
2 

are privately operated under contract to the state. 
Space in the gazebos is rented based on a fee struc
ture established by the private operator. General 
motorist services signs are installed by the highway 
division without charge, because they serve many 
businesses over large areas. Both general service 
signs and logo signs may be installed at the same 
interchange. 

As with any signing program of this magn1tude, 
some difficulties have been encountered. Ear-ly in 
the 1970s start-up problems with sign material re
quirements and spacing requirements resulted in a 
meeting between state and FHWA officials to review 
poaaible changea in the National Standarda for Spe
cific Information Signs contained in the FHWA pro
gram manual transmittal. To eliminate in the future 
problems similar to the ones that occurred during 
the first months of the program, the national stan
dards were revised based on information gained from 
the Oregon experience. These revisions are still 
contained in the national standards and provide a 

Abridgment 
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more practical approach for 
installations. 

motorist services sign 

Although Oregon 
(2,656,000 in 1982) 

ranks 30th in population 
and has not realized its full 

potential in the tourism industry, an estimated 11.8 
million pleasure travelers entered the state in the 
last year, To provide these visitors with informa
tion related to their travel needs, 1,100 Interstate 
and 260 off-Interstate logo signs have been in
stalled. 

The tourist-oriented directional sign program is 
just beginning, so there is no measure of its im
pact. A 2-year study of the experimental sign pro
gram will run concurr.ontly with sign installation. A 
final report will be published when the study is 
completed, 

Publication of this paper sponsored by Committee on 
user Information Systems. 

Information ~· ulgn Evaluation Using a 

Video Presentation 

H. L. WOLTMAN, R. H. STANTON, and R. A. STEARNS 

ABSTRACT 

signs that provide guidance or navigational 
information to the motorist are color coded 
green to facilitate rapid identification and 
to ensure a clear and unambiguous meaning of 
the nature of the information. The green 
color code is not always mandatory at night . 
The sign backgrounds may have nonreflective 
green backgrounds that appear black at night 
unless separately lighted. A laboratory 
method of evaluattng---the--------efreuttveness,~on-f'f-----
the green nighttime sign color is presented, 
This method isolates only the variables of 
interest--the effectiveness of white-on
green versus white-on-black as a means of 
providing attention value or target value. 
The method described uses a video presenta
tion of six identical pairs of highway 
scenes in which only the color of the guide 
sign varied. Scenes were presented for a 
time period of 3.5 seconds, which is compar
able to detection and recognition models. 
The sequence was shown to 313 subjects--all 
licensed drivers representing all age groups 
at a variety of locations nationwide, The 
analysis of results indicated that greater 
scene complexity and increasing driver age 
contributed to an increased error rate for 
both color combinations. There were fewer 
errors in the recognition and identification 

of the white-on-green guide signs than the 
white- on- black signs. For a combination of 
scenes, this accuracy was 3.2 
for the white-on-green signs 
butable to the green night 
signs. 

times greater 
and is attr i
color of the 

Green was selected for the guide sign color follow
ing the accepted practice of applying a distinctive 

- --yet--un±-form-col.--or-to-des-ignate--the-c-ategory--of- - in-- 
f orma t ion presented by a traffic sign. This selec
tion followed testing by the Bureau of Public Roads 
in 1957. The tests included full-scale, outdoor 
tests of various sign colors during both day and 
night and included color recognition, legibility, 
and various other measures of sign and color 
performance using a public audience of professional 
and lay drivers Cll. 

Later testing by Forbes (2), and evaluations con
ducted by departments of trinsportation (3,4), also 
dealt with day and night aspects of ,iuide sign 
color, including subjective reactions to color 
determined from interviews and driving tests. Wolt
man (5,6) has reported typical day and night lumi
nance-levels for sign copy, sign backgrounds, and 
surrounds and has attempted to identify various fac
tors that significantly affect sign luminance such 
as stream traffic, rainfall, and headlamp modifica
tion. 
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Target value, or attention value, is a charac
teristic that enhances detection and recognition of 
the sign as a source of guidance information in a 
frequently complex surround, a dynamic process that 
must work equally well for the driver, day or night. 
Good target value implies a conspicuous target. 
Cole's ( 7) operational definition of a conspicuous 
target appears appropriate: "A conspicuous object 
will attract attention such that the object is seen 
with certainty within a short observation time re
gardless of the location of the object with respect 
to the line of fixation. A conspicuous object then 
is one that commands attention and requires no 
search for it to be noticed." The green color is 
mandatory during the day but may be black at night 
if nonreflective and unlighted. 

EVALUATION 

The evaluation of target value for a white-on-green 
versus white-on-black system in various nighttime 
settings on a satisfactorily large audience is a 
task confounded by many variables: 

1. Extreme variations in the sign surround. Sign 
surround consists of the foreground and visible 
background, including oncoming vehicle headlights 
and roadway lighting. The night-to-day variation is 
extreme, and may vary in significant detail from one 
trial to the next. 

2. Sign luminance. Substantial variations in 
night luminance may occur due to headlamp alignment, 
the presence of immediately preceding or following 
vehicles, roadway alignment, and the proximity of 
luminaires. The contrast of signs to surround is es
tablished by their relative luminances. The mainte
nance of a consistent level of contrast throughout a 
field test is unlikely. 

3. Traffic. Attention to the driving task is 
highly influenced by the proximity of adjacent 
vehicles, familiarity with the vehicle, the route, 
and other external variables. 

4. Sign size. Green information signs allow the 
largest variation in size of any standardized traf
fic control sign ranging from small street name 
signs to large guide signs for freeways. Although 
all signs have the same purpose, that is, to inform 
about distance or location, lack of size standard
ization within the series complicates the interpre
tation of test results. 

5. Sign placement. Placement of information 
signs is more variable than placement of signs for 
other series, such as regulatory or warning series. 
The positions include overhead bridges, span wires, 
right shoulders, wide offsets to the right or left 
side, medians, and dead ahead at intersections and 
ramps. Signs placed within one or two degrees of the 
normal visual axis are relatively easy to detect i 
however, many information signs are mounted outside 
this range. In a previous study, Hanson et al. (2_) 

reported an angular separation of guide signs in 
excess of 10 degrees horizontally on roads with cur
vature, as in hilly and mountainous terrain. Such 
signs require more time for visual search. 

6. Viewing time. The driver has only a limited 
time to find, read, and react to guide sign informa
tion, and, in the limited time available, must be 
able to maintain lane position, safe headway, and 
cope with other distractions. Large vehicles ahead 
may obstruct the view of critical guide signs, which 
can result in extremely abbreviated periods of ex
posure. 

7. Subjects. The subjects should represent a 
reasonable cross section of drivers, who can also be 
tested simply. Subjects must be relatively unpreju
diced with respect to the issues. 
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The sole evaluation of the green color cue at 
night must contend with all of the previously men
tioned variables whenever a field test is used. A 
suitable laboratory method that can present the 
principal variables of interest--that is, white-on
green and white-on-black--is far more likely to 
derive reliable results. 

A video presentation technique for evaluation of 
guide sign colors is a laboratory method that over
comes most of the variables listed earlier. unlike 
most laboratory test methods, the video presentation 
equipment is portable so that a large number of sub
jects in diverse locations can be tested. It cannot 
be assumed that a video image will provide a com
pletely faithful representation of the real visual 
stimuli. Stimulus of movement and movement parallax 
is absent, and the luminance scale is compressed. 
However, these shortcomings are common to any labo
ratory driving or sign simulation. The video presen
tation has the unique advantage of extremely uniform 
presentations to small groups or single subjects. 

THE VIDEO SIMULATION 

Night driving scenes were first photographed from 
the driver's point of view using 35 mm color slide 
film. (ASA 640 color transparency film exposed at 
1/15 second at f 2.8 using the lower headlamp 
beams.) Scenes were chosen that were free of the 
types of signs to be tested, but were otherwise 
typical of street or highway scenes at night. 

Of more than 100 night scenes photographed, 6 
were chosen that represented downtown streets, city 
arterials, urban arterial highways, suburban ar
terial highways, and rural Interstates. Scenes in
cluded typical white, yellow, and red light sources 
commonly encountered in night driving. 

Next, miniature guide signs were prepared by 
photographing 10 typical guide signs from the Manual 
on Uniform Traffic Control Devices (MUTCD) (!!_) rang
ing from the advance guide sign (El-lA) to street 
name sign (03). These were produced in white-on
green, as illustrated in the MUTCD, and in white-on
black. (The appearance of nonreflective unlighted 
green sign backgrounds at night is black.) Five 
sizes of each of the 10 signs were produced to pro
vide a choice to fit the scene. 

The night slide scenes were next projected 
through a field lens to a video camera. A selection 
of miniature guide signs were then arranged on a 
black background, photographed by a second video 
camera, and superimposed by mixing both signals to 
form a composite image. By adjustment of the cam
era's zoom lens, rearrangement of signs, and selec
tion of sign size appropriate to the specific scene, 
a night scene was composed with signs of logical 
size and location. Scenes were constructed with all 
white-on-green or white-on-black signs. 

After the composite scene with white-on-black 
signs was judged satisfactory, it was recorded on 
1-in. tape using a comii>uter-controlled editing sys
tem. This permitted positioning the scene on the 
tape in a predetermined sequence for later presenta
tion. A duplicate scene was next constructed with 
white-on-green sign counterparts, identical in size, 
message, and position. This segment was recorded at 
another predetermined space on the tape. Each scene 
was preceded by a 6-second blank space--2 seconds 
for recording the answer for the previous scene, 2 
seconds in which a letter appeared to identify the 
next scene, and 2 seconds for that scene to appear. 
The test scene then appeared for 3. 5 seconds. The 
3.5-second interval is quite consistent with the de
tection and recognition times listed for various 
sign types by Perchonok and Pollack (2)• During the 
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3. 5-second interval, the subject was instructed to 
count the number of signs (white-on-black or white
on-green) that appeared in the picture and write the 
number of signs on the answer form. Scenes were ar
ranged so that black and green background signs were 
alternated, then sequenced so that each scene was 
randoml y exposed wi th the paired scenes some dis
tance apart. This precluded learning the location of 
signs or their number. 

Twelve such scenes were prepared, identified A 
through L, consisting of six black and six green 
segments. Following the generation of the 1-in. mas
ter tape, a duplicate O. 75-in. tape cartridge was 
prepared tor tield use. 

Subjec ts 

A standard answer form was prepared that requested 
information on age, sex, years of driving experi
ence, and color blindness. Spaces following the let
ters A through L were provided for answers. 

Subjects represented a college age group, a num
ber of highway patrol officers, a group of retired 
senior citizens, and drivers renewing their driver's 
licenses at a state licensing station. The total 
number of subjects tested was 313. The subjects all 
held valid driver's licenses and were from Phoenix 
and Sun City, Arizona; Atlanta, Georgia; and st. 
Cloud, Minnesota. Subject age, sex, and location are 
given in Tables 1 and 2. 

TABLE l Obsenrers hy Location 

Location 

St. Cloud, Minnesota 
Atlanta, Georgia 
Phoenix, Arizona 
Sun City, Arizona 

Tuiai 

Number 

58 
84 
80 

.21. 
313 

Percent 

18.530 
26.837 
25 .5 59 
29.073 

i00.000 

TABLE 2 Age Distribution of Observers 

Age Group Number Percent 

0 to 25 81 25 .879 
26 to 35 75 23.962 
36 lo 45 41 13.099 
46 to 55 19 6.070 
56 to 65 26 8.307 
66 to 75 62 19.808 
76 and up 9 2.875 

Actual testing required a video tape player (0.75 
in.) and a 19-in. monitor. The monitor was selected 
for color quality, brightness contrast, and proper 
horizontal and vertical linearity. The same equip
ment was shipped to each location to ensure consis
tency of picture color and quality. Subjects were 
seated 12 ft from the monitor. Only sufficient light 
(approximately 1 to 2 footcandles illumination) was 
provided so that the answer form could be seen. From 
two to eight subjects were tested simultaneously. 
There was no discussion during the test. Subjects 
were uniformly instructed to provide the personal 
information requested and were told that a series of 
night scenes would be presented containing either 
white-on-black or white-on-green signs. They were 
instructed to count the number of signs in each 
scene. Subjects were then shown 3 sample scenes to 
familiarize them with the test after which they were 
shown the 12 test scenes. 
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Results 

Profiles of the subjects are given in Tables 1 and 
2. It is acknowledged that subjects in the 66- to 
75-year age group are overrepresented i,; t he sample. 
Only 2. 5 percent of the subjects indicated a color 
blindness problem . Table 3 gives the number of mis
counted black and white versus green and white signs 
and the distribution of both. Table 4 gives the six 
pairs of duplicate scenes with the number of sub
jects having correctly counted the number of black 
and white signs versus green and white. The percent
age of correct counts is significantly higher for 
wlllt!!-u11-y1!!1rn i;lyui; [u1 dll comparisons. 

TABLE 3 Distribution of Miscounted Black and White 
Versus Green and White Signs 

Frequency of Black Frequency of Green 
and White Scenes and White Scenes 
Miscounted Miscounted 

No. of Signs 
Missed Number Percent Number Percent 

-7 5 0.27 0 0 
-6 4 0.21 I 0.05 
-5 18 0.96 3 0.16 
-4 41 2.18 9 0.48 
-3 184 9.80 17 0 .9 1 
-2 455 24.23 80 4 .26 
-1 666 35 .46 266 14.16 
0 427 22.74 1,374 73.16 
I 64 3.41 104 5.54 
2 7 0.37 16 0.85 
3 3 0.16 5 0.27 
4 l 0.05 1 0 .1 i 
5 I 0.05 I 0 .05 
6 I 0.05 0 0 
7 __ ] ____Q_,.Q_2 __ o _ o _ 

Total 1,878 100.00 1,878 100.00 

Note: Number of signs missed by sign coJor. Zero missed represents number 
of scenes where signs were correctly counted. Negative values represent one 
or more sjgns that were missed. Positive values represent the number or 
signs overcounted. Total is number or black or green scenes presented times 
number of subjects. 

TADLE 4 Nun1her and Percent of Subjects Seeing Correct 
Number of Black Versus Green Signs for Each Scene and 
Totals for All Scenes 

Correctly Percent 
No. of Signs Sign Color No. of Subjects Counted Correct 

2 Black 313 113 36.10 
2 Green 313 278 88.82 

4 Black 3i3 30 9.58 
4 Green 313 189 60.38 

5 Black 313 47 15.02 
5 Green 313 231 73.80 

7 Black 313 16 5.11 
7 Green 313 152 48.56 

4 Black 313 103 32.91 
4 Green 313 256 81.79 

5 Black 313 118 37.70 
5 Green 313 268 85.62 

All Scenes Black 1,878 427 22.74 
Green 1,878 1,374 73.16 

A paired comparison T-test determined that there 
was a significant difference between the number of 
white-on-green signs missed and the number of white
on-black signs missed in the same traffic scenes. 
The results were significant, (P < 0.0001), indicate
ing that there was less than 1 chance in 10,000 that 
the observed difference was due to chance. 

The final result for all subjects and all scenes 
indicates that white-on-green signs were identified 
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11_.11 1.61728/ ._. 1.66667//_./I l.7B049l**I I l.6B421/ ._. l.576921**1 I 2.04B39l*•I I l.66667/ 
11••1 I 1 / .I I 11•• 1 I 11**1 I I I .II /l**I I 11**1 I / 

/ l*•I ,---; T**I ,---; l** I ,- --1 101 ,---/ T••I ,---; 1**1 ,---1 l**I ,---1 
I I** I I / I*• I I / I** I I / I•• I I / I** I I / I** I I / I** I I / 
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I l**I I / l**I I / l**I I / l**I I / l••I I / tnl I I l•*I I / 
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I I / I I / I / 
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/ I I / I I / / 
/ 0.4938272/ 0.4266667/ 0.4146341/ 0.6315789/ 0.5 / O.B709677/ 0.88B8889/ 

/ I I / I I I I 

0 TO 25 26 TO 35 36 TO 45 46 TO 55 56 TO 65 66 TO 75 76 & UP 

AGE GROUPS 

FIGURE 1 Scene complexity and increase in subject age contribute to increase in rate of error . 

correctly 73.16 percent of the time versus 22. 74 
percent for white-on-black signs. Such signs were 
either undercounted, that is, were missed; or were 
overcounted, that is, were confused with other vis
ual elements in the scene. Undercounting (signs 
missed) was far more frequent than overcounting. 

Scenes with larger numbers of signs were counted 
incorrectly more often than scenes with fewer signs. 
This is apparent in the data presented in Table 4. 
Two scenes with similar numbers of signs have dif
ferent results (scenes with four and five signs, 
respectively) because of different surrounds. 

The analysis of results indicated greater numbers 
of signs, increasing scene complexity, and increas
ing driver age contributed to an increased error 
rate. There were fewer errors in the recognition and 
identification of the white-on-green guide signs 
than the white-on-black signs. The most common error 
was not finding, and therefore undercounting, the 
white-on-black signs. For all scenes combined, the 
accuracy for the white-on-green guide signs was 3.2 
times greater and is attributable only to the green 
night color of the signs. 

Older subjects had more difficulty counting the 
scenes correctly than did younger subjects as shown 
in Figure 1. The data indicate that scene complexity 
and increasing subject age contribute to an in
creased error rate. 

CONCLUSIONS 

A night driving simulation is described that uses a 
video presentation to evaluate the attention value 
or target value of white-on-green versus white-on
black guide signs. This technique permits a uniform 
presentation of the variables of interest to a large 
number of subjects in diverse locations. The ex
ternal variables found in field testing in night 
settings can be e limina t ed or contro l l ed by using 
this technique. A s e ries of six i de ntical pairs of 
highway scenes were synthesized vary ing only the 
guide sign background color. Scenes were presented 
for 3.5 seconds comparable to detection and recogni
tion times reported elsewhere. The sequence was 
shown to 313 subjects, all having a driver's li
cense, and representing all age groups at a variety 
of locations nationwide. Subjects were requested to 
count the white-on-green or white-on-black signs in 
the scene. 
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Level of Service Evaluation of Freeway Guide Signing 

ROGER W. McNEES and CARROLL J. MESSER 

ABSTRACT 

The methodological basis for a freeway guide 
signing level of service evaluation is pre
sented. This level cf service e ... ,aluation was 
developed using the level of service concept 
in the Highway Capacity Manual as the proto
type. The level of service evaluation can be 
performed in the engineer's office on all 
types of signs, both overhead and ground 
mounted, either individually, in a series, 
or sequentially along a freew~y. ~hP mPthod
ology is divided into four sections: (a) 
navigational, (b) work load, (c) response, 
and (dl overall level of service. 

The opportunity now exists to critically examine the 
urban freeway guide signing system and to improve 
those areas found deficient. To make optimum use of 
existing resources, a proficient evaluation proced
ure has been developed that identifies probable 
trouble areas without requiring an excessive amount 
of staff time or data collection. The various tech
nique& u&ed in the p~st (1-S) will still be used to 
study the effects of signing changes, but they will 
not be used to evaluate probable problems in freeway 
signing. 

LEVEL OF SERVICE CRITERIA 

The criteria used to evaluate the level of service 
of urban freeway guide signing include the naviga
tional information needs of the motorist, the motor
ists work load, and the response distance provided 
to the motorist. The level of service concept 
developed in this paper was designed by using the 
same format as the level of service of freeway 
operations contained in the Highway Capacity Manual. 
This continuous scale signing level of service may 
be performed in the engineer's office on a single 
sign or on a series of signs along a particular 
freeway. 

Motorists Navigational Information Needs 

The navigational level of service of a particular 
guide sign on an urban freeway is determined from a 
consideration of several principal navigational re
lated factors. These factors are (a) sufficiency, 
(b) consistency, (c) expectancy, and (d) relatabil
i ty. These four factors all relate to separate con
cepts that are embodied in the navigational task. AS 
pointed out in the following discussion of each fac
tor, a certain amount of overlap exists among these 
factors, but they are separate as they relate to the 
navigational task. The degree to which these factors 
contribute to the task of navigation has not been 
field tested. 

Sufficiency 

Sufficiency is a term used to denote ,whether the in
formation presented on each guide sig n should be 
sufficient to satisfy an unfamiliar motorist's navi
gat i ona l information needs. The basic issues ar~ 
whethe r the guide signing elements bel ieved neces
sary are present and in accordance with accepted na
tional guide signing principles. The Manual on Uni
form Traffic Control Devices (MUTCD) is used as the 
chief yardstick of sufficiency. ;r..s the number of 
manual violations increase, the poorer the rating 
for sufficiency. 

Consistency 

Destination names are a principal navigational in
formation source; therefore, it is imperative that 
consistent use of destination names be achieved, 
Three criteria have been identified as affecting the 
consistency of destination names: 

1. Name familiarity consistent with route prior
ity, 

2. Number of names consistent with number of 
exits, and 

3. Names of route destinations consistent area
wide. 

As the number of violations of these three criteria 
increase, the poorer the rating for consistency. 




