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FOREWORD 

It is an important function of the Transportation 
Research Board to point out problems that need 
research. At various times in the past, the TRB 
Visibility Committee (and its predecessor, the 
Night Visibility Committee of the Highway Research 
Board) compiled lists of needed research and 
developed research problem statements (for 
example, see TRB Special Report 158, 1975, pages 
18-21). This is being done again at the beginning 
of the 1980's decade. 

As we look forward to the 1980's we are 
fortunate in having a large body of pragmatic 
visibility research results on which to build. 
There are some important gaps in our knowledge 
which should be filled, and extension of practical 
knowledge is needed in other areas, as already 
noted. But on balance, we have a good structure of 
reliable knowledge to work with in increasing the 
quality of highway transportation. 

In the files of the Transportation Research 
Board Visibility Committee there is a working paper 
dated July 27, 1964 which is entitled, "Subjects 
Needing Research, Study or Deveiopment Relating to 
Night Visibility in Highway Use." It posed twenty
four questions such as, "What are the relative 
advantages and disadvantages of various highway 
delineators and roadway edge markings?" In order 
to assess the growth in knowledge of night visibil
ity on the highway since this document was pre
pared, several committee members recently rated 

each topic according to the progress they thought 
had been made. The results showed "substantial 
progress" for 17% of the questions, "some progress" 
in another 50% and "little progress" for only 33% 
of them. In effect, significant and worthwhile 
progress has been made toward solutions of two
thirds of those 1964 research problem statements. 

Fifteen years later, during 1979, members 
of the TRB Visibility Committee drafted seventeen 
new research problem statements in the format 
currently employed by the Transportation Research 
Board. The original submissions were edited by the 
Research Problem Statement Subcommittee chairman, 
Dr. Albert Burg, who then circulated them to all 
members and affiliates of the Visibility Committee 
for comments. A revised set of statements was 
then re-circulated for approval and prioritizing, 
and the results analyzed. The statements are 
listed here in order of descending priority, with 
the first research problem considered to have top 
priority in relation to the others. In addition, 
an indication of the research problem's urgency 
(high, medium or low) is given. This refers to 
the importance of the proposed research to 
transportation safety, and for each research prob
lem statement independent of the others. What 
follows, therefore, fairly represents the view
points of the Visibility Committee, together 
with consensus opinions of priority and urgency. 
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RESEARCH PROBLEM STATEMENTS 

PROBLEM NO. 1 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

TITLE: NIGHT VISION OF OLDER DRIVERS 

PROBLEM: A degenerative process is known to 
absorb and scatter light as human eyes age. 
The resulting degradation of vision affects 
older drivers at night and can cause discom
fort glare, reduced legibility distance for 
traffic signs and possibly other, unidenti
fied vision-related problems. The nature of 
these problems, and the extent of this degra
dation with age, are not well understood. A 
reliable and valid testing procedure for 
identifying drivers with severely degraded 
night vision is not currently available. 

OBJECTIVES: a. Conduct research to identify 
and quantify nighttime vision problems 
associated strictly with age; b. Develop a 
reliable means for identification of such 
particularly impaired drivers; and c. Make 
recommendations for ameliorating the problem, 
at least social cost, by specifying counter
measures that may be taken to reduce the 
hazards associated with having drivers with 
this visual handicap in the traffic stream. 

KEY WORDS: Aging Drivers, Night Vision, 
Degeneracive vision, Glare Resiscance, AculLy 
Loss, Driver Vision, Threshold Illumination, 
Discomfort Brightness Levels, Disabling Glare 
Levels 

RELATED WORK: Research by Blackwell, Burg, 
Olson and Richards, among others, has quanti
fied certain aspects of this problem. 

URGENCY/PRIORITY: The highway system is not 
neR1enen to accnmmnnate dr1vers with grossly 

older drivers eliminate or reduce their night 
driving activity because of a realization of 
their night vision shortcomings. This has a 
societal impact, both from a psychological 
(self-esteem) standpoint and also because 
older drivers are often, then, forced to rely 
on inadequate (or nonexistent) public 
transportation to meet their essential needs, 
often causing considerable physical inconven
ience. Increasing the proportion of elderly 
drivers who can safely use the highways at 
night would minimize these societa] costs. 

PROBLEM NO. 2 

2.1 

2,2 

2.3 

TITLE: MINI.Milli INTERCHANGE LIGHTING NECES-
SARY FOR SAFETY 

PROBLEM: Because of the increasing serious
ness of the energy situation, from the stand
point of both cost and availability, interest 
is growing among Departments of Transporta
tion in the reduction of highway lighting to 
a level that will minimize energy usage but 
still provide adequate driver guidance in the 
interchange areas (where such lighting 
currently is concentrated). At prei;enl, how
ever, there are not enough data available to 
provide a basis for needed decision-making. 

deficient night visiQ_Il.i..___Yet;_,~ro__l)__()_!tionately _ _ ~ ___ _ 

OBJECTIVES: Develop standards that specify 
the levels of illumination necessary to 
provide driver guidance through different 
i11tcrchang1;::s. 3c,tcral illu.1T1iLlatiuu. le~v-£lo 
should be specified, including recommended 
pole locations and type, number and lumen 
output of luminaires for different types of 
interchanges. Factors that should be consid
ered in arriving at these standards include 
interchange geometry, night traffic volume, 
number of through and exiting lanes, environ
mental setting (urban, suburban, rural) and 
climatic conditions (e.g., fog-prone area). 
Also to be considered in developing and 
standards are the experiences (including 
accidents) of the various Departments of 
Transportation currently using different 
interchange lighting levels and configura
tions, as well as all relevant research find
ings in driver visibility. 

more older drivers enter the system each 
ye11r, 11nd many nf thPRP >ire. mu:h wnnit case 
11s1>rs. Thf' neerl to idP.ntify such drivers is 
urgent now, and can only become worse. 
URGENCY: HIGH 

1.7 COST: $250,000 to $500,000 

1.8 USER COMMUNITY: NHTSA, AAMVA, FHWA, AAAf,I, 

AMA 

1.9 IMPLEMENTATION: Once the nature and extent 
of this problem are known, study recommenda
tions for ameliorating the problem can be 
implemented. These might include such things 
as more effective visual screening of driver 
license applicants, remedial perceptual 
training, in-vehicle aids, better headlight
ing, and improved highway hardware (lumi
naires, traffic control devices, glare 
scr00ning, 8tc.). 

1.10 EFFECTIVENESS: Implementation of the study 
recommendations can not only reduce the 
hazards of night driving for all highway 
users, but also may make it possib]e to avoid 
serious impairment and disruption of the 
lives of older drivers. There is evidence 
that older drivers are underrepresented in 
the population of night drivers - that there 
is a self-selection process at work whereby 

2. 4 KEY WORDS: Highway Llgh ting, Interchanges, 
Visibility, Geometrics, Driver Guidance, 
Illumination Levels 

2.5 , RELATED WORK: Previous studies of inter
change illumination on the Interstate System 
have provided data comparing illumination 
level with driver responses, accidents and 
the transient adaptability of driver vision. 
Other research involving vehicle and road 
lighting systems has related illumination 
level to visibility distance. Work in the 
area of driver visual performance under vari
ous levels of illumination (e.g., Gallagher) 
;inn the efferts of r.nntrast (f'.,g., Forhes) is 
also relevant. 

Related work is currently underway under 
NCHRP Project 5-9, "Partial Lighting of 
Iulerehc11tges". 

2.6 URGENCY/PRIORITY: As the energy crisiE 
worsens, there will be increasing pressure to 
reduce lighting levE·ls - with or without 
sufficient data. To avert such precipitous 
actions, which could create a serious safety 



2.7 

problem, it is important that activity be 
undertaken quickly to provide proper bases 
for such actions, 
URGENCY: HIGH 

COST: $50,000 to $75,000, based on the assump
tion that the study would consist essentially 
of insightful integration of already-available 
research findings with state-of-the-art infor
mation in highway lighting and the experiences 
gained by various agencies who have experi
mented with different interchange lighting 
configurations and levels. 

2,8 USER COMMUNITY: State DOT's, FHWA, AASHTO, 
IES, DOE, NHTSA 

2.9 IMPLEMENTATION: Assuming they support reduced 
levels of interchange illumination, the. 
results of the study will find ready implemen
tation by the various agencies responsible for 
highway lighting through modifications of 
luminaire spacing, intensity, height, etc. 

2.10 EFFECTIVENESS: If the study produces more 
precise measure of interchange illumination 
effectiveness than are currently available, 
and the findings suggest the feasibility of 
lower illumination l evels, then the societal 
impact will be significant, in terms of energy 
conservation and cost reduction with, at the 
same time, maintenance or i mprovement. of 
present levels of driver guidance. Such data 
would also clarify the direction for future 
interchange design, geometrics and illumina
tion parameters. 

PROBLEM NO. 3 

3.1 TITLE: REDUCED FIXED ROADWAY LIGHTING DURING 
PERIODS OF REDUCED TRAFFIC DENSITY 

3.2 

3.3 

PROBLEM: A major effort is being put forth 
by various governmental agencies to reduce 
energy consumption and related costs while 
still providing maximum safety for the motor
ing public. An area of great concern to some 
governmental offj_cials is the uninterrupted 
provision of lighting during the late night 
and early morning hours when traffic density 
is extremely low. The use of energy and its 
added cost to provide lighting for an entire 
interchange, as opposed to the illumination 
of a few critical locations under reduced 
traffic flow, requires professional research 
to provide factual information upon which to 
base a decision. The problem also involves 
the reversion of continuous freeway lighting 
back to interchange-only lighting during 
times of low traffic density. 

A number of factors must be investigated, 
The safety of an individual motorist versus 
the economic justification of cost provided 
by large numbers of motorists; the legal 
responsibilities of the agency to provide 
equal facilities for all motorists; and the 
psycho-physiological needs of the late night
early morning driver must all be considered 
in the analysis of this problem. Electric 
utilities generally are in need of late 
night-early morning loads to balance out sys
tem requirements. Reductions in these time 
periods may have a negative effect on total 
energy consumption. 

OBJECTIVES: a. Conduct research to determine 

3.4 

3.5 

3.6 

the safety, econo~ic and legal aspects of 
reduced fixed roadway lighting coverage dur
ing periods of low traffic density, taking 
into account all of the factors outlined 
above; and b. Recommend courses of action 
that may be used by agency administrators to 
decide on whether or not to reduce fixed 
roadway light coverage during these periods. 

KEY WORDS: Highway Lighting, Energy Conser
vation, Night Accidents, Partial Lighting, 
Utility Load Balancing, Visibility, Legal 
Liability, Illumination 

3 

RELATED WORK: Several studies relating fixed 
roadway lighting to night accidents have been 
completed. A recent before-after study on 
I-95 by the Virginia Highway and Transporta
tion Research Council indicates that continu
ous freeway lighting is better, both economi
cally and from a safety standpoint, than 
interchange-only lighting. A Texas Transpor
tation Institute study shows the same 
results, Both studies, however, involved 
turning lights off all night, rather than 
only during late night-early morning hours. 
The proposed work would further expand these 
studies to cover reduction of the coverage of 
roadway lighting during periods of low traf
fic density. 

URGENCY/PRIORITY: The national effort to 
conserve energy and the even greater impact 
of reduced operating budgets have made it 
necessary for some agencies to seek methods 
for reducing the extent of facilities provid
ed with lighting for motorists' use. Full
time night illumination of interchanges and 
continuous sections of freeways have been 
suggested as possible methods for reducing 
ene.rgy and expenses. 
URGENCY: HIGH 

3.7 COST: $200,000 

3,8 USER COMMUNITY: FHWA, IES, AASHTO, DOE, 
NHTSA 

3,9 IMPLEMENTATION: The findings of this 
research will permit administrators to make 
proper decisions as to lighting coverage 
during specific nighttime hours, to minimize 
energy consumption without increasing other 
costs unacceptably. The research may result 
in a change in the AASHTO Guide for Lighting. 

3.10 EFFECTIVENESS: Depending on the results, 
this research could result in annual savings 
of 265 megawatts of electricity, or $9,000, 
000 in energy costs, without adversely 
affecting driver visibility wherever fixed 
lighting is proposed or now exists. 

PROBLEM NO, 4 

4,1 TITLE: REFINEMENT . OF THE VISIBILITY INDEX 

4.2 PROBLEM: Recent development of the concept 
of the Visibility Index (VI) has substan
tially advanced the understanding of driver 
visual needs in night driving. Field studies 
have shown a strong relationship between VI 
and one aspect of driver performance, i.e., 
object detection. To make the VI concept 
more broadly useful, there is a need to 
relate it to other factors which have a bear-
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4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

ing on it, such as highway geometry and 
driver conflicts. 

OBJECTIVES: Further study of the visual para
meters that influence the motorist's perfor
mance will make possible development of a 
classification system for different types of 
roadways in different areas based on the VI. 
For example, to achieve a desired speed on a 
downtown section of urban freeway, a certain 
VI will be specified that will provide the 
necessary parameters for a complete lighting 
design. 

KEY WORDS: Highway Lighting, Night Visibil
ity, Accidents, Visibility, Driver Vision 

RELATED WORK: This is a continuation of the 
Fhv/A-funded research previously conducted by 
the Franklin Institute. 

URGENCY/PRIORITY: It is most urgent that 
research in this area be furthered so that 
new standards may be developed resulting in 
superior lighting installations. This will 
be of substantial benefit to the public since 
improvement of lighting quality should result 
in better night visibility and, thus, greater 
safety for the motorist (and pedestrian). 
Also, development of more valid standards 
should result in more effective utilization 
of available highway lighting funds. 
URGENCY: MEDIUM-HIGH 

COST: $400,000 

USER COMMUNITY : FHWA , IES, NCHRP, State 
DOT's, NHTSA 

4.9 IMPLEMENTATION: Development of a more 
refined VI will provide a more comprehensive 
and sophisticated basis for actual field 
i nstallations of roadway lighting. This, in 
turn, should lead ton national otandard that 
w,ill -pi:omote uniformi ty-among-all _agencies 
responsible for highway lighting. 

4.10 EFFECTIVENESS: The r caulto of thic reoearch 
should lead to the Visibility Index being 
used as the primary criterion for roadway 
lighting design. This, in turn, should lead 
to a system that will maximiee driver visual 
performance while minimizing initial costs, 
as well as energy consumption. In addition, 
since a direct correlation between accident 
reduction and visual performance has already 
been established, improved safety is expected 
to be a major end-product. 

PROBLEM NO. 5 

5.1 

'.i.2 

TITLE: DETERMINE THE OPTIMUM EFFECTIVENESS 
OF VEHICLE AND FIXED LIGHTING FOR URBAN ROAD
WAYS 

PRODLEM: The nighttime visual environment 
produced by current fixed lighting and vehi
cle headlights lacks effectiveness for 
safety, is unnecessarily expensive and wastes 
energy. Present vehicle headlights are 
designed for lighting roads without fixed 
lighting. In urban areas, however, where fix
ed lighting is present and is utilized to meet 
many needs other than for vehicular traffic, 
the role of vehicle lighting need only be 
that of providing adequate delineation to the 

5.3 

vehicle itself. Present headlights are 
generally not compatible with good fixed 
lighting. Limited research in this area has 
shown that fixed lighting in combination with 
vehicular parking lights produces greater 
visibility distances than fixed lighting with 
low or high beam headlights. The glare from 
oncoming headlights reduces visibility and 
provides unnecessary discomfort, as well as 
adversely affecting safety. 

The cost of operating headlights is very 
significant, and should be taken into account 
when determining the cost of producing the 
safest and most economical night driving 
environment, especially in view of the fact 
that over 75 percent of the population lives 
in urban areas containing 10 percent of the 
national roadway mileage. 

OBJECTIVES: The proposed research is very 
broad in scope, and has a number of objec
tives, including determination of the follow
ing: a. The optimum combination of fixed 
lighting and vehicle marker lighting for 
different classes of urban roadways; b. The 
mileage of different roadway classifications 
for typical towns; c. Night traffic volumes 
and average speeds for the different roadway 
classifications; d. Costs of present fixed 
lighting; e. Costs of present vehicle head
light operations; f. Costs of the combina
tion of adequate fixed lighting with adequate 
vehicle marker lighting; g, Accident records 
on urban roadways, both with fixed lighting 
(adequate-fair-poor) and without fixed light
ing; and h. Potential accident reductions and 
economic smrines w-f th appropriate fixed 
lighting and vehicle marker l ighting for 
urban areas. 

5.4 KEY WORDS: Night Visibility, Fixed Lighting, 
Vehicle Headlighting 

5.5 RELATED WORK: There is nn rP.lated research 
_currently _i_n_progress in_....§;i ther t]!e U.S. or 
Canada; however, the British Transport and 
Road Research Laboratory is currently study
ing the accident i nvn1vPmPn t nf 400- .100 
postal vans equipped with the dipped-dim 
headlight system, a study which may provide 
some relevant data. Very limited experiments 
that have been c-nnnnc-.tP.d in the past in 
Europe support the need for a better combina
tion of fixed and vehicle lighting. 

j.6 URGENCY/PRIORITY : This type of research ls 
long overdue, and as the energy crisis 
becomes worse, the need for this research 
becomes more and more urgent. 

5.7 

5.8 

5.':I 

URGENCY : MEDIUM-HIGH 

COST: $200,000 to $500,000 

USER COMMUNITY: NHTSA, FHWA, NCHRP, IES, 
SAE, DOE, ITE 

IMPLEMIIN'l'A'l'lON: 'l'he results of the proposed 
research would be implemented by modifying 
existing systems of urban fixed lighting and 
vehicle head- and marker llghllug. Tlte cos t 
of implementation and the time required for 
full re,alization of a program based on usage 
of parking lights on urban roadways and head
lamps on rural roads would be extensive. To 
be convenient and "fool-proof", motor 
vehicles would need to be equipped with a 



device that would automatically turn on the 
headlamps when leaving an urban area, and 
turn off the headlamps when entering well
illuminated roadways. In addition, the pre
sent parking (position) lamps on motor vehi~ 
cles would probably need to be upgraded in 
terms of size and light output. It would 
probably take 10 or more years before the 
majority of vehicles in use have the improved 
marker lights and automatic devices. 

5.10 EFFECTIVENESS: The public is entitled to a 
safer, more economical and comfortable night 
driving environment. The results of this 
research should result in increased highway 
safety, and adequate fixed lighting should 
provide additional benefits, such as reduced 
crilte and more effective fire and police pro
tection. In addition, air pollution would be 
reduced and scarce fuel oil conserved. 

PROBLEM NO. 6 

6.1 TITLE: PEDESTRIAN VISIBILITY 

6.2 PROBLEM: Each year many pedestrians are 
killed or injured in accidents with motor 
vehicles. In 1975, 8700 were killed and over 
300,000 were injured. Over 54% of the fatal
ities occurred at night, despite the fact 
that the probability of vehicle-pedestrian 
conflict is much lower at night than during 
the day. Almost 40% of the fatalities 
occurred in urban areas at night. Recent 
studies have shown that added street lighting 
is effective in reducing urban night pedes
trian accidents, suggesting one way in which 
th e visibility of pedestrians at night can be 
improved. 

Another study brought out that 80% of 
the drivers who struck pedestrians reported 
that they "did not see" the pedestrian. 
While light-colored clothing improves a 
pedestrian's visibility, it is not adequate 
for many commonly-encountered situations, and 
we cannot rely on the majority of pedestrians 
to wear light-colored clothing. It has been 
shown that the 15th percentile pedestrian's 
clothing has a reflectance of only 13%. 

Retroreflective materials now exist in 
many forms t hat are effective in varying 
levels of brightness. An increase in their 
use as a means to improve pedestrian conspi
cuity at night represents an objective that 
clearly would aid in reducing the magnitude 
of this problem. 

6.3 OBJECTIVES: a. Study the effectiveness of 
available retroreflective materials for 
pedestrians under various conditions of 
brightness, pattern, shape, area, color and 
motion; b. Develop a "visibility index" for 
comparing various retroreflective treatments 
with each other and with other materials com
monly used for wearing apparel; c. Test 
retroreflective systems under field condi
tions to determine motorist response; and d. 
Recommend a procedure for implementing a 
visual protection program for occupational 
pedestrians, identifiable pedestrian groups 
(such as the stranded freeway motorist) and 
for the general public. 

6.4 KEY WORDS: Pedestrian, Clothing, Reflec
tance, Visibility 

6,5 

6.6 

6.7 

5 

RELATED WORK: Pedestrian visibility indexes 
and visibility assessments are reported in 
numerous studies by 3M, FHWA and NHTSA-(Re
port FHWA-RD-76-8, for example). Accident 
data gathered since 1966 are similar to those 
cited above for drivers allegedly not seeing 
pedestrians they hit, Allen, in Vision and 
Highway Safety (1970), relates numerous 
studies related to this problem. Current 
activities of the recently-formed ASTM Com
mittee F-22, "High Visibility Materials for 
Individual Safety", are largely directed 
toward attaining the same objectives, but with 
additional target groups. A NHTSA study of 
pedestrian (and bicycle) conspicuity is 
currently underway. 

URGENCY/PRIORITY: As the proportion of 
elderly people in our population continues to 
increase, so does the number of aging drivers 
and pedestrians. Recognizing that a failure 
of vision is the predominant problem in night 
pedestrian accidents, an increase in such 
accidents is inevitable, unless effective 
countermeasures are implemented. An increase 
in the night visibility of pedestrians is 
required, and methods for accomplishing this 
can be utilized to enhance the night visibil
ity of other classes of highway users as well, 
such as highway construction workers, and 
operators of bicycles, mopeds and motorcycles. 
URGENCY: HIGH 

COST: An estimated $35,000 will be required 
to carry out the research required to reach 
objectives a, band c, listed above. The 
cost of attaining objective d cannot be esti
mated at this time. 

6.8 USER COMMUNITY: NHTSA, FHWA, AASHTO, AAAM 

6.9 IMPLEMENTATION: Programs motivating pedes
trians to purchase and wear special apparel 
at night will require not only prodding by 
government but also the support of citizen 
groups, such as the PTA (for school age 
children), high school athletic groups, and 
for the elderly, the AARP. Proof that such 
apparel is effective will be required, 
through the use of such measures as personal 
testimonials, speakers bureaus, and organi
zational support. 

6.10 EFFECTIVENESS: The effectiveness of the 
program will, of course, depend on the degree 
of compliance by the pedestrian population. 
Based on past experience with voluntary use 
of another "active" safety device, namely 
safety belts, a reduction in night pedestrian 
accidents of 10-20 percent may be possible. 

PROBLEM NO. 7 

7.1 TITLE: DEVELOPMENT OF A VISUAL COMFORT INDEX 

7.2 PROBLEM: Current research has isolated and 
quantified most of the night visibility 
requirements to be fulfilled by fixed highway 
illumination. However, the manner in which 
driver visibility at night is affected by 
discomfort glare, a subjective quantity, has 
not been similarly defined in a manner suit
able for predicting quantifiable results. A 
European method of quantifying "visual com
fort" as a function of glare, known as the 
Glaremark system, has so far not been vali-
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dated in the U.S. The ability to predict 
discomfort glare will provide lighting 
designers with the final tool in engineering 
the most efficient roadway lighting systems. 

7.3 OBJECTIVES: a. Conduct research to develop 
and validate equations or computer programs 
that define and quantify discomfor·t glare 
for use by practising engineers in designing 
lighting systems; b. Implement these designs 
to provide night motorists with a substan
tially reduced level of discomfort and, 
therefore, a higher level of concentration 
on the driving task, 

7.4 KEY WORDS: Glare, Night Visibility, Fixed 
Illumination, Discomfort Glare, Comfort 
Index 

7.5 RELATED WORK: The Glaremark system has been 
developed in Europe, Higher level interior 
lighting systems use a Visual Comfort 
Probability system. Current work on lower 
illumination levels as found in roadway 
lighting is being conducted at Kansas State 
University. This work, known as the BCD 
(Borderline-Comfort-Discomfort) system, is 
in its early stages and will need further 
research to refine the system, 

8.3 

8.4 

8.5 

states, raised markers are not practical, 
and the anti-skid material spread on the 
road surface often removes the painted 
markings (almost completely), so that little 
guidance is provided during winter months. 

OBJECTIVES: Develop innovative retroreflec
tive pavement marking systems that are 
practical, economical and effective on a 
year-round basis under nighttime wet-pave
ment conditions and that also are compatible 
with snow plowing, 

KEY WORDS: Roadway Delineation, Night 
Visibility, Raised Pavement Markings 

RELATED. WORK: This problem has long been 
recognized, and several major research 
efforts have been completed in the past, the 
most recent being NCHRP Project 5-5 B. The 
December 1977 issue of Public Roads contains 
a review of this topic. Several develop
mental programs are underway to produce 
raised pavement markers that will be effec
tive and compatible with snowplowing (e.g., 
the Stimsonite 96 for areas with snowfall 
ranging from 15 to 25 inches, and the 
NYSDOT grooved marker for greater snowfall 
depths), Also, prefabricated marking blocks 
are promising, as are epoxy thermoplastics. 

7.6 URGENCY/PRIORITY: This work should have the However, past research has first developed 
highest priority in that new national stan- a raised marker device, and then suhjP~tPn 
J.u<l!l fur hl1d1wav lighting are now hedng it t,:, .,,,vwyluw cundii:ions. It: is ielt that 
formulated a~d will be forthcoming by 1982. a more productive approach would deal with 
The proposed study, along with other the problem by beginning with basic studies 
research on night driving visual needs, will of the forces produced by snowp.lowR l'lt or 
lead to a complete and comprehensive des- near the roadway surface, using high-speed 
cription of the requirements for fixed motion picture techniques to evaluate 

___________ _ umination n -U..s .- roadway-s--~ -------------1mpacc fifflure. 
URGENCY: MEDIUM 

7.7 COST: $170,000 

7, 8 USER COMMUNITY: FHWA, IES, NHTSA, AASHTO, 
FAA 

7.9 IMPLEMENTATION: The research results will 
allow designers to incorporate discom±ort 
glare formulations into highway lighting 
designs. These formulations will become 
part of national standards used by most 
engineers nationwide. 

7.10 EFFECTIVENESS: Numerous fixed roadway 
lighting systems have been constructed and 
operated with little or no consideration for 
the night driver's visual comfort. Older 
drivers, especially, suffer from this 
problem of discomfort glare. New systems 
based on the proposed research and existing 
systems which may be modified to correct 
deficiencies will provide improved night 
driving performance. The effectiveness of 
this feature will be in a reduction of night 
driving problems and an improved night driv
ing attitude. 

PROBLEM NO. 8 

8.1 TITLE: DEVELOPMENT OF NEW PAVEMENT MARKING 
CONCEPTS 

8.2 PROBLEM: Conventional reflectorized pave
ment marking systems lose much of their 
effectiveness during periods of darkness in 
rainy weather. In addition, in snow belt 

8.6 URGENCY/PRIORITY: Because of the importance 
of adequate path delineation, especially at 
night and in adverse weather, this is a 
high priority research t:~k•~~-

-URGENCY: MEDIUM 

8,7 COST: $500,000 

8.8 USER COMMUNITY: FHWA, NCHRP, AASHTO, State 
DOT's 

8.9 IMPLEMENTATION: If new pavement marking 
concepts can be developed that satisfy the 
requirements set forth above, they will 
quickly be adopted as a new national stan
dard and replace current pavement marking 
techniques. 

8.10 EFFECTIVENESS: Use of such new pavement 
markings would be expected to reduce the 
incidence of accidents tracable to driver 
confusion about path, especially at night or 
in adverse weather. Any such improvement in 
safety would be expected to be most evident 
among thP grnwing population of older 
drivers, for whom reduced visual performance 
capabilities is a common handicap. 

rRODLEM NO, 9 

9,1 TITLE: VISION TESTING TO PREDICT DRIVER 
PERFORMANCE UNDER ADVERSE VISIBILITY CONDI
TIONS 

9.2 PROBLEM: It is well known that accident 
rates at night far exceed those during day-



time hours; it is also apparent that a dis
proportionate number of multiple-vehicle 
accidents occur under reduced visibility con
ditions caused by rain, dust storms, fog, 
smoke, blowing snow and ground blizzards. 
What is not known, however, is whether there 
are significant differences in individual 
abilities to see under such adverse visibil
ity conditions that are measurable, and that 
also are related to accidents occurring under 
such conditions. The lack of such informa
tion makes it more difficult for driver 
licensing officials to do an effective job of 
weeding out those applicants who are likely 
to be unsafe drivers under adverse visibility 
conditions; also, lack of this information on 
driver visual capabilities makes research 
into countermeasures for reduced visibility 
conditions less likely to be productive, and 
the results of such research are less likely 
to be understood. 

9.3 OBJECTIVES: a. Analyze the visual require
ments of driving under adverse visibility 
conditions; b. Relate these requirements to 
visual functions for which tests (standard or 
prototype) are available (e.g., acuity, 
contrast sensitivity, glare sensitivity); and 
c. Develop standards of visual performance on 
these tests, if possible, for use by driver 
licensing officials and procedures for 
informing drivers whose performance on these 
tests is sufficiently below standard as to 
limit their ability to drive safely under 
adverse visibility conditions. 

9,4 KEY WORDS: Vision, Visibility, Contrast 
Sensitivity, Reduced Visibility Conditions, 
Night Vision 

9,5 RELATED WORK: Considerable research has 
been done in the area of countermeasures for 
reduced visibility conditions (see 
Transporta·tion Research Circular, No. 193, 
1978), Extensive information has already 
been generated with regard to highway illum
ination standards, drivers' night vision 
performance under mesopic and photopic 
levels of illumination, and contrast sensi
tivity as a function of age. Numerous 
scientific and research reports also are 
available that identify what is possible 
today by way of measuring drivers' visual 
functions, and NHTSA currently is sponsoring 
research to develop a more effective driver 
licensing vision test battery. In addition, 
a number of studies have already generated 
considerable data on driver vision (but have 
not related these data to accidents occur
ring under adverse visibility conditions). 

9.6 URGENCY/PRIORITY: Night accidents continue 
to be a major and unsolved problem on our 
highways. While much effort is underway to 
improve the highway (illumination) and the 
vehicle (headlighting), no significant 
changes have yet occurred with regard to the 
third element of the system, that is, the 
driver. Training, licensing and re-training 
(driver improvement) continue much as in the 
past, with little (if any) consideration 
given to night vision limitations or prob
lems in performance under adverse visibil
ity conditions. It is important to improve 
the effectiveness of the driver education -
driver licensing - driver improvement aspects 

of traffic safety. 
URGENCY: MEDIUM-LOW 
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9,7 COST: $75,000-100,000, exclusive of test 
equipment. 

9.8 USER COMMUNITY: State Driver Licensing 
Officials, AAWvA, State DOT's,AASHTO, E1IWA, 
NHTSA, Driver Education Associations 

9,9 IMPLEMENTATION: Field testing of the vision
testing hardware and development of informa
tion for distribution to driver licensing 
officials and drivers requires a joint 
effort. Specific testing procedures, 
standards development, materials and media 
development would be useful not only in the 
area of driver licensing, but in driver 
education and driver improvement as well. 
After initial developmental and testing 
procedures have been tested and finalized, 
demonstrations could be undertaken in each 
of these three fields, and the results 
ultimately made available to licensing 
officials, traffic engineers, driver educa
tion specialists and the research community. 
Drivers will have to be convinced of the 
usefulness of any new testing procedures and 
standards developed, in order for these 
ultimately to be effective. 

9,10 EFFECTIVENESS: Development of the informa
tion desired should provide driver licensing 
officials, traffic engineers and driver 
education specialists with another tool to 
permit them to do their jobs more effective
ly. Also, if drivers are made aware of 
their visual limitations (of any type) , an 
increase in their "safety consciousness" 
should result, as well as an increase in 
their appreciation of the hazards involved 
in driving under conditions of reduced visi
bility. 

PROBLEM NO. 10 

10.1 

10.2 

10.3 

10.4 

TITLE: LUMINANCE AND CONTRAST REQUIRED FOR 
HIGHWAY SIGN LEGIBILITY: COMPARISON OF 
RESEARCH RESULTS OBTAINED BY DIFFERENT 
METHODS 

PROBLEM: Research on highway sign daytime 
legibility distances has shown fairly com
parable results using actual reading tasks. 
However, some 11.llllinance and contrast studies 
of legibility under simulated and actual 
night viewing conditions on the highway have 
shown results which appear rather different. 
These results should be described in common 
terminology to allow comparison and to show 
which results are most valid for use by 
traffic engineers, i.e., which give the most 
valid distances for reading of signs on the 
highway by 85 to 90 percent of drivers. 

OBJECTIVES: The objectives of this research 
program are to; a. Review highway sign 
legibility studies; b. Put the results of 
these studies in common terminology; and c. 
Compare these results and relate them to 
full-scale legibility on the highway at night 
under different viewing conditions, 

KEY WORDS: Sign Legibility, Highway Signs, 
Sign Research Methodology, Luminance, Con
trast 
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10.5 RELATED WORK: Early research by Forbes in
volved legibility measurements based on 
reading of actual letters and signs, either 
in the laboratory or full-scale, and compared 
laboratory results with those obtained in the 
field. For daylight conditions, this method 
has proved reliable, and has produced results 
which can be compared for different study 
conditions and target sign characteristics. 
This method uses fairly large groups of 
subjects and is, therefore, tedious and time
consuming, but it does give an index of what 
the majority of drivers can see on the high
way. 

10.6 

Blackwell and Blackwell have developed 
a highly accurate method of determining 
thresholds of contrast detection and rela
tive contrast sensitivity. This has proved 
of great value in evaluating the visual per
formance aspects of lighting, but Blackwell 
has pointed out the need for "fiel<! factors" 
to adapt and apply these results to various 
practical work problems. It is, therefore, 
very important to determine factors or 
procedures which will show what relation
ships and corrections are required for real
world reading of highway signs under various 
night lighting conditions. 

Richards, among others, has pointed out 
that a wide range of methods is used in 
determining visual acuity, depending on the 
purpose of the measurement (see, e.g., 
studies by Allen, Burg, Forbes, Olsen, 
Ri~hartl~ a.ud vthc:ro). AL uu~ ~xLL·~t:!, Lhe 
maximum visual ability (minilllum acuity 
threshold) for selected subjects may be 
measured under ideal conditions in a labora
tory. At the other extreme is the deter
mination of what a representative sample of 
drivers can actually read while driving under 
a variety of real-life conditions. It is 
important that minimum threshold values 
obtained using methods that maximize accuracy 
and reliability should not be used for the 
purpose of determining the practical leg_!!>_!!=_ 

- ity of highway sign_s _ unless properly 
corrected so that they apply to the average 
driving population "at work". Uncritir;:al. t1F.'e 

of such idealized data would probably lead to 
underestimation of the true design require
ments for effective highway signing. 

Additional references ot interest in
clude: 

a. 

b. 

c. 

Ri chards, Visual Needs and Possibi l i.ti es 
for Night Automobi le Driving 

Forbes, et al., Traff ic Sign Reguira
ments - /lnnotated Bibliography 

CIE Publication #19, Methods for Evalu
ating Visual Perf ormance Aspects of 
Lighting 

d. TRB Special Report 156, Driver Visual 
Needs i n Night Drivi ug 

Related work is currently underway at 
tha Inotitutc for Rcocarch under FIIWA 
Contract rn-11-96-46, "Performance Standards 
for Determining Llllllinous Requirements for 
Traffic Control Devices". 

URGENCY/PRIORITY: It is important to avoid 
basing hi ghway design standards on data that 

overestimate the level of driver visual 
performance that can realistically be 
expected in actual driving situations. At 
present, there is a high probability of this 
occurring, due to misinterpretation and/or 
misunderstanding of research results as a 
consequence of failure to be aware of the 
relationship between research results and 
research methodology and objectives. 
URGENCY: MEDIUM 

10.7 COST: The cost of the proposed research can 
vary widely, depending on the method chosen 
to approach the problem. A relatively 
inexpensive approach would entail TRB cooper
ation, and would take advantage of the 
diversity of talent and experience available 
within TRB. This could be done by developing 
a conference session at the Annual Meeting, 
or a separate workshop or symposium, or by 
forming a Task Force (or some combination of 
these). In any case, researchers on this 
topic whose reports are already available 
would develop methods of making their results 
compatible and explaining similarities or' 
differences which may be attributable to the 
methods and objectives of each of the parti
cular studies. 

10.8 USER COMMUNITY : FHWA, IES, AASHTO, ITE 

10.9 IMPLEMENTATION: The results of this 
TP,.Parrh wn,11 ii find immediate imp1'1mentation 
1n tne revision ot highway signing stan
dards, where called for. 

10,10 EFFECTIVENESS: Presuming the results of 
this research would call for revision of 
existing highway standards, and in the direc
tion of providing greater sight distance for 
highway signs, then a reduction in driver 
indecision and confusion would be antici
pated, resulting in a more efficient and 
safe flow of traffic. Measures of effec
t:lYeness_ w.o_uld include _traffic _conflicts., _ 
traffic volume and, possibly, accident 
reduction that could be directly attribut
able to the revi~ed ~igning practicms~ 

PROBLEM NO. 11 

11.l 

11.2 

'l'T'l'T.R: r.OMMTJNTCA'l'TONS VALUE AND UNIFORMITY 
OF EMERGENCY VEHICLE SIGNAL LIGHTS 

PROBLEM: Emergency vehicle signal lights 
vary widely i n type, style, color and 
combination, even in the same locale. This 
lack of uniformity logically would be 
expected to affect adversely the effective
ness (communications value) of these lights. 
In addition, non-standardization precludes 
lower cost, higher reliability devices, and 
public funds may be spent inefficiently for 
ineffective equipment. 

11,3 OBJECTIVES: Study the coromunicationo value 
of various systems of emergency vehicle 
lights, and determine whether uniformity 
would increase their effectiveness. If 
warranted by the results of this study, 
develop a set of standards for signal lights 
to maximize their effectiveness in communi
cating to the motorist (or pedestrian) the 
specific type of emergency message intended, 
e.g., "Stop", "Clear the road", "Road 
Obstruction Ahead", and so on. These stan-



11.4 

11.5 

11.6 

11.7 

11.8 

dards should specify the relevant parameters 
for effective signals, including color, size, 
intensity, placement, flash rate, and so on, 
and they should be developed with the cooper
ation of relevant agencies (See "Implementa
tion" section, below.). 

KEY WORDS: Emergency Vehicle Lights, Emer
gency Vehicles, Flashing Lights 

RELATED WORK: a. NHTSA contracts DOT-HS-
601468 and DOT-HS-5-01121; b. SAE Lighting 
Committee - Current Evaluations of Signal 
Effectiveness; c. California Highway Patrol -
Blue Light Study (1972); d. European studies 
- ECE TRANS/SC1/WP29/R.16/Rev.l, 7-28-78; e. 
Muhler & Berkout, Journal of Safety 
Research, 8(2), 1976; and f. FHWA contract 
DOT-FH-11-8846. 

URGENCY/PRIORITY: This study is complex, and 
it may require two years, or more, to com
plete a set of standards. Once they are 
developed, implementation of the new stan
dards may take five years. In view of this, 
it would be advisable to embark on this 
research as soon as possible. 
URGENCY: MEDIUM 

COST: $250,000 

USER COMMUNITY: NHTSA, Law Enforcement 
Agencies, Fire & Rescue Units, National Com
mittee on Uniform Traffic Laws and Ordi
nances, State DOT's (Maintenance), Hospitals, 
etc. 

11.9 IMPLEMENTATION: Implementation of the 
findings would be promoted through the 
cooperation of organizations such as the 
American Association of Motor Vehicle Admin
istrators, Uniform Vehicle Code Committee, 
associations of police and fire chiefs, 
NHTSA, and SAE. NHTSA does not have any 
Federal Motor Vehicle Safety Standards 
covering emergency vehicles, but FMVSS 108 
does include school bus lamps; therefore, 
uniformity of signals on emergency vehicles 
must be accomplished by the cooperative 
efforts of the states. The cost of imple
mentation will have to be considered in 
relation to potential benefits to the motor
ing public (as well as pedestrians, bicy
clists, etc.). 

11.10 EFFECTIVENESS: Once implementation of the 
new standards is accomplished, it should be 
possible to evaluate their impact on safety 
by before/after comparisons of both accidents 
and traffic conflicts involving emergency 
vehicles. Average speed maintained during an 
emergency run can also be studied as a 
possible measure of effectiveness. The mag
nitude of this safety impact cannot be 
estimated at the present time; however, in 
view of the substantial number of accidents 
involving emergency vehicles at the present 
time, there is obviously considerable room 
for improvement. 

PROBLEM NO. 12 

12.1 TITLE: PROCEDURES FOR EVALUATING HIGHWAY 
MEDIAN GLARE SCREEN SYSTEMS 

12.2 PROBLEM: Discomfort and disability glare are 

12.3 

12.4 

12.5 

9 

night hazards that confront all drivers on 
high-density, narrow-median highways. In 
recent years, glare screen systems have been 
developed and installed on many miles of 
highway in an attempt to minimize or elimi
nate this problem. Unfortunately, however, 
there have not yet emerged clear warrants 
for the use of such glare screens due, 
primarily, to the lack of adequate procedures 
for evaluating their effectiveness. 

Four distinct types of median-mounted 
glare screen systems are currently available, 
i.e., metal screen, fabric screen, plastic 
louvers and raised concrete (or other 
opaque) barriers. Previous attempts to 
evaluate the effectiveness of these systems 
have been limited in scope, and the perfor
mance of only one system (metal screen) has 
been extensively studied. Further, since 
most glare screen installations have come 
about as part of major roadway redesign and 
renovation, before-and-after accident 
statistics have not proven particularly 
revealing, as the effects of glare screening 
cannot be isolated from the effects of the 
other roadway modifications. 

What is needed is a valid and reliable 
procedure for evaluating the effectiveness 
of available glare screen systems. In order 
for this to be accomplished, it will be 
desirable to standardize definitions for 
"discomfort glare" and "disability glare", 
and to arrive at a more reliable way to 
assess the degree to which glare-induced 
driver vision impairment is involved in 
accident causation. 

OBJECTIVES: The objectives of the proposed 
study are as follows: a. Develop a rational, 
practical and consistent procedure for field
testing and evaluating glare screen systems. 
Such a procedure would include a controlled 
before-and-after study of sufficient size, 
geographical scope and duration that collec
tion of statistically significant data on any 
cause-and-effect relationship between head
light glare and traffic accidents could be 
accomplished; b. Define methods for estab
lishing the relationship between the height 
of the glare screen and roadway geometry, 
establishing permissible cut-off angles for 
given intensities of light; c. Assess the 
present knowledge concerning the relationship 
between headlight glare and accidents; d. 
Study the cost-effectiveness of glare screen 
use; and e. Determine which particular sys
tems are best suited to particular demands of 
road usage and accessability, median barrier 
treatment, geography, geometry and climate. 

KEY WORDS: Glare, Glare Screens, Headlight 
Glare, Night Vision, Discomfort Glare, 
Disability Glare 

RELATED WORK: a. Published discussions of 
glare screening favor the concept; highway 
authorities from Sweden to California have 
evaluated test installations of various glare 
screen systems and reported their findings. 
AASHTO and the NCHRP are currently under
taking surveys and synthesis studies to con
solidate the practical experience of glare 
screen users nationwide; and b. Responsibil
ity for conducting a survey of glare screen 
use by state highway agencies was assigned 
to the ad hoc committee on median barriers by 
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the Design Section of AASHTO. Waverly 
Brittle of the Virginia DOT heads this com
mittee. An independent synthesis study of 
glare screen usage has been performed for the 
NCHRP by Edward Ricker of Harrisburg, PA (FY 
'77 Program Topic No. 9-11, "Design and Cost 
Guidelines for Median Glare Screen"). 

12.6 URGENCY/PRIORITY: Clearly defined or not, 
the glare hazard is real, and increasing 
with the increasing volume of night vehicle 
travel on high-denisty, narrow-median high
ways. Any success in quantifying glare as a 
hazard, combined with formulation of warrants 
for the use of glare screens, will be of 
value to traffic and safety officials, and to 
the motoring public. 
URGENCY: MEDIUM 

12.7 COST: No cost estimate is possible at the 
present time, until the results of current 
activity (see Item 5) are known. 

12.8 USER COMMUNITY: FHWA, NCHRP, AASHTO, State 
DOT's 

12.9 IMPLEMENTATION: The results of the research 
will find implementation through the estab
lishment of glare screen standards for use by 
highway agencies. These standards will be 
promulgated through AASHTO and the U.S. 
Department of Transportation. 

12.10 EFFECTIVENESS: The results of the study 
should prove their effectiveness in the long 
run by a reduction in glare-induced night 
accidents on high-density, narrow-median 
highways. This, of course, is contingent on 
development of a reliable means for relating 
glare to accident causation. 

PROBLEM NO. 13 

13.1 'rlTLI!:: DlUVER 81'1!:l!:DS UNDBH. REIJUCED VISIBIL
- --~rTY-

13.2 PROBLEM: Under various reduced visibility 
conditions, such as fog, rain, snow and dust, 
there presently are no data that clearly 
indicate what expected speed profiles might 
be for varying degrees of visibility. As a 
consequence, transportation and law enforce
ment agencies are not in a position to 
provide the motorist with accurate informa
tion and guidance (e.g., suggested speed) in 
advance of limited-visibility areas, nor can 
they make proper decisions with regard to 
closing of facilities to traffic due to res
tricted visibility conditions. 

13.3 OBJECTIVES: Provide guidelines for the use 
of transportation and law enforcement 
agencies in advising motorists of restricted 
visibility areas, determining advisory 
speeds (based on such factors as wind 
vel od t.y and p1wemP.nt 1,J ipperiness, as well 
as visibility) and in deciding upon facility 
closure. This should be done by: a. Bring
ing together all the information that cur
rently is available, including state-of-the
art technology for ·measuring visibility in 
rain, fog, snow and dust, as well as 
current technology for coIImlunicating visibil
ity conditions, advisory speeds, etc., to 
motorists (e.g., via radio or changeable 
message signs); b. Integrating the above 

information with the experiences of highway 
officials in the various states (and foreign 
countries) in dealing with this problem to 
develop a preliminary set of guidelines; c. 
Enlisting the c·ooperation of transportation 
and law enforcement officials plus motorists 
to utilize the proposed guidelines in a 
formalized guidance and communications system 
for reporting accurate visibility distances 
and speeds when adverse driving conditions 
occur and, finally; d. Revising the prelim
inary guidelines as required based on the 
information gained inc., above. 

13.4 KEY WORDS: Visibility, Fog, Rain, Snow, 
Dust, Driver Guidance 

13.5 RELATED WORK: State-of-the-art in this area 
was reported in August 1977 at the TRB 
Visibility Committee's Symposium on Driver 
Visibility Under Varying Adverse Weather 
Conditions. The proceedings of this Sympo
sium appear in Transportation Research 
Circular, No. 193, 1978. Information on 
speed profiles was contained in both NCHRP 
Reports 95 and 171. A recent paper by 
Shepard (Virginia Highway and Transportation 
Research Council) used before-after compari
sons of speed data to evaluate pavement 
insert lighting for use in fog. A major 
study by Wagner and Hofstetter (Oregon DOT) 
has been conducted for FHWA on "Speed Advi
,;uLV IufULwaLluu fu1 Reuuced Visibility 
Conditions". 

13.6 URGENCY/PRIORITY: This, for the most part, 
is an ungulug ,;eai,wual a11u geographical 
problem, and one against which few signifi
cant inroads have he.Pn machi. A small but 
significant portion of the accident problem 
can be traced to excessive speed in poor 
visibility conditions, and this situation 
can be expected to worsen as the proportion 
of older drivers on our highways lucrea,;e,;, 

- - ·with-thei-r- reduced-visual -capabi-1-i-t-ies-. - -· 
Hence, developing appropriate guidelines and 
an effective collDilunication system should 
minimize the occurrence uf ,;uch act:lueuL,;, 
and because the proposed study would be 
quite lengthy (involving a longitudinal study 
of accident experience), it would be 
advisable tu begin a,; suuu as vus,;llile. 
URGENCY: MEDIUM 

13.7 COST: $100,000 (excluding labor and hard
ware costs for the sensing and communica
tions systems that might be installed or 
modified by the participating governmental 
agencies). 

13.8 

13.9 

USER COMMUNITY: State DOT's, Law Enforce
ment agencies, AASHTO, FHWA, FAA 

IMPLEMENTATION: Implementation of the study 
results would be carried out by the respon
sible highway and law enforcement officials 
for those states (or countries) for which 
these reduced visibility situations are a 
chronic problem. Implementation will take 
the form uf improved dr iver guidance through 
the affected areas, including closure of the 
facility, if warranted. Models for this 
implementation - on a pilot basis - are 
currently available in several states and 
foreign countries. 



13.10 EFFECTIVENESS: In certain geographical 
areas, adverse driving conditions frequently 
prevail, During such times, pilot efforts 
have shown that specialized information sys
tems and controls on driving can reduce the 
probability of unsafe driver behavior. This 
indicates that the motoring public as a 
whole will respond favorably, if given 
convincing evidence of the reliability and 
effectiveness of such systems, · resulting in 
a measurable reduction in unsafe driver 
behavior in reduced visibility conditions 
with a consequent reduction in accidents 
(especially multiple-vehicle), 

PROBLEM NO. 14 

14.1 TITLE: IMPROVING DRIVER UNDERSTANDING OF 
SYMBOL SIGNS 

14.2 PROBLEM: Previous research on highway signs 
comprised of symbols, rather than words, has 
shown that such signs generally provide 
good legibility characteristics. However, 
various questionnaires, studies and comments 
from adult driver groups have revealed that 
many drivers are confused about the meanings 
of some of the new symbol signs. 

14.3 OBJECTIVES: The objectives of the proposed 
research are to: a. Investigate by question
naire and other methods confusions in meaning 
generated in some drivers by certain symbol 
signs; b. Develop techniques for making 
these "problem" signs as self-explanatory as 
possible; and c. Conduct a follow-up evalua
tion to show whether or not understanding of 
these symbol signs has been improved through 
introduction of these techniques. 

14.4 KEY WORDS: Highway Signing, Symbol Signs, 
Driver Information 

14.5 RELATED WORK: a. The Proceedings of the In
ternational Conference on Highway Sign Sym
bology (Washington, D.C., June 1972) contains 
a number of relevant reports, including one 
by Forbes, Gervais & Allen which indicates a 
method of obtaining and evaluating a self-ex
planatory type of symbol; and b. A number of 
studies have been carried out on the percep
tion of symbolic traffic signs (e.g., by 
Robert Dewar of the University of Calgary and 
Ellis King of the University of North Carol
ina at Charlotte). Other studies may be un
derway at present that bear on this topic. 

14.6 URGENCY/PRIORITY: Since new symbol signs are 
being introduced on our highways with in
creasing frequency, it is increasingly impor
tant that "problem" signs be identified and 
counter-measures for driver confusion 
developed as soon as possible. 
URGENCY: LOW 

14.7 COST: The cost of such work is estimated to 
range from $50,000 to $75,000, depending on 
the organization, the research method used, 
and the extent to which the problem is 
attacked. It might be desirable to start 
with a limited number of symbols and test out 
a procedure before attempting to apply it 
"across the board", which would involve 
greater expense. 

14.8 USER COMMUNITY: FHWA, NCHRP, ITE, State 
DOT's, AARP, Driver Educators 
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14.9 IMPLEMENTATION: The findings of the 
research could be implemented through both 
driver licensing and driver education 
channels. In addition, the use of supple
mentary message plates below the symbol sign 
(already experimented with) during the 
"training period" might be effective. 

14.10 EFFECTIVENESS: It is impossible to predict 
the societal impact of this research. Any 
reduction in driver confusion generated by 
traffic control devices inevitably reduces 
traffic conflicts and improves traffic flow. 
These advantages would be demonstrable by 
traffic conflict analysis; accident reduc
tion would probably be more difficult to 
show. 

PROBLEM N0.15 

15.1 

15.2 

15.3 

15.4 

15.5 

15.6 

TITLE: COMPARATIVE COST-EFFECTIVENESS OF 
MERCURY AND SODIUM STREET LIGHTING 

PROBLEM: Increasing concern with the cost 
and availability of energy has brought into 
sharp focus the relative energy-efficiency 
of various light sources for street illumin
ation. While mercury vapor has been most 
favored in recent years, high- and low
pressure sodium are increasingly being used 
to replace mercury because of their higher 
efficiency; that is, sodium provides more 
lumens per watt than mercury. Despite this, 
however, it is not clear whether this higher 
efficiency is an unqualified benefit, or 
whether it comes at the expense of reduced 
driver performance. For example, for a 
given lumen level how do mercury and sodium 
light sources compare on factors directly 
related to accident avoidance (e.g., psycho
logical or physiological variables such as 
annoyance and fatigue, as well as visibility 
distance, contrast sensitivity, discomfort 
glare and the like)? 

OBJECTIVES: a. Conduct onsite evaluations of 
the two alternative systems using comparable 
existing installations of both mercury and 
sodium light sources for equivalent streets. 
Such evaluations should be conducted by 
qualified traffic and law enforcement offi
cials to provide definitive and standardized 
data on the illumination, visibility and 
driver performance variables of interest; b. 
Compare traffic incidents occurring in the 
comparable street and lighting systems to 
identify the frequency and characteristics of 
incidents (traffic conflicts or accidents) 
possibly related to the level and type of 
illumination; c. Measure visibility distances 
and other objective or subjective variables 
influencing driver performance under the two 
lighting systems; and d. Compare traffic 
incidents and driver performance variables 
under different levels of mercury and sodium 
lighting. 

KEY WORDS: Highway Lighting, Energy Conser
vation, Visibility, Illumination 

RELATED WORK: Work by the Franklin Institute 
provides a method for collecting some of the 
data proposed for collection in this study. 

URGENCY/PRIORITY: As the energy crisis 
deepens, there will be increasing pressure 
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15.7 

15.8 

15.9 

to switch to more energy-efficient light 
sources. It is important that any decision 
to effect this transition be made by offi
cials having full knowledge of all the costs 
(social as well as monetary), as well as all 
of the benefits. Consequently, prompt con
duct of this study would appear to be not 
only timely, but essential. 
URGENCY: MEDIUM 

COST: $100,000, assuming the use of existing 
lighting systems. 

USER COMMUNITY: State and local DOT's, 
AASHTO, FHWA, IES 

IMPLEMENTATION: The results of this study 
will be implemented primarily by municipal 
street lighting departments. As existing 
street lighting systems age, they can be 
converted to more effective illumination 
systems using the results of this study to
gether with consideration of both :f.nstalla
tion and operating costs of the new system. 
To the extent that a reduction in both 
accident likelihood and energy costs is 
possible under a new lighting system, the 
cost of installing that system will be justi
fied. 

15.10 EFFECTIVENESS: The effectiveness of this 
study will be reflected in street lighting 
cost sav1nes that can he effected with no 
change or ;n improvement in the safety 
provided to the motorist. Energy conserva
tion will be the major social benefit; as a 
fringe benefit, the study should lead to 
more definitive standards for street light
ing, 

PROBLEM NO. 16 

16.1 TITLE: LOW COST REDUCED VISIBILITY SENSORS 

16----;-2 - -PROBLEM-: - ·Th·e -availability- amt-accuracy--uf 
data on the location, duration and intensity 
of reduced visibility conditions are limited. 
This inhibits the design and implementation 
of systems for the aid of motorists during 
reduced visibility. The primary reason for 
failure to obtain sufficient and accurate 
data is the lack of inexpensive and reliable 
automatic devices for sensing visibility 
level. This makes it necessary to rely on 
subjective observation, for the most part, 

16.3 

16.4 

to assess the degree of reduced visibility. 
Most reduced visibility sensor designs 

to date reflect the aviation-oriented 
origins of the instruments (used at 
airports), rather than traffic-related 
needs, Gradually, this picture is changing. 
Cheaper, smaller and more flexible reduced 
visibility detectors have recently become 
available, partly as a result of the intro
duction of solid-state electronics techni
ques. However, Pven thesf' instrnmf'nt.s are 
far from being inexpensive enough to consi
der using for purposes of identifying 
reduced visibility problem areas. 

OBJECTIVES: Conduct research to accelerate 
the development of inexpensive, flexible 
instruments for the detection of fog, snow, 
dust and other vision-obscuring agents. 

KEY WORDS: Visibility, Fog Detection, 

Reduced Visibility Detection Instruments, 
Vision Obscuring Agents 

16.5 RELATED WORK: State-of-the-art in reduced 
visibility detection was discussed in sever
al papers presented in August 1977 at the 
TRB Visibility Committee's Symposium on 
Driver Visibility Under Varying Adverse 
Weather Conditions, the proceedings of which 
appear in Transpor tation Research Circular, 
No. 193, 1978. At the present time, there 
is no concerted effort being made to develop 
such instrumentation (although some manufac
turers, perhaps sensing an expanding market, 
have made some moves in this direction). 

16.6 URGENCY/PRIORITY: Development of such equip
ment is essential before any widespread and 
effective attempt can be made to develop a 
motorist guidance and communications system 
for use in areas prone to restricted visi
bility conditions. 
URGENCY: MEDIUM 

16,7 COST: $35O,OOO-5OO,OOO to develop a proto
type instrument. 

16.8 USER COMMUNITY: State DOT's, AASHTO, FHWA, 
FAA 

16,9 IMPLEMENTATION: The results of this research 
wvuld. be utilized. by ~quiplln::1lt wct11u[a1;LuLt:!Lti 

(initially) and State Departments of Trans
portation (ultimately) in developing moto
rist guidance and communications systems for 
r educed visibility situations. 

16.10 EFFECTIVENESS: The development of such 
instrumentation would have double benefits. 
First, it would simplify, shorten and improve 
the system design process, Second, it would 
make implementation less costly and more 
effective, The societal benefits of an 
effective guidance and communications system 
for motorists would, of course, be a reduc
tion in reduced-visibility-related accidents. 

PROBLEM NO. 17 

17.1 TITLE: VISION BLOCKAGE BY LARGE VEHICLES 

17.2 PROBLEM: Large vehicles ahead of passenger 
cars can block the view of such things as 
other vehicles, pedestrians, road hazards, 
highway geometry and traffic control devices. 
Such blockage of the driver's vision can 
result in missed turns, improper lane choice, 
simple delay or worse, insufficient time to 
maneuver or stop for hazards. The increas
ing numbers of trucks and recreational vehi
cles on our highways, together with emphasis 
on fuel-efficient smaller cars, may further 
aggravate the problem by creating a greater 
and more frequent disparity in vehicle size, 

17.3 OBJECTIVE: Research has identified vision 
blockage by trucks and vans and has provided 
a meano of determining the time of blockage 
relative to size of truck and following 
vehicle, headway and speed. What is needed 
is an inventory of current vehicle sizes and 
vehicle mix to determine the scope of the 
problem, and suggested and tested solutions. 

The r es earch should sample the vehicle 



mix and re-evaluate vehicle sizes in light of 
the current emphasis on economy vehicles, 
increasing numbers of recreational vehicles, 
possible change in driver eye height, and so 
on. Vehicle populations, headways and 
speeds for a selected strata of highways 
should be considered. A percentage of time 
of vision impairment for passenger vehicles 
for both day and night should be developed, 
Following the identification of the scope of 
the problem, certain solutions, such as 
redundancy of traffic control devices, added 
lanes and greater effective sight distance, 
should be explored for effectiveness. 

17.4 KEY WORDS: Vision Impairment, Traffic Mix, 
Traffic Control Devices 

17.5 RELATED WORK: King, G.F. & Lunenfeld, H., 
Development of Information Requirements and 
Transmission Techniques for Highway Users, 
NCHlU' Report 123, 1971. 

17.6 URGENCY/PRIORITY: The change in vehicle mix 
with increasing usage of small cars and 
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recreational vehicles is increasing the prob
lem, as is a continual increase in traffic 
volume and density. 
URGENCY: LOW 

17.7 COST: $35,000 to $70,000 

17.8 USER COMMUNITY: NHTSA, FHWA, ITE 

17.9 IMPLEMENTATION: Implementation should 
identify the most effective supplementary 
vision aids and rank order the most cost
effective approaches to improve the percen
tage of unblocked vision time. Quantifica
tion for both day and night and by road type 
should be attempted. 

17.10 EFFECTIVENESS: Increased time for maneuver
ing or avoiding last-minute lane changing, 
reduction of erratic maneuvers and improve
ment of decision time should reduce acci
dents, traffic interruptions and motorist 
delay. Reduction of time lost and accidents 
eliminated may easily justify the necessary 
improvements. 




