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Abstract

The camel-vehicle collision (CVC) problem has been increasing in Saudi Arabia and countermeasures are urgently needed to alleviate
the heavy losses from such accidents. A research project was funded by the Saudi Arabian government to investigate the problem and
to develop techniques to deal with it. Among the different techniques investigated were camel-crossing warning signs. In this study,
seven camel-crossing warning signs were tested to determine if they would reduce the number of CVCs on rural roads. The measure of
effectiveness utilized was the mean speed reduction of motorists passing such signs. In this paper, the experiments of warning sign testing
are detailed, and the evaluation of the signs, based on the results of the testing experiments, is presented. Although most of the signs brough
about significant reductions in mean speed, indicating statistical effectiveness, the speed reductions were not relatively large; they ranged
from around 3 to about 7 km/h. Furthermore, statistical analysis was used to rank the signs according to their effectiveness. A triangular
warning sign with a black camel silhouette and diamond reflective material (220280 cmx 220 cm) is recommended in this study.

This sign is similar to the standard warning sign used in Saudi Arabia except that it is twice the standard size and uses diamond reflective
material.
© 2003 Elsevier Ltd. All rights reserved.
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1. Background such as location, characteristics and extent, are not readily
available in Saudi Arabia; such data are not routinely col-
More than half a million camels graze freely in Saudi Ara- lected.
bia. In their search for scarce food, camels travel long dis- In Saudi Arabia, the most commonly used traffic en-
tances and cross a number of rural highways. This results ingineering approach to countering the CVC problem has
the occurrence of the camel-vehicle collision (CVC) prob- been installing a camel-crossing warning sign at potential
lem. Summaries of traffic accident data show that more than camel-crossings, to alert drivers to unexpected entries of
600 CVCs occur each year. Due to the large size of camelscamels into the roadway. Within the Ministry of Commu-
and the high speed of vehicles travelling on rural highways, nications (MOC), the agency responsible for building and
CVC is usually severe. The fatality rate of a CVC is 0.25 maintaining rural roads, there is no formal procedure for
fatalities per accident; about six times that of all types of the placement of camel-crossing warning signs. The length
traffic accidents in the country; the corresponding CVC in- of the camel-crossing might be relatively restricted or the
jury rate is four times as muclA-Amr et al., 1998. crossing activity might occur at random over a substantial
Available information indicates that camels are by far the distance. Unlike the almost fixed migration routes of other
most frequently involved animals in animal-vehicle colli- wildlife, camel movement in the desert is dynamic, changing
sions; almost 97% of all reported animal—vehicle crashes spatially with rain distribution. Therefore, although it is dif-
were camel related (i.e. CVC). More than 90% of these acci- ficult to identify a certain highway section at which camels
dents occur at dark, between dusk and dadpAmr et al., always cross, potentially affected sections can be identified.
1998. CVC result in substantial economic costs due to hu-  Because of the high severity and frequency of the CVC
man injuries and/or fatalities, damage to vehicles involved, problem in Saudi Arabia, King Abdulaziz City of Sciences
and loss of valuable wildlife. More data on such accidents, and Technology (KACST) funded a 3-year research project
to study the problem and find methods to remedy it. The

* Corresponding author. Tek:966-1-4677019; fax:-966-1-4673366.  research project had two main objectives-gmr et al.,
E-mail address:asghamdi@ksu.edu.sa (A.S. Al-Ghamdi). 1998:
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e t0o review techniques used internationally to reduce 2.
animal—-vehicle collisions, and

e to evaluate the effectiveness of some of these techniques as
possible countermeasures for the CVC problem in Saudi
Arabia.

Although, this research project evaluated several means of
dealing with the CVC problem. The focus of this paper is on
only one of these countermeasures: camel-crossing warning
signs.

The primary purpose of this paper is to evaluate the effec-
tiveness of warning signs as a means of influencing drivers
to reduce their speed in camel-crossing zones, especially
those drivers traveling at speeds much higher than the posted
speed limit. Next section presents a general overview of re-
lated literature. Details of the experiments of warning signs
testing are described iBection 3 while its results are pre-
sented inSection 4 The paper is concluded, Bection 5
with discussion and conclusions.

2. Literaturereview

The subject of animal—vehicle accidents is not new, and
substantial research has been carried out to reduce such road
accidents. Past research has shown wide experience among
countries in dealing with the problem, but neither unique
solutions nor consistent results have been found. Although
some remedies were found to be effective in some areas,
they were not effective at other sites. In addition, some of
these techniques were implemented on different types of
animals, for example, deer, panthers, and moose. There were
two goals for the review of past research in this project: to
learn about others’ experience in dealing with this type of
accident and to survey all countermeasures used to mitigate™
this problem, and identify which of these could be evaluated
in this study.

Probably the most comprehensive studies of deer—vehicle
collisions were those by two of the Scandinavian coun-
tries, namely Finland (e.g.ehmitimaki, 1984 and Sweden
(e.g. Almkvist et al., 1978; Aberg, 1981; Bjornstig et al.,
1985. In the summary report of a 7-year comprehensive
study of “deer and traffic”, Lehmtimaki (1984) suggested
that there are a number of potential countermeasures to con-
trol deer—vehicle collisions. He classified these measures
into five major classes:

1. Changing driver behavior through following ways:
(a) Educating drivers on how deer behave upon detect-
ing an approaching vehicle.
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Changing the driver environment through following

ways:

(a) Providing better visibility conditions for the driver,
by removing obstacles limiting driver's sight dis-
tance, such as trees and roadside vegetation, and by
lighting dangerous roadway sections. He stated that
it is not possible to recommend lighting all roadways
that have deer crossing activity, which is practically
impossible.

(b) Reducing the frequency of hazardous conditions,
which is affected by the intensity of vehicular traf-
fic volume on rural highways and deer crossing
frequency. He suggested that it is not possible to is-
sue laws aimed at reducing the intensity of traffic
volumes on rural highways, which are vital to the
community, only due to deer—vehicle collisions. In-
stead, he recommends encouraging deer hunting and
increasing the number of wolves to ensure keeping
the number of deer at its normal, thus reducing its
crossings of rural highways.

. Changing animal behavior:

There is no simple way to make the animal behave
more safely, but with normal evolution and growth it
might be probable that animals will learn how to cope
with vehicular traffic. However, this might take centuries,
thus this measure is not considered as a remedy to the
current deer—vehicle collision problem.

4. Changing the animal environment:

This might be accomplished by keeping the animals
away from the highways through using countermeasures
such as roadway iron fencing and “optical fencing” (e.g.
animal mirrors and reflectors). While the iron fences were
found effective, the optical ones were not.

Reducing deer—vehicle collisions severity:

Following kinetic energy law, the severity of the col-
lision decreases with decreasing speed and mass of the
collided object. Furthermore, slow speeds have positive
effect on the driver’s visibility abilities, since he would
have more time to scan the roadway for entering ani-
mals. Lehmtimaki recommends that if the driver have
to maneuver to avoid a collision with a moose on the
roadway, it would be preferable that the driver targets
the softer back part of the moose. Furthermore, if it
were not possible to avoid hitting the animal it would
be better to hit the carcass of the moose than collid-
ing with a fixed object on the roadside or an opposing
vehicle.

From the review of literature on animal—vehicle accidents

(b) Warning them using deer-crossing warning signs. worldwide, the study team was able to classify the tech-

(c) Educating them on the negative impacts and conse-niques used in past research into two main categories. These
guences of overspeeding and other unfavorable driv- two classes are the countermeasures intended for drivers and
ing habits (e.g. fatigue). those directed at animals. The goal of the first category is to

(d) Informing them on the consequences of deer—vehicle alert the driver and warn him to reduce his speed. The sec-
collisions. However, he concluded that the effec- ond category is intended to frighten the animals and keep
tiveness of this measure is very limited. them off the roadway.
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2.1. Driver-directed countermeasures and off every week for about 2 years. By comparing the

driver response when the lighting was on and when it was

The measures directed at drivers found in the literature turned off, he concluded that lighting has no effect on driver
include. speed.

2.1.1. Warning signs 2.2. Animal-directed countermeasures
Dillon (1993) stated that, in Ontario, Canada, deer- and
moose-crossing warning signs are usually installed at loca- The measures directed at animals found in the literature
tions known for heavy deer and moose crossing of high- include.
ways, thus presenting a threat to passing-by vehicular traffic.
The criteria used is to place a deer warning sign at locations2.2.1. Animal crossing overpasses/underpasses
experiencing at least one deer—-moose accident per 8km of Ford (1980)stated that wide, open deer crossing struc-
roadway length annually, or at locations less than 1.5 km of tures are very effective in providing deer the opportunity
length that have at least four deer—moose accidents per yeato cross under the highway safely. In 4 years of monitor-
The Ontario Ministry of Transportation erected animal ing, there was no evidence that any deer were turned back

warning signs of double the standard size (i.e. 1:2I02 m), by the crossings or chose to migrate around the deer-proof
but it was not known if increasing the sign size reduced the fence.
number of animal collisionsOjllon, 1993. Another type Evink (1990)monitored panther movements and behav-

of moose warning signs was tested in Canada. Unlike theior on I-75 across SR-84 in south Florida by radio tracking.
traditional sign, the new sign had a moose silhouette in white, Radio-collared panthers crossed the alignment, providing
while its eyes are in shining yellow. It was believed that the information on locations of crossings and habitat type be-
moose would look to drivers like a real animal and alert the ing used. This information was used to develop 23 wildlife
driver to be more cautious. As a result, it is reported that the crossings, which are 30 m long and 2 m high, and the exten-
number of moose—vehicle collisions was reduced by 50% sion of 13 existing bridges to provide 12 m of land along the
(Mclain, 1990. drainage canals under the bridges. Although the crossings
Another “advanced” type of warning signs was tested. It and fencing are not completely finished, panthers and other
consisted of the standard shape of the warning sign (diamondanimals are already using these structures.
shape), but the deer silhouette was replaced by four arched Fusari (1982)attempted to observe the habits of desert
deer silhouettes representing a deer in four movement stagediortoises to determine their acceptance of culverts as a means
where each one is lighted sequentially by neon lighting. of crossing under highways. The study reported that a por-
When tested, it was found that driver speeds were initially tion of the tortoise population would accept culverts for such
slightly reduced, but after the drivers got used to it, it lost crossings when they are directed toward the culverts by drift
its effect in reducing their speedBdjar et al., 197p fences. There also appears to be a learning period in which
Mansfield and Miller (1975%oncluded that standard size a tortoise that has been confronted with a fence-culvert sys-
(75cm x 75cm) diamond shape warning signs with deer tem several times soon moves directly to a culvert rather
silhouette reduced the number of animal collisions in 11 than moving along the drift fence. The study recommended
of the 19 study areas included in their study in California. more research to evaluate the results under actual highway
Another study in Colorado tested two lighted warning signs conditions.
with deer crossing silhouette. The results concluded that
lighting the sign was not effective; the number of accidents 2.2.2. Roadside vegetation clearing
were almost the same whether the sign lighting was turned Lehmtimaki (1984) stated that roadside vegetation clear-

on or off (Reed, 1981 ing would result in a safer deer and moose behavior. He
mentioned that Swedish studies indicate that the cost of
2.1.2. Driver education clearing 20m from each of the roadway sides would be

After conducting four experiments on driver behavior in equivalent to the cost of erecting an iron grid fence, however
Sweden, Aberg (1980) stated that the studies has showrthe effectiveness of vegetation clearing was not assessed in
that drivers will still collide with the elk in spite of their  the Swedish studies. Furthermore, vegetation clearing and
long driving experience, and their good knowledge about improving sight distance would loose some of its benefits
the elk and its danger on traffic. He concluded that driver at night, since the sight distance is limited to that of the
education, information and training would slightly improve vehicle’s headlights.
driver behavior regarding deer dangers.

2.2.3. Roadway iron fencing
2.1.3. Roadway lighting Ward (1982)indicated that a 2m high big-game fence

Reed (1981}¥tudied the effect of roadway lighting on the is effective in reducing vehicle accidents involving deer. A
number of deer—vehicle collisions in a 1.1 km long highway 12.5km section of the right-of-way fence was replaced with
in Colorado. Roadway lighting was alternately turned on a big-game fence 2 m high in October 1978 to force the deer
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to use three machinery and four box-type underpasses in thdinding may indicate that the issue is not whether the reflec-
area. During four migration periods immediately following tors work in all cases but whether they work in one situation
installation of the fence, more than 4000 deer used theseand not in another. The recommendation from Stanley and
underpasses. About 70% of the deer used the machinerySharon is that future research investigate the conditions that
underpasses to move to their winter range; the rest used thecontribute to the success or failure of reflectors in lowering
box-type concrete underpasses. During the spring migra-highway-related deer Kkills.

tions, more than 90% of the deer used the two machinery Gilbert (1982)reported no evidence to support the claim
underpasses at the east, or higher, end of the migrationthat deer mirrors were effective. In his study, deer mir-
area. Ward reported several difficulties associated with therors were placed in 12 random 0.8 km test sections along a
fencing: (a) selection of the proper area for the fence, (b) 23.8 km of 1-95 in Maine.

inadequacy of deer guards on ramps of an interchange,

and (c) the need for continuous monitoring for holes in the 2.2.5. Ultrasound whistles

fence. IIHS (1993) states that there is no published scientific
research that supports the claim that whistles prevents
2.2.4. Optical “fencing” deer from approach passing by vehicles or that it reduces

This includes using animal mirrors (e.g. Van De Ree), red the dangers of animal vehicle collisions. In support of
reflectors (e.g. Swareflex), and white reflectors (e.g. Bosch),this claim, a study in Georgia concluded, based on hun-
to keep animals off the roadway. dreds of observations of vehicles equipped with ultrasound

Zacks (1985, 19863valuated the effectiveness of Sware- whistles, that deer did not respond the whistles’ presence.
flex warning reflectors. When illuminated by the headlights Furthermore, the Ohio Highway Patrol tested Hobi and
of a passing vehicle, these red reflectors are said to frightenSav-a-Life whistles on its patrol vehicles for 31 months,
deer from the highway. Although the manufacturer claims and concluded that they were not effective, since the num-
that they are effective because deer are innately afraid ofber of animal collisions did not decreasBaker, 1988.
red, Zaks’s study found no evidence to support that claim. The same conclusion was reached by other studias(,
That is, the barrier of reflectors had no observable effect on 1993.
the behavior of deer.

Shafer and Penland (1984¢sted the effectiveness of 2.2.6. Animal frightening models
Swareflex warning reflectors in reducing deer—vehicle colli-  To determine whether rear-view silhouette models of deer
sion rates on a rural road in eastern Washington State, wherewith raised tails would be effective in keeping deer off
high mortality rates of white-tailed deer had previously been planted Interstate highway rights-of-wagraves and Bellis
recorded. Reflectors were placed in four test sections and(1978)tested such models in four experiments along Inter-
alternately covered and uncovered at regular intervals dur-state 80 in Pennsylvania. Results revealed that the models
ing the late fall to early spring from 1981 to 1984. In this were ineffective in deterring deer from gaining access to the
study the difference in deer—vehicle collision rates between right-of-way.
the covered and uncovered periods was significant, indicat-
ing that the reflectors were effective on this highway during 2.2.7. Deterrent chemicals
this time period. The National Swedish Road Administration (NSRA) per-

Armstrong (1992)examined the effectiveness of Sware- formed a series of experiments to test the effect of Wolfin, a
flex reflectors using an experimental design very simi- synthetic wolf urine, as a deterrent of moose and deer away
lar to that used in the study conducted Bphafer and from highways. After 3 years of testing the NSRA concluded
Penland (1984)ut in Ontario. The results of the chi-square that it was not effectiveReterson, 1995 Another chemi-
analysis showed that the difference between the numbercal deterrent is called Dutazun, which is an organic material
of deer—vehicle accidents that occurred when the reflec-tested in Germany and Austria and claimed to be effective
tors were covered (i.e. inoperative) and when they were (Hagopur, 199h
operative was not statistically significant. Finally, Hughes et al. (1996})tudies the trends over

Stanley and Sharon (1998)sted the Swareflex wildlife  time, severity, crash circumstances, and crash rates for
warning reflectors on an 8 km section of a rural road in Cal- animal-vehicle crashes in some states in the United States.
ifornia, to determine if it would reduce the number of mule The results of their analysis indicate that the animal—vehicle
deer killed on the highway. After three seasons, it was de- crash problem increased steadily between 1985 and 1991,
termined that there was no statistical difference between theboth in numbers and as a percentage of overall accidents.
means of deer killed when the reflectors were operating andThey concluded that no single countermeasure would be
those when they were not operating. The authors discussable to address the animal—vehicle crash problem. A com-
studies on reflectors that have shown a reduction in deerbination of roadway-, vehicle-, and driver-based counter-
killed, whereas other research has concluded that there ismeasures should be developed, tested, and used. Among
no difference with or without reflectors. They add that test their recommendations was the review of policies for in-
results vary irrespective of the type of reflector used. This stalling deer warning signs to limit their use to locations
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with significant deer crash problems or areas with high deer ¢ Module VI: Similar to Module V but half as large (150 cm

activity. x 150 cm).
From this review, one can reach the following conclusions e Module VII: Similar to Module VI but half as large (75 cm
regarding animal—vehicle collision prevention: x 75¢cm).

e Several prevention techniques have been attempted else- It should be noted that the first module is the standard

where. one used by the MOC,; the others were specifically designed
e Techniques are designed either to deal with drivers or to for this study. The different sign configurations were tested
deal with animals. under similar conditions to ensure consistency of reported

e There is no solid agreement on one countermeasure—results.
results can sometimes be inconsistent even for the same

technique. 3.2. Study sites and data collection
e Some of the techniques appear simple, but others appear
complex. The intention had been to find test sections with significant

CVC problem. However, because the accident data lacked
location information, the experiments had to be sited wher-
ever high camel activity was expected. Fifteen test sections
were selected from rural highways throughout the country.
As seen from the literature review, two major classes of gince the measure of effectiveness was vehicle speed, the
techniques for reducing accidents between motor vehiclesexperiment sites were screened according to certain crite-
and animals have been evaluated in several studies. Insteadz sych that the prevailing conditions would have no im-
of warning drivers of the potential presence of the animal, pact on speed except that of the experiment tool itself.
as promoted by the first class of countermeasures, the othefrhat is, the test site had to be level, far from weaving ma-
class of techniques attempts to control the movement of theneyvers due to exit/entrance ramps, no activities in sur-
animal itself by, for example, the use of roadway fences and rounding land, have a pavement surface in good condition
reflectors (optical fencing). In this paper, warning drivers \yith no maintenance activity in progress, and free of any
through the use of signs is discussed. Different sign con- speed-zone control signs. The experiments were conducted
figurations were compared to define the most effective con- quring the night and in fair weather. To control for the ef-
figuration. Because of the poor accident and exposure datéects of external factors not accounted for by the study, the
collection by local police, a major problem in this develop- experiments were performed at sites where geometric con-
ing country Al-Ghamdi, 1993, the measure of effectiveness  gitions and posted speed limits were similar. From volume
used in evaluating warning signs was speed. Comparisonggoynts MOC, 1999, the traffic volumes in these sites are
analysis was the core for examining a sign’s effectiveness. light (less than 500 vph). It was risky in these remote ru-
ral sites to stop drivers during nighttime to get their data.
3.1. Configurations of warning signs The signs are located along routine travel routes. Thus,
the drivers are long distance drivers but not daily com-
The principal objective of the experiments was to assessmuters.
the effectiveness of various types of warning signs. The Because accident data with full identification of location
seven warning sign modules examined in this study are de-were not available, the study team faced the problem of
scribed briefly below: determining a surrogate measure of accident rate, to be used
as the measure of effectiveness. As stated earlier, it was
e Module I: The standard module, an upward pointing, equi- decided to use vehicle speed as that variable. Simply put, the
lateral triangle (110 cnx 110 cmx 110cm) having ared  idea was to measure the effect of the proposed tool on driver
border and a white interior and black shadow for the camel behavior in terms of speed. It was expected that when the
inside the border band (i.e. the silhouette of a camel in driver approaches a camel-crossing warning sign, he would

3. Method

black). slow down for some distance before resuming his original
e Module II: Similar to Module | but with diamond reflec-  speed. Numetrf2 NC-90 instruments (detectors) were used
tive material. in observing speed data; other relevant data collected were
e Module IlI: Twice the size of the standard Module I. vehicle counts and classifications.
e Module IV: Twice the size of Module Il (with diamond Seven speed detectors were placed along the 2000 m-long
reflective material). (2km) experiment section (i.e. three upstream of the sign,

e Module V: Square sign 300 cm 300cm with a black one at the sign, and three downstream of the sign) at prede-
background and a yellow silhouette of a camel with dia- termined intervals as shown kig. 1 Detector 1 was placed
mond reflective material. The sign also contains a verbal 1000 m (1 km) ahead of the sign to measure the speed while,
warning message (i.e. camel-crossing) with an advisory it was assumed, the driver was not under the impact of the
speed of 70 km/h. sign.



754 A.S. Al-Ghamdi, S.A. AlGadhi/Accident Analysis and Prevention 36 (2004) 749-760

Sign position4

[ 500m | 250m | 250m | 300m | 300m | 400m |
I I I I I I I

Fig. 1. Typical layout of seven NC-90 detectors and warning sign.

3.3. Sample size requirements The goal was to detect the differences between sites in terms

of the mean speed. The hypothesis statements for the pair-
The minimum number of speed observations for each wise comparisons are as follows:

section was computed using a statistical sample estimation

procedure (Benjamin and Cornell, 1970). The procedure Ho : i = 1, Ha @ i #

computes a minimum speed sample observation on the

basis of a desired level of confidence (e.g. 95%) and anwhere Ui and_uj are the mean speed before and after the

acceptable level of error (e.g.= +2km/h for the maxi- sign, respectively. The-statistical test was used to test the

mum possible error). Before the experimental work started, pairwise comparisonsontgomery and Runger, 1924

a pilot study was conducted to estimate the speed variance

needed in calculating the minimum number of required S'if' Equality ?‘f sngd vahrlancr(]a (hr?mr?geneltygl , .
speed observations (minimum sample size) and to learn any research studies show that higher speed vanance Is

about the fieldwork and difficulties that might arise. The usually associated with higher accident ra@srelli (1981)

minimum sample size was found using the following for- pointed out that there is a significant statistical relationship
mula (Montgomery and Runger, 1994 between speed variance and accident rate, and concluded

that the accident rate increases as the speed of the vehi-
ong/Z cle deviates from the average speed of the trafmomon
2 (1964)reported that accident involvement rates were high-
est for vehicles at very low speeds, lowest at average speeds,
and greater at very high spee@arber and Gadiraju (1992)
developed models to examine the influence of speed vari-
ance on accident rates for different categories of highways.
i . . Their models indicate clearly that accident rates increase as
Using that formula, the minimum sample size of speed g0 variance increases. In the current study accident data
observations was = 200. The minimum number of ob- to investigate the association between speed variance and
;erved spegd.s for any of the sIudy sites was at least WO, ccident rates were, unfortunately, not available. Therefore,
times the minimum sample requirement. the homogeneity of speed variance before and after the sign
was tested, in addition to the analysis of speed variance.
The test of homogeneity may be viewed as formal tests

_ _ ) ] ) of the following hypotheses:
To ascertain whether a particular sign configuration, or

module, was superior to others in lessening motorists’ speed,Hg : gl? = g]?
two types of comparisons were conducted. First, the differ-
ences among mean speeds were statistically measured. Se¢4, : above hypothesis not true for at least oﬁgy
ond, the homogeneity of speed variance for the study sites
was tested. Deciding which module was superior was ba:sedwhereai2 and ajz. are the speed variances before and after
on comparison of the amount of reduction in the mean speed.the sign, respectively.
A widely used procedure is Bartlett's tedflgntgomery,

3.4.1. Comparison of mean speeds 1984). The procedure involves computing a statistic whose

Before-and-after analysis was used to measure the effec-sampling distribution is closely approximated by the chi-
tiveness of the sign. Pairwise comparisons were conducted.square distribution witlh — 1 degrees of freedom when the

n =
e

where o is standard deviation (from the pilot study,
25.2km/h), Z, > the standard normal value af2 level
of significance« level of significance (5%), and is the
acceptable errorf2 km/h).

3.4. Comparison analyses
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random samples are from independent normal populations.its minimum at some point, when it starts increasing gradu-

The test statistic is:

X2 = 2.30267
C

where

a
g = (N — a)logyo SS - Z(m — Dlog, 552
i=1

T o P SN
u4+%hb<;m DT - m)

-1
@ _ i (= DS?
P N —a

and Si2 is the sample variance of thth population.

The quantityq is large when the sample variancﬂ%
differ greatly and is equal to zero when 51} are equal.
Therefore,Ho should be rejected on values gf that are
too large; that isHp is rejected only when

2 2
Xo > on,a—l

where Xia_l is the uppera percentage point of the
chi-square distribution witlh — 1 degrees of freedom.

3.5. Speed trends

ally until it returns to normal speeéig. 2illustrates such a
trend. It must be said that this influence is hypothetical until
the statistical test is examined. In other words, the assump-
tion was that motorists behaved differently before they saw
the sign and after seeing it. Speed can be staged throughout
the experiment area as explained below.

3.5.1. Entry speed

The first detector in the experiment area was 1000 m ahead
of the sign (detector 1 iffrig. 1). The motorist located at
that position is assumed unable to see the sign (i.e. he is not
under the impact of the sign). Thus, the observed speed at
this first detector should be his normal speed.

3.5.2. Initial speed change

Soon after the vehicle enters the experiment area, the mod-
ule warning sign becomes visible (although not legible). The
first variable that reflects any possible reaction to the sign
treatment is the initial speed change, measured over the first
500 m of the instrumented area ahead of the sign. In other
words, speed reduction should be observed at detectors 2 or
3, or both, located 500 and 250 m ahead of the sign, respec-
tively (Fig. 1). Measuring the speed at these points illustrates
any speed change due to the motorist’s reaction to reading
the sign. Measurement of these speed changes also allows
for a general overview of when speed changes occur on the
approach to the sign.

It is reasonable to assume that the magnitude of motorists’3.5.3. Speed change at sign
reactions to signs varies according to how fast they generally Another speed change is measured at the sign itself. It
drive (i.e. their mean free speed). The best available estimatevas assumed that the speed in the vicinity of the sign attains
of motorists’ mean free speed was the speed recorded adts minimum value if the motorist responds to the message
they entered the instrumented area, that is the entry speed.of the sign. Detector 4 measures this speed.

It is expected that the driver enters the test section with

his normal speed, but when he approaches the experimen8.5.4. Exit speed

device and recognizes it, he starts to slow down. Accord-

The last observation made was the motorist’'s speed at

ingly, the vehicle speed is gradually reduced until it reaches the end of the instrumented area (at the exit, i.e. at detector

Normal Speed

Minimum Speed

Normal Speed
Speed
(km/h)
Distance ———»
(m)

Fig. 2. Hypothetical trend of speed along instrumented section.
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7). Comparison of this speed with the speed at the sign
(at detector 4) provided an indication of how rapidly the
motorist resumed his normal speed. Before the exit speed,
two additional speed observations were made at points lo-
cated 300 and 600m after (downstream) the sign, as il-
lustrated inFig. 1 These two detection points (detectors
5 and 6) could reveal that the motorist returns to his nor-
mal speed before detector 7, which would help in esti-
mating the distance to which the driver is affected by the
sign.

4. Results

As discussed earlier, it was presumed in this study that

there is a certain speed trend along the instrumented area,

as shown irFig. 2 (the ideal trend under the impact of the

sign). This trend, however, was not apparent, as shown by

consideration of the speed trends from different sites for
different signs Figs. 3—3. When the sign was not effective,
no specific trend could be detected, as depicte&ign 3
(Module ). The sign was found effectiv&igs. 4—7 when
the trend was similar to but not necessarily identical to the
ideal trend.

During the experiment some of the detectors were dam-

88
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80 \
78 ~
76
74

Mean speed (km/h)
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Fig. 5. Module VI, 150cmx 150cm, on Qassim—Madinah Road (east-
bound).

Mean speed (km/h)

1 4 7
Detector code

aged and excluded from the analysis. Since there were seven Fig. 6. Module V, 300 cmx 300cm, on Khurais Road (eastbound).

detectors along the experiment section, this problem did not
affect the final results heavily. However, the first detector

must work properly since its speed reflects the entry speed,which is very significant in comparisons with any other

100
=
£ /\ /\
=
5 90 V/'\
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c
3 80
=

75
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Fig. 3. Standard Module | on Khurais—Riyadh Road (westbound).
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Fig. 4. Module VII, 75cmx 75cm, at site on Qassim—Madinah Road
(westbound).

speeds within the instrumented area. In other words, if the
first detector for any reason had not given proper data, the
experiment would have had to be repeated after the problem
was fixed. It should be noted that throughout the study no
problem was found with the first detector.

Table 1summarizes results from the data observed at a
site on the Qassim—Madinah Road (westbound) with Module
VIl (75¢cm x 75cm). The speed trend is clearly shown in
Fig. 4. Entry speed is high and then decreases; afterward the
high speed resumes (exit speed).

The reduction in mean speed for this module is 2.66 km/h,
which was found statistically significant at the 5% level.
There also exists a reduction in both speed variability (stan-
dard deviation is reduced by 3.39) and percentage of drivers

1 4 7
Detector code

Fig. 7. Double-size diamond on Leeth—-Makkah Road.
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Table 1

Summary statistics from the site on Qassim—Madinah Road

Detector location No. of Mean speed S.D. Coefficient 85th-percentile % above speed
Number Location cases (km/h) (km/h) of variance speed (km/h) limit

1 1000 m ahead of sign 807 86.42 21.14 0.24 107 26.5

2 500 m ahead of sign 767 83.99 16.12 0.19 105 22.59

4 At sign 690 83.76 17.75 0.21 104 20.29

7 1000 m after sign 820 89.31 18.62 0.21 109 29.49

Note Speed limit at this site is 100 km/h.

traveling over the speed limit (reduction 6.21%). This trend equal at detectors 2 and 4 (22.59 and 20.29%, respectively)
was not the case for the standard sign, for which no patternand at detectors 1 and 7 (26.5 and 29.49%, respectively).
could be detected; hence it was concluded that the standard The analysis of variance of speed homogeneity indicates

sign (Module 1) is not effectiveRig. 3). that the variability among speeds at the four detection points
for this site is statistically significant. The variability at both
4.1. Distance of influence entry of the instrumented area (21.14 km/h) and exit from

the instrumented area (18.62 km/h) is higher than the vari-

From the analysis of the speed trends for each sign con-ance close to the sign (16.12 and 17.75 km/h). From this re-
figuration, it was found that the distance of influence for sult it can be concluded that motorists within the sign area
the sign is the middle 1 km of the testing section. That is, were driving much closer to the mean speed. The same re-
the driver goes back to his normal speed after a distance ofsult was found at almost all other testing sites. It is known
influence of 1km, from the point at which he first recog- from other research (e.g. Cerelli, 19&3arber and Gadiraju,
nizes the sign in the instrumented section. The impact on 1992 that higher speed variance is usually associated with
the motorist starts within 500 m upstream of the sign and higher accident rates. Garber and Gadiraju developed mod-
ends within 500 m downstream of the siddart and Hunter els to examine the influence of speed variance on accident
(1976) found that the impact of the warning sign starts to rates for different categories of highways. Their models in-
diminish 305m after the sign and is completely gone by dicate clearly that accident rates increase as speed variance
3.2km. increases. It should be noted that although the data from the

FromFig. 4, one might say that, on average, motorists are study sites show statistically significant reduction in speed
influenced by the sign within the middle 1000 m of the test variance within the sign region, the reduction was quanti-
section but that they forget the message of the sign once theyatively relatively small (from 3 to 6%). Although this re-
leave this section. That is, the motorists’ attention is affected duction appears small, it indicates the sign’s influence on
for about 1000 m. This behavior was almost found in those motorists.
modules found statistically effective in this studyds. 5-7. A summary of the before-and-after (i.e. before the sign
Another interpretation of the 1000 m speed reduction is that and after the sign) results for all modules is giveatle 2
the drivers interpret the sign as meaning that the risk of From these data it can be observed that the speed differences
camel collisions is particularly great in this specific area. were operationally quite small (e.g. the difference between
That is, the drivers may be obeying their understanding of the highest and lowest ranged from 2.2 to 6.51 km/h). In
the instruction to exercise care and reduce speed. This resulbother words, the magnitude of the speed changes seemed
is interesting in that it gives a clear picture of the attitude generally quite small.
of motorists toward warning signs. As well, it suggests to  One can argue that these reduced speeds are not enough
the analyst the frequency at which signs should be repeatedor safe stopping distance, for example, according to the
in the hazardous section. In other words, for a 6 km section, concept advocated by the American Association of State
the analyst might suggest that six warning signs be installed Highway and Transportation Official AASHTO, 1999.

at 1000 m intervals. Nevertheless, the effectiveness of the sign, even with this
small reduction in speed, indicates that the driver responded
4.2. Homogeneity of speed variance to the warning message, which in turn means that he became

cautious and attentive. It may be surmised that caution and

It appears from the data immable 1 that, at the attention would help the driver to avoid hitting a camel on
Qassim—Madinah site, all the 85th-percentile speeds arethe road, at least by maneuvering. In summary, even though
above the speed limit, of 100 km/h. Accordingly, the per- the speed reduction appears small, it could be enough to
centage of drivers overspeeding appears high, but it is lowerput the driver on the alert to avoid a collision with a camel.
near the sign (detectors 2 and 4) than at the entry-speed deln similar studies elsewhere, small speed reductions were
tector (detector 1) and at the exit-speed detector (detector 7)found associated with warning signs (ekallberg, 1993;
It is also interesting to note that the percentages are almostMarrony and Dawar, 1987; Dart and Hunter, 1876
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Table 2
Summary results on all modules of warning signs
Module Site Amount of reduction
Mean speed (km/h) S.D. (km/h) 85th-percentile Above speed
speed (km/h) limit (%)
| Khurais—Riyadh - - - -
1] Khamaseen—-Tathleeth - - - -
1] Qassim Road 2.82 - 1 3.81
1] Rafha Road 3.1 0.93 1 7.01
I} Leeth Road 3.4% - 9.8 9
Y] Qassim Road 3.1% - 1 0.62
v Rafha Road 08 - - 1.61
\Y, Leeth Road 3.1% - 4 6
Y, Qassim Road 5.41 - 4 5.61
\Y Rafha Road 5.55 - 1 17.2
\% Khurais Road 22 0.15 3 3.3
Vi Qassim Road 6.51 - 6 4.27
\ Qassim Road 3.5 - 2 2.26
Vil Qassim Road 2.66 5.02 3 3.91
VIl Rafha Road 1.93 0.37 25 6.6
Vi Leeth Road 4,55 - 8 8
(=) No reduction.
aStatistically significant at 5% level.
b Statistically not significant at 5% level.
4.3. Ranking of signs 0% =82, F 55 0% =%, 55,

Modules | and Il were excluded from this ranking because WhereS’ is the sample variance (enf.%.b = 5%/ Mxp)-
the reduction in mean speed associated with them was not The difference in speed reduction is:
statistically significant. An important result from this study
was that the standard warning sign is not effective.

As to whether there is conclusive evidence that one sign which is also normal, with mean and variance as follows:
is superior to another, the answer is apparent from the re-
sults inTable 2 According to the amount of average speed HUD = Ka; — lA; = Xib — Xia — Xjb + Xja
reductions, in Column 3, one can rank the modules in this

Ap = A — A

study as follows: 2 _ 2 2 _ 2 2 2 2
op _GAi - aAj - S)_Cl‘b + S)_C,'a + S)_Cjb + S)_Cja
[ ] MOdule VI, S2 S2 S2, SZA
e Module V, =ﬂ+ﬂ+ﬂ+ﬁ
e Module VII, Nxip,  Mxia  Nxjp Nxja
e Module Ill, and - .
' Then thez-statistic forAp is
e Module IV. D

. L. MD
To compare the amount of speed reduction statistically z = s
(e.g.A; and A for modules andj), a test statistic is needed. V%

The hypothesis can be stated as Xib — Xia— Xjb + ¥ja

Ho: A = Aj \/(S)zcib/nx,-b) + (S)%-a/nx,'a) + (S)%jb/nxj-b) + (S)zcja/l/lxja)
Ha: A; 75 Aj . L
At a certain level of significance (e.g. 5%)can be com-
where pared with a corresponding tabulated value (from the nor-
mal table) to determine whether to reject the null hypothesis
Ai = Xib — Xia, AJ = -x]b - xja above
wherex;, andx;, are mean speeds before and after sign The five modules ranked apove can be divided into two
andx;, andx;, are mean speeds before and after §igh groups, namely, the square signs (Modules V-VIi) and the
14 ando? are the mean and the variance, respectively, for triangular signs (Modules il and 1V). When the amount
the speed reduction; = N(yu, Ui-)) then: of reduction among the square signs was compared statisti-

cally, using the foregoing statistic, no significant reduction
HaA; = Xib — Xia, Ka; = Xjb— Xja was found at the 5% level. However, the double-size module
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with diamond reflective material(IV) within the triangular of signs along a hazardous site should be examined in a
group showed a significant reduction when compared with future study. Additionally, since it was not investigated in
the other module with no diamond reflective material(lll). this research project, the trade-offs between the cost of the
Among the square signs, since all three configurations aresign and the effectiveness of the sign should be considered in
effectively the same, Module VII (75cnx 75cm) was future research. There is a need of some method of assigning
selected to represent this group because of economicalalues to the cost of implementation and effectiveness of
considerations, the smaller the size, the lower the cost of countermeasure so the best module can be identified.
manufacturing and installation.

Accordingly, of both groups and as justly discussed,
two modules were competitive, namely, Module IV (the Acknowledgements
triangle) and Module VII (the square). Statistical testing
above showed that the difference between these two mod- The authors would like to express their appreciation to

ules in terms of the amount of speed reduction was not the National Traffic Safety Committee at King Abdulaziz

significant P-value = 0.1314). Hence, both modules were  city of Sciences and Technology for funding the project on
equally effective, and either one could be selected. Sincehich this paper is based.

the double-size triangle (Module 1V) looks like the standard
sign, except for the size and type of reflective material, it
would be preferred to the square sign (Module VII). References
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