CONVENIENCE 
1 

SAFETY 

S E E I N G 

)RivER A L E R T N E S S 

VISUAL COMFORT V I S I B I L I T Y 

L U M I M 4 IR E 

B R I G H T N E S S 

R A T I O 

B R I G H T N E S S 
F L U C T U A T I O N 

F I E L D 
B R I G H T N E S S 

P 4 V E M E NT 
B R I G H T N E S S 

O B S T A C L E 
B R I G H T N E S S 

D I S A B I L I T Y 

V E I L I N G 
B R I G H T N E S S 

OF B C D 
(~ B R I G H T N E S S 

S O U R C E S I Z E 

S O L I D A N G L E 

S U I T E N D E D AT 

E Y E OF D R I V E R 

A N G L E F R O M 

L I N E O F S I G H T 

F I E L D 

B R I G H T N E S S 

|_ T O A C T U A L 
B R I G H T N E S S 

C A N D L E P O W E R 

S O U R C E A R E A 

P R O J E C T E D A T 

V I E W I N G A N G L E 

RANGE OF 
B R I G H T N E S S 
V A R I A T I O N S 
AND TIMING 

D R I V E R 
P O S I T I O N , 
V E H I C L E 
S P E E D 

T R A N S I T I O N 
C H A N G E 
O F F I E L D 
B R I G H T N E S S 

| - C A N D L E P O W E R 
AND D I S T A N C E 
FROM LUMINAIRE 

V E R T I C A L AND 
L A T E R A L ANGULAR 
RELATIONS OF 
SURFACE 
TO LUMINAIRE 
AND TO DRIVER 
VIEWING POSIT ION 

L 
S U R F A C E 
S P E C U L A R I T Y 
AND R E F L E C T A N C E 

• R I G H T N E S S 
S H O U L D BE 
I N C R E A S E D W I T H 
S P E E D T O C O M P E N S A T E 
FOR T I M E F A C T O R 

I L L U M I N A T I O N 
AT E Y E 
NORMAL TO 
D R I V E R ' S 
L I N E OF S I G H T 

C A N D L E P O W E R , 
SOURCE D I S T A N C E , 
V I E W I N G A N G L E 

VIEWING ANGLE 

ANGLE OF SOURCE 
WITH R E S P E C T TO 
L I N E OF S I G H T 

V E I L I N G E F F E C T 
I N C R E A S E S W I T H 
F L U C T U A T I O N S , 
D R I V E R P O S I T I O N , 
V E H I C L E S P E E D 

Figure 5. Data, emphasis, control, and balance of roadway lighting factors shovm i n 
lower portion, produce the visual comfort and v i s i b i l i t y factors in seeing. Intermedi­
ate factors such as luminaire brightness ratio, fluctuation, f i e l d brightness, pavement 
brightness, obstacle brightness, and the percent v i s i b i l i t y loss dvie to d i s a b i l i t y 
veiling brightness may also be rated and correlated to provide effectiveness ratings i n 
terns of relative visual comfort and relative v i s i b i l i t y . This simplification may be 
presented i n terms of the two minimum ratings shewn i n Figure 3» Night public-traffic 
benefit i s usiially contingent on the seeing factor effectiveness of the roadway light­

ing provided. 
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distance extending out f r o m the luminaire to distances of 3 to 3.5 MH. 
b. Appropriate proportioning of candlepower distribution improves: 

(1) Pavement brightness f o r v is ib i l i ty by silhouette contrast. 
(2) Obstacle brightness f o r vis ibi l i ty by reverse silhouette or direct dis­

cernment. 
(3) Field brightness f o r visual comfort . Field brightness is the average 

integrated brightness in the dr iver ' s f i e ld of view, including that of the 
pavement, and objects thereon and nearby. 

By comparison of Figure 4 with Figure 6, i t is apparent that the cutoff of luminaire 
candlepower distribution coordinated with the top of auto windshield cutoff with respect 
to the dr iver ' s eyes, f o r average^notorists and representative motor vehicles is high­
ly desirable. This is one of the performance features of modern luminaire develop­
ment, design, and manufacture. 

NO 4 

LUMINAIRE 

laS 6 .5 4 

DRIVER APPROACH -

2 O M H 2 

• LUMINAIRE BEYOND 

Q: 
UJ 

O 
a. 
UJ 

I 
o o 
m 2 
I - K 

UJ c l 

m 

o o 

0.05 

0.010 

0.005 

QOOl 

0.0005 

t 1 

0.! 3M H - /; 

l.0MH:3 

<^ 

1.5 m 

II 10 9 8 7 6 5 4 3 2 I 

LONGITUDINAL DISTANCE FROM 

0 1 2 3 4 5 6 7 8 

^LUMINAIRE IN MH 

0 - $ 'Ji!±i:i±tg-rn-?i-n 
-1.5 MH 
-1.0 MH 
-0.5 MH 
-0 MH 

0.5MH DRIVER PATH LUMINAIRE 

Figure 6. The highly significant pavement brightness factor in roadway lighting v i s i ­
b i l i t y I s b u i l t up by increasing candlepower from luminaire with longitudinal distance 
up to that of top-of-auto-windshleld-cutoff, which i s shown shaded in th i s data diagram. 
The lower portion indicates driver-obsejrver path, also transverse dimensions with re­

spect to luminaire for representative longitudinal roadway lines along the pavement. 
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There are exceptions, such as luminaires f o r residential lighting, where long spac-
ings between luminaires f o r economy and moderate driving speeds often jus t i fy ex­
tending the luminaire candlepower cutoff to longitudinal distances beyond 4,5 MH f r o m 
the luminaire. 

Additional information on the features of effective luminaire candlepower distr ibu­
tions and roadway lighting systems is readily available in other papers. 

Improved Roadway Lighting Practice 

There has bebn recent world-wide improvement of roadway lighting practice f o r us­
ing luminaires advantageously. The night t r a f f i c and seeing objectives, shown in F ig ­
ure 3, f o r m the broad basis f o r roadway lighting systems which produce pleasant at­
tractive night driving conditions and generate even greater public enthusiasm. There 
has been increased effor t to use the most effective manner. Also now much more i n ­
formation is available (1 , 2, 3, 4, 5, 6, 9, 15, 16, 17, 18, 19, 20, 22, 23, 24, 25, 
26). 

An engineer's recommendations f o r the layout of a roadway lighting system have 
been based on his knowledge, experience, and desire to achieve at least a certain min­
imum in vis ib i l i ty and visual comfort . He has these seeing objectives in mind which 
w i l l benefit and are of interest to the motorist . Now, fewer mental interpolations and 
compromises are necessary. 

The lighting installation must serve the fundamental purpose of public benefit—eval­
uated in public benefit terms of v is ib i l i ty and visual comfort . Improvements in prac­
tice have been: 

1. Use of seeing factor visual c r i t e r i a . 
2. Provision of transition l i gh t i t ^ . 
3. Better system geometry, 
4. Recipe-^pe recommended layouts. 
5. Clarif ication of A, S, A, practice, 
6. Adequate vs less-than-adequate. 

Use of Seeing Factor Visual Cr i te r ia . —With public benefit in mind, one of several 
statements in the 1953 A.S, A, Practice f o r Street and Highway Lighting (9) can now be 
implemented. For example: 

Proper distribution of the light from luminaires i s one of the es­
sential factors in efficient roadway lighting. The light emanat­
ing from the luminaires I s directional 1y controlled and proportioned 
i n accordance with the requirements for seeing and v i s i b i l i t y de­
scribed in Appendix A. 

Seeing and vis ib i l i ty data is now more readily available in useful f o r m . The engi­
neer, desiring certain visual comfort and vis ib i l i ty results, based on actual or assum­
ed conditions now considers the following: 

1. Luminaire candlepower data along the roadway, tabulated, or plotted, i n terms 
of the dr iver ' s eye-level paths, or longitudinal lines along the pavement. 

2. Data constants or factors (such as those shown in F ig . 4 and F ig . 6) which when 
multiplied by luminaire candlepower and/or combined f o r the proposed roadway light-
i r ^ system, indicate effectiveness in terms of seeing factors (such as those shown in 
Fig . 5 and F ig . 7). 

3. The characteristics of the system including any desirable variables in vis ib i l i ty 
c r i t e r i a such as, pavement, or object, surface reflection of light to provide brightness, 
luminaire candlepower cutoff; and variables in visual comfort c r i t e r i a such as, size 
of luminaires and f i e l d brightness. 

The methods of presenting and using the requisite data and computing the effective­
ness of roadway lighting systems have been outlined in a series of technical papers 
published by I , T, E , , I , E ,S . , the Highway Research Board, and summarized during 
1959 (1-7), 
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Figure 7. Example of seeing factor ratings for a representative roadway lighting sys­
tem which provide simplification for the motorist, public o f f i c i a l s , and ei^ineers. 
The minimum ratings are most significant. Visual comfort ratings are relative to the 
motorist sensation which would be at BCD, the average borderline between comfort and 
discomfort, for the system of luminaires and the lighted roadway. V i s i b i l i t y ratings 
are relative to 1.0 threshold, bare discernment, i n accordance with the scale of the 

Low-Bange Luckiesh-Mbss V i s i b i l i t y Meter 

At least one consulting ei^ineering f i r m (28) is computing visual effectiveness rat­
ings f o r a client 's proposed roadway lighting system. The purpose is to select the 
most beneficial type of luminaire source combination. 
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TRANSITION ROADWAY LIGHTING 
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Figure 8. For more pleasant motorist sensation when approaching, entering, or emerging 
from an adequately lighted system, the lighting may be extended In each approach and 
exit direction. By using approximately the same spacing and size of lumlnalre and 
graduating the size of lamp, the brightness In the driver's f i e l d of view I s tapered 
upward or downward for entrance of exit, respectively. The ranges of watt variation 

shown are now available In mercury lamps. 

Provision of Transition Lighting.—The dr iver sensation when approaching, entering, 
or emerg i i^ f r o m an adequately lighted section of roadway is being carefully considered 
to make this transition pleasant. Prevailing driving speeds tend to make this change of 
brightness in the motorist 's f i e ld of view somewhat abrupt. Gradual build-up and taper­
ing-down the brightness in the dr iver ' s f i e ld of view may be highly desirable. This may 
be accomplished by extending the lighting system in each approach and exit direction, 
approximately the same spacing and size of luminaire, but graduating the size of lamp 
used. 

For example (Fig. 8), i f 1,000-watt mercury lamps are being used f o r the lighted 
section of roadway, the entering or emerging brightness may be gradually modified by 
extending the lighted roadway installation to include 5 additional luminaires i n each 
direction. On the approach side of the lighting system, the size of lamps is succes­
sively increased. The f i r s t luminaire may have 100-watt mercury lamp, the second 
175 watt, next 250, then 400, 700, followed up by the 1,000-watt lamp providing the 
seeing required on the principal or pr imary portion of the lighting installation. For 
emerging t ra f f ic the lighting is extended with the size of lamps successively reduced 
f r o m 1,000 watt to 700, 400, 250, 175, and 100 watt in sequence (Fig. 8). 

Now the aforementioned f lex ib i l i ty in size of mercury lamps is available; also, the 
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relamping of the different sizes of lamps is now an occasion which occurs infrequent­
l y . The replacement time intervals may be longer than two years. Special attention 
to transition lighting is definitely preferable to providing less than adequate vis ib i l i ty 
over the principal portion of an entire roadway lighting installation, merely f o r the 
purpose of obtaining transition conditions which might be considered to be more plea­
sant f o r the motorist . 

As the result of studies extending over several years, the Connecticut State High­
way Department (29) has adopted recommendations calling f o r "a lower intensity of i l ­
lumination in advance of and beyond each complete section of i l l umina t ion . . . required 
to provide f o r the in i t ia l adaptation or accommodation of the eye f r o m darkness to 
light and f r o m light to darkness. It is generally considered that ten seconds f o r in i t ia l 
eye adaptation is adequate." Connecticut prescribed 1,000-ft lengths in each direction 
f o r r u r a l areas, and 900- and 750-ft lengths f o r residential and commercial areas, r e ­
spectively. In addition, "Areas on the main line (state highways) between illuminated 

— - — 

4 M H • 160 F T . 

3 5 F T 

f 4 0 FT. 4 MH 

120 F T 4 MH 
Figvire 9 . The trend toward higher mounting heights Increases the longitudinal spacing 
distance between linninaires yet maintains the spacing ratio essential for good visual 
comfort and v i s i b i l i t y . There are numerous 35-ft mounting height installations in the 
United States. Continental European roadway lighting practice includes an increasing 

number of installations with luminalre mounting heights of llO f t or higher. 
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sections may be lighted i f such darkness gaps f a l l within 60 seconds of travel 
t i m e . " 

Better System Geometry. — There have been significant improvements i n the geome­
try of roadway lighting systems, particularly with respect to luminaire mounting 
height, also including the longitudinal and transverse spacing between luminalres and 
overhang with respect to the edge of the t raff ic-used pavement. There are numerous 
installations where the luminaire mounting height is 35 f t , and the trend toward higher 
mounting heights is increasing rapidly. 

One of many advantages of higher mounting is that the principles f o r good seeing 
shown in Figure 4 and Figure 6 may be adhered to with an increase in the longitudinal 
spacing distance between luminaires. For example (Fig. 9), 4 MH luminaire spacing 
is obviously changed in distance f r o m 120 f t to 140 f t with a change of MH f r o m 30 to 
35 f t . Similarly 40-ft MH means an increase to spacing of 160 f t . This means fewer 
poles per mile of lighted roadway. Larger lamps with good control of the transverse 
width of candlepower distribution are often desirable to accompany higher mounting 
heights, 

European roadway lighting practice continues to include an increasing number of 
installations with luminaire mounting height at 40 f t or higher (23, 24, 26, 30). 

Recipe-Type Recommended Layouts.—Luminaire manufacturers, individually and 
as an industry group, now provide recommended layouts f o r roadway l igh t i r^ systems 
in general. Some manufacturers also supply "recipes" f o r representative combina­
tions of roadway conditions based on the use of a specific type of luminaire and lamp 
combination. Assumptions are made, which should be stated, regarding d i r t accumu­
lation on the luminaire, as wel l as the depreciation in lamp light output by the time of 
lamp replacement. 

In providing such "recipes," the manufacturer gives serious consideration to the 
public benefit which w i l l be assured at any time in terms of the seeing factors, v i s i ­
b i l i ty , and visual comfort . 

Demonstrations of ful l -scale roadway lighting installations (16) now provide see i i^ 
aids f o r those who desire to visually appraise the effectiveness of "recipes" in provid­
ing comfort and v i s ib i l i ty . Added value is obtained f r o m such demonstrations when 
appraisal-is implemented by means of standardized targets to be seen quickly, with 
certainty, and the observers are supplied with meters to measure and rate the rela­
tive seeing effectiveness provided by different systems. In Europe (23) this implemen-
tation-of-seeing-demonstration-technique has met with outstanding approval and re ­
sulted in the adoption of more advantageous lighting f o r night use of their roadways. 

Clarification of A .S .A . Practice.—The 1953 American Standard Practice f o r Street 
and Highway Lighting can be misinterpreted as establishing objective goals which are 
only to be met or equaled. Instead, the real purpose of this publication was to pre­
sent data regarding minimums, or not-less-than, base requirements which were a 
representation of practice in the United States current as of 1952, or seven years ago. 
Such recommendations are to be exceeded to the extent warranted and practicable. In 
the meantime, interest in encouraging pleasant night motor vehicle transportation has 
produced considerable progress in general understanding and use of information and 
data on the motorist and methods f o r rating and providing the requisite seeing. This 
paper and the References attached are an indication of progress since 1953. The f o l ­
lowing excerpts regarding American Standard should be understood: 

An American Standard implies a consensus of those substantially con­
cerned with i t s scope and provisions...An American Standard i s in­
tended as a guide to aid the manufacturer, the consumer, and the 
general public...American Standards are subject to periodic review. 
They are reaffiimed or revised to meet changing economic conditions 
and technological progress. 

During July 1959 the Illuminating Engineering Society published ( I . E . , p . 451) a 
Resolution of Intent, adopted by i ts Committee on Roadway Lighting and prepared by a 
Subcommittee on Interpretation of the American Standard Practice. This Resolution 
includes the following: 

1. "Considerable confusion exists in the in te rpre ta t ion . . . " 
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2. "Proper consideration of luminaire and lamp depreciation d u r i i ^ operation." 
The joint opinion of the Chairman of the Roadway Lighting Committee and the Chair­
man of the Subcommittee on Interpretation is that the foregoing means "when the i l ­
luminating source is at its lowest output in service and when the luminaire is in its 
dir t iest condit ion." 

3. "That the illumination value recommended f o r l imited access highways be ex­
panded to consider such highways in urban areas as heavily traveled streets with no 
pedestrian t r a f f i c and that interchanges on such highways in such areas be treated in 
as near the same manner as surface street intersections in the matter of i l luminat ion." 

According to. the joint opinion of the Chairman of the Roadway Lighting Committee 
and the Chairman of the Subcommittee on Interpretation, this means that " i n urban 
areas the average illumination on lighted l imited access highways should be: 

a. Between interchanges, 0.8 footcandle. This corresponds to the Heavy Ve­
hicular t ra f f ic classification in Table 1 and Table 4 when pedestrian t r a f f i c is 
Light or None. 
b. On interchai^e roadways, at least equal to the sum of the illumination values 
recommended f o r the two best lighted roadways approaching or entering the i n -
terchar^e." 

Adequate vs Less-Than-Adequate.—The seeing effectiveness of roadway lighting 
systems may vary over a wide range. How much vis ibi l i ty and how much visual com­
f o r t may be considered as adequate depends on the public benefit desired, expected, 
or essential in terms of night motor vehicle transportation. 

Evaluation of t ra f f ic benefit and other significant objectives w i l l help determine: 

1. The comparative importance of the seeing factors, visual comfort , and v i s i b i l ­
i ty . 

2. The rating which each major seeing factor must have in order that adequacy 
may be assumed with reasonable assurance. 

Current studies here and abroad w i l l help f i r m - u p estimates and recommendations. 
Continental European design and Installation practice is establishing visual comfort as 
highly essential. 

Unless roadway lighting is installed, i ts v is ib i l i ty benefit is not available. Visual 
comfort benefit helps get the lighting installed; helps make night driving pleasant and 
attractive so that the installation is backed by motorist approval and enthusiasm. 

In order that public o r t r a f f i c benefit be appraised and correlated with the visual 
effectiveness of the roadway lighting on which the evaluation is based, relative ratings 
are essential f o r the seeing factors such as v is ib i l i ty and visual comfort . If the road­
way lighting has visual ratings which are inadequate, the t r a f f i c benefit produced can be 
expected to be less than the t r a f f i c benefit produced by lighting having good visual ratings. 

The ratings f o r quality and quantity of seei i^ prescribed f o r new roadway lighting 
installations should include an estimated allowance, or safety factor, f o r the expected 
human capability of typical night dr ivers . Safety factors are customary in the layout 
and design of roadways. Seeing is a basic requirement f o r dr iving at night as well as 
d u r i i ^ daylight hours. 

I t i s also obviously a good practice to install roadway lighting which provides visual 
effectiveness ratings on the plus side of adequacy rather than borderline, or less-than-
adequate. 

On June 19, 1959, i t was suggested to the I . E.S. Committee on Roadway Lighting 
that objectives be studied and that serious consideration be given to presentation of re­
commendations in terms of: 

1. Minimum relative vis ib i l i ty and relative visual comfort ratings. 
2. Pavement brightness, one of the principal factors in v is ib i l i ty , under roadway 

lighting conditions. 
3. The minimum at any sizeable t raff ic-used position on the roadway as wel l as 

the minimum at any t ime, maintained in service. 
4. Footcandles. 
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Minimum Relative Vis ib i l i ty and Relative Visual Comfort Ratings. For public night 
use of heavy t r a f f i c , high-speed highways were somewhat higher than those shown in 
Figure 7. 

Pavement Brightness. A minimum of 0.6 footlambert was suggested. Appendix A 
and Appendix B show that the 0.6 number happens to be in line with the pavement bright­
ness numbers recommended by the Netherlands (23, 31) and Great Br i ta in (24). Neither 
of these two countries recommend footcandles. The Netherlands allow a Stf^ ' ra t io of 
the average brightness to any minimum in the road p ic ture ." 

The use of pavement brightness c r i t e r i a (instead of footcandles) is a definite, signif­
icant forward step toward vis ib i l i ty ratings. Generally the conventional types of candle-
power distributions and roadway lighting systems which are effective in producing pave­
ment brightness are also efficient in producing obstacle brightness, depending on object 
reflectance. 

A glance at the lef t and right sides of Figure 5 shows that other control c r i t e r i a are 
also essential f o r v is ib i l i ty and visual comfort . The Netherlands do recommend cutoff 
of the luminaire candlepower distributions. 

The Suggestion f o r Minimum at Any Sizeable Traff ic-Used Position on the Roadway. 
For the purpose of simplif ication, a single rating number instead of dual is used. Us­
ing the latter, a "minimum recommended average" is prescribed and then this number 
is supplemented with another ratio number stating that at some positions on the road­
way the brightness (or footcandles) may be Vio, o r ^U, or % the average. The actual 
minimum at any position is seldom known. 

The seeing task should be seen at any position on the roadway. Discernment usual­
ly involves contrasts such as that of an object compared with the brightness of a size­
able adjacent pavement area. The areas can be e:Q)ressed in visual solid angle at the 
driver-observer 's eyes, or vert ical and lateral angles or dimensions. 

When certain v is ib i l i ty or visual comfort or brightness is essential, the roadway 
lighting system should provide i t . If i n accomplishment of the requisite a surplus is 
provided at other dr iver or object locations that should be a l l to the good, subject only 
to the efficiency economy requirements of the system. The minimum rating at any po­
sition is the most significant and logical c r i te r ion . 

Footcandles. It should be thoroughly understood that comparison of two roadway 
lighting systems on the basis of footcandles is l imited to instances when other c i rcum­
stances are identical with respect to: (a) luminaire candlepower distribution extending 
along the roadway; (b) system geometry including luminaire spacing, mounting height, 
and overhang; and (c) pavement surface characteristics in reflecting incident l ight . 

In his discussion of a paper published in May 1959, R. E. Ballard, engineer f o r the 
Connecticut Light and Power Company, recently phrased his opinion of footcandles very 
succinctly: "The use of footcandles as a measure of quality of illumination has long 
been recognized as a ridiculously outmoded crutch. Roadway lighting is intended to 
produce comfortable optimum vis ib i l i ty and there is not necessarily any relationship 
between footcandles and vis ib i l i ty as such." 

Now that ratings f o r roadway lighting systems can be readily provided in terms 
of relative vis ib i l i ty and relative visual comfort , the ei^ineer can transmit to others 
the seeing effectiveness which he has in mind, and avoid the confusion and complex 
mental interpolations with respect to benefit derived when footcandle data is used. 

Ratings f o r Evaluation of the Visual Seeing Effectiveness of Roadway Light i r^ Systems 

Seeing factor ratings f o r the effectiveness of roadway lighting, essential as a basis 
f o r progress in the evaluation of public benefit or t r a f f i c benefit, are being used here 
and abroad. To report topically: 

1. Visual comfort , v i s ib i l i ty , and factor ratings. 
2. New requisite visibility-brightness studies by H.R. Blackwell. 
3. Additional comprehensive evaluations are desirable. 

Visual Comfort, Vis ib i l i ty , and Factor Ratings.—Ratir^s i n use may be commented 
on as follows: 
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1. Computed rating method and data available. 
2. CXitdoor laboratory evaluation of visual comfort . 
3. European ratings and studies. 

Computed Rating Method and Data Available. Reported in (2) and (4). Provides a 
method of rating roadway lighting systems in terms of the seeing factors shown in F ig ­
ure 5. For an example, combination of system conditions, the representative relative 
vis ib i l i ty , and relative visual comfort ratings are as shown in Figure 7. 

The ratings f o r other existing or proposed roadway lighting systems may be readily 
computed. In addition to minimum (or overage i f desired), relative visual comfort and 
relative vis ib i l i ty ratings f o r other factors may be computed; such as, pavement bright­
ness (4), obstacle brightness, disability veiling brightness (DVB) with resultant v i s i ­
b i l i ty loss, luminaire brightness, etc. 

Conversion constants (15), curves (4), and even nomographs (2, 4) are available f o r 
use with photometric luminaire candlepower data along representative longitudinal 
roadway lines (driver paths, etc.) (5, 6, 7). The extent which specific rather than 
generally representative installation conditions are assumed depends on the precision 
required. Interpolative estimates based on ratings f o r other s imi la r roadway lighting 
systems w i l l evolve f r o m use of seeing factor ratings. 

Computation has many advantages including: 
a. Predetermination or ratings f o r the effectiveness of proposed or existing 
roadway lighting systems is provided in readily understandable terms of road­
way user benefit. 
b. Installation practice luminaire performance variables may be explored, e-
valuated, and controlled in design f o r optimum over-al l efficiency. 
c. Comprehension of objectives w i l l be improved, complexity reduced, and 
standardization possibilities revealed. 
d. An ascending numerical scale is provided f o r visual comfort whereby i m ­
provement is accompanied by a higher number. 
e. Progress in dynamic visual research under night dr iving conditions w i l l be 
encouraged by a method f o r the use of laboratory and f i e ld data now available 
and that which w i l l be made available i n the fu ture . 
f . Time w i l l be conserved. Computation facilitates ratings without the delays, 
uncertainties, and interference that may arise in f i e ld testing. The use of high­
speed computer techniques is obviously feasible and desirable. With example 
ratings available, other ratings may be estimated by interpolative judgment. 

The possible effect of new instrumentation in providing a larger scale range of num­
bers f o r relative vis ib i l i ty w i l l be discussed under "Blackwell 's Studies." 

Technical paper presentation of the foregoing ratings and methods resulted in en­
couraging comments, such as: 

Joseph Bamett, Deputy Assistant Commissioner for Engineering, 
U. S. Bureau of Public Roads (June 12, 1959): Based on what you 
already have accomplished toward the evaluation of highway light­
ing in the form of relative v i s i b i l i t y and visual ccmfort ratings, 
I am sure that in the future you w i l l be able to make further im­
provements toward the rating of seeing effectiveness. 

T. W. Forbes, Assistant Director for Research, Highway Traffic 
Safety Center, Michigan State Iftiiversity: This paper i s of much 
interest and importance In that i t shows how factor ratings may 
be derived not only for the various factors in relative v i s i b i l i t y 
but also for the comfort factors relatijig to glare. Veiling 
brightness has been widely recognized as of great importance be­
cause of i t s interference with v i s i b i l i t y . The factor of discom­
fort has also been measured, but perhaps has not been thought of 
quite as much importance. 
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From the human factor and safety points of view, the comfort fac­
tor may be of as much importance as v i s i b i l i t y . Reduced v i s i b i l i t y 
from veiling glare, from spotty pavement brightness and a l l the 
other factors which have been so carefully analyzed are of primary 
importance, but visual factors leading to fatigue are also of major 
importance In the seeing task. Srowslness may be Induced by factors 
causing visual fatigue, or i f present frcm previous lack of sleep, 
discomfort glare may enhance drowsiness and result i n complete eye 
closure ( 3 2 ) . The paper...suggests a method by which these var­
ious factors may be put together, including this highly Important 
comfort factor, to produce a relative rating for roadway lighting... 
But whether or not other and better methods of deriving such a 
rating are developed, the lorportance of such an undertaking seems 
very evident...demonstrating a procedure by which this may be done, 
thus laying the groundwork for further development. 
Also i t may be that with the increasing a v a i l a b i l i t y of electronic 
computers further developments along the line suggested w i l l furnish 
a set of badly needed data for the mathematical simulation both of 
vehicle operation and separately of t r a f f i c flow under night driving 
conditions. Such simulation i s being developed and when achieved 
w i l l represent a sc i e n t i f i c breakthrough which w i l l f a c i l i t a t e high­
way and safety research of a l l sorts. For accurate simulation of 
night driving conditions as well as for valid rating of roadway 
lighting, combination of the different v i s i b i l i t y and visual com­
fort factors into ratings of a mathematical type w i l l be basic. 

Charles W. Prisk, U. S. Bureau of Public Roads, and Director of the 
Highway Safety Study (June 12, 1959): I have only had time to ex­
amine the papers briefly, but I do f e e l that working toward the meas­
urement of the relative seeing effectiveness of various systems i s 
desirable. 

Outdoor Laboratory Evaluation of Visual Comfort. Conducted at Hendersonville, N . 
C. Results reported at the I . E.S. National Technical Conference, on September 10, 
1959, indicate that test data on visual comfort is consistent with computed (2, 4) rela­
tive visual comfort ratings. This conclusion is reached af ter two years of o u t ^ o r f u l l -
scale testing of a typical roadway lighting system using an evaluator developed on re­
quest by S.K. Guth (33, 34). 

The selection of observer (3) data produced by the extensive outdoor studies was 
based on an indoor BCD "population study" conducted by J.S. Franklin in the Photo­
metric Laboratory at Hendersonville. The latter data is in agreement with previous 
studies {35, 36). Figure 8 shows an observer making an outdoor relative visual com­
f o r t evaluation. The lighting-roadway system being observed is shown in Figure 9. 

The Guth evaluator may be used to demonstrate and provide better understanding of 
the fundamentals involved in improving relative visual comfort . A driver-observer, 
sitting in an automobile, readily adjusts the brightness of the flashing comparison 
source to the BCD, borderline sensation between comfort and discomfort. By changing 
the lighting, the dr iver can observe and readily appreciate the fact that the BCD bright­
ness f o r a roadway lighting system increases with appreciably higher f i e l d brightness, 
including the brightness of the pavement background against which the flashing compar­
ison source is being viewed. 

An increase in f i e ld brightness (including pavement) improves the relative visual com­
f o r t ratio unless accompanied by a corresponding increase in the combined brightness 
of the system luminaires. The latter may be increased within the l imi t s of the relative 
comfort ratio without decreasing the relative visual comfort . The evaluator demon­
strates that progress involves higher brightness at or near the pavement level with 
lower brightness up at the luminaire mountings. 

Wilbur S. Smith, Consulting Engineer, has offered a discussion of the lES paper, 
which in addition to stating the fact that "comfort is a principal objective in a l l highway 
transportation," also includes the following excerpts: 
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Certainly, highway o f f i c i a l s and others are in dire need of a better 
means of objectively determining the optimum amount and type of 
lighting given for surface and t r a f f i c conditions. I t i s the de­
si r e of highway engineers to u t i l i z e roadway lighting as a means of 
Improving t r a f f i c services and safety on major highways; yet, they 
do not have a method of evaluating different types of lighting and 
lighting Installation by generally approved and accepted methods. 
...Better means of objectively measuring highway lighting systems 
would probably be one of the most effective means of encouraging 
and justifying the more widespread use of highway lighting on ex­
pressways and other major highway f a c i l i t i e s . 

European Ratings and Studies. At the C. I . E. International Commission on I l lumin­
ation, quadrennial meeting held at Brussels, Belgium, during June 1959, several re­
ports (23, 24) were presented showing how their accelerated progress has brought a-
bout adoption of v is ib i l i ty and visual comfort c r i t e r i a . An extensive ful l -scale demon­
stration of different roadway lighting systems, near Brussels, afforded the delegates 
visual proof that an effective and pleasant lighting installation combines adequate pave­
ment brightness with a low cutoff of candlepower distribution. 

More recently at Hendersonville, also at the I . E.S. Technical Conference, L . Gay-
mard (30), Street Lighting Chief Engineer f o r Electricite de France, reported on the 
widespread public enthusiasm fo r the continental European roadway lighting practice 
of low cutoff luminaire, 40-ft mounting heights and modei^te spacings. 

In addition to previous references to European practice and studies: 
a. Much of continental European practice is based on extensive studies con­
ducted on a ful l-scale outdoor laboratory provided by the Philips Company at 
Eindhoven, Netherlands. 
b. Relative visual comfort (their terminology is discomfort glare) is evaluated 
in terms of pavement brightness, such as: "the average luminance (brightness) 
of the road surface necessary to reduce the discomfort glare to a satisfactory 
degree." This is s imi lar to the preceding conclusion (2) regarding studies at 
Hendersonville using the Guth evaluator. 
c. The vis ib i l i ty studies by de Boer and associates have been based on: "25 
actual installations as well as in the outdoor laboratory. For test objects in 
these experiments Landolt-rings were used having a diameter of 0.16 M and a 
reflection factor of 9 percent." 

These dimensions and reflectance values are quite s imi lar to those of the 
target used in the computation (2, 4) of relative v i s ib i l i ty . The dynamics of ob­
servers traveling along the test roadway in automobiles was included in the de 
Boer vis ib i l i ty studies. 
d. Waldram's report f o r the International Committee on Street Lighting says: 
"In the U.S .A. the importance of luminance (brightness) is becoming recognized 
and the possibility of specifying i t has been discussed." 
e. The Br i t i sh Ministry of Transport has done considerable work on studies of 
pavement reflection characteristics and some studies of t ra f f ic operations, par­
t icular ly f r o m the standpoint of night accident prevention. They have been quot­
ed as saying that United States accident data is not comparable in detail and en­
gineering analysis with s imi lar work that has been done in Br i ta in . 

The foregoing and the detailed reports of diligent accelerated foreign work 
on roadway lighting should be seriously considered by people in the United States, 
who are interested in , or affected by, night motor vehicle transportation. 

New Requisite Visibil i ty-Brightness Studies by H.R. Blackwell .—H.R. Blackwell 
and associates (Messrs. B.S. Pritchard, R. Schwab, D . F . Fisher, andJ .G. Omhart) 
of the Institute f o r Research in Vision at Ohio State University have a very high qual­
ity scientific interest in contributing to the effectiveness of roadway lighting. At the 
September 1959 I .E .S . Technical Conference the Blackwell-Pritchard team presented 
an informal (22) paper reporting their prel iminary studies of requisite roadway l ight­
ing. These studies were initiated during ^ r i l 1958 and are expected to continue dur­
ing 1960. 
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Blackwell's work on roadway lighting is being sponsored by the Illuminating Engi­
neering Research Institute at the request of the lES Committee on Roadway Lighting. 
He has developed a system f o r evaluating the requisite brightness f o r seeing various 
objects on the roadway when the dr iver has a t ime interval of one-f i f th second f o r per­
ception under dynamic movi t^ eye conditions. It is ejcpected that a new scale of rela­
tive vis ib i l i ty and the vis ib i l i ty ratings required f o r representative night driving con­
ditions is l ikely to be available during 1960. 

The Blackwell studies use a new instrument called the Visual Task Evaluator (21) 
developed jointly by Blackwell and Pri tchard. 

I t i s hoped that the requisite level of brightness, and vis ib i l i ty which evolves f r o m 
Blackwell's studies may be accompanied by a method f o r rating, relatively, the effec­
tiveness of other l ighting. The requisite level of v is ib i l i ty may be established as a 
datum or reference f o r comparison of less or more effective methods of produci i^ 
v i s ib i l i ty . Specific roadway lighting systems w i l l provide v is ib i l i ty effectiveness which 
is higher or lower relative to the datum or requisite level. 

Thus, relative-to-requisite ratings would be useful as a measure of how good l ight-
i t ^ may be f o r v is ib i l i ty effectiveness. I t is also hoped that the requisite level of re la­
tive v is ib i l i ty which evolves f r o m the Blackwell roadway, lighting studies can be cor re­
lated with the scale of the Luckiesh-Moss v is ib i l i ty meter which is relative to threshold 
or bare discernment. 

It is obviously desirable to have and use a single number rating f o r net relative v i s ­
ib i l i ty instead of using two ra t l ins , such as the factors: pavement brightness, and the 
percent v is ib i l i ty loss due to disability veiling brightness. 

Additional Comprehensive Evaluations Are Desirable. — There are many indications 
as to the need f o r comprehensive evaluations of roadway lighting, including those point­
ed up by the Armed Forces, N . R . C . Committee on Vision (37), and the HRB Night V i s ­
ib i l i ty Committee (38) as wel l as the Highway Safety Study. 

Dynamics is a typical night driving condition involving high-speed movement of both 
the object to be seen and the driver-observer. The actual effect of dynamics on night 
vis ib i l i ty with or without roadway lighting should at least be estimated and included f o r 
rating purposes. 

Fatigue, tension, preoccupation of the dr iver ' s attention and sense capacity with 
tasks other than seeing, typical of night driving with or without good roadway lighting, 
should be at least estimated, tt is hoped that the $800,000 Harvard Medical Research 
project (39) on causes of accidents w i l l provide some answers. Also the G.S. R. d r i v ­
er tension and s imi la r studies by the U.S. Bureau of Public Roads might we l l be ex­
tended to include night driving conditions including good roadway lighting. 

Factors involved (4, 22) in ratings f o r roadway lighting effectiveness should be 
measured, evaluated, in f i r re la ted , and conclusions published f o r general use. Rela­
tively simple examples are percent loss of v is ib i l i ty due to typical fluctuations of DVB, 
ful l -scale measurements of pavement brightness, and reflection characteristics of rep­
resentative pavement surfaces, evaluation of the effect of transitional brightness-
adaptation, etc. 

Instrumentation Recently Developed f o r Field Measurement of Seeing and Tra f f i c Fac­
tors 

New instruments f o r f i e l d measurement of the seeing factors i n roadway lighting 
have been developed in the United States. These measurement devices should be put 
to use to provide additional data on the visual effectiveness of roadway lighting. 

Action programs may involve measurements of existing roadway l i g h t i i ^ installation, 
outdoor laboratory studies, and indoor simulator studies. Foreign instrumentation a-
vailable f o r evaluation of roadway l i g h t i i ^ should be investigated. Any that are adap­
table to U.S. studies of roadway lighting effectiveness should be used even i f the pur­
pose involves only the correlations essential f o r an International Code or Recommended 
Practice f o r Roadway Lighting. 

Recent United States developments include: 

1. Pritchard brightness meter. 
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2. F ry-Pr i tchard meter f o r disability veiling brightness, (DVB). 
3. Blackwell- Pri tchard visual task evaluator (V, T . E . ) . 
4. Finch vis ib i l i ty meter. 
5. Comparison of v is ib i l i ty measurement systems. 
6. Guth evaluator f o r rating the relative visual comfort of roadway lighting systems. 
7. U.S. Bureau of Public Roads instrumentation f o r operations and dr iver response. 

Pri tchard Brightness Meter.—B.S. Pritchard has recently developed and made a-
vailable an instrument which is suitable f o r the brightness measurement of small areas 
corresponding to the size of objects and surfaces when several hundred feet ahead of 
the driver-observer. This meter has the additional advantage of a physical scale read­
ing, which does not require photometric balance by an e3g>erienced observer. 

This instrument is being used f o r outdoor measurements (22) of the pavement bright­
ness or object brightness factors in v i s ib i l i ty , or discernmerinas listed in F ig . 5), 
and described in Appendix A of A.S. A. Practice (9). 

Fry-Pr i tchard Meter f o r Disability Veil ing Brightness (DVB). - T h e DVB, or disa-
bUity veil ing brightness of roadway l ^ h t i n g systems, may now be integrated and meas­
ured using a new instrument developed by F ry (41) and Pri tchard. Their work has 
been sponsored by the Illuminating Engineering'Society Research Institute. Mounted 
at the dr iver ' s eye position in an automobile, the combined brightness in the f i e l d of 
view at successive dr iver positions in a l i g h t i i ^ system may be readily measured by 
a physical scale reading s imi la r to that of the aforementioned meter f o r pavement 
brightness. 

Instrumentation or computation is essential f o r this purpose. The reduction in v i s ­
ib i l i ty due to DVB may be described as you-don't-see-as-weU-as-you-think-you-do. 
Correlations should be provided in addition to those presented in previous papers (2, 
4, 5, 6, 7, 14, 15). This percent loss data should include at least an estimate of the 
increase in loss resulting f r o m the fluctuation due to the dr iver ' s movement along the 
roadway at representative speeds. As mentioned in the papers, the data used included 
an estimate by Reid-Chanon f o r 25-40 mph vehicle speeds. 

Field brightness o r the combined integrated brightness in the dr iver ' s f i e ld of view 
(2, 3, 4, 35, 36) should be measured f o r relative comfort evaluations (Fig. 5) using 
flie Basic instrumentation described under "Pri tchard Brightness Meter" and " F r y -
Pri tchard Meter f o r D V B . " 

Blackwell-Pritchard Visual Task Evaluator ( V . T . E . ) . —Crouch, Secretary of the 
Illuminating Engineering Research Institute, described (43) this instrument now being 
used f o r studies of requisite roadway lighting effectiveness (22) as follows: 

The Visual Task Evaluator I s a portable piece of equipment bui l t 
around a complex optical systan. I t i s the function of the equip­
ment to equate the v i s i b i l i t y of a practical task to the v i s i b i l i t y 
of a circular target for which Illumination requirements have been 
established through research. 
To accomplish t h i s , the practical object to be seen i s placed with­
i n the instrument's view. The instrument I s then adjusted so that 
the most Important detail of the task object i s at threshold—or 
Just barely v i s i b l e . Without changing the setting of the Instrument, 
the image of the practical object I s replaced by the Image of a 
circular target, also reduced to threshold. 

Finch Vis ib i l i ty Meter. - D . M . Finch of the University of California and the Inst i -
tute f o r Tra f f i c and Transportation at Berkeley has developed a readily portable v i s i ­
b i l i ty meter (40) which combines several features. This instrumentation has not been 
made available'for use by others. However, one of the components used in the Black-
wel l V . T . E. resulted f r o m the Finch meter development. 

Comparison of Visibility-Measurement Systems. —It is obviously desirable to eval-
uate and correlate the features and/or data obtained using v is ib i l i ty meters available 
here and abroad. At the 1959 I .E .S . Technical Conference, Arthur A . Eastman and 
Sylvester K . Guth presented a paper (44) compar i i^ the results obtained with the 
Luckiesh-Moss v i s ib i l i ty meter (42) with data based on use of the V . T . E . 
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Correlations such as this should be extended to include roadway lighting v is ib i l i ty 
conditions and relative ratings pertaining thereto. 

Guth Evaluator f o r Rating the Relative Visual Comfort of Roadway Lighting Sys­
tems.—The evaluator developed by S.K. Guth and J . B . McNeils is an aid to outdoor 
ful l -scale rating of effectiveness of roadway lighting systems in terms of relative v i s ­
ual comfort (2-4). Uses of the evaluator are shown in Figure 6 and Figure 7. This 
device is also valuable f o r indoor studies (33) and evaluation of simulated conditions 
(3). -

The visual comfort r a t l i ^ is relative to the motorist-observer sensation which would 
be at BCD, the borderline between comfort and discomfort f o r the lighted roadway. 
The evaluator BCD brightness, B ^ , is on the observer's line of sight and excludes the 
combined brightness of the system luminaires. The brightness comparison providing 
the evaluator rating at each motorist-observer viewing position is : 

Evaluator Ratio _ B j ^ 
at each position B ^ 

in which B L is the brightness of a source on the observer's line of sight which is at 
BCD sensation brightness with respect to the lighted roadway background excluding 
luminaires (fL) and B ^ is the br^htness of a comparison source on observer's line 
of sight which produces sensation equivalent to the combined brightness of the system 
of luminaires ( f L ) . 

This evaluator may be used to demonstrate and provide better understanding of the 
fundamentals involved f o r improvement of relative visual comfort ratings f o r roadway 
lighting systems. This may include an appreciable increase in pavement brightness. 

U.S. Bureau of Public Roads Instrumentation f o r Tra f f i c Operations and Driver Re­
sponse. —The U.S. Bureau of Public Roads are congratulated f o r their development of 
the mobile Tra f f i c Analyzer which records t r a f f i c operation f i e l d data in digital f o r m . 
Also the GSR (galvanic skin reflex) meter is being used f o r measuring dr iver tension 
responses. 

It is e:g>ected that these new instruments w i l l be put to more extensive use in the 
immediate fu ture . Such other instrumentation as may be required should be developed 
during 1960. The measurement of ni^ht t r a f f i c and human-driver factors is highly s ig­
nificant in evaluati i^ the effectiveness of seeing factor improvement as produced by 
good roadway lighting. 

SUMMARY 

Although some s^nif icant progress in roadway l ^ h t i i ^ developments is being made, 
i t should be readily apparent that much more data accumulated and presented at a 
greatly accelerated pace is now essential. A l l those interested i n , or affected by, 
night motor vehicle transportation should be vigorously initiating and supportir^ evalu­
ations of the benefits of roadway lighting. The potential improvement in public welfare 
is an impelling obligation. 

The night t r a f f i c benefits should be obvious; yet might wel l be fur ther documented 
by engineering estimates, appraisals, and measurements where practicable. Ratings 
f o r night t r a f f i c benefit can now be based on seeing benefit ratings f o r the roadway 
lighting involved. Correlation of night t r a f f i c ratings with relative v is ib i l i ty and rela­
tive visual comfort ratings f o r the effectiveness of roadway lighting w i l l indicate how 
good the lighting must be f o r the desired public benefit. 

Visual benefit ratings w i l l also implement attention to the technological details by 
which the seeing effectiveness of roadway l i g h t i i ^ w i l l be improved in the future . Ad­
ditional visual data, studies, and presentations of knowledge are imperative. 

Action by many people is urgent. M e r e s t in accomplishment f o r improvement in 
night motor vehicle transportation is widespread in the United States and abroad. Free­
dom to drive at night wi th assurance, pleasure, and efficiency involves objectives 
which warrant the combined use of the best research, talent, fac i l i t ies , and engineer­
ing sk i l l s . 
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EXCERPTS FROM NETHERLANDS' RECOMMENDATIONS ON PUBLIC LIGHTING-MAY 1959 
T A B L E Z. 1. R e c o m m e n d e d v a l u e s of r o a d s u r f a c e b r i g h t n e s s a n d i t s i r r e g i ' l a i - j f y " 

R o a d o r S t r e e t 

A v e r a g e 
r o a d 

s u r f a c e 
b r i g h t n e s s 

in 
c d / r r f 

( s n — I 
( f .oot lamberts ) 

H i g h e s t p e r m i s s i b l e i r r e g u l a r i t y i n 
the b r i g h t n e s s p a t t e r n , e x p r e s s e d a s 
the r a t i o of the g r e a t e s t to the l e a s t 
b r i g h t n e s s on a n y l i n e a c r o s s the r o a d 
a s w e l l a s the r a t i o of the a v e r a g e 
b r i g h t n e s s to a n y m i n i m u m i n the 
r o a d p i c t u r e . 

R o a d s O u t s i d e b u i l t - u p a r e a : 
f o r R o a d r e s e r v e d f o r m o t o r t r a f f i c 2 

f a s t T r u n k r o a d 1 . 5 
t r a f f i c I m p o r t a n t m a i n r o a d 1 

( 0 . 6 ) 
10 .45) 
( 0 . 3 ) 

I n s i d e b u i l t - u p a r e a : 
M a i n t h o r o u g h f a r e 2 
A c c e s s r o a d ( A r t e r i a l r o a d ) 2 

( 0 . 6 ) 
( 0 . 6 ) 

R a t i o 

3 
4 
4 

a 

S t r e e t i n i n d u s t r i a l o r d o c k a r e a 
Q u a y , w h a r v e l o c k o r b r i d g e o v e r 
i m p o r t a n t w a t e r w a y 

( 0 . 3 ) 

( 0 . 3 ) 

Shopping s t r e e t w i t h r o a d t r a f f i c 1 
Shopping s t r e e t wi thout i m p o r t a n t t r a f f i c 0 . 75 
R e s i d e n t i a l s t r e e t w i t h r o a d t r a f f i c 0 . 75 
R e s i d e n t i a l s t r e e t wi thout i m p o r t a n t t r a f f i c 0 . 5 
F a s h i o n a b l e s q u a r e o r p r o m e n a d e 0.. 5 to 2 

( 0 . 3 ) 
( 0 . 2 2 ) 
( 0 . 2 2 ) 
( 0 . 1 5 ) 
( 0 . 1 5 to 0 . 6 ) 

5 
8 
6 

10 

" C u t o f f l u m i n a i r e s , e i t h e r low a n g l e o r m e d i u m a n g l e , a r e g e n e r a l l y u s e d i n the N e t h e r l a n d s . 
(Note: M a t e r i a l i n p a r e n t h e s i s a d d e d b y C . H . R e x to put i n t e r m i n o l o g y u s e d i n U . S . A . ) 
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Appendix B 

(FROM REPORT OF PROGRESS IN STREET LIGHTING 1955-1958, 
BY J . M . WALDRAM, CHAIRMAN COMMITTEE W - 3 . 3 . 1 

C L E . INTERNATIONAL COMMISSION ON ILLUMINATION) 

" T h e f o l l o w i n g t a b l e i n d i c a t e s the j ' a n g e s of m e a n i l l u m i n a t i o n a n d m e a n 
l u m i n a n c e adopted i n the v a r i o u s c o d e s u n d e r r e v i e w N e a r l j r 
a l l c o d e s p a y s p e c i a l a t t en t ion to g l a r e , w h i c h i s r e g a r d e d a s a p a r t i c u l a r l y 
i m p o r t a n t b l e m i s h upon a n i n s t a l l a t i o n , a n d i n m o s t c a s e s a d v o c a t e s o m e 
f o r m of c u t - o f f l i g h t i n g . " 

T a b l e I 

C o u n t r y 
M e a n I l l u m i n a t i o n 

L u x I m / f l ? 

M e a n l u m i n a n c e C B r i g h t n e s s ) 

c d / m f f t . L . 

F i n l a n d 3 - 9 0 . 3 - 0 . 9 
( m o d . P e d e s t r . t r a f f i c ) 

0 . 3 - 0 . 8 5 0 . 0 9 - 0 . 2 5 

F r a n c e 2 . 3 0 0 . 1 5 - 1 . 5 
(on d a r k s u r f a c e s ) 

Not l e s s t h a n 0. 5 - 0 . 1 5 

G e r m a n y 0 . 5 - 1 6 0 . 0 5 - 1 . 6 
o r 20 o r 2 

(on d a r k s u r f a c e s ) 

0 . 0 3 - 1 0 . 0 1 - 0 . 3 
or 1 .3 or 0 . 4 

( c a l c u l a t e d ) 
O r . B r i t a i n 0 . 2 - 0 . 7 
N e t h e r l a n d s 0 . 5 - 1 o r 2 0 . 1 6 - 0 . 3 1 

o r 0 . 6 
S p a i n 0 . 5 - 0 . 8 ) _ 0 5 - . 0 8 

g_j2 jClasses 

S w e d e n 3 . 7 - 5 . 1 ; 0 . 3 7 - 0 . 5 ; 
max;. 10 m a x . 1 

0 . 3 5 - 0 . 5 , 0 . 1 1 - 0 . 1 5 , 
m a x . 1 m a x . 0 . 3 

( c a l c u l a t e d ) 

S w i t z e r l a n d Not l e s s Not l e s s 
than 6 than 0 . 6 

M i n . I l l u m i n a t i o n 

U . S . S . R . 0 . 2 - 6 0 . 0 2 - 0 . 6 

EiQi lanatory notes I n s e r t e d by C h a r l e s Rex: 

(Luminance i s our photometric b r i g h t n e s s a s we apply I t t o the b r i g h t n e s s o f pave ­
ment and o b j e c t s . 

"Not l e s s than 0 . 5 - 0 . 1 5 foot lamberts" as p e r t a i n i n g t o the Code o f P u b l i c l i g h t i n g 
f o r F r a n c e should be o f I n t e r e s t I n r e v i s i n g our U . S . A . Reccmnended (ASA) P r a c ­
t i c e . 

Suggest c a n s i d e r a t l o n o f the phrase "not l e s s than" I n s t e a d o f minimum, a t any po­
s i t i o n on the t r a f f i c - u s e d roadway and minimum I n s e r v i c e a t any t i m e , e t c . ) 
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Appendix C 

EXCERPTS FROM "THE FEDERAL ROLE IN HIGHWAY SAFETY," 

A REPORT SUBMITTED TO THE 86th CONGRESS, 1st SESSION, FEB. 27, 1959, 

by Lewis L . Strauss, U.S. Sec'y of Commerce 

(House Document No. 93, available f rom Sup't 
of Documents, U . S . Government Printing Office, 
Washington 25, D. C . , price - 60 cents) 

This reports resxilts of the Highway Safety Study conducted under 

the direction of C h a r l e s W. P r i s k , U . S . B u r e a u of Public Roads. 

P . 3 " . . . . new knowledge in highway construction is benefiting safety. " 

P . 4 "Modern design pract ices can also bring permanent gains in safety. " 

P . 5 " . . . , the most hazardous period in cit ies and r u r a l areas al ike is during 
the hours of 2 to 4 a . m. when the effects of natural fatigue, intoxication, and 
drowsiness are compounded by the lack of light. Nationwide, the fatal accident 
rate in these ear ly morning hours is substantitally above that of the most of 
the other dark hours throughout the night and i s at least siK t imes that of the 
more favorable daylight hours. " 

P . 6 "Cost of traff ic accidents 

(a) Total c o s t . - - T h e total cost of traf f ic accidents, including property damage, 
wage loss , medical expense, and the overhead costbf insurance, is estimated 
at up to 1 cent per mile of t rave l , an approximate equivalent of 12. 5 cents on 
each gallon of gasoline consumed for highway purposes. The total economic 
loss to the Nation is estimated by the National Safety Council at $5. 4 bi l l ion 
for 1958. Other estimates a r e higher, 

(b) Direct c o s t . - - A n intensive study in one State disc losed that direct out-of-
pocket cost is 0. 43 cent per veh ic l e -mi le . Espec ia l ly conspicuous among the 
major findings f rom this study reported is the division of the direct-accidtntr 
cost dollar ($0. 05/gal . gas): 40 cents i s incurred for property-damage a c c i ­
dents, 57 cents for injury accidents, and 3 cents for fatal accidents. While 
human loss through fatal accidents cannot be adequately measured in cold 
terms of dol lars and cents, the fact that fatal accidents account for but 3 per­
cent of the total direct economic loss c lear ly shows that consideration of 
the total accident problem should not become obscured by attention to this 
aspect . " 

P . 8 " . . . . The nature and proportions of the highway safety r e s e a r c h need 
are such that the re quired work cannot be readily undertaken and supported 
by private interests , univers i t ies , or to more thana l imited extent by the 
States and c i t ies . " 

P . 9 " The Board should coordinate a l l off icial F e d e r a l traf f ic -safety programs and 
a l l r e s e a r c h activit ies of the F e d e r a l Government in the f ie ld of traf f ic safety. 
It should seek the advice of State and loca l highway and traf f ic off icials in 
carry ing out its respansibi l i t les and should encourage the application of the r e ­
sults of r e s e a r c h in the safety programs of State and loca l agencies by coopera­
tion direct ly with those agencies or through their off ic ial organizations . . . , " 
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P. 29 "Most presentations on the cause of the highway accidents ass ign responsibil ity 
for 9 out of 10 accidents to the dr iver . . . " 

"This assignment may have some value in the promotion of safety consciousness , 
but it is of doubtful validity in any broad study of the traff ic-accident problem. 
If responsibil ity for cause is interpreted to mean any amount of contribution, 
then the dr iver becomes 100 per cent involved since obviously no action takes 
place on the highway except of his instigation " 

"Thus the driver is often believed to be the principal medium for the improve­
ment of highway safety and yet there is l e s s c r i t i c a l knowledge about h i m than 
is known about either of the other two elements. It has been stated that vast 
sums have been spent on vehicle development, and that highway r e s e a r c h though 
l e s s than adequate has been impre ss ive , but that the r e a l gap in our knowledge 
is in the understanding of human factors . " 

P . 30 ". . . . Thus, there is a very fundamental interrelation between driving and the 
dr iver , and the ways in which the demands of the task are adapted to the charac ­
ter i s t i c s of the human being w i l l be a determinant of the safety and eff iciency 
with which the highway-transportation system wi l l function. It i s , therefore, very 
a r t i f i c i a l to view the human factors a s something distinct and independent of the 
system in which they must'operate. " 

"In contrast to the effort expended on such things as reaction time and eye tests , 
relat ively little experimental r e s e a r c h has been done on the more fundamental 
factors of perception, judgment, analys i s , decisionmaking, etc " 

P . 31 "Thus, it i s well known that the human being has definite l imits in the amount of 
information he can utilize per unit of t ime. . . I n a l l of these areas of fundamental 
importance to highway safety, little r e s e a r c h has been c a r r i e d out. It <does 
seem apparent, however, that the very nature of the driving task often (forces 
the dr iver to the very l imits of his capacit ies , thereby increasing the possibil ity 
of accident - producing responses . " 

". . . . I n long-distance driving, loss of vigilance may become an important 
& ctor in driving e r r o r s . " 

"Fatigue is also a common consequence of extended durations of driving, and 
may contribute as much as monotone to loss of vigi lance. Fatigue has not 
been c lear ly defined, especial ly with reference to highway safety, but it usually 

P . 32 re f er s to the decrement in performance due to depletion of energy r e s e r v e s - -
either physiological, psychological, or muscular " 

". . . .Although little work has been done on automobile dr iver s , sk i l l fatigue 
may be a fundamental contributor to acc idents ." 

P . 52 "The investment involved in the planning, design, and construction of a highway 
dictates that it serve traff ic for a substantial period of t ime. The highway itself 
is the one permanent structure of highway safety, working 24 hours a day every 
day in every year to ful f i l l its publ ic -service function. Obviously, this has both 
advantages and disadvantages. The highway hazards that are built in, without 
sufficient regard for human engineering principles , endure in their effect as 
persistently as do the features that improve safety " 

P . 53 " . . . .but because the States recognize that these standards are based on the r e ­
sults of extensive r e s e a r c h and sound engineering judgment gained through long 
years of experience. " 

"These new standards are the nurtured product of long experience and r e s e a r c h , 
including countless observations and analyses of traff ic performance and dr iver 
behavior, key factors in safe highway design. " 
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P . 55 "Comfort, convenience, and safety are considerations of importance equal to a 
consideration of capacity, in today's highway planning. This concept of ade­
quate faci l i t ies requires modern techniques for handling traff ic with c lear un­
mistakable signing, marking, and other controls so that a l l highway fac i l i t ies , 
old and new al ike, wi l l function properly. . . . " 

P . 64 " S T R E E T and HIGHWAY L I G H T I N G " 

"The use of street lighting is a widely accepted practice in urban a r e a s , espec­
ial ly where traff ic congestion and pedestrian movements a r e heavy. Non-traffic 
benefits are also readily appreciated. These include a sense of public comfort 
and convenience and the deterrence of c r i m e . " 

"Comparative studies in numberous cit ies have shown that urban lighting tends 
to produce highway safety gains. Often the comparisons have been l imited by 
a lack of scientific controls and by the fact that the lighting w a s instal led a s 
a part of a larger improvement program. Considering a l l advantages to the 
driver and the other social advantages, it can be concluded that modern street 
lighting, adequately designed and operated, does improve safety in most city 
situations. By present standards, many urban street-lighting systems are out­
dated, inadequate, and poorly designed. Mcodernization programs are active, 
and the progress is geared principal ly to the availability of funds, as wel l as 
to the relative importance attached to street lighting a s against that of other 
public works . " 

"The continuous lighting of r u r a l highways has not been undertaken on an exten­
sive scale since no substantial facts are available to show that the cost is j u s t i ­
f ied. Lighting for a specific purpose and usually at specif ic locations i s more 
common and has proved definitely beneficial to safety. Typica l advantages cited 
include the identification for the motorist of c r i t i c a l roadway features farther 
ahead, minimization of headlight g lare , and improved dr iver judgment of speed 
and direction of trave l of other vehic les . " 

"Lighting of r u r a l highways has not been as generally accepted as for city condi­
tions because the benefit-cost ratio has not been established to be a s highasthat 
of other needed improvements. In this connection, more intensive studies are 
warranted to understand better the safety effects and economics of r u r a l highway 
lighting. A recently opened freeway, continuously lighted over a substantial 
mileage, has furnished the f i r s t opportunity for such r e s e a r c h . The Bureau of 
Public Roads has initiated appropriate cooperative studies with State authorities 

P . 72 . . . A n accident involvement, very simply, i s one driver or one vehicle involved 
in one accident. The accident involvement rate, then i s the number of involve­
ments that occur for every 100 mil l ion mi les of highway trave l " 

P . 75 Note F igure 7. 

P. 79 Note F igure 10. 

P .80 Note F igure 1 1 . 

P . 81 "It i s significant that passenger c a r s liad a nighttime involvement rate nearly three 
t imes a s great as their daytime rate " 

P . 84 " . . . Enthusiasts for highway illumination often ascr ibe the difference chiefly to 
darkness , per se, but tMs is a misleading oversimplif ication . . . . " 

"Fatigue, intoxication, hjghei speeds of trave l , and other factors probably a l l con­
tribute to the extremely high fatal-accident rate during the hours shortly after mid­
night, although darkness presumably compounds some of these difficulties for night­
time d r i v e r s . Only careful ly planned r e s e a r c h can determine and measure the con­
tribution of the factors involvedand point the way toward night accident reductions. " 

P . 85 Note F igure 15i (P. 84-"Figure 15 presents evidence based on trave l miles of exposure 
and suggests that additional factors are involved." 
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P . 93 ". . . To fu l f i l l the pr imary a ims of the study looking toward identification of bona fide 
accident causes , wholly new techniques for scaling and isolating the bas ic var iables 
must be developed or adopted. Thus, the intensive investigation of accidents i s being 
expanded to include development of measures and c r i t e r i a for a new ser ies of factors . 
A s an exiample, dr iver vis ion i s customarily measured by a static test, which has 
not rel iable association with the v i sua l demands upon a dr iver or object in motion at 
the time of accident. Means need to be found for improved measures of dynamic 
v i sua l acuity, of meaningful components of the perceptual f ie lds, and of the driving 
p r o c e s s . " 

P . 108 "Vision problems. . . Dynamic v i sua l ability has been identified as having spec ia l 
significance for safe dr iv ing ." 
". . . . S i m i l a r r e s e a r c h on lighting of highways, bridges, and tunnels, and other 
light adaption problems has been or i s being conducted by the Bureau of Public 
Roads in cooperation with State Highway Departments and others as a means of 
developing adequate policies for the faci l i t ies new in construction." 

P . 114 "Other work planned, - - I n addition to current r e s e a r c h in highway safety, the Bureau 
of Public Roads is considering plans for new r e s e a r c h aimed toward selected areas 
where more knowledge i s c r i t er i ca l l y needed. Proposed projects include inves­
tigation of monotone and fatigue problems in expressway driving, more intensive 
analys is of the driving process , application of human engineering principles to 
highway design and operation, improved units for accident exposure, develop­
ment of more complete and accurate accident reporting, and improved means for 
communication f r o m the highway to the dr iver and among d r i v e r s . " 

P . 169-171 Note participation of Automotive Safety Foundation. 
P . 173 Note questions. 
P . 198 Note in "Table I - - C l a s s i f i c a t i o n of elements characteriz ing the accident process 

1, Road situation: P h y s i c a l environment within which the man and vehicle operate. 
Fac tors and their operation 
Stable - #3. The lighting on road in t erms of such factors as appropriateness, 

intensity, color, and patterning. 
Variable-#2 Vis ibi l i ty as influenced by night and day cyc les . 

Excerpted by C h a r l e s H . Rex - 5 /27/59 




