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Measuring Usefulness of Crash Fact Signs on

Speeding Behavior: A Case Study from Sahrawi
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Abstract: New technology that has the ability to reduce speed and hence improve safety has attracted
researcher’s interest. To mitigate speeding behaviour on the Jordanian Sahrawi highway, a driving
simulation study will be used to investigate potential countermeasures. Dynamic Warning Crash Fact
Sign (DWCEFS) will be proposed and its effectiveness will be examined on Sahrawi highway. To
determine the effect of (DWCEFS) on speeding behaviour, a driving simulator will be used to create a
set of scenarios that allow changing driver speed behaviour. The scenarios are designed to simulate
driving through a section of Sahrawi highway with high speed while interacting with (DWCES), and
create an environment that speed altering could happen. 60 participants will be asked to drive several
experimental scenarios subdivided into four areas for data collection. The two experimental scenarios
will include dynamic signs as follows: (1) ‘10 INJURIES OVER 2 YEARS SLOW DONWN SPEED
KILLS’, and (2) ‘'OVER 10 PEOPLE WERE KILLED LAST YEAR IN THISROAD’. The dynamic sign
will be placed at different locations including the beginning of the residential area with an 80 km/h
speed limit, and an uninterrupted section with 110 km/h. Comparison of the measures of
effectiveness (speed, lane position, acceleration, deceleration, and gap) will be made to assess speed
limit compliance and changes in driver behaviour. The DWCFS will expect to reduce the average
speed, 85t percentage speed, and the percentage of vehicles exceeding the speed limit on Sahrawi
highway.
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1. Goals and Objectives

The main goal of this research project is to evaluate the effectiveness of DWCFS as a speed
reduction measure by analyzing its effect on driver performance. During the evaluation, two different
messages will be examined to determine the most effective DWCFS. A driving simulator will be used
to monitor driver performance and assess in providing concepts that can be used in the development
of crash fact signs for Sahrawi highway as well as other arterial roads.

The overall objectives of the proposed project are listed below:

1. Developing a data-driven methodology to assess the effectiveness of different digital message
signs, message types and installation locations.

2. Generating necessary results to allow better allocation of government resources by investing in
effective DWCEFS sign technologies for traffic improvement.

2. Introduction

1. Review and Analysis of Related Work

Speed limit is considered one of the essential components in providing safe roads. Most of the
existing research has shown that higher speed limits on highways result in higher rates of fatal
crashes. The latest research conducted in the United States that studied fatal crashes on rural
interstates showed that states with 70 -75 mph speed limits faced more fatal crashes than states with
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60 or 65 mph by around 31-54 percent, respectively [1-15]. Taylor [2] studied the impact of increased
speed limits on the 1500 miles by conducting crash severities analysis. The study found a 10.5 percent
increase in crash occurrences on roads where the speed limits were raised. The potential impact on
the anticipated speed limit changed from 55 to 65 mph on non-freeway was studied by Gates et al.[3]
. The study predicted an annual increase of 40.3 fatal crashes, 74.6 incapacitating crashes, and 631.8
property damage only.

Digital message signs which are also referred as dynamic message signs (DMS), variable
message signs (VMS) or changeable message signs (CMS) are the vital part of the advanced traveller
information systems (ATIS) that disseminates various real-time travel information to the road users.
The DMS are digital devices that can display one or more alternative messages. The DMS usually
displays traffic, operational, regulatory, warning, and guidance information. Specific examples of the
information displayed on DMS include traffic diversion, travel time, congestion, upcoming
roadwork, lane closures, incidences such as accidents and inclement weather, speed regulations,
special events, and safety-related messages such as seatbelt usage campaigns [4,5]. The information
provided by DMS such as incidences and route alternatives enhances the even distribution of traffic
in the roadway network, thus improving the overall performance of the traffic system and reducing
potential traffic delays [6]. The Manual on Uniform Traffic Control Devices (MUTCD), Chapter 2L,
stipulates various aspects of DMS, which include the descriptions, applications, legibility design,
message length and units of information and installation of permanent DMS [4]. The MUTCD refers
readers to the Federal Highway Administration (FHWA)’s Changeable Message Sign Operation and
Messaging Handbook, which provides DMS operational policies [5]. Also, each state Department of
Transportation DOT has guidelines that supplement the DMS design and operational practices
provided by the FHWA manuals and handbooks. Such guidelines and policies include how each
message type should be posted, a list of message types that are prohibited and procedures on how
message types are designed and approved [7].

A number of studies have been conducted to explore the effectiveness of DMS in terms of its
design and the way it is operated. The design aspect includes installation details of DMS technologies
such as vertical and horizontal location, size, font, color, light intensity and units of information.
Operational factors include proximity of the DMS location relative to the specific event, when the
message is displayed and message display duration. The most important measure of DMS
effectiveness is the travelers’ compliance rate to the specific instructions being communicated
(displayed) by the DMS. It is challenging to assess this measure quantitatively as it is hard to associate
specific driver responses with the DMS information in a complex driving environment. However,
various methods have been used to qualitatively and quantitatively estimate the effectiveness of DMS
devices. Each study that evaluated the effectiveness of DMS used one or more of the following
methods: stated preference survey, driving simulation, analysis of traffic flow, vehicle speeds or
travel time data. Studies that carried out a cost-benefit analysis of DMSs utilized results from surveys,
driving simulator or before-and-after studies of traffic flows to quantify the benefits or disbenefits of
DMS relative to DMS installation and operational costs. However, benefit-cost analysis of DMS is
very challenging as it is difficult to isolate the benefits of DMS from other sources of traveler route
information such as smartphones, newspapers and TV [8].

There are different types of tools that are used in traffic safety research to gather driver behavior
information. Driving simulators are considered one of the most important sources to acquire such
information. Driving simulators have many benefits over other empirical methods because they
allow for control over variables under study and provide safe operational environments.

The behavior of drivers with different skills and characteristics in a certain area can be analyzed
on disaggregate basis by using driving simulator capability. Bella [9] examined the speed research
validity of the driving simulator by copying a real work zone located in a driving simulator
environment. 35 participants were recruited to test the scenario; it was found that the speeds were
lower in the driving simulator compared to the field measurements. Nevertheless, the two speeds in
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the driving simulator and the field were not statically different. Bella [9] concluded that whenever
the maneuver become simpler in the driving simulator, the validity of speed measurement improved.

[10] conducted a study to validate the driving simulator on road safety and highway geometric
design based on continuous speed profiles. The study recruited 28 subjects; each participant had 30-
km drives. The author concluded that simpler geometrics provide a larger difference in average
speeds between the simulator and field data, and that was because of the difference in realized risk.

Bella [11] studied a driver’s speed behavior on curves to test the speed perception differences
between real-life speed data and driving simulator data. 35 participants were recruited, based on
annual driving distance, and driving experience, to ride the driving simulator on-road scenarios. The
author found that there is no statistical difference in speed behavior between the driving simulator
and reference data in the two types of curves that were studied.

In the literature, however, there is no research has been conducted to investigate the
effectiveness of DWCES on the Speeding behavior on Sahrawi Highway. Therefore, this project aims
to behaviourally investigate the DWCEFS effectiveness and public perception. A driving simulator
non- will be used to capture and link actual drivers’ responses with performance with respect to
various DWCEFS designs. Subsequently, traffic flow and speed data measures will be performed to
measure speed profiles for Sahrawi highways and determine the suggested location for DWCEFS.

1. Significance of Work
The significance of the project is summarised as follows:

1. This project will contribute to developing a more reliable design of DWCES to reduce speeding
behaviour on Sahrawi Highway. This will push the wheel of using DWCFS by making dynamic
message signs a more preferable method to be utilized in the traffic control devices, which will
lead eventually to reduce crashes on Sahrawi Highway.

2. This project provides an excellent opportunity for Dr alhomidat to gain new skills and
knowledge in the subject area and to improve his research and management skills to help him
to enhance his competitiveness at the international level. He will also further expand his
international long-term collaboration network across Jordan and other regions of the world,
through participation in international conferences and co-authoring collaborative research
papers with academics in America. The project will provide him with an opportunity for skills
acquisition strategic planning and management of research activities at a senior academic level,
which will be an important part of his professional record.

3. This project will be the first stage in establishing the Jordanian DWCFS message and deployment
guidelines which are expected that other international specifications will rely on to enhance their
design guidelines and requirements. The excellent disseminating and exploiting outcomes of
this project are estimated to have a high potential at the regional and international levels. Dr
Alhomaidat, jointly with the project team, will generate significant scientific results which will
be disseminated through presentations at reputable international conferences and publications
in the top 5-10% international journals. This will enrich our knowledge and enhance the research
reputation of AHU university.

1. Methodology:

To accomplish the objectives of this research, the research team will methodically perform the
task as follow:

1. The research team will gather all relevant literature that has evaluated the effectiveness of
DWCEFS messages. The specific focus when reviewing the papers/reports will be on the methods
and results obtained from those studies. Further, the research team will collect and review other
countries guidelines for DWCEFS design and operational practices.

2. Theresearch team plans to identify and select study sites that cover the suburban and rural area
contexts of the Sahrawi Highway. These sites suffer from speeding beheavior as well as a high
crash rate. These sites will be used to mimic the scenario in the driving simulator.
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3. Various types of data will be needed to accomplish the specified project objectives. The main
types of data that will be collected include stated preference human factors survey, traffic flow
and speed data, and travel time data. Driver performance and responses based on DWCFS
message applications and installation details using the human factors survey and a driving
simulator study.

4.  Data Analyse:

a) Stated preference human factors survey will be used to assess the DWCEFS’s effectiveness
and public perception towards them. The effectiveness of DWCFS information will be
determined by examining the factors such as [12,13]: traveler’s awareness/familiarity with
the DWCES; traveler’s interpretation/understanding of the DWCES information (i.e.,
comprehension); traveler’s perception towards the usefulness and credibility of DWCFS
information, and traveler’s compliance with the recommended action.

b) A driving simulator will be utilized in this research as it has the capability of handling a
large realistic network. A driving simulator can be used to generate and edit any road
network by installing the map with signalized and unsignalized intersections, crossovers
and interchanges, traffic signal poles and caps, horizontal and vertical, and merge and
diverge areas.

Figure 1. Driving simulator at Qatar Trasnportation and Traffic Safety Center, Qatar University.

c¢) The research team will utilize traffic flow and speed data before the DWCEFS installation to
measure changes in traffic diversion rates and speed profiles. To complete this task, the
research team will gather vehicle speed and traffic volume data from various sources
including cido video camers and Bluetooth sensors.

2. Location and Safety Considerations:

From my experience in similar projects, this project is ranked as a low-risk project. Since the
nature of work is office-based and there is no need to do any high-demand workand no safety
requirements are needed. The project will be carried out in the main investigator’s office at the
Engineering College/AHU. Data collection location will be limited to the AHU Engineering college.
No other locations will be used for data collection.

Driving simulator risks are minimal and may only involve a rare short-term situation called
simulator sickness that is reported to end as soon as the participant leaves the simulator. These are
attributed to the visual stimulation, stimulation of vestibular system caused by perceived motion of
the scenario and vehicle the driver is driving while not accompanied with corresponding physical
motion cues, a situation common to fixed base simulators (Fisher, Rizzo, Caird , & Lee, 2011).
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Motion cues can at best be provided in full motion base simulators which may also be associated
motion sickness. Driving simulator sickness is known not to last long after the subject leaves the
simulator.

A pre-test will be administered to determine individuals with a history of experiencing motion
sickness. This test will check the conditions listed below. An individual identified to experience these
conditions at severe levels will not participate in the experiment. This pre-test will eliminate the
possibility of simulator sickness cases among the subjects who participate in the experiment.
Nevertheless, a post-stability and questionnaire test will be administered to check if the participants
do experience simulator sickness. If an individual is determined to have simulator sickness
symptoms in the post-test, they will be advised to rest for about 5 to 10 minutes before they leave the
study room.

Short breaks within experiment sessions are also known to reduce the possibility of simulator
sickness. Participants will be advised to take short breaks during the experiment.

3. Available Resources:

The research team plans to conduct a driving simulation study to capture and link actual drivers’
responses with performances with respect to various DWCEFS designs (color, size, position, font, unit
of information etc. ) and message types. Selected roadway environments from Sahrawi highway with
different CFS message types will be mimicked in the driving simulator. The driving simulator study
will offer a controlled environment from which the actual impacts of DWCFS to drivers’
performances can be thoroughly assessed. The driving simulation experiment coupled with a survey
will be used to connect the drivers” stated perceptions and response to DWCEFS with their actual
actions in response to DWCFS messages when driving through a simulated driving environment. A
high-fidelity driving simulator will be used to assess various aspects of drivers” behaviors.

The research team will utilize traffic flow and speed data before the DWCES installation to
measure speed profiles. To complete this task, the research team will gather vehicle speed and traffic
volume data from various sources including collect data from the field using Traffic Box (SEMI-
Portable Sensor) developed by SMATS.

4. Expected Results/Outputs:
The research team will ensure the inclusion of all the required outcomes which include:

o Identification of best practice applications of Crash Fact Message Signs worldwide and
recommendations for guideline updates.

e  Evaluation of DWCES effectiveness and public perception toward DWCEFS.

e A value matrix of message and sign type per geographic area (urban, and rural).

e Recommendation to Ministry of public works and housing on sign type and message
categories with the greatest driver compliance that can be automated to maximize their
effectiveness.
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