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FOREWCRD

This report provides & deteailed evaluation of an experiment conducted
at the Federal Highway Administration’s (FHWA) Maine Facility to test
the effectiveness ¢f different combinztions of roadside signs and
devices mounted cn a slow-moving vehlicle to alert motorists that they
are approaching 2 slow-moving vehicle on 2 grade. The report will be
of particular interest to traffic research and development audiences.
An executive summary of this report is now being prepared and will be
distributed later to traffic safety personnel, motor-carrier operators
and engineers who are »esponsible for traffic accident prevention.

In the experiment, 2 staged slow-moving vehicle was introduced into

the traffic stream and data were taken on motorists’ reactions who
overtook it. The results indicated that the use of standard four-way
flashers on the back of trucks was an effective way of causing following
motorists to modify their reaction distance, speed reduction, and
vehicle following characteristics. The effects of roadside signs were
positive in the vicinity of the roadside signs in that motorists reducad
their speed slightly. However,; they quickly resumed their initial

speed once past the sign, but before they sighted the slow-moving
vehiclie.

Sufficient copies of the research report are being distributed by FHWA

to provide one copy to each Regional Office; one copy to each Division
Office, and one copy to each State Highway Agency. The State and Division
Office copies are being sent directly to each Division Office.

AR %
Charles F. Schd v

Director, Office of Research
Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.

The conients of this report reflect the views of the authors who are
responsible for the facts and the accuracy of the data presented herein,
The contents do not necessarily reflect the official views or policy of
the Department of Transportation.

This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.
Trade or manufacturers’' names appear herein only because they are considered
essential to the object of this document.
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1.0 INTRODUCTION

The National Safety Council (1976) recently reported that twenty-six
percent (26%) of all rural non-intersection accidents involving two
vehicles occurred when both vehicles were traveling in the same direction.
One of the principal factors in these types of accidents is the speed differ-
ential between the two vehicles. Thus, vehicles moving considerably more
slowly than the mean speed on a particular roadway constitute a significant
traffic hazard.

The hazard potential of slow moving vehicles is probably at its great-
est when heavily laden trucks are expected to negotiate a reasomably steep
grade. Since trucks travel 8 km/h (5 mph) to 11 km/h (7 mph) slgwer on the
average than passenger vehicles on level terrain, grades tend to widen this
differential. While trucks' hill-climbing abilities vary with the weight-
horsepower ratio, a typical truck whose pounds/horsepower is 136 kg/horse
power (300) would slow from 80 km/h (50 mph) to 48 km/h (30 mph) over
610 m (2,000 feet) of a 4% grade (Glennon and Joyner, 1969); a dramatic,
and sometimes unexpected, decrease. On the other hand, grades have little
effect on the speed of passenger vehicles. Thus, the probability of faster
vehicles overtaking slower ones increases on upgrades as does the potential
for rear end collisions.,

There is, however, a lack of consensus relative to the method(s) to be
used for warning motorists of the possibility of encountering slow-moving
vehicles on the rcad ahead. The principal objective of this study was to
evaluate the relative effectiveness of two approaches to providing motorists
with such a warning. Specifically, the two approaches studied were:

. roadside signs warning of the potential of slow-moving vehicles
ahead, and

. vehicle markings on the slow-moving vehicles.

The study was limited to a rural two-lane situation where slow-moving
vehicles were likely to be encountered (i.e., an upgrade). The study was
undertaken at the Federal Highway Administration's (FHWA) Maine Facility
(the Facility) during the summer of 1977 and winter of 1977/1978.

Considerable research has been done relative to the type of vehicle
markings appropriate for slow-moving vehicles when such vehicles have been
identified as tractors (or other farm equipment), horse drawn wagons and
carriages, or construction equipment, but results vary (see King, et. al.,
1977 for a review, or Harkness and Stuckey, undated; National Safety
Council, 1966; and Francis, 1971).

As to the use of four-way flashers as a warning device on slow moving
vehicles, Knoblauch, et. al. (1978) reported that opinions among the States
are divided as to their effectiveness and legality. Pennsylvania, for
example, posts signs on the Turnpike stating "Trucks Under 64 km/h (40 MPH)



Use Flashers' at specific locations. On the other hand, California and
Virginia prohibit the use of four-way flashers unless a vehicle 1s stopped.



2.0 EXPERIMENT IMPLEMENTATION

The project was principally concerned with the evaluation of roadside
warning signs and vehicle markings/devices. In general, the approach taken
was to insert a staged slow-moving vehicle into the normal traffic stream
on a specific experimental segment of U.S. Route 2 in Central Maine (under
a specific set of conditions - e.g., dry pavement, daylight)} and observe
and record the reactions of motorists as they entered an experimental area;
passed a roadside warning sign; and sighted, overtook and followed, or
passed the slow vehicle. Through the use of a system of induction loops
embedded in the road at 61 m (200 feet) intervals the motorist was tracked
over an approximate 1524 m (5,000 feet) grade varying between three and °
seven percent. The loops are connected to a Raytheon 500 computer. The
capabilities of the Maine Facility for experimentation of this sort in
general and the arrangement for this particular project were discussed in
detail by Lanman (1978).

The instrumentation allowed the computer to identify a '"subject
vehicle" at Point A (Figure 1) and "track” it over the instrumented section
as it overtook, and possibly passed, a slow-moving vehicle. To ensure that
encounters with slow-moving vehicles were consistent with one another, a
staged vehicle was inserted at Point C and traveled upgrade at a fixed
speed. The procedure is best illustrated by the sequence of events for a

"run" outlined as follows:

1. the staged vehicle was "at the ready" on the side road at
Point C;

2. the computer identified the next vehicle (subject vehicle) enter-
ing the experimental section at Point A which satisfied the
following criteria -

a. there were no other vehicles between the subject vehicle
and Point C, and

b. the subject vehicle was moving at least 24 km/h (15 mph)
faster than the staged vehicle's assigned running Speed
(this was to ensure that the actual overtaking occurred in
Zone D) ;

3. the computer gave the driver of the staged vehicle a "go" signal;
4. the driver pulled out onto the road, accelerated to the assigned
running speed, and maintained that speed through the remainder

of the instrumented section;

5. the computer tracked both the subject and staged vehicles rela-
tive to their positions on the grade and speeds; and
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6. after the staged vehicle reached Point E, the driver pulled

off, returned toc.Point C and signaled the computer that he was
ready to.go again.

During the course of a "run'" the driver of the subject vehicle saw
a specific sign condition at the roadside (relative to slow moving vehicles),
and then encountered a specific staged vehicle with specific markings. All
data relative to the subject vehicle driver's responses were Trecorded
automatically on magnetic tape for later processing. Raw data were in
the form of time intercepts of the embedded loops. They were later processed
to reflect a vehicle's speed profile from which the different measures of
effectiveness were calculated (see the following sections for details.)



3,0 VARTABLES AND MEASURES

3.1 INDEPENDENT VARIABLES

The principal variables examined in this experiment involved various
roadside signs and vehicle markings. These, along with the type of slow
moving vehicle, were the principal independent variables. All of the
independent variahles considered in this experiment are discussed in the
following paragraphs.

3.1.1 Slow Moving Vehicle Type

Two different vehicle types were used for the experiment. Arlarge
two-axle truck with a box body was chosen to represent a vehicle which is
often slow moving. For the experiment, the truck was operated empty and
the box was closed to the view of overtaking motorists. The truck was
operated at two different speeds, 32 km/h and 48 km/h (20 and 30 mph).

The other vehicle type, one that is always slow-moving, was a small
to medium size utility tractor with an enclosed cab. The tractor phase of
the experiment was curtailed due to the extreme vibration and jostling the
driver had to endure when the vehicle was continuously driven on the hard-
surfaced road at 24 km/h (15 mph).

3.1.2 Roadside Signs

One of the variables of primary interest was the roadside signs. The
basic hypothesis was: provision of a warning sign that conveyed information
to the motorist relative to the possibility of encountering a slow-moving
vehicle ahead would result in a less hazardous situation when such a slow-
moving vehicle was actually sighted and overtaken.

The roadside signs that were actually deployed are illustrated in
Figure 2. Briefly, the first condition was a base which yielded information
regarding what motorists' reactions were when no sign was present. The
second was a warning sign for '"SLOW MOVING VEHICLZES AHEAD." While the
message was non-standard, it was straightforward and non-ambiguous. The
urgency of the information conveyed to motorists is typical of other warning
signs.

The next sign condition had the same message but was made more emphatic
by the addition of continuously flashing beacons mounted above the sign.
It was hypothesized that the motorist seeing this sign was conveyed more
positive (and urgent) information. The last sign condition conveyed the
most positive information since the addition of the "WHEN FLASHING" plaque
to the basic sign informed the motorist, with virtual certainty, that he or
she would encounter a slow-moving vehicle. The beacons in the last conditions
were activated by the subject vehicle crossing an embedded loop sc that the
driver of the subject vehicle actually saw the beacons begin to flash.,
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Thus, the four sign conditions represented a base and successively
more positive information relative to the conditions to be encountered on
the road ahead. The signs were sighted well before the slow-moving vehicle
was in view.

The reasons for selecting the wording on the signs were twofold -
first, the wording should be relatively familiar to most drivers, and the
second was in response to the requirement that the basic message should
make sense when combined with the "when flashing'" plaque.

The rationale for including a vehicle activated sign in the series had
two aspects. First, there has been relative success in providing motorists
with definitive information. (This was a reasonably successful approach in
slowing vehicles as they passed through a rural village where the message
indicated that they were exceediag the posted spead.) Second, the vehicle
actuated device had a particular value as an attention getting device.

3.1.3 Vehicle Markings

The other key variable concerned the warning conveyed by on-board
vehicle markings. The markings differed according to the type of vehicle
that was used as the staged slow vehicle. When the single unit truck was
used, the marking conditions were simply whether or not the truck's standard
four-way flashers were activated. The consideration of using standard
flashers as a warning device on slow moving trucks should help to resolve
some of the disagreement among the States (and regulatory agencies) relative
to whether or not such use of flashers should be recommended (see e.g., King,
et al,, 1977 or Knoblauch, 1978 for a summary of the opposing viewpoints.)

Three conditions were defined when the tractor was the staged vehicle:
no symbol, U.S. Standard Slow Moving Vehicle (SMV) emblem, and a modified
New Zealand Standard {(SMV) emblem (see figure 3). This was similar to the
truck marking sequence since the modified New Zealand Standard differed
primarily in the addition of flashers.

3.1.4 Other Variables

In addition to the independent variables specified above, there were
others which were accounted for in the experiment. The other specified con-~
ditions are summarized below:

Ambient light - truck data were collected during the day and
night, tractor data were collected during the day only, and
no data were collected during dawn and dusk periods;

weather and pavement conditions - data were collected during
periods with good visibility (e.g., no fog) and dry pavement;
and
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. passing vehicles - for the truck phase, analysis was restricted to
considering those vehicles which did not pass the slow-moving
vehicle, and only limited analyeis was undertaken on those
vehicles which. passed the tractor.

A summary of the independent variables is provided in Tahle 1.
3.2 DEPENDENT VARIABLES AND MEASURES OF EFFECTIVENESS

As discussed previously, each acceptable subject vehicle was tracked,
unbeknownst tc the motorist, by the computer. As the vehicle crossed over a
loop detector buried in the roadway, the detector sent an on-off pulse to
the computer which, in turn, calculated the speed of the vehicle over that
portion of the road. That series of "speed" points over the test section
yielded a composite speed profile which formed the basic data set for analysis.
Of the several variables calculated, definitions of the seven on which the
majority of the conclusions are based are provided below,

The variables were chosen as being indicative of the "safety" of an
overtaking maneuver or of the '"awareness" of the driver performing the
maneuver, The degree of effectiveness of any sign or marking was determined
relative to base conditions by the presence or absence of significant
"positive" changes in the values of these variables. A '"positive'" change
was one presumed to increase the general level of safety of the maneuver.

The dependent variables that were of interest can be separated into two
groups: the early grade variables, which were those calculated for each
subject vehicle prior to sighting the slow-moving vehicle; and the overtaking
variables which were calculated after the slow vehicle was in view.

3.2.1 Early Grade Variables {(Before slow vehicle is sighted)

The entry speed was calculated as the subject vehicles entered the
test section. In addition to providing a criterion for acceptance as
a subject vehicle, comparison of entry speeds for each set of vehicles
was a measure of whether or not the sets of vehicles were behaving similarly
as they entered the experiment area.

The early grade speed is the average speed over the first 48 m (1,600
feet) of the experiment area. While the staged slow-moving vehicle was
generally not visible, the roadside sign condition was. Lower values
(relative to the base condition - no sign) would indicate that the signs
had a positive effect in slowing the subject vehicles as they began the
upgrade.

Initial speed reduction is the difference between the entry speed
and the early grade speed. A larger value indicated that there was
a reduction in the mean vehicle speed, presumably due to the sighting of
the rcadside signs.

10



TABLE 1 SUMMARY OF INDEPENDENT VARTABLES BY VEHICLE TYPE

INDEPENDENT LEVELS OR CONDITIONS
TEST VEHICLE VARIABLES ENCOUNTERED
Tractor Ambient Lighting 1. Day Only
Roadside Signs 0. Base
1. SC#1 (See Fig. 2)
2. SC#2 (See Fig. 2)
3. SC#3 (See Fig. 2)
Speed of Test Vehicle 1. 24 ¥m/h (15 MPH)
Vehicle Warning Device | 0. None
1. U.S5. Standard (See Fig. 2)
2. N.Z. Standard (See Fig. 3)
Truck Ambijent Lighting 1. Day
2. Night
Roadside Signs 0. Base
1. SC#1 (See Fig. 2)
2. SC#2 (See Fig. 2)
3. SC#3 (See Fig. 2)
Vehicle Warning Device | 0. None Activated
1. Standard Four-Way Flashers
Activated’
Speed of Test VYehicle 1. 32 km/h (20 MPH)
2. 48 km/h (30 MPR)

11




3.2,2 0vertakingﬁVariables {Subject vehicle actually overtaking slow
vehicle)

The maximum speed reduction is the maximum speed change Iin any 30m
(100 feet) interval. A larger reduction was indicative of a more abrupt
change in the velocity profile of the overtaking vehicle. An effective
warning device (either on the vehicle or the roadside) should result in
a more uniform reduction in speed and, hence, a lower value.

Minimum space headway is the minimum spatial separation of the over-
taking and slow vehicles (for non-passing vehicles). Larger values
indicate that the overtaking vehicles did not follow the slow, vehicle as
closely. More effective devices would lead to higher values. Values
can be compared to "standards" (e.g., 1 car length per 16 km/h (10 mph))
as an indication of effectiveness.

o

Minimum time to colllsion is a type of time headway. As the subject
vehicle overtook the slow vehicle, a continuing record was kept sc that
at any point in time, given the speeds of both vehicles and their spatial
separation, a time to interception (collision) could be calculated which
assumed that both vehicles maintained their current speeds. The minimum
of these values was the value of the variable in question. Larger
relative values were indicative of a safer situation. (Note that this
value is not directly comparable to the so-called "two second rule.')

The reaction distance is the space headway between the two vehicles
when the overtaking vehicle had reduced its speed by ten percent (10%),
or about 8 km/h (5 mph), from the early grade speed. Larger values of
this variable indicated that the overtaking vehicle was beginning to slow
down further back from the slow vehicle.

3.2.3 Other Variables

Several other variables were also computed, but were subsequently
deleted from the analysis for one or more reason: (1) they were
essentially redundant forms of those above; or {2) they were untested,
"experimental" forms which proved either inconsistent or insensitive
to the effects under investigation.

12



4.0 DATA COLLECTION AND ANALYSIS TECHNIQUES

4,1 DATA COLLECTION

Data collection, in general, consisted of tracking subject vehicles
over the experiment section under a given combination of the independent
variables. For example, one of the combinations consisted of slow moving
vehicle type truck; slow vehicle speed: 32 km/h (20 mph); light condition:
daytime; roadside sign: SC#3 (vehicle activated); and vehicle warning device!
standard four-way flashers activated. All subject vehicles expesed to this
set of conditions were grouped together, and their average value on a
dependent variable (e.g., entry speed) was calculated and compared to that
of another group of vehicles exposed to other combinations of conditions
(e.g., an identical set of conditions with the exception of roadside sign
condition).

4.2 ANALYSIS TECHNIQUES

The first of the three levels of analysis undertaken primarily consis-
ted of a graphical comparison of the mean values and variances of a depend-
ent variable attained under each possible combination of roadside sign and
vehicle marking conditions with other variables held constant. The effects
being compared are shown in Table 2. The initial analysis also provided
a check for erroneous input entries, e.g. impossible vehicle speed. The
results of the first level of analysis (and those described below) are
discussed in a later section and presented in detail in Appendix A.

TABLE 2. SUMMARY OF VARIABLE COMBINATIONS

Roadside Sign Conditions

SC#Q SC#1 . SCf2 . SC#3
VSC#0
Vehicle )
Marking VsCi#z
Conditions
*VSCi#2

Conditions held constant: Vehicle type, vehicle speed, ambient light.

*Note that when the truck is the slow vehicle there are only two
(SC#0 and SC#1) vehicle marking conditions.

13



The next level of analysis consisted of a statistical comparison of
the mean values. A one-way analysis of variance with multiple comparisons
(contrasts) was undertaken for each set of graphical results.

The last level of analysis consisted of multiple-way ANOVAs structured
to examine the data for interactive effects - that is, were there elements
of driver behavior which were not explained by either the use of flashers
or deployment of signs alone but by a combination (interaction) of the two.
For example, it seemed logical that if the activated sign was effective as
an advance warning device alone {(which it was to some degree) and if the
flashers were effective once the slow-moving vehicle was in sight {(which
they were), there would have been some additional (interaction) effect if a
motorist saw a vehicle with flashers after seeing the activated warning

sign.
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5.0 DETAILED RESULTS OF THE EXPERIMENT

In the preceding sections the principal variables were introduced and
discussed, and a summary of findings is presented in section 6. In this
section the specific results of the experiment are presented.

5.1 EARLY GRADE VARIABLES

Three variables were identified as early grade variables. These were
basically concerned with the motorists' reactions prior to seeing the slow
moving vehicle.

Entry speed was calculated at the point where the vehicle was
initially picked up by the computer - the motorist could not see either
the slow moving vehicle or the roadside sign. The importance of entry speed
was basically to ascertain whether or not the samples of motorists that saw
each sign condition were similar. (Note that some absolute differences in
entry speed were expected - e.g., the differences between vehicles observed
during the day and the night). An examination of the entry speed values for
all groups showed the similarity among the samples, a result which was con-
sistent with expectations,

In all instances there were differences in early prade speed. The
multiple comparisons that were made basically supported the contention
that the signs, and especially lighted ones, were effective. Explicit
comparisons were made relative to the overall effectiveness of any sign
versus the base conditien (no sign) and the basic sign versus one equipped
with continuously flashing beacons,

For the daytime data (with the truck traveling at 32 km/h (20 mph)), the
results were somewhat mixed although the clear tendency was for signs of any
type to have some slowing effect and for the addition of continuously flash-
ing beacons to increase the effectiveness. The results when the slow truck
was traveling at 48 km/h (30 mph) were less clear-cut (especially relative
to the superiority of flashing signs).

For the night-time data, the results were less ambiguous: the signs
lighted with flashing beacons were superior; and signing, in general, was
more effective than having none present. It is important to note that
although the differences are statistically significant at no less than the
.975 level for the night data, the actual differences in "'real" terms are
on the order of one or two mph which was of small practical importance.

Basically, the results were similar regardless of whether the truck
or the tractor was the slow vehicle.

As with early grade speed, initial speed reduction increased in
effectiveness was noted with the increasing urgency of the information
that the sign conveyed to the motorist. Again, as above, while statistical
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significance was achieved in . several instances, the absolute differences
which were under consideration were not more than 5 km/h (3 mph) (which

as a practical matter is a slight difference). This comment notwithstanding,
the trend was reasonably clear and, at night, unambiguous.

5.2 OVERTAKING VARIABLES

It was expected that the roadside signs would have some lasting effect
on the values of the variables measured once the slow-moving vehicle was in
sight and the actual overtaking was imminent. In general, this was not the
case - that is, the signs appeared to have no lasting effect on the motorists
as they actually caught up with the slow moving vehicle. The following dis-
cussion pertains only to instances when the slow vehicle was thé truck.
Tractor results are reported separately.

In all but one instance the use of four-way flashers on the slow
vehicle resulted in less maximum speed reduction by motorists closing on
the slow vehicle (in an absolute sense}. However, some of the differences
were mnot statistically significant, For example, when the truck was
traveling at 32 km/h (20 mph), all differences except one were significant.

Several comparisons were made for night data alone, and using day
and night data. The first result was that the use of flashers at night had
an advantage over non-use. The seccond, and perhaps more interesting, result
was that flashers were as effective during the day as they were at night.
A third result was that a comparison of day and night data when the four-way
flashers were not in use showed that the night drivers were more likely to
have less abrupt veleocity changes than their daytime counterparts. This is
possibly explained by either 1) that the running lights of the truck
provided a better visual cue as to the truck's presence and speed, and, thus
overtaking drivers were more cautious, or 2) that drivers at night tended to
be more cautious in general.

Thus, relative to maximum speed reduction when the use vs. non-use of
flashers was examined there was a clear, if not always statistically signifi-
cant, trend. A trend attributable to the effects of the roadside signs (for
the overtaking variables) was not apparent. For example, considering the
results when the slow moving vehicle was the truck going 32 km/h (20 mph),
it appeared that sign condition 3 alone was roughly as effective as the use
of flashers. However, when the truck was going 48 km/h (30 mph) the opposite
was true (i.e.,, SC#3 was the least effective). Thus, although some of the
results relative to the effectiveness of roadside signs were positive if
taken individually, a consideration of the overall results yielded the
conclusion that the use of signs was inconsequential relative to changes in
motorist behavior during actual overtaking.

In all instances the use of flashers by the truck resulted in the

overtaking vehicles following at a safer distance (i.e., a greater minimum
headway). However, not all of the differences were statistically significant.
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The comparison of day and night use of flashers showed that the flashers
were generally as effective during the day as at night. Using the "rule of
thumb” that safe following distance is equivalent to one car length per
16 km/h (10 mph) of speed, the safe following distance was attained for only
one treatment combin=tion when the slow vehicle was not using flashers.
Conversely, when flashers were in use, the safe following distance was
attained in several instances.

Although it generally appeared that the roadside signs had an inconse-
quential effect, there was some graphical evidence that there was an inter-
active effect between the lighted signs and use of flashers on the slow
moving vehicle. This latter result was not consistent across the three
basic comparisons that were made.

Relative to daytime data, the use cof four-way flashers by the slow-
moving vehicle resulted 1in significantly higher time to collision values,
regardless of its speed for all treatment combinations, but one. Night
results were similar.

A comparison of day and night data with flashers 1in use again showed
that use of flashers tended to be as effective during the day as during the
night.

Relative to the effects of the roadside signs, the results were incon-
sistent. In one or two instances there was evidence of a trend in the
effectiveness of the lighted signs (or for some interaction effect). However,
examination of all results led to the conclusion that the roadside signs had
little continuing effect.

The results relative to reaction distance were similar to the others
reported above - that is, in most instances the use of four-way flashers
resulted in significantly higher values. Comparisen of day and night data
showed that while the results were analogous, the tendency was for flashers
tc be more effective during the night than during the day.

This last result may be explained by the fact that the variable (reaction
distance), while being classed as an ''overtaking variable,"” was measured
some distance from the slow-moving vehicle although visual contact had been
made. Thus, the flashers, which were more noticeable at a distance at night,
were more effective at night than during the day.

An examination of the data showed some weak indication in a statistical
sense that lighted signs may have been somewhat more effective than non-
lighted ones. Therefore, no strong conclusion can be made in favor of
sign effectiveness. However the need for possible additional research is
suggested.

Several other variables were examined including '"'space headway at the
point of maximum speed reduction" and a '"confusion measure.'" The results
relative to these variables were inconsistent, in either a positive or
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negative sense, relative to the effectiveness of rcadside signs or vehicle
markings.

5.3 ADDITIONAL OBSERVATIONS

There were two aspects of the experiment relative to the tractor which
are of interest. The first was that the results of the straightforward anal-
ysis of the variahles were similar to those ohtained when the truck was the
slow vehicle. The second concerned the comparison of passing vs. non-passing
drivers. Both of these aspects are discussed helow,

5.3.1 Tractor as the Slow~Moving Vehicle

It should be noted that the experiment was incomplete for the tractor.
The original intention was to test the four roadside sign conditions with
each of the three vehicle markings (base, standard U.S. Symbol, modified New
Zealand). There was, however, a curtailment of the tractor phase, and only
the first two roadside sign conditions (SC #0, SC #1) were tested with all
three vehicle markings. The third sign condition (SC 32) was tested with only
two vehicle markings (VSC #0; VDS #1) and the fourth sign condition was not
tested when the tractor was the slow vehicle.

In considering the effects of vehicle markings for tractors, the results
were somewhat more ambiguous than the results for the truck. The following
points are made:

1. There were no significant differences among the groups of motorists
who saw the tractor. The markings had no consistent (or statistically signif-
icant) positive or negative effects on the values of the variables measured.

A possible explanation is that the motorists expects the tractor to be slow
moving regardless of any vehicle marking. It should be noted that the modified
New Zealand symbol generally resulted in slightly better values than the stan-
dard U.S. Symbol - the difference was not, however, statistically significant.

2, When truck and tractor data were compared, it appeared that the mag-
nitudes of the result achieved when the tractor was the slow moving vehicle
were similar to the magnitudes achieved when flashers were activated on the
truck. The interpretation here is that the motorists' expectancy in both
situations is the same - the vehicles were slow moving.

5.3.2 Comparison of Passing and Non-Passing Drivers

The behavior of drivers who pass was interesting insofar as it appeared
to be quite different from drivers who did not pass, not only in their pass-
ing maneuvers but also relative to their reactions to the signs and the slow
vehicle

The passing drivers generally entered the instrumented area faster and
maintained their higher speed throughout the test site exhibiting lesa
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reaction to either the warning signs or to the slow vehicle itself. Unfor-
tunately, the sample size for passing vehicles was inadequate for statisti-
cal testing.
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6.0 SUMMARY AND CONCLUSIONS

The purpose of the experiment was to evaluate the effectiveness of
three roadside signs and two vehicle mounted warning devices to reduce the
potential for accidents between slow moving vehicles and vehicles overtaking
them.

The experimental situation can be summarized as introducing a staged
slow moving vehicle into the traffic stream on a grade sco that an unsuspect-
ing motorist overtook it within an instrumented zone. The motorist had
passed one of four roadside sign conditions (including the absence of a
sign) and encountered a slow vehicle displaying one of several vehicle
marking conditions {which is, in part, dependent on which of two types of
slow moving vehicles was encountered)}. Data were collected on the behavior
of the motorists (as manifested in vehicle speeds and positions) as they
moved through the instrumented zone during the day and at night when c¢clear/
dry road conditions prevailed. The experiment was undertaken and data were
collected at the FHWA's Maine Facility near Pittsfield, Maine.

6.1 PRINCIPAL FINDINGS AND CONCLUSIONS

A reiteration of the findings and conclusions discussed in the several
sections of this report is presented below:

1. Activation of four-way flashers on slow-moving trucks was an
effective device for reducing the accident potential when such vehicles were
overtaken by faster moving vehicles. Measures of effectiveness included
variables descriptive of the overtaking maneuver {(e.g., minimum headway).

2. The four-way flashers were as effective during the day as they were
at night.

3. The roadside signs were relatively ineffective as warning devices
in this situation. Although there was a measureable positive effect in the
vicinity of the signs themselves, the effect was not lasting. That is,
motorists who saw the signs that caused the immediate reaction did not
generally exhibit any different behavior at the point of overtaking than
did those who saw no sign.

4., Where the roadside signs were effective, those that conveyed more
emphatic information (i.e., those that were lighted) were generally more
effective.

5. There was some evidence of an interactive effect between the more
effective signs and the use of flashers, but it was not statistically sig-
nificant.

6. Reactions to the different warning devices on the tractor were
inconclusive. The modified New Zealand Symbol was often slightly more
effective than the standard U.S. symbol although the differences were not
statistically significant.
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7. Drivers that tend to pass the slow moving vehicle (when it is the
tractor) also tend to enter the instrumented area.at a higher speed, maintain
a higher speed through the area, and be less responsive to any of the warning
devices.

6.2 FOUR-WAY FLASHER EFFECTS

Table 3 summarizes the results discussed in Section 5 and documented in
Appendix A relative to "four-way flasher effects.'" The table essentially
illustrates that flashing beacons, four-way flashers in use on the slow
moving truck and the New Zealand Modified slow moving emblem on the tractor
had a positive effect on lessening the degree of the conflict situation when
the overtaking was actually occurring (i.e., the slow moving vehicle was in
sight). Conversely, the table also showed that the use of flashers had no
effect on motorist behavior before the vehicle was actually sighted.

6.3 ROADSIDE SIGN EFFECTS

Table 4 shows a summary of the "roadside sign effects" for the same
variables as were shown in the previous summary. Whereas in the prior
discussion only the variables where the slow moving vehicle was in sight
were of practical interest, in this instance all variables are of interest.

Examination of typical vehicle speed profiles as they passed through
the experimental area showed that there was generally a '"dip" in speed in the
vicinity of the roadside signs, and then a tendency to return to the
original speed. The tresults summarized in Table 4 on a variable by variable
basis indicate that, in general, there was an initial effect attributable to
sighting the roadside sign. This effect did not appear to be of any duratiom,
nor make a difference in driver behavior when the slow vehicle was actually
sighted and overtaken.

6.4 GENERAL RESULTS

The major finding of this research was that the most effective device
of those tested for decreasing the potential of a dangerous ccnflict, when
a faster moving vehicle overtakes a slow one on an upgrade, was the use of
standard four-way flashers by the slow moving vehicle. Specific positive
effects were relative to the initial reaction distance, closing rate, and
minimum following headway., A second finding was that the effectiveness of
advanced warning roadside signs seemed limited to the motorist's immediate
reaction in the vicinity of the sign itself - that is, the rcadside signs
did not seem to make any difference in overt driver behavior as the slow-
moving vehicle was actually overtaken. however, it was not known if the
driver's anticipation of the slower moving vehicle was any higher for having
seen the sign.

It can be hypothesized that drivers who saw one of the roadside signs
had a higher degree of anticipation of the slow moving vehicle and, hence,
would have been less surprised by the encounter even though such drivers
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TABLE 3 FOUR-WAY FLASHER EFFECTS FOR NON-PASSING VEHICLES*

Experimental Condition
Truck-20mph** Truck-3Qmph Truck-20mph Tractor-15mph

Day Day Night Day*
Early Grade Variahles
Entry Speed No No No No
(ESPD)
Early Crade Speed No No No No
(SEG)
Initial Speed Reduction Na No No No
(DSEG)
Overtaking Variables
Max-Speed Reduction Yes No Yes No
(DVMX)
Minimum Headway Tes No 0 0
(HMIN)
Time to Collision Yes Yes 0 0
(TCOL)
Reaction Distance Yes 0 Yes No
(RDST)

Explanation of Table:

Comparisons were made (for all four sign conditions) between flasher
and non-flasher effects, and

Yes indicates that flashers, in general, had a statistically signifi-
cant positive effect

0 1indicates that flashers, in general, had a marginally significant
positive effect

No indicates that flashers, in general, had no effect

* Tractor equipped with the New Zealand Modified slow-moving emblem
instead of four-way flasher

*% 1 mph = 1.6 km/h



TABLE 4 ROADSIDE SIGN EFFECTS FOR NON-PASSING VEHICLES

Experimental Condition
Truck-20mph** Truck-30mph Truck-2Qmph Tractor-15mph

Day Day Night Day*
Early Grade Variables
Entry Speed No No No No
(ESPD)
Early Grade Speed Yes Yes Yes Yes
(SEG)
Initial Speed Reduction VYes Yes Yes Yes
(DSEG)
Overtaking Variables
Max-Speed Reduction No No No 0
(DVMX)
Minimum Headway No 0 No No
{HMIN)
Time to Collision No No No 0
({TCOL)
Reaction Distance 0 No 0 No
(RDST)

Explanation of Table:

Each variable was reviewed for the range of signs, and general trends
were noted:

Yes indicates that the signs, in general, had a statistically signifi-
cant positive effect on driver behavior

0 indicates that the sign effect was mixed - no effect in some instances
and positive in others

No indicates that the sign effects appear to be, in general, negligible

* Tractor equipped with the New Zealand Modified slow-moving emblem
instead of four-way flasher

** 1 mph = 1.6 km/h



did not overtly behave much differently from those that saw no warning
sign. Nonetheless, it must be re-emphasized that, given the variables

measured, the roadside signs did not have any overt effect during the actual
overtaking.
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APPENDIX A

DETAILED GRAPHIC AND TABULAR RESULTS

Presented on the following pages are graphic and analytical representa-
tions of the results of the analyses done on the principal dependent variables.
As a guide to understanding this information the following comments are made:

The graphical presentations show a co-ordinate system
with the vertical axis showing the appropriate units
for the dependent variable in question (e.g., miles/
hour for ESPD). The horizontal axis shows the four
roadside sign conditions used in the experiment., For
each roadside sign condition (e.g., SC#0), there are
generally two or three (depending on slow moving
vehicle type) "means and error bars" for the appro-
priate vehicle marking configurations (e.g., VSC#0)

The caption of the figure shows the slow moving vehicle
type, speed of slow moving vehicle, light condition and
whether or not the subject vehicles passed the slow-
moving vehicle (e.g., truck 32 km/h (20 mph); day; no
pass).

The table tc the right of each figure shows (in tabular
form), the mean (¥), standard deviation (s) and cell

site (n) for each cell which is plotted, as well as the
summary for the variable over all roadside sign and vehicle
marking conditions. Also shown is the overall F statistic
which is from a one-way ANOVA performed on the data
summarized in the figure. The symbol (s) indicates
significance at the five percent level while (n)

indicates non-significance

There are several abbreviations used for the variables
on the following pages. These abbreviations are
listed below:

Entry Speed ESPD
Early Grade Speed SEG
Initial Speed Reductien DSEG
Maximun Speed Reduction DVMX
Minimum Space deadway HMIN
Minimum Time to Collision TCOL
Reaction Distance RDST
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Metric Conversion:
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BN (FT

ROADSTDY VEHICLE MARKINGS
SI6Y
CORDITTORS NORE {FLAShERS -
SICN 1 23.3 36.1 —
COEPITION s} 19.6 28.9 -
i n 153 66 -
5
sI0N 5| 22.4 33.9 -
cusu;r;nx 17.1 259 —
n 52 (13 -
s1ox x| 24.0 32.1
COLLTTION 5| 16.5 26.3
2 n 68 1A
S1GN x | 27.7 39.5
CO“”;T'“” 18,5 40.1
61 62
CLeratl 3 5;.”
Cevlea s =g
Toral n =562
1=5.078(s}
Y VS. ROADSIDE SIGHN

CONDZITICNS TXUCK 20, DAY,

KO PASS.

CeVSCH0 *=V5CH1
L |
- 1T
¥
¥
-l
1
4 ui
-
. §
<
T T T Y
¢l SCrd s 2 SC- =
SIE CuTITIONT

Metric Convercion:

1 mph =

FIGURE 21,

1.609 km/hr

BTN {

F
CIOLDTITIC

Iz

FAGS,

aesmoIng VEFTILLE MeTRINTS
518
CONDITICKS KONE  @FLASHER: -
c1CM x 52.9 65.9 —-
conDITION | 45.7 64.2 -~
¢ n 197 9d -
SIGH * 44,0 7€.5 ~-
COND;T]ON 2.7 62.7 —
n &6 6 -
g1 * 7.4 1044
CONDITION s g9.2 85.3
: n 65 38
¥ 61.1 | 112.7
3 55.6 93.1!
n 52 55
fiont
vercll ¥ =673
Telled 5 =62.3
Jeeral nrT g7
F=B.le3(s
RCADSITE SIGK
© T=UCK 20, DAY,




80.0 4 0-VSC#O *aV5SCHL
REXSIDT VEHICLE MARKINCS
S10N
20.0 CONDITTUNS | NONE JFLASHERS]  --
SICN % 24,1 33.7 -
- CONDITION g 18.9 27.1 -
60.0 4 ? n] 66 7 -
Ei 3 SIGN %1 25.% 35.4 -
50.0 4 3 CURDITION 20.7 12.3 -
= ) . .
o n 72 82 -
40.0
1 oy x| 259 | si.1
COLLITION a| 20.8 58.8
§3°'° e 2 o[ 69 56
B %
= 20.0 516N x| 29.1 37.6
. CONLITION g 27.3 32.0
3
10.0 o] 70
G NPuep s
-© M T v T Overall X = 32,4
sCf0  SCLl  sC*2 SCr3 looled & « 31.1
SIGN CONDITIONS T.ta! 1= 563
t=5.045(s)
Metric Conversiorn:
1 mph = 1.€09 kn/hr
FIGURE 22. HMIN (FT) vS, ROADSIDE STIGN
CONDITISCKS TRUCK 20, NIGHT,
NG PASS,
60.0 4 p=vsCHO *=YSCHl Xeysce2
ROADGINE VEHICLE MARXINGS
5155
55.0 coNnITIoue ~oNE Tus sTap| nz sisp
- s1cN sl 4.7 38.8 45.9
KB1T10N . . .
0.0 - co ! 108 | 21.2 21.5 22.3
- - n 30 43 32
E i}
B 45.0 4 1 S1Gx x| _40.2 33.8 6.9
N CONTIE o) 13,3 | 1406 | 17.8
-
E 40.C o ¢ n 26 2 35
= 4
- TICN x| 46.3 43.3
E 35.0 4 CONDITION st 20.€ 22.7
= 4 !
= n 33 33
=
30.0 4 stex R - -
CONZITION
el —- -
3
25.0 o al - -
28.0 T T =T T (veréz.. x = 43.2
SCEC STEY 800 5C3 Fcoled 5 = 19.7
515K CONTITTI NS Tcral 0= 237
T=2.007(n

Metric Conversion:
1 =ph = 1.£035 kr/hr
FIGURZE IN (FT)
COMDITICHS
NC PASS.

3.

36

-

TRACTOR,

vS, ROADSIDE SIGN
DAY,




TIME OF COLLISION (SECONTS)
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Metric Conversion:
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FIGURE 2k. TCOL (S) VS. ROADSIDE SIGH
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noARTIoE VEFICLE MAR¥TR™ S
sicx
N ONT B LASHEES -
11.5 corxmITIONS | MO
sIny x{ 6.3 §.4 -
0.5 CONDITIOR 3.3 3.5 —
¢ o 197 90 --
#21 s1G% Xl 6.7 8.4 --
cor-_-;:m_v; "1 2.0 -
= 1 - al 8t 66 --
734 srex x| 7.9 16.4
cosDITICK gl 5.1 6.2
6.5 i z o[ 63 38
5.5 ' SICK x| 6.3 9.4
com;no.\ o 3¢ s
4.5 n| 52 53
3.5 13 T T d Overed. e 0,5
SCFC  SC{1  SCPT SCi3 Paoied & = 2 2
SIGK CORTITIMNE Teral  me gl
TrE.6:4s

Metric Conversion:
1 mph = 1,609 km/hr

FIGURE 25. TCOL (8} VS. ROADSIDE SIGK
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Metric Conversion:
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FIGURE 27.
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Metric Conversion:
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FIGURE 33,
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FIGURE 35.
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FIGURE 37.

RDST (FT) VS, ROADSIDE SIGN

CONDITIONS TRACTCR, DAY,
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