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1. INTRODUCTION

Contemporary highway design prac-
tices reflact the unaerstanding that the
geoaetry of the roadway and its design
features must adequately satisfy the
safety and operational requirements of
the vehicle and driver. Prominent among
those highway characteristics and fea-
tures are vertical and horizontal align-
ment, superelevation, delineation, sig-
nals, signs, and lighting. One of the
most important aspects of the highwa
design is its ability to provide suffi-
cient sight distance so that a driver
has a preview of the roadway and traffic
ahead, and also has enough time to pro-
perly respond to the situation ahead.
Modern highways therefoce are designed
and built with horizontal and vertical
curvatures that are appropriate for the
gesired speed and composition of traffic.

Many older highways, however, were
not conceived and constructed using a
fully satisfactory design. Instead,
these roads evolved fram the 014 path-
ways on vhich much slower vehicles were
once common. The gradual improvements
to the rosdway, especially throuwh up~-
grades in paving, enabled traffic to
operate mors mmoothly and at higher
speed. However, on a great number of
two-lane rural roads, the horizontal and
vertical alignment was not upgraded to
match the level of service offered by
the voacway surface.

On two-lane roads with crest ver-~
tical curves that have not been designed
to modern ntandards, drivers cannot see
tar enough peyond the crest of the hill
to determine whether a hazard exists on
the road ahead. Such hazards may in-
clude debris on the roadway, pedestrians
or bicyclists, animals, or other vehi-
cles. The situation in which an inter-
section exists just beyond the hill
crest, wheare neither the mainstream nor
crossing traffic can see sach other’s
approach, is especially hazardous.
Traffic that is either attempting to
pass or has wandered into the opposing
lane on the opposite side of the hill
poses an equally grave hazard., In all
cases, the problam is that the motorist
does not have the time that is needed to
execute a successful avoidance maneuver.

Such situations most often occur on
lower volume, two-lane rural highways
which primarily carried local traffic at
one time. Accordingly, local drivers
who know of the inherent danger at
these sight distance~restricted verti-
cal curves tend to sxercise greater cau-
tion by slowing down or otherwise being
mote attentive auring their approach.
Unfamiliar drivers, however, who may re-
present a large proportion of the trat-

fic on highways that service popular re~
creational areas, generally do not exer-
cise such cautious behavior.

A airect solution to the sight Jis-
tance problem at crest vertical curves
is to upgrade the vertical curvature to
design sctandards through highway recon-
struction. Thas is very expensive, and
may not be cost-effective in most cases.
Another sclution is to reduce the speed
limit so that syfficient response time
is proviaed through lowered vehicular
speed. It is not advisable to create
frequent anad abrupt speed limit changes
on what are nommally higher speed roud-
ways, though. A more cost-effective
and rational approach is to warn the
motorist of the nature of the (poten—
ti1al) hazard ahead and advise of the
appropriate safe speed through the
hazard area.

The warning approach was adopted
through the use of a verbal warning sign
with the legend “LIMITED SIGHT DISTANCE,"
designated W 14-4 in the Kanual on Uni-
form Traffic Control Devices (1), sup-
plemented with a speed advisory panel.

This tragffic control device was
approvea by cthe Federal Highway Admin-
istration in 1976. However, the ef-
fectiveness of the sign, either with or
without the speed advisory plate, has
paen guestioned. Because the sign le
gend uses terminology that is familiar
to traffic engineers but not necessarily
understood by the average motorist, it
was not known whether the sign was com
prehended guickly snough to result in an
appropriate increase in alertness and/or
speed reduction, or was indeed under-
stooca at all. In 1982, the Federal
Highway Administration sponsored a
research eftorl cirected to answer
that and other questions.

This report presents the findings
of the research project entitled
“Limited Sight Distance Warning for Ver-
tical Curves.” The overall objective of
the project was to develop an improved
warning device that will alert drivers
to the sight distance restrictions as-
sociated with below-standard vertical
curves on secondary rural roads. Since
the approved LIMITED SIGHT OISTANCE
warning sign wvas believed to be poorly
understood and not well heeded by the
driving public, the research objective
was translated into a research plan to:

l.: Learn what is Jnown about the per-
tormance of existing LSD and other
similar signs as well as the ration-
ale for aesign and evsluation of
highway signs;



2. Generate a set of alternative verbal
and symbol signs to convey the ap~
propriate nessage;

3. Design and conduct a laboratory-type
study to svaluate the effactiveness
of each of the signs;

4. Design and conduct a controlled and
observational field study to evalu-
ate the signs' performance in real-
world conditions; and

5. Develop recommendations for the ap~
plication of the warning device.

This report is organized in seven
chapters and an appendix., Chapter 2
presents the findings of a review of
previous research and other literatur:
to identify the performance objectives
and requirements for the reguired warn-
ing device. Chapter 3 documents the
procedures used to develop a preliminary
set of candidate warning signs that were
evaluated ‘in detail during the labora-
tory experiments described in Chapter 4.
The most effective verbal message and
symbol sign candidates that were iden-
tified in the laboratory study were then
subjected to both controlled field tests,
aescribed in Chapter 5, and an observa-
tional field study, documented in Chap-
ter 6. Based on the findings of the en-
tire research effort, warrants, guide-
lines and criteria for the selection,
placenent, and location of the warning
device were developed and are presented
in Chapter 7., The Appendix contains
the technical specifications for the
appearance of the sign.

2, IDENTIPICATION OF PERFORMANCE
QB JECTIVES

It is most convenient to divide the
subject matter of the literature into
3eparate sections dealing with vertical
curve geometry and sight distance policy,
sign visibility/conspicuity/legibilicy,
per formance of lLimited sight distance
warning signs, effectiveness of other
classes of signing, and laboratory and
field measures of effectiveness,

2.1 Vertical Curve Gecmetry and Sight
Distance

A crest vertical curve is the para-
bolic curve connecting the two approach
grades on either side of a hill. For
vehicles approaching the crest of a ver-
tical curve, the hill obstructs the view
of the road ahead. Current design prac-
tices for crest vertical curves ace
given in "A Policy for the Geometric De-
sign of Rural Highways” published by the
American Association of State Highway
and Transportation Officials (AASHTO) in
1966 (2). Design policy for crest ver-

tical curves is based on the need to
provide arivers with adequate “stopping
sight distance," that is, encugh sight
disctance to permit drivers to see an ob-
stacle soon enough to stop for it under
soms set Of reasonable worst case condi-
tions. The parameters which determine
3ight distance on crest vertical curves
are illustrated in Figure 1, They are
the change of jrade (A), the length of
the curve (L), and the height above the
ground of the driver's eye (Hg) and the
obstacle to be seen (Hy). The length
ot the curve required to provide a given
sight distance (S) is given by the fol-
lowing expression:

(1) L = A 82
( .

(a4
Iv
w

+ O)

Solving for sight distance gives

i2) S = 10 yL/A ( y e + ¥iHo)

For a given change of grade, the longer
the curve length, the milder the curve
and the greater the sight distance.
Desigr. values for these parameters are
specified in the AASHTO design guide (2).

Figure 1. Hill Crest Geometry
and Sight Distance

The criterion for setting sight
distance on vertical curves is the dis-
tance required to stop for an obstacle
in the road. The expression used in
the AASHTO design T.uidc to calculate
stopping distance 1is

(3) D = 1.467 (RT) V + V2/30¢F

where D is stopping distance in feet, RT
is reaction time in seconds, V is speed
in mph and £ is the tire-pavement coef-
ficient of friction. The constants
translate mph into feet per second,
Current practice assumes tcl.ct.lvolyrsoor
conditions for stopping: a 2.5 seco
reaction time and a locked wheel, wet
pavement stop. The effective pavement
fridtion values assumed in the AASHTO



design guide range from .36 for stops
from 10 mph (48 kph) to .29 for stops
trom 70 mph (112 kph). The obstacle
height set by AASHTO for vertical
curve design is six inches (15 cm).

Farber (3) performed sensitivity
analyses of the effects of change in eye
height, object height, friction, and
speed on stopping distance on crest ver-
tical curves. He found that stopping
cistance waas relatively insensitive to
a reasonable range of changes in driver
eye height, but (s very sensitive to
speed, friction, and reaction time.

Thus, stoppig distance on vertical
curves that are of inadequate length or
are substancard according to other de-
sign criteria, and where major redesign,
repaving, or excavation is not feasible,
could most otficicnt1¥ be made safer
by moditying a driver's approach speed
and/or reaction time. Por 55 mph (88
kph) tratfic, stopping distance de-
creases 81 ft for every one second
reduction in readifion time. SiMlarly.
stopping distamce decrea | 4
16 ft/mph (3 m/kph) edm‘bﬁ"*
speed ., - o
2.2 Visual Performance Associated

with Signs

One of the earliest concerns of
traffic engineers was to know the dis
tance over which a traffic sign could be
seen, recognized, and comprehendea, As
early as 1939, Porbes (4) reported the
legibility aistance of a verbal message
sign as a function ¢f letter style and
letter size. For wider letters, such
as Series D {53), it was found that the
legibility aistance in feet was approx-
imately equal to 50 times the letter
height in inches, for observers with
20/20 vision. Por narrower, Series B
letters, the legibility distance in feet
was found to be approximately 33 times
the letter height in inches. It wes
also shown that when the time to view
signs wes limited to about one second,
the legibility distance vas reduced be-
tween 10 and 15 percent. PForbes demon-
strated that no more than three to four
tamiliar words should be used where a
minimum reading time and adequate com~
prehension is desired.

When the ability to see a sign is
reduced, either by poor visual acuity
of the driver or by envirommental condi-
tions, the legibility distance is ve=
guced. Por visual acuity problems, the
1e9ibility distance in reduced in direct
proportion to the acuity measure (4, 5).
That is, a ariver with 20/40 vision will
recognize a sign only at half che dis-
tance necded by a driver with 20/20
vision. Interestingly, when visibility

Reproduced from
best available copy

is degraded, a greater decrement in per-
formance fovr verbal signs than for sym=
bol signs has been reportea (6).

2.3 Performance of Vertical Curve
Warning Signs

Although numerous research efforts
have atteapted to evaluate the perfor-
mance of traffic control signs used to
warn motorists of various hazardous con-
ditions, unly one study has specifically
addressed the limited sight (LSD) warn-
ing sign.

Christian et al. examined the ef-
fect Oon motorists' behavior and acci-
aents associated with the LSD signs
used on vertical curves in New York
State (7). It was noted that the
availability of the LSD sign had allow-
ed many substandard (according to NY
and AASHTQ) vertical curves to be
treated with resurfacing and sign
installation, rather than improving
the vertical curvature. In fact, the
sign was intended for use where the
resur facing and/or other minor road
improvements would result in increased
speeds significantly (5 mph) above the
aesign value associated with the verti-
cal highway alignment.

It was found that act 14 of the
sites examined, mean and 85th percentile
speed showed no significant charge,
while 5 sites exhibited a significantly
1ower speea when the LSD sign was re-

moved, compared to speseds when the sign

was In place. It appeared that the mean
and 85th percentile speeds ware more
closely related to the posted speed
linic than to the advisory speed shown
on the plate. The results of a survey
received from 631 of more than 1400
notorists whose license numbers wete
recorded at the test sites indicated
tha: only 17 percent understood the
specific meaning of the LSD sign, 47
percent knew that it was a varning with
an advisorvy speed but did not realize
that it referred to the hill, 29 percent
knew it was a warning but thought the
advisory speed was a speed limit, and 7
percent did not know the meaning at all.
It was also reported that the L5D sign
was the most frequently used (2.13 4
mile=1.28 per km) of all signs at sites
where it was used, and was second to
the horisontal curve warning as the
most frequently used sign (1.99 per
mile~.95 per km) at all recent highway
rehabilitation projects where signing
had been installed. An examination

of accidents provided no conclusive
results.

The most obvious explanation for
the apparent ineffe-tiveneas of the
8D sign 1is that its message is simply



not understood by very Rany people. HOw-
ewer, part of the problem may be that
the nature of the haszard is not apparent.
Unlike the hazards cited by other warn-
ing signs, limited sight distance has no
tangible manifestation. Generally
speaking, traffic signs must be credible
if they are to be obeyed (8, 3, 10).

A curve warning sign is alvays followed
by a curve. But even after a driver

has topped the crest of a vertical

curve he may not be aware of the extent
to which his sight-distance was cuctail-
ed., If this is so, then drivers would
quickly learn to ignore the signs.

This poses the question of whether such
devices should be limited to sites where
the crest hides some specific hazard
such as an intersection or business
driveway. It is worth noting, in this
regard, that of the 11 accidents where
limited sight distance was deemed a
possible or likely cause by the New York
State researchers, seven involved inter-
sections or driveways.

2.4 Other Hazard Warning Signs
and Devices

Studies of driver response to warn-
ing signs in other applications have
shown varied effects. Hanscomb (1ll) ob~
setved the effect of slippery-when-wet
{SWW) signs on vehicle speeds in wat
weather. The standard SWW aymbol de-
picting a skidding car had no effect.
Mding the message "SLOW WHEN WET® de-
creased speeds at one of three sites.
The use of flashing beacons was effec~-
tive, espescially wvhen messages of high-
er lrcificity ~= "SLOW WHEN FLASHING"
and “MAX SPEED X MPH" -~ were used to
supplement the SWW symbol. Intexviews
with drivers who passed through the
sites revealed that the high conspicuity
devices, i.e,, the SWW signs with flash~-
ing beacons, wers more likely to be no-
ticed and correctly identified. Also,
drivers generally gave lower estimates
of wvhat might be a safe speed when
flashing beacons were present.

In an evaluation of the effective-
ness of techniques for warning motorists
of slow moving vehicles ahead on uphill
sections of two~lane, rural roads,
Lanman et al. (12) studied three "SLOW
MOVING VEHICLES AHEAD"™ (SMVA) signs:
first with the message alone, second
with the SMVA message plus flashing
beacons, and the third with the SMVA
message, beacons, and a plate with a
"WHEN PLASHING" indication. The speed
was reduced 1-3 mph (2-5 kph) compared
to the no-sign condition, with the ac-
t:\;o devices having a somewhat gresater
effect.

Lyles (13) studied the effect of
warning signs at two intersection ap-

proaches with limited sight distance
(less than 500 fest). At one site the
intersection was preceded by a horizon-
tal curve and in the other, by a crest
vertical curve. Five different warning
aevices were evaluated: (1) the standard
intersection cross road warning symbol
sign, (2) a warning sign with the mes-
sage "VEHICLES ENTERING,® (3) a sequence
of three regulatory and warning signs:

a "REDUCED SPEED AHEAD" sign, a cross
road sign and a 35 mph speed limit sign,
(4) a "VEHICLES ENTERING" sign with con-
stantly flashing beacons, and (5) the
same sign with a "WHEN FLASHING" plate,
with beacons activated only in the pre-
sence of cross road traffic.

A vehicle (van) was deliberately
positioned on the cross road at the in-
tersection on 50% Of the trials. Ef-
fectiveness was expressed in terms of
speed changes between the “"entry point"
upstream of the sign area and various
points in the approach and in the inter-
seccion itself. Overall the standard
cross roads and "VEHICLES ENTERING"
signs had less speed reducing effect
(0.5-2 mph; 1-3 kph) than the requla-
tory=-warning ssquence and the beacon
signs (4-5 mph; 7-8 kph). This trend
was the same at both sites, and within
the two groupings there was little dif-
ference between signs, i.e., the regula
tory waArning sequence wag about as
effective as the beacon-enhanced
signs. Pamiliarity with the site had
no apparent effect on the outcome.

A survey of motorists passing
through the site vrevealed that the
regul atory-warning sequence and beacon-
enhanced signs were twice as likely to
be recalled as the simple signs. Also,
the van on the cross road was vreported
as having been seen more coften when the
regulatory/warning signs or beacon
signs were used.

In a study of the effect of warning
and regulatory signs on horizontal
curves on rural roads, Lyles (14) dealt
with a problem similar to that discussed
by Christian (8), where & highly used
curve warning sign with an advisory
speed plate is ignored, perhaps because
it is overused. Sign types included
the standard, curve warning symbol sign
(W1-2), placed at 300 ft (392 m) in one
condition and at 700 £t (215 m) in
another, Wl-2 with a non-standard
speed advisory message, Wl-2 with a
standard regulatory sequence, and a
Wl-2 with standard speed advisory
plate. No sign condition was found to
be consistently and significantly
better than any other across all sites
and conditions. Por all sign conditions,
the location of the point of lowest
velocity was dowmstream from the



beginning of curvaturs, rather than at
a more desirable point prior to
entering the curve. This suggests
that drivers received the information
needed to adjust their speed more from
their sense of lateral motion than
from information posted on a sijn.

Ritchie (15) had test subjects
drive through curves of varying radii,
some with and scme without curve warning
and advisory speed signs. Hisg results
indicated that lateral acceleration wvas
somewhat higher on curves with signs
than on curves without signs. However,
as speed increased these results were
interpreted to mean that the signing
serves to reduce uncertainty and in-
creases the confidence with which
drivers proceed. Lateral acceleration
appeared to be a key variable in speed
choice., Drivers apparently provide
themsalves with a great margin for
safety as roadway speed increases; the
speed choice represents a smaller frac-
tion of the speed at which lateral skid-
ding would commence than on lower speed
roads.

Stockton et al. (16) cited Ritchie's
findings as the basis Tor concluding
that curve warning signs are not safety
related and that they are unnecessary
on low vclume rural roads except where
sight distance restrictions would not
allow drivers sufficient time to slow
for the curve. In such cases, advance
warning consisting of the curve warning
sign alone is appropriate where the
curve speed should be between 10 and
15 mph (17-25 kph) slower than the ap~-
proach speed. A speed advisory plate is
recommended where the speed difference
is greater than 15 mph (25 kph).

2.5 Flasher-Augmented Warning Signs

The use of flashers to increase the
conspicuity of warning signs has been
examined in numerous research efforts,
and positive results were always indi-
cated. when used to warn of the presence
of a sight-restricted rural intersection,
the class of warning signs that included
a flasher-augmented syatem resulted in a
1.6-3.2 mph (2.7-5.3 kph) speed reduc-
tion of the aign location, compared to
0.8 mph (1.3 kph) without flashers (13).
Motorists were twice as likely to have
been asare of the presence of a hazard
(a parked van) at the site, as well.
Flashers used to draw attention to signs
warning of work sones on rural highways
resulted in a 3-4 mph (5~7 kph) greater
speed reduction than that obtained from
signs without flashers in a short work
one, and a 7.5 mph (12.5 Xph) slowec
speed than that achieved by che standard
sign (17). In a study of the effective-
ness of tlashing lights used in conjunc-

tion with regulatory school zone speed
restriction signs, flashers resulted in
an average gspeed reduction of 3.6 mph
(5.0 kph) across all sites (18). On
roads that normally were limlted to 55
mph (92 kph), a 10 mph (17 kph) reduc-
tion was obtained, although a 30 mph
(50 kph) reduction was desired.
Hanscomb (1ll) reported a 9 percent re-
duction in speed on high speed roads
where flashers and signs were used to
warn of a wet weather skidding hazard.
Significantly, where flashers were used,
all motorists reduced their speed to a
Tevel at or below the critical speed,
while without flashers, the fastest
quartile did nct. The active signs
were more prone to be observed, proper-
ly identified, and obeysd.

It may be concluded that where
flashers are used, and the hazard is not
obvious, regardless of the accompanying
sign, a speed reduction of at least 2-3
mph (3-S5 kph) may be realized. where
the nature of the hazard is more clearly
identified by the sign, the speed reduc-
tion is likely to be greater, and the
motorist's attentiveness is likely to be
heightened. Where the nature of the
hazard is obvious, as in the case of
slippery conditions due to rain on a
curve, flashers are likely to be most
effective in warning drivers to reduce
thelir speed and be more attentive.

2.6 Experimental Techniques and
Measures of Effectiveness

Previous investigations of the ef-
fectiveness of hazard warning signs for
highways have primarily utilized obser-
vational field study and survey techni-
ques. However, development and svalua-
tion of poth verbal and symbol signs
have also been accomplished through
laboratory studies. Field studies are,
in general, more operationally valid in
determining the actual effect of a sign
on traffic behavior. Laboratory stud-
ies can measure the effects of a sign
on inmdividual driver behavior, but have
less face validity. Furthew, the valid-
i a statistical panse of ] ratory
studies of sign effectiveness R®W¥not
been well established. Controlled
field studies, which are a kind of hy-
brid combining aspects of both labora-
tory and field techniques, somewhat
bridge the gap in face validity, but
their level of validity has not been
clearly established for sign evaluation.

Observational field studies have
resulted in the analysis of a variety
of measures of vehicle trajectory since
techniques for sensing and recording
such infomation have become available.
In several studies using similar techni-
ques (11, 12, 13, 14, 17) spot speeds at

Reproduced from
best available copy




various locations along a 2,000 ft (610 W)
length of instrumented roadway were
measured to provide:

entry speed

spsed at intermediate points
speed at hagard warning sign
speed at hazard

speed after hazard (exit speed)
initial speed reduction

max imum speed reduction

o0

00000

Each depend.nt measure provided a dif-
ferent point of view of the effects of
a hazard warning sign, and the most
strongly affected were generally the
speed change variables.

Observational studies have also
utilized survey techniques that seek
to establish the level of attentiveness
of the driver associated with the traf-
fic control device under study (7, 11,
13). Attentiveness has been measured
through querying the driver on his re-
call of the sign message, the presence
of parked vehicles or other aspects of
the hazard, and self-assessment of at-
tentiveness. Recall of the sign message
provides a measure of the strength of
the message, as well.

Less complex field studies have
utilized simple counts of violations of
turning prohibitions and other prohibi-
tory-type messages (19).

Controlled field studies to evalu-
ate signs were conducted as carly as
1939 (4), when the legibility distance
was of principal concern. More recent-
ly a number of investigations have also
used that technique to evaluate signs.
Ritchie (15) measured the speed of vehi-
cles operated by paid test subjects to
examine the eftectiveness of curve warn-
ing signs. Dewar and Ells (20) had sub-
jects classify signs as either warning,
regul atory, or informational, and iden-
tify their message while driving under
normal and specially modified conditions.
The distance from the sign when it was
classified and then .dentified was
the dependent measure. This technique
suffered from the rather weak discrim-
inatory power of timing verbal tresponses.
In a later set of experiments, Ells
and Dewar (§) somewhat compensated
for the verbal response time problem
by having the subjects classify signs
uunq a single syllable response --
"yes" or "no® -- to identify the
warning-regul atory dichotomy while
driving an automobile. The legibility
distance, defined as the maximum
distance from the subject at which the
sign could be classified and identified,
was recorded. In a study performed
by Summala and Naatamen and reported
by Dewar (21), subjects were required

to name all the traffic signs they saw
as they drove along a 160 mile route

in Finland. The subjects were able

to report approximately 97 percent of
all signs on the route, a much higher
number than reported in earlier studies
of a similar nature.

Many laboratory-based studies have
been conducted to evaluate highway signs.
The most noteworthy of those hase been
conducted by Dewar in Canada and
Easterby in England.

A simple ranking test has been used
to determine the public's preference for
alternative signs portraying the same
message (24). In this technique, each
respondent ranks a set of alternative
signs, from best to worst, using the
general criterion of how well the sign
conveys the intended message.

The most widely used measure of ef-
fectiveness in laboratory studies is the
frequency of correct responses in iden-
tifying the category or meaning of a
sign displayed to a subject. Experimen-
tal techniques have included timing and
recording verbal responses (6, 20, 22),
timing required subject responses such
as pressing the proper key on a keyboard
(22), and simply recording subject re-
sponses with no time limit involved (23).
In an effort to examine effects unre-
lated to response latency, and also to
increase the difficulty of the require-
ment to name and describe the meaning of
a sign, tachistoscopic techniques have
been used to provide a brief, fixed-
duration exposure to each sign tested
(6, 19). Using that technique, the fre-
quency of correct responses provides
both an absolute measure of sign effec-
tiveness as well as a relative measure
tor camparing alternative signs with the
same message.

Techniques in which a respondent se-
lects a scale value for a particular at-
tribute (such as clarity of message) of
the sign in question have been used on
several occasions. Freedman (26) used
a ten-point rating scale in conjunction
with a written matching test to evaluate
a set of passengu:/ pedestrian oriented
symbol signs for U.S. DOT. Dewar (25%5)
used the semantic differential technique
(27) for the evaluation of traffic sign
ressages. It was found that these scores
were highly correlated with romprehension
and partially correlated with glance leg-
ibility of symbolic messages.



3. DEVELOPMENT OF PRELIMINARY
ALTERNATIVES

The initial developmental effort to
evaluate limited sight distance warning
devices wasg directed toward, ficrst,
creating a wide variety of candidate
verbal messages and symbols, then select-
ing the five most promising cand idates
for further, more detailed testing.

3.1 Message Development

The Jdevelopment of verbal referents
was based on the provision of three ele
ments of the message. The first, the
preparatory slament, serves to indicate
the appropriate degree of attentiveness
that the driver must exhibit. As dis-
closed in the review of previous re-
search, that is often accomplished by
flashing beacons or sequences of signs
which provide sufficient redundancy to
heighten the driver's attention. The
second slement indicates the action that
must be taken by the motorist. Speed
advisory messsges are the most frequent-
ly seen action indicators on warning
signs. The final element concerns the
identification of the hazard to the
motorist. In many verbal signs, and in
all symbol signs, only the hazard is ex-
plicitly identified, while the other two
elements are assumed to be understood by
the ariver. -

The verbal messages created as al-
ternatives to the LSD referent utilized
combinations of the following message
elements:

1. Preparatory Element

CAUTION

DANGER

BE ALERT (an action element that

serves a dual role)

O SLOW/SLOW DOWN (an action element
that serves a dual role)

o (none specified)

oo

2. Action Elements
© BE ALERT
o SLOW/SLON DOWN
o (none specified)
3. ldentification EZlements

o OBSTRUCTION/BLOCKAGE of line of

sight

6 LIMITATION/RESTRICTION of line of
sight

© HILL identified as object causing
hazard

O VIEW/VISION/SIGHT DISTANCE iden-
tified as sense of limitation

The most succinct of thess slements

were cambined to fom the following
ceferents:

7

CAUTION OBSTRUCTED VIEW
CAUTION HILL BLOCKS VIEW
BE ALERT HILL BLOCKS VIEW
DANGER HILL BLOCKS VIEW
SLOW HILL BLOCKS VIEW
SLOW DOWN HILL BLOCKS VIEW
HILL BLOCKS VIEW

HILL OBSTRUCTS VIEW

HILL RESTRICTS VIEW
CBSTRUCTED VIEM
OBSTRUCTED VIS ION

LIMITED VISIBILITY
LIMITED SIGHT DISTANCE

The verbal message Signs using these
referents are ghown in Figure 2.

For symbol sign development, an at-
tempt was made to identify the strongest
images that could convey the need for
attentiveness, as well as the general
nature of the problem of restricted
sight distance, in a way that wuld be
clear to the motorist. A graphic artist
produced the symbol images shown in
Figure 3. The symbols ranged from an
abstract image of generally obstructed
vision (S8), through attempts to convey
the vertical and longitudinal motion
imparted by steep hills (S3 and S4),
to profile views of the road ahead
(Sl, S4, S7), to eleation views show-
ing potencial hazards (52, S5, S6, S9,
$10)  The difficulty SE symbol devel-
opment for the limi ht distance
problem is that tm.lxlbot,t convey
the notion of a hazard due to the
apsence of information, not necessarily
the continued presence of an explicit
hazard.

3.2 Preliminary Ranking Test

The initial set of thirteen verbal
messages and ten symbols, shown in
Figures 2 and 3, were evaluated by em
ployees of Ketron, Inc., who rank-order~d
the stimuli according to their judgment
of the appropriateness of each stimulus
to the referent traffic condition. The
outcome of this procedure was the desig-
nation of two verbal messages, And two
symbols, which reflected the greatest
consensus as potentially effective warn—
ing devices in situations where a
driver's forward visual field is ob-
s.ructed by a crest vertical curve.

3.2.1 Respondents

A sample of forty-one respondents
performed rankings of the various sti-
muli. Eighteen males and twenty-three
females participated in the study,
ranging between 20 and 55 years of age,
and having between 4 and 37 years of
driving experience. The mean age and
years of driving experience of all re-
spondents was 32.5% and 12.35, respec-
tively.
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CAUTION

y BE ALERT
CAUTION HILL HILL
0BSTRUCTED BLOCKS BLOCKS
VIEW VIEW VIEW

vi.

ve.
vl. 2

HILL
0BSTRUCTS
VIEW

HILL
BLOCKS
VIEW

V4. vs.

DANGER LIMITED

HILL LIMITED SIGHT
(016 VISIBILITY 3
BLOCKS DISTANCE

VIEW

V6.

v7. vs,

SLOW DOWN
HILL
BLOCKS
VIEW

vlio.

ve.

OBSTRUCTED
VIEW

OBSTRUCTED
VISION

vil, v12. v13.

Figure 2 . Preliminary Verbal Messages.
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3.2.2 Stimulus Materials

Ten symbols, each framed in the
standard MUTCD diamond-shaped format,
were printed in a black-on-white graphic
affixed vo 4.25 in (10.8 cm) square
pileces of posterboard. Similarly, thir-
teen verbal messajes were lettered in
black-on-white, and were configured in
1.5 in (3.8 om) square diamonds in the
same sort of "flashcard” arrangement de-
scribed above.

3.2.3 Procedure

One respondent at a time per formed
preference rankings of verbal messages
first, and then the symbols, with no
time limjit. Subjects were given the
following instructions:

"We are conducting a study o
identify a highway warning sign
that will effectively communicate
to drivers approaching a hill
crest that their vision is re-
stricted, and that particular
caution is requirad under such
conditions due to possible haz-
aras hidden on the other side of
the hill. Your task is simply to
arrande these cards bearing mes
sages (symbols) in the order
which you feel best reflects
their relative effectiveness at
conveying this warning. Please
look at each card, cne at a time,
then place all thirteen (ten) in
the order--best to worst--~that
your own judgment and experience
as a driver dictates. Feel free
to make as many changes in your
responge As you'd like, and just
let me Xknow when you've reached a
tinal decision.”

3.2.4 Analysis

A two=part analysis was performed
on the data obtained in this study.
First, tables relating the number of
times each stimulus was ranked in each
of the possible positions were prepared
as shown in Tables 1 and 2. cChi-square
tests were used to determine whether
significant differences existed among
the frequencies with which the various
stimuli were placed in the highest (most
prefecrved) positions. Since it was ini-
tially the goal to define the two bast
verbal messages and the two best symbols,
data were collapsed across the top two
positions for sach set af stimuli. The
Eindings indicated a clear and overwhelm-
ing preference for some messages (V2 and
V6) over other verbal messages and sym
bols (S5 and 89) over other symbol mes-
sages (X2 symbols = 30.44, sig. at .995
confidence level for 9 d.f.; X2 verb,
negs. = $7.74, sig. at .995 confidence

level for 12 d.f.). The least preferred
verpal message was V8, “"LIMITED SIGHT
DISTANCE."

An overall index of preference was
constructed, by assigning weights to
each rank position to more clearly con-
vey the rankings for each stimulus in-
cluded in the study. For the symbols,
a value of ten was assigned a firse~
place ranking, nine to a second, and so
on down to a value of one for a tenth-
place ranking. These weights were then
multiplied by the frequency with which
each stimulus appeared in each position,
and the products then were suamed aCross
rankings for each stimulus. For the
verbal messages, the weights ranged from
thirteen, for a top ranking, down to
one. With relatively higher weights
assigned to relatively higher rankings,
this procedure resulted in a useful mea-
sure of the collective judgment of all
41 subjects regarding the effectiveness
of each symbol and verbal message.
Tatles 3 and 4 present the cutcome of
this analysis,

A normalized score, derived by
dividing the index value by the number
of referents in the set (10 for symbols,
13 for verbal messages), was also cal-
culated, Thus Lhe normalized score
is a comparable measure of the strength
ot preference across sign type. It in-
dicates, for example, that respondents
more strongly preferred V2 than 383,
which were the leading signs in each
category. The percent of the maximum
possible score for a referent was also
calcul ated as another preference strength
indicator. It is the actual index valus
aivided by the maximum possible index
value, which would be the maximum weight
{10 for symbols, 13 for verbal messages)
multiplied by the number of respondents.

3.2.5 Subject's Comments

During the debriefing session fol-
iowing the rank-ordering, respondent com-
ments were solicited. A number of te
spondents, while ranking symbols S5 and
S9 both very highly, said they believed
a4 hybrid of these signs -- a symbol
that incorporated the hill-intersecting-
line=of-sight feature of S9 and the
"ocher vehicle/ hidden hazard™ feature
of 8$ «= would be the single most effec-
tive design. Also, several individuals
expressed a preference for a symbol com-
mumnicating the “hill blocks viev* con-
cept from a "driver's eye/head-on”
viewpoint, rather than a side/profile
view; for the most rt, however, these
same pecple rated the "head-on" perspec-
tive signs included in this study as
considerably less effactive than the
aesigns (SS and 89) which received the
highest overall ratings.
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Table 3. Preference Index: Symbols

Stimulus Index Value Normalized Score § of Maximum Score

39 318 3l.8 78
EH] 309 30.9 75
32 300 30.0 73
sl0 240 24.0 59
sl 223 22.3 54
sd 219 21.9 53
s7 203 20.3 50
86 191 19.1 47
83 164 16.4 40
s8 109 10.9 7

Table 4. Preference Index: Verbal Messages

Stimulus Indsx Value Normalized Score S of naxiuui Score

v2 454 34.9 85
vé 423 32.5 79
vl3 384 29.5 72
v10 Jja 26.4 64
v3 336 25.9 63
vl 317 24.4 59
v? 274 21.1 S1
vs 272 20.9 51
v9 266 20.5% 50
v4 250 19.2 47
vl2 193 14.9 36
vil 171 13.2 32
v8 119 9.2 22



The comments provided by respondents
were applied to generate an additional,
new symbol deemed worthy of inclusion in
later laboratory and field experiments.
It is a hybrid of the two top-ranked
symbols (SS and $9) from thia experiment,
and is illustrated in Figure 4.

Figure 4.

Hybrid Symbol Message
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3.3 Conclusions Regarding Praliminary

Laboratory Testing

The initial development of alterna-
tive messages utilized sxpert opinton,
the skills of a graphic artist, and the
review of the preliminary messages by
41 licensed driver: in & ranking test.
The findings of this preliminary devel~
opnent indicate that three symbol signs
(S9, S5, S2) and three verbal mesasage
signs (V2, V6, V12) were clearly super-
ior to the other signs in each category.

The best symbol sign, 59, combined
the elements of the elevation or aide
view, with a sharp vertical curve clear-
ly depicted, also indicating that the
driver's line of sight is blocked by the
crest of the hill. The degree of hazard
and the need to slow down is suggested
by the graphic symbol of forward motion,
depicted by dashed lines emanating from
the rear of the vehicle,

The next best symbol, SS, is simi-
lar in providing an elavation of the
hill but aoes not explicitly show a re-
stricted line of sight. This is sug-
gested, however, and the degree of
hazard as well as the urgency of action
is strongly indicated by two automcobiles
rushing toward each other.

The third best symbol, 82, is near-
ly iaentical to the first except that no
sense of motion is depicted explicitly.

Both the first and third symbol suf-
fer somewhat Decause the implied hazazd,
which woula be something on the road be-
yond the crest of the hill, is not de-
picted. This was intentional, as expli-
cit depiction of a specific hazard was
felt to be potentially dangerous in that
1t might suggest one kind of hazard (de-
bris, for example) when the hazard could
be altogether different (a stalled car).
Thr second Symbol was an attempt to de-
pict the most sevare unseen hazard, an
opposing vehicle rapidly approaching in
the path ahead.

It was concluded that S35 should be
further tested in laboratory conditions.
It was further concluded that the hybrid
symbol shown in Pigure 4, should also be
testad.

For verbal measages, the three mos:
highly ranked were, first, CAUTION HILL
BLOCKS VIEW, second, DANGER HILL BLOCKS
VIEM; and third, SLOW HILL BLOCKS VIEN.



4. LABORATORY EVALUATION

4.1 Objectives and Overview

The purpose of the laboratory tests
was to determine the relative degree to
which the LSD sign and each of the most
highly ranked preliminary verbal and
symbol messages shown in Figure 5 for
the limited sight distance warning were
understood and quickly assimilated by
motorists. A broad cross section of
motorists in two stater served as paid
test subjects to perfarm the evaluations,
Testing for comprehension of message
content was based on a design in which
sach respondent saw only one of the
limited sight distance warning messages
along with several other warning sign
messajes not related to vertical curves.
Asgimilation trials were alsoc based on
a design in which the respondent saw
only one version of the set of alterna-
tive limited sight distance messages.
Rank~order ing was accompl ished through
analysis of the comprehension and assi-
milation test results. The subjects
also rank-ordered the messages in a pro-
cedure idantical to the preliminary
evaluation described in Chapter 2 of
this report.

Testing was performed at two state
operated motor vehicle inspection cem
ters in New Jersey, and also at two
drivers' license photo centers in Penn-
sylvania. One location in each state
was in a more rural area while the
other in each state was in an urban
area (Philadelphia). Test subjects
were paid for their participation.

The sample siza was 256 subjects,
divided evenly acroass all four sites.

The orincipal findings of the
testing may be summarized as (ollows:

1. Of the verbal messages, "SLOW
HILL BLOCKS VIEW"™ scored highest
in comprehensibility and recog-
nizability. It placed second best
ancng verbal messages in the rank-

ing test.

2. Of the symbol messages, the sign
depicting two vehicles approaching
each other from opposite sides of
a hill scored highest in comprehen-
sibility and second highest in
recognizability., It was over-
vhelmingly preferred among symbol
messages in the ranking test.

3. The currently recommended "Limited
Sight Distance® verbal message was
least comprehensible of the verbal
signs, was least recognizable of
all verbal and symbol signs com=
bined, ardd wvas deamed worst of all
signa by more respondents than any
other symbol or verbal sign.
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4. The addition of a supplementary
panel (" INTERSECTION®) indicating
the nature of the unseen hazard
neither significantly improved mnor
degraded the performance of the
verbal sign (*CAUTION HILL BLOCKS
VIEW") with which it was tested
when compared to the performance
of the verbal sign alone.

4.2 Experimental Design and Methodology

The laboratory study consisted of
three complementary efforts -- an as-
similation (speed of recognition) test,
a comprehension test, and a ranking
test -~ for each of eight candidate
signs designed to warn drivers appro-
aching a hill crest that their vision
is restricted, and thzt particular
caution is required under such condi-
tions dus to possible hazards hidden
on the other side of the hill,

4.2.1 Test Subjects

A total of 2568 individuals parti-
cipated as paid test subjects in this
research. The age of subjects ranged
from 16 to 75, with a median age of
36.5. Specifically, ages were broken
down into the following categories:

1) 35 or under - 116 (45% of sample),
2) from 36 to 60 - 114 (45% of sample),
and 3) 61 and over ~ 26 (l0% of sample).
Years of driving experience of subjects
roughly paralleled age, ranging from
less than one to 55, with a median of
18.5. The sex of test subjects was
almost equally divided, with 13] (S1s)
males and 126 (49%) females participa-
ting in the study. All subjects re
ceived $S5 for their participation,

4.2.2 Apparatus

The equipment used in the labora-
tory tests of comprehension and assimi-
lation included a Kodak 760H Carouseil
projector and a silver, Da-Lite Vidio-
Hilo screen, which were used to present
stimulus slides to subjects. In addi-
tion, a Lafayette Model 43016 Tachis-
toscopic Shutter was attached to the
projector to control the exposure durse-
tion of each sl ide.

The stimulus sl ides themselves were
processed from photographs of the eight
candidate warning signs, plus a group of
other warning signs already incorporated
in the MUTCD. Each of the signs was
erected temporarily, then photographed
At the same vertical curve site. Photo-
graphs were taken from a driver's per-~
spective (i.e., at driver's eys height
and in the middle of the right lane) on
& two-lane road, with the hill crest lo-
cated in the background at s distance of
approximately 985 ft (300 m) irom the



CAUTION
HILL

BLOCKS

VIEW

LIMITED
SIGHT
DISTANCE

CAUTION
HILL

BLOCKS

VIEW

LIMITED
SIGHT
DISTANCE

INTERSECT ION 35 tPH

Figure $S. Candidate Limited Sight Distance Warning Signs



camera. The warning sign(s) were loca- For the preference ranking test,

ted adjacent to the shoulder of the six canoidate warning devices, each
roadway at a distance of approximately framed in a standard MUTCD diamond-
8Sft (26 m) from the camera. shaped format, were prepared on square
pieces of white paper and attached to
All varning signs utilized standard a cardboard backing. Three of the
30 in by 30 in (76 cm x 76 cm}, reflec~ - stimuli were signs bearing verbal mes-
torized yellow diamond shapes, imprint- sages; these measured 1.5 in {3.8 cm)
ed with either black symbols or 4 in on a side. The remaining three stimull
(10 cm) lettering. The candidate warn- were signs bearing symbols; these
ing devices included three signs bear- measured 1.75 in (4.4 om) on a side.
ing verbal messages, and three signs Figure 7 presents the six test stimuli
bearing symbols. In addition, rectang- ranked in this study.
ular reflectorized-yellow advisory
.panels ware used in conjunction with 4.2.3 Test Conditions
two Of the candidate warning signs
bear ing verbal messages, bringing the For the comprehension and assimi-
total number of candidate devices lation portions, each subject was tested
tested to eight -- three with a verdal on only one of the candidate warning de-
message only, three bearing a symbol vices evaluated in this study, identi-
only, and two with both a verbal message fied in this section as a "target stimu-
and an accompanying advisory panel. lus."” In addition to a given target,
Other warning devices, used as distrac- sSubjects responded to three other signs
tor stimuli in the study, also included serving as "distractor stimuli,” which
three signs bearing verbal messages and altogether made up a stimulus set of
three signs bearing synmbols. These four items. Figure 8 shows the eight
distractor signs are shown in Figure 6. target and distractor stimuli sets.

With a total of 256 subjects, and
eight stimulues sets, each candidate
warning device was evaluated by 32
individuals.

The comprehension phase of the
study involved a single presentation of
one candidate warning device, plus its
three accompanying distractors, requir-
ing four separate responses by a sub-

ject. The assimilation phase of the
study involved four presentations of
one (i.e., the same) candidate warning
ONE LANE device and its three accompanying dis-
tractors, requiring sixteen separate
BRIDGE responses.
To control for any possible effects
W33 whe) we-1
g ; ‘ tests proceeded in three phases associ-
ated with, respectively, the ability of
Wha$

4.2.4 Protocol

Data collection in the laboratory

on 3 subject's response of a sign's po-
sition in the testing sequence, the pre-
sentation order of the four signs viewed
Dy a given subject was determined using
a latin-square ordering scheme described
oy the general formula l, n, 2, n-1,...
wier sub)ects to comprehend the various
warning devices, to assimilate them,
and to rank them. All testing was done
on a one-person-at-a-time basis, and each
session {including both test phasas)
required approximately 15 minutes for a
subject to complete. In all, four test
Sites were used in this study -- two New
Jersey vehicle inspection centers in
fFlemington and Chercy Hill, and two
Pennsylvania drivers' license photo
Figure 6. Distractor Signs for ccnectyl in Gutheville and mdl: ~-= o
Laboratory Study ensure a mix of urhan, suburban, and

Wiash

- 16
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rural dwell:rs in the test sample.
Sixty-four subjects were run at each
site using an identical protocol.

The testing took place in separate
rooms (most often a supervisor's office)
in which all overhead lighting was ex-
tinguished, to facilitate the viewing of
the stimulus sl ides for the comprehen-
sion and assimilation portions. Each
subject was seated 30 that the distance
between a subject's eye and the screen
was 4 ft (1.2 m). This viewing distance
preserved the ratio to sign size that
exiszed when the warning devices were
photographed; that is, a sign height of
42 in (1.1 m) photographed at a diatance
of 85 £t (26 m) translates to a size-to-
distance ratio of 1:24, the same as a
2-inch-nigh (5.1 om) image of a sign
viewed from a distance of 4 £t (1.2 m).

The subject’'s name, age, and number
of years of driving experience were
recorded. Next, the experimenter
explained:

"We are conducting a study on high~-
way signs. Pirst, I'm going to use
this projector to show you several
different warning signs that might
be found along a highway, and I
want you to explain to me what the
message or picture on each sign
means to you, and then tell me what
you would do if you saw the sign
while you were driving. You may
take as much time as you need to
respond .”

The subject's answer regarding the
meaning of the target stimulus {embedded
among the three distractor stimuli) was
recorded, along with the behavioral re~
sponse sach subject associated with the
cand icate warning device he/she was
viewing. The experimenter immediately
assigned a level of correctness to the
subject's reply, by placing it in one
of thres categories:

1. Ccagluol* correct ~- all aspects of
the ca ate device's intended mes-
sage correctly comprehended, in-
cluding the elements that a warning
was being delivered involving a pro-
blem of a driver not being able to
see some kind of hazard hidden out
?f'n?hc over a hill, plus a des-
cription of an appropriate driver
response (slow down, use caution,

etc.) .
2. Marginally correct -- one or more of
the slements underl ined above is not

stated, but an appropriate driver
response is described.

3. Incorrect -- intended message of
candldate device is misunderstood

(all elements not stated) and/or an
inappropriate driver respon
described (e.g., accelerace).

The exper imenter then stated the intend-
ed meaning of the candidate warning de-
vice using the following standard format:

“To warn drivers approaching a hill
crest that their vision is restrict-
ed, ani that particular caution is
teguired under such conditions duve
to possible hazards hidden on the
other side of the hill."

The experimenter then asked subjects
to relate how clearly they thought the
target stimulus conveyed the intended
message. A ten-point bipolar scale wvas
used for this purpose, anchored with
the adjectives “"very clear®” and “very
unclear® ., Subjects circled a number be-
tween one and ten (inclusive) tc indi-
cate their response. Similarly, sub-
jects were asked to vate -- on two
additional scales -- the importance of
1) comprehending, and 2) being able
to rapidly identify the message on a
highway sign. Again, ten-point bipolar
scales were employed, both anchored with
with the adjectives "very important®™ and
"not important at all.®

Next, the exper imenter del ivered a
set of instrucctions to subjects for the
assimilation test. Each participant
was told:

“In this part of the study I want
t0 see how well you can identify
each of the four signs you've just
been shown, when you see them for
only a fraction of a second apiece.
When I say 'Ready' you focus on the
Center of the screen, and I will
trigger a very brief display of one
of the signs. Please try to imme-
diately tell me the message that was
on the sign you saw. To review,
here are the four alternatives.
Each of the signs I am about to
show you will be one of these

four. Any questions?”

The experimenter then slowly displayed
the four signs in turn to the subject,
making sure the meaning of each was
thoroughly understood.

The set of four signs (one target
stimulus, three distractors) was pre-
sented to subjects at an exposure dura-
tion of S0 milliseconds. This exposure
duration was selected after pilot tests
indicated that near-erroc-free perform-
ance would be obtained with any more
lengthy interval, making it impossible
to detect differences bstween candidate
varning devices in terms of subjects'
ability to identify one message, versus
another, at a glance.



After each response, the experi-
menter recorded whether the subject did
or did not correctly identify the stim-
ulus clide he was shown, then alerted
the subject to get ready for the next
slide.

For the ranking test, the subject ~~

was presenced with the packet of three
miniature verbal signs prepared on card-
board backings and asked to decide which
was the best, the next best, and the
worst at conveying the intended warning.
The sane procJuro was used to rank the
symbol signa.

4.3 Data Analysis

The dats collected in the labora-
tory tests were analyzed to determine
the relative effectiveness of the can-
didate warning devices, in terms of sub-
jects' ability to comprehend and assim-
ilate the messages on the signs, and
according to their indicated preference
for one sign over the othears. Statis-
tical tests on the various performance
measures were conducted from two
standpoints; one which considered all
eight warning devices as one graup, and
another which treated signs bearing
verpal -- versus symbol -~ messages as
two separate and distinct subgroups.
8oth chi-square (X2) tests and analyses
of variance (ANOVA) were employed in the
data analyses.

4.3.1 Comprehension Test

Data pertaining to subjects' abil-
ity to understard the intended meaning
of the candidate warning devices are
depicted in Table 5. The figures shown
were derived from two sources. Of pri-
mary importance was subjects' perform-
ance on the initial task in which they
were asked to explain the meaning of
each sign., This resulted in different
numbers of completely correct (CC), mar-
ginally correct (MC), and incorrect (IC)
responses associated with each candidate
device.

In addition, subjects' ratings (on
the ten-point scale) of how clearly the
signs conveyed the intended meaning gen-
erated integer values (1 through 10)
wvhich were cambined with the level-of-
correctness of individuals’ responses.
This procedure ylelded weighted compre-
hension scores for all subjacts, whic
Ware SuRE and then divided by the num-
ber of individuals viewing each sign
(32) to produce a mean weighted compre-
hension score for every candidate warn-
ing device. Specifically, sach sub-
ject's weighted score could attain a
naximum value of 20, when his tesponse
was either completely or marginally cor-
rect and the subject assigned the device

20

he was shown a rating corresponding to
the "very clear® anchor of the bipolar
scale, The lowest possible weighted
score was 1, reflecting the least desir-
able (i.e., potentially most hazardous)
outcome in which a subject similarly
rated a sign as "very clear,” but total-
ly misinterpreted its intended meaning
and/or described a completely inappro-
priate behavioral response to the warn-
ing device.

Chi-Square Analysis

The measure of the relative fre-
quency of CC, MC, and IC responses asso-
ciated with each sign produced categor-
ical data, which were analyzed using
chi-square (X2) tests. Pirst, the rela-
tive effectiveness of the warning de—-
vices was evaluatsed at a gross level, to
determine whether significant differ-
ences in the frequency of all correct
responses (CC and MC combined) existed
among all eight signs, considered as a
single group. This analysis failed to
reach significance at the .05 level,
suggesting that differences in the ob-
served frequency of (all) correct re-
sponses among the signs could have been
due to chance alone. However, when the
same statistical test was applied to the
incorrect response data (for all eight
signa) ,» highly signif’~ant differences
(X4 = 45.9; d.£. = 7; p < .001) among
the candidate devices ware revealed.

A visual inspection of the figures
displayed in Table 5 can explain this
apparent contradiction. The significan:.
aifferences in terms of incorrect re~
sponses must be attributad to the rela-
tively poor performance levels associ-
ated with stimuli 7 and 8; the chi-
square test is sengsitive to the varia-
bility., or “"spread® in the data, which
is greatly magnified when the extreme
values associated with these two signs
are considered in the same analysis with
the six others bunched tightly together
&t a substantially better (i.e., more
error free) level of performance. The
cesulting “gap” batween the two subsets
of data, therefors, leads to observed
(significant) differences in coaprehen-
sibtlity. Conversely, the data pertain-
ing to the number of correct (CC plus
MC) responses are less divergent, caus-
ing the chi-square statistic to fail to
reach significance (at p < .0S5) when
appl ied to the observed differences
associated with this index of comprehen
sibilicy.

To better isclate the most effec-
tive devices, an additional chi-square
test wvas performed which considered only
those responses scored as completely
correct. This analysis established that
cbserved differences among signs were
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significant (X2 = 23.3; d.f. = 7; p <
.005). The explanation for this finding
is derived from inspecting the data per-
taining to marginally correct responses.
It can be be seen in the data in Table

S that those signs associated with tne
highest number of completely correct
responses were also associated with
relatively few marginally correct re-
sponses, vhile those signs with fewer
completely correct responses were in
general associated with relatively more
marginally correct responses. Including
the marginally correct responses in the
earlier chi-square test had restricted
the “spread® in the data and prevented
cbserved differences from reaching sta-
tiastical (p < .05) significance. Wwhen
the marginally correct scores were ex-
cluded, more pronounced and statistice
ally significant differences among the
eight candidate devices were revealed.

Subsequent chi-square tests were
performed to analyze separately observed
aifferences in the number of completely
correct (CC) responses associated with
signs bearing verbal, versus symbol,
messages. For the first verbal subgroup
(stimuli 1-5), these differences were
shown to be not statistically signifi-~
cant (at p < .05). For the symbol sub-
group (stimuli 6-8), however, signifi~
cant differences were noted (X2 = 7,0;
d.f. = 2; p < .05). PFurther, separate
analyses of the subgroups in terms of
incorrect responses reinforced this pat-
tern -- observed differenccs among signs
bearing verbal messages were not signif-
icant (at p < .0S5), while differences
among signs bearing symbol messages
easily reached statistical significance
(X2 = 8.2; d.£. = 2, p < .025).

The conclusions to be drawn from
the chi-square analyses of data from the
laboratory tests of cmgrchonsibil ity
can be suamarized in this manner:

1. Overall performance levels of sub-
Jects, for all eight candidate warn—
ing devices, demonstrated highly
significant differences both in
terms of the number of completely
correct responses and incorrec
tesponses associated with the vari-
Qus signs.

2. The signs bearing sgbol messages
showed significant erences
in the ability of subjects to

comprehend the intended meaning
of the signs.

3. The signs bearing verbal messages
indicated that significant aﬂlor-
ences did not exist in the level

of comprehensibilicy associated
with each device.

Analysis of Variance

Purther analyses of the data ob-
tained in the comprehension test took
the formm of a series of analyses of var-
iance (ANOVA) performed on the weighted
comprehension scores described earlier.
Separate one-way ANCVAS were conducted
to determine whether significant differ-
ences in the weighted scores existed as
a function of age, sex, years of driving
experience, and the various candidate
warning devices.

To evaluate potential effects of
subjects' ages, ten levels having ree
sonably equal cell sizes (smallest = 19,
largest = 28) were designated for this
variable, as follows: 16~19, 20-23, 24-
26, 27-31, 32-36, 37-41, 42-47, 48-54,
S4-60, over 60. No significant differ-
ences (at p < .05) in subjects®' ability
to understand the intended meaning of
the candidate warning devices as a func-
tion of age were found for signs bearing
either verbal or symbolic messages.

Three levels Of the number of years
of driving experience were defined:
less than 12, 13-25, more than 26. Cell
sizes associated with each level were
92, 81, and 83, respectively. o sig-
nificant differences in the weighted
camprehension scores as a function of
subjects' level of driving experience
were found (at p < ,0S) for signs bear-
ing either verbal or sympol messages.

Similarly, scores of the 130 males
versus 126 females were not significant-
ly diCferent (at p < .0S) for signs
bearing either verbal or symbol messages.

The lack of significant differences
as a function of the age, driving exper-
ience, and sex variables allowed us to
conclude more confidently that the var-
iation in subjects' performance in the
comprehension test was attributed to the
relative effectiveness of the various
canaidate devices.

The ANOVAS performed on the
weighted comprehension scores compl e~
zent the outcomes Of the chi-aquare
tests describel earlier. Significant
aifferences were noted on this dependent
measure both for those signs bearing
verbal messages (P = 3,98, 4.£. = 4; p <
.004) and for those bearing symbol mes-
sages (F = 5.93; 4.f. = 2; p < .004).
Fost-hoc comparisons between means with-
in each of the subgroups of test stimuli
using the Duncan Multiple Range Test
(alpha level fixed at .05) were con-
ducted to pinpoint the exact source of
the significant effects demonstrated in
the respective ANOVAs,



For the verbal messages, the post-
hoc analysis indicated that test stimu-
1.a number 4 ("LIMITED SIGHT DISTANCE"
with speed advisory panel) was signifi-
cantly different (poorer performance)
from stimuli 1, 2, 3, and S. No statis-
tically significant differences were
shown to exist among the group consic
ting of stimuli 1, 2, 3, and 5, however.

For the signs bearing M-
sages the post-hoc analysis indicated
that test stimulus number 6 was signif-
icantly different (performed better)
from stimuli 7 and 8, considered either
singly or together, while these latter
two stimuli were shown to be not signif-
icantly different from each other.

4.3.2 Assimilation Test

Data pertaining to subjects' abili-
ity to identify the message on the var-
ious candidate warning devices following
a 50 msec exposure duration are pre-
sented in Table 6, collapsed across test
location and stimulus repl ication. The
percent of total possible correct res-
ponses is derived from the 128 observa-
tions of each stimulus in the assimila-
tion test.

Chi-square tests were performed on
the entire set of eight test stimuli,
and on the verbal and symbol subsets
separately.

The first analysis included all
eight candidate devices and revealed
highly significant differences in sub-
jects' ability to rapidly identify the
various signs (X2 = 38.1; 4.f. = 7; p
< .001). The data in Table 6 clearly
indicate the source of this effect.
The performance levels associated
with gtimuli 1 through S (verbal mes-
sages) on this task are significantly
poorer than the superior performance
levels associated with stimuli 6
through 8 (symbol messages). The
restricted range of variablility within
each subgroup suggests that tha overall
effect is attributed to differences
between categories (verbal versus
symbol) of warning devices, rather
than to any individual stimuli.

Separate chi-square tests on the
verbal and symbol sign sets supported
this conclusion. In both cases, the
X2 statistic was far below that needed
to demonstrate significant differences.

4.3.3 Subjects' Attitudes Toward High-
way Signs

Mditional data were gathered con-
cerning how subjects rated the impore-
ance of being able to 1) comprehend, and
2) rapidly identify the message on a

highway sign. This information was used
to develop a weighting scheme from which
a composite comprehension/assimil ation
score could be formed for each subject's
set of responses to each candidate warn-
ing device. Each of the 256 suhiects
was asked to rate, on a scale . a one
to ten, how important it is to under-
stand the meaning of the sign's message,
and separately, how important it is to
rapidly identify a sign whose message

is well known. It was found that 93%

of subjects assigned the maximum value
of 10, and 98% assigned either 9 or 10,
to the importance of message comprehen-
sion. Similarly, 90% Oof subjects chose
the value of 10, and 96% chose either 9
or 10 as the scale value for the import-
ance of rapid identification.

Analysis of variance was performed
to determine the extent to which sub-
jects differea in their opinions regard-
ing whether comprehension was more or
less important than assimilations. No
significant difference wvas discovered;
thus it was concluded that comprehen-
sion and assimilation could be equally
we ighted.,

4.3.4 Composite Comprehension/
Assimilation Scores

The mean weighted comprehension
scores and percent-correct assimila
tion scores for selected stimuli were
comb ined to produce composite comprehen-
sion/assimilation scores. The results
of this procedure, shown in Table 7,
support the conclusion from prior anal-
yses that test stimulus 6 -- the symbol
depicting two cars -- is the most pro-
mising member of the set of signs bear-
iy symbol messages, and establish test
stimulus 2 == slow hill blocks view -~
as the superior candidate warning device
among those signs bearing verbal messages.

A composite comprehension/assimila-
tion score was formed for each subject's
response to each sign as the product of
the normalized weighted comprehension
score and the normalized assimilaticn
score, esach of which was weighted ejual-
ly according to the findings of the ex-
mination of their relative importance
to motorists. The normalized assimila-
tion score was the number of correct
identifications divided by the number of
trials, of which there are four.

The rank values for symbol stimuli
were evaluated separately from verbal
stimuli in this analysis. However, mean
composite scores may be compared across
sign categories. Purther, only those
stimuli that did not have an advisor
Plt::. (IKYERSECTION, 3SMPH) were evalu-
i .



Table §. Results of Assimilation Test

Stimulus

3

Number of
| Correct Responses

Percent of
Total Possible

1.

CAUTION HILL
BLOCKS VIEW

SLOW HILL
BLOCKS VIEW

LIMITED SIGHT
DISTANCE

LIMITED SIGHT
DISTANCE AND
isupRr

CAUTION HILL
BLOCKS VIEW
AND

INTERSECTION

SYMBOL~TWO
CARS

SYMBOL-ONE
CAR WITH LINE
OF SIGHT AND
OBJECT

SYMBOL-ONE
CAR WITH LINE
OF SIGHT OMLY
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62

70

49
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93

99
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38

41

47
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Table 7. Composite ComprchcnsiOtn/'Ass££;1ation Scores
For Selected Test Stimuli

| | |
| Rank Value in Terms | Rank Value in Terms | Mean
| of Best Weighted | Best Percent Correct | Composite
Stimulus | Comprehension Score | Assimilation Score | Score
] | |
| { {
1. CAUTION | .958 | .873 | .452
HILL BLOCKS| | I
VIEW | | |
| | |
| | 1
2. SLOW HILL | 1.000 | 1.000 | .528
BLOCKS VIEW| | |
| | |
( | |
3. LIMITED | .927 | .691 | 344
SIGHT | | |
DISTANCE | | | .
| | |
________ S A S
| 1 :
6. SYMBOL-TWO | 1.000 | .948 | .57%
CARS | | |
| | |
| I |
7. SYMBOL-ONE | .917 | 1.000 | .489
CAR WITH | | |
LINE OF | | 1
SIGHT AND | | |
OBJECT I | i
| | I
1
8. SYMBOL-ONE | .176 | .935 | 442
CAR WITH | | |
LINE OF | | |
SIGHT ONLY | i {
i | |
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The statistical analysis of the
composite comprehension/ assimilation
scores followad the three-step approach
previously smployed to evaluate othcr
measures Of sign effectiveness., First,
data fram both symbol and verbal candi-
aates were combined in an analysis of
variance. The results of this analysis
indicated that significant differences
were present (F = 2.36, PR > F = .0418).
Post-hoC analysis revealed that the com-
posite scores for stimuli 2 and 6 were
significantly higher than that for stim-
ulus 3 ("LIMITED SIGHT OISTANCE").

Next, separate analyses were performed
for the group of verbal cand idates and
the set of symbol candidates. Margin-
ally significant differences (F = 2.63,
PR >F = ,0774) were found, and post-hoc
analysis indicated that stimulus 2 was
significantly different. For symbol
candidates, results were not significant
(F = 2,13, PR > F = .1251), but the
trend indicated in analysis of other
measures -- that stimulus 6 appeared to
be superior -- was supported.

4.3.5 Preference Ranking Test

Table 8 shows the number of times
each stimulus was ranked in each of the
possible positions., Chi-square tests
indicated that respondents were not
equally likely to place any of the stim-
uli in the most preferred positions, but
instead verified a clear preference for
some messages and symbols over others
(X2 symbols = 178.3, sig. at .99 confi-
dence level for 2 d.f.). Stimulus 6 was
significantly more highly ranked than
other symbol candidates. Among verbal
messages, however, it could only be con-
cluded that number 3 ("LIMITED SIGHT
DISTANCE") was preferred significantly
less often than the other two messages.

Next, an overall index of prefer-
ence was constructed to more clearly
convey the preference rank of each stim-
ulus, as shown in Table 3. The index
was formed separately for symbol and
verbal stimuli as the product of a rank
we ight (3 for best rank to ! for worst
rank) multiplied by the frequency with
which each stimulus appeared in each
position. The products then were summned
across rankings for each stimulus. This
procedure resulted in a useful measure
of the collective judgment of all 256
respondents regarding the effectiveness
of each symbol and verbal message.

4.4 CONCLUS IONS

The most clear-cut pattern of re=
sults is that shown in the analysis of
the assimilaction data: people's percep-
tion of and memory for symbols is much
better than it is for words. At an ex-~
posure duration of S0 msec, subjects
viewing signs bearing verbul messages

26

could correctly identify them only
slightly better than half the time they
were presented. However, those who were
shown signs with symbol messages respon-
ded with 75% accuracy. This finding
confirms that at least one sign bearing
a symbol message was justified for addi-
tional field testing.

Regults of the comprehension test
were used to select which of the symbol
and verbal signs would be used in the
field studies later in the research.

The chi-square analysis demon-
strated significant differences within
the symbol messages. The analysis of
variance underscored this finding, and
the post~hoc (Duncan) test then pin-~
pointed test stimulus number 6 (TWO
CARS) as si:nificantly superior to the
other two symbols. Based on these
finds, it was therefore decided that
stimulus 6 should be included in the
subsaquent field testing,

Evaluating differences within the
subgroup of test stimuli bearing verbal
messages was more difficult. The anal-
ysis of variance performed on the com-
prehension test data associated with
these signs did indicate significant
differences in terms of subjects' abil-
ity to understand the intended meaning
of the warning devices, but subsequent
post-hoc analysis identified only one
stimulus (number 4 -- "LIMITED SIGHT
DISTANCE" plus speed advisory panel)
that could be grouped apart from the
other members of this subset of stimuli
as significantly less comprehensible.

Use of the composite weighted com~
prehension/agsimilation score to evalu~
ate the verbal messages was more useful,
however., Message number 2 (SLOW HILL
BLOCKS VIEW) scored marginally signif-
icantly higher than the other messages.
Al so message number 2 had the highest
(although not signitficantly different)
score for comprehension alone and for
assimilation alone.

Finally, the preference ranking
test demonstrated the statistically sig-
nificant superiority of symbol candidate
number 6 over other symbol candidates,
That test did not, however, demonstrate
that any one of the two alternate verbal
messages "CAUTION HILL BLOCKS VIEW" or
"SLOW HILL BLOCKS VIEW®" (which were both
significantly superior to "LIMITED SIGHT
DISTANCE") was significantly better than
the other. However, in evaluation of
the preparatory/action elements of the
twO verbal alternatives, it was decided
that the use of the word “"slow” would
be more quickly and accurately assimil-
ated and comprehended in actual highway
use, and would be more appropriate
than the word “"caution®.



Table 8., Preference Ranking Test Results
For Selected Test Stimuli

| Rank PFrequency

[ - D - T TP D DD D W D D D S A - — -

Stimulus Best Next Best worst

1. CAUTION
HILL
BLOCKS
VIEW

120 114 14

BLOCKS
VIEW

3. LIMITED
SIGHT
DISTANCE

|
!
|
|
i
|
|
|
|
2. SLOW HILL | 108 118 30
|
|
:
} 20 24 212
|
|
|

__"...__.__.i. .................. -—————-

6. SYMBOL-TWOI 186 15 55
CARS |
l

7. SYMBOL-ONE| 3 85 138
CAR WITH |
LINE OF |
SIGHT AND |
OBJECT |
!

|

8. SYMBOL-ONE| 317 156 53
CAR WITH |
LINE OPF I
SIGHT |
ONLY |
|
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Table 9. 1Index of Weighted Preference Rankings

Stimulus weighted Score % Maximum Possible Score

1. CAUTION
HILL BLOCKS
VIEW

626 81.5

76.8
BLOCKS VIEW

3. LIMITED
SIGHT
DISTANCE

320

|
!
]
[
|
|
|
!
|
2. SLOW HILL | 590
|
i
|
I 41.7
|
l
|

6. SYMBOL-TWO
CARS

7. SYMBOL-~ONE
CAR WITH
LINE OF

t
]
|
|
|
|
} 407
!

SIGHT AND |
|
|
|
|
|
|
|
\

53.0

opJeCT

8., SYMBOL-ONE
CAR WITH
LINE QF
SIGHT ONLY

4986 63.3
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Based on the results of testing and
analysis, it was recommended that the
following signs be further examined in
an operational secting in both obser-
vational and controlled field studies:

VERBAL MESSAGES

SLCW HILL BLOCKS VIEW
LIMITED SIGBT DISTANCE

LIMITED SIGHT DISTANCE
plus 35 mph speed advisory

SYMBOL MESSAGE

TWNQ CARS APPROACH ING
FROM OPPOSITE SIDES OF HILL

29

S. CONTROLLED FIELD STUDIES
5.1 Objectives and Overview

The controlled field tests were de-
signed to measure drivers' ability to 1)
notice and remember, 2) correctly 'nter-
pret, and 3) respond approgriately to
four candidate warning devices placed at
a series of sight distance-restricted
vertical curves on rural two-lane high-
ways. Together, the measures included
in the controlled field tests provide
an index of effectiveness of each of
the candidate limited sight distance
signs -- both in comparison to tratfic
control devices already in place alomng
the test route, and in relation to
each other -- under real-world conditions
as encountered by a representative
sample of the driving population.

These goals were accomplished in
two separate efforts:

a) A primary study focused exclusively
on drivers' responses to the speci-
fic vertical curve warning signs
considered in this research.

b) An ancillary study, with fewer par-
ticlpants, in which drivers' re-
spongses to all traffic signs encoun-
tered along the teat route were
examined.

5.2 Test Sites

The test sites included in the con-
trolled field studies were four sight
distance-restricted vertical curves
located in a hilly region of central
Montgomery County, approximately 20
miles northwest of downtown Philadelphia.
The sites are distributed along a 12.6
mile route, as shown in Figures 9 and 10.

A3 shown in Pigure 10, two of the
test sites (41 and #4) were defined by
the same hill, when approached from
opposite directions of travel. The
other sites (2 and 3) were in two
separate locations.

Elevation drawings of the four test
sites are shown in Pigures 11 through
13, It is the symmetrical nature of the
slopes on the hill shown in Pigure 11
~hat made it possidle to locate two test
sites on opposite sides of the same
topographical feature; the profiles
of the hills defining the other test
sites, by contrast, had relativel
level approaches to steep downgrades.

In all cases, the length of the verti-
cal curve was well below the value lis-
ted in the AASHTO design requirements
(2) for adequate stopping sight distance
(§8D). Specific information relating
to test site characteristics is presen—
ted in Table l0.



. TR -
.. WORCESTER
S S

tol buin

o 1/4 1/2 3/4 1

Figure 9. Location Map of Test Sites ‘ and Route Used in Controlled Field Study



Skxippack Pike

L

peoy

saTeM Y3IION

peod [TPY3ITUM

Ridge Pike

Township Line Road

doysjog

» peoy maadooxy

veoy  TTPUaITuM

Marshall Ave

BAY  aprsuIng

(9 . muox

1adooayl ™

Chestnut AVe - :

W\xl.lll/@ ~N\_

peocy

l\\w Fotengp

E1:B LT

Katrea

uz22

Ay yI1ed

Simplified Map of Route Used in Controlled Pield Study

Figure 10.

n



length of
l‘-—vertical_._).i
curve

approach direction ——e «@—— approach direction

[ {4
Elevation (ft.)

30

25

20

15

10

i rl 4 1 i yl i A I b I — i e R B e - | — i i I

100 200 300 400 500 ' 600 700 800 900 1000 1100
Horizontal distance (ft.)

Figure 11. Vertical curve profile at Site 1 and Site 4



€C
Elevatjion (ft.)

75

70

65 }

60

55

50

45

40

35

30

25

20

15

10

«*———— approach direction

| E length of
vertical curve T

A

100

200

300

400

Figure 12.

500 600 700 800

Horizontal distance (ft.)

Vertical curve profile at Site 2

900

1000

1100

1200



Elevation (ft.)

80

75

70

50

45

40

35

30

25

20

15

10

e

length of
verticle curve

1 ft = .30

n It A 2 d J A

«— approach direction

—

'l

400

500 600 700

Horizontal distance (ft.)

Figqure 13.

Vertical curve profile at Site 3

a00

9200

1000



Table 10. Characteristics of Test Sites

Average
Daily

Site Length of Existing* Algebraic Diff, Traffic
Number Vertical Curve Sight Distance in Grades (ADT)
1 200 €¢ 153 fe 11.9% 31,7%0
2 300 ft 229 ft 8.0% 2,000
3 350 f¢c 214 £t 10.7% 9%0
4 200 ft 153 f¢ 11.9% 3,750

*Based on detection of an object 0.5 £t above roadway surface by
an obsarver 3.75 ft above roadway surface.

Lft= .30m
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The roadway surface at the test
sites was bituminous concrete. Shoulder
width at the four sites varied from
about one foot to about six feet, and in
no instance were vertical curve warning
devices in place at any of the sites
pcior to the controlled field studies.
The speed limitsg of the test sites ware
45 mph at sites 1, 2, and 4, and 40 mph
at site 3. Observed (dry weather)
speeds along the test route measured 43
mph (69 kph), 4% mph (72 kph). 44 mph
(71 kph), and 48 mph (77 kph) at sites
1, 2, 3, and 4, respectively.

5.3 Primary Study

5.3.1 Stimulus Characteristics

Two sets of stimuli are described
in this section: Target stimuli were
the candidate warning devices evaluated
in this study, while distractor stimuli
refers to all other warning, regulatory,
directional and advisory traffic control
devices found along the test route. The
target stimuli are shown in Figure 14.

All target stimuli consisted of
black lettering (or symbols) on reflec-
torized yellow sheeting, on a backing of
standard gauge (.080 in) aluminum. Each
sign was placed at a height of at least
least S £t (1.5 m) above the roadway sur-
face, with a lateral clearance of 6 ft
(1.8 m) or more from the roadway edge.

The distractor s:imuli distributed
along the test route included a total of
111 oreviously existing traffic control
devices.

A complete breakdown of the dis-
tractor stimuli is presented in Table
11. In general, these signs were in
fair to good condition; isolated signs
whose visibility wvas judged to be sig-
nificantly reduced by road gr ime were
cleaned before the study was begun,
howevar.

5.3.2 Test Subjects

A total of 64 subjects for this
study were recruited through advertise-
ments in suburban newepapers stating a
need for licensed drivers of all ages to
serve as paid participants in a highway
safety research project. Potential sub-
jects were screened to ensure that a
range of ages in the sample roughly cor-
responded to that of the driving popula
tion, and that none were fmmiliar with
the test route,

5.3.3 Dependent Mesasures
The dependent measures employed in

this stuly were of three types ~- cbser-
vational data regarding driver respon-
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ses to traffic control devices encount-
ered along the test route, memor
measures designed to reveal whic

signs were most often noticed and most
correctly interpreted by test subjects,
and responses tO a structured post-test
interview in which sub)ects expressed
their relative preferences for the (SO
devices distributed along the test
route.

Driver response to traffic control
devices was measured as follows: As
subjects drove through the test route,
the exper imanter recorded the driver's
behavior in response to each traffic
control device encountered on the route.
the exper imenter noted on a checklist
that included each sign in sequence on
the route whether a subject a) slowed or
braked in response to a device, b) made
any unusual or inappropriate response to
a device, ¢) made any remark in response
to a device, d) nade an overt orienting
response {i.e., turned his head), and/
or e) aade any cresponse to a device not
covered by the preceding categories.
Only positive instances of any of the
above behaviors were noted. Two differ-
rent memory measures were used to assess
how well each subject could remember the
signs distributed along the test route,
as follows:

a) A free recall memory test wvas admin-
ister as soon as a subject had
returned to the stacrting point on
the test route. In this test the
subject was asked to recall as many
of the (traffic) signs he saw along
the route as he could, in a.y or-
der. Next, the subject was asked
to explain, briefly, the meaning of
each sign that he was able to re-
call. The experimenter noted whe-
ther each explanation was correct
or incorrect, and recorded com-
pletely any incorrect responses to
the candidate warning devices
being evaluated in this study.

b) A recognition memory test was then
administered, in which the subject
was shown pictures of signs and was
asked to respond “"Yes"” or “No® to
the question, "Was this sign present
along the route you just drove?"

The four vertical curve warning
signs were included in these pic-
tures, plus four other warning signs
also present along the route, plus
an equal number (8) of warning signs
not present on the test route,
resulting in a total of 16 “"Yes-No"
responses for each subject.

With respect to the latter measure,
the frequency of “Yes" responses and the
rCent correct -- based on the responses

oi all test subjects -- were calculated




Notes:

7 LIMITED

Warning Signs 30 in x 30 in

SLOW HMILL BLOCKS VIEW plate 18 in x 24 in
Speed advisory plate 18 in x 24 in
INTERSECTION plate 24 in x 12 in

l in = 2.54 cm

Figure 14. Candidate Warning Devices
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Table 11, Inventory of Existing Signs Along Test Poute

Sign
Sign Message Category Quantity
1. 3peed limit (25, 35, 40, 45) Regulatory 41
2, No passing zone shead Regulatory 9
3, Stop Regulatory 8
4. Center lane-left turn only Regul atory 3
5. No trucks Regulatory 2
6. Pass with care Regulatory 1

15.

16.
17.

18,
19.
20.

Watch childrcen
Intersection ahead

. Sharp curve (chevron alignment)

Turn in road anead
Curve ahead

Road narrows

Slow

Stop ahead

Bridge abutment

End school zone
School zone

Junction U.S. Route 422
West-state highway 73
Junction state highway 73

i8

Regulatory: Total = 64

-

e NSO W

warning
warning
warning
warning
warning
warning
warning
Warning
warning

Warning: Total = 18

Advisory 4
Advisory 3

Advisory: Total = 7

Dicrectional 2
Directional 1
Directional 1

Directional: Total = ¢

All devices: Total = 111



for the four candidate LSD devices
tested in the controlled field study.
Recall performance for the vertical
curve warning signs was measured by
both the frequency with which each
device was remambered, and the number
of correct and incorrect responses for
the neaning of each sign.

Driver preferences for the candidate
LSD devices were measured by showing each
subject pictures of the four vertical
curve ~arning signs seen on the test
route, and then asking the subject to
rank order them in terms of their rela-
tive effectiveness as warning devices
for sight-restricted vertic curves.
frequency counts of how many times each
sign was placed in each position (1, 2,
3, or 4) were compiled later.

5.3.4 Experimental Protocol

On the day before each subject was
scheduled to be tested, the experimenter
directed the subject to meet at a speci-
fied time at one of the four different
starting points, ladbeled A, B8, C, and
D in Pigure 10. In each case, subjects
were given directions that enabled them
to reach a starting point without tra-
versing any part of the test route.

After neeting the subject at a
landmark {school, church, restaurant;
etC.) near the desired starting point,
the exper imenter recorded the subject's
age, and seated him/her in the driver's
seat behind the wheel of the test
vehicle (1978 Ford Pairmont, 4 door).
Instructions for the testing were then
given,

When it was clesr that the sub-
ject understood the task, the experi-
menter directed him/her to proceed from
the parking lot onto the route. The
direction of travel a suject followed
cepended on the starting point from
which the route was begun (see Figure
10); among the 64 subjects participat-
ing in the controlled field study, 16
began the route traversal from each of
the four starting points (A, B, C, or
D) located along the route.

As the subject was driving, the
sxper imenter recorded any positive re~
sponses to each traffic control device.
At the conclusion of the drive, the
experimenter adainistered the two
neMOLYy tests.

Finally, the experimenter debriefed
the subject, explained the purpose of

the study, and adainistered the ranking
test.

The presentation order of the four
LSD signs was counterpvalanced across

cest sites and subjects according to a
Latin-square type of experimental de-
sign. As mentioned previously in this
section, each of the four starting
points on the route was used by 16 out
of the total of 64 subjects, 30 the smme
number of people overall saw a given LSD
sign in the first, second, third, and
last position along the rocte. In add-
ition, the location of the specific LSD
signs was rotated among the various test
sites, so that within each l6-subject
group, four individuals saw a given LSD
sign at test site 1, four saw it at site
2, four saw it at site 3, and four saw
it at sicte 4. All candidate devices
were thus located at the respective test
sites an equal number of times, and the
same number of subjects saw each sign
at a given position in the four~-sign
sequence.

5.3.5 Results and Data Analysis

Summary of Results

Sample characteristics regarding
the age and sex of participants are
shown in Table 12.

The results of the recall memory
test are presented in Table 13.

Recognition memory performance,
expressed both in terms of the number
of "Yes” responses and a percent-correct
score associated with each target stim
lus, is shown in Table 14,

For the preference ranking task,
which followed subject debriefing, the
frequency counts of how often each can-
didate warning sign was placed in each
position -- best to worst -- are shown in
Table 15. Weighted scores for the can-
didate devices are alsc included in this
table, derived by multiplying the fre-
quency count for a given position by the
inverse of its rank (e.g., position 1
count X 4, position 2 count X 3, etc.)
a;\d susming across positions, for each
sign.,

Finally, a tally of how often each
driver behavior indicated on the experi-
menter's checklist was observed during
the test trisls -- as well as a list of
specific motorist comments associated
with each candidate warning device -~
are shownn in Table 16.

Dats Analysis

Por the stimulus recall data pre-
sented in Table 13, a chi-squatre test
was appl ied to determine whether the
four candidate warning devices were
equally likely to be remembered by the
zubg‘ccn. The computed test statistic
X2 for this comparison was 15.46, sig-



Table 12, Age and Sex Distributions of Subjects
in Primary Study

Distribution by Sex Distribution by Age

<8 males under 20 1

36 females 20-29 15 m =
30-39 1g Mean = 40
40~-49 11 median = 36.5
50-%9 7
60-69 11
70 and over 0

Table 13. Recall Memory Performance for Target Stimuli
in Primary Study

Candidate Warning Total Number of Correct Incorrect
Device Times Remembered Interpretations Interpretations

SYMBOL SIGN 21 7 14

SLON-HILL 26 23 3

BLOCKS VIEW

LIMITED SIGHT 18 13 $

DISTANCE

LINITZD SIGHT 4 3 1

DISTANCE-30 MPH
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Table 4. Recognition Memory Parformance for Target
Stimuli in Primary Study

Candidate Warning Device No. "Yes" Reponses Percent Correct

SYMBOL SIGN 36 56%
SLOW-HILL BLOCKS VIEW 43 672
LIMITED SIGHT DISTANCE 37 588
LIMITED SIGHT DISTANCE- 29 45%
30 MPH

Table 15, Prefecence Ranking of Candidate Warning Signs in
Primary Study: Frequency Counts and Weighted Scores

SYMBOL SLOW-HILL LIMITED LIMEITED SIGHT
SIGN BLOCKS VIEW SIGHT DISTANCE DISTANCE-30 MPH
Position 30 23 4 7
1l (Best)
Position 13 2 10 17
2
position ? 9 18 30
3
position 14 8 32 10
4 (worst)
WEIGHTED 187 190 114 149
SCORES
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Table 16. Driver Behavior in Response to Candicate Warning
Devices Noted During Primary Study

SYMBOL SLOW-HILL LIMITED LIMITED SIGHT
SIGN BLOCKS VIEW SIGHT DISTANCE DISTANCE-30 MPH
Slowing or 25 22 13 21
Braking
Inappropri- 0 0 0 0
ate Response
Makes Remark 6 5 3 6
(see below)
Overt Orient- S 2 Q 1
ing Response

(eye fixation
of over 2 secs)

Specific comments:

SYMBOL SIGN -- "Never saw that before"; "That shduld be moved
farther back, it's hard to figure out®”; "what was that sign about
trucks on a hill . . . use lower gear?®; "what do we have here?";
“Another new sign . . . two trucks hitting head-on®"; "Trying out
the new signs, eh?"

SLOW-HILL BLOCKS VIEW -- "04d, following that 45 mph sign
just before it®; ®*Slow, hill blocks view ., . . another new sign";
"Now what's that for?®; "Did you put that sign up?"; "What was that?"

LIMITED SIGHT DISTANCE -~ “"Limited sight distance, fullowed
by a 40 mph sign, seems highly inappropriate®; "Never saw a sign
like that before®"; "Don't see what they're talking about . . .
what does that mean?®

LINITED SIGHT DISTANCE-30 MPR -- “"Why this (sign) when it
said 45 mph just before it?"; “"Beats me . . . I have no idea what
limited sight distance is®; "Never saw that sign before"; "That's
a nev sign . . . never saw it before"; ""irst time I ever saw
that sign®; "What on earth 4id that sigr. mean?”

*Driver swerved across lane boundary while staring at sign.
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nificant (with 4d.f£. = 3) at p < .01,
indicating with 99 percent certainty
that real treatment effects existed
between the various candidate signs.

As shown in Table 13, the frequencies
of recall for the symbol sign and the
"SLOW HILL BIOCKS VIEW® sign were
significantly 9greater than the very

low frequency of recall for the "LIMITED
SIGHT OISTANCE-30 MPH" sign.

The "Yes" and “No" recognition mem-
ory data displayed in Table 14 was nu-
merically transformed into 1s and Qs
for each subject for each candidate
sign, and was then analyzed using & one-
way analysis of variance. While the
ANOVA technique is not commonly associ~
ated with the analysis of dichotomous
data, the procedure is acceptable (28).
The outcome established the existence
of significant diffecences (F = 3.19;
d.f, = 3, 189;: p < .0S) between signs.
Approximately equal recognition perfor-
mance was found for tha symbol sign
and the "LIMITED SIGHT DISTANCE" sign,
improved performance was indicated for
the "SLOW HILL BLOCKS VIEW" sign, and
the poorest recognition memory per form-
ance #as observed for the "LIMITED
SIGHT DISTANCE-30 MPH" sign.

Ranking Test

For the ranking test, the chi-square
statistic was used on several different
data groupings. In one test to deter-
mine whether the candidate wvarning de-
vices were equally likely to be rated
*best,” the computed X2 statistic of
29.38 (d.f. = 3, p < .01) demonstrated
a highly significant difference in the
allocation of "best® rankings by test
subjects. As shown by the distribution
in Table 15, the symbol sign received
the lLargest number of “"best®™ votes, with
the "SLOW HILL BLOCKS VIEW" sign a close
second. A substantial gap existed be~
tween either 2f these signs and the two
remaining alternativea. A second test
tocused on the freaquency of placements
in the top two positions and showed
similar results (X2 = 22.9%4, p < .01),
with the "SLON HILL BLOCKS VIEW® and
symbol sign significantly more highly
ranked than the two "LIMITED SIGHY DIS-
TANCE" signs. A third test examined
whether the candidate signs were squally
likely to be placed in the last (worst)
position. This test revealed highly
ll%hi!ic.lt differences anong stinuli
{X¢ = 22.%50, 4.£., = 3, -2 .01), with
the "limited sight distance® sign iden~
tified as the worst alternative by
fully half of the participants in the
test saaple.

The last analysis on this data was
for the wmighted preference scores,
also presented in Table 15. However, a
chi-square test indicated strong differ-

ences among the four stimuli (X2 =
24.16; d.£. = 3; p < .01), with the

we ighted scores for the symbol and "SLOW
HILL BLOCKS VIEW" signs significantly
higher (more strongly preferved) than
the "LIMITED SIGHT DISTANCE" alternative.

S.4 Ancillary Study
5.4.1 Test Subjects

A total of 20 subjects were recruit-
ed for the ancillary study through adver-
tisements in suburban newspapers stating
a need for licensed drivers of all ages
to serve as paid participants in a high-
way safety research project. Individu-
als were screened and given brief des~
criptions of the test procedure over
the phone, precisely as described
earlier for the primary study.

5.4.2 Dependent Msasures

All dependent measures used in the
peimary study except for the preference
ranking test ware again employed in the
ancillary study, with the following
additions and modifications:

1) The recognitic) memory task which
was performed following the drive
through the test route included a
presentation of all regulatory and
warning signs (without duplications)
along the route, defining a set of
28 target stimuli. This stimulus
set, which included three of the
cand idate vertical curve warning
signs -~ the symbol sign, the "SLOW
HILL BLOCKS VIEW" sign, and the
"LIMITED SIGHT DISTANCE" (without
spaea advisory) sign -- is shown in
Figure 15, labeled T1 through T28.
The distractor stimuli (01 through
D28) for this task were selected
from standard signs found in the
MUTCD; these signs, which were
matched one-for-one as closely as
possible with the target stimuli on
the basis of physical similaricy
{color, shape, number of words/fig-
ures, etc.), are pictured in Pigure
16.

2) Performance on the recall memory
task was tabulated for all signs
remembered by test subjects after
the drive, not just the candidate
vertical curve warning devices.

3) PFollowing the performance of the
mmory tasks, test subjects ware
shown pictures of the target stimuli
(T1-T28) once again and ware asked
to interpret the meaning of each
sign, one after the other. The
order of presentation of the stimuli
ws randomized for esch subject.

The experimenter recotded all
incorrect interpretations.



Figure 15. Target stimuli for ancillary study
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further, a pre-experimental interview
was completed with all drivers in the
ancillary study, to obtajin measures of
their prior level of exposure 1) to
highway warning and cregulatory signs, 2)
to the use of flashing lights in traffic.
control, 3) to the use of reflector
devices on or along the roadway, and 4)
to roadway delineation. wWhile these
were not dependent measures (i.e., they
did not reflect treatment effects of
stimuli presented to subjects during

the course of the drive through the test
route), this information was subsequently
used tO0 help interpret the recall
MEMOry data generated in this study.

The intent of the pre-expesrimental
interviev was primarily to determine

the subjects' prior exposure and there-
fore propensity to recognize and recall
certain highway signs more readily than
Others. The questions regarding flash-
ing lights, reflectors, and rocadway

del ineation were not of primary concern,
but were included to distract the sub-
jects from the central focus of the
study.

5.4.3 Experimental Protocol --
Anciillary Study

After meeting the subject at the
location on the test route labeled "B
in Pigure 10, the experimenter recorded
the subject’'s aje, seated the subject
nehind the wheel of the test vehicle,
and conducted a pre-exper inental inter-
view which included the following
queastions:

1) Please try to remember the color of
each type of roadway lane marking
(striping) that you have seen in
your driving experience. What pat-
terns have you seen for each color
marking? What does each pattern
mean?

2) what regulatory or warning signs
that ;ou have seen along the roadway
in your driving expericnce €irst
come to mind?

3) In what driving situations have gu
encountered flashing lights in ¢t
roadway enviroment? what was their
purpose?

4) Please try to remember the different
types of reflector devices you have
seen along the roadway in your driv-
ing experience.

Thess questions were always asked, in the
order shown above, 80 the subject’'s
attention would not be focused upon the
key item concerning prior exposure to
warning and vegulatory signs. On items
1, 3, and 4, any number of cesponsas
(examples) stated by subjects was accep-

ted, up to a maximum of ten; for gues-
tion 2, however, the experimenter promp-
ted the subject to "try hardexr” if he
«as unable to generate at least five
examples.

When the pre-experimental interview
had been completed, the subject was
given specific instructions. The experi-
menter then directad the subject to pro~
ceed onto the route, moving as indica-
ted by the arrows in Pigure 10. During
the drive, the experimenter notad posi-
tive instances of responses to traffic
Jontrol devices on the checklist, as
described previously. At tha conclusion
of the drive, the experimenter adminis-
tered the memory tests in this order:

1) recall memory for warning/regulatory
signs

2) recognition memory for warning/
regulatory signs

3) interpretation of the meaning of all
warning/regulatory signs (including
the various limited sight distance
signs) alony test route.

Finally, the experimenter debriefed
the subject and explained the purpose of
the study,

5.4.4 Results and Data Analysis --
Ancillary Study

This section describes the data ob-
tained in this study, and the analysis
techniques used to evaluate differences
associated with the candidate warning
signs for statis%ical significance.

Summary of Results

Sample characteristics regarding
the age and sex of participants are
presented in Table 17,

The responses of subjects on the
pre-experimental interviews are shown in
Tables 18 through 21.

The data obtained on the various
dependent measures included in the an-
cillary study are presented in Tablea 22
through 25. Table 22 shows the frequen-
cy of recall of signs remembered by sub~
Jects in the recall memory test conduct-
ed following the drive through the test
route.

Recognition aemory performance, ex-
pressed in terms of the number of “Yes®
responses and s percent-correct score
associated with each target stimulus, is
shown in Table 23. (For key to target
stimulus identification numbers, rafer
to Pigure 15.)



Table 17. Age and Sex Distributions of Subjects
in Ancillary Study

Distribution by Sex Distribution by Age

7 males Under 20 0

13 females 20-29 12 mean = 13.4
30-39 2
40-49 4 pedian = 28.5
50-59 1
60~69 1
70 and over 0

Table 18, Examples of Roadway Delineation as Stated by Drivers

Prior to Participation in Ancillary Study

-

Description (with associated meaning)

Freguency

Double yellow lines (no passing)
Solid yellow line with adjacent broken yellow line
(no passing with solid line, passing permitted
with broken line)
White line (roadway edge boundary)
Broken white line {(passing permitted)
Broken yellow line (passing permitted)
White arrows on road surface (directional indicators)
Yellow line (roadway boundaty)
White center line (passing permitted)
White line across road (stop, at intecrsection)
Separated rows of broken yellow lines in center of
roadway {(turns permitted from center lane)
Yellow center line (passing permitted)
Blue circcle-and~wheelchair markings
(handicapped use only)
Two adjacent sets of double yellow lines in center
of roadway (median demarcation)
Yellow dashes on recently paved roads
(meaning unknown or unstated)
Unspecified white line (meaning unknown or unstated)
Unspecitied yellow line (meaning unknown Or unstated)
Unspecified writing on rcad (meaning unknown or unstated)

18
13

10
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Table 19, Exanples of Regulatory and Warning Signs as Stated
by Drivers Prior to Participation in Ancillacy Study

Description Frequency
Stop 14
Speed limit 13
School zone 11

Yield

dirscticral signs on curves
Pedostrian crossing
Railrost ccossing

Ne paasirg zone

Slipoery when wet

cvog anead :

“er working/work zone ahead
Exit (from limited~access highway)
Construction zone

Desr crossing

No turn on red

Slow
Lanes mergde
Redyuce speed

Bridge freezes before road
Road narrows

School (children) crossing
DO not pass

Left turn only

Pire house

Hill

Mentioned once only were each of the following:

Watch children;

Signal ahead; Truck crossing; Hidden driveway:; Dangerous intersec-
tion ahead:; Right lane must turn vight; One lane bridge; No
parking; Road floods; Pass with care; One way; Dead end; No

turns; Fire lane; No U-~tutns; Palling rock; Hospital zone;
Caution: Children at play: Intersection; Bridge clearance

4%}

Private drive; Passing zone; BEmergency stop only; Route de¥ig-

nation; No littering.
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Takle 20. Examples of Situactions Where Plashing Lights Are
Encountered as Stated by Drivers Prior to
Participation in Ancillary Study

Purpose frequency
Warning for dangerous intecrsections 14
warning for construceion zoues 11
warning for dangerous curves 9
School zone warning 7
Railroad crossing warning 6
Caution 2
Warning for signal ahead 1
Marks location of fire house 1
Marks location of pedestrian crossing 1

Table 21. Exampl.s of Refliector Devices as Stated by Drivers
Prior to Participation in Ancillary Study

Description Frequency

Double row of (embedded) yellow 16
reflectors in center of rosdway

Boundary posts at edge of roadway shoulder

{tmbedded) reflectors at roadway boundary

Retroreflective signs above or adjacent to roadway

Construction site markets

Reflectors on posts/telephoae poles near driveways

Median strip (?)

—
We N9O
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Table 22. Performance in Recall Memory Test-Ancillary Study

Sign No. Times Remembered
Speed limit {unspecified) 19
Curve Warning Signs 14
School zone 13
sStop 12

Road narrows

Center lane must turn left
**Yield

Pass with care
**DO 0ot pass

End school zone

NO parking

School crossing 8
*Slow-hill blocks view 8
*Limited sight distance 8
*Symbol sign (vertical curve candidate warning ?

device)

Wacch children 5

No passing zone 4

*rieft lane must turn left 4

Interse:tion 4

NO trucks 3

Route designation signs 3

Slow 2

2
2
2
2
2
2
2

- o s e = e o = -

Mentioned once only were each of the following signs: School ahead;
**signal ahead; T-Intersection; **One way; No passing; Stop
ahead; No passing zone ahead; **Do not enter,

*Denotes candidate vertical curve warning device.

**gigns included in subject's responses but not actually present
along test route.



Table 23. Performance in Recognition Memory
Test - Ancillary Study

Stimulus NG. "Yes" Responses Percent Correct
Tl 14 70
T2 15 75
T3 17 as
T4 13 65
TS 11 55
*T6 12 60
T7 8 40
T8 20 100
T9 13 65
T10 16 80
Tll 14 70
*T12 11 55
*T13 11 SS
T14 13 65
T1S 13 65
T16 11 55
T17 15 75
T18 16 80
T19 19 95
T20 13 €5
T21 20 100
T22 9 45
T23 19 95
T24 16 80
T2S 16 89
T26 8 40
T27 7 3s
T28 7 35

*Denotes candidate vertical curve warning sign,
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Table 24. 1Interpretations of Signs Encountered
Along Test Route - Ancillary Sstudy

sSign Correct interpretations Incorrect Interpretations

SYMBOL SIGN (T13) 20 0
{accompanied by
explanatory panel)

SLOW~-HILL BLOCKS 20 1]
VIEW (Ti2)
LIMITED SIGHT 9 11

DISTANCE (T6)

All other target 20 0
stimuli (T1-T28,

except abave

numbers)

Record of incorrect interpretations:

o Eight (8) subjects fajiled tO name any casuse for the condition
denoted by the LIMITED SIGHT DISTANCE sign; specifically, no
condition of obstructed forward vision was described.

o One (1) subject vaguely responded to the LIMITED SIGHT DISTANCE
sign by stating, "Something obstructs your vision," but did
not include "hill" in his response.

o One (1) subject explained that, "The driver should slow down,*
in r:;ponse to the LIMITED SIGHT DISTANCE sign, but could not
say why.

o One (1) subject explained that the LIMITED SIGHT DISTANCE sign
referred to conditions of "curves or fog,” omitting any
reference to hills.
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Table 25. Driver Responses to Candidate wWarning Devices
Noted During Test Trials - Ancillary Study

SYMBOL SLOW-HILL LIMITED LIMITED SIGHT
SIGN BLOCKS VIEW SIGHT DISTANCE DISTANCE~30 MPH

Slowing or 1 1 1 ]
Braking

Inapproptiate 0 0 0 0
response

Makes 3 1 4 0
Remark

Overt -0 0 [¢] 0
Orienting °
Response

Other *] *] *] 0

Specific comments:

SYMBOL SIGN -~ "That sign really grabs your attention®; “"Good
sign . . . caught my eye”; "It's dumb to have a 40 mph sign
right after that other (symbol) sign®

SLOW-HILL BLOCKS VI == “That sign's good for people who
on't know the road®

L;u;ggg SIGHT DISTANCE -~ "That sign is interesting . . .
I've never seen it before”; "Limited sight distance--that's
interesting”; °Limited sight distance . . . that's something

new"; “Never saw that sign before . . . it's a good idea
putting it up, its entertaining”

*All “other” responses consisted of subjects visibly straining
their necks to see over crest of hill associated with candidate
vertical warning device.
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Data obtained when subjects were
asked to interpret the meaning of each
target stimulus (T1-T28), following the
recognition memory test, are presented
in Table 24.

In Table 25, those driver behaviors
noted on the experimenter's checklist
in response to the various vertical
curve candidate warning signs are sum-
marized.

Data Analysis

The analysis techniques employed in
the search for statistically significant
differences between test stimuli were
dictated by the nature of the data. In
this study, the dependent measures of
recall and recognition memory per form-
ance, as well as the interpretability of
roadway signing, are expressed solely in
terms of frequency counts, for which
chi-square tests are the most appropri-
ate analysis techniqgua. By contrast,
the tally of driver responses noted on
the experimenter's checklist, and the
information revealed in the pre-experi-
mental interviews are purely descriptive
measures, from which conclusions were
drawn by logical inference but not rigo-
rous statistical procedures. In addi-
tion, a Pearscn product-moment correla-
tion was per formed to compare the sign
recall data generated in the pre-experi-
mental interview with that from the

swsequent dependent (recall) memory
task.

The outcomes of the chi-square
tests were largely non-significaat.
perfommance in the recall memory test
(Table 22) following the test drive,
the obtained value of the XZ statistic
is only .087 (d.f. = 2), which falls far
short of the criterion valus of 5.99
needed to demonstrate a significant
difference betwaen the candidate verti-
cal curve warning devices, even at the
.05 level of significance. Similarly,
nearly identical pertormancs in the
recognition memory task (Table 14) was
observed for the candidate warning
signs; this also was associated with a
test statistic (X2 = ,$9, d.f. = 2)
which is substantially under the cri-
terion value neede«d to demonstrate
significant differences among stimuli.

for

There is a marginally significant
difference demonstrated for the data
relating to number of correct interpre-
tations smong the candidate warning
signs (X2 =» 4.9%; d.£. = 2; p < .10);
while the level of significance II¥ be
marginal, however, an inspection o
Table 24 leaven no doubt as to the
source of the difference. Both the
symbol sign (with accompanying explana

tory panel) and the °"SLOW HILL BLOCKS
VIEW" sign are associated with perfect
scores, while over half of the sample
misinterpreted the “LIMITED SIGHT DIS-
TANCE" alternative.

Additional chi-square analyses
which incorporated data pertaining to
subjects’ memory for all signs encount-
ered along the test route were also
performed, as follows. First, for the
recall memory task, extremely large and
significant differences were demonstrat-
od among the signs remsmbered by sub-
jects following the test drive (X2 =
132.7; d.f. = 29; p < .00)). Since the
candidate vertical curve warning signs
are all clustered near the middle of the
distribution ( see again Table 13), this
effect can most reasonably be attributed
to the wide spread between such rela-
tively rare signs as “no passing mne
ahead” and other, more frequently occur-
ring signs such as speed limit, school
Zone, or stop signs.

The recognjition memory data for all
signs showed a similar pattern, with all
twenty subjects remembering that they
had seen a stop sigh along the test
route, but only seven of twenty remem—~
bering that they'd seen a "no passing
one ahead” sign, However, the computed
test statistic (X2 = 28.3; d.f. = 27)
was below the criterion value needed to
demonstrate statistically significant
differences, in this case. Accordingly,
various data groupings of interest were
examined, made up of subsets of the
target stimuli listed in Figure 15.
only grouping mmong which significant
differences could be demonstrated was
that made up of nonyellow (i.e., non-
warning) signs (X2 = 18.7; d.£. = 9; p
< .05); this group includes stimuli T19
through T28 in Figure 15. Both the
signs associated with the highest levels
of recognition (stop and speed limit)
and those with the lowest levels (e.g.,
no passing zone ahead) are in this
Jroup. Levels of recognition for the
group of (yellow) warning signs -- with
and without the candidate vertical curve
warning devices included -- were, by com
parison, much more homogenecus, preclud-
ing any statistically significant
diffecences among this subset of target
stimuli.

The

Finally, a Pearson correlation of
+0.86 wag calculated to describe the
degree of correspondence between the
frequency of recall for road (warning
and regulatory) signs shown in the
pse-exper imental interview (see Table
10) and the signs along the test route
recalled by subjects after their
drive (see Table 13).



5.5 Conclusions Prom Controlled Pield
Studies

The primary controlled field study
clearly demonstrated that both the verbal
candidate -- SLOW HILL BLOCKS VIEW ~-
and the symbol candidate resulted in
generally superinr performance by
motorists.

In the controlled field setting,
both the verbal candidate -- SLOW HILL
BLOCKS VIEW ~-- and the symbol candidate
sign were more frequently recalled than
either the LIMITED SIGHT DISTANCE sign
alune or that sign with the 30 mph
speed advising panel. Purther, the
verbal candidate's meaning was correctly
interpreted when recalled in a greater
proportion of cases (88%) than any other
sign, It should be noted, howsver, that
although the symbol candidate was next
to most frequently recalled, it was in=
correctly interpreted twice as often as
it was correctly interpreted, probably
because of the driving population's
unfamiliarity with the new symbol.

In the recognition memory test,
the SLOW HILL BLOCKS VIEW sign was
most often correctly recognized, with
both the symbol and the LIMITED SIGHT
DISTANCE sign (without the spesd
advisory) virtually tied as next most
often recognized.

Both the SLOW HILL BLOCKS VIEW
sign and symbol sign were greatly pre-
ferred to either of the LIMITED SIGHT
OISTANCE signs in the preference rank-
ing test. The symbol sign received
the greatest number of first place
votes, but also was rated worst by 14
of the subjects. Overall, the verbal
candidate had only a slightly higher
we ighted score that the symbol sign.

The study of behavioral responses
demonstrated that drivers responded
most often to the symbol sign, primarily
by slowing or braking. Both the SLOW
HILL BLOCKS VIEW sign and the LIMITED
SIGHT OISTANCE sign with a speed advisory
plate produced nearly equal responsas,
tiea for second in the frequency of
responses.

Summarizing across all measures of
sign performance, the SLOW HILL BLOCKS
VIEW legend was associated with the
best performance in three measures, per-
formed next to best in the fourth measure,
and was second best in two other measures.
The symbol candidate performed best in one
of the measures. 1In contrast, the LINITED
SIGHT DISTANCE sign, both with and with-
out the spesd advisory plate, wes associ-
ated wvith poorer performance than either
of the candidate signs in all cases but
one, and parformed significantly more
poorly in three of the four cases.

In the ancillaty study, the most
frequently rec2lled signs, both in terms
of the sign exposure measurement and of
the recall memory test, included those
for speed limit, curve warning, stop/
yield, and school crossing/zone. It
should also be noted that ltog. slow,
speed limit, and school crossing/zone
comprised eight of the top ten signs
receiving "yes" responses in the recog-
nition memory test. Although it was
not among the primary objectives of the
ancillary study, it was found that the
SLOW HILL BLOCKS VIEW, LIMITED SIGHT
DISTANCE, and symbol signs were very
nearly tied, and were all in the middle
range of the freguency of responses.



6. OBSERVATIONAL PIELD STUDY
6.1 Objectives and Overview

An observational field study wvas
conducted concurrently with the con-
trolled field study. The purpose of
the obsexrvational study was to deter-
mine the extent to which each of the
four candidate limited sight distance
warning signs influenced the beshavior
of motorists who were unalerted to the
experiment. The experiments involved
the observation and recording of both
vehicle velocity and lateral position,
as well as other indications of driver
response to the signs, within a length
of highway starting 1,250 £t (381 m) in
advance of a vertical curve, and ex-
tending 200 ft (61 m) beyond the hill
crest. Each of the signs was placed at
each of three rural vertical curve
locations. A total of 5,338 observa-
tions of rmotorists who drove past the
vertical curve warning signs were
andlyzed.

6.2 Test Sites

Three vertical curve sites were
used for the observational study. Two
of the sites, located in Montgomery
County, PA, were also used in the con-
trolled field study. A description of
those two sites was provided in Section
5 of this report where they were identi-
fied as sites 1 and 2.

The third vertical curve site
(45) was located in a hilly, rural area
of Carbon County, PA, about 75 miles
(125 km) northwest of Philadelphia, on
U.S. Route 209 (Pennsylvania legisla-
tive route 164), situated in the foot-
hills of the Appalachian Mountain chain.
An elevation drawing of the route is
shown in Figure 17. The available
sight distance is limited to 159 ft at
this location. The length of the
vertical curve is 240 feet and the
algebraic difference in grades is
13.228. Those geometric conditions
reduce the saie speed to 27 mph.* The
roadway i8 characterized by full-width
shoulders and a new bituminous con-
crete, surface. The speed limit at
the site is 55 mph (90 kph) and there
is a high proportion of recreational
traffic. Up to 50% of the traffic has
been estimated by the PennDOT district
engineer to be from outside of the
region.

The average daily traffic (vehi-
cles per day in both directions) at
sites 1, 2, and % were 3,750, 2,000,
and 2,700, respectively.

“Based on detectlon of an object 0.5 ft
above roadway swface by an observer
.75 £t arwe the roadway surface.

The posted speeds cof sites 1, 2,
and 5 were 45 mph (72 kph), 40 mph
(64 kph), and 55 mph (88 kph), respec-
tively. The observed mean speed of
traffic at site 1 was 43 mph (69 kph),
as determined by gpot speed measure-
ments. Estimates of vehicle speed
at sites 2 and 5 were conducted using
a moving car technique. The mean
speed of traffic at site 2 was 45
mph (72 kph); and the mean speed ©
traffic at site S was 55 mph (88 kph).

There were no existing traffic
control devices warning of sight dis-
tance restrictions due to the vertical
curve at any of the three sites.

The three vertical curve environ-
ments and associated hazards for the
field study included:

O obatructed view of intersec-
tion and vehicles in queue
(site 1)

O obstructed view of warning
for horizontal curve ahead
(site 2), and

o obstructed view of vehicle
parked on shoulder beyond
crest of hi’l (site 5).

6.3 Experimental Design and
Met hodology

6.3.1 Stimulus Characteristics

Four candidate warning devices
(signs) were evaluated. The warning
signs were 30 in x 30 in (76 m x 76 cm)
diamond shapes bearing the following
messages:

O SLOW HILL BLOCKS VIEW
o LIMITED SIGHT DISTANCE

o LIMITED SIGHT DISTANCE plus
advisory speed limit panel
(30 MPH)

o (Candidate Symbol Sign) depict-
ing a vehicle, on each side of

hill, approaching the hill
crest.

At site 1, the warning signs were
supplemented by a 24 in by 12 in (6! m
x 30 m) supplementary advisory panol
(below the warning sign) with t
nessage INTERSECTION.

The warning sign with the symbol-
lic message was displayed with an
18 in by 24 in (17 om» x 9 om) educe~
tional panel bearing L he message SLOW
HILL 8LOCKS VIEW.
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The candidate warning signs and
their supplementary panels were pre-
viously illustrated in Figure '4 and
described in Section S.3.1.

All of the signs and panels con-
sisted of a black border and black le-
gend or symbol on a yellow reflecto-
ized background, applied to a backing
of standard gauge ( .080 in ~ 2 mm)
aluminum. Green channel posts, break-
away adapters, and vandal-proof bolts
ware used to mount the various candi-
date warning devices. MUTCD standards
for sign lettering and placement of
warning signs were observed. Each
sign configuration was located as
close as existing signs and terrain
would allow to 750 ft (229 m) in advance
of the hazard (hill crest). The
height of each sign was 5 ft (1.5 m)
above the roadway surface. A lateral
clearance of 6 £t (1.8 m) or more from
the roadway shoulder was provided.
The specific conditions and sign
layout at each site are depicted in
FPigures 18, 19, and 20.

installation of the signs was ‘on-
ducted by Ketron personnel. ' The
schedul ing of installation of devi_es
at the different test sites was staged
30 that data were collected at one site
during an acclimation pariod at the
other sites. Each sign was displayed
at each test site for a period of
seven days prior to data collection
to reduce any novelty effect on local
drivers.

6.3.2 Data Collection Equipment/
Instrumentation

Primary items of stimulus mater-
ial included warning signs, supplemen~
tary panels, mounting hardware, and
aata collection apparatus. The pri-
mary data collection device was
KETRON's Vehicle Trajectory Measure-
ment System (VIMS). This is a rela
tively simple system which accepts
inputs from tapeswvitch pressure-acti-
vated ribbon-shaped switches placed
at desired locations on the rosdway,
and prints out switch closure times
accurate to the nearest nillisecond.
The system is designed to track one
vehicle at a time through an array
of road switrches. When the system is
reset, the system clock is set to
zero and is started only when the
first vehicle crosses the first
switch. As the vehicle passes over
each subsequent switch the clock
time {8 printed out. All vehicles
1fter the first are ignored until
che system is manually reset.

In addition to the road switch
inputs, two manual-input channels were
used to record the tisme and nature of

the occurrence of one or more driver
actions that each observed vehicle may
have exhibited. Activating either of
the two manual input buttons caused
the printer to output the time of the
switch activation along with an iden-
tifying code for the manual input.
With this provision, the experimenter
manually recorded the occurrence and
time of critical observational events
including: (a) the application of
brakes as indicated by the appearance
of brake lights, and () the appear-
ance of an opposing vehicle that might
tend to externally alter the subject
vehicle's trajectory. Traffic volumes
in both the observed direction and the
opposing direction were recorded using
the volume counter inputs on the VIMS.

The VTMS roadway sensors utilized
3/4-inch wide tapeswitch sensors fixed
to the road with double coated i{ndus-
trial adhesive tape and covered with
special 6-inch wide duct tape. This
provided a reliable bond for up to a
weaek and resulted in a very unobtrusive
installation. The sensors extended about
5ft (1.5m) into the lane from the road
edge to ensure contact with the right
side whesls of all vehicles. Five two-
switch traps, totalling ten switches,
were used at each of the installacions.

The VIMS and experimenter were
located off of the roadway right-of-
way, either in a nearby driveway or
parking area, so that they were hid-
den from the view of motorists in the
approach urder study.

Tapeswitch detectors were instal-
led in pairs, 4 feet apart. One pair
of switches, designated 1 and 2, were
located 1250 ft (381 m) upstream from
the hill crest, and about 500 ft¢ (152
m) upstream of the varning devices,
depending on its site specific place-
ment. Switches 3 and 4 were placed
850 £t (259 m) upstream from the
hill, which was about 100 ft (30 m)
upstream of the warning device.
Switches 5 and 6 were placed 373 ft
(114 n) upstream of the hill crest.
Switches 7 and 8 were placed 50 £t (15
m) upstream of the hill crest. The
last two switches, 9 and 10, were
located 200 ftc (61 m) downstream from
the hill crest. Tapeswitch locations
and warning sign placements are shown
in Pigures 18, 19, and 20. The cables
connecting the switches to the VIMS
were run along the edge of the road,
off the shoulder, to ensure that they
were inconspicuous.

6.3.4 Dependent Measures
The dependent measures for the

field study included: (a) spot velo-
city of vehicles, (b) position of ve-
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hicles when velocity change occurs,
{(c) frequency of braking, and (d) fre—
quency of other erratic behavior in-
cluding slowing, drifting to the right
edge of roadway, encroaching onto the
shoulder, drifting to the left as far
as the center line, encroaching on
the opposite lane, and using high
beams (night only).

Tapeswitches 1 and 2 provided a
measure of the free speed of traffic
prior to the signing area. These data
were analyzed to determine relationships
between driver free speed preference
and subsequent compliance with the
warning signs.

Tapeswitches 3, ¢ and 7, 8 were
placed to measure spot speeds at the
point at which a vehicle was likely
to show a speed change dus to percep—
tion of the warning sign and the hill
crest, raspectively. Because the
warning device was located as close
to the MUTCD recommended distance for
warning signs of 750 ft (229 m) up~
stremm from the hazard (hill crest),
the distance between tapeswitches 3, 4
and 7, 8 was fixed at 800 ft (244 m).

It was believed likely that some drivers
would slow down and speed up again in
this distance, however. With only tape-
switches 3, 4 and 7,8, this would not be
detectable. Tapegwitches 5,6 were in-
cluded at the midpoint to detect such
behavior.

Tapeswitches 9, 10 were included
to measure the vehicle's free speed
attained after the hazard had been
encountered and passed. For site 5,
this pair also provided the speed data
that described deceleration and braking
behavior when the experimenter-placed
vehicle that was hidden from the view
of the observed motorist by the crest
of the hill was encountered.

6.3.5 Sample Size Requirements

The number of chbservations of
vehicles passing through the instru-
mented section of roadway was deter-
ained by the desired precision of the
estimate of the mean speed of the
sample population, the desired confi-
dence level, and knowledge of the
standard deviation of the speed of
vehicles at the sites, without the
presence of the candidate signs.
According to the Central Limit Theorem
(law of large numbers) sample size may
be estimated using the following
relationsaip:
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2990
X-u

where n = sample size

Z g/2 * confidence level (e.g.,
1.96 for 958 two-tail
test)

standard deviation of
speed at sites (measured
during base data collec-
tion)

X -y = precision of measurement,
or difference between pop-
ulation mean and sample
mean

The preliminary spot speed studies
at the test sites yielded a standard
deviation of 2.89 mph (4.82 kph} Using
a 95% confidence level and a precision
of 0.5 mph (0.8 kph), 128 cbservations
were required. The selection of a pre-
cision level corresponds tc the physical
significance that may be placed on the
difference between the effectiveness
measures ACross two Or more stimuli.
Move spacifically, a very large sample
size could lead to the conclusion that
a 0.1 mph (0.2 xph) difference between
the mean speed of vehicles encountering
sign A versus sign B is significant.
However, in a real-world sense, the
0.1 mph (0.2 kph) difference means
nothing operationally. Wwe therefore
set our level of precision at 0.5 mph
(0.8 kph) , in which case a minimum
sample size of 128 was required for
cach cell of the experimental matrix.

6.3.6 Experimental Design

The formal experimental design
was defined by the treatments (signs),
sites, and conditions under which
data collection would take place and
on which analysis would be performed.

The primary concern of the re=
search was to determine whether dif-
ferences in motorist behavior could
be attributed to differences between
warning devices. Therefore, one
dimension of the experimental matrix
contained a no-sign condition and the
four limited sight distance warning
devices, which represented the single
independent variable.

A second concern was whether
the presence of vehicles approaching
from the opposite direction as the
observed vehicle would have an influ-
ence On motorist behavior. This con-
dition was used as a blocking variable



to divide data into two sets -- not op~
posed and opposed. Conclusion3 re-
garding sign effectiveness would be
summarized for each group of observa
tions but no comparisons would be

made betwien groups.

A third parametsr -- sites -- was
not incorporated into the experimental
matrix as an independent variable bDe-
cause it was not desired to determine
whether differences in behavioral
measuzes were attributable ta site
differences. Therefore, cCompariscas
of sign performance vere made within
site only, and the three site repre-
sented another blocking factor.

It was also of interest to dster-
mine whether the sign that would be
found most effective during daylight
conditions be would the same sign
found most effective under nighttime
conditions. The nighttime performance
of sach warning device was of lesser
interest than the comparison of per-
formance across sign type, however,
thus only a limited number of nighttime
observations were made at site 5 only.

Because it had been previously
shown by Lyles (14) that the behavior
of motorists in the vicinity of warn
ing signs was significantly influenced
by the visible presence of the hazard
that caused the need for the sign, it
was also decided to exmmine whether
such a situation would influence the
relative effectiveness of the candi-
date warning devices in this study,
Therefore, one exper imental condition
required the placament of a parked
vehicle on the shoulder of the road~
way, dowmnstremm from the crest of the
hill. That placement caused the view
of the parked vehicle to be aobstructed
until the subject vehicles were ap-
proximately 100 £t (30 m) upstream from
the hill crest. This condition was
examined only at site 5, during both
daylight and darkness, only for the
no sign, (80, and symbol alternatives,
and was treated as an additional
blocking variable.

The experimental matrix was
therefore characterized by five treat-
ment types by two traffic opposition
conditions, repeated at sices 1, 2,
and S without a parked car on the
shoulder, and at site 5 only with a
parked car oa the shoulder. A partial
matrix of only three treatment condi-
tions by two traffic opposition con-
ditions defined the exper iments at
site 5 at night both with and without
a parked vehicle.
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6.3.7 Experirental Procedures

Activities at each of the test
sites included deployment of the road-
way sensors immediately prior to the
beginning of a data collection period
at a site, daily data collection, and
system monitoring. Data collection
continued for a maximum of two days
for each sign condition at each of the
three sites, and for a maxinum of two
nights at one of the sites. Data col-
lection for each sign condition followed
a one-week period provided to enable
local drivers to become accustomed to
t:: sign, which minimized any novelty
effect.

Pollowing installation of the
tapsswitches on the roadway, connec-
tion of all cables, and system check-
ont, data collection commenced. One
observer vas located at the VIMS to
operate the system. Another obaerver
was positioned well upstream of the
vertical curve to observe and input
the occurrences of brake appl.ications
and erratic behavior that occurred
upstream of the observer at the VIMS,

The observers'
following:

tasks included the

1. Monitor the system to ensure
that it was operating prop-
erly;

2. Operate the VIMS so that
only isolatad or lead ve-
hicles in a platoon were
recorded;

3. Observe, log, and mark the re-
cord of each sampled vehicle
as well as note any unusual
svents;

4. Mark the occurrence of brake
applications as svbject dri-
vers crest the hill (especi-
ally at site S5, where the
drivers noticed the vehicle
parked on the shoulders);

S. Mark the onset of opposing or
oncoming vehicles coinciding
with the suwject vehicles
approaching the hill crest;

6. WMark invalid trials; and

7. FKeep additional records on
traffic volume, weather con-
ditions, time of day, and un~
usual events that may affect
driver behavior.



6.4 Results and Data Analysis
6.4.1 Summary of Results

A complete susmary of the tra-
jectory information derived from the
coservational study is shown in Tables
26 and 27. There were more than 3,200
observations of unopposed vehicles,
and over 2,100 obsexrvations of vehicles
that faced opposing traffic. The
mean velocity and standard deviation
of velocity at each of the five mea
surement locations are shown in the
tables for the group of observations
associated with each candidate warning
device at each site.

frequency counts of the four
types of observed driver actions as-
sociated with esch warning device at
each site are summarized in Tables 28,
29, 30, and 31. Brake applications
were relatively frequently observed at
site 2, and were also seen frequently
at site 5 during both daylight and
darkness when the parked vehicle was
present. Observed vehicles very
frequently drifted to the right at
site 1, and were somewhat less fre-
quently noted at site 2 and site §
(day-with car). Right shoulder en=-
croachments were only rarely noted at
site 1, while vehicles drifting to the
left were more often observed at site
2 and site 5.

6.4.2 Data Analysis

It can be readily seen that for
data from any of the five velocity
measurements locations (Traps 1-5)
the velocity difference between the
fastest group and the slowest group
of observations for any site, condition
and treatment set was rarely more than
about one—half the value of the stan-
dard deviation for any of the treat-
ment groups in that set. The within-
group velocity spread only exceeded
the lowest standard deviation in the
two night conditions at site § for
opposed cbservations, where the number
of observations was less than the
number required for the accurate es-
timation of velocity differences. It
was therefore concluded that the
measuwre of effectiveness based on
velocity at each trap would not be of
value in seeking statistically or
operationally significant differences
between the performance of the set of
warning devices used at each location.
That is, it was clear that no limited
sight distance warning device or group
of devices emerged as superior to any
other device with respect to causing
drivers to adjust the measured velocity
of their vehicle in the vicinity of
the vertical curves under study.

Similarly, the evaluation of the
effect of each candidate warning device
on the change in vehicular speed could
not be shown to be either statistically
significant or operationally signifi-
cant. These measures, listed in Tables
32 and 33, rarely demonstrate a speed
of more than 1.5 ft/sec (1.8 kph)
betwean the group of vehicles having
the greatest velocity and those having
the smallest velocity change. FPurther,
there is no consistent relationship
between speed raduction and warning
device either within site/condition
across traps ot within trap across
sites. It could only be concluded
that for the vehicles analyzed, the
velocity and velocity change variables
were not sufficiently sensitive to the
effects that each of the warning devices
had on driver behavior.

Chi-square analyses were per-
fomed on the frequency counts of
behavioral data to determine whether
particul ar warning devices could be
associated with significantly differ-
ent proportions of drivers who exhibi-
ted those behavioral attributes. The
level of statistical certainty of the
findings are shown in Tables 28, 27,
30, and 31, Because of the nature of
chi~square analysis, which requires at
least 6 ocbservations in esach cell,
analysis was not performed on data
sets having fewer observations than
the minimum. In sOme cCases, cbasrva
tions associated with two or more
warning devices were cambined to
facilitate statistical analysis.

Concerning the brake application
behavioral attribute, marginal statis—
tical significance ( = .10) was found
at site 2 during daylight and site S
during daylight, with and without the
parked vehicle on the shoulder. At
site 2, waer observations of both
opposed and unopposed vehicles were
combined, both the baseline (no sign)
condition and the SHBV sign had fewer
brakers than would be expected due to
chance alone, while the LSD and the
L5D+30 signs had more than the expect-
ed proportions of brakers. Conversely,
at site 5 during the dayl ight without
the parked vehicle, the SHBV sign was
associated with more brakers than ex-
pected, while all other treatments com-
bined had fewer than would be expected.
when the parked car was present, both
the SHAV and the LSD+30 warning de-
vices were associated with more than
their sxpected shares of brakers among
unopposed motorists, while the baseline
and [SD treatments had fewer brakers
than expected.

The frequency of vehicles that
deviated from the center of their lane
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Table 26.
Site/Condition Sample
and Treatment Size
1/Day w/o Car

NONE 122
LSD 124
LSD + 30 133
SHBV 129
SYMBOL 140
2/Day w/o Car
NONE 197
LSD 152
LSD + 30 157
SHBV 182
SYMBOL 15
5/Day w/o Car
NONE 133
LSD 138
LSO + 30 151
SHBY 161
SYMBOL 123
5/Day w/ Car
NONE 163
LSO 162
LSD + 30 134
SHBV 126
SYMBOL 124
5/Night w/0 Car
NONE 36
LSO 52
SYMBOL 37
S/Night w/ Car
NONHE 6)
LSO 58
SYMBOL 59

1 ft/sec = ,30 m/scec

Summary of Observational Field Study Velocity Data - Vehicles Not Opposed

Average
Hourly
Volume

281
310
331
242
23?2

130
130
116
138
109

124
140
154
144
116

113
156
132
130
148

73
107
1]

81
114
77

66.5
66.8
67.0
67.1
67.6

73.1
72.4
2.9
72.2
72.0

7V.2
73.0
71.8
72.7
72.2

M.
69.2
68.1

7.7
72.6
66.0

Measured Velocity (ft,/sec.)

Trap 2
Mean SD

63.6 6.9
65.0 7.0
64.8 7.9
65.0 7.8
66.9 7.7

58.1 8.1
57.9 8.3
56.7 7.8
57.9 8.2
58.7 8.1

75.9 6.6
74.6 6.4
75.6 6.8
74.5 6.8
74.2 7.5

73.8 7.2
75.5 6.9
73.8 8.1
74.3 6.4
74.3 6.4

74.5 6.4
71.8 7.4
70.4 8.8

73.8 8.5
74.5 10.1
68.7 9.9

Teap 3
Mean 5D

60.1 6.
61.3 7.
61.4 7.
61.8 8.
63.6 8.

60.0 7
59.0 7
59.6 7
59.4 8
60.5 7

77.0 6.4
75.2 7.8
76.4 7.2
75.1 6.9
74.8 7.5

74.9 7.2
76.6 7.3
75.5 6.7
74.9 6.9
75.3 6.7

75.3 6
7.7 9
72.8 7

74.8 8.9
74.8 10.3
70.1 8.5

58.8

59.5
98.5
59.0
59.1
60.0

7.4
69.4¢
n.3
69.5
70.3

69.0
71.6
70.0
70.1
70.0

68,4
67.5
68.3

69.%
70.6
64.6

59.7
59.8
60.5
60.6
61.3

59.13
58.2
58.7
58.5
59.3

7.8
69.9
7.6
69.8
70.5

68.5
70.4
68.2
68.6
68.5

70.4
68.6
69.4

68.5
69.5
64.8
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Table 27.

Site/Condition
and Treatment

1/Day w/o Car

NONE

LSD

1SD + 30
SHBY
SYMBOL

2/Day w/o Car

NONE
LSD

LSD + 30
SHBV
SYNBOL

5/Day w/o Car

NONE
LSD

LSD ¢+ 30
SHBV
SYMBOL

5/bay w/ Car
NONE
LSD
LSD + 30
sHav
SYmMBOL
5/Night w/o Car
NONE
LSD
SYNBOL
5/Night w/ Car
NONE

LSD
SYMBOL

1 ft/sec = .30 m/sec

Sample
Size

126
135
143
133
147

124
134
130
129
126

61
73
75
76
78

69
90
79

63

oW

13
13

Averaye
Hourly
Vvolume

362
261
259
287
277

117
114
14
122
145

122
"
154
124
208

120
136
13
166
144

73
1o
102

102
134
90

65.2

67.5
68.7
68.0

66.8
66.8
al.0
66.3
66.3

72.5
73.7
69.8
72.4
n.3

70.4
7.6
2.5
7.0
72.5

65.6

72.4
76.4
66.4

Measured Velocity (ft./sec.)

Trap 2
Mean 5D
63.2

6.3
64.7 7.5
64.5 7.8
65.8 7.5
64.5 8.1

58.2 8.0
58.1 7.8
57.6 8.6
56.7 7.9
56.9 7.8

74.9 7.3
15.1 8.2
72.5 7.1
74.5 6.8
74.5 6.3

73.1 6.6
74.8 7.1
74.8 6.2
73.5 7.%
4.6 7.2

73.2 6.7
74.3 4.4
67.7 7.5

74.8 6.9
79.2 8.9
69.1 11.8

Trap 23
Mean sD
60.3

6.7
60.4 8.2
60.4 8.4
62.1 8.4
61.5 8.3

59.6 7.1
58.6 7.2
58.8 1.9
58.7 7.2
59.1 6.6

75.8 7.7
76.0 8.3
73.5 7.4
74.7 7.0
75.2 6.3

73.8 6.8
5.7 7.2
75.3 6.3
T74.2 7.7
75.0 7.6

73.1 6.9
75.3 1.7
69.5 7.1

74.6 7.1
78.6 6.4
70.0 V1.2

Summary of Observational Pield Study Velocity Data - Opposed Vehicles

56.1
56.0
56.0
57.4
56.5

58.4
57.7
57.9
58.¢
58.2

70.¢
69.7
68.4
68.9
69.8

67.5
70.4
69.6
69.0
69.7

70.5
74.3
5.5

Trap 5

Mean

59.0
59.1
60.0
60.6
59.6

58.1
57.3
$7.3
58.4

57.6-

71.2
69.7
69.0
69.0
69.6

66.5
69.48
67.9
67.8
68.)

70.7
71.3
66.2

69.8
72.5
64.6

k1]



L9

Table 28. Summary of Observational Study Behavior Data for
Brake Applications

Site/Condition Treatment Sample size Brake Application
Not Not
Opposed Opposed Total opposed Opposed Total
1/pay w/o Car NONE 122 126 248 1 3 q
LSD 124 138 259 2 3 5
SHBY 129 133 262 2 4 6
SYNBOL 140 147 287 3 0 ]
LSD+ 30 133 143 276 1 1 2
X2 significance n/t n’t not
2/bay w/o Car NONE 197 124 321 58 46 104
LSD 152 134 286 58 56 114
SHBV 182 129 311 54 41 95
SYMBOL 151 126 277 52 44 96
LSD+10 157 130 287 66 55 121
X2 significance not not .10
S/pay w/o Cayx NONE 133 61 194 3 1 ‘Y
LSD 138 73 211 3 1 b ]
SHBV 161 76 237 8 3 11
SYMB L 123 78 201 2 1 3
LSD+ 30 151 75 226 3 3 *6
X2 gignificance aot nat .10
5/Day with Car NONE 163 69 232 21 21 2
LSD 162 90 252 23 20 43
SHBV 126 75 201 29 14 43
SYNBOL 124 63 187 19 16 15
LSD+30 134 79 213 27 11 e
X2 gignificance .10 not not
5/Night w/o Car NONE 36 9 45 3 1 4
LSD 52 6 58 0 0 0
SYNBOL 37 18 S5 4 1) 4
X2 gignificance n/t n/t n/t
5/Night with Car NONE 63 13 6 9 3 12
LSD 58 6 64 9 2 11
SYMBOL 59 13 72 5 3 [}
X2 significance not n/t not

*: Indicates cells which are combined to form
sufficiently large set of observations.

n/t: Not tested because of insufficient iacidence
of brake applications.
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Table 29.

Site/Condition Treatment

1/bay w/o Car NONE
LSD
SHBV
SYMBOL
LSD+30

%2 gignificance

2/Day w/o car NONE
LSD
SHBV
SYMBOL,
L.SD+30

X2 gigni:icance

5/Day w/o Car NONE
LsSD
SHBvV
SYRBOL
LSD+30

X2 gignificance

5/Day vwith Car NONE
LSD
SHBV
SYMBOL
LSD+30

X2 gignificance

5/Night w/o Car NONE
LSD
SYNBOL

X2 significance
5/Night with Car NONE

LSD
SYMBOL

X2 significance

#: [ndicates cells which are combined to form
sufficiently large set of observations.

Summary Oof Observational Study Behavior Data for
Drift to Right Edge Line

Not

opposed

122
124
129
140
133

197
152
182
151
157

133
138
161
123
151

163
162
126
124
134

36
52
37

63
58
59

Sample Size

opposed

126
135
132
147
143

124
134
129
126
130

61

76
78
75

69
90
75
63
79

-0

13
13

/t: Not tested because of insufficient incidence

of Right Drife,

Total

248
259
262
287
276

321
286
311
277
287

194
211
237
201
226

232
252
201
187
213

45
58
55

76
64
72

Not
Opposed

10
59
65
76
64

n/t

oo

n/t

Right Driftecs

Ooppoged

75
74
78
100
16

not

3!
*6
»?
.5
‘13

.01

[ N R
-

.05

-

DoC

n/t

Total

145
133
143
176
140

not

40
37
40
19
3

not

*]

*14
*11
*11
*19

.0l

18
11
26
11
14

.02

N O

n/t
*0
*6
13
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Table 30. Summary of Observatjonal Study Behavior Data for
Right Shoulder Encroachments

Site/Condition Treatment Sample Size Right Drifters
Not Not
Opposed Opposed Total Opposed Opposed Total
1/Day w/o Car NONE 122 126 248 1 4 5
LSD 124 135 259 4 11 15
SHBYV 129 133 262 5 2 7
SYMBOL 140 147 287 6 8 14
LSD+30 1313 143 276 S 9 14
x2 significance - n/t at not
2/Day w/0 Car NONE 197 124 321 0 1] 0
LSD 152 134 286 [ 0 0
SHBV 182 129 311 0 0 0
SYMBOL 151 126 277 0 0 0
LSD+30 157 ‘ 287 0 0 0
x2 significance " n/t n/t n/t
S/bay v/o Car NONE 133 61 194 2 2 4
LSO 138 13 211 0 0 0
SHBV 161 K 237 [} 1] )]
SYMBOL 123 7 201 0 0 0
LSD+30 151 75 226 0 0 0
x2 significance n/t n/t n/t
5/Day with Car NONE 163 69 232 2 2 4
LSD 162 90 252 0 0 0
SHBY 126 7% 201 0 0 0
SYMBOL 124 61 187 a 1} 0
LSD+30 134 7*. 213 0 0 Q
X2 significance ' n/t n/t n/t
5/Night w/o0 Car NONE 36 9 45 0 0 1]
LSD 52 6, 58 3 1 4
SYMBOL 17 1 55 1 1 2
A2 significance n/t n/t n/t
5/Night with Car NONE 63 13 76 0 0 *0
LSD 58 6 64 [ 0 *6
SYMBOL 59 13 72 5 8 13
x2 significance n/t n/t n/t

n/t; Not tested because of insufficient incidence
of Shoulder Encroachments.

Adoo ajqejieae 3saq
wouy padsnpoiday
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Table 131.

Site/Condition Treatment

1/bay w/0 Car NONE
LSD
SHBV
SYNBOL
L8SD+30

x? significance

2/Day w/o Car NONE
LSD
SHBV
SYMBOL
LSD+30

x2 signillu*'
4

H

5/Day w/o Car
LSD

H }
20
x2 signf¥lcango

S/Day with Car wols
L8P
susv

SYNSOL

%f'!’ln
%2 significance
S/Night w/o Car NONE
LS9
SY{BOL
x?2 significance
%/Night with Car NONE

LSD
SYMBOL

x2 sSignificance

Drift to Left-Centerline

sSample Size

Not

Opposed Opposed Total
122 126 248
124 135 259
129 133 262
140 147 287
133 143 276
197 124 321
152 134 286
182 129 311
151 126 277
157 130 287

"“ 61 194

136 i) 21
161 7 2
123 . 2

151 236

163 69 232
162 %0 252
126 75 201
124 6 187
134 7% 213
9 o= NPT
52 6 58
37 18 55
63 13 76
58 6 64
59 13 72

*: Indicates cells which are combined to form
sufficiently large set ot obsecrvations.

n/t: Not tested because of insufficient incidence

of left drifters.

Not
Opposed

=D

n/t

n/t

17
18

Summatry of Observational Study Behavior Data for

Brake Application

Opposed

W e

n/t

15
15

15

.02

Total

AVeaED

n/t

nat
*0
*6
25

.01

18
19

Adoo ajqejieae 3saq
wouy padsnpoiday




Table 32.

Site/Condition
and Treatment

1/Day w/0 Car

NONE
LSD
LSD+130
SHBY
SYMBOL

2/Day w/o Car

NONE
LSD
LSD+30
SHBV
SYMaoQL

S/Day w/o Car

NONE
LsD
LSD+30
SHBV
SYMBOL

S/Day with Car

HONE
LSD
LSD+130
SHBY
SYMBOL

S/Night w/o Car
NONE

LsSD
SYMBOL

S/Night with Car

NONE
LSD
SYMBOL

Intercrap Velocity Differences for Unopposed Vehicles

Trap l-2

-2.4
-2.4
-2.1
-2.1
-3.1

-8.4
-8.9
-10.3
-9.2
-8.9

+2.8
+2.2
+2,7
+2,3
+2,2

+2,6
+2.5
+2,0
+1.6
+2.1

+3.8
+2.6
+2.3

+2.1
+1.9
+1.7

1 ft/sec = .30 m/sec

Mean Velocity Difference (ft/Sec)
Trap 2-13

n

-3.5
-3.7
-3.4
-3.2
-3.3

+1.9
+1.1
+2.9
+1.5
+1.8

+1.1
+0.6
+0.8
+0.6
+0.6

+1.1
+1.1
+1.7
+0.6
+#1.0

+0.8
-0.1
+2.4

+1.0
+0.3
+1.4

Trap 3-4

-3.3
-3.7
-4.3
~4.1
-4.8

-0.5
-0.5
-0.6
-0.3
-0.5

-5.86
-5.8
-5.1
-5.5
-4.5

-5.9
-5.0
-5.8
-4.8
-5.3

-7.2
-4.2
-4.5

~5.7
-4.2
-5.5

Trap 4-5

+2.9
+2.2
+3.4
+2.9
+2.5

-0.2
-0.3
-0.3
~0.6
-0.7

+0.,4
+0.5
«0.3
+0.2
+0.2

~0.5
-1.2
-1.8
~1.5
-1.5

+2.0
+1l.1
+1.1

-0.6
-1.1
-0.2



Table 313.

Site/Condicion
and Treatment

1/Day w/0 Car

NONE
LSD
LSD+30
SHBV
SYMBOL

2/Day w/o Car

NONE
LSD
LSD+30
SHBV
SYMBOL

S/Nay w/o Car

NONE
Lsr
LSD+3u
SHBV
SYMBOL

S/Day with Car

NONE
LSD
LSD+30
SHBY
SYMBOL

S/Night w/o Car
NONE

LSD

sSYMaoL

$/Night with Car
NONE

LED
S1%BOL

Intertrap Velocity Differences for Opposed Vehicles

Trap 1-2

-2.0
-2.6
-3.0
~2.9
=3.5

-8.6
-8.7
-9.4
-9.6
-9.4

+2.4
+1.4
+2.7
+2.1
+2.2

+2.7
+3,2
+2.3
+2.5
+2.1

+3.1
+2.4
+2.1

+2.4
+2.8
*2.7

1 ft/sac = .30 m/sec

Mean Velocity Difference (ft/Sec)
Trap 2-3

72

-2.9
4.3
-4.1
-3.7
~3.0

+1.4
+0.5
+1.2
+2.0
+2.2

+0.9
+0.9
+1.0
+0.2
+0.7

+0.7
+0.9
+0.5
+0.7
+0.4

-0.1
+1.0
+2.2

Trap 3-4

-4.2
-4.4
-4.4
-4.7
-5.0

-1.2
-0.9
-0.9
-0.3
-0.9

-5.4
-6.3
-5.1

-5.4

-4.7
-6.5
‘3'9

-4.1
-4.3
~4.5

Trap 4-5

+2.9
+3.3
+4.0
+3.2
+3.1

-0.3
-0.4
-0.5

0.0
-0.6

+0.8

+0.6
+0.1
-0.2

-1.0
-0.8
-1.7
-1.2
~l.4

+2.3
+2.5
+0.6

~0.7
~1.8
~0.9



by drifting to the right (as far as
but no farthe: than the right edge of
the traveled way) varied mmong signs,
but not consistently across sites.

At site !, no significant difference
in freguency was found. At gite 2,
however , both the no-sign condition
and the SHBV sign were associated

with a greater than expected Dropor-
tion Oof vehicles that moved toward

the right edge line, while both the
SYMBOL and the LSD+30 candidates had a
lower than expected proportion. At
site 5 during the daytime, the LSD and
(50430 signs had more right-drifters
when a parked vehicle was present,

Only at site ! were vehicles
found to drift so far to the right
that they crossed onto the shoulder
of the road. Because the shoulder of
the road was substantially widened in
the vicinity of the hill crest at this
site, 8O much as to appear as if it
were an additional lane, {t was be-
lieved that this behavior was more a
Eactor of this particular site cthan
tepresentative of behavior at vertical
curves. Still, the LSD sign was found
to be associated with a greater fre-
quency of occurrence of this behavior
than expected, while the SHBV candidate
was associated with fewer vehicles
crossing onto the shoulder than ex-
pectad.

Finally, the proportions of
vehicles that drifted left as far as
the center line of the roadway were
found to be significantly different
among sign candidates at site 2 and
site 5 only during daylight without
the parked vehicle. At site 2, fewer
vehicles than expected drifted left
for both baseline and the LSD+30 sign,
while a larger number drifted left
for the SYMBOL candidate. At site 5,
fewer vehicles than expected drifted
ieft under the baseline condition,
but more than expected drifted left
for the LSD sign.

Thers were no consistent indica-
tions that any particular sign was
associated with "safer® behavior than
any other sign. If a judgment of
safety is placed on each of the behav-
ioral attributes such that "safer" is
associated with braking and keeping
to the tight wvhile “less safe” is
associated with drifting to the left
or crossing onto the right shoulder,
each sign was associated with both
sttot and less safer behavior at every
site.

iz

6.5 Conclusions Regarding PFiasld
Experiments

It must be concluded that the
natuwre of the effect that each sign
candidate had on the behavior of
drivers could not be measured using
the techniques employed in the obser-
vational field study. It was shoun
By the Findings of the controlled
tield study, discussed in pter 5,
that driver behavior was measurably
influenced by each of the candidate
warning devices. That influence was
measured in terme of a) the number of
aoservations of certain driver responses,
b) each driver's ability to freely
recall, recognize, and comprehend each
of the warning devices, and c) each
driver's preference for each candidate
limiced sight distance device. It was
evident that the existing LIMITED SIGHT
DISTANCE and LIMITED SIGHT OISTANCE
with a JOMPH advisory apeed limit
yenerally did not produce desirable
driver responses as frequently, nor
were they recalled, comprehended,
recognized, or preferred as often as
the SLOW HILL BLOCKS VIEW or the symbol
signs. It can therefore be inferred
that the SLOW HILL ALOCKS VIEW and
s;mbol signs do result in modified
driver behavior that we may speculate
i3 associated with a greater driver
awareness that a hazard may exist
downstream, and also may result in a
heightened level of alertness, compared
to the existing LiMITED SIGHT DISTANCE
signs.

Based primarily on the findings of
the controlled field s:udy, it is there
fore concluded that the SLOW HILL BLOCKS
VIEW verbal sign candidate and the sym-
bol candidate are, at present, the
most desirable choices to replace the
LIMITED SIGHT DISTANCE sign. It is rec-
ommended, based nn the finding that the
Symuul candidate res Y zad in the largest
proportion of contruiled study drivers
who responded in an appropriate manner,
that the syabol sign be used as the
replacement for the LIMITED SIGHT DIS-
TANCE sign. The symbol sign should
initially be placed with a verbal sup-
plemantary panel stating SLOW HILL
BIOCKS VIEW. Details of the gquidelines
for use and location of the replacement
limited sight distance warning sign are
pcesented in Chapter 7.



7. RECOMMENDED GUIDELINES AND
CRITERIA

7.1 Warranting Conditions and Guide-
lines

The MUTCD (1) indicates that the
existing LIMITED SIGHT DISTANCE sign,
with supplemental Advisory Speed plate,
is to be used on vertical curves where
there is not sufficient stopping sight
distance. Purther, it is stated that
the sign is not intended to serve as
a substitute for an engineering solu-
tion to the stopping sight distance
limitation at locations where eng ineer-
ing judgment has indicated that such
a solution is warranted because of
saftey considerations or other known
problems.

That very broad-based criterion
for the decision to either implement
the limited sight distance warning
sign (designated generically, hence-
forth meaning the recommended- SYMBOL
version) or to undertake an alterna-
tive engineering solution, leaves much
room for interpretation by state and
local agencies. For uniform applica-
tion of the sign on a national basis,
more specific quantitative criteria
would be highly desirable. It was be-
yond the scope of this ressarch pro-
ject to develop criterion based on
accidents. Similarly, the projsct
scope did not provide for the develop-
nent of criteria based on an exmmina—
tion of the effectiveness of the warn-
ing devi. & at a wide variety of sites
that exturpassed the range of sight
distanc: zestrictions, hazard types,
highwav speeds, traffic volumes, and
other indaegendent variables that might
be used to define a full experimental
design. Therefore, the recommenda-
tions for warrants presented in this
r:pott must be somewhat mo-a subjec-

t v.'

In general, the limited sight dis-
tance warning sign should be used where
the vertical aligmment of a cwo-lanz ot
three-lane highway causes the sto
sight distance to be less than r.|£
dlstance required for safe driving at
the normal speed of traffic on that

roadway in the vicinity of a crest
vert.cal curve.

The length of a crest vertical
curve r:quired tor stopping sight dig-

tance is calculated from the following
exprassions (source - ref, 2):

ASZ
(1) v e TOO(yZh,# y2hy)2 for S<L
2
200(rhg + Yhy)

A

2) L= 28 -

for §S>1L

Where

a length of vertical curve (ft)

sight distance (ft)

= algebraic difference in

grades (%)

hg = height of eye above roadway
sur face (ft)

ho = height of object above road-
way surface (ft)

>0
[ ]

The value of hy has been accepted
as 3.50 £t (1.07 m), and is usually
designated as 0.50 ft (0.15 m), thus
equations (1) and (2) become:

(3) L = ASz

When S is less than L, or
(4) L = 28- 1329
A
: Nhen S is grester than L

The required lengths of vertical
curvaes to provide adequate stopping
distance for all values of A and for
a range of design speeds may be calcu-
lated from:

(S) L = KA

The rounded values of K for a range
-of design fpeeds are liasted in
Table 34. The adequacy of the exist-
ing sight distance can be readily
determined by comparing the required
lengtn of curve, calculated from equa-
tion (5), to» the known length of ver-
tical curve. Should the available
sight distance be in dequate, the max-
imum safr speed for that curve may be
determined by solving for K using the
existing curve length and the existing
gradient difference, then intecrpolat-
ing the cesign speed from the values
in Table 24. That is the advisory
speed limit that snould be used in
conjunction witn the limited sight
distance warning sign.

Table 34. K Values for Stopping
Sight Distance on Crest Vertical

Curve
Design Speed K Value
mph kph minimm desirable
30 48 29 29
40 64 60 70
S0 80 90 150
60 97 170 s
65 155 228 435
70 113 270 540
% 121 340 680
80 126 4290 820

74



The Traffic and Safety Division
of the New York Department of Trans-
portation has prepared and incorpora-
ted into their state version of the
MUTCD an expanded description of the
purpose and application of the limit-
ed sight distance wacning sign (7).
Guidelines of that type are appropri-
ate for national use, and are there-
fore presented with some editorial
changes and additions, as follows:

GUIDELINES FOR LIMITED SIGHT
DISTANCE SIGN

1. This sign may be used where stop-
ping sight distance, as defined and
used for highway design purposes,
is limited by vertical highway
alignment to a value that is less
than adequate for the prevailing
speed along the highway.

2. The sign should be used only at
locations where engineering judg-
ment indicates that warning of
such limited stopping sight dis-
tance may be helpful in diminishing
an existing or potential problem.
The sign is primarily intended for
use where resurfacing or minor road
improvements are likely to increase
speads above the safe design value
associated with the existing verti-
cal alignment, or where such im-
provements or other local highway
conditions have resulted in a level
of driver attentiveness below the
level that is deemed appropriate
for safe vehicle operation in the
area of the existing vertical
al ignment,

3. The sign should be supplemented
with the appropriate Advisory Speed
plate which indicates the speed for
which the limited stopping sight
distance is desmed adequate, if
that speed iS different than the
regulatory speed limit posted on
the highway in the nearby viciaity
of the vertical curve.

4, Where this sign is used on a two-
or three-lane two-way highway
(which has pavement markiags), a no
passing zone in the appropriate
direction of travel shall be marked
through the entire section where
stopping sight distance is deened
mioquatc. Whete the resulting
no-passing 20ne would be less than
400 ft (122 m), it shall be extended
to 400 ft (122 m) by adding the
additional length at the beginning
of the zone. Where an existing
no-passing zone marking includes
part, but not all, of a limited
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sight distance section, such zone
shall be extended as necessary to
include the entire section.

S. The reference point for the ad-
vanced posting of this sign is the
beginning of the highway section in
which stopping sight distance is
deemed inadequate. The sign 3hould
be placed about 750 ft (229 m) in
advance of the reference point,
This placement location may be ad-
justed to reflect existing traffic
speed and local geometric conditions,
such as the presence of inltersec—
tions, driveways, other signs, and
obstructions.

6. It is adviced that a supplemen-
tary panel, 18 in (46 cm) by 24 in
(61 om) bearing the legend SLOW HILL
BLOCKS VIEW be used with the symbol
sign for the limited sight distance
warning for a pericd of time suf-
ficient for motorists to hacome
accustomed to the meaning of the
symool sign,

7. A supplamentary sign panel may be
used to indicate the specific na-
ture of the hazard if it is belived
that the provision of such informa-
tion will aid in increased driver
attentiveness and/or a speed ad-
justment. Supplementary panel leg-
ends may include INTERSECTION,
DRIVEWAY, or very brief identifica-
tion of other permanent potential
hazards. :

It should be noted that when
planning the installation of the sign,
the number of possible supplementary
panels must be kept to a reasonable
number to avoid motorist confusion and
an overload of information. For ex-
ample, the earliest installavions of
the sign could include the primary
symbol sign diamond-shaped panel, a
rectangular SLOW HILL dLOCKS VIEW leg-
end, a rectangular hazard advisory
panel such as INTERSECTION, and a rec-
tangular advisory speed limit panel.
In such a Case, it may be advicable to
either combine the hazard advisory
with the sign legend, which would be
cremoved after several years and re-
placed with the hazard advisory alone,
or to use a separate sign installation
to wvarn of the specific hazard, using
the symbol sign for a Cross Road
(wW2-1), Side Foad (W2-2, W2-3), T sym
bol sign (W2-4), or Y symbol sign
(W2-3), or other appropriate warning
device.

The technical specifications for
tha SLOW HILL BLOCKS VIEW symbol sign

and supplementary panels are presented
in the APPENDIX.
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APPENDIX -~ TECHNICAL SPECIF ICATIONS

This appendix contains the tech-
nical specifications for the SLOW HILL
BLOCKS VIEW sign and the supplementary
verbal panel which should be used with
the symbol sign until drivers become
accustomed tc¢ its meaning.

The following table provides key
dimensions for warning signs and pa-
nels in 30 in x 30 in (76 o x 76 cm),
36 in x 36 in (91 om x 91 cm), and
48 in x 48 in (122 om x 122 cm) sizes.

Symbol Sign Specilications

Size Margin Border a
30"«30" 172" Ia" 15" 6"
36" x36" 5/8" 1/8% 18" 7
48"x48" 3/4" 1 1/4" 24" 9

note: 1% = 2.54m

b

1/4%
5/8%

Supplementary Panel Size

18¢
24"
3o"

Supplementary Panel Specifications

Size Marg in Border
18%x24" 3/8" V2"
24"x30" 1/2* 3/4"
30" x40" 1/4° 1*

note: 1" = 2.54cm

L
w
w

Letter Size (all

SLOoW
4"
LA
&"

HILL

8

3.
‘I
sl

x 24" D
x 30" D
x 40" D

Series C or D)

B8LOCKS
3
4"
s'

VIEW
3.
44
5"



Recommended Symbol Sign
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