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Abstract 

The risk analysis process involving information acquisition, modeling, analysis, and 

decision steps result in system design improvement. To allow an accurate and active system 

risk assessment in road transportation, this study identifies the contributing factors in 

reliability of road transportation systems and develops the systematic and stochastic 

methodologies and mathematical models. The developed models and methodologies aim to 

assess the reliability and risk of drivers interacting with the today’s typical vehicles 

equipped with Advanced Drivers Assistance System (ADAS) and Passive Safety Systems 

(PSS) with any degree of complexity and availability of such systems. The research further 

examines and addresses the specific needs of such vulnerable users and perhaps risk to 

others on roads including older drivers, younger drivers and pedestrians. The research 

presents the conditions monitoring concepts as in-vehicle tools for live assessment of risk 

state of drivers built on the methodologies and models developed in the studies. The 

necessity for availability of good data and specific databases for purpose of risk assessment 

in road transportation is then highlighted and stressed. The complete procedure for accident 

investigation and data collection is developed and presented in the research and a conceptual 

model for a typical human centered reliability databases in road transportation is also 

developed. The research is novel and innovative and expected to pave the way for 

improvement and development of new risk mitigating systems and better assessment and 

monitoring of the safety of users on roads and with the capability of information sharing 

resulting in saving many lives worldwide. 
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CHAPTER 1 

 

INTRODUCTION AND LITERATURE REVIEW 

 

1.1       INTRODUCTION 

The human error is reported as a major root cause in road accidents in today’s world and as 

the result a very large number of people lose their lives worldwide annually due to road 

accidents. The human although is the person in control of vehicle until the moment of crash 

but it has to be understood that the human is under continued impact by various factors 

including road environment, vehicle and human’s state, abilities and conduct.  

The current advances in design of vehicle and roads have been intended to 

provide drivers with extra comfort with less physical and mental efforts, whereas the fatigue 

imposed on driver is just being transformed from over-load fatigue to under-load fatigue and 

boredom. A representational model to illustrate the relationships between design and 

condition of vehicle and road as well as driver’s condition and state on fatigue and the 

human error leading to accidents has been developed. Thereafter, the stochastic 

mathematical models were developed to make prediction on the road transportation 

reliability and failure probabilities due to each cause (vehicle, road environment, human due 

to fatigue, and human due to non fatigue factors). Furthermore, the supportive assessment 

methodology and models to assess and predict the failure rates of driver due to each 

category of causes were developed and proposed.  

The human acting as a driver in road vehicles is constantly exposed to changing 

surroundings (e.g., road conditions, environment, and surrounding vehicle position) which 
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deteriorate his/her capacities leading to a potential accident. The auto industries and 

transportation authorities have realized that similar to other complex and safety sensitive 

transportation systems, the road vehicles need to rely on both advanced technologies (i.e., 

Advanced Driver Assistance Systems (ADAS)) and Passive Safety Systems (PSS) (e.g., 

seatbelts, airbags) in order to mitigate the risk of accidents and casualties. In this research, 

the advantages and disadvantages of ADAS as active safety systems as well as passive 

safety systems in road vehicles have been discussed. Also, this study proposes models that 

analyze the possible interactions between human as a driver and ADAS and PSS in the 

design of vehicles. Thereafter, the mathematical models have been developed to make 

reliability prediction at any given time on the road transportation. Finally, the implications 

of this study in the improvement of vehicle designs and prevention of casualties are 

discussed.  

The research then integrated pedestrian as another vulnerable user on road 

transportation systems. A very large number of pedestrians die every year across the globe 

in both developed and developing countries. A pedestrian is under constant influence by 

various factors including the approaching vehicles equipped with Advanced Driver Assist 

Systems (ADAS), road infrastructures, environment and pedestrian’s state, abilities and 

conduct. Author’s view in the analysis of road accidents has been to identify and address the 

root causes of pedestrian-to-vehicle accidents. It is a simplistic approach to blame on human 

error as the cause of accidents whether on part of drivers or pedestrians and not to address 

the causes of human errors logically, systematically and dynamically. The interfaces and 

dependencies among identified causes of pedestrian-to-vehicle accident as unwanted event 

have been illustrated using fault tree in this research. Furthermore, the time dependent 
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reliability and failure probability functions of each of the contributing causes of this 

unwanted event have been modeled distinctively. Subsequently, the failure probability and 

reliability functions of pedestrian crossing on roads are determined. The results of this 

research will assist researchers and practitioners to logically and stochastically predict and 

analyze risk of the pedestrians involved accidents and provide measures in elimination or 

reduction of this risk. 

Addressing the specific conditions and needs of older drivers on roads, the 

research then integrated this group of vulnerable drivers into the study. There has been a 

marked increase in the number of older drivers across the globe. The aging comes with 

limitations in physical, sensory and perceptual abilities affecting driving by the older people. 

The mobility is a universal fundamental right of living which cannot be taken away. 

However, the mobility of older people by their own vehicles demands special considerations 

by transportation authorities and the older drivers themselves. The number of crashes and 

severity of casualties caused by older drivers indicate that the older drivers should be 

considered as vulnerable users on roads and a risk to others. The research identified the 

potential causes of crashes by the older drivers and modeled the risk of crash using Fault 

Tree Analysis (FTA). As the human involved causes in the FTA are constantly under 

influence from each other, their effects impact proportionally and accumulatively on the 

total level of workload imposed on driver. This characteristic has been mathematically 

modeled and integrated into the developed FTA. The transportation authorities and auto 

industries can benefit from this research to further advance the design of technologies used 

in vehicles and roads and to better analyze and address the risk caused by older drivers on 

roads. 
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As another group of vulnerable users on roads, the research integrated the specific needs and 

characteristics of younger drivers into this study. There has been a marked increase in the 

number of young drivers across the globe. This age category comes with deficiencies 

resulting from their inexperience and age related characteristics. Mobility is a fundamental 

right of living by everyone whether young or old and learning to drive is considered as a 

significant achievement in youth’s life. However, the mobility of a younger driver by his/her 

own vehicles demands special considerations. The number and types of crashes caused by 

younger drivers indicate that they shall be considered as vulnerable users on roads and a risk 

to others (i.e., other motorists, pedestrians and passengers). The research identified and 

illustrated the potential causes of crashes by younger drivers and introduced the available 

measures to mitigate the crash risk. The risk of crash by younger drivers was systematically 

and logically modeled using Fault Tree Analysis (FTA). Subsequently, the risk state of 

driving by younger driver at a given time was mathematically modeled. Furthermore, the 

concept of “riskometer” as an interactive in-vehicle tool to monitor the risk state of driving 

for younger drivers on road was proposed. The research concluded with discussions and 

recommendations on directions for potential applications and future research works. 

For many years there has been increasing concern about the effects of human 

error in safety and reliability of complex systems like road transportation. Such accidents 

can in theory be predicted and prevented by risk assessment, in particular assessing the 

human contribution to risk. As part of the Human Reliability Assessment (HRA) process, it 

is usually necessary not only to define what human errors can occur, but how often they will 

occur, by assigning human error/failure probabilities (HEPs) to the identified human errors. 

These data in road transportation system can originate from various data sources such as 
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incident and accident reports, records, near-miss reports, violations, simulators, experts, 

automatic data recorder, human data recorder, and experiments. There are two major types 

of human error/failure data (i.e., qualitative and quantitative data) which can be collected. 

Lack of data is probably the single most important factor impeding the development of 

human reliability assessment and subsequently prediction of road accidents and taking 

proactive measures by the authorities. It is to acknowledge that there have been some efforts 

in many countries and sometimes regionally in developing the road transportation 

databanks. However, what it can be noticed from all these databanks is that their attentions 

are more leaning towards the consequence of road accidents on human than the recognition 

of causes of human error and the detailed characteristics and analysis of conditions leading 

to the error. The significance of the status and conditions of available human reliability 

databanks and necessity for development of HRA based database have been examined and 

highlighted in this research. Then, the required structure and framework for the future 

databanks in road transportation and the complete investigation methodology for crash data 

collection are proposed. 

Lack of understanding of the failure distribution characteristics of drivers on 

roads at any given time is a factor impeding the development of human reliability 

assessment and prediction of road accidents in order to take best proactive measures. The 

author’s proposed predictive behavioral characteristics of drivers in light of their 

instantaneous error rate was experimentally tested and validated in this research to further 

assist in processing and analysis of data collection as part of risk assessment. The findings of 

this research can assist transportation authorities to collect the necessary data, to better 
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understand the behavioral characteristics of drivers on roads, to make more accurate risk 

assessments, and finally to come up with the right preventive measures.   

 

1.2      LITERATURE REVIEW 

 

1.2.1    CAUSES OF DRIVER’S ERROR LEADING TO ROAD ACCIDENTS 

The failures in transportation systems impact on the economy, environment and people’s life 

[1.1]. Around 0.8 million fatalities and 20–30 million injuries occur each year in the globe 

as the result of road accidents [1.2, 1.3]. A large number of people lose their lives worldwide 

annually due to road transportation and accidents (e.g., 42000 loss of life annually in 

highway accidents alone in USA; 22000 loss of life annually due to road accidents in Iran as 

a developing country with almost one fifth of US population; 40000 road fatalities and 1.7 

million injuries within the European Union (EU-15) each year) [1.4, 1.5, 1.6]. The road 

accidents are the second most serious cause of fatalities and injuries for EU citizens and for 

Europeans under 45 years of age the road accidents are the largest cause of death [1.7].  

These data reflect the significance of problem and the fact that both developed and 

developing countries are in need of further research in reliability of road transportation 

systems.  

Based on various studies on road accidents in both developed and developing 

countries, the human error or failure has been identified as the main cause of road accidents 

in 65% to 90% of cases [1.8, 1.9, 1.10, 1.11, 1.12]. The human error research has rooted in 

such safety critical domains as aviation, nuclear, and patient safety [1.13, 1.14, 1.15, 1.16], 

rather little research has systematically investigated the factors contributing to driver error or 
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failure [1.17]. This and any future research in this area are needed to constantly improve the 

reliability of road transportation systems.     

In literature, the task load related fatigue is broken down into task over-load 

fatigue and task under-load fatigue [1.18, 1.19, 1.20, 1.21]. The former deals with the 

problems when the task requirements exceeding the ability of the concerned individual, and 

the latter is concerned with repetitive performance, lack of intellectual input, lack of proper 

opportunities to use individual’s acquired skills or prolonged static tasks [1.18, 1.19, 1.20, 

1.21].  

With the ongoing advancement in automation level of vehicles, the task under-

load fatigue is taking larger and different stake of drivers’ general fatigue level compared to 

older days where the fatigue mostly was in the form of task over-load fatigue [1.21]. Besides 

human fatigue, there are three other main categories of accident causing factors in roads 

(i.e., road environment, vehicle, human due to non-fatigue factors) [1.21]. There is no doubt 

that the driver’s fatigue state has significant impact on the human error and consequently on 

the safety and reliability of transportation systems [1.21]. Today, these factors are 

considered as contributing causes of human error or failure leading to road accidents.  

Reliability engineering, which was originally developed to deal with the failures 

of the components, it is now understood that the reliability assessment of complex systems 

shall focus not only on hardware failure but also increasingly attributed on human error 

[1.22, 1.23].   

The human error is seen as the most significant cause of accidents or incidents in 

any safety critical system [1.24]. Human error is defined as the failure to carry out a 

specified task that could result in disruption or damage to operations, equipment and safety 
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[1.25, 1.26].  In literature, the human error is divided into slips (attention failures), lapses 

(memory failures), mistakes (rule and knowledge based failures) and violations (any 

behavior deviated from accepted standards and rules) [1.27, 1.28, 1.29]. The human error is 

to be seen as the symptom of deeper trouble and it is not to be considered as the conclusion 

of investigation [1.30, 1.31]. This research intends to take some initiative steps in assisting 

road transportation authorities to deeply investigate and address the problem of human error 

or failure on roads.   

                   The accident causing factors in roads can be grouped under the following 

categories [1.9, 1.21, 1.32, 1.33, 1.34]: 

- Human related factors (e.g., speed, inattention, distraction, inexperience, 

reckless/irresponsible behavior, alcohol/drugs, emotional distress, fatigue) 

- Road related factors (e.g., markings, street lighting, road maintenance, traffic,  

highway design, road signs, weather) 

- Vehicle related factors (e.g., wheels, steering, braking, engine, lighting, seating, 

noise, vibration)  

Human reliability is defined as the probability of successful completion of a task (e.g., 

driving operation) by an individual without degrading the system, and due to the significant 

role that human plays in the failures and risk of complex systems such as transportation 

system, the human reliability assessment (HRA) is seen critical [1.1, 1.35, 1.36]. The 

quantitative and qualitative assessment of human errors is named human reliability 

assessment (HRA), which deals with the difficult and complex area of how human error can 

impact on risk and how the human error potential can be reduced [1.37]. This research is 
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utilizing HRA approach in initiative way to model and address the problem of human error 

in road transportation systems. 

The human reliability or error data required for the assessments can in general be 

obtained from such sources as incident or accident reports, violations, simulators, experts, 

data recorder, experiments, and probability compounding methods but a strong preference 

has been given to real data [1.9, 1.38, 1.39, 1.40]. Other than “Computerized Operator 

Reliability and Error Database” (CORE-DATA) containing Human Error Probability (HEP) 

data from nuclear power, process control, offshore, military, rail and air traffic domains 

along with their related background information [1.41, 1.42], there is no already available 

and widely applicable human error databases similar to the reliability databases of physical 

components (e.g., OREDA, RAC-PRISM/MIL-HDBK-217) [1.43, 1.44, 1.45]. Therefore, 

the author has highlighted the significance of need for reliability data in road transportation 

systems. 

A typical HRA study includes such steps as representing the human contribution 

to risk of system (e.g., via fault tree, Markov model), quantification of the human error 

probabilities (HEPs) using databanks and real data, evaluating the risk, and then reduction of 

the human error contribution [1.46, 1.47]. This research has followed this general guideline 

of HRA to logically and systematically examine, model and improve the reliability of road 

transportation systems in initiative ways.  
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1.2.2      SAFETY AND VEHICLES EQUIPPED WITH ADVANCED DRIVER’S   

ASSISTANCE SYSTEM (ADAS) AND PASSIVE SAFETY SYSTEMS 

(PSS) 

The daily road accidents result a huge cost to our modern life [1.48]. Organization for 

Economic Co-operation and Development (OECD) [1.49] reported that the road accident is 

considered as the primary cause of death for European males under age 45. Each year more 

than one million people die worldwide in traffic crashes and further fifty million people are 

seriously injured as the result of driving [1.50]. These data illustrate the seriousness of 

reliability problem in road transportation systems and the crucial need for research works in 

this domain.   

Because the condition of road systems is constantly changing, drivers constantly 

have to make dynamic adjustments and adaptations to their driving behavior in response to 

the dynamic changes [1.51, 1.52]. There is no doubt that driver’s error is a major factor in 

road fatalities [1.32, 1.53, 1.54, 1.55]. The driving performance is impaired when 

insufficient attention is devoted to the driving tasks [1.51, 1.56, 1.57]. Literature pertaining 

to the driver’s distraction or inattention highlighted reduced longitudinal [1.58, 1.59] and 

lateral control [1.60, 1.61], reduced situation awareness [1.62], and degraded response times 

to road hazards as the results of distraction or inattention [1.63, 1.64]. The technology (e.g., 

CD player, GPS map, cell phones) and non technology based (e.g., sightseeing, talking with 

passengers) distractions [1.51] cause an increased risk of crash involvement [1.65]. It has 

been shown that both human (e.g., fatigue, distraction) and non-human related factors (e.g., 

weather, vehicle, road) could contribute to cause driver’s error leading to an accident [1.21, 

1.48, 1.53, 1.54, 1.66, 1.67, 1.68]. Therefore, the development of counter measures (e.g., 
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Advanced Drivers Assistance System (ADAS) and Passive Safety Systems (PSS)) to 

mitigate the human errors becomes critical [1.49, 1.51, 1.69].  

About 14,000 lane change and road departure crashes could have been prevented 

with warning systems in vehicles in the European Union [1.70]. Furthermore, Kuehn et al. 

[1.71] mentioned almost 24,000 rear-end, 2,000 lane change, and 3,000 road departure 

crashes could be prevented in Germany if the vehicles had crash avoidance technologies. 

The occupant survivability subsequent to crashes has been increased with improvements in 

vehicle design [1.72], and the recent approach in automobile designs is to avoid crashes 

altogether [1.73].  

The reduction or elimination of road transportation casualties can be achieved by 

integrating both “Active” and “Passive” safety approach in design of vehicles [1.74]. The 

passive safety system refers to the safety technology embedded in a vehicle, which is 

specifically designed to reduce injuries in the event of a crash (e.g., airbags and advanced 

seat belt) [1.74]. On the other hand, the active safety refers to technologies that are designed 

to prevent crash incidence (e.g., Intelligent Speed Adaptation (ISA), Lane Departure 

Warnings (LDWs), Speed Warning) [1.74]. ADAS aims at supporting drivers by either 

providing the warning to reduce risk exposure (e.g., driving over the speed limit, raising 

driver alertness [1.75]) or triggering control tasks which takes over the vehicle control to 

eliminate many of the driver errors leading to accidents [1.76], to prevent DUI (Driving 

under Influence) [1.77, 1.78], and to assist in a better control of the vehicle (e.g., improving 

visibility of the road environment [1.75]). Now, technologies such as forward collision 

warning and avoidance systems, lane departure warning, side view assist, adaptive 

headlights, adaptive cruise control, and many more have become available in the market and 
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many more are under development [1.73, 1.76]. ADAS functions can be achieved through 

either an autonomous approach that includes on board intelligent vehicle systems, and 

roadside systems or cooperative approach which rely on interfaces between the vehicle and 

other vehicles on road and the road system components [1.73]. The use of ADAS system 

may have several positive impacts such as mitigation of exposure to risky conditions, and 

improvement of driver behavior (e.g., reduced driving speed and speed variability, smaller 

lane deviations, faster reaction times, less harsh braking and enhanced alertness) [1.75] and 

eradication of driver errors [1.17]. However, the potential negative effects include: 1) 

drivers’ shifted attention to road environment information that causes insufficient attention 

to the primary driving tasks [1.75], 2) inappropriate driver reactions (e.g. harsh braking) that 

results in unexpected warnings [1.75], 3) driver frustration with warning systems due to 

unnecessary frequent system warnings, 4) driver frustration when certain elements of the 

driving tasks are taken over by the system in contrast to driver’s desire [1.75]. The positive 

impact of PSS is to protect the lives of people in case of accident as the last resort by 

designers in the event of human and ADAS failures [1.75]. However, the ill designed (e.g., 

when the airbag is inflated late or seatbelt breaks under intense impact) and equipped PSS 

may result in injuries and even death for passengers and driver involved in accident [1.75].  

The concept and functions of some of the available ADAS technologies are 

described as follows: 

Cooperative Based Systems connect individual vehicle by communication to the 

other vehicles or road infrastructures [1.79]. With inter-vehicle communication, for 

example, forward collision warning and avoidance, systems can send an emergency braking 

message to its following vehicles [1.80] or a vehicle can send Global Positioning System 
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(GPS) data to the other vehicles in order to warn them of approaching vehicles beyond their 

range of view [1.81]. Also, road operators can provide drivers with dynamic information 

such as conditions of road surface, traffic, and weather [1.76]. Road train systems, which 

could connect the leading vehicle to the following vehicles let the driver experience hands 

and feet free of driving tasks while the computer system takes control [1.82]. 

Forward Collision Warning and Collision Avoidance Systems are developed to 

reduce rear-end collisions, which represent about 28% of all collisions between vehicles 

[1.83]. The system is made up of cameras and radar sensors to monitor the area in front of a 

vehicle [1.73]. Forward collision warning systems provide warnings (visual, audible,  

haptic) to a driver when the occurrence of imminent crash with the leading vehicle is likely 

[1.84] and the collision avoidance systems take action only if the driver fails to respond to 

the warning presented, for example by applying a limited or full brake [1.76]. 

Side and Rear View Assistant Systems use cameras or radar sensors to monitor 

surrounding areas of a vehicle and warn the driver of vehicles in the side or rear blind zones 

[1.57, 1.73]. 

Lane Departure Warning Systems use cameras to monitor vehicle position within 

the lane, warning the driver if the vehicle is in risk of straying across lane markings [1.73, 

1.85, 1.86, 1.87].  

Vision Enhancement Systems capture and present the road scene with a greater 

contrast in situations with degraded visibility using an infrared camera with either head-up 

or head-down display (HUD/HDD) [1.17, 1.88].  

Adaptive Cruise Control Systems is used for a longitudinal vehicle control with 

the use of a microwave radar, sensor, and distance control device by maintaining a safe gap 
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such that the set speed of the vehicle is maintained until the leading vehicle gets slower 

speed than the following vehicle. This results in reduction of the speed in the following 

vehicle [1.17, 1.89]. 

Vigilance Monitoring System monitors time that driver’s views are off the road 

and it warns the driver if his/her eyes are off the road for an extended time [1.90] as head 

position and eye closure are strong indicators of fatigue [1.91]. Thiffault and Bergeron 

[1.92] found that the visual monotony is a key input to driver fatigue.  

Navigation System assists a driver in planning routes and navigates in real time 

so that the driver may be advised of when to join or leave roads safely in a timely manner 

[1.17].  

As described above, the human error though can be reduced by addressing the 

causes of driver’s error but we should know that it can never be eliminated. Therefore, the 

need for ADAS to monitor and correct driver’s state in relation to roads is seen vital. Since 

warning and corrective functions of ADAS may also fail and driver error does occur, thus as 

the last resort all vehicles are equipped with PSS to reduce the severity of accident 

consequences. This research has therefore integrated the interactions between driver and  

ADAS and PSS in order to have a realistic assessment of the reliability of today’s road 

transportation systems.  

 

1.2.3      SAFETY OF PEDESTRIANS ON ROADS 

It is projected that the road casualties, due to growth in global population and subsequently a 

denser traffic will rise by about 65% over the next 20 years unless there is an increased 

commitment to prevention [1.93, 1.94, 1.95]. 
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The continuing efforts have been made domestically and internationally to improve the 

protection of vulnerable road users against injuries and fatalities, in particular for 

pedestrians, however, the situation of pedestrian safety is still critical and worrisome [1.96]. 

China has been consistently ranked as a country with high percentage of pedestrian fatality 

rates [1.96], such that in 2006 more than 89,455 persons died in 378,781 accident cases, 

among which, pedestrians accounted for 26.01%, the highest proportion of all traffic 

fatalities [1.97]. In China, on average, every 5 minute a pedestrian is injured and one is 

killed every 17 min [1.97]. Furthermore, in USA as a country with developed road 

infrastructure and system, pedestrian safety is still worrisome such that there were 4,432 

pedestrian fatalities and an estimated 69,000 injuries in traffic crashes in year 2011 [1.98, 

1.99]. On average, a pedestrian died every two hours and injured every eight minutes in US 

traffic crashes [1.99]. Same report cites that in 2011 the pedestrian deaths in US accounted 

for 14.9 percent of all traffic fatalities, and made up 4.5 percent of all the people injured in 

traffic crashes. Furthermore, in a developing country like Iran with almost one fifth of US 

population, it has been reported that 2,374 pedestrians were killed in traffic crashes in year 

2011, which accounted for 21.2 percent of road traffic fatalities [1.6]. These data from both 

developed and developing countries highlight the importance of research in pedestrian safety 

domain. 

Traffic is the result of interaction between people, vehicles and road 

infrastructure in which the human is a key element and nearly all traffic accidents are due to 

human error [1.100, 1.24]. Based on various studies on road accidents in both developed and 

developing countries, the human error committed by drivers, which may endanger the safety 
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of pedestrians as well, has been identified as the main cause of accidents in 65% to 90% of 

cases [1.8, 1.9, 1.10, 1.11, 1.12].  

The road system is constantly changing and as the result drivers must 

continuously make dynamic driving behavior in response to these changes in the road 

environment [1.51] and as the result safety of pedestrians is under constant threat by drivers.   

With respect to pedestrian errors as other potential cause of pedestrian-vehicle accidents, 

according to a study pedestrian errors have been found as the cause of accidents in 59% of 

the vehicle to pedestrian crashes in North America [1.101]. Pedestrians may either disregard 

traffic signals or cross roads facilities as a typical kind of pedestrian error [1.102] or make 

error unintentionally due to failure in crossroad infrastructures and environment. However, 

whether the errors committed by pedestrians are caused negligently or intentionally, they 

can lead to traffic accidents [1.103, 1.104, 1.105]. The traffic accident statistics signifies the 

importance of understanding factors causing pedestrian errors [1.102] and subsequently to 

eliminate or reduce the risk. The measures to counteract traffic accidents involving 

pedestrians and vehicles can be grouped under one of three approaches: (1) change 

pedestrians’ behavior; (2) provision of vehicle related measures; and (3) physical road 

infrastructure related measures [1.100]. Each of these three groups of counter measures shall 

contain both passive and active safety systems; the former aim to mitigate the consequences 

of an accident once it has happened and the latter aim to avoid accidents [1.100]. 

Pedestrian’s error can be considered as a kind of results of bad crossing behavior 

[1.100]. Therefore, the analysis of pedestrian crossing behavior has been of great concern to 

researchers [1.106]. Pedestrian crossing behavior is expected to be impacted by various 

factors, such as personal characteristics, traffic and road infrastructures and environmental 
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factor [1.102]. Pedestrians’ personal (e.g., age, gender, attitudes, health) characteristics play 

an important role in pedestrian safety crossing [1.107, 1.108, 1.109, 1.110, 1.111, 1.112]. 

Furthermore, a recent study revealed that pedestrians in poor neighborhoods are injured on 

roads 6 times more often than in rich neighborhoods due to difference in pedestrians’ 

behavior, busier traffic and denser population [1.113]. Changing behavior is expected to be 

promoted and performed by enforcement, information, education, as well as driving 

instruction; it is to be noted that this matter is falling mainly in the domain of active safety 

[1.100].  

Hojjati-Emami et al. [1.21] illustrated how drivers are constantly influenced by 

various human, environmental, vehicular and overload/under-load fatigue factors forcing 

them to commit error leading to an accident. The goal of elimination and reduction of the 

causes of drivers’ error therefore requires multi facet measures by all players including auto 

industries, transportation authorities, law enforcement, drivers, etc. However, it is to be 

noted that the goal of elimination of these contributing factors to drivers’ error can never be 

completely achieved but the errors can effectively be reduced. For example, human under-

load fatigue as a new form of fatigue causing accidents perhaps can never be eliminated. 

Thus, today’s transportation system is resorting more and more on providing technologies to 

detect the human errors and to mitigate them. However, it is to be noted that these 

technologies cannot take over all drivers’ role and they are not 100 percent reliable either. 

Subsequently, the modern vehicles are typically equipped with both passive and active 

safety systems so that if the active safety systems fail to act effectively then a level of 

protection as passive safety system is activated as last resort in accidents through passive 

safety systems [1.74, 1.114]. As an example of specifically designed passive safety system 
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for pedestrians, we can mention the pedestrian safety airbag which is an inflatable cushion 

along the rear edge of the hood to prevent pedestrian’s head from hitting the windshield 

when struck by the car [1.115]. However, all or majority of the ADAS technologies, as 

active safety systems, directly or indirectly affect the safety of pedestrians as well as driver 

and passengers. Though, there are some specifically designed ADAS for pedestrians. One of 

them is the recently developed pedestrian detection system, which stops the vehicle when it 

recognizes someone entering the roadway [1.115]. Another one is the new driver aid that 

can spot pedestrians and cyclists before drivers can detect in congested traffic or poor 

weather using Wi-Fi technology and pedestrians’ cellular phones together with the sensors 

and other driver aids built into vehicle [1.116]. 

It is well-know that the road infrastructures (e.g., signals, markings, road 

structure, signs) and environment (e.g., fog, ice rain, snow) have impact on performance of 

both pedestrians and drivers. Consequently, it is expected that the safety of pedestrians may 

be endangered by both their own error and drivers. The road infrastructure related measures 

mainly concentrate on active safety (i.e., roads constructed in a way that accidents are less 

likely to occur) but also to some extent on passive elements (i.e., consequences of accidents 

are less severe) [1.100]. The concept of “Self-explaining roads’ as one of the active 

measures indicates on a recognizable road layout which promotes appropriate behavior by 

both drivers and pedestrians [1.117]. Self-explaining roads present road users with a clear 

road structure where they should be and what they should do to maintain safety [1.117]. For 

example, pedestrians’ designated area indicates on where to cross and to caution drivers to 

lower their speed and restrict overtaking [1.117, 1.118]. The “Forgiving roads” is another 

approach in design of roads which aims to protect road users in the event of a crash through 
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reduction or elimination of the consequences of accidents once they occur with provision of 

structural layout elements (e.g., safety fences or landscape are used to separate fast moving 

traffic from pedestrians and to cushion crashes when they happen) [1.117, 1.118]. Besides 

the elements of road construction which is built into physical layout of roads, the safe roads 

infrastructure shall possess the static and dynamic information displays and devices (e.g., 

signage, markings, displays, lights) [1.117, 1.118]. Therefore, if the road is not designed 

based on physical and cognitive abilities of human either as driver or pedestrian and has not 

taken into account the environment of the road location in its design, there would be a higher 

expected rate of vehicle to pedestrian accidents. 

The information provided above has helped the author to model the reliability of 

systems composed of pedestrian and vehicle in order to propose effective tools for 

assessment of such  system and mitigating the risks. 

 

1.2.4      OLDER DRIVERS ON ROADS 

The number of older people has increased over the course of last decades and is expected to 

be continued in all parts of the globe mainly due to better health care system [1.119, 1.120, 

1.121]. For example, in 2012 the population of people over 65 years in Canada, USA, China 

and Iran has reached 16.4%, 13.5%, 9.1% and 5.1% of their total population, respectively 

and are expected to increase to 24.9%, 19.6%, 17.2% and 8.9% by year 2030; respectively 

[1.121]. These data reflect the significant and growing proportion of older population in the 

societies specifically in developed world.  

People over 65 years are expected to have one or more chronic conditions 

causing relevant disabilities (e.g., arthritis, hearing impairment, heart disease, orthopedic 
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conditions, disorientation, limited attention, memory impairment, decreased ability for 

learning, declined vision, lower muscle strength, degraded selective and divided attention, 

and lower speed of information processing) [1.119, 1.122, 1.123, 1.124, 1.125, 1.126]. 

A disability may be a combination of physical, cognitive, sensory and emotional causing 

impairments and activity limitations [1.127]. However, all people with disability have the 

same human rights as other members of society and should be empowered to exercise their 

rights [1.128].  

One of the fundamental rights is Mobility, as the ability to get wherever one 

needs to go, which is accounted essential for everyday functioning and a satisfactory life 

[1.129, 1.130]. To better enjoy a high quality of life, older adults shall be able to access 

needed goods and services and to participate in desired social and leisure activities 

independently and the automobile is accounted as the primary means of transportation 

[1.129]. The automobile is used by almost 85% of the elderly as drivers and 60% as 

passengers [1.131, 1.32]. Many elders cannot use public transportation due to their 

functional limitations and poor quality of services [1.133, 1.134].  

Older drivers constitute the fastest growing segment of the driving population 

[1.135, 1.136, 1.137]. For example, the number of licensed older drivers (65+) in Canada 

and USA has reached more than 14.5% and 15.7% of their total Drivers population; 

respectively, reflecting the increasing trend from previous years [1.138, 1.139]. 

The driver’s license serves as a symbol of independence, self-sufficiency and, for 

the older person; it may also serve as symbol of functional competence [1.136, 1.140, 

1.141]. Driving cessation is associated with a dramatic decrease in participation in activities 

outside the home and depression [1.142]. Rather than stop driving completely, older adults 
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often engage in self-regulatory behaviors through avoiding high-risk situations (e.g., dense 

traffic, complicated intersections, adverse weather, and night driving) [1.135, 1.136]. 

It is widely recognized that older driver safety and mobility may be compromised 

due to age-related changes [1, 143, 1.144]. The accident rate is about six times higher for the 

75 years old and older than for the average of all ages [1.145]. Additionally alarming is the 

fact that increased age is associated with a higher risk of being seriously injured or killed in 

an automobile crash [1.136, 1.145]. On average, 10 older drivers (over 65 years) are killed 

and 500 injured every day in crashes in USA [1.146]. Furthermore, the older Drivers (over 

65 years) fatalities accounted for 16.9% of total crash fatalities in Canada larger than their 

share of 14.5% in total drivers’ population [1.147]. 

Driving involves a complex interaction between sensory, cognitive and motor 

processes [1.137]. Physical, sensory, and cognitive abilities of people decline during the 

normative aging process affecting the performance of everyday tasks including driving 

[1.147, 1.148]. In addition, the elderly are more likely to have multiple medical conditions 

and take multiple medications, whose interactions may further affect safe driving 

performance [1.147, 1.149]. The age at which the declines start as well as the rate at which 

these declines continue differ from person to person [1.150]. Also not every weakness of the 

older drivers has negative consequences on road safety [1.119, 1.150]. Furthermore, despite 

the age related weaknesses affecting the safe driving, as more significant ones are 

highlighted below, there are some strengths (e.g., experience, conservative risk behavior) 

among older drivers on which can partially be relied. 

It is evident that good vision is very important for safe driving.  However, it has 

been noted that such visual functions as peripheral vision, motion perception, visual acuity, 
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darkness adaptation, contrast sensitivity, and color vision decline as people age [1.122, 

1.123, 1.124]. Hearing is perhaps not as critical as sense of vision in driving, but it is still 

important component of safe driving (e.g., hearing the warnings given by surrounding 

vehicles). The prevalence of hearing problems increases with advanced age [1.151]. As 

drivers age, they become less able to hear the higher frequencies sounds in normal intensity 

level and it becomes more difficult for the older driver to filter out unwanted noises [1.152]. 

Age related cognitive changes produce a general slowing in the ability to perceive and 

process information and to act upon. Specifically, these declines are noted in their vigilance, 

selective and divided attention, short-term memory, information-processing speed, and 

reaction/response times [1.152, 1.153, 1.154]. Perceptual and cognitive processes are needed 

to select the appropriate information, interpret it, and make decisions which must then be 

translated into an appropriate driving action. Physical abilities, that decline as people get 

older, are reduced joint flexibility, reduced muscular strength, and reduced manual dexterity 

influencing the ability to get in and out of a car and to operate the vehicle, which have 

impact on injury and recovery [1.124].  

Nevertheless, it is to be noted that older drivers will be less prone to risky traffic 

situations unlike young drivers (e.g., driving less often under the influence of alcohol and 

complying more often with traffic rules) [1.143, 1.146, 1.155, 1.156]. Furthermore, they 

usually have a great deal of driving experience enabling them to anticipate the situations 

they would encounter gaining extra time to think and act, thereby partly compensating their 

aged abilities [1.119]. 

The information described above signify the fact that a special care and attention 

should be given to older drivers safety as vulnerable users on roads.  
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Considering the identified causes of high accidents rate among older drivers, a set of 

measures aiming to reduce the road casualties involving older adults have been explored and 

utilized in many parts of world (e.g., provision of education/information for older adults, 

infrastructural adaptations, and in-vehicle technologies) [1.152, 1.157]. 

A recent focus of vehicle design with respect to safety has been in the 

development of new technologies (e.g., advanced drivers assistance system) aimed at 

enhancing the capabilities and supporting the weaknesses of the older driver and therefore to 

extend the safe driving life of older adults [1.75, 1.76, 1.119]. The advanced driver 

assistance systems (ADAS) can mainly provide assistance for older drivers specifically with 

respect to their limitations in motion perception, peripheral vision, selective and divided 

attention, decreased speed of processing information, visual motor capabilities, and decision 

making (e.g., [1.158, 1.159, 1.160, 1.119, 1.161, 1.162]. The limitations of older drivers 

while designing ADAS have to be addressed well as they are more susceptible to the 

consequences of poorly designed ADAS than younger drivers [1.163]. Some of the currently 

available ADAS assisting the older drivers include visual enhancement systems, vigilance 

monitoring device, park assistance system, basic and advanced collision warning and 

avoidance systems, adaptive cruise control, adaptive headlights, electronic stability control, 

lane departure warning, and emergency response system [1.114, 1.65, 1.121, 1.125, 1.164, 

1.165, 1.166, 1.167, 1.168, 1.169]. It is to be noted that in-vehicle technologies designed 

specifically for the older drivers have the potential to improve safety and mobility for all 

motorists [1.137, 1.75]. However, the number of initiatives to develop ADAS that are aimed 

at the special safety needs of older drivers is yet limited [1.162].  
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The design of roadways may also help to compensate age-associated difficulties with 

driving tasks [1.170, 1.171]. Roadways that communicate with in-vehicle technologies (e.g., 

navigation and route guidance system) can provide older drivers with helpful information on 

the traffic and road conditions and best route to take and ultimately affect positively the safe 

driving [1.75, 1.125, 1.166, 1.172]. The technology of communicating from vehicle to roads 

and environment (e.g., automatic collision notification and vehicle location sensors in 

vehicles) have also the capability of automatically transmitting vehicle location and position 

to the nearest 911 center and emergency medical services (EMS) once the air bags are 

deployed [1.125, 1.168, 1.173]. Furthermore, the roadways can directly communicate with 

users through such technology as Talking Signs system composed of permanent audio 

signals transmitters installed on public locations (e.g., traffic lights and government 

buildings) and the receivers carrying by visually impaired drivers, to assist them in getting 

the information related to surrounding environment (e.g., go/do not go and street 

information) [1.172, 1.174, 175].  

Another focus of vehicle design with respect to safety has been in the 

development of mandated installation of passive safety equipment, such as safety belts and 

air bags enhancing the capabilities of the vehicle in the event of crash [1.65, 1.158]. 

Furthermore, the suitable design of automobile components (e.g., seating, mirrors, headlight, 

sun visors, interior noise level, pedals) can contribute effectively in increased visibility and 

subsequently would facilitate early detection of possible roadway problems by older drivers, 

considering that they require more time to process information and respond [1.65, 1.176]. 

Assistive Technology is a generic term for devices that help a person to 

overcome or remove a disability in order to accomplish tasks (e.g., hearing aid, eye glasses, 

http://en.wikipedia.org/wiki/Assistive_Technology
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wheelchair, large print, and Talking Signs System) [1.172, 1.175, 1.177]. Mann [1.178] has 

listed some of the typical problems with assistive devices (e.g., difficulty to use, not 

sufficiently assist person to do intended task, and unsuitability for every 

environment/situation). Since it is expected that older drivers due to their limitations to use 

some of these devices while driving, therefore it is required to know and predict their impact 

on safety of driving.  

For the safety of older drivers, and that of others, the older drivers need to pay 

special attention to their limitations as they get older [1.173]. The older adults shall use 

smart risk strategies (e.g., how/when/where to drive considering their limitations, getting re-

trained for driving, not driving under influence of alcohol/medications/fatigue/distractions, 

and medically checked) to reduce the likelihood of motor vehicle-related crashes [1.173, 

1.179]. 

The described limitations of older drivers and the already available risk 

mitigating technologies been integrated into this research to specifically assess and monitor 

the reliability of such road transportation systems. 

 

1.2.5      YOUNGER DRIVERS ON ROADS 

Youth period is the time in which youths experience growth, experimentation, powerful 

emotions while exploring their limits and pushing these boundaries [1.180]. This period also 

coincides with the time when most people learn to drive for first time [1.180]. 

Unfortunately, this combination results in a high traffic safety risk for young drivers, their 

passengers, and other road users (i.e., motorists, pedestrians [1.180, 1.181]. 

http://en.wikipedia.org/wiki/Wheelchair
http://en.wikipedia.org/wiki/Large_print
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Nevertheless, one of the fundamental rights for everyone’s satisfactory life is mobility 

[1.129, 1.133, 1.134] and many youths resort to driving their own vehicle despite the risk 

and costs. 

The number of youths has constantly being decreased over the course of last 

decades due to lower fertility rate and this pace is expected to continue in all parts of the 

globe [1.182]. For example, in 2013 the population of people between 15-24 in Canada, 

USA, China, and Iran has now reached 12.9%, 13.7%, 15.4% and 19.8% of their total 

population, respectively [1.182]. The ratios are expected to decrease to11.0%, 13.0%, 11.1% 

and14.1% by year 2030, respectively [1.182].  

However, younger drivers constitute the second fastest growing segment of the 

driving population just behind older drivers in most parts of the world [1.138, 1.139]. For 

example, the number of licensed youth drivers (15-24) in Canada and USA has reached 

more than 12.79% and 13.05% of their total drivers population; respectively [1.138, 1.139]. 

The driver’s license serves as a symbol of independence, maturity, competence 

and self-sufficiency for an individual while learning to drive is one of the most 

achievements for everyone [1.140, 1.141, 1.180, 1.183].  

Younger people aged 15-24 represent only 13% of the U.S. population, however, 

they account for 30% ($19 billion) of the total costs of motor vehicle injuries (i.e., medical 

treatment, property damage and other costs) among males and 28% ($17 billion) of the total 

costs of motor vehicle injuries among females [1.184, 1.185]. The percentage of drivers’ 

fatalities and serious injuries in Canada among age category of 15-24 were reported 22.3% 

and 23.6%; respectively [1.147]. These data reflect that the younger drivers are under 

extremely high risk of fatalities and serious injuries on roads compared to any other age 
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groups in Canada and elsewhere (e.g., 37 members of OECD) when comparing the data with 

their proportion in total population (e.g., 12.9% in Canada) or in total number of licensed 

drivers (e.g., 12.79% in Canada) [1.182, 1.186]. 

The motor vehicle crashes still considered as the leading cause of deaths among 

youths (16-20) and young adults (21-24) in USA [1.187], whereas for the first time since 

1981, motor vehicle traffic crashes were not among the top 10 causes of death in the United 

States for population as a whole [1.187, 1.188]. A long-standing challenge for road safety 

research is that young novice drivers, aged 25 years or younger, have disproportionately 

high crash involvement [1.180, 1.189, 1.190]. 

To reduce the risk, young novice drivers shall engage in self-regulatory 

behaviors through avoiding high-risk situations (e.g., dense traffic, complicated 

intersections, adverse weather and night driving) and obeying the law while not taking risky 

driving behavior [1.135, 1.36]. Furthermore, the transportation authorities as well as auto 

companies need to address this issue through multi facet measures such as design of safer 

and smarter automobiles, training, enforcement, graduated driver’s licensing, supervision, 

and monitoring [1.191]. 

Driving involves a complex and constant interaction between cognitive and 

motor processes of a driver [1.137, 1.183]. Driving demands both procedural and higher-

order cognitive skills [1.192]. Handling or procedural skills involve executing a sequence of 

actions, which may become automated with extensive practice such as vehicle manoeuvring 

or manipulation of vehicle controls [1.193]. Higher-order cognitive skills involve situation 

monitoring, assessment, response planning and execution [1.194]. 
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Research indicates that novices have a less holistic perception of road stimuli and traffic 

hazards than experienced drivers [1.195] and detect hazards less quickly and efficiently 

[1.196]. Novice younger drivers develop handling or procedural skills quickly and 

efficiently and they often perceive these improvements as evidence that they are highly 

skilled drivers [1.181]. However, this confidence in handling skills is not supported by the 

complex perceptual and cognitive skills required for detecting hazard and risk perception 

since they have limited experience of the traffic environment [1.181, 1.197]. Younger 

drivers are more likely than older or middle age drivers to underestimate dangerous 

situations and not be able to recognize hazardous situations [1.197, 1.198, 1.199]. Besides, 

the younger drivers are still expected to be less skilled in terms of procedural or handling 

skills than more experienced drivers.  

The elevated crash risk among younger drivers is due largely to inexperience, but 

are exacerbated by age related developmental factors (i.e., peer influence, poor perception of 

risk, over confidence, aggression, and high emotionality) as the result of emotional, 

cognitive and neurological development of youths [1.197, 1.200, 1.201, 1.202, 1.203, 

1.204].  

The following are some of available statistics to support the above stated claims:  

- 15 percent of teen drivers who were involved in fatal crashes were distracted at 

the time of the crash [1.185, 1.197, 1.205], 

-37 percent of male drivers aged 15-20 who were involved in fatal crashes were 

speeding at the time [1.185, 1.206],  

-the motor vehicle death rate for male drivers and passengers aged 16 to 19 was 

almost two times that of their female counterparts [1.188, 1.197, 1.207], 
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-teenage drivers and passengers are among those least likely to wear the seat 

belts [1.164, 1.185, 1.189],  

-among male drivers between 15 and 20 years of age who were involved in fatal 

crashes, 25% had been drinking despite the fact that the risk of alcohol consumption for 

younger drivers while driving is much greater than others [1.208, 1.209]. 

Considering the high accident rate among younger drivers, a set of measures as 

listed below have been explored and utilized in many parts of world aiming to reduce the 

road casualties involving younger drivers [1.189, 1.210]. 

Most traditional driver education programs (i.e., pre-license and post-license) 

provide classroom training on the rules and skills required on the road and a few hours of 

behind the wheel training [1.211]. Pre-license training programs aim to develop the skills 

that are required to obtain a driver’s license and drive safely, such as basic vehicle control 

and traffic assessment [1.192]. Post-license training programs aim to enhance skills that are 

considered relevant to crash prevention including skid control, hazard recognition and 

advanced vehicle control skills [1.192]. 

Many authorities now use graduated driver licensing systems (GDLSs) in which 

younger drivers first gain supervised driving experience on a learner’s permit, then progress 

to unsupervised but restricted driving on a provisional or probationary license, and finally 

attain a full unrestricted license [1.191, 1.192, 1.212, 1.213]. Research suggests that the most 

comprehensive graduated drivers licensing (GDL) programs are associated with reductions 

of 38% and 40% in fatal and injury crashes, respectively, among younger drivers [1.191, 

1.214]. Graduated driver licensing policies when supported well by police enforcement 
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serve to limit exposure to the high risk conditions, allowing young drivers to gain experience 

only under less risky driving conditions [1.191, 1.215, 1.216, 1.217, 1.218].  

A growing body of research indicates that close parental management of younger 

drivers can lead to less risky driving behavior, fewer traffic tickets, and fewer crashes 

[1.215, 1.219]. Supervision by parents at home can further enhance the driving awareness of 

their child and considered as a very good source for transfer of knowledge and experience. 

When child is on road, parents can act as a co-pilot or ADAS who constantly monitors the 

operation and warn the driver, once it is perceived necessary, to ensure nothing fails.  

Besides risk taking behavior of younger drivers (e.g., speeding, distractions) 

resulting from their age related developmental characteristics, there are other pervasive 

problems with young drivers due to their inexperience (e.g., failure to recognize and manage 

roadway hazards) [1.210, 1.220, 1.221]. A recent focus of vehicle design has been in the 

development of new technologies (ADAS) aimed at enhancing the capabilities and 

supporting the weaknesses of the younger drivers and therefore to extend the safe driving 

life of younger drivers [1.75, 1.76, 1.210, 1.221].  

The advanced driver assistance systems (ADAS) can mainly provide assistance 

for younger drivers specifically with respect to the following [1.220]:  

  ▪Managing distractions to keep the driver focused on the road in hazardous situations, 

  ▪Monitoring the driver to avoid driving while he/she is fatigued, drunk or distracted, 

  ▪Warning and intervention in collision situations, 

  ▪Providing route guidance to relieve drivers of the burden of route finding, 

  ▪Providing immediate and aggregate feedback regarding driving performance, 

  ▪Identifying potential hazards, and 
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  ▪Providing an environment that mitigates peer influence 

Some of the currently available ADAS assisting the younger drivers include intelligent 

speed adaptation system (ISA), visual enhancement systems, vigilance/fatigue monitoring 

device, park assistance system, basic and advanced collision warning and avoidance 

systems, adaptive cruise control, electronic stability control, blind spot detector, seat belt 

reminder, alcohol interlock, black-box/journey data recording system, smart card, lane 

departure warning [1.114, 1.166, 1.69, 1.220, 1.121, 1.222, 1.223, 1.224, 1.225, 1.226, 

1.227]. 

It is to be noted that in-vehicle technologies designed specifically for the younger 

drivers have the potential to improve safety and mobility for all motorists though these 

specific initiatives are yet limited [1.75, 1.137, 1.220, 1.224, 1.225, 1.228, 1.229]. 

The design of roadways may also help to compensate age-associated concerns 

with driving tasks [1.180]. Roadways that communicate with in-vehicle technologies (e.g., 

navigation and route guidance system) can provide younger drivers with helpful information 

on the traffic and road conditions and best route to take and subsequently affect positively 

the safe driving [1.75, 1.166, 1.230, 1.231]. The technology of communicating from vehicle 

to roads and environment (e.g., automatic collision notification, vehicle location sensors in 

vehicles) have also the capability of automatically transmitting driver’s performance and 

vehicle location and position into the black box or nearest police station or emergency 

medical services (EMS) if needed [1.226, 1.230, 1.231]. 

The appropriate design of automobile components (e.g., advanced seatbelt 

reminder system, seatbelt engine interlock system, speed limiter, restricted electrical devices 

in vehicles, alcohol interlock engine system, front and side airbags, visible novice license 
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plate) are aimed to compensate the risky behavior characteristics and inexperience of young 

drivers and protect them as effectively as possible [1.221, 1.225, 1.232, 1.233].  

Driving is a complex task and for the safety of younger drivers, and that of 

others, the younger drivers need to pay special attention to their limitations and 

characteristics [1.183]. The younger drivers shall use such smart risk strategies as 

how/when/where to drive taking into considering their limitations in order to reduce the 

likelihood of motor vehicle-related crashes [1.183, 1.225].  

Self-awareness and self-monitoring are among various overlapping higher order 

cognitive skills which are forms of strategic processing or executive control [1.183]. They 

need be effectively incorporated in pre and post training and awareness sessions for younger 

drivers and be used in any risk mitigating measures. They include self-feedback, self-

coaching, self-regulation, self-efficacy, self-reflection, self-learning, self-evaluation, self-

reliance, self-control, self-direction, self-pacing, and self-motivation [1.183, 1.234, 1.235].  

The growing population of younger drivers specifically in developed world and 

their special age related characteristics signify the need for research in the reliability of 

younger drivers on roads as vulnerable users on roads and as a matter of fact a risk to others.  

 

1.2.6           HUMAN CENTERED RELIABILITY DATABSES FOR ROAD    

                      TRANSPORTATION 

Around 0.8 million fatalities and 20–30 million injuries occur each year in the globe as the 

result of road accidents [1.2, 1.3]. It is projected that the road casualties, due to growth in 

global population and subsequently a denser traffic will rise by about 65% over the next 20 

years unless there is an increased commitment to prevention [1.93]. 
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It has been estimated in various research that human error is the primary cause of 60 to 90 

percent of major accidents in complex systems such as nuclear power, process control, 

aviation, and sea, rail and road based transportation systems (e.g., [1.8, 1.9, 1.10, 1.11, 1.12, 

1.21, 1.114, 1.169, 1.227, 1.236, 1.237, 1.238]).  

Human Reliability Assessment (HRA) aims to assess and reduce human error 

potential in a system [1.239]. However, human-error data collection, which should arguably 

underpin the whole approach to HRA, has generally been an unfruitful area [1.37]. HRA has 

three basic functions including the identification of human errors, prediction of probability 

or likelihood of human errors (HEPs) and the reduction of their likelihood if required 

[1.240]. The ideal sources of human error (HE) data for these HRAs are empirical studies on 

human performance and accidents but there is limited availability of such data [1.46].  

This has led to reliance on assessments by experts solely and/or with use of 

probability compounding methods which are based on expert judgment and original data 

from fields and experiments, and this procedure has been used in various areas [1.241]. 

However, several problems are associated with expert judgment and compounding methods 

(e.g., HEART, THERP) for HRA including inconsistencies of judgments and the difficulty 

in systematically considering performance shaping factors (PSFs), which are factors that 

influence human performance [1.40, 1.239].  

The recognition that human errors affect competitiveness, customer satisfaction, 

safety and incurring costs to society has persuaded auto companies and the transportation 

authorities across the globe to dedicate programs to the systematic reduction of human errors 

[1.29, 1.242]. Concurrent with the increase in size and complexity on road transportation 

systems, there has been an increased risk associated with drivers on roads [1.37].  
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Understanding the events leading up to a motor vehicle crash is crucial in preventing the 

crash from occurring in the first place [1.208].  

One of the most difficult aspects of addressing human performance reliability is 

obtaining good data including human error data [1.29, 1.242]. Failure data whether for 

human or physical components are the backbone of any reliability and risk studies [1.243]. 

There are two major types of human reliability data (i.e., qualitative and quantitative data) 

which need to be collected [1.44]. They can in general originate from various data sources 

such as incident and accident reports, near-miss reports, violations, simulators, experts, 

automatic data recorder, human data recorder, experiments and prediction models [1.244].  

The backbone of a failure data system is the failure data collection form. A 

failure reporting and documentation system could be very effective if a careful consideration 

is given during its design [1.245]. Furthermore, such forms must be designed so that they 

require minimum effort to collect failure data and provide maximum benefits. Nonetheless, 

such data collection forms in general are designed to include information such as location 

and condition, failure description, damages, operating hours from previous failure [1.246]: 

The experience in data collection has shown that the availability of road crash 

data often diminishes with the passage of time [1.208]. Most importantly, with the passage 

of time a driver’s memory of events may fade and willingness to cooperate with the 

researcher may diminish, too [1.208]. This shall be achieved through prompt and multi-

faceted investigations, interviews with the drivers, assessment of the vehicle components, 

and an evaluation of the roadway condition and geometry [1.208].  

One of the most difficult aspects of addressing human performance reliability is 

obtaining the data. The existing data fall into two categories: human factors data and human 
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error data [1.29]. For the most part, the human factors data are in the form of design 

guidelines that are not reliability-explicit [1.29]. Williams [1.38] suggests that “many of the 

organizations operating in the reliability world already have partial human reliability 

databases of the sort necessary.  

The following are some of the specific and more general human reliability 

databases: 

DATASTORE is the first human reliability database developed by the American 

Institute for Research (AIR) containing time and human performance reliability estimates 

for human-engineering design features [1.247]. This database contains very fine scale data 

containing the motions of the human body, which is not generally applicable for studies in 

road HRA studies. 

The NUCLARR (Nuclear Computerized Library for Assessing Reactor 

Reliability) is an automated database management system used to process, store, and 

retrieve human and equipment reliability data for nuclear power plants [1.248]. It is directly 

applicable to probabilistic risk analysis (PRA) and human reliability analysis (HRA), which 

is part of the PRA. The US Department of Energy Idaho National Engineering Laboratory 

manages NUCLARR and consistently updates and maintains the data [1.29]. The data tend 

to be plant and equipment specific with limited applicability outside the nuclear power 

industry [1.29]. The data in this database are nuclear based and therefore it has no 

applications in reliability assessment of drivers in road transportation. 

CORE-DATA as a database of HEP data and associated background information 

was created in the 1990s to aggregate all usable existing data with new data into one single 

database [1.42]. The aim of COREDATA has been to collect HEP data and to support those 
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probabilities with associated background information. This has entailed creating a 

taxonomic structure, gathering existing data from nuclear power and process control 

domains, and collecting new data via studies over the past decade in offshore, military, rail 

and air traffic domains [1.40]. CORE-DATA contains taxonomies of industry, error, 

performance shaping factors, tasks, etc., to classify any data received or developed for 

inclusion in its database. The data come from non-road transportation sectors and are based 

on human error probabilities of questionable accuracy because the definition of the number 

of opportunities for errors is hard to determine. 

There is no doubt that everyday some rich data are being collected, maintained 

and analyzed individually by various organizations (e.g., law enforcement, transportation 

ministries and councils, health care and emergency services, auto manufacturers, repair 

shops) throughout the world [1.249, 1.250, 1.251]. The road crash data are collected and 

stored electronically by Police and Transportation Authorities in many developed countries 

across the Globe (e.g., [1.252]). These data at best include the following information that 

does not meet all of the needs for a thorough human reliability assessment [1.250]. These 

data appear to be more applicable for insurance, law enforcement, health care, and 

economics effects on society purposes than for the systematic decision making needed for 

the elimination or reduction of the risks of accidents [1.251].   

 Crash location, 

 Road environment, 

 Vehicles involved, 

 Vehicles drivers, 

 Vehicles passengers, 
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 People injured or killed in the crash and the circumstances including notes and a 

diagram indicating the movements of the vehicles involved, 

 Factors that contributed to the crash (e.g., driving too fast for the conditions or 

failing to stop at a stop sign), and 

 Integrative statistics on casualties, monthly accident indicators, etc.           

As described above, there has been no systematic program across the world to identify, 

collect and share errors committed by road users, causes, mitigating strategies and follow up 

actions, and their contributing role in accidents and incidents [1.30]. This research intends to 

effectively highlight and address this issue in road transportation systems.  

 

1.2.7         DISTRIBUTION CHARACTERISTICS OF DRIVERS’   

                      INSTANTANEOUS FAILURE RATE 

One of the very critical data necessary for human reliability assessment (HRA) in road 

transportation systems is the time to failure (i.e., from moment zero of the trip to time of 

accident) for each failure mode. This data is obtained to determine the distribution of 

instantaneous failure rate and subsequently to obtain such information as mean time 

between/to failure and reliability of the system [1.169, 1.238, 1.253, 1.254, 1.255]. This 

research stresses on the significance of this data and develops procedures and framework 

necessary to collect and utilize this data. In order to get a better picture of how human 

failure rate is occurring at any given time, the Hazard Plotting Method can be used. This 

method is a powerful graphical approach to perform failure data analysis [1.243, 1.256, 

1.257]. The important advantage of the approach is that it indicates if the given data set 
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whether complete or incomplete belongs to the tried distribution and if so, then it estimates 

the associated parameters [1.243, 1.256, 1.257].  

 

1.3         MOTIVATION AND OBJECTIVE OF THESIS 

 

1.3.1          SHORTCOMINGS IN IDENTIFICATION AND INTEGRATION OF THE  

                       CAUSES OF DRIVERS’ ERROR FOR SAFETY/RELIABILITY   

                       ASSESSMENTS OF ROAD TRANSPORTATION SYSTEMS  

There is no systematic program across the world to contribute in the identification and 

understanding of driver errors and causes, and their role in accidents and incidents [1.30].  

Unlike aviation and nuclear industries, the collected data in road accidents are 

not modeled and analyzed systematically and stochastically for the purpose of identification 

and assessment of root causes of driver error (e.g., [1.74]).   

There has not also been any research as of today to model the relationships 

between causes of driver error including vehicle, road and driver’s condition and state on 

fatigue and non-fatigue factors. Furthermore, there is no research in making prediction at 

any given time on the reliability and failure probability of road transportation systems.  

 

1.3.2          SHORTCOMINGS IN SAFETY/RELIABILITY ASSESSMENTS OF     

                       DRIVING WITH VEHICLES EQUIPPED WITH ADAS AND PSS 

The modern vehicles are typically equipped with both passive and active safety devices such 

that if the active safety measures fail to act effectively then a level of protection of the 

occupants is provided in accidents through passive safety systems [1.74].  
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There has been no study by now to propose models that analyze the possible interactions 

between human as a driver and ADAS and PSS in the design of vehicles and to be able to 

make reliability prediction at any given time on the road transportation. This paves the way 

for better assessment and improvement of the available safety measures to make roads safer. 

 

1.3.3          SHORTCOMINGS IN SAFETY/RELIABILITY ASSESSMENTS OF 

PEDESTRIAN CROSSING ON THE ROADS 

Our view in the analysis of road accidents has been to identify and address the root causes of 

pedestrian-to-vehicle accidents. It is a simplistic approach to blame on human error as the 

cause of accidents whether on part of drivers or pedestrians and not to address the causes of 

human errors logically, systematically and dynamically. There has been no study as of today 

to examine the root causes of vehicle to pedestrian accidents and their interfaces and 

dependencies systematically and stochastically and to determine the time dependent 

reliability and failure probability functions of each of those contributing causes. This paves 

the way for new technologies and mitigation measures to make roads safer. 

 

1.3.4           SHORTCOMINGS IN SAFETY/RELIABILITY ASSESSMENTS OF  

                       OLDER DRIVERS ON ROADS 

Driving is a complex task and can be affected by the changes that accompany aging. There 

has been no research yet to identify systematically and logically the potential causes of 

crashes by the older drivers and to model the risk of crash logically and stochastically. 

Furthermore, there has been no research to model the interactions of human involved causes 
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and their accumulative effects on the total level of workload imposed on driver paving the 

way for new technologies to monitor the state of driver and mitigate the error.  

 

1.3.5           SHORTCOMINGS IN SAFETY/RELIABILITY ASSESSMENTS OF  

                       YOUNGER DRIVERS ON ROADS 

The youth period comes with deficiencies resulting from their inexperience and age related 

characteristics. There has been no research to identify and illustrate the potential root causes 

of crashes by younger drivers and to model systematically and logically the risk of crash by 

younger drivers at any given time. Subsequently, the concept and details of 

“RISKOMETER” as an interactive in-vehicle tool to monitor the risk state of driving for 

younger drivers on road to make roads safer has been thought and presented for the first 

time in this research.  

 

1.3.6           SHORTCOMINGS IN HUMAN RELIABILITY DATABASES FOR  

                        ROAD TRANSPORTATION SYSTEMS 

Lack of appropriate data is perhaps the most important obstacle in development of human 

reliability assessment and subsequently prediction of road accidents and taking proactive 

measures by the authorities. All available databanks and data collection are leaning their 

attentions towards the consequence of road accidents on humans than the recognition of root 

causes of human error. This research is unique and it has provided a complete investigation 

and human failure data collection methodology and later proposed a model for the human 

centered reliability databanks for road transportation based on the needed structure and 

framework. The findings of research would pave the way for a novel systematic approach in 
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investigation of accidents and better analysis, monitoring, and sharing the data in the 

proposed database.  

 

1.3.7           SHORTCOMINGS IN UNDERSTANDING THE CHARACTERISTICS  

                        OF DRIVERS’ INSTANTANEOUS FAILURE RATE 

The knowledge on failure distribution characteristics of drivers on roads is a factor assisting 

the development of human reliability assessment and subsequently making prediction of 

road accidents and taking best error mitigating measures. This research is unique in terms of 

experimentally testing and validating the proposed predictive behavioral characteristics of 

drivers in light of their instantaneous error rate over the course of driving period. The results 

would pave the way in better understanding of the driver’s expected failure characteristics 

and allow researchers to model the prediction functions of drivers’ reliability on the road 

and consequently to design the appropriate risk preventive measures. 

 

1.3.8             OBJECTIVES 

The major objective of this thesis is to identify the root causes of driver failures or errors in 

road transportation systems and to examine the available risk mitigating measures and then 

to systematically and mathematically model the causes with their interdependencies in order 

to develop the risk assessment and prediction models. The developed models and 

methodologies are aimed to assist authorities in better and more accurately assessing and 

monitoring the state of risks by road users at any given time. Furthermore, the proposed 

concepts and tools are intended to be used for designing new risk mitigating technologies on 

roads and in vehicles. The research also aims at addressing the problem of road accidents 
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investigation procedure and data collection, and processing and storage as a database for 

sole purpose of enhancement of the safety on roads.  

 

1.4           THESIS STRUCTURE 

 

The dissertation is divided into eight Chapters and a reference section listing references in 

six different subsections. 

 

Chapter 1: This Chapter presents an overall and detailed view of significance and issues 

pertaining to reliability of road transportation systems based on a thorough 

literature review. 

 

Chapter 2:   This Chapter identifies the root causes of road accidents and illustrates the 

interactions of the causes leading to human error. The chapter also presents a 

model to evaluate the risk state of drivers on roads at any given time along 

with supportive models to determine the failure probability of each and every 

contributing cause of accidents.  

 

Chapter 3: This Chapter presents the analytical approaches to model systematically and 

logically the interactions between human as driver with a vehicle equipped 

with ADAS Warning, ADAS Crash Avoidance Systems and PSS. The chapter 

also presents a model to evaluate the risk state of drivers at any given time.  

 

Chapter 4: This Chapter presents the analytical approaches to identify the root causes of 

pedestrians-vehicles involved accidents and to model the risk state of 

pedestrians on roads for assessment of risk at any given time.  
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Chapter 5: This Chapter presents the analytical approaches to identify the root causes of 

older drivers involved accidents and to model the risk state of older drivers on 

road for assessment of risk at any given time. The chapter also presents a risk 

condition monitoring concept for older drivers built on the developed 

constrained FTA capturing the accumulative effects of causes.  

 

Chapter 6: This Chapter presents the analytical approaches to identify the root causes of 

younger drivers involved accidents and to model the risk state of older drivers 

on roads for assessment of risk at any given time. The chapter also presents 

the concept of “RISKOMETER” for development of a new in-vehicle 

technology for condition monitoring of younger drivers’ risk.   

 

Chapter 7:  This Chapter presents a new and complete road accident investigation and 

data collection procedure with a detailed model for a human centered 

reliability database for road transportation. Furthermore, it examines the 

behavioral characteristics of drivers over the time in light of failure rate and 

experimentally test and validate the failure distribution characteristics of 

drivers on roads.  

 

Chapter 8:  This Chapter presents conclusions and future directions.                     
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CHAPTER 2 

Literature review 

THE INTEGRATIVE TIME-DEPENDENT MODELING OF THE 

RELIABILITY AND FAILURE OF THE CAUSES OF DRIVERS’ 

ERROR LEADING TO ROAD ACCIDENTS 

 

2.1             BACKGROUND                                 

The likelihood of life threatening accidents as the result of direct failure in physical 

components of vehicle and roads are becoming dimmer day by day due to tougher 

competitions and stricter regulations.  

Nevertheless, there are still some challenging issues in prevention of deadly 

accidents as the result of failure in the designed conditions of safe roads and vehicle 

components under severe environmental conditions. Furthermore, the human as driver may 

endanger the safety of transportation system due to both fatigue and non-fatigue factors such 

as behavior, poor skill, ill health, inexperience, etc.  

This research incorporates the failure rates for all vehicle, environment, human 

fatigue and human non-fatigue factors into the developed stochastic models to make 

predictions on the reliability and failure rates of road transportation systems at any given 

time. Thereafter, some additional models and methodology were developed and proposed to 

be used for analysis, assessment, and prediction of the expected failure rates of road 

accidents due to each category of causes.  

It is believed that this research is unique in its content and the way it investigates, 

discusses and addresses the problem of road transportation accidents mathematically and 
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descriptively in an integrative manner by taking into account both latent and active causes of 

road accidents.     

 

2.2         CAUSAL REPRESENTATIONAL MODEL AND INSTANTANEOUS  

        OCCURRENCE PATTERNS OF DRIVERS’ ERROR 

The fatigue nowadays is to be considered as a root cause of many of the road accidents. The 

relationship of fatigue with accidents as the result of human error is complex and 

increasingly becoming more significant, which demands a special attention. The fatigue not 

only may affect and get affected by the potential human accident causing elements (e.g., 

conduct, experience/skill)  but also it is affected by the other two categories of accident 

causes (i.e., road environment and vehicle factors) as illustrated in Fig. 2.1 [2.1]. 

 

The fatigue is defined as a state of being tired resulting from an excessive mental and/or 

physical work or boredom as a result of low mental/physical load, this state would result in 

reduction or an impairment of physical or mental human performance [2.2, 2.3].  
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The two aspects of fatigue, that is, mental and physical, interact upon each other so closely 

that to evaluate them separately is not possible [2.2]. The driving operation like many other 

tasks with modern innovations and technologies has been transforming more and more from 

physical work to mental work [2.2]. The effects of fatigue may consist of poor judgment, 

omission of results, in difference to essentials [2.4], reduced performance in activities 

requiring muscular force [2.5], decreased productivity, higher errors, and degraded quality 

[2.2, 2.6, 2.7].  

According to a recent review [2.8] in literature, it was cited that there has been no 

study as yet to discuss or analyze the shapes that a fatigue accumulation function may take, 

thus those researchers assumed, for simplicity of their analyses that fatigue accumulates 

linearly. However, my review in literature came across with a reference [2.9] claiming that 

the fatigue increases exponentially with time. So, the author believes that it should be a fair 

and valid assumption for the simplicity of the reliability analyses to assume that fatigue 

accumulates exponentially.  

As the result it is expected that the human reliability to decrease exponentially 

over the time meaning that the human error rate remains constant up to exhaustion point 

(Fig. 2.2) (as per Equations (2.1)-(2.3) [2.10, 2.11]). 

 

 (2.1)                                                                                                                         ג  ג     

 (2.2)                                                                                                      ג              

 (t)ג
    

    
 (2.3)                                                                                                                       ג 
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Furthermore, it is to be noted that many drivers are tempted and inclined to pass the level of 

exhaustion in order to reach their destinations at desired time. Thus, the author has made 

another assumption on the shape of fatigue accumulation beyond the exhaustion point 

considering that the research in this area to the best of author’s knowledge is missing. The 

human reliability is expected to deteriorate more drastically over the time beyond the 

exhaustion point (e.g., Weibull distribution with parameter b of greater than 1 similar to 

wear-out period of bathtub (Dhillon) curve as per Equations (2.4) and (2.5) [2.10, 2.11]). 

 

        
   

                                                                                                                   (2.4) 

             
   

                                                                                                      (2.5) 

 

Consequently the instantaneous error rate would be expected to increase over the time 

drastically (Fig. 2.2) as per Equation (2.6) [2.10, 2.11]. 

   

    ג 
     

 
                                                                                                                        (2.6) 
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It is to be noted that Figure 2.2 does not contain the first part of a typical bathtub curve as 

shown in Fig. 2.3 typically used for the physical components [2.1]. Figure 2.3 is referring to 

the instantaneous human error rate in relation to time from the moment that driver sits on the 

car to make a trip [2.1]. Thus, there should not be any tangible difference in terms of 

instantaneous failure rate between time zero of the trip till the time driver gets to his/her 

exhaustion point [2.1]. The effects of driver’s skill and experience can just make the curve, 

composed of two sections (i.e., constant line and the increasing curve), to move upper or 

lower as it is reflected in Fig. 2.2 [2.1]. That means the instantaneous human error rate for a 

novice driver is expected to be higher and for skilled person lower. So, no burning period 

like for physical components as shown in Fig. 2.3 exists for human error rate in a single trip 

[2.1]. Nevertheless, it has to be acknowledged that this does not mean that the burning 

period of bathtub curve does not apply in total driving life of a driver, that is, from the day 

he/she gets his/her driver’s license till the day he/she reaches the level of maturity in terms 

of driving skill and experience [2.1]. 
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The bathtub (Dhillon) curve (Fig. 2.3) is used to show the characteristics of mechanical 

components containing three weibully distributed periods (i.e., burning period with a 

decreasing failure rate, useful life period with a constant failure rate, and wear out period 

with increasing failure rate attribute) [2.11]. The Weibull distribution tends toward an 

exponential distribution subject to b=1, toward normal distribution when b>2, and toward 

Ralyleigh distribution when b=2 [2.10]. 

 

2.3             THE STOCHASTIC PREDICTION MODEL FOR RELIABILITY OF  

            TRANSPORTATION SYSTEMS 

To the best of author’s knowledge based on review in literature, there has been no research 

to develop the reliability modeling of road transportation systems through integration of 

both latent and active causes of road accidents (i.e., vehicle, road environment, human 

failure due to non-fatigue factors, and human failure due to fatigue) and to take into account 

the possibility of variation in instantaneous failure rate of vehicle, environment and human 

as opposed to constant failure rate over the life cycle of system [2.1].  

The assumption of constant failure/error rate (i.e., exponential distribution) could 

not be considered realistic throughout the life cycle of system due to the expected changing 

failure rate of components for vehicle and roads during burning and wear out periods (Fig. 

2.1) and the changing human failure/error rate beyond exhaustion level at any given time 

(Fig. 2.3) [2.1].  

The author’s view in the analysis of road accidents is to identify and address the 

root causes of accidents rather than simply blaming the human error as the cause of 

accidents [2.1]. This requires having a systematic understanding on the causation chain of 
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accidents similar to what it was presented in Figure 2.1 [2.1]. It is acknowledgeable that the 

operator/driver of transportation systems is the person in varying degree of control of 

vehicles up to the moment of accident depending on situation and severity of impacting 

factors [2.1]. However, on the other hand it is to be understood that there are four groups of 

constantly changing causes over the time to force or lead the human, as driver who is just an 

element of system, to make an accident causing error [2.1]. Based on this approach, Figure 

2.1 can be converted into following stochastic mathematical modeling, Equations (2.7)-

(2.11), for use in prevention, investigation, and reduction of accidents [2.1]. The Markov 

representation of states of safe and unsafe road transportation is illustrated in Figure 2.4 

[2.1]. 

 

      

  
ג  

 
ג 

 
ג 

 
ג 

 
                                                                                       (2.7) 

      

  
ג  

 
                                                                                                                (2.8) 

      

  
ג  

 
                                                                                                                (2.9) 

      

  
ג  

 
                                                                                                              (2.10) 

      

  
ג  

 
                                                                                                              (2.11) 

 

It is to be noted that at time t=0,                                          =0. 
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By taking Laplace of the above equations, solving them to obtain the equations for 

                                 , and taking inverse Laplace from the derived 

equations, the reliability function (Equation (2.7)) and unreliability or failure probability 

functions of transportation system caused by vehicle, road environment, fatigue, and non-

fatigue human factors  (Equations (2.8)-(2.11)) at any given time t can be obtained from 

Equations (2.12)-(2.16) as follows [2.1]. 

 

 (2.12)                                                                                                      ג  ג  ג  ג         

      
 ג

  ג  ג  ג  ג 
 (2.13)                                                                         ג  ג  ג  ג      

      
 ג

  ג  ג  ג  ג 
 (2.14)                                                                         ג  ג  ג  ג      
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 ג

  ג  ג  ג  ג 
 (2.15)                                                                        ג  ג  ג  ג      

      
 ג

  ג  ג  ג  ג 
 (2.16)                                                                        ג  ג  ג  ג      

 

It is to be noted that the instantaneous failure rates of vehicle, road environment, human due 

to fatigue, human due to non-fatigue factors may be subject to variations over the time 

though in the above-presented Markov model for simplicity of calculation just their constant 

portions are used. With respect to failure rate of vehicle, ג
 
   it is expected to follow a 

bathtub pattern as illustrated in Figure 2.3 (decreasing in infant-mortality period, constant in 

useful life period and increasing in wear-out period) [2.1]. Furthermore, the failure rate of 

human (driver) due to fatigue, ג
 
  is expected to follow a pattern as shown in Figure 2.2, that 

is, its value stays constant up to exhaustion point and then increases over time [2.1]. 

However, the patterns or shapes of instantaneous failure rates and its prediction 

methodology for road environment as well as human due to non-fatigue factors are yet to be 

investigated and discussed in details by researchers, although these topics are just touched in 

Sections 2.5 and 2.6 [2.1]. 

As each of the stated causes for accidents (i.e., vehicle, road, human fatigue, and 

non-fatigue human factors) consists of different sub-components, therefore their reliability 

values could safely and reasonably be estimated based on the common practice of industries 

that the reliability of a system composed of many components is obtained with just taking 

the assumption that the components are all in series structure [2.1, 2.12, 2.13, 2.14].  
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Thus, the reliability of each of vehicle, road environment, human due to fatigue, and human 

due to non-fatigue factors can be estimated, using Equation (2.17) [2.10], by Equations 

(2.18)-(2.21) [2.1]. 

 

     ג        
 
                                                                                                               (2.17) 

       ג          
 
      

                                                                                                (2.18) 

       ג           
 
  

                                                                                                     (2.19) 

         
       ג  

 
                           

                                                                             (2.20) 

       ג           
 
                            

                                                                            (2.21) 

 

Consequently, the instantaneous failure rates for each of accident causing factors can be 

obtained from Equations (2.22)-(2.25) [2.1, 2.10, 2.11]. 

 

ג
 
     

 

  
 

      

  
                                                                                                          (2.22) 

ג
 
     

 

  
 

      

  
                                                                                                               (2.23) 

ג
 
     

 

  
 

      

  
                                                                                                           (2.24) 

ג
 
     

 

  
 

      

  
                                                                                                          (2.25) 

 

It is to be noted that the values of ג
 
ג    

 
ג    

 
ג    

 
   , when all the constituting 

components of each of the causes (i.e., vehicle, road, fatigue and non-fatigue factors) are in 

their useful life periods (i.e., constant failure rates), can simply be obtained by  ג
  

 
   , 



54 
 

ג  
  

 
ג      

  
 
ג         

  
 
                   Due to the complex nature of human failure 

due to fatigue, road environment failure and the human failure due to non-fatigue factors 

separate sections are allocated hereinafter to these subjects [2.1]. 

 

2.4          PREDICTION ASSESSMENT METHODOLOGY OF DRIVERS’ FAILURE 

RATE DUE TO FATIGUE 

The components of human failure due to fatigue perhaps are not separable and measureable 

as easy as other accident causing factors in particular vehicle and physical components of 

road environment [2.1]. One approach in identifying the components of human fatigue is to 

break it down to physical and mental components. That means to identify separately the 

failure rates of mental and physical components of human due to fatigue. As the failure in 

one of these components would suffice to fail the human in driving operation, therefore the 

series nature of the two components becomes evident [2.1]. Thus, the reliability and failure 

rate of human as driver due to fatigue can be obtained from Equations (2.20) and (2.24) 

[2.1]. 

It is to be noted that the values of 

ג
                         

ג 
                      

are going to be in direct but weighted (W) 

relationships with physical and mental loads caused by vehicle condition 

(                             ), road environment (                             ), human’s 

state of health, circadian state, abilities, skills, experience, and conduct 

(                   ), as well as the physical and mental boredom/under-load/static 

fatigue caused by vehicle (                   ), road environment (                   ), 

and human’s state, interests, etc. (                   ) [2.1]. Thus, it can be proposed that 
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the following functions can be applied mathematically to analyze and predict the effects of 

various factors in failure rates of human due to physical and mental fatigue [2.1]. 

 

ג
                         

 

                                                                                    

                                                                                                                (2.26) 

 

ג
                       

 

                                                                          

                                                                                                               (2.27) 

 

The poorer road, vehicle conditions, and human’s state and interest in terms of posing 

excess of physical and mental fatigue (i.e., higher values for 

                                                            , the higher the failure 

rates for human due to physical and mental fatigue can be expected [2.1]. Furthermore, it is 

important to note that the values of BV, BR and    are expected to proportionally go up as 

the values of                                                             reach and go 

pass the extreme range of lower values (i.e., extremely high degree of automation) [2.1].  

Otherwise, they are expected to follow mostly constant values [2.1].  The exact forms of 

relationships between two sides of Equations (2.26) and (2.27) (i.e., linear, exponential, 

power, etc.) can only be obtained through experiments and it is expected that various shapes 

be obtained for each case depending on the vehicle, road, and the person to operate the 

vehicle [2.1].   
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2.5            PREDICTION ASSESSMENT METHODOLOGY OF ROAD  

                 ENVIRONMENT FAILURE RATE 

The road system, like any other complex socio-technical system, is constantly changing. 

Drivers must continuously make dynamic driving behavior in response to these changes in 

the road environment [2.1, 2.15]. The information conveyed by the road and road 

environment is essential for the driving and avoiding risky behaviors [2.1, 2.16, 2.17]. The 

road environment can be broken down to the following sets of components [2.1]: 

 The physical components of roads like signs, lighting, markings, asphalts, guard rails, 

tunnels, bridges, etc. The failure rate of physical component j of road environment is shown 

by ג
                                      

 

 The atmosphere related factors in failure of roads for safe driving like snow, thunder storm, 

ice rain, quake, etc. The failure rate of atmosphere component j of road environment is 

shown by ג
                                        

 

The failures in the first group, that is, physical components are obtainable from the sources 

mentioned in Section 1.2.1. Furthermore, the failure rates in second group, that is, the 

atmosphere related factors causing the failure in roads (e.g., slippery roads, degraded driving 

visibility) can be estimated using past collected data regarding atmosphere conditions, road 

maintenance in such atmosphere conditions, reported accidents, reported car break downs, 

etc. and use of Monte Carlo simulations and experiments [2.1]. Consequently, the total 

failure rates of constituting physical and atmosphere components of roads can just be 

estimated with adding them up (i.e., ג
 
ג     

                                      
  

   

ג 
                                        

 
   ) under the conservative assumption that they are 
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all in series and in their useful life period [2.1]. Otherwise, the failure rate of each and every 

components of roads, ג
  

, regardless of the stage of their life period shall be fed to Equation 

(2.19) to predict the reliability and then the result needs to be fed to Equation (2.23) to 

obtain total failure rate of road environment, ג
 

. With respect to distribution characteristics 

of road failure rate, ג
 
   it is expected that its physical group of components, 

ג
                                   

  to follow a bathtub pattern as illustrated in Fig. 2.3 

(decreasing in infant-mortality period, constant in useful life period and increasing in wear-

out period). However, the failure life pattern of roads due to atmosphere related group of 

components, ג
                                             

, requires experimentation, analysis 

and discussion by researchers [2.1]. 

 

2.6            PREDICTION ASSESSMENT METHODOLOGY OF DRIVER’S 

           FAILURE RATE DUE TO NON-FATIGUE FACTORS 

The human failure rate due to non-fatigue factors, ג
 
  can be estimated taking into account 

all possible non-fatigue causes or components of human failure including skill, experience, 

driving behavior and conduct, health, alcohol/drug consumption, etc. [2.1].  The failure rate 

of driver due to each of these factors should be obtained from such sources as police reports, 

medical reports, experiments, simulators, etc. (e.g.,  [2.1, 2.18]). The reliability and total 

failure rate of human failure due to non-fatigue factors, ג
 

, can be estimated using Equations 

(2.21) and (2.25) [2.1]. It is to be noted that the human failure rate due to experience and 

skill is expected to follow a pattern similar to bathtub curve shown in Figure 2.3 as this 

failure rate is reflection of drivers’ skill, abilities and experience in their total driving life 
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span [2.1]. The first period, infant mortality period, would be representation of their learning 

period, the second period, useful life, is going to be representative of reaching a maturity 

and stability level in driving abilities and skill, and finally the last period, wear-out period, 

would be an indicative of their aging period which naturally the failure rate is expected to 

increase [2.1].    
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CHAPTER 3 IN 

 

RELIABILITY PREDICTION FOR THE VEHICLES EQUIPPED 

WITH ADVANCED DRIVER ASSISTANCE SYSTEMS (ADAS)  

AND PASSIVE SAFETY SYSTEMS (PSS) 

TRODUCTION AND LITERATURE REVIEW 

3.1             BACKGROUND 

The ADAS and PSS technologies are two approaches used in modern vehicles to mitigate 

the risk of accidents or casualties resulting from human error.  

This research highlights and analyzes the safety features of ADAS and PSS in the 

design of road vehicles considering the demanding and tedious nature of operating a road 

vehicle which may pose drivers at the risk of committing error. The study proposes novel 

logical and mathematical modeling approaches to make assessment and prediction, at any 

instance of time, on the reliability of a modern vehicle composed of human as a driver, 

ADAS Warning System, ADAS Crash Avoidance System, and PSS.  

The findings of the work are expected to be used in design and improvement of 

vehicles and utilized in safety assessment of road transportations and the development of 

new safety promotion policies, standards and methodologies by the transportation authorities 

and researchers. 

 

3.2             THE RELIABILITY MODELING OF INTERFACE BETWEEN THE  

                  DRIVER, ADAS WARNING, AND ADAS CRASH AVOIDANCE AND  
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                  PASSIVE SAFETY SYSTEMS 

Although the functional failure of the autonomous technologies in vehicles is remote 

(reliability over 98%), they might be tricked by complex and unexpected situations, whereas 

humans may be capable to resolve the problems when they are not susceptible to fatigue, 

distraction, and inattention [3.1].  

In a typical vehicle, a driver applies the control systems in order to move the 

vehicle through the road environment, whereas in more advanced vehicles, two drivers (i.e., 

the human driver and the autonomous driver) could collaboratively control the vehicle [3.1]. 

All drivers experienced warnings from a passenger on a potential dangerous situation on 

roads; these warnings can save numerous lives every day [3.1]. Unlike other complex and 

potentially dangerous vehicles such as planes and ships, road vehicles are operated by a 

single person, whereas that person is prone to error and also slow to recognize potential 

hazards. A vehicle equipped with ADAS technologies as automated co-driver can double 

check life critical actions, relieve the driver of tedious activities, and warn about missed road 

events to improve the driver's reaction time and if necessary act autonomously to avoid 

crashes [3.1]. 

In a near future, all vehicles will be equipped with suitable ADAS technologies 

to save countless lives. Though, both active and passive safety systems remain vital in 

vehicles to protect lives in the event of driver’s error [3.2].  

Thus, the nature and sequence of interactions between the driver as vehicle 

operator, ADAS warning, ADAS crash avoidance system, and vehicle passive systems can 

be demonstrated by a stand-by Reliability Block Diagram (RBD) as shown in Fig. 3.1 

(Model 1) [3.2]. This model represents a design in a way that once the driver fails to operate 
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the vehicle safely, the ADAS warning system gives necessary alarms to driver, the failure in 

ADAS warning leads to activation of ADAS Crash avoidance system and finally the failure 

in ADAS crash avoidance system results in activation of vehicle passive system (PSS) [3.2]. 

This model is macro level of the models 2-4 which are developed and presented hereinafter. 

The risks of accidents are expected to be lowest with this principle of design (i.e., modules 

in parallel) which remains same across four models presented here [3.2]. 

 

 

 

The reliability of such system composed of Driver, Active (ADAS Warning and ADAS 

Crash Avoidance Systems) and Passive safety systems as illustrated in Fig. 3.1 can be 

determined at any given time from Equation (3.1) [3.2].   
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             (3.1) 
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It is to be noted that the methodology for developing ‘Model 1’ is going to remain the same 

for each potential stream of failures leading to an accident. It means that each type of human 

failure may trigger a certain type of ADAS warning, subsequently failure in that triggered 

ADAS warning is going to activate a certain ADAS crash avoidance system, and finally the 

failure in that activated ADAS crash avoidance system will lead to the activation of a 

particular passive safety system [3.2].  

It should be mentioned that the human component in Model 1 can be split into 

mental and physical components in series in which the failure in each can result in failure of 

the driver [3.2]. Further, the ADAS warning and ADAS crash avoidance components in 

‘Model 1’ can be decomposed to sub-systems in a series structure. With respect to Vehicle 

Passive Safety System in ‘Model 1’, this type of system in vehicles may contain several 

components in series that are all triggered by an incident in order to protect passengers (i.e., 

activation of air bag and advanced seatbelts) [3.2]. Thus, ‘Model 1’ (Fig. 3.1) can be 

transformed into a more micro level in form of stand-by parallel series model (Model 2) as 

depicted in Figure 3.2 [3.2].  
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Accordingly, the reliability estimation of ‘Model 2’ can be obtained from the following 

equation (Eq. 3.2) [3.2]. 
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                                                                                                               (3.2) 

 

As Figure 3.3 illustrates the other potential design of a vehicle consisting of a driver, ADAS 

systems, and PSS can be consistent with the reliability block diagram of ‘Model 3’. In this 

model, the physical and mental components of a human as a driver remain in a series but the 
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other systems including ADAS Warning, ADAS Crash Avoidance and Passive Systems 

would be broken down to components in a parallel structure [3.2]. 
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The reliability value of such system as illustrated in Model 3 (Fig. 3.3) can be determined 

using Equation (3.3) [3.2]. 
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Further expansion of Models 1-3 may lead to a most possible complex model as shown in 

Figure 3.4. In this model the human elements remains in series, whereas the constituting 

components of each of ADAS Warning, ADAS Crash Avoidance, and PSS modules are 

designed in parallel-series structure as presented in Model 4 [3.2]. However, the model 

constituting the above mentioned modules is designed in parallel in order to achieve greatest 

possible reliability in system [3.2]. 
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The Reliability of ‘Model 4’ as illustrated in Fig. 3.4 can be predicted from Equation (3.4) 

[3.2]. 
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3.3         ILLUSTRATIVE EXAMPLE 

A simple example of the application of ‘Model 4’ as the most complex form of models 

developed in this research, though the foundation of all four models are alike, is presented in 

Figure 3.5 [3.2]. In this example, the human fails to control the speed within safe limit due 

to mental or physical failure, as the result the visual and audio warnings are presented to the 

driver [3.2]. The failure in effectively controlling the speed with these warnings cause the 

activation of ADAS speed adjustor and braking systems subject to immediate danger 

detected by sensors. Finally, failures in the ADAS activation systems will result in activation 

of seatbelt and airbag systems as the last resort to protect the human casualties [3.2]. 
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It is to be noted that as the reliability of systems in a series structure is expected to be lower 

than that of a parallel structure when the number of components remains the same, thus the 

designers are expected to put the modules (i.e., Model 1-4) in parallel in relation to each 

other in order to enhance the safety of a system as much as possible [3.2]. As the result, the 

total reliability of a vehicle composed of a number of modules each similar to either of 

Models 1-4 can be estimated by Equation (3.5) [3.2]: 
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CHAPTER 4 

 IN 

THE STOCHASTIC AND INTEGRATIVE PREDICTION 

METHODOLOGY AND MODELING FOR RELIABILITY OF 

PEDESTRIAN CROSSING ON ROADS 

 

4.1             BACKGROUND 

This research highlights the significance of pedestrians’ safety across the world. 

Furthermore, it identifies the factors causing the human errors by drivers and pedestrians 

and then provides a logical and analytical qualitative model using fault tree to capture the 

sequence and interactions among factors causing pedestrian-to-vehicle accident. 

Subsequently, it proposes reliability prediction methodology and mathematical models to 

estimate the pedestrians’ crossing reliability at any given time taking into account all 

relevant impacting factors or variables (e.g., pedestrian behavior, vehicles, environment, and 

road infrastructure). An example on how the models can be used has been given. Finally, it 

discusses the implications of the research in terms of theory and applications and provides 

some directions for further research works. 

 

4.2           THE LOGICAL AND ANALYTICAL MODELING OF FACTORS  

                CAUSING PEDESTRIAN-TO-VEHICLE ACCIDENTS ON ROADS 

Probabilistic risk assessment (PRA) is a comprehensive and structured analytical 

methodology aimed at identifying and evaluating risks of complex process systems [4.1] 
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both quantitatively and qualitatively. PRA uses fault tree analysis (FTA) as a tool to 

illustrate basic causes and their dependencies leading to an undesired event, and to facilitate 

the risk calculation of occurring this event [4.1, 4.2]. FTA is widely used in reliability 

predictions and assessment of complex systems (e.g., nuclear reactor, aerospace application, 

petro chemical, oil and gas industries) [4.2, 4.3, 4.4].  

 

 

The author has developed a fault tree, as presented in Fig. 4.1, as a tool to capture and show 

the main and basic identified causes along with their dependencies in relation to the 

unwanted event of pedestrian-to-vehicle accidents [4.5]. Furthermore, Fig. 4.1 (fault tree) 

has been used to obtain the failure probability and reliability of the causes contributing to the 

safety of pedestrians and subsequently the occurrence risk of this accident [4.5]. 
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4.3        THE RELIABILITY PREDICTION OF PEDESTRIAN-TO-VEHICLE    

             ACCIDENTS 

In previous sections, the factors causing pedestrian-to-vehicle accidents have been identified 

and modeled logically and illustratively in terms of their dependencies, sequence, and the 

conditions for leading to the undesired accident. In this section, the focus of research has 

been moving towards provision of the quantitative model in order to make prediction on the 

risk of occurring unwanted event of pedestrian-to-vehicle accident based on the developed 

fault tree (Fig. 4.1) [4.5].  

To conduct a quantitative fault tree analysis, it is required to have a fault tree 

along with failure data for the basic events (i.e., causing components) [4.2]. The exact 

estimated values of the failure rates for components or the probability of occurrence of 

undesired events due to lack of sufficient data is often missing (or sparse) or is subject to 

imprecision [4.1, 4.2]. Thus, in this study due to its novelty in theme and approach, the 

prediction of failure or reliability of the components (i.e., vehicle, pedestrian and road 

infrastructure) causing the unwanted event of pedestrian-to-vehicle as depicted in Fig. 4.1 

has been seen crucial [4.5]. 

 

4.3.1         RELIABILITY PREDICTION OF “VEHICLE EQUIPPED WITH ADAS”  

                 IN LIGHT OF PEDESTRAIN-TO-VEHICLE ACCIDENT  

The author proposes that the interactions among components of vehicles equipped with 

ADAS Warning and ADAS Crash Avoidance Systems can best be modeled by a macro level 

Stand-by Reliability Block Diagram (RBD) as shown in Fig. 4.2 [4.5]. It is to be noted that 

the model presented in Fig. 4.2 can be transformed in reality into a complex model as 
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depicted in Fig. 4.3 [4.5]. Unlike the work done by [4.4], the models shown in Figs. 4.2 & 

4.3 do not contain a box for the Passive Safety System as the focus of this research has been 

to protect pedestrians as the weakest road users and not drivers [4.5].  

 

Both Figs. 4.2 & 4.3 show that a vehicle is operated by driver until the driver fails to control 

it safely as per predefined specifications. The driver failure whether due to physical or 

mental factors triggers the activation of ADAS warning system, which may be composed of 

various components [4.5]. Subsequently, in the event of failure by ADAS warning system in 

returning the control of vehicle to a safe mode, the ADAS crash avoidance system, which 

may be composed of various components, is activated as the last resort to avoid crash with 

pedestrians [4.5]. 
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Furthermore, it has been proposed that the reliability of a vehicle containing an individual 

module (Fig. 4.3) can be estimated by Eq. (4.1) [4.5]. However, in the event that a vehicle 

contains a set of individual modules, placed in parallel in relation to each other, in order to 

achieve maximum possible reliability, its reliability can be determined using Eq. (4.2) [4.5].   
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                       (4.2) 

 

It is to be noted that though the models proposed above assume vehicles equipped with 

ADAS but this does not mean that these models do not work for vehicles without ADAS 

[4.5]. The reliability values obtained from the above proposed formulas shall be lower for 

vehicles with no or less advanced ADAS technologies than luxurious cars with fully 

equipped ADAS [4.5]. 

 

4.3.2.        THE RELIABILITY PREDICTION OF “PEDESTRIAN CROSSING”    

                 AS THE RESULT OF PEDESTRIAN BEHAVIOR 

The causes of pedestrian-to-vehicle accidents due to pedestrian behavior, derived from Fig. 

4.1, can be grouped into three main groups including personal reasons, lack of awareness 

towards signals/crossing zone, and poor design of signals and crossing zone in light of 

human factors [4.5].  

These three groups of constantly changing causes over the time would force or 

lead the pedestrian to make an accident causing error. The states of safe and unsafe 

pedestrian crossing on roads can be illustrated using Markov state diagram (Fig. 4.4) [4.5]. 
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Using the Markov method, Fig.4.4 can be converted into following stochastic mathematical 

modeling, Equations (4.3)-(4.6), in order to obtain the reliability or unreliability of 

pedestrian crossing due to pedestrian behavior and subsequently to use them in fault tree 

developed in Fig. 4.1 [4.5]. 

 

      

  
ג  

 
ג 

 
ג 

 
                                                                                                (4.3) 

      

  
ג  

 
                                                                                                                (4.4) 

      

  
ג  

 
                                                                                                                (4.5) 

      

  
ג  

 
                                                                                                                (4.6) 

 

By taking Laplace transforms of Equations (4.3)-(4.6), solving them to obtain the equations 

for                           and then taking inverse Laplace from the derived 

equations, the reliability function (Eq. (4.7)) and failure probability functions of pedestrian 
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crossing (Eqs. (4.8)-(4.10)) due to pedestrian behavior at any given time can be obtained 

[4.5]. Thus, we have [4.5]: 

 

  
 (4.7)                                                                                                          ג  ג  ג         

      
 ג

  ג  ג  ג 
 (4.8)                                                                                    ג  ג  ג      

      
 ג

  ג  ג  ג 
 (4.9)                                                                                    ג  ג  ג      

      
 ג

  ג  ג  ג 
 (4.10)                                                                                  ג  ג  ג      

 

4.3.3.           THE RELIABILITY PREDICTION OF “PEDESTRIAN CROSSING” AS    

                    THE RESULT OF ROAD INFRASTRUCTURE & ENVIRONMENT 

The causes of pedestrian-to-vehicle accidents due to road infrastructure and environment 

failure, derived from Fig. 4.1, can be grouped into five main groups: signals failure, marking 

failure, road surface failure, signage failure, and visibility failure [4.5].  

These five groups of constantly changing causes over the time can force or lead 

the pedestrian to make an accident causing error. The states of safe and unsafe pedestrian 

crossing on roads as the result of road infrastructure and environment failure can be 

illustrated using Markov state diagram (Fig. 4.5) [4.5]. 
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Using the Markov method, Fig. 4.5 can be converted into differential equations (Eqs. (4.11)-

(4.16)) in order to obtain the reliability or unreliability of pedestrian crossing due to road 

infrastructure and environmental factors [4.5]. Thus, we have [4.5]: 
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                                                                          (4.11) 

      

  
ג  
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                                                                                                              (4.13) 
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                                                                                                              (4.14) 
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                                                                                                             (4.15) 

      

  
ג  

  
                                                                                                            (4.16) 
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By taking Laplace transforms of the above equations, solving them to obtain the equations 

for                        ,            and then taking inverse Laplace transforms of the 

derived equations, the reliability function (Eq. (4.17)) and failure probability functions of 

pedestrian crossing (Eqs. (4.18)-(4.22)) caused by road infrastructure and environmental 

factors at any given time can be obtained [4.5]. Thus, we have [4.5]: 

 

  
 (4.17)                                                                                                         ג  ג  ג  ג   ג         

      
  ג

   ג  ג  ג  ג   ג 
 (4.18)                                                               ג  ג  ג  ג   ג      

      
 ג

   ג  ג  ג  ג   ג 
 (4.19)                                                                ג  ג  ג  ג   ג      

      
 ג

    ג  ג  ג  ג   ג 
 (4.20)                                                              ג  ג  ג  ג   ג      

      
 ג

    ג  ג  ג  ג   ג 
 (4.21)                                                              ג  ג  ג  ג   ג      

      
  ג

    ג  ג  ג  ג   ג 
 (4.22)                                                              ג  ג  ג  ג   ג      

 

4.3.4.          THE RELIABILITY AND FAILURE PROBABILITY PREDICTION OF  

                   PEDESTRIANS CROSSING ON ROADS 

The author proposes that the reliability of “pedestrian crossing” can be determined from 

Eqs. (4.23 & 4.24) using the illustrated fault tree (Fig. 4.1) [4.5]. 

 

                                                    
          
                                 (4.23) 

                                                      
          
                               (4.24) 
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It is to be noted that Equations (4.23) and (4.24) have incorporated the fact that a pedestrian 

may be in danger of being hit by excess of one vehicle depending on the type and capacities 

of roads (i.e., index of “ve no” denotes the number of approaching vehicles varying from 1 

to the quantity of “veh”) [4.5].   

Subsequently, the failure probability of pedestrian crossing on roads can be 

estimated from Equations (4.25) & (4.26) [4.5]. 

 

                                                                                                                               (4.25) 

                                                                                                                              (4.26) 

 

4.4            NUMERICAL EXAMPLE 

In this section, the author has provided a numerical example on how the methodology 

developed in this chapter can be applied to predict the reliability of safe pedestrian crossing 

over the course of a specified time period. 

The reliability values for “pedestrian crossing” affected by “pedestrian behavior” 

(Eq. (4.7)) and “road infrastructure/environment” (Eq. (4.17)) with the following 

hypothetical values and assumption of exponential distributions can be obtained as shown in 

Equations (4.27) & (4.28); respectively [4.5].  

 

Hypothetical Values of Failure Rates for Pedestrian Behavior & Crossing Infrastructure: 

ג
 

=0.002 failures/hr 

ג
 

=0.006 failures/hr 
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ג
 

=0.0001 failures/hr 

ג
  

=0.0003 failures/hr 

ג
  

=0.0001 failures/hr 

ג
 

=0.0007 failures/hr 

ג
 

=0.0003 failures/hr 

ג
 

= 0.0002 failures/hr 

         

 

  
                                                                                                       (4.27) 

  
                                                                                           (4.28) 

 

Furthermore, the estimated reliability value for “pedestrian crossing” affected by an 

approaching “vehicle” (equipped with certain ADAS components as shown in Fig. 4.6 with 

the given hypothetical values) has been shown in Eq. (4.29) using Eq. (4.1). The 

assumptions of exponential distributions and a single standby RBD module (Fig. 4.3) have 

been held [4.5]. 

As per Fig. 4.6, the driver fails to control the speed within safe limit due to 

mental and/or physical failure, as the result the ADAS warnings (Audio/Visual) are 

presented to him/her. The failure in effectively controlling the speed despite these warnings 

would cause the activation of ADAS speed adjustor and subsequently the ADAS braking 

system, if necessary [4.5].  

 



81 
 

Hypothetical Values of Failure Rates for Vehicle & Driver Components in Fig. 4.6: 

                         
                                         

                          
                                       

                                                                           

                                                                          

                                                                           

                                                                           

                                                    

                                                  

                                                                       

                                                                       

                                                                       

                                                     0.0002failures/hr 

 

                                                                                                                                (4.29) 

 

Subsequently, the reliability of “pedestrian crossing” in light of safety under assumption of 

single approaching vehicle has been shown in Eq. (4.30) using Eq. (4.23) and the above 

obtained results [4.5]. 

 

                =                                                                    (4.30) 
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CHAPTER 5 

 

THE FTA’s CONSTRAINED BASED METHODOLOGY IN  

RISK ASSESSMENT OF CRASH AND CONDITION MONITORING 

FOR OLDER DRIVERS ON ROADS 

 

5.1          BACKGROUND 

Over the years research has highlighted the high growth rate of older population in most 

societies and emphasized on the vital universal need of mobility by everyone whether young 

or old. The author has identified and discussed the limitations and strengths of older drivers 

in terms of driving abilities and behavior. The available measures to enhance the safety of 

older drivers have then been elaborated. Furthermore, the potential causes in risk of a crash 

by older drivers have been identified and modeled systematically and logically using fault 

tree analysis (FTA) to illustrate their dependencies and roles in relation to the occurrence of 

crash as unwanted event by older drivers. The author has gone on highlighting and 

mathematically modeling the fact that the human involved causes of the crash not only have 

their own individual characteristics and failure points but due to their interactive and 

accumulative effects on each other, they can fail in different points as the human elements 

are ultimately all parts of a centrally linked system.  

The new in-vehicle technologies and their interfaces with drivers are expected to 

be built and modified based on the author’s proposed methodology in order to constantly 

assess the older drivers’ state and reduce the risk of crash by taking appropriate measures.  
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5.2       THE FTA OF OLDER DRIVERS FAILURE LEADING TO SEVERE CRASH 

Traffic is to be considered as the result of interactions between people, vehicles and road 

infrastructure and the human in this process is the key and weakest element [5.1]. 

Logic diagram such as fault tree analysis (FTA) [5.2], master logic diagram [5.3], 

reliability networks [5.2, 5.4] is a risk analysis technique to assess system safety and 

reliability both qualitatively and quantitatively [5.5, 5.6]. 

The fault tree of older drivers causing crash with severe consequence has been 

developed as shown in Figure 5.1 [5.7]. 
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Figure 5.1 illustrates and elaborates on the root causes of older drivers involved crash 

leading to casualty and their dependencies in relation to this unwanted event using FTA’s 

symbols and construction principles [5.7]. The FTA’s construction and analyses require both 

top-down and bottom-up approach. The causes of this unwanted event are categorized into 

three main groups: “Older Drivers related Causes”, “ADAS Vehicle related Causes”, and 

“Passive Safety related Systems” [5.7]. Subsequently, each of these three groups of causes 

are broken down into the intermediate and basic causes. The gate symbols are used to define 

the dependencies and relationships with each other.     

 

5.3           THE INTEGRATION OF CONDITION MONITORING METHODOLOGY 

INTO THE DEVELOPED FTA FOR OLDER DRIVERS 

The recent improvements in software and hardware components have led to the increased 

reliability of the machine component of a system, while the human component of system 

still remains unreliable [5.8, 5.9]. Machines could take limited options during their operation 

as per their design [5.8], whereas human is unpredictable, thus analysis of the human 

component of a system is significantly more difficult than its machine components [5.10]. 

There may be components in a complex system (e.g., human component), 

through which its performance can gradually be degraded with varying degree of severity 

and type [5.7]. Furthermore, the human involved causal events in failure of a system can be 

constantly under accumulative effects from each other as they are all linked parts of system 

called human [5.7]. Hence, human may fail to perform the task safely either as the result of 

failure in a single of human-based-causal events or a combination of human-based-causal 
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events [5.7]. To reflect these aforementioned characteristics of human based causal events, 

the FTA (Fig. 5.1) has been transformed to the Condition-based FTA for older drivers on 

roads as shown in Figure 5.2 [5.7]. 

Figure 5.2 complements Figure 5.1 such that the conditions (numbered 1 to 5) 

relating to human workload also define the likely occurrence of human involved causes 

either directly or through their affecting gate symbols [5.7].  

As represented by Eqs. (5.1)-(5.5) (i.e., the conditions in Fig. 5.2), it is assessed 

whether or not the total of weighted physical and cognitive load(s) imposed on the driver 

depending on the situation is lower than the ultimate human capacity available to safely deal 

with the driving situations [5.7]. It is to be noted that the workloads are categorized into two 

groups: physical and cognitive. The former deals with any load imposed on the 

musculoskeletal system of human as the result of driving (e.g., fatigue on joints, muscles 

and spine due to physical stress or lack of mobility) and the latter refers to the load imposed 

on the sensual and perceptual channels and mechanisms of the older driver as the result of 

driving (e.g., mental fatigue due to constant and complex information processing by the 

older drivers with aged cognitive capacities and abilities) [5.7]. 
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                                                                                         (5.5) 

 

                                                                  

     

 

Workload is considered as the demand imposed upon people as the cost of accomplishing 

task requirements for the human component of a system [5.11, 5.12]. Furthermore, workload 

can lower the alertness and vigilance of human and adversely impact the concentration and 

increase the time for processing information and decision making with the increased 

likelihood of errors leading to accidents [5.13, 5.14, 5.15]. The workload assessment 

techniques are categorized [5.16]: (a) performance-based measures, (b) subjective measures, 

and (c) physiological measures. 

As shown in Eqs. (5.1)-(5.5), the human capacity values on the right side of 

equations are set hypothetically equal to 100 just as the human capacity threshold for likely 

occurrence of critical failure by the driver [5.7]. The values of variables on the left side of 

equations can then be determined as any values at any given time within the set limits given 

in Eqs. (5.1)-(5.5) [5.7].  

Each of Eqs. (5.1)-(5.5) refers to a condition introduced and integrated in the 

developed fault tree (i.e., Fig. 5.2) to obtain the total workload (i.e., both cognitive and 

physical) imposed on the older driver, as the result of an individual or a combination of 

human involved cause(s) and to compare it with the human capacity at any given time [5.7]. 

It is to be noted that the workload is accumulated over time, thus it is expected that the 
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workload imposed on the driver at the start of driving (i.e., time 0) to be lower than 

workload of his/her after some time of driving (i.e., 0+t) [5.7]. The equations although at a 

glance appear to be assessing the workload of the driver separately, depending on different 

sets of human involved causes as shown in Eqs. (5.1)-(5.5) [5.7]. However, it is to be noted 

that due to accumulative nature of human workload, the workloads calculated and shown in 

the developed conditions affect the other conditions indirectly [5.7]. Thus, the workload 

imposed on driving (e.g., due to driving under influence) affects the assessed workload 

imposed by the other individual or combination of human involved causes (e.g., road 

ADAS), that is, these are accumulated linearly or in different forms or shapes [5.7]. 

Subsequently, when the driver workload for each condition is measured through subjective 

or objective assessments, the effects of workload from other conditions are taken into 

account naturally and automatically [5.7]. 

The impact factor constants are introduced into Eqs. (5.1)-(5.5) in order to put 

weights on the variables located in left side of each condition depending on their 

significance in relation to each other [5.7]. The procedure for assignment of values for 

impact factor constants can be regulated by the transportation authorities based on the 

findings and recommendations of this research and future ones [5.7]. The values should be 

set and adjusted periodically by the auto industries/authorized auto dealership based on the 

degree of significance of each individual variable on left side of the conditions and the 

assessment by the transportation authorities on health and performance condition of each 

and every older driver [5.7].   

The a to v constants are introduced into Eqs. (5.1)-(5.5) in order to let the total 

value of left side of conditions exceed proportionally from their right side value (i.e., human 
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capacity) subject to criticality degree of each individual workload variable in the left side of 

equations [5.7]. Some of the variables like cognitive workload caused by driving under 

influence (e.g., unacceptable level of alcohol consumption) can reach serious and critical 

level for some of the drivers to make driving highly hazardous [5.7]. Thus, the a to v 

constants would allow the ADAS to warn drivers and react in accordance with magnitude of 

difference between the values of left and right sides of conditions [5.7]. The procedure for 

assignment of values for a to v constants similar to impact factors as described in previous 

paragraph can be regulated, set, and adjusted [5.7].   

However, the physical and cognitive workload related variables affected by the 

situations/systems shall be determined by the objective or subjective assessments of the 

users (i.e., drivers) at any given time [5.7]. Some of the workload assessments in relation to 

those human involved events, as identified in Fig. 5.2, can be done objectively (i.e., 

performance and physiological assessment based methods) through already available in 

vehicle technologies (e.g., vigilance monitoring system, alcohol detection system, and speed 

limit warning) [5.7]. The other required assessments of workload influenced by factors such 

as fatigue or boredom can be done using periodic or on-demand subjective input from 

drivers while driving [5.7, 5.17, 5.18]. The subjective input from drivers can be fed by 

means of voice [5.19] or touch into the in-vehicle technologies equipped with software built 

based on author’s developed methodology to assess and check at any given time the 

mathematical conditions represented by Eqs. (5.1)-(5.5) [5.7]. Both objective and subjective 

assessments of driver in light of workload shall be converted into the corresponding scales 

as per Eqs. (5.1)-(5.5) [5.7].  
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5.4           ILLUSTRATIVE EXAMPLE 

It has been illustrated in the following how condition 3 of Fig. 5.2 can be applied for an 

older driver with certain hypothetical degrees of suitability/unsuitability in relation to the 

constituting elements of the condition [5.7]. This older driver in this example is considered 

to be in typically accepted age group of older drivers (i.e., over 65 years) with his/her own 

unique behavioral and medical characteristics and with specific driving awareness and 

record [5.7]. 

 

Risky driving attitude:  

As per live assessments by in vehicle technologies (e.g., lane departure warning, adaptive 

cruise control, collision warning and avoidance, and road based speed deviation detector) on 

risky driving state of the driver at a given time (e.g., in minute 45 of driving), the scores of 

110 and 70 out of 120 for cognitive and physical workload placed on the driver are assigned 

as the result of his/her risky driving state, respectively (i.e., 0 is most suitable and 120 is 

least suitable) [5.7]. The initial values for       and       have been set by auto industries 

0.20 and 0.05, respectively [5.7].  

 

Not medically fit for driving: 

As per last periodic assessment on medical state of the driver and requirements in light of 

safe driving, the authorities decided to assign scores of 70 and 60 out of 100 for cognitive 

and physical workload placed on the driver while driving as the result of his/her medical 

state, respectively (i.e., 0 is most suitable and 100 is least suitable) [5.7]. The initial values 

for       and       have been set by auto industries 0.20 and 0.10, respectively [5.7].  
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Inadequate awareness and skill towards Driving by Older Drivers: 

As per last periodic assessment on awareness state of the driver and requirements in light of 

safe driving, the transportation authorities decided to assign scores of 10 and 20 out of 100 

for cognitive and physical workloads placed on the driver as the result of his/her awareness 

and skill, respectively (i.e., 0 is most suitable and 100 is least suitable) [5.7]. The 

participation record of the driver in special training, his/her driving record in terms of traffic 

ticket and accidents, driving experience as well as the recorded driver’s conduct by the in 

vehicle technologies can all be based on determining the appropriate scores [5.7]. The initial 

values for       and       have been set by auto industries 0.10 and 0.05; respectively [5.7].  

 

Driving under influence: 

As per live assessments by in vehicle technologies (e.g., vigilance monitoring system, 

alcohol detection system) and the self subjective assessment of driver in case of fatigue at a 

given time (e.g., in minute 45 of driving) on driving under influence state of the driver and 

requirements in light of safe driving, the total scores of 220 and 180 out of 250 for cognitive 

and physical workload placed on the driver are assigned; respectively (i.e., 0 is most suitable 

and 250 is least suitable) [5.7]. The workloads are as the result of his/her driving under 

influence state. The initial values for       and       have been set by auto industries 0.25 

and 0.05; respectively [5.7]. It is to be noted that this component of formula can be broken 

down into various sub-elements depending on the needs, that is, the separate scores, 

multipliers and limits for each of factors influencing the driving such as alcohol, fatigue and 

medications can be integrated into the formula [5.7]. 
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Subsequently, the above mentioned values can be substituted into the left side of Eq. (5.3) as 

follows [5.7]: 

 

                                                               

                                                  = 0.25          

              + 0.10                                     

          1 + 9 + 3.5 + 6 + 1 = 111.5 

 

As the above obtained result exceeds the value in the right side of Eq. (5.3)       

                , the system shall trigger a warning message to the driver that 

his/her further driving is not recommended. The higher the deviation of obtained value from 

the capacity, the message to driver shall indicate that the more dangerous is going to be 

further driving until a possible point that vehicle over rides the control from the driver [5.7]. 
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CHAPTER 6 

 

STOCHASTIC RISK ASSESSMENT METHODOLOGY AND 

MODELING AS IN-VEHICLE SAFETY ENHANCING TOOL FOR 

YOUNGER DRIVERS ON ROADS 

  

6.1           BACKGROUND 

Young novice drivers are expected to outperform in terms of their physical and sensory 

abilities compared to other age groups in general [6.1]. However, as they lack enough 

experience in driving and act more emotionally and passionately due to their age, the 

outcomes of their perception and decision making process can not be in the same quality and 

soundness as healthy experienced drivers [6.1, 6.2]. These result in higher accident rates 

among younger drivers [6.3]. Subsequently, these drivers cannot react proactively and 

appropriately to the events on roads that they had no prior exposure or information 

concerning it [6.1]. 

The research has highlighted the growing rate of younger drivers’ population as 

the result of the vital universal need for mobility by everyone and better quality of life. The 

high risk of driving by young novice drivers is then highlighted. The author has then 

identified the limitations of younger drivers. The available measures to eliminate or reduce 

the risks have then been highlighted and modeled logically using Fault Tree Analysis (FTA). 

Furthermore, the author has gone on highlighting and mathematically modeling the risk of 

driving by younger drivers at any given time. It has been illustrated how various factors can 
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interact and have individual and collective time-dependent effects on the safety of driving. A 

new concept in using the developed risk assessment model in condition monitoring of 

younger drivers has then been proposed.  

 

6.2          THE FTA OF YOUNGER DRIVERS FAILURE LEADING TO SEVERE 

               CRASH 

Transport sector activities focus on ensuring the safe and efficient operation of the road 

traffic system by encouraging the correct use of the network by road users [6.4]. Traffic is as 

the result of interactions between people, vehicles and road infrastructure and the human in 

this process is the key and weakest element [6.5]. 

Fault tree analysis (FTA) is an excellent risk analysis technique to assess system 

safety and reliability both qualitatively and quantitatively [6.6, 6.7, 6.8].  

The fault tree of younger drivers involved in collisions with severe consequences 

has been developed and the resulting fault tree is shown in Figure 6.1 [6.9]. 

 

6.3          THE STOCHASTIC RISK ASSESSMENT OF YOUNGER DRIVERS  

               ON ROADS 

Based on the illustrated model in Figure 6.1, the total risk of crash by younger drivers on 

roads can be obtained from Eq. (6.1) where each of its components can be derived from Eqs. 

(6.2)-(6.14) representing the partial risks constituting the total risk [6.9]. There has been an 

assumption that the causal events illustrated in Figure 6.1 are exclusively independent [6.9]. 

The general reliability equation has been used in Eqs. (6.1)-(6.14) to indicate that there have 

been no pre-assumed distributions for each of the events illustrated in fault tree model (Fig. 
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6.1) [6.9]. However, the potential variety in distribution functions of the events can be seen 

and integrated into the time dependent instantaneous failure rates of the equations [6.9]. 
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The instantaneous failure rate of the driver can best be assumed to follow a bathtub 

distribution curve (e.g., Fig. 6.2) [6.10]. The bathtub curve (Fig. 6.2) is typically used to 
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show the characteristics of mechanical components over three periods (i.e., burning or infant 

mortality, useful life and wear out) [6.10, 6.11, 6.12, 6.13, 6.14].  

As Hojjati-Emami [6.10] stated the bathtub curve is expected to move higher for 

less skilled drivers (i.e., younger drivers) and in the contrary to move lower for more skilled 

drivers (Fig. 6.2). 

 

 

As it is shown in left part of Figure 6.2, it is expected that the instantaneous failure or human 

error rate of every novice younger driver starts from a rather high value and goes down as 

they get more experienced [6.9]. This decrease in failure/human error rate continues till a 

certain point of time that this rate remains stable or fixed over the course of a longer period 

of time (i.e., second section of the curve in Figure 6.2) [6.9]. However, if the younger 

drivers drive under risky situations (e.g., peer influence, alcohol, fatigue, dense traffic, poor 

road conditions), the instantaneous failure/human error rate is expected to accelerate (i.e., 

the third section of the curve in Figure 6.2) [6.9].  
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As the younger drivers gain noticeable experience in maneuvering and hazard recognition 

skills, the curve would be expected to move lower further [6.9].  

The estimated failure or human error rate for younger drivers is suggested to be 

obtained through actual data or experiments or specially designed virtual reality simulators 

[6.9]. 

With respect to instantaneous failure rates of physical components affecting the 

safety of younger drivers on roads as illustrated in the fault tree (i.e., Figure 6.1), it should 

be mentioned that the appropriate distributions shall be obtained through collected data from 

accelerated life testing methods or historical real life of systems or available databases and 

prediction models (e.g., MIL-HDBK-217) [6.9].    

 

6.4           RISK MONITORING OF YOUNGER DRIVERS ON ROADS 

The methodology of predicting the risk for younger drivers, as developed and presented in 

previous section, cannot only be used for assessing and improving the younger drivers’ 

safety related policies and programs but also be utilized to monitor the state of risk for 

younger drivers right on spot and at any given time [6.9].  

By now, there has been no available ADAS technology to fully guarantee the 

reliable and effective recognition of all types of hazards as they do not guarantee that the 

safest preventive measures are taken [6.9]. It is certain that a vehicle equipped with ADAS 

technologies can better safeguard the younger drivers and other motorists on the roads 

compared to vehicles that lack ADAS technologies or possess less advanced or complete 

ones [6.9].  



101 
 

The transportation industries and authorities aim continuously to come up with better ADAS 

technologies in terms of reliability, effectiveness, and applicability [6.9].  

Monitoring the risk of driving by younger driver on the roads at any given time 

using the developed stochastic models (Eqs. 6.1-6.14) and presenting the calculated total 

risk to the driver through a display is to be seen essential and more critical than much of the 

information shown to the driver [6.9].  

The total risk shall be calculated by a central processor integrated in vehicle 

based on data collected from in-vehicle and on road technologies as well as direct input from 

drivers [6.9]. The calculated risk value is suggested to be displayed in a qualitative scale 

similar to fuel gauge [6.9]. The background of riskometer, the term used for the gauge and a 

pointer, can be graded to three parts safe mode (over green color background), caution mode 

(over amber color background) and danger mode (over the red color background) [6.9]. As 

the risk level goes to caution mode, the intermittent audio and visual warnings will be given 

to the driver and when it gets to danger mode, the constant audio and visual warnings shall 

be given [6.15, 6.16].  

For highly risky drivers with poor driving background, the information of 

riskometer can automatically be linked to a black-box system to record all its data over the 

course of driving for subsequent law enforcement [6.9]. 

 

6.5             ILLUSTRATIVE EXAMPLE 

It is illustrated in this section how the models (Eqs. 6.1-6.14) can be applied for a younger 

driver with following hypothetical instantaneous failure rates to assess the risk state at a 

given time (e.g., t=100 min) [6.9]. For simplicity of calculations, it is assumed that all the 
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instantaneous failure rates are constant and these values are based on failures per minute 

[6.9]:  

 

ג
       

ג                           
         

ג                    
           

 0.0003 

ג
           

ג                 
            

ג             
      

=0.0007 

ג
       

ג                            
        

ג                      
      

=0.0006 

ג
       

ג                           
       

ג                        
      

=0.0004 

ג
      

ג                             
       

ג                         
          

=0.0008 

ג
          

ג                     
          

ג                 
           

=0.0002 

ג
         

ג                       
         

ג                     
         

        

ג
         

=0.0005 

 

The younger driver in this example is considered to be in typically accepted age group of 

younger drivers (e.g., 18-24 yrs old) with his/her own unique behavioral characteristics and 

with specific driving awareness and record [6.9]. Thus, substitutions the given values into 

Equations (6.1)-(6.14), we obtained [6.9]: 
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The calculated value for Equation (6.15) (i.e.,             represents the total risk of 

crash by the younger driver at the given time (i.e., t=100min) where the ADAS is assumed 

to be fully complete and to warn and prevent all types of failures by the driver [6.9]. Under 

circumstances that the vehicle is equipped with less complete ADAS system or lacks ADAS 
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system, the ADAS just in those areas being effective and operational should be taken into 

account in the analyses and calculations and thus the risk is expected to be higher [6.9].  
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CHAPTER 7 

 

THE HRA-BASED ROAD CRASH DATA:  

A METHODOLOGY FOR CRASH INVESTIGATION AND 

VALIDATING THE DISTRIBUTION CHARACTERISTICS OF 

DRIVER’S FAILURE RATE 

 

7.1              BACKGROUND 

The significance of human reliability data for road transportation and the types of data 

needed for a systematic human reliability assessment in a car crash caused by a driver have 

been highlighted and presented in this research. The research also presents a thorough 

procedure for road accident investigation and the data collection. Then, the research stresses 

on the need for development of effective databanks on road transportation safety and 

examines the requirements of such database and then develops and presents a concept for 

such database.  

Furthermore, the validity of the proposed distribution characteristics form for 

drivers’ instantaneous failure rate on roads has been tested experimentally to pave the way 

for more accurate data collection and processing as part of risk assessments. The findings of 

this research would assist the road safety researchers and authorities in their investigation 

and assessment processes and subsequently would be used to enhance the safety of roads 

with taking more suited proactive measures using right data and assessments.  
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7.2          THE DRIVERS’ FAILURE DATA IN ROAD ACCIDENTS WITH  

                 PROPOSED INVESTIGATION PROCEDURE AND FRAMEWORK FOR 

HRA ROAD DATABANKS 

The road crash data (e.g., crash location, road conditions/environments, vehicles involved, 

drivers, passengers, casualties, and mainly immediate factors contributed in crash) are 

everyday being collected, recorded and stored by Police and Transportation Authorities in 

their databases across the Globe (e.g., [7.1, 7.2, 7.3, 7.4, 7.5, 7.6]).  

However, these data at best scenario can include the above-mentioned 

information which does not suffice the needs for a thorough human reliability assessment in 

order to identify the latent and active or immediate causes of accidents and subsequently to 

seek appropriate remedial or proactive measures [7.7, 7.8]. It appears that these data and 

information being collected and processed are more applicable for use by analysts in 

insurance, law enforcement, healthcare, economics domains and not for well rooted and 

systematic analyses by transportation authorities in elimination or reduction of the accidents 

risks [7.7, 7.8].   

 

7.2.1       THE INVESTIGATION PROCEDURE AND DATA COLLECTION FOR  

                   ROAD ACCIDENTS  

Due to the above described issues with available road crash databases, the author has 

proposed that the best methodology for conducting HRA-based investigation and collecting 

the necessary data in road crashes is to use the developed accident investigation procedure 

as illustrated in Figure 7.1 [7.7, 7.8]. The proposed investigation procedure (Fig. 7.1) has 
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been developed and extracted from an integrative fault tree model as illustrated in Figure 7.2 

derived from the earlier works of the author [7.7, 7.8, 7.9, 7.10, 7.11].  

The form illustrated in Figure 7.3 is the author’s developed concept for 

investigation and collection of accident data by police authorities and representatives of 

transportation authorities following a car involved accident [7.8]. The principle data used in 

the proposed form are derived from the works presented in Figures 7.1 and 7.2 [7.7, 7.8]. 

The data to be collected in the form can be sought through various channels including 

interviews with drivers, passengers, witnesses, data recorders in the vehicles or on roads, 

expert opinions of law enforcement officers, etc. [7.8]. 
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The Driver(s) Causing Crash with Severe Consequence: 
Age(s):                          Sex:                    Vehicle(s):                                                    Plate s #:                                               Date:                     Location:                                          

Drivers License #:                                                    Time of Crash:                       Time the Trip Bega n: Time from the Last Stop for Fatigue Recovery:                                      

Crash Consequences:
Effects on Driver(s):                                                                                                        Effects on Vehicles:                                          

Effects on Passengers:                                                                                                       Effects on Environemnt/Road Infrastructure:

HRA-Based Road Accident Investigation Form 
Investigation Analyst(s):                                                                 Signature(s):                                          Date:                             Affiliations/Contact Info:      

A. Failures in Vehicle Passive Safety System?
1-Was it due to unsafe Design or Failure in any of Critical Components (e.g., bumpers, body, Brakes, Steering Wheel)? If any, Document  Your Assessment:

2-Was it due to Failure in any of Passive Safety Systems (e.g., seatbelts, airbags)? If any, Document Your Assessment:

B. Failures in Vehicle's ADAS:
1-Was it due to Failure in ADAS Crash Avoidance Systems? If any, Document Your Assessment:

2-Was it due to Failure in ADAS Warning System? If any, Document Your Assessment:

3-Was due to Failure in Reaction to ADAS Warning by Drivers? If any, Document Your Assessments:

C. Driver's Failure due to Road Infrastructure & Environment:
1-Was it due toPoor/Failure in Infrastructure & Environmental Conditions (e.g., lighting, signals/signs, fog, slippery roads)? If any, Document  Your Assessment:

2-Was it due to Failed Road based ADAS Communication Technologies? If any, Document Your Assessment:

D. Driver's Failure due to Behavior:
1-Was it due to Driving under Influence (e.g., alcohol, medication, fatigue)? If any, Document Your Assessment:

2-Was it due to Driving in Risky Traffic Situations (e.g., dark, rush hours)? If any, Document Your Assessments:

3-Was it due to Medical Condition? If any, Document Your Assessments:

4-Was it due to Inadequate Awareness  and Care for  Safe Driving  (e.g., participation in special courses)? If any, Document Your Assessments:

5-Was it due to Driving in Risky Manner Violating Traffic Rules (e.g., excess speed, manouvering)? If any, Document Your Assessments:

E. Driver's Failure due to Inexperience:
1-Was it due to Inadequate Experience Based Awareness  on Rules and Manouvering/Steering Skills? If any, Document Your Assessments:

2-Was it due to Inadequate Experience based Awareness & Skills on Hazards and Risk Recognition and Control? If any, Document Your Assessments:

F. Driver's Failure due to Other Motorists Failure:
1-Was it due to Other Drivers' Violations due to Behavioral Reasons? If any, Document Your Assessments:

2-Was it due to Other Drivers' Failure due to Infrastructure & Environment? If any, Document Your Assessments:

3-Was it due to Other Drivers Lack of Experience? If any, Document Your Assessments:

4-Was it due to Other Vehicle's Crash Avoidance Critical Components (e.g., brake, steering wheel, lights, signals, plates)? If any, Document Your Assessments:

5-Was it due to Other Vehicles' ADAS Crash Avoidance Failure? If any, Document Your Assessments:

6-Was it due to Failure in ADAS Warning System of Other Vehicles? If any, Document Your Assessments:

7-Was it due to Failure in Reaction to ADAS Warning by Other Drivers? If any, Document Your Assessments:

G. Drivers' Failure due to Pedestrian's Failure:
1-Was it due to Pedestrians's Behaviour  Failure (e.g., not respecting  signals, not crossing within designated area)? If any, Document Your Assessments:

2-Was the Pedestrian's Failure due to Road Infrastructure & Environmental Failures (e.g., signals failure,marking failure,  icy roads)? If any, Document Your Assessments:

Use As Many Extra Sheets As Necessary in Support of Your Assessment on Each Section and Question Citing the Code of Specific Question (e.g., G1 (PAGE#.../... )

Figure 7.3-HRA-Based Road Accident Investigation & Data Collection Form 
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7.2.2       THE REQUIREMENTS AND PROPOSED MODEL FOR HRA DATA- 

                   BANKS IN ROAD TRANSPORTATION 

As it was stated previously, the data available in general Human Reliability Databases are 

not usable for road transportation safety analyses as the data are neither related to road 

transportation nor they are processed in a manner required for typical human reliability 

assessments for road transportation systems [7.7, 7.8]. The road related data that are 

currently being collected and processed by the authorities in many countries and regions are 

limited and related to recognition of immediate causes of accidents, their 

consequences/effects and the conditions immediately surrounding the accident, and not their 

root or latent causes (e.g., [7.2, 7.7, 7.8, 7.9, 7.10, 7.11, 7.12, 7.13]. These data are also not 

tabulated and processed for the benefit of quantitative and qualitative human reliability 

assessments in a systematic manner. Thus, the complete benefit of these collected data 

cannot currently be attained [7.7].  

To make road transportation data for human reliability assessment useful, they 

should be collected and processed by transportation authorities according to the developed 

Fault Tree Analysis (FTA) chart as shown in Figure 7.1 [7.7, 7.8, 7.9, 7.10, 7.11, 7.12, 7.13]. 

Figure 7.1 illustrates logically all the root causes and their dependencies for a severe 

accident caused by the driver. The author has converted the developed FTA (Fig. 7.1) into a 

proposed accident investigation procedure for collection of necessary human reliability 

related data as presented in Figure 7.2 [7.7, 7.8]. The developed procedure and the 

subsequent data collection form shown in Figures 7.2 and 7.3 could be used by the crash 
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investigators as a guideline to collect data necessary for human reliability assessments [7.7, 

7.8].  

There is a need for various road reliability data to be collected. Some data are 

qualitative concerning vehicle-road-driver-passenger system, causes of accidents and modes 

of failures using the investigation procedure and data collection form developed and 

presented in Figures 7.2 and 7.3 [7.7, 7.8]. Other kind of data including the time to failure 

which is in quantitative form (i.e., from moment zero of the trip to time of accident) for each 

failure mode shall be obtained subjectively and objectively in order to fit the right 

distribution for failure rate per each mode of failure [7.7, 7.8].  

As it has been suggested by the author [7.9], the failure rates for the experienced 

drivers (whether adult or older drivers) and younger drivers groups (containing a distinct 

learning phase) are expected to follow such distributions as previously illustrated in Figures 

2.2 and 6.2; respectively. Figure 2.2 illustrates that the instantaneous failure rates of 

experienced drivers in a single trip should remain constant [7.7, 7.8, 7.9]. However, as 

he/she reaches exhaustion point the failure rate can increase [7.7, 7.8]. The more 

experienced the driver becomes, the less failure rate will be expected and vice versa. Figure 

6.2 illustrates that the instantaneous failure rates of younger drivers in a single trip may vary 

if he/she is in his initial learning period (i.e., the first part of curve), remain constant (i.e., 

second part of curve when the infant/burning period of bathtub distribution passes) and 

increase (i.e., third part of curve when he/she reaches exhaustion point) [7.7, 7.8, 7.9]. The 

more experienced the driver becomes, the less failure rate will be expected during trips and 

vice versa [7.7, 7.8, 7.9]. 
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It is suggested that the data for time to accident should be collected and processed separately 

for various groups of drivers including younger drivers, older drivers, and experienced 

drivers [7.8]. Mixing the data related to these three groups can skew the shape and 

parameters of the failure rate distribution and could lead to the wrong interpretation and use 

of data in the process of mitigating the risks [7.8].   

Furthermore, it is recommended that transportation authorities in various 

countries and regions should continually collect data and re-draw these distribution curves to 

monitor the results of mitigation and remedial action efforts taken for the betterment of 

drivers’ safety subsequent to the investigation process. It is to be noted that not only 

between but within each age group (i.e., younger drivers, experienced drivers and older 

drivers), there are going to be differences in terms of failure rates.  

In human factors discipline, the percentile concept is used in assessment and 

design analyses whether for physical or cognitive characteristics of human. Similarly, this 

concept shall be used when the collected human failure data is going to be processed and 

presented in databases.  

It is also suggested that the modern databanks in road transportation should 

contain a description of mitigation and follow up actions taken for each individual failure 

mode identified in the accident investigation process so that the efficacy of mitigation efforts 

can be evaluated and documented over time. 

The road transportation sector needs reliability data to understand and identify 

the issues in any specific road transportation system composed of driver, road, environment 

and vehicles and then to improve the reliability of system and monitor the situation over the 

time. By reliability data, we mean information about failure/error modes, time to failure 
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distributions, failure rates, and corrective measures for any of the above noted components 

of road transportation system [7.14].  

However, we should note that human is heavily the key and ultimate source in 

control of the vehicle up to last moment prior to accident even though the causes may be 

rooted in non human related factors as described in previous sections.  

The focus of data collection in the road accidents is to be based on human 

centered reliability assessment as Figures 2.2, 6.2, and 7.1-7.3 all indicate. Subsequently, the 

collected data should be fed to such a database format as proposed in Figure 7.4 for ease of 

data maintenance, processing, monitoring, and improving or correcting the situation.  
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7.3      THE CHARACTERISTICS OF DRIVERS’ INSTANTANEOUS FAILURE 

RATE   

This data is one of key data to be collected using the proposed investigation form (Fig. 7.3). 

It has been proposed that the expected distributions of instantaneous failure rates for the 

younger drivers and experienced drivers (whether adult or older drivers) follow the 

distributions illustrated in Figures 2.2 and 6.2; respectively [7.8, 7.11, 7.13].  

 

7.3.1         THE REQUIREMENTS AND CONCEPT OF HAZARD PLOTTING  

                    METHOD FOR TESTING THE INSTANTANEOIUS FAILURE RATE  

                    OF DRIVERS 

The hazard function, cumulative distribution function, and the cumulative hazard function 

are mathematically defined by Equations (7.1)-(7.3); respectively [7.8]. 
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Both Figures 2.2 and 6.2 suggest that the hazard or instantaneous failure rates for drivers 

remain constant for a stable period of driving task by a driver until their exhaustion points in 

any given trip [7.8].  

Using Equations (7.1)-(7.3), the hazard (instantaneous) failure rate and cumulative hazard 

rate for the stable period of driving task can be obtained from Equations (7.4) and (7.5) 

[7.8]. 
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By letting ג  
 

 
 , where    is the mean time to failure and rearranging Equation (7.5) to 

express the time to failure, t, as a function of   , we get [7.8]:  

 

                                                                                                                                                   (7.6) 

 

Equation (7.6) is the equation of a straight line passing through the origin. In order to 

estimate the value of  , the time to failure t against the cumulative hazard    is plotted. If 

the plotted field data points fall roughly on a straight line, then the distribution is 

exponential and the value of   equals the slope of the straight line [7.8].  

Furthermore, Figures 2.2 and 6.2 suggest that the hazard or instantaneous failure 

rates for a driver increases weibully when the driving task continues beyond exhaustion 

point. Using Equations (7.1)-(7.3), the hazard or instantaneous failure rate and the 

cumulative hazard rate for Weibull distribution can be obtained from Equations (7.7) and 

(7.8) [7.8]. 
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By rearranging Equation (7.8) to express the time to failure, t, as a function of    , we get 

[7.8]: 

 

    
 

 
                                                                                                                     (7.9) 

 

Equation (7.9) is the equation of a straight line passing through the origin. When the plotted 

data points approximately fall along a straight line, this indicates that the failure data 

belongs to a Weibull distribution [7.8].  

 

7.3.2       EXPERIMENTAL VALIDATION OF CHARACTERISTICS FOR  

               DRIVER’S INSTANTANEOUS FAILURE RATE 

An experiment was designed to test the validity of presumed constant characteristics of 

driver’s instantaneous failure rate (Figures 2.2 & 6.2) from the start of a trip to the moment 

that driver reaches his/her exhaustion point [7.8]. The route selected for this experiment was 

Haraz road linking Tehran to Babolsar in the shore of Caspian Sea with total distance of 250 

km in either direction or the average driving duration of four hours depending on traffic and 

environmental condition (Fig. 7.5) [7.8]. 
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The test was conducted on a sole experienced driver, the author, with 30 years of North 

American and local driving experience with no records of accident but with experience of a 

number of near-miss accidents [7.8]. The test was conducted 25 times, that is, 25 

experimental trips each totaling 250km distance [7.8]. The road is considered as a very 

demanding and potentially hazardous road due to its mountainous condition of road and 

traffic. The vehicle used for the test had no ADAS system. The driver’s failures with 

potential of causing accidents or near miss accidents were determined to include any risky 

and hazardous lane departures, passing other vehicles, sudden brake due to unsafe distance 

from vehicle ahead, fast turning, etc. [7.8]. The vehicle was equipped with voice recorder 

and a large stop-watch placed on top of dashboard. The driver was instructed to start stop-

watch and voice recorder at the beginning of his trip and records the time and type of near 

miss accidents once he confronts with one of the above listed failures [7.8]. Furthermore, the 

driver was asked to stop driving as soon as he feels that he has reached the fatigue level 

whether mentally or physically that can be degrading his performance [7.8]. The Table 7.1 
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presents failure and running times of the 25 identical tests as well as calculated data as per 

steps required in a hazard plotting method (Eqs. 7.1-7.6) [7.8].  

 

Failure & Running/ 

Censoring Times (min.)

*Running/Censoring time

1 25 240* 66 1/25=0.04 0.04

2 24 160 77 1/24=0.042 0.082

3 23 85 85 1/23=0.043 0.125

4 22 240* 98 1/22=0.045 0.17

5 21 98 102 1/21=0.048 0.218

6 20 240* 110 1/20=0.05 0.268

7 19 240* 125 1/19=0.053 0.321

8 18 240* 145 1/18=0.055 0.376

9 17 125 155 1/17=0.059 0.435

10 16 214 160 1/16=0.063 0.498

11 15 66 175 1/15=0.067 0.565

12 14 240* 198 1/14=0.071 0.636

13 13 155 210 1/13=0.077 0.713

14 12 198 214 1/12=0.083 0.796

15 11 210 240* 1/11=0.091 ---

16 10 110 240* 1/10=0.1 ---

17 9 240* 240* 1/9=0.111 ---

18 8 77 240* 1/8=0.125 ---

19 7 240* 240* 1/7=0.143 ---

20 6 145 240* 1/6=0.167 ---

21 5 167 240* 1/5=0.2 ---

22 4 240* 240* ¼=0.25 ---

23 3 240* 240* 1/3=0.333 ---

24 2 240* 240* ½=0.5 ---

25 1 102 240* 1/1=1 ---

Table 7.1 - Hazard Plot Data for Validating Exponential Distribution Assumption of Time to Failure

Data No.
Data No. in 

Descending Order

Times in Ascending 

Order (min.)
Hazard (% )

Cumulative Hazard 

(% )
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The plotted data (Figure 7.6) indicates that the times to failure can closely be fitted to a 

straight line [7.8]. Therefore, the assumption of exponential distribution for time to failure 

and subsequently the constant value for instantaneous failure rate are considered valid [7.8]. 

 

 

Similarly, the author conducted seven additional tests on the same driver in another route 

(i.e., from Tehran to Babolsar via Challoos road) (Figure 7.7) with longer distance to 

determine the distribution characteristics of time to failure beyond exhaustion point of driver 

[7.8]. The selected route was 320 km distance and due to the heavy traffic and mountaneous 

road, it took 8 hrs of driving on average in either direction. The driver was instructed to 

drive beyond exhaustion point until he commits one of those hazardous failures as identified 

in previous experiment and then to record orally the time of failure reading from stopwatch 

[7.8].  
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The Table 7.2 contains the data collected from the tests and the required calculations as per 

hazard plot technique (Eqs. 7.1-7.3 & Eqs. 7.7-7.9) [7.8]. 

 

Failure & Running/ 

Censoring Times (min.)

ln (Time to 

Failure)

*Running/Censoring time

1 7 372 148 1/7=0.143 0.143 5 2.66

2 6 420* 194 1/6=0.166 0.309 5.26 3.43

3 5 269 269 1/5=0.2 0.509 5.59 3.93

4 4 420* 372 1/4=0.25 0.759 5.91 4.33

5 3 186 390 1/3=0.333 1.092 5.97 4.69

6 2 390 420 N/A N/A N/A N/A

7 1 194 420 N/A N/A N/A N/A

Table 7.2 - Hazard Plot Data for Validating Distribution of Driver's Failure beyond Driver's Exhaustion Point

Cumulative 

Hazard (% )
Data No.

Data No. in 

Descending Order

Times in Ascending 

Order (min.)
Hazard (% )

ln (Cumulative 

Hazard)
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The plotted data (Figure 7.8) indicates that the times to failure beyond driver’s exhaustion 

point can approximately be fitted to a straight line [7.8]. Therefore, the assumption of 

Weibull distribution for time to failure beyond exhaustion point and subsequently the 

increasing value for instantaneous failure rate are considered true [7.8]. 
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CHAPTER 8 

 

DISCUSSIONS, CONCLUSION AND FUTURE DIRECTIONS 

 

8.1     IDENTIFICATION AND INTEGRATIVE ASSESSMENT AND MODELING  

                OF CAUSES OF HUMAN ERROR ON ROAD TRANSPORTATION 

The research explored the potential causes of accidents in road transportation systems and 

developed a model to illustrate the interactions between these identified groups of causes of 

human error leading to road accidents [8.1].  

Due to significant role of fatigue as root cause of many road accidents and its 

relationship with other categories of causes (i.e., vehicle, environment, human due to non-

fatigue factors), this factor is highlighted and integrated with other causes [8.1].  

Considering the characteristic of failures in vehicles, road environment, human 

due to fatigue and human due to non-fatigue factors, the stochastic approach is used to 

model the problem and predict the reliability/unreliability of road transportation systems at 

any given time [8.1].   

In the Markov model presented, the constant values are assumed for the 

instantaneous failure rates of human error leading to accident due to vehicles, road, human 

fatigue, and non-fatigue human factors. This assumption originates from the fact that it is 

common to see just the constant failure rates in practice and in databanks. Moreover, the 

reliability of many components indeed follows exponential distributions with constant 

failure rates. However, the assumption of constant failure rates and consequently use of 

Markov model in this research can simply be disregarded such that the model be converted 
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into a series RBD model in order to obtain the reliability and risk of system incorporating 

time-varied failure rates for some or all of the contributing factors in the modeling. 

The expected patterns and functions for instantaneous failure rates of human due 

to fatigue and vehicle are explored and presented. However, it is pointed out that there is a 

need for further research in the patterns of instantaneous failure rates in road environment 

and human due to non-fatigue factors over the time [8.1].   

It is suggested that the failure rates for each of the categorized groups of causes 

can be estimated by the summation of failure rates of their constituting components [8.1].   

In principle, the data regarding physical failure rate and human error rate for the constituting 

components of these identified categories of causes in road accidents shall be obtained from 

databanks, experiments, actual data, etc. and fed into the models and sub-models developed 

in this research [8.1]. This requires some organized, well designed and coordinated 

procedures in countries and across continents for collection, aggregation, analyses and 

presentation of data to the researchers, transportation authorities, law enforcement, etc. [8.1].   

Furthermore, it is noted that the vehicle, road environment, and human due to 

non-fatigue factors may not only fail critically to endanger the safety of road transportation, 

but also the conditions of these factors could have impacts on the safety of transportation 

through enhancing the total level of driver’s fatigue [8.1].   

With continued improvement in design of roads and vehicle components by auto 

industries and transportation authorities, the failures rates of their related components and 

their impacts on the safety of transportation systems are going down day by day [8.1].  

However, the conditions and characteristics of roads and vehicles impacting the driver’s 
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fatigue are not improved automatically just because of improvement in the failure rates and 

safety impact of their components [8.1].  

The recent trend in competition among auto makers is the lowering of drivers’ 

mental and physical efforts through automation (e.g., cruise control, automatic gear-box) 

[8.1]. Although, this increase in the level of automation provides extra comfort for drivers, 

however, this may transform the form of fatigue from more over-load and dynamic type to 

more under-load and static one [8.1].   

These new forms of fatigues in driving operation are expected to elevate the total 

fatigue level too mostly in form of boredom and static fatigue leading to deteriorated level of 

vigilance over the time [8.1]. Therefore, there is a need for further research to investigate the 

reliability of transportation systems under different degrees of automation in vehicles. 

Similarly, there shall be special considerations in design of road environment in terms of its 

effects on driver’s fatigue level such that the design of roads should neither pose excessive 

workload on driver nor elevate the driver’s under-load fatigue and boredom level [8.1].   

There has to be further research on the impacts that human abilities, conduct, 

skills and interests would place on the level of driver’s fatigue and as the result on reliability 

of transportation systems [8.1].   

It is necessary to mention that the failure term used in this research is just 

covering the failures with such a severity and kind that result in drivers’ error leading to 

accident. Therefore, the subject of grading of failures in terms of severity and type in light of 

severity of human error and its effects on potential or near-miss accidents and incidents 

demands further research [8.1].    
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8.2            RELIABILITY AND RISK ASSESSMENT FOR THE ADAS/PSS BASED  

                    VEHICLES 

The potential error countering measures can be focused on such categories as driver error 

reduction (e.g., improved ergonomically designed vehicles, improved road environment 

design, training), the use of ADAS technologies to prevent or minimize risk of accidents in 

the event of driver’s error, and finally the passive systems (e.g., seatbelts, airbags) in the 

event of failure in ADAS and driver’s error/failure [8.2].  

This research for the first time explored how these three groups of error counter 

measures interact in a vehicle system in terms of reliability of their individual and overall 

functions. It also has looked on how the failures in any combination of the constituting 

components of these three groups of counter measure systems affect the reliability of total 

system in light of occurrence of accidents [8.2].   

The reliability prediction of vehicles equipped with ADAS and passive systems 

are mathematically determined at any given time by the models varying in the degree of 

complexity [8.2].  

The research has developed general models that estimate the probability of 

accident as a function of time at the wheel, state of fatigue, road environment, and vehicle’s 

ADAS and PSS. The findings of this research are expected to be used for examining and 

improving the reliability of system by auto industries, road transportation authorities, and 

the researchers [8.2].   

With systematic collection and in depth analysis of data regarding accidents 

involving vehicles equipped with ADAS and Passive Systems and feeding them into such 
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assessment models and methodology as developed in this research, it is expected to have the 

lower casualties resulting from road accidents in the future [8.2].  

The prediction and optimization modeling of the total reliability of road 

transportation system containing multi vehicles (different in degree, type and complexity of 

ADAS and PSS technologies), pedestrians, road infrastructures, drivers with different skills, 

etc. for developing best strategic decisions, regulations and directions on the road safety are 

yet to be investigated by researchers [8.2].   

 

8.3            RELIABILITY AND RISK ASSESSMENT OF PEDESTRIANS  

                      CROSSING ON ROADS 

The research has focused on identification of causes of “pedestrian-to-vehicle accidents” on 

roads in systematic manner using fault tree and thorough review, analysis and development 

on the latest findings of research works in this area [8.3].  

The author came up with novel methodology in systematic, flexible and 

stochastic modeling of the reliability and failure prediction of “pedestrian crossing” at any 

given time integrating all the contributing factors and parameters [8.3].  

This research highlights the significance of multi facet approach in addressing 

the concern of pedestrian casualties in both developed and developing countries [8.3].   

The importance of available databases containing detailed and processed failure 

rates in road transportation has been found essential [8.3].  

The research has developed general models that estimate the probability of 

pedestrian-vehicle accident as a function of time at the wheel, environmental conditions, 

state of driver’s fatigue, vehicle’s ADAS and PSS, and pedestrian behavior and conduct.  
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In the Markov models presented, the constant values are assumed for the instantaneous 

failure rates of pedestrian error due to behavioral and road and infrastructure causes. This 

assumption originates from the fact that it is common to see just the constant failure rates in 

practice and in databanks and the fact that the reliability of many components indeed 

follows exponential distributions with constant failure rates. However, the assumptions of 

constant failure rates and consequently use of Markov models in this research can simply be 

disregarded such that the models be converted into series RBD models in order to obtain the 

reliability and risk of system incorporating time-varied failure rates for some or all of the 

contributing factors in these modeling. 

The findings of this research are expected to be used by auto industries and 

transportation authorities to come up with the new vehicle and road based ADAS and safer 

and more protective pedestrian crossing zoning, devices and regulations. 

Due to scarce data for instantaneous failure rates for basic components identified 

in this research, a future direction of research in overcoming the issue may be to obtain the 

failure rates of basic components affecting the safety of pedestrian crossing by fuzzy 

language and to make prediction on the reliability/failure of pedestrian crossing in fuzzy 

linguistic terms (e.g., H, L, VL, M) [8.3, 8.4, 8.5].  

Furthermore, the grading in severity of “pedestrian crossing” failure and 

subsequently its reliability is another area that demands further research [8.3].  

 

8.4             RELIABILITY AND RISK ASSESSMENT OF OLDER DRIVERS ON 

                       ROADS 
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There have been various approaches in attempting to reduce the risk of crash by older 

drivers including use of ADAS and road based technologies, licensing requirements, 

policing and special training programs [8.6].  

The research identified and illustrated all the potential causes of crash by an older 

driver systematically using FTA to assist transportation authorities in investigation and 

reduction of the risk of crashes [8.6]. Furthermore, a novel methodology has been developed 

to better monitor the state of older drivers at any given time in light of workload and it can 

be used in further advancing the ADAS, specifically designed for older drivers, by auto 

industries and transportation authorities [8.6].  

As per the methodology developed in this research, the human involved causes in 

potential crash, as shown in the related fault tree, can be monitored and assessed 

quantitatively in light of workload imposed on the driver at any given time, while driving 

using continuous/periodical objective and subjective feedback from older drivers’ input and 

performance [8.6]. The state of workload shall be presented by in-vehicle technologies to the 

driver in form of voice/ and text or graph through a processor built on the methodology 

developed in the research.  

In high risk situations, when workload reaches the threshold capacity of driver 

and no appropriate reaction is noticed from the driver, the vehicle can be programmed to 

override the control of vehicle [8.6]. There is possibility to program the in-vehicle 

technologies to communicate through in vehicle and on road technologies to traffic 

police/EMS/road assistance services and even to record the reactions of driver towards the 

warning received [8.6]. It is to be noted that the upper limit of certain variables in the 

conditions (Eqs. (5.1)-(5.5)) can be set as high as necessary (e.g., alcohol consumption, high 
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level of fatigue) in order to let the severity of a significant factor alone warn the driver or 

avoid him/her of further driving [8.6].  

At the present, there has been no methodology and system in place to make an 

overall and accumulative assessment in an interactive way on the state of driver in terms of 

workload imposed by various personal, vehicle, and road factors [8.6].  

Due to dynamic and complex characteristics of driving and its multi factors 

involved with human at the center and key element, the condition monitoring of such critical 

component of this driving process (i.e., older driver specifically with its already declined 

characteristics) in light of changing workload at any given time in interactive and systematic 

manner is seen essential [8.6].  

The total risk calculation of severe crash by older drivers as the result of all 

potential causes (i.e., human and non-human causes) can also simply be calculated having 

the failure probability of crash event calculated using the FTA subject to availability of 

failure rate/probability data for those illustrated basic events in the FTA [8.6].  

The author assumed for simplicity of the analyses that the workload imposed on 

the drivers caused by the factors shown in the fault tree are accumulated linearly, whereas 

the shape of accumulation of workload may take one or a combination of forms like linear, 

exponential or power depending on the person and the state and type of workload [8.6]. As 

per recent review by the author and other researchers in literature, there has been no 

conclusive finding on the proposed shape of fatigue accumulation letting us assume for 

simplicity of our research that the fatigue accumulates linearly over time [8.6].  

The development of appropriately structured and built scoring systems with their 

relevant guidelines for assessment of older drivers’ health, abilities and behavior by the 
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authorities, in-vehicle technologies, and older drivers for the parameters and variables 

defined in the conditions of Eqs. (5.1)-(5.5) are seen essential [8.6]. Therefore, it is expected 

that this research to trigger the need for placing new regulations and procedures for better 

protecting the older drivers based on the concepts developed in this research. 

The use of linguistic FUZZY approach in building the conditions developed and 

the objective and subjective assessments of the drivers’ state while driving can be another 

area for further research [8.6].   

Finally, a potentially similar methodology used in the research can be developed 

and applied for novice drivers as another group of drivers demanding special attention by 

auto industries, transportation authorities, and researchers.  

 

8.5            RELIABILITY AND RISK ASSESSMENT FOR YOUNGER DRIVERS  

                     ON ROADS   

This research has identified and illustrated systematically and logically all the potential root 

causes of crash by younger drivers using FTA to better assist transportation authorities and 

researchers in investigation and reduction of the crash risk. Furthermore, an integrative 

prediction methodology has been developed to stochastically assess the risk state of younger 

drivers on roads at any given time [8.7].   

As per author’s proposed methodology, the risk state of driving by younger 

drivers can be assessed and monitored quantitatively by a central in-vehicle processor based 

on collected data. The processed information on total risk state shall be presented to the 

driver at a given time right in vehicle using the models (Eqs. (6.1)-(6.14)) developed in the 

research [8.7]. The data on risk state of each individual human related cause in risk of a 
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crash, as identified in Figure 6.1, is supposed to be collected objectively and subjectively 

from younger drivers, in-vehicle and on-road [8.7].    

The subjective data to be collected from driver are related to those attributes of 

the driver that may vary day by day and time to time (e.g., alcohol consumption, emotion, 

fatigue) [8.7]. These kinds of data shall be collected based on a user friendly interface, 

perhaps audio and video, to be developed as an in-vehicle technology built on pre-developed 

questionnaires with appropriate scaling [8.7].  .  

The other human related data (e.g., instantaneous failure rate of driver due to 

maneuvering skills) for the contributing causes of a crash can be collected off the vehicle by 

the transportation authority periodically as needed and then integrated into proposed central 

processor of system responsible for calculating the total risk [8.7].    

Similarly, the failure data of physical components contributing safety of the 

driver as illustrated in Figure 6.1 shall be determined off the vehicle and then integrated into 

the central processor [8.7].    

The author proposes that in the future every vehicle whether driven by young or 

old or skilled needs to be equipped with “riskometer” [8.7].  As the result, it is expected that 

every vehicle on the road can obtain and present the risk state of driving by its driver at any 

given time [8.7].    

Furthermore, the risk related data and state of each vehicle on the road can be 

communicated to its adjacent vehicles, including the vehicle driven by a younger driver, 

using technologies that are currently being developed and used by the automotive research 

centers (e.g., [8.8]) [8.7].    
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The author’s proposed concept on collection/presentation of data/information is expected to 

be the focus of further research works by the automotive industries and transportation 

authorities in order to fine-tune and develop these suggested methodologies in details and in 

the most applicable ways [8.7].       

Nowadays, the younger drivers when they get to roads are just monitored and 

controlled by the law enforcement (e.g., random speed control by police), their parents and 

for some youths who can afford with ADAS technologies [8.7]. This research with its 

methodology and concept is proposing and emphasizing that besides these available 

measures, there must be a system that constantly monitors younger drivers in interactive 

way and give awareness to the youth and their passengers based on his/her total state of risk 

resulted from many contributing causes of a potential crash [8.7].    

The policing of younger drivers on roads is nowadays appears to be the most 

influential way to prohibit this group of drivers from doing risky behavior [8.7].  Although 

this negative reinforcement measure would possibly remain as the most effective way for 

small group of youths, but the author believes that many of younger drivers would need 

some sort of more supportive, self involved and positive reinforcing way of approach in 

correcting their driving [8.7].     

There are rooms for further research on the most effective procedures and 

mechanisms for objectively and subjectively collection of the human failure/risk data both in 

and off the vehicles [8.7].    

Another area for further research is to identify the value and method of 

presenting the risks attributed to individual and groups of contributing causes of a crash 

rather than presenting just total risk [8.7].    
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8.6          The HRA-BASED ROAD CRASH DATABASES AND DISTRIBUTION  

                        CHARACTERISTICS OF DRIVERS’ FAILURE RATE 

The methodologies proposed in the research for crash data collection, investigation, 

maintenance, presentation, and analyses have been derived from the latest research in human 

reliability assessment for road crashes by the author.  

It is expected that the findings of this research to be well received and utilized by 

transportation authorities and auto industries in absence of any available HRA-Based road 

crash database for betterment of their safety preventive measures whether in form of policies 

or technologies.  

The proposed structural formats of “HRA-Based Road Accident Investigation & 

Data Collection Form” (Fig. 7.3) and “Human-Centered Reliability Data-Bank for Accidents 

in Road Transportation” (Fig. 7.6) can be revisited by the transportation authorities as per 

their discretion and ease of use and maintenance by investigators and analysts [8.9, 8.10].    

However, the principles and foundations of the forms (Figs. 7.3 & 7.6) are 

unique paving the ways for systematic, deep, and driver-centered analyses of collected data 

for safety enhancement of road transportation [8.9, 8.10].    

As the percentile methodology used in the proposed databank (Fig. 7.6) is a 

novel approach in developing and presenting failure data, thus the reliability/failure 

databanks already in place and use in other industries and applications are expected to use 

this methodology to provide more detailed analytical information [8.10].    

The findings on other part of research which focused on the driver’s failure 

characteristics shall also give an insight to Human Reliability Assessment experts to make 
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accurate assessment and prediction on the driver’s failure before and after exhaustion point 

and to design the appropriate preventive measures [8.9, 8.10].     

Due to the significant risk associated with driving beyond the exhaustion point of 

driver (Figures 7.4 & 7.5), it was decided not to repeat the test in large number of runs 

[8.10]. Therefore, conducting tests in large number of runs can be the focus of future 

research in a lab setting using a simulator technology [8.10].    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



140 
 

REFERENCES 

 

Chapter 1: Introduction and Literature Review (References) 

1.1.  Dhillon, B. S., Transportation Systems Reliability and Safety, CRC Press, Taylor &   

Francis Group, Boca Raton, FL, 2011. 

1.2. Pearce, T. & Maunder, D. A. C., The Causes of Bus Accidents in Five Emerging 

Nations, Report, Transport Research Laboratory, Wokingham, UK, 2000. 

Available online at: http://www.transport-

links.org/transport_links/filearea/publications/1_549_PA3574%20.pdf. 

1.3. Jacobs, G., Aeron-Thomas, A., & Astrop, A., Estimating Global Road Fatalities, 

Transport Research Laboratory & Department for International Development, 

Report No. TRL 445, Berkshire, UK, 2000. Available online at: 

http://www.transport-

links.org/transport_links/filearea/publications/1_329_TRL445.pdf. 

1.4.    USDOT (United States Department of Transportation), Human-Centered Systems: 

The Next Challenge in Transportation, Report No. 99-4, United States 

Department of Transportation, Washington, DC, 1999. 

1.5. EC (European Commission), Saving 20,000 Lives on our Roads: a Shared 

Responsibility, 2003. Available online at: 

http://ec.europa.eu/transport/roadsafety_library/rsap/rsap_en.pdf. 

1.6.   IRI (Islamic Republic of Iran) Police, Daily Loss of 36 Iranians in Roads, October 

2011, Available online at: http://news.police.ir/NCMS/FullStory/?ID=216022. 

http://www.transport-links.org/transport_links/filearea/publications/1_549_PA3574%20.pdf
http://www.transport-links.org/transport_links/filearea/publications/1_549_PA3574%20.pdf
http://www.transport-links.org/transport_links/filearea/publications/1_329_TRL445.pdf
http://www.transport-links.org/transport_links/filearea/publications/1_329_TRL445.pdf
http://ec.europa.eu/transport/roadsafety_library/rsap/rsap_en.pdf
http://news.police.ir/NCMS/FullStory/?ID=216022


141 
 

1.7.   EC (European Commission), eSafety–Improving Road Safety Using Information and 

Communication Technologies, 2006. Available online at: 

http://erso.swov.nl/knowledge/fixed/50_vehicle/VehicleRef52%20Esafety%20E

C%202005.pdf. 

1.8.  Zogby, J. J., Knipling, R. R., & Werner, T. C., Transportation Safety Issues, Report No. 

00783800, Transportation Research Board, Washington, DC, 2000. 

1.9.  Wierwille, W. W., Hanowski, R. J., Hankey J. M., Kielisaewski, C. A., Lee, S. E., 

Medina, A., Keisler, A. S., & Dingus, T. A., Identification and Evaluation of 

Driver Errors: Overview and Recommendations, Report No. FHWA-RD-02-003, 

Federal Highway Administration, US Department of Transportation, 

Washington, DC, 2002. 

1.10.  UK Drive and Survive, Driving Related Facts and Figures, July 2006. Available 

online at:  www.driveandsurvive.ca.uk/cont5.htm. 

1.11.  SAPA (South African Press Association), Poor Bus Accident Record for Gauteng, 

Cape Town, South Africa, July 2003. 

1.12.  Wegman, F., Road Traffic in the Netherlands: Relatively Safe but not Safe Enough! 

Improving Traffic Safety Culture in the United States: The Journey Forward, 

SWOV Institute for Road Safety Research, AAA Foundation for Safety, 2007. 

Available online at: http://www.aaafoundation.org/pdf/Wegman.pdf. 

1.13.  Shappell, S., Detwiler, C., Holcomb, K., Hackworth, C., Boquet, A., & Wiegmann, D. 

A.,  Human Error and Commercial Aviation Accidents: an Analysis using the 

Human Factors Analysis and Classification System, Human Factors, Vol. 49, No. 

2, 2007, pp. 227–242. 

http://erso.swov.nl/knowledge/fixed/50_vehicle/VehicleRef52%20Esafety%20EC%202005.pdf
http://erso.swov.nl/knowledge/fixed/50_vehicle/VehicleRef52%20Esafety%20EC%202005.pdf
http://www.driveandsurvive.ca.uk/cont5.htm
http://www.aaafoundation.org/pdf/Wegman.pdf


142 
 

1.14.  Kontogiannis, T. & Malakis, S., A Proactive Approach to Human Error Detection and 

Identification in Aviation and Air Traffic Control, Safety Science, Vol. 47, No. 5, 

2009, pp. 693-706. 

1.15.  Jou, Y. T., Yenn, T. C., Lin, C. J., Tsai, W.S., & Hsieh, T. L., The Research on 

Extracting the Information of Human Errors in the Main Control Room of 

Nuclear Power Plants by Using Performance Evaluation Matrix. Safety Science, 

Vol. 49, No. 2, 2011, pp. 236-242. 

1.16.  Taib, I. A., McIntosh, A. S., Caponecchia, C., & Baysari, M. T., A review of Medical 

Error Taxonomies: a Human Factors Perspective, Safety Science, Vol. 49, No. 5, 

2011, pp. 607-615. 

1.17. Stanton, N. A. & Salmon, P. M., Human Error Taxonomies Applied to Driving: a 

Generic Driver Error Taxonomy and its Implications for Intelligent Transport 

Systems. Safety Science, Vol. 47, No. 2, 2009, pp. 227-237. 

1.18.  Seth, V., Weston, R. L., & Freivalds, A., Development of a Cumulative Trauma 

Disorder Risk Assessment Model for Upper Extremities, International journal of 

Industrial Ergonomics, Vol. 23, No. 4, 1999, pp. 281-291. 

1.19.  Chaffin, D. B., Andersson, G. B. I., & Martin, B., Occupational Biomechanics (3rd 

edition), John Wiley & Sons, Inc., New York, NY, 1999. 

1.20.  ISO (International Standard Organization), Ergonomics: Evaluation of Static Working 

Postures-ISO11226, Geneva, Switzerland, 2000. 

1.21.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The Integrative Time-Dependent 

Modeling of the Reliability and Failure of the Causes of Drivers’ Error leading to 



143 
 

Road Accidents, International Journal of Strategic Decision Sciences, Vol. 4, No. 

1, 2013, pp. 25-39. 

1.22.  Sheridan, T. B., Risk, Human Error, and System Resilience: Fundamental Ideas, 

Human Factors, Vol. 50, No. 3, 2008, pp. 418-426. 

1.23.   Li, P. C., Chen, G. H., Dai, L. C., Li, Z., Fuzzy Logic-based Approach for Identifying 

the Risk Importance of Human Error, Safety Science, Vol. 48, No. 7, 2010, pp. 

902-913. 

1.24.  Kim, D. K., Baek, D. H., & Yoon, W. C., Development and Evaluation of a 

Computer-Aided System for Analyzing Human Error in Railway Operations. 

Reliability Engineering and System Safety, Vol. 95, No. 2, 2010, pp. 87-98. 

1.25.  Meister, D., The Problem of Human-Initiated Failures, Proceedings of the 8
th

 National 

Symposium on Reliability and Quality Control, IEEE, July 1962, pp. 234-239, 

New York, NY.  

1.26.   Meister, D., Human Factors: Theory and Practice, John Wiley & Sons, New York, 

NY, 1976. 

1.27.  Reason, J., Human Error, Cambridge University Press, Cambridge, UK, 1990. 

1.28.  Reason, J., Managing the Risks of Organizational Accidents, Ashgate Publishing Ltd., 

Burlington, VT, 1997. 

1.29.  La Sala, K. P., Human Reliability Fundamentals and Issues, KPL Systems, Silver 

Spring, Mary Land, 2009. 

1.30.  Salmon, P., Regan, M., & Johnston, I., Human Error and Road Transport: Phase One-

Literature Review, Report No. 256, Accident Research Center, Monash 

University, Australia, 2005. 



144 
 

1.31.  Xi, Y. I., Chen, W. J., Hu, Q. G., & Fang S. P., HFACS Model based Data Mining of 

Human Factors-a Marine Study, Proceedings of the IEEE IEEM, Macao, 

Republic of China, 2010, pp. 1499-1504. 

1.32. Rumar, K., The Basic Driver Error: Late Detection, Ergonomics, Vol. 33, No. 10, 

1990, pp. 1281-1290. 

1.33.  Brown, I. D., Drivers’ Margin of Safety Considered as a Focus for Research on Error, 

Ergonomics, Vol. 33, No. 10-11, 1990, pp. 1307-1314. 

1.34. Salmon, P. M., Lenné, M. G., Stanton, N.A., Jenkins, D.P., & Walker, G. H., 

Managing Error on the Open Road: The Contribution of Human Error Models 

and Methods, Safety Science, Vol. 48, No. 3, 2010, pp. 1225–1235. 

1.35. Zio, E., Reliability Engineering: Old Problems and New Challenges, Reliability 

Engineering and System Safety, Vol. 94, No. 2, 2009, pp. 125-141. 

1.36.  Prosek, A. & Mavko, B., RELAP5/MOD3.3 Best Estimate Analysis for Human 

Reliability Analysis, Science and Technology of Nuclear Installations, Hindawi 

Publishing Corporation, Article ID 797193, 2010, pp. 1-12. 

1.37. Taylor-Adams, S. & Kirwan, B., Human Reliability Data Requirements, Disaster 

Prevention and Management, Vol. 6, No. 5, 1997, pp. 318-335. 

1.38.  Williams, J. C., HEART—a Proposed Method for Assessing and Reducing Human 

Error, Proceedings of the Ninth ‘‘Advances in Reliability Technology’’ 

Symposium, University of Bradford, Bradford, UK, 1986. 

1.39.  Klauer, S. G., Neale, V. L., Dingus, T. A., Ramsey, D., & Sudweeks, J., Driver 

Inattention: A Contributing Factor to Crashes and Near Crashes, The Proceedings 



145 
 

of the Human Factors and Ergonomics Society 49
th

 Annual Meeting, Orlando, 

FL, September 2005. 

1.40.  Kirwan, B., Gibson, W. H., & Hickling, B., Human Error Data Collection as a 

Precursor to the Development of a Human Reliability Assessment Capability in 

Air Traffic Management, Reliability Engineering and System Safety, Vol. 93, 

No. 2, 2008, pp. 217-233. 

1.41.  Taylor-Adams, S. & Kirwan, B., Human Reliability Data Requirements, International 

Journal of Quality and Reliability Management, Vol. 12, No. 1, 1995, pp. 24-46. 

1.42.  Gibson, H., Basra, & G., Kirwan, B., Development of the CORE-DATA Database. 

Safety Reliability Journal, Safety Reliability Society, Vol. 19, No. 1, 1999, pp. 6-

20. 

1.43.  OREDA (Offshore Reliability Data), Offshore Reliability Data Handbook (2nd 

Edition). OREDA Participants, Hovik, DnV Technica, Hovic, Norway, 1992. 

1.44.  Kirwan, B. S., Martin, B., & Rycraft, H., Human Error Data Collection and Data 

Generation. International Journal of Quality and Reliability Management, Vol. 7, 

No. 4, 2007, pp. 34-62. 

1.45.  Dhillon, B. S., Human Error Databanks, Microelectronics Reliability, Vol. 30, No. 5, 

1990, pp. 963-971. 

1.46.  Forester, J., Kolaczkowski, A., Lois, E., & Kelly, D., Evaluation of Human Reliability 

Analysis Methods Against Good Practices, Report No. NUREG-1842, US 

Nuclear Regulatory Commission, Washington, DC, 2006. 

1.47.  Kirwan, B., A Guide to Practical Human Reliability Assessment, Taylor & Francis, 

London, UK, 1994. 



146 
 

1.48.  Fletcher, L., Driver Inattention Detection based on Eye Gaze–Road Event Correlation, 

The International Journal of Robotics Research, Vol. 28, No. 6, 2009, pp. 774–

801. 

1.49.  OECD (Organisation for Economic Co-operation and Development), Factbook 2006–

Economic, Environment and Social Statistics: Quality of life, 2006. Available 

online at: http://stats.oecd.org/BrandedView.aspx?oecd_bv_id=factbook-data-

en&doi=data-00374-en. 

1.50.  WHO (World Health Organization), World Report on Road Traffic Injury Prevention, 

2013, Available online at: 

http://www.who.int/violence_injury_prevention/publications/road_traffic/world_

report/en/. 

1.51.  Young, K. L. & Salmon, P. M., Examining the Relationship between Driver 

Distraction and Driving Errors: A Discussion of Theory, Studies and Methods, 

Safety Science, Vol. 50, No. 2, 2012, pp. 165-174. 

1.52.  Salmon, P.M., Stanton, N.A., & Young, K. L., Situation Awareness on the Road: 

Review, Theoretical and Methodological Issues, and Future Directions. 

Theoretical Issues in Ergonomics Science, Vol. 12, No. 4, 2011, pp. 318-338. 

1.53.  Treat, J. R., Tumbus, N.S., McDonald, S. T., Shinar, D., Hume, R.D., Mayer, R. E., 

Stansifer, R. L., & Catellian, N. J., Tri-level Study of the Causes of Traffic 

Accidents: Final Report, Institute for Research in Public Safety, Indiana 

University, Bloomington, IN, 1979.  

http://stats.oecd.org/BrandedView.aspx?oecd_bv_id=factbook-data-en&doi=data-00374-en
http://stats.oecd.org/BrandedView.aspx?oecd_bv_id=factbook-data-en&doi=data-00374-en


147 
 

1.54.  Neale, V. L., Dingus, T. A., Klauer, S. G., Sudweeks, J., & Goodman, M., Overview 

of the 100-Car Naturalistic Study and Findings, Proceedings of the International 

Conference on Enhanced Safety of Vehicles, Washington, DC, June 2005. 

1.55.   Hankey, J. M., Wierwille, W. W., Cannell, W. J., Kieliszewski, C. A., Medina, A., 

Dingus, T. A., & Cooper, L. M., Identification and Evaluation of Driver Errors: 

Task C Report, Driver Error Taxonomy Development, Report No. DTFH-61-97-

C-00051, Center for Transportation Research, Virginia Tech, Blacksburg, VA, 

1999. 

1.56.  Sandin, J., An Analysis of Common Patterns in Aggregated Causation Charts from 

Intersection Crashes, Accident Analysis & Prevention, Vol. 41, No. 3, 2009, pp. 

624–632. 

1.57.  Staubach, M., Factors Correlated with Traffic Accidents as a Basis for Evaluating 

Advanced Driver Assistance Systems, Accident Analysis & Prevention, Vol. 41, 

No. 5, 2009, pp. 1025–1033. 

1.58.  Rakauskas, M.E., Gugerty, L.J., & Ward, N.J., Effects of Naturalistic Cell Phone 

Conversations on Driving Performance, Journal of Safety Research, Vol. 35, No. 

4, 2004, pp. 453–464. 

1.59.  Strayer, D. L., & Drews, F. A., Profiles in Driver Distraction: Effects of Cell Phone 

Conversations on Younger and Older Drivers, Human Factors, Vol. 46, No. 4, 

2004, pp. 640-649. 

1.60.  Engstrom, J., Johansson, E., & Ostlund, J., Effects of Visual and Cognitive Load in 

Real and Simulated Motor Way Driving. Transportation Research Part F: Traffic 

Psychology and Behavior, Vol. 8, No. 2, 2005, pp. 97–120. 



148 
 

1.61.  Reed, M. P. & Green, P. A., Comparison of Driving Performance on-Road and in a 

Low-Cost Simulator using a Concurrent Telephone Dialing Task. Ergonomics, 

Vol. 42, No. 8, 1999, pp. 1015–1037. 

1.62.  Kass, S. J., Cole, K. S., & Stanny, C. J., Effects of distraction and experience on 

situation awareness and simulated driving. Transportation Research Part F: 

Traffic Psychology and Behavior, Vol. 10, No. 4, 2007, pp. 321–329. 

1.63.  Burns, P. C., Parkes, A., Burton, S., Smith, R. K., & Burch, D., How Dangerous is 

Driving with a Mobile Phone? Benchmarking the Impairment to Alcohol, 

Transport Research Laboratory (TRL), Report No. TRL547, Berks, UK, 2002. 

1.64.  Lee, J. D., Caven, B., Haake, S., & Brown, T .L., Speech-based Interaction with In-

vehicle Computers: the Effect of Speech-based E-mail on Drivers’ Attention to 

the Roadway, Human Factors, Vol. 43, No. 4, 2001, pp. 631–640. 

1.65.  Klauer, S. G., Dingus, T. A., Neale, V. L., Sudweeks, J. D., & Ramsey, D. J., The 

Impact of Driver Inattention on Near-crash/Crash Risk: An Analysis using the 

100-Car Naturalistic Driving Study data, Virginia Tech Transportation Institute 

& National Highway Traffic Safety Administration, Report No. HS-810 594, 

Blacksburg, VA, 2006. 

1.66.  Zador, P. L., Krawchuk, S. A., & Vocas R. B., Final Report—Automotive Collision 

Avoidance (ACAS) Programme, Report No. DOT-HS-809-080, NHTA (National 

Highway Traffic Safety Administration), US Department of Transportation, 

Washington, DC, 2000. 

1.67.  Stutts, J. C., Reinfurt, D. W., Staplin, L., Rodgman, E. A., The Role of Driver 

Distraction in Traffic Crashes, Technical Report, AAA Foundation for Traffic 



149 
 

Safety, University of North Carolina-Highway Safety Research Center, Chapel 

Hill, NC, 2001. 

1.68.  ATSB (Australian Transport Safety Bureau), Fatal Road Crash Database, 2006. 

Available online at: http:www.atsb.gov.auroadfatal_road_crash_database.aspx. 

1.69.  ATSB (Australian Transport Safety Bureau), Serious Injury due to Road Crashes: 

Road Safety Statistics Report, Technical Report, Australian Government, 

Canberra, Australia, 2004. 

1.70.  Abele, J., Kerlen, C., Krueger, S., Baum, H., Geissler, T., Grawenhoff, S., Schneider, 

J., & Schulz, W., Exploratory Study on the Potential Socio-economic Impact of 

the Introduction of Intelligent Safety Systems in Road Vehicles (SeiSS Final 

Report), VDI/VDE Innovation + Technik Gmb H, Teltow, Germany, 2005. 

1.71.  Kuehn, M., Hummel, T., & Bende, J., Benefit Estimation of Advanced Driver 

Assistance Systems for Cars Derived from Real-Life Accidents, Paper no. 09-

0317, in Proceedings of the 21st International Technical Conference on the 

Enhanced Safety of Vehicles, National Highway Traffic Safety Administration, 

Sttutgart, Germany, June 2009. 

1.72.  Farmer, C. M., & Lund, A. K., Trends over Time in the Risk of Driver Death: What if 

Vehicle Designs had not Improved?, Traffic Injury Prevention, Vol. 7, No. 4, 

2006, pp. 335–342. 

1.73.  Jermakian, J. S., Crash Avoidance Potential of Four Passenger Vehicle Technologies, 

Accident Analysis and Prevention, Vol. 43, No. 3, 2011, pp. 732–740. 

1.74.  Morris, A., Brace, C., Reed, S., Fagerlind, H., Bjorkman, H., Jaensch, M., Otte, D., 

Vallet, G., Cant, L., Giustiniani, G., Parkkari, K., Verschragen, E., & Hoogvelt, 



150 
 

B., The Development of a European Fatal Accident Database, International 

Journal of Crashworthiness, Vol. 15, No. 2, 2010, pp. 201-209. 

1.75.  Spyropoulou, I., Pentinen, M., Karlaftis, M., Vaa, T., & Golias, J., ITS Solutions and 

Accident Risks: Prospective and Limitations. Transport Reviews, Vol. 28, No. 5, 

2008, pp. 549–572. 

1.76.  Piao, J. & McDonald, M., Advanced Driver Assistance Systems from Autonomous to 

Cooperative Approach, Transport Reviews, Vol. 28, No. 5, 2008, pp. 659–684. 

1.77.  ICADTS (International Council on Alcohol, Drugs and Traffic Safety), Alcohol 

Ignition Inter-lock Devices I: Position Paper, July 2001. Available online at: 

http://www.icadts.nl/reports/AlcoholInterlockReport.pdf. 

1.78.   Mathijssen, M. P. M., Drink Driving Policy and Road Safety in the Netherlands: a 

Retrospective Analysis, Transportation Research, Vol. 41, No. 5, 2005, pp. 395–

408. 

1.79.  Burton, P., Department for Transport, Development Study for CVHS Deliverable 2: 

Scenarios, Policy and Legal Framework, Report No. PPAD 9/120/34, Surrey, 

UK, October 2004. Available online at: 

http://www.aecom.com/deployedfiles/Internet/Geographies/Europe/Resources/C

VHS/Final%20Deliverable%2002%20CVHS.pdf. 

1.80.  Tsugawa, S., Issues and Recent Trends in Vehicle Safety Communication Systems. 

International Association of Traffic and Safety Sciences (IATSS) Research, Vol. 

29, No. 1, pp. 2005, 7–15. 

http://www.icadts.nl/reports/AlcoholInterlockReport.pdf
http://www.aecom.com/deployedfiles/Internet/Geographies/Europe/Resources/CVHS/Final%20Deliverable%2002%20CVHS.pdf
http://www.aecom.com/deployedfiles/Internet/Geographies/Europe/Resources/CVHS/Final%20Deliverable%2002%20CVHS.pdf


151 
 

1.81.  Misener, J. A. & Sengupta, R., Cooperative Collision Warning: Enabling Crash 

Avoidance with Wireless Technology, Proceedings of the 12th World Congress 

on Intelligent Transport Systems, San Francisco, CA, November 2005. 

1.82.  EURONEWS, The Future is: Hands Free Driving, March 2012. Available online at: 

http://www.euronews.com/2012/03/01/the-future-is-hands-  free-driving/. 

1.83.  Vahidi, A. & Eskandarian, A., Research Advances in Intelligent Collision Avoidance 

and Adaptive Cruise Control, IEEE Transactions on Intelligent Transportation 

Systems, Vol. 4, No. 3, 2003, pp. 143–153. 

1.84.  Krishnan, H., Gibb, S., Steinfeld, A., & Shladover, S., Rear-end Collision-Warning 

System: Design and Evaluation via Simulation, Transportation Research Record, 

Vol. 1759, 2001, pp. 52–60. 

1.85.  Dickmanns, E. D. & Graefe, V., Applications of Dynamic Monocular Machine 

Vision, Machine Vision and Applications, Vol. 1, No. 4, 1988, pp. 241–261. 

1.86.  Pomerleau, D. & Jochem, T., Rapidly Adapting Machine Vision for Automated 

Vehicle Steering, IEEE Expert: Special Issue on Intelligent Systems and their 

Applications, Vol. 11, No. 2, 1996, pp. 19–27. 

1.87.  Bertozzi, M., Broggi, A., & Fascioli, A., Vision-based Intelligent Vehicles: State of 

the Art and Perspectives, Robotics and Autonomous Systems, Vol. 32, No. 1, 

2000, pp. 1–16. 

1.88.  Stanton, N. A. & Pinto, M., Behavioral Compensation by Drivers of a Simulator when 

Using a Vision Enhancement System, Ergonomics, Vol. 43, No. 9, 2000, pp. 

1359–1370. 

http://www.euronews.com/2012/03/01/the-future-is-hands-%20%20free-driving/


152 
 

1.89.  Stanton, N. A., Young, M. S., & McCaulder, B., Drive-by-Wire: the Case of Driver 

Workload and Reclaiming Control with Adaptive Cruise Control, Safety Science, 

Vol. 27, No. 2/3, 1997, pp. 149–159. 

1.90.  Takemura, K., Ido, J., Matsumoto, Y., & Ogasawara, T., Driver Monitoring System 

based on non-Contact Measurement System of Driver’s Focus of Visual 

Attention. Proceedings of the IEEE Symposium on Intelligent Vehicles, June 

2003, pp. 581–586. 

1.91.   Haworth, N. L., Triggs, T. J., & Grey, E. M., Driver Fatigue: Concepts, Measurement 

and Crash Counter Measures, Report No. 72, Federal Office of Road Safety 

Contract, Human Factors Group, Monash University, Australia, 1988. 

1.92.  Thiffault, P. & Bergeron, J., Monotony of Road Environment and Driver Fatigue: a 

Simulator Study, Accident Analysis and Prevention, Vol. 35, No. 3, 2003, pp. 

381–391. 

1.93.  Peden, M., Scurfield, R., Sleet, D., Mohan, D., Hyder, A. A., Jarawan, E. & Mathers, 

C., World Report on Road Traffic Injury Prevention, World Health Organization, 

Geneva, Switzerland, 2004. 

1.94.  Noori, K. & Jenab, K., Intelligent Traction Control Model for Speed Sensor Vehicles 

in Computer-based Transit System, IEEE Transaction on Intelligent 

Transportation Systems. Vol. 13, No. 2, 2012, pp. 680-690. 

1.95.  Noori, K. & Jenab, K., Fuzzy Reliability based Traction Control Model for Intelligent 

Transportation Systems, IEEE Transactions on Systems, Man, and Cybernetics--

Part A: Systems and Humans, Vol. 43, No. 1, 2013, pp. 229-234. 



153 
 

1.96.  Xu, J., Li, Y., Lu, G., & Zhou, W., Reconstruction Model of Vehicle Impact Speed in 

Pedestrian–Vehicle Accident, International Journal of Impact Engineering, Vol. 

36, No. 7, 2009, pp.783–788. 

1.97.  Traffic Management Bureau of Police Ministry, Road Traffic Accident Annual 

Census Report of China, Beijing, 2007. 

1.98.  Ballesteros, M. F., Dischinger, P. C., & Langenberg, P., Pedestrian Injuries and 

Vehicle Type in Maryland, 1995–1999. Accident Analysis and Prevention, Vol. 

36, No. 5, 2004, pp. 73–81. 

1.99.  NHTSA (National Highway Traffic Safety Administration), Traffic Safety Facts 2011 

Data, Washington, DC, 2011, Available online at: 

http://www.nrd.nhtsa.dot.gov/Pubs/811754AR.pdf. 

1.100. Lu, M., Wevers, K., & Van Der Heijden, R., Technical Feasibility of Advanced 

Driver Assistance Systems (ADAS) for Road Traffic Safety, Transportation 

Planning and Technology, Vol. 28, No. 3, 2005, pp. 167-187. 

1.101.  Ulfarsson, G. F., Kim, S., & Booth, K. M., Analyzing Fault in Pedestrian-Motor 

Vehicle Crashes in North Carolina, Accident Analysis and Prevention, Vol. 42, 

No. 6, 2010, pp. 1805–1813. 

1.102.  Guo, H., Wang, W., Guo, W., Jiang, X., & Bubb, H., Reliability Analysis of 

Pedestrian Safety Crossing in Urban Traffic Environment, Safety Science, Vol. 

50, No. 4, 2012, pp. 968–973. 

1.103.  King, M.J., Soole, D., & Ghafourian, A., Illegal Pedestrian Crossing at Signalised 

Intersections: Incidence and Relative Risk. Accident Analysis and Prevention, 

Vol. 41, No. 3, 2009, pp. 485–490. 



154 
 

1.104. Kim, K., Brunner, I. M., & Yamashita, E., Modeling Violation of Hawaii’s 

Crosswalk Law, Accident Analysis and Prevention, Vol. 40, No. 3, 2008, pp. 

894–904. 

1.105.  Kim, K., Brunner, I. M., & Yamashita, E., Modeling Fault among Accident involved 

Pedestrians and Motorists in Hawaii. Accident Analysis and Prevention, Vol.40, 

No. 6, 2008, pp. 2043–2049. 

1.106.  Papadimitriou, E., Yannis, G., & Golias, J., A Critical Assessment of Pedestrian 

Behavior Models, Transportation Research Part F, Vol. 12, No. 3, 2009, pp. 242–

255. 

1.107.  McMahon, P.J., Duncan, C., Stewart, J. R., Zegeer, C. V., & Khattak, A. J., Analysis 

of Factors Contributing to ‘‘Walking along Roadway’’ Crashes, Transportation 

Research Record, Vol. 1674, 1999, pp. 41–48. 

1.108.  Granié, M., Effects of Gender, Sex-Stereotype Conformity, Age and Internalization 

on Risk- Taking among Adolescent Pedestrians, Safety Science, Vol. 47, No. 9, 

2009, pp. 1277–1283. 

1.109.  Rosenbloom, T., Ben-Eliyahu, A., & Nemrodov, D., Children’s Crossing Behavior 

with an Accompanying Adult, Safety Science, Vol. 46, No. 8, 2008, pp. 1248–

1254. 

1.110.  Lobjois, R. & Cavallo, V., Age-related Differences in Street-Crossing Decisions: the 

Effects of Vehicle Speed and Time Constraints on Gap Selection in an 

Estimation Task. Accident Analysis and Prevention, Vol. 39, No. 5, 2007, pp. 

934–943. 



155 
 

1.111.  Kim, J. K., Ulfarsson, G.F., Shankar, V. N., & Kim, S., Age and Pedestrian Injury 

Severity in Motor-Vehicle Crashes: a Heteroskedastic Logit Analysis. Accident 

Analysis and Prevention, Vol. 40, No. 5, 2008, pp. 1695–1702. 

1.112. Diaz, E.M., Theory of Planned Behavior and Pedestrians’ Intentions to Violate 

Traffic Regulations, Transportation Research-Part F, Vol. 5, No. 3, 2002, pp. 

169–175. 

1.113.  Autos.Symatico.Ca, Poor People Hurt on Roads Six Times More Often, April 2012. 

Available online at: http://autos.sympatico.ca/auto-news/13611/poor-people-hurt-

on-roads-6-times-more-often. 

1.114. Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., Reliability Prediction for the 

Vehicles Equipped with Advanced Driver Assistance Systems (ADAS) and 

Passive Safety Systems (PSS), International Journal of Industrial Engineering 

Computations, Vol. 3, No. 5, 2012, pp. 731-742. 

1.115.  Autos.Symaptico.Ca, Volvo Unveils Pedestrian Airbags, March 2012. Available 

online at: http://autos.sympatico.ca/auto-news/13304/volvo-unveils-pedestrian-

airbag. 

1.116.  Autos.Symaptico.Ca, GM Developing Pedestrian Detector, July 2012. Available 

online at: http://autos.sympatico.ca/auto-news/14239/gm-developing-pedestrian-

detector. 

1.117.  Bekiaris, E. & Gaitanidou, E., Towards Forgiving and Self-Explanatory Roads, in 

Infrastructure and Safety in a Collaborative World, edited by E. Bekiaris, M. 

Wiethoff, & E. Gaitanidou, Springer-Verlag Berlin Heidelberg, Berlin, Germany, 

2011, pp. 15-22.  

http://autos.sympatico.ca/auto-news/13611/poor-people-hurt-on-roads-6-times-more-often
http://autos.sympatico.ca/auto-news/13611/poor-people-hurt-on-roads-6-times-more-often
http://autos.sympatico.ca/auto-news/13304/volvo-unveils-pedestrian-airbag
http://autos.sympatico.ca/auto-news/13304/volvo-unveils-pedestrian-airbag
http://autos.sympatico.ca/auto-news/14239/gm-developing-pedestrian-detector
http://autos.sympatico.ca/auto-news/14239/gm-developing-pedestrian-detector


156 
 

1.118.  Lindeke, B., Is Forgiveness Just for Auto Drivers?, Minnesota Blog Cabin, 

December 20012. Available online at: http://www.minnpost.com/minnesota-

blog-cabin/2012/09/%E2%80%98forgiveness%E2%80%99-just-auto-drivers. 

1.119.  Davidse, R. J., Older Drivers and ADAS –Which Systems Improve Road Safety?, 

IATSS (International Association of Traffic and Safety Sciences) Research, Vol. 

30, No. 1, 2006, pp. 6-20. 

1.120.  US Census Bureau, Census 2000 Summary File 1 & 2010 Census Summary File 1, 

2010.Available online at: www.census.gov/prod/cen2010/doc/sf1.pdf. 

1.121.  US Census Bureau, International Programs: International Database, 2012. Available 

at: 

http://www.census.gov/population/international/data/idb/informationGateway.ph

p. 

1.122.  Shinar, D. & Schieber, F., Visual Requirements for Safety and Mobility of Older 

Drivers, Human Factors, Vol. 33, No. 5, 1991, pp. 507-519. 

1.123.  Klein, R., Age-related Eye Disease, Visual Impairment, and Driving in the Elderly, 

Human Factors, Vol. 33, No. 5, 1991, pp. 521-525. 

1.124.  Sivak, M., Campbell, K.L., Schneider, L.W., Sprague, J. K., Streff, F.M., & Waller, 

P.F., The Safety and Mobility of Older Drivers: What We Know and Promising 

Research Issues, University of Michigan Transportation Research Institute 

(UMTRI)- Research Review, Vol. 26, No. 1, 1995, pp. 1-21.  

1.125.   McCarthy, D. P., Elder Drivers and Technology, in Smart Technology for Aging, 

Disability, and Independence-The State of the Science, edited by W. C. Mann, 

Wiley Inter science-John Wiley & Sons, Hobocken, NJ, 2005. 

http://www.minnpost.com/minnesota-blog-cabin/2012/09/%E2%80%98forgiveness%E2%80%99-just-auto-drivers
http://www.minnpost.com/minnesota-blog-cabin/2012/09/%E2%80%98forgiveness%E2%80%99-just-auto-drivers
http://www.census.gov/prod/cen2010/doc/sf1.pdf
http://www.census.gov/population/international/data/idb/informationGateway.php
http://www.census.gov/population/international/data/idb/informationGateway.php


157 
 

1.126.  Mann, W. C., Aging, Disability, and Independence: Trends and Perspectives, in 

Smart Technology For Aging, Disability, and Independence-The State of the 

Science, edited by W. C. Mann (Editor)., Wiley Inter-science, John Wiley & 

Sons, Hobocken, NJ and Canada, 2005. 

1.127.  WHO (World Health Organization), Disabilities, 2012. Available online at: 

http://www.who.int/topics/disabilities/en/. 

1.128.  UN (United Nations), Development and Human Rights for All, 2012. Available 

online at: http://www.un.org/disabilities/. 

1.129.  Ball, K. & Owsley, C., Increasing Mobility and Reducing Accidents of Older 

Drivers, in Mobility and Transportation in the Elderly, edited by K. W. Schaie 

and M. Pietrucha, Springer, New York, NY, 2000, pp. 213-250. 

1.130.  Mollenkopf, H., Enhancing Mobility in Late Life, Paper presented at the 

International Conference on Aging, Disability and Independence, Arlington, VA, 

December 2003.  

1.131.  Collia, D. V., Sharp, J., & Giesbrecht, L., The 2001 National Household Travel 

Survey: A Look into the Travel Patterns of Older Americans, Journal of Safety 

Research, Vol. 34, No. 4, 2003, pp. 461–470. 

1.132.  Mitchell, C. G. B., Keeping People Walking Safely, Paper presented at the 

International Conference on Aging, Disability and Independence, Arlington, VA, 

December 2003. 

1.133.  Dejeammes, M., Alternative Transport Services to the Private Car for Elderly 

People, in France and Europe, Paper presented at the International Conference on 

Aging, Disability and Independence, Arlington, VA, December 2003. 

http://www.who.int/topics/disabilities/en/
http://www.un.org/disabilities/


158 
 

1.134.  Burkhardt, J. E., Improving public transportation options for older persons, Paper 

presented at the International Conference on Aging, Disability, and 

Independence, Arlington, VA, December 2003. 

1.135.  Ball, K. & Owsley, C., Identifying Correlates of Accident Involvement for the Older 

Driver, Human Factors, Vol. 33, No. 5, 1991, pp. 583-595. 

1.136. Waller, P. F., The Older Driver, Human Factors, Vol. 33, No. 5, 1991, pp. 499-505. 

1.137.  Baldwin, C. L., Designing in-Vehicle Technologies for Older Drivers: Application of 

Sensory-Cognitive Interaction Theory, Theoretical Issues in Ergonomics Science, 

Vol. 3, No. 4, 2002, pp. 307-329.  

1.138.  FHWA (Federal Highway Administration-Department of Transportation), Highway 

Statistics 2009, Washington, DC, December 2010. Available online at: 

http://www.fhwa.dot.gov/policyinformation/statistics/2009/dl22.cfm. 

1.139.  Transport Canada, Canadian Motor Vehicle Traffic Collision Statistics, 2010, 

Available online at: http://www.tc.gc.ca/eng/roadsafety/tp-1317.htm. 

1.140.  O’neil, D., Safe Mobility for Older People, Reviews in Clinical Gerontology, Vol. 

10, No. 2, 2000, pp.181-191. 

1.141.  Dellinger, A., Sehgal, M., Sleet, D. A., & Barrett-Connor, E., Driving Cessation: 

What Older Former Drivers Tell Us, Journal of the American Geriatrics Society, 

Vol. 49, No. 4, 2001, pp. 431-435. 

1.142.  Marottoli, R. A., Mendesde Leon, C. F., Glass, T. A., Williams, C. S., Cooney, L. 

M., & Berkmna, L. F., Consequences of Driving Cessation: Decreased out-of-

http://www.fhwa.dot.gov/policyinformation/statistics/2009/dl22.cfm
http://www.tc.gc.ca/eng/roadsafety/tp-1317.htm


159 
 

Home, The Journals of Gerontology Series B: Psychological Sciences and Social 

Sciences, Vol. 55, No. 6, 2000, pp. S334-40.  

1.143.  Charness, N. & Bosman, E. A., Human Factors and Age, in Handbook of Aging and 

Cognition, edited by F. I. M. Craik and T. A. Salthouse, Lawrence Erlbaum, 

Hillsdale, NJ, 1992, pp. 495-551. 

1.144.   Hartley, A. A., Attention, in Handbook of Aging and Cognition, edited by F. I. M. 

Craik and T. A. Salthouse, Lawrence Erlbaum, Hillsdale, NJ, 1992, pp. 3-49. 

1.145.  SWOV, The elderly in Traffic: Factsheet, SWOV Institute for Road Safety Research, 

Leidschendam, The Netherlands, 2005.  

1.146.  NHTSA (National Highway Traffic Safety Administration), Traffic Safety Facts 

2008 Data: Older Population, Washington, DC, 2008. Available online 

at: http://www-nrd.nhtsa.dot.gov/Pubs/811161.PDF. 

1.147.  Transport Canada, A Quick Look at Fatally Injured Vulnerable Road Users: Fact 

Sheet, Factsheet TP 2436E, Road Safety and Motor Vehicle, Regulation 

Directorate, 2010.  

1.148.  Hu, P. S., Trumble, D. A., Foley, D. J., Eberhard, J. W., & Wallace, R. B., Crash 

Risks of Older Drivers: A Panel Data Analysis, Accident Analysis and 

Prevention, Vol. 30, No. 5, 1998, pp. 569–581. 

1.149.  McGwin, G. Jr., Sims, R. V., Pulley, L. V., & Roseman, J. M., Relations among 

Chronic Medical Conditions, Medications, and Automobile Crashes in the 

Elderly: a Population-based Case Control Study, American Journal of 

Epidemiology, Vol. 152, No. 5, 2000, pp. 424–431. 

http://www.nrd.nhtsa.dot.gov/Pubs/811161.PDF


160 
 

1.150.  Eby, D. W., Older drivers and advanced traveler information systems, UMTRI  

(University of Michigan Transportation Research Institute) Research Review, 

Vol. 30, No. 3, 1999, pp. 1-9.  

1.151.  NIDOCD (National Institute on Deafness and Other Communication Disorders), The 

Basics: Hearing aids, June 2010. Available online at: 

http://www.nidcd.nih.gov/health/hearing/Pages/thebasics_hearingaid.aspx. 

1.152.  Maycock, G., The Safety of Older Car-Drivers in the European Union, European 

Road Safety Federation ERSF & Automobile Association (AA) Foundation for 

Road Safety Research, Brussels/ Basingstoke, 1997. 

1.153.  Brouwer, W. H., Waterink, W., Van Wolffelaar, P. C., & Rothengatter, T., Divided 

Attention in Experienced Young and Older Drivers: Lane Tracking and Visual 

Analysis in a Dynamic Driving Simulator, Human Factors, Vol. 33, No. 5, 1991, 

pp. 573-582.  

1.154. Meyer, J., Personal Vehicle Transportation, in Technology for Adaptive Aging, 

edited by R. W. Pew & S. B. Van Hemel, Washington, DC, The National 

Academies Press, 2004, pp. 253-281. 

1.155.  Hakamies-Blomqvist, L., Accident Characteristics of Older Drivers: Can Findings 

Based on Fatal Accidents be Generalized?, Journal of Traffic Medicine, Vol. 22, 

No. 1, 1994, pp. 19-25.  

1.156.  Hakamies-Blomqvist, L., Compensation in Older Drivers as Reflected in their Fatal 

Accidents, Accident Analysis and Prevention, Vol. 26, No. 1, 1994, pp. 107-112.  

http://www.nidcd.nih.gov/health/hearing/Pages/thebasics_hearingaid.aspx


161 
 

1.157.  Hakamies-Blomqvist, L., Sirén, A., & Davidse, R., Older drivers: A Review, Report 

No.  497A, Swedish National Road and Transport Research Institute (VTI), 

Linköping, Sweden, 2004. 

1.158.  Mitchell, C. G. B. & Suen, S. L., ITS Impact on Elderly Drivers, Proceedings of the 

13th International Road Federation IRF World Meeting, Toronto, ON, June 

1997. 

1.159.  Shaheen, S. A. & Niemeier, D. A., Integrating Vehicle Design and Human Factors: 

Minimizing Elderly Driving Constraints, Transportation Research Part C: 

Emerging Technologies, Vol. 9, No. 3, 2001, pp. 155–174. 

1.160.  Verhaeghen, P., Steitz, D. W., Sliwinski, M. J., & Cerella, J., Aging and Dual-Task 

Performance: A Meta-Analysis, Psychology and Aging, Vol. 18, No. 3, 2003, 

pp. 443–460. 

1.161.  Schieber, F., Vision and Aging, in Handbook of the Psychology of Aging (6th 

edition), edited by J. E. Birren & K. Warren Schaie , Amsterdam, Elsevier, 2006, 

pp. 129–161. 

1.162.  Davidse, R. J., Hagenzieker, M., Wolffelaar, P. C., & Brouvwer, W. H., Effects of 

In-Car Support on Mental Workload and Driving Performance of Older Drivers, 

Human Factors, Vol. 51, No. 4, 2009, pp. 463-476. 

1.163.  Oxley, P.R., Elderly Drivers and Safety when Using IT systems,  IATSS 

(International Association of Traffic and Safety Sciences) Research, Vol. 20, No. 

1, 1996, pp. 102-110. 



162 
 

1.164.  McCartt, A. T., Shabanova, V. I., & Leaf, W. A., Driving Experiences, Crashes, and 

Teenage Beginning Drivers. Accident Analysis and Prevention, Vol. 35, No. 3, 

2003, pp. 11-20. 

1.165.  NHTSA (National Highway Traffic Safety Administration), Adapting Motor 

Vehicles for Older Drivers, Washington, DC, February 2007. Available online at: 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1

&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.nhtsa.gov%2FDOT%2FNHTS

A%2FTraffic%2520Injury%2520Control%2FArticles%2FAssociated%2520Files

%2FHS810732.pdf&ei=wvwLVMeDNqTD8AH1_ICQBA&usg=AFQjCNFBq4

-jgXue7pPsKtzGemgMBYHzzg. 

1.166.  Funke, G., Matthews, G., Warm, J. S., & Emo, A. K., Vehicle Automation: A 

Remedy for Driver Stress?, Ergonomics, Vol. 50, No. 8, 2007, pp. 1302–1323. 

1.167.  PHAC (Public Health Agency of Canada), Older Drivers in Canada and Their 

Families: Vehicle Technologies and Adaptations, 2012. Available online at: 

http://www.olderdriversafety.ca/consumer/safe_driving_strategies/technology.ht

ml. 

1.168.  AARP (American Association of Retired Persons), AARP recommends certain auto 

technology for seniors, February 2012. Available online at:  

http://www.examiner.com/article/aarp-recommends-certain-auto-technology-for-

seniors. 

1.169.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The Stochastic and Integrative 

Prediction Methodology and Modeling for Reliability of Pedestrian Crossing on 

http://www.olderdriversafety.ca/consumer/safe_driving_strategies/technology.html
http://www.olderdriversafety.ca/consumer/safe_driving_strategies/technology.html
http://www.examiner.com/article/aarp-recommends-certain-auto-technology-for-seniors
http://www.examiner.com/article/aarp-recommends-certain-auto-technology-for-seniors


163 
 

Roads, Journal of Transportation Safety and Security, Vol. 5, No. 3, 2013, pp. 

257-272. 

1.170.  Staplin, L., Lococo, K. H., Byington, S., & Harkey, D., Highway Design Handbook 

for Older Drivers and Pedestrians, Report No. FHWA-RD-01-103, Federal 

Highway Administration (FHWA), US Department of Transportation, McLean, 

VA, 2001. Available online at: 

http://safety.fhwa.dot.gov/intersection/resources/fhwasa09027/resources/highway

%20design%20handbook%20for%20older%20drivers%20and%20pedestrians.pd

f. 

1.171.  Staplin, L., Lococo, K. H., Byington, S., & Harkey, D., Guidelines and 

Recommendations to Accommodate Older Drivers and Pedestrians, Report No. 

FHWA-RD-01-051, Federal Highway Administration, (FHWA), US Department 

of Transportation, Washington, DC, 2001. 

1.172.  Yi-Lin, S., Other Devices and High Technology Solutions, in Smart Technology 

for Aging, Disability, and Independence-The State of the Science, edited byC. 

W. Mann , Wiley Interscience, John Wiley & Sons, Hobocken, NJ, 2005, pp. 

111-159. 

1.173.  ABHS (Alberta Health Services), Motor Vehicle Safety for Older Adults, November 

2012. Available online at: http://www.albertahealthservices.ca/4964.asp. 

1.174.  VTT Industrial Systems, Navigation and Guidance for the Blind, 2004. Available 

online at: http://virtual.vtt.fi/virtual/noppa/noppaeng.htm. 

http://safety.fhwa.dot.gov/intersection/resources/fhwasa09027/resources/highway%20design%20handbook%20for%20older%20drivers%20and%20pedestrians.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09027/resources/highway%20design%20handbook%20for%20older%20drivers%20and%20pedestrians.pdf
http://safety.fhwa.dot.gov/intersection/resources/fhwasa09027/resources/highway%20design%20handbook%20for%20older%20drivers%20and%20pedestrians.pdf
http://www.albertahealthservices.ca/4964.asp
http://virtual.vtt.fi/virtual/noppa/noppaeng.htm


164 
 

1.175.   Ball, K., Wadley, V. G., & Edwards, J. D. , Advances in Technology Used to Assess 

and Retrain Older Drivers, Gerontechnology, Vol. 1, No. 4, 2002, pp. 251–261. 

1.176.  Mullick, A., Steinfeld, E., & Steinfeld, A., Designing more Effective Automobiles 

for Frail Older People, Paper presented at the International Conference on Aging, 

Disability and Independence, Arlington, VA, December 2003. 

1.177.  Gillam, R. B., Marquardt, T. P., & Martin, F. N., Communication Sciences and 

Disorders: from Science to Clinical Practice, Jones & Bartlett Learning, 

Mishawaka, IN, 2000. 

1.178.  Mann, W. C. & Tomita, M., Perspectives on Assistive Devices among Elderly 

Persons with Disabilities, Technology & Disability, Vol. 9, No. 3, 1998, pp. 119–

148. 

1.179.  Bédard, M., Porter, M. M., Marshall, S., Isherwood, I., Riendeau, J., Weaver, B., 

Tuokko, H., Molnar, M., & Miller-Polgar, J., The Combination of Two Training 

Approaches to Improve Older Adults' Driving Safety, Traffic Injury Prevention, 

Vol. 9, No. 1, 2008, pp. 70-76. 

1.180.  OECD (Organization for Economic Cooperation and Development), Young Drivers: 

the Roads to Safety, European Conference of Ministers of Transport (ECMT), 

OECD Publishing, Paris, France, 2006. Available online at: 

http://www.internationaltransportforum.org/Pub/pdf/06YoungDrivers.pdf. 

1.181.  Vidotto, G., Bastianellia, A., Spotoa, A., & Sergeys, F., Enhancing Hazard 

Avoidance in Teen-Novice Riders, Accident Analysis and Prevention, Vol. 43, 

No. 1, 2011, pp. 247–252. 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(B%C3%A9dard%2C+Michel)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Porter%2C+Michelle+M.)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Marshall%2C+Shawn)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Isherwood%2C+Ivy)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Riendeau%2C+Julie)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Weaver%2C+Bruce)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Tuokko%2C+Holly)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Molnar%2C+Frank)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Miller%5C-Polgar%2C+Jan)
http://www.internationaltransportforum.org/Pub/pdf/06YoungDrivers.pdf


165 
 

1.182.  US Census Bureau, International Programs: International Database, 2013. Available 

at: 

http://www.census.gov/population/international/data/idb/informationGateway.ph

p. 

1.183.  Baiely, T., Self-Awareness and Self-Monitoring: Important Components of Best 

Educational Practice for Novice Drivers. Paper Presented at the Australasian 

College of Road Safety Conference (ACRS): Infants, Children and Young People 

and Road Safety, Sydney, Australia, August 2007, pp. 1-27. 

1.184.  Finkelstein, E. A., Corso, P.S., & Miller, T. R., Incidence and Economic Burden of 

Injuries in the United States, Oxford University Press, Oxford, UK, 2006. 

1.185.  RMIIA (Rocky Mountain Insurance Information Association), National Teen 

Driving Statistics, 2013. Available online at: 

http://www.rmiia.org/auto/teens/Teen_Driving_Statistics.asp. 

1.186.  IRTAD  (International Traffic Safety and Data Analysis Group) & OECD  

(Organization for Economic Cooperation and Development)-Transportation 

Research Center, Road Safety Annual Report, 2013. Available online at: 

http://www.internationaltransportforum.org/Irtadpublic/pdf/13IrtadReport.pdf. 

1.187.  NHTSA (National Highway Traffic Safety Administration), Traffic Safety Facts 

2012: Motor Vehicle Traffic Crashes as a Leading Cause of Death in the United 

States, 2008 and 2009, Washington, DC, May 2012. Available online at: 

http://www-nrd.nhtsa.dot.gov/Pubs/811620.pdf. 

1.188.  CDC (Centers for Disease Control and Prevention)-National Center for Injury 

Prevention and Control, Web-based Injury Statistics Query and Reporting 

http://www.census.gov/population/international/data/idb/informationGateway.php
http://www.census.gov/population/international/data/idb/informationGateway.php
http://www.rmiia.org/auto/teens/Teen_Driving_Statistics.asp
http://www.internationaltransportforum.org/Irtadpublic/pdf/13IrtadReport.pdf
http://www-nrd.nhtsa.dot.gov/Pubs/811620.pdf
http://www.cdc.gov/injury/wisqars


166 
 

System (WISQARS), Atlanta, GA, 2012. Available online at: 

http://www.cdc.gov/injury/wisqars/index.html. 

1.189.  CDC (Centers for Disease Control and Prevention)-National Center for Injury 

Prevention and Control, Injury Prevention & Control: Motor Vehicle Safety, 

Research Update: Reducing Motor Vehicle Crashes among Young Drivers, 

Atlanta, GA, 2012. Available online at: 

http://www.cdc.gov/MotorVehicleSafety/teen_drivers/GDL/youngdrivers.html. 

1.190.  Elvik, R., Why Some Road Safety Problems Are More Difficult to Solve than 

Others, Accident Analysis & Prevention, Vol. 42, No. 4, 2010, pp. 1089-1096.   

1.191.  Masten, S. V. & Hagge, R. A., Evaluation of California’s graduated driver licensing 

program, Journal of Safety Research, Vol. 35, No. 5, 2004, pp. 523-535.  

1.192.  Beanland, V., Goode, N., Salmon, P. M., & Lenné, M. G., Is There a Case for Driver 

Training? A Review of the Efficacy of Pre and Post License Driver Training, 

Safety Science, Vol. 51, No. 1, 2013, pp. 127-137.  

1.193.  Schendel, J. D. & Hagman, J. D., On Sustaining Procedural Skills over a Prolonged 

Retention Interval, Journal of Applied Psychology, Vol. 67, No. 5, 1982, pp. 

605-610.  

1.194.  Pollatsek, A., Fisher, D. L., & Pradhan, A., Identifying and Remedying Failures of 

Selective Attention in Younger Drivers. Current Direction in Psychological 

Science, Vol. 15, No. 5, 2006, pp. 255-259. 

1.195.  Milech, D., Glencross, D. & Hartley, L., Skill Acquisition by Young Drivers: 

Perceiving, Interpreting and Responding to the Driving Environment, Report No. 

MR4, Federal Office of Road Safety, Camberra, Australia, 1989. 

http://www.cdc.gov/injury/wisqars/index.html
http://www.cdc.gov/injury/
http://www.cdc.gov/motorvehiclesafety/
http://www.cdc.gov/MotorVehicleSafety/teen_drivers/GDL/youngdrivers.html
http://journals1.scholarsportal.info.proxy.bib.uottawa.ca/search-advanced.xqy?q=Vanessa%20Beanland&field=AU
http://journals1.scholarsportal.info.proxy.bib.uottawa.ca/search-advanced.xqy?q=Natassia%20Goode&field=AU
http://journals1.scholarsportal.info.proxy.bib.uottawa.ca/search-advanced.xqy?q=Paul%20M.%20Salmon&field=AU
http://journals1.scholarsportal.info.proxy.bib.uottawa.ca/search-advanced.xqy?q=Michael%20G.%20Lenn%C3%A9&field=AU


167 
 

1.196.  Quimby, A. R., Maycock, G., Carter, I. D., Dixon, R., & Wall, J. G., Perceptual 

Abilities of Accident involved Drivers, Report No. RR27, Transport Research 

Laboratory (TRL), Crowthorne, UK, 1986. 

1.197.  YOURS  (Youth for Road Safety) & IUHPE  (the International Union for Health 

Promotion and Education), Youth for Road Safety Action Kit. Amsterdam, The 

Netherlands, 2012. Available online at: 

http://www.youthforroadsafety.org/uploads/tekstblok_bijlagen/printable_yours_y

outh_and_road_safety_action_kit_1.pdf. 

1.198. Jonah, B. A., Accident Risk and Risk Taking Behavior among Young 

Drivers, Accident Analysis & Prevention, Vol. 18, No. 4, 1986, pp. 255-271.   

1.199.  Jonah, B. A. & Dawson, N. E., Youth and Risk: Age Differences in Risky Driving, 

Risk Perception, and Risk Utility, Alcohol, Drugs and Driving, Vol. 3, No. 3/4, 

1987, pp. 13–29. 

1.200. Arnett, J. J., Developmental Sources of Crash Risk in Young Drivers, Injury 

Prevention, Vol. 8, Supplement II, 2002, pp. 17-23. 

1.201.  Lee, A. H., Stevenson, M. R., Wang, K., Yau, K. K. W., Modeling Young Driver 

Motor Vehicle Crashes: Data with Extra Zeros, Accident Analysis Prevention, 

Vol. 34, No. 4, 2002, pp. 515-521. 

1.202.  Chliaoutakis, J. E., Demakakos, P., Tzamalouka, G., Bakou, V., Koumaki, M., & 

Darviri, C., Aggressive Behavior while Driving as Predictor of Self-Reported Car 

Crashes, Journal of Safety Research, Vol. 33, No. 4, 2000, pp. 431–443. 

http://www.youthforroadsafety.org/uploads/tekstblok_bijlagen/printable_yours_youth_and_road_safety_action_kit_1.pdf
http://www.youthforroadsafety.org/uploads/tekstblok_bijlagen/printable_yours_youth_and_road_safety_action_kit_1.pdf


168 
 

1.203.  Steinberg, L., Risk Taking in Adolescence: New Perspectives from Brain and 

Behavioral Science, Current Directions in Psychological Science, Vol. 16, No. 2, 

2007, pp. 55-59. 

1.204.  Glendon, A. I., Neuroscience and Young Drivers, in Handbook of Traffic 

Psychology, edited by B. E. Porter, Elsevier Inc., 2011, pp. 109-125. 

1.205.  Chen, L., Baker, S. P., Braver, E.R. & Li, G., Carrying Passengers as a Risk Factor 

for Crashes Fatal to 16 and 17-Year Old Drivers, The Journal of American 

Medical Association, Vol. 283, No. 12, 2000, pp. 1578–82. Available online at: 

http://jama.jamanetwork.com/article.aspx?articleid=192524. 

1.206.  NHTSA (National Highway Traffic Safety Administration), Traffic Safety Facts 

2010: Speeding, Washington, DC, August 2012. Available online at: http://www-

nrd.nhtsa.dot.gov/Pubs/811636.pdf. 

1.207.  Monárrez-Espino, J., Hasselberg, M. & Laflamme, L., First Year as a Licensed Car 

Driver: Gender Differences in Crash Experience, Safety Science, Vol. 44, No. 2, 

2006, pp. 75-85. 

1.208.  NHTSA (National Highway Traffic Safety Administration), National Motor Vehicle 

Crash Causation Survey: Report to Congress, Washington, DC, July 2008. 

Available online at: http://www-nrd.nhtsa.dot.gov/Pubs/811059.PDF. 

1.209.  Voas, R. B., Torres, P., Romano, E. & Lacey, J. H., Alcohol-related Risk of Driver 

Fatalities: an Update Using 2007 Data, Journal of Studies on Alcohol and 

Drugs, Vol. 73, No. 3, 2012, pp. 341-50. 

http://jama.jamanetwork.com/article.aspx?articleid=192524
http://www-nrd.nhtsa.dot.gov/Pubs/811059.PDF


169 
 

1.210.  Belanger, A., Dubois, S., Weaver, B., Mullen, N., & Bedard, M., Aggressive Driving 

Behavior in Young Drivers (Aged 16 through 25) Involved in Fatal Crashes, 

Journal of Safety Research, Vol. 43, No.  5-6, 2012, pp. 333-338. 

1.211.  Mayhew, D. R. & Simpson, H. M., The Safety Value of Driver Education and 

Training, Injury Prevention, Vol. 8, Supplement  II, 2002, pp. ii3–ii8. 

1.212.  Williams, A. F. & Ferguson, S. A., Rationale for Graduated Licensing and the 

Risks It Should Address, Injury Prevention, Vol. 8, Supplement II, 2002, pp. 9–

16. 

1.213.  Taubman–Ben-Ari, O., Attitudes toward Accompanied Driving: The Views of Teens 

and their Parents, Transportation Research Part F, Vol. 13, No. 4, 2010, pp. 269–

276. 

1.214.  Baker, S. P., Chen, L., & Li, G., Nationwide Review of Graduated Driver Licensing. 

Washington, DC, AAA Foundation for Traffic Safety, February 2007. Available 

at: http://www.aaafoundation.org/pdf/NationwideReviewOfGDL.pdf.  

1.215.  Simons-Morton, B. G. & Hartos, J. L., How Well Do Parents Manage Young Driver 

Crash Risks?, Journal of Safety Research, Vol. 34, No. 1, 2003, pp. 91– 97. 

1.216.  Rose, D., Enforcement Key to Saving Young Drivers, July 2009. Available online at: 

http://news.drive.com.au/drive/motor-news/enforcement-key-to-saving-young-

drivers-20090720-149qe.html. 

1.217.  Ivers, R., Senserrick, T., Boufous, S., Stevenson, M., Chen, H-Y, Woodward, M. & 

Norton, R., Novice Drivers’ Risky Driving Behavior, Risk Perception, and Crash 

Risk: Findings from the DRIVE Study, American Journal of Public Health, Vol. 

99, No. 9, 2009, pp. 1638-1644. 

http://www.aaafoundation.org/pdf/NationwideReviewOfGDL.pdf. 


170 
 

1.218.  WHO (World Health Organization), Data Systems: A Road Safety Manual for 

Decision-Makers and Practitioners, WHO Library Cataloguing-in-Publication 

Data, France, 2010. Available online at: 

http://whqlibdoc.who.int/publications/2010/9789241598965_eng.pdf. 

1.219.  Simons-Morton, B. G.,Hartos, J. L., & Leaf, W. A., Promoting Parental Management 

of Teen Driving, Injury Prevention, Vol. 8, Supplement  II, 2002, pp. 24-31. 

1.220.  Lee, J. D., Technology and Teen Drivers, Journal of Safety Research, Vol. 38, No. 2, 

2007, pp. 203-213. 

1.221. Little, C., The Intelligent Vehicle Initiative: Advancing “Human-Centered” Smart 

Vehicles, Public Roads, US Department of Transportation-Federal Highway 

Administration, Vol. 61, No. 2, 1997. Available online at: 

http://www.fhwa.dot.gov/publications/publicroads/97septoct/p97sept18.cfm. 

1.222.  Young, K. L., Regan, M. A., Mitsopoulos, E. & Haworth, N., Acceptability of in-

Vehicle Intelligent Transport Systems to Young Novice Drivers in New South 

Wales, Motor Accidents Authority & Monash University Accident Research 

Center, Australia, 2003. 

1.223.  Carsten, O. M. J. & Tate, F. N., Intelligent Speed Adaptation: Accident Saving and 

Cost-Benefit Analysis, Accident Analysis & Prevention, Vol. 37, No. 3, 2005, 

pp. 407-416. 

1.224.  Continental Corporation, Continental’s Advanced Safety Technology Can Prevent 

Accidents. Continental Global Site, March 2010. Available online at: 

http://www.continental-

http://whqlibdoc.who.int/publications/2010/9789241598965_eng.pdf
http://injuryprevention.bmj.com/search?author1=B+G+Simons-Morton&sortspec=date&submit=Submit
http://injuryprevention.bmj.com/search?author1=J+L+Hartos&sortspec=date&submit=Submit
http://injuryprevention.bmj.com/search?author1=W+A+Leaf&sortspec=date&submit=Submit
http://www.fhwa.dot.gov/publications/publicroads/97septoct/p97sept18.cfm
http://www.continental-corporation.com/www/pressportal_com_en/themes/press_releases/1_topics/conticompact/ms_2010_03_25_verkehrssicherheit_en.html


171 
 

corporation.com/www/pressportal_com_en/themes/press_releases/1_topics/conti

compact/ms_2010_03_25_verkehrssicherheit_en.html. 

1.225.  Senserrik, T. M. & Mitsopoulos-Rubens, S., Behavioral Adaptation and Novice 

Drivers, in Behavioral Adaptation and Road Safety: Theory, Evidence and 

Actions, edited by C. Rudin-Brown  & S. L. Jamson, CRC Press: Taylor & 

Francis Group, Boca Raton, FL, 2013, pp. 245-264. 

1.226.  BBC News Technology, Driverless Cars to be Tested on UK Roads by End of 2013, 

July 2013. Available online at: http://www.bbc.co.uk/news/technology-

23330681. 

1.227.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The FTA’s Constrained based 

Methodology in Risk Assessment of Crash & Condition Monitoring for Older 

Drivers on Roads, Journal of Transportation Safety and Security, Vol. 6, No. 1, 

2014, pp. 44-61.   

1.228.  Young, K. L., Regan, M. A., & Mitsopoulos, E., Acceptability to Young Drivers of 

in-Vehicle Intelligent Transport Systems, Road Transportation Research, Vol. 

13, No. 2, 2004, pp. 6−16. 

1.229.  Brovold, S., Ward, N., Donath, M., Simon, S., Shankwitz, C., & Creaser, J., The Use 

of Technology to Address Patterns of Risk among Teenage Drivers. Journal of 

Safety Research, Vol. 38, No. 4, 2007, pp. 413-422. 

1.230.  The Economist, Driverless Cars: Look, no Hands, April 2013. Available online at: 

http://www.economist.com/news/special-report/21576224-one-day-every-car-

may-come-invisible-chauffeur-look-no-hands. 

http://www.bbc.co.uk/news/technology-23330681
http://www.bbc.co.uk/news/technology-23330681
http://www.economist.com/news/special-report/21576224-one-day-every-car-may-come-invisible-chauffeur-look-no-hands
http://www.economist.com/news/special-report/21576224-one-day-every-car-may-come-invisible-chauffeur-look-no-hands


172 
 

1.231. Automotive World, Next Step on the Road to Accident-Free Driving. Next-

Generation Intelligent Networking: Mercedes-Benz Brings Car-to-X Technology 

to the Roads, June 2013. Available online at: 

http://www.automotiveworld.com/news-releases/next-step-on-the-road-to-

accident-free-driving-next-generation-intelligent-networking-mercedes-benz-

brings-car-to-x-technology-to-the-roads/. 

1.232.  ETSC  (European Transport Safety Council), Seat Belt Reminders: Implementing 

Advanced Safety Technology in Europe's Cars, Brussels, 2006. Available online 

at: http://archive.etsc.eu/documents/ETSC_Seat_belt_reminder_oct_06.pdf. 

1.233.  Kundson, P., With New Independence, Young Drivers Assume Some Costs (and All 

Responsibilities) of Driving, Grand Forks Herald, July 2013. Available online at: 

http://www.grandforksherald.com/content/new-independence-young-drivers-

assume-some-costs-and-all-responsibilities-driving.  

1.234.  Bransford, J. D., Brown, A. L., & Cocking, R. R., How People Learn: Brain, Mind, 

Experience and School, Committee on Developments in the Science of Learning, 

Commission on Behavioral and Social Sciences and Education, National 

Research Council, National Academy Press, Washington, DC, 1999. 

1.235.  UK Department for Transport, Practice and Instruction when Learning to Drive, 

Report No. 14, 2000. Available online at: 

https://www.gov.uk/government/organisations/department-for-transport. 

1.236.  Rouse, W. B. & Rouse, S. H., Analysis and Classification of Human Error, IEEE 

Transactions on Systems, Man and Cybernetics, Vol. 13, No. 4, 1983, pp. 539-

549. 

http://www.automotiveworld.com/news-releases/next-step-on-the-road-to-accident-free-driving-next-generation-intelligent-networking-mercedes-benz-brings-car-to-x-technology-to-the-roads/
http://www.automotiveworld.com/news-releases/next-step-on-the-road-to-accident-free-driving-next-generation-intelligent-networking-mercedes-benz-brings-car-to-x-technology-to-the-roads/
http://www.automotiveworld.com/news-releases/next-step-on-the-road-to-accident-free-driving-next-generation-intelligent-networking-mercedes-benz-brings-car-to-x-technology-to-the-roads/
http://ec.europa.eu/transport/road_safety/specialist/knowledge/esave/references/index.htm#Ref21_ETSC_2006_Seat_Belt
http://archive.etsc.eu/documents/ETSC_Seat_belt_reminder_oct_06.pdf
https://www.gov.uk/government/organisations/department-for-transport
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=21


173 
 

1.237. Trucco, P., Cagno, E., Ruggeri, F., & Grande, O., A Bayesian Belief Network 

Modeling of Organizational Factors in Risk Analysis: A Case Study in Maritime 

Transportation, Reliability Engineering and System Safety, Vol. 93, No. 6, 2008, 

pp. 823-834. 

1.238.  Hojjati-Emami, K., Dhillon, B., & Jenab, K., Stochastic Risk Assessment  

Methodology and Modeling as In-Vehicle Safety Enhancing Tool for Younger 

Drivers on Roads, Journal of Transportation Safety  and Security, Vol. 6, No. 4, 

2014, pp. 301-320.   

1.239.  Swain, A. D. & Guttman, H. E., Handbook of Human Reliability Analysis with 

Emphasis on Nuclear Power Plant Applications, Report No. NUREG/CR-1278, 

US Nuclear Regulatory Commission, Washington, DC, 1983. 

1.240.  Kirwan, B., The Validation of Three Human Reliability Quantification Techniques-

THERP, HEART and JHEDI: Part 1-Technique Descriptions and Validation 

Issues, Applied Ergonomics, Vol. 27, No. 6, 1996, pp. 359-373. 

1.241.  Svenson, O., On Expert Judgments in Safety Analyses in the Process Industries, 

Reliability Engineering System Safety, Vol. 25, No. 3, 1989, pp. 219-56. 

1.242.  Kim, I. S., Human Reliability Analysis in the Man–Machine Interface Design 

Review, Annals of Nuclear Energy, Vol. 28, No. 11, 2001, pp. 1069–1081.  

1.243.  Dhillon, B. S., Design Reliability: Fundamentals and Applications, CRC Press, 

Taylor & Francis Group, Boca Raton, FL, 1999. 

1.244. Dhillon, B. S. & Singh, C., Engineering Reliability: New Techniques and 

Applications, John Wiley and Sons, Inc., New York, NY, 1981.  



174 
 

1.245.  Parascos, E. T.,  A New Approach to the Establishment and Maintenance of 

Equipment Failure Rate Databases, in Failure Prevention and Reliability, edited 

by S. B. Bennett, A. L. Ross & P. Z. Zemanick, American Society of Mechanical 

Engineers, New York, NY, 1977, pp. 263-268. 

1.246.  ASQC (American Society for Quality Control), A Reliability Guide to Failure 

Reporting, Analysis, and Corrective Action Systems, Committee on Reliability 

Reporting, Milwaukee, Wisconsin, 1977. 

1.247. Munger, S. J., Smith, R. W., Payne, D., An Index of Electronic Equipment 

Operability: DATA STORE, American Institutes for Research, Pittsburgh, PA, 

1962. 

1.248.  Topmiller, D. A, Eckel, J. S. & Kozinsky, E. J., Human Reliability Databank for 

Nuclear Power Plant Operations: a Review of Existing Human Reliability 

Databanks, Report No. NUREG/CR 2744/1; 1982, US Nuclear Regulatory 

Commission, Washington, DC, 1982. 

1.249.  Mosleh, A. & Chang, Y. H., Model-based Human Reliability Analysis: Prospects 

and Requirements, Reliability Engineering and System Safety, Vol. 83, No. 2, 

2004, pp. 241–253. 

1.250.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The Concept and Methodology for 

Development of Effective Human Reliability Data-Banks in Road 

Transportation, Proceedings of 4
th

 Joint IAJC/ISAM Joint International 

Conference, Orlando, FL, September 2014.  

1.251.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The HRA-Based Road Crash Data: a 

Methodology for Crash Investigation and Distribution Characteristics of Driver’s 



175 
 

Failure Rate, International Journal of Strategic Decision Sciences, Vol. 5, No. 4, 

2014, pp. 1-15. 

1.252.  OECD (Organization for Economic Cooperation and Development), International 

Road Traffic and Accident Database (IRTAD), OCED Transportation Research 

Programme, 2014. Available online at: 

http://internationaltransportforum.org/irtadpublic/coverage.html. 

1.253.  Kletz, T., The Uses, Availability and Pitfalls of Data on Reliability, Process 

Technology, Vol. 18, No. 3, 1973, pp. 111-113. 

1.254.  Mitchell, R. L. & Rutter, R. R., A Study of Automotive Reliability and Associated 

Cost of Maintenance in the U.S.A., Society of Automotive Engineers (SAE), 

Paper No. 780277, January 1978. 

1.255.  Dhillon, B. S., Mechanical Reliability: Theory, Models, and Applications, American 

Institute of Aeronautics and Astronautics, Washington, DC, 1988. 

1.256. Nelson, W., Hazard Plotting for Incomplete Failure Data, Journal of Quality 

Technology, Vol. 1, No. 1, 1969, pp. 27-52. 

1.257.  Nelson, W., Theory and Applications of Hazard Plotting for Censored Failure Data, 

Technometrics, Vol. 14, No. 4, 1972, pp. 945-966. 

 

Chapter 2-The Integrative Time-Dependent Modeling of the Reliability and   

Failure of the Causes of Drivers’ Error Leading to Road Accidents 

(References) 

2.1.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The Integrative Time-Dependent 

Modeling of the Reliability and Failure of the Causes of Drivers’ Error Leading 

http://internationaltransportforum.org/irtadpublic/coverage.html


176 
 

to Road Accidents, International Journal of Strategic Decision Sciences, Vol. 4, 

No. 1, 2013, pp. 25-39. 

2.2.  Saito, K., Measurement of Fatigue in Industries, Industrial Health, Vol. 37, No. 2, 

1999, pp. 134-142. 

2.3.  Bridger, R. S., Introduction to Ergonomics, CRC Press, Taylor & Francis Group, 

Abdingdon, UK, 2003. 

2.4.  Ahsberg, E., Perceived Fatigue related to Work, Doctorate Thesis, University of 

Stockholm, Stockholm, Sweden, 1998. 

2.5.  Chaffin, D. B., Andersson, G. B. I., & Martin, B., Occupational Biomechanics (3rd 

edition), John Wiley & Sons, New York, NY, 1999. 

2.6.  El Maraghy, W. H., Nada, O. A., & El Maraghy, H. A., Quality Prediction for 

Reconfigurable Manufacturing Systems via Human Error Modeling, 

International Journal of Computer Integrated Manufacturing, Vol. 21, No. 5, 

2008, pp. 584-598. 

2.7.  Rohmert, W., Physiological and Psychological Workload Measurement and Analysis, 

in Handbook of Human Factors, edited by G. Salvendy, John Wiley & Sons, 

New York, NY, 1987, pp. 402-428. 

2.8.  Jaber, M. Y. & Neumann, P., Modeling Worker Fatigue and Recovery in Dual-

Resource Constrained Systems, Computers & Industrial Engineering, Vol. 59, 

No. 1, 2010, pp. 75-84. 

2.9.  Konz, S. A. & Johnson, S. L., Work Design: Occupational Ergonomics (7
th

 edition), 

Holocomb Hathaway Publishers, 2007. 



177 
 

2.10.  Dhillon, B. S., Human Reliability and Error in Transportation Systems, Springer, 

London, UK, 2007. 

2.11. Dhillon, B. S., Transportation Systems Reliability and Safety, CRC Press-Taylor & 

Francis Group, Boca Raton, FL, 2011. 

2.12. Raze, J. D., Nelson, J. J., Simard, D. J., & Bradley, M., Reliability Models for 

Mechanical Equipment, Proceedings of IEEE Annual Reliability Maintainability 

Symposium, 1987, pp. 130-134. 

2.13. Rhodes, S., Nelson, J. J., Raze, J. D., & Bradley, M., Reliability Models for 

Mechanical Equipment, Proceedings of Annual Reliability Maintainability 

Symposium, 1988, pp. 127-131. 

2.14.  Nelson, J. J., Raze, J. D., Bowman, J., Perkins, G., & Wannamaker, A., Reliability 

Models for Mechanical Equipment, Proceedings of Annual Reliability 

Maintainability Symposium, 1989, pp. 146-153. 

2.15. Young, K. L. & Salmon, P. M., Examining the Relationship between Driver 

Distraction and Driving Errors: A Discussion of Theory, Studies and Methods, 

Safety Science, Vol. 50, No. 2, 2012, pp. 165–174. 

2.16. Saad, F., Ergonomics of the Driver’s Interface with the Road Environment: the 

Contribution of Psychological Research, in Human Factors for Highway 

Engineers, edited by R. Fuller & J. A. Santos, Pergamon, Oxford, UK, 2002, pp. 

23-41. 

2.17.  Theeuwes, J. & Godthelp, H., Self-Explaining Roads, Safety Science, Vol. 19, No. 2-

3, 1995, pp. 217-225. 



178 
 

2.18. Auberlet, J. M., Rosey, F., Anceaux, F., Aubin, S., Briand, P., Pacaux, M. P., & 

Plainchault, P., The Impact of Perceptual Treatments on Driver’s Behavior: From 

Driving Simulator Studies to Feld Tests—First Results. Accident Analysis and 

Prevention, Vol. 45, March 2012, pp. 91-98. 

 

Chapter 3-Reliability Prediction for the Vehicles Equipped with Advanced 

Driver Assistance Systems (ADAS) and Passive Safety Systems 

(PSS) (References) 

3.1.  Fletcher, L., Driver Inattention Detection based on Eye Gaze–Road Event Correlation, 

The International Journal of Robotics Research, Vol. 28, No. 6, 2009, pp. 774–

801. 

3.2.  Hojjati-Emami, K., Dhillon, B. S. & Jenab, K., Reliability Prediction for the Vehicles 

Equipped with Advanced Driver Assistance Systems (ADAS) and Passive Safety 

Systems (PSS), International Journal of Industrial Engineering Computations, 

Vol. 3, No. 5, 2012, pp. 731-742. 

 

Chapter 4-The Stochastic and Integrative Prediction Methodology and 

Modeling for Reliability Pedestrian Crossing on Roads (References) 

4.1.  Ferdous, R., Khan, F., Veitch, B., & Amyotte, P. R., Methodology for Computer Aided 

Fuzzy Fault Tree Analysis, Process Safety and Environmental Protection, Vol. 

87, No. 4, 2009, pp. 217–226. 



179 
 

4.2.  Ferdous, R., Khan, F., Sadiq, R., Amyotte, P., & Veitch, B., Handling Data 

Uncertainties in Event Tree Analysis, Process Safety and Environmental 

Protection, Vol. 87, No. 5, 2009, pp. 283–292. 

4.3.  Jenab, K., Sarfaraz, A., SeyedHosseini, S.M., Dhillon, B.S., Dynamic MLD Analysis 

with Flow Graphs, Reliability Engineering & System Safety, Vol. 106, No. 1, 

2012, pp. 80–85. 

4.4. Hojjati-Emami, K., Dhillon, B. & Jenab, K., Reliability Prediction for the Vehicles 

Equipped with Advanced Driver Assistance Systems (ADAS) and Passive Safety 

Systems (PSS), International Journal of Industrial Engineering Computations, 

Vol. 3, No. 5, 2012, pp. 731-742. 

4.5.  Hojjati-Emami, K., Dhillon, B. S. & Jenab, K., The Stochastic and Integrative 

Prediction Methodology and Modeling for Reliability of Pedestrian Crossing on 

Roads, Journal of Transportation Safety and Security, Vol. 5, No. 3, 2013, pp. 

257-272. 

 

Chapter 5-The FTA’s Constrained based Methodology in Risk Assessment of 

Crash and Condition Monitoring for Older Drivers on Roads 

(References) 

5.1.  Lu, M., Wevers, K., & Van Der Heijden, R., Technical Feasibility of Advanced Driver 

Assistance Systems (ADAS) for Road Traffic Safety, Transportation Planning 

and Technology, Vol. 28, No. 3, 2005, pp. 167-187. 

5.2. Jenab, K., & Dhillon, B. S., Stochastic FTA with Self-Loop Basic Events. IEEE 

Transactions on Reliability Journal, Vol. 54, No. 1, 2005, pp. 173-180. 



180 
 

5.3. Jenab, K., Sarfaraz, A., Seyed-Hosseini, S. M., & Dhillon, B. S., Dynamic MLD 

analysis with Flow Graphs, Reliability Engineering & System Safety, Vol. 106, 

No. 1, 2012, pp. 80-85. 

5.4.  Jenab, K., Seyed-Hosseini, S. M., & Dhillon, B. S., Dynamic Reliability Networks with 

Self-Healing Units, Reliability Engineering and System Safety, Vol. 93, No. 4, 

2008, pp. 595-603. 

5.5.  Weber, P. D., Fuzzy Fault Tree Analysis, in Fuzzy Systems, IEEE World Congress on 

Computational Intelligence, Proceedings of the Third IEEE Conference, June 

1994, pp. 1899-1904. 

5.6.  Ferdous, R., Khan, F.,Sadiq, R., Amyotte, P., & Veitch, B., Handling Data 

Uncertainties in Event Tree Analysis, Process Safety and Environmental 

Protection, Vol.  87, No. 5, 2009, pp. 283–292. 

5.7.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The FTA’s Constrained based 

Methodology in Risk Assessment of Crash and Condition Monitoring for Older 

Drivers on Roads, Journal of Transportation Safety and Security, Vol. 6, No. 1, 

2014, pp. 44-61.   

5.8.  Gregoriades, A. & Sutcliffe, A., Workload Prediction for Improved Design and 

Reliability of Complex Systems, Reliability Engineering and System Safety, Vol. 

93, No. 5, 2008, pp. 530–549. 

5.9. Zio, E., Reliability Engineering: Old Problems and New Challenges, Reliability 

Engineering and System Safety, Vol. 94, No. 2, 2009, pp. 125-141. 

5.10.  Redhill, F. & Rajan, J., Human Factors in Safety Critical Systems, Butterworth-

Heinemann, Oxford, UK, 1997. 



181 
 

5.11.  Hart, S.  G. & Wickens, C. D., Manprint: an Approach to Systems Integration, Van 

Nostrand Reinhold, New York, NY, 1990. 

5.12.  Rouse, W. B., Edwards, S. L., & Hammer, J. M., Modeling the dynamics of mental 

workload and human performance in complex systems, IEEE Transaction on  

System Man Cybernetics, Vol. 23, No. 6, 1993, pp. 1662–71. 

5.13.  Reason, J., Human error, Cambridge University Press, Cambridge, UK, 1990. 

5.14.  Leveson, N., Safeware: System Safety and Computers, Addison-Wesley, Reading, 

MA, 1995. 

5.15.  Sussman, M. C., Fatigue and Alertness in the United States Railroad Industry Part I: 

the Nature of the Problem, Transportation Research Part F: Traffic Psychology 

and Behavior, Vol. 3, No. 4, 2000, pp. 211–20. 

5.16.  Meshkati, N., Hancock, P., & Rahimi, M., Techniques in Mental Workload 

Assessment, in Evaluation of Human Work: A Practical Ergonomics 

Methodology , edited by J. Wilson & E. Corlett, Taylor &Francis, London, UK, 

1992, pp. 605–627. 

5.17.  Hollnagel, E. & Bye, A., Principles for Modeling Function Allocation, International 

Journal of Human Computer Studies, Vol. 52, No. 2, 2000, pp. 253–65. 

5.18. Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The Integrative Time-Dependent 

Modeling of the Reliability and Failure of the Causes of Drivers’ Error Leading 

to Road Accidents, International Journal of Strategic Decision Sciences, Vol. 4, 

No. 1, 2013, pp. 25-39. 

5.19.  Spiegel, F. M. & Streeter, L., Applying Speech Synthesis to User Interfaces, in 

Handbook of Human Computer-Interaction, edited by M.  Helander, T. K. 



182 
 

Landauer, P. V. Prabhu, Elsevier Science B.V., 1997, Amsterdam, The 

Netherlands, pp. 1061-1084. 

 

Chapter 6-Stochastic Risk Assessment Methodology and Modeling as in-

Vehicle Safety Enhancing Tool for Younger Drivers on Rods 

(References) 

6.1.   Simons-Morton, B, Lerner N., & Singer, J., The Observed Effects of Teenage 

Passengers on the Risky Driving Behavior of Teenage Drivers, Accident 

Analysis and Prevention, Vol. 37, No. 6, 2005, pp. 973-82. 

6.2.  Mayhew, D. R., Simpson, H. M., & Pak, A., Changes in Collision Rates among Novice 

Drivers during the First Months of Driving, Accident Analysis and 

Prevention, Vol. 35, No. 6, 2003, pp. 83-91. 

6.3.  NHTSA (National Highway Traffic Safety Administration), Traffic safety facts 2010: 

Young Drivers, Washington, DC, May 2012. Available online at: http://www-

nrd.nhtsa.dot.gov/Pubs/811622.pdf. 

6.4.  WHO (World Health Organization), Data Systems: A Road Safety Manual for 

Decision-Makers and Practitioners, WHO Library Cataloguing-in-Publication 

Data, France, 2010. Available online at: 

http://whqlibdoc.who.int/publications/2010/9789241598965_eng.pdf. 

6.5.  Lu, M., Wevers, K., & Van Der Heijden, R., Technical Feasibility of Advanced Driver 

Assistance Systems (ADAS) for Road Traffic Safety, Transportation Planning 

and Technology, Vol. 28, No. 3, 2005, pp. 167-187. 

http://www-nrd.nhtsa.dot.gov/Pubs/811169.PDF
http://www-nrd.nhtsa.dot.gov/Pubs/811169.PDF
http://www-nrd.nhtsa.dot.gov/Pubs/811622.pdf
http://www-nrd.nhtsa.dot.gov/Pubs/811622.pdf
http://whqlibdoc.who.int/publications/2010/9789241598965_eng.pdf


183 
 

6.6.  Weber, P.D., Fuzzy Fault Tree Analysis, in Fuzzy Systems, IEEE World Congress on 

Computational Intelligence, Proceedings of the Third IEEE Conference, 1994, 

pp. 1899-1904. 

6.7.  Ferdous, R., Khan, F., Sadiq, R., Amyotte, P., & Veitch, B., Handling Data 

Uncertainties in Event Tree Analysis, Process Safety and Environmental 

Protection, Vol. 87, No. 5, 2009, pp. 283–292. 

6.8.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The FTA’s Constrained based 

Methodology in Risk Assessment of Crash and Condition Monitoring for Older 

Drivers on Roads, Journal of Transportation Safety and Security, Vol. 6, No. 1, 

2014, pp. 44-61.   

6.9.  Hojjati-Emami, K., Dhillon, B. & Jenab, K., Stochastic Risk Assessment  Methodology 

and Modeling as In-Vehicle Safety Enhancing Tool for Younger Drivers on 

Roads, Journal of Transportation Safety  and Security, Vol. 6, No. 4, 2014, pp. 

301-320.   

6.10. Hojjati-Emami, K., Dhillon, B. S. & Jenab, K., The Integrative Time-Dependent 

Modeling of the Reliability and Failure of the Causes of Drivers’ Error leading to 

Road Accidents, International Journal of Strategic Decision Sciences, Vol. 4, No. 

1, 2013, pp. 25-39. 

6.11.  Dhillon, B. S., Life Distributions, IEEE Transactions on Reliability, Vol. 30, No. 5, 

1981, pp. 457-460. 

6.12. Dhillon, B. S., Human Reliability and Error in Transportation Systems, Springer, 

London, UK, 2007. 



184 
 

6.13. Dhillon, B. S., Transportation Systems Reliability and Safety, CR Press, Taylor & 

Francis Group, Boca Raton, FL, 2011. 

6.14. Dhillon, B. S., Computer System Reliability: Safety and Usability, CR Press, Taylor & 

Francis Group, Boca Raton, FL, 2013. 

6.15.  Spiegel, F. M. & Streeter, L., Applying Speech Synthesis to User Interfaces, in 

Handbook of Human Computer Interaction, edited by M. Helander, T. K. 

Landauer, P. V. Prabhu, Elsevier Science B.V., Amsterdam, The Netherlands, 

1997, pp. 1061-1084. 

6.16.  Marcus, A., Graphical User Interfaces, in Handbook of Human Computer Interaction, 

edited by M. Helander, T. K. Landauer, P. V. Prabhu, Elsevier Science B.V., 

Amsterdam, The Netherlands, 1997, pp. 423-440. 

 

Chapter 7-The HRA-Based Road Crash Data: A Methodology for Crash 

Investigation and Validating the Distribution Characteristics of 

Driver’s Failure Rate (References) 

7.1.  NZ Transport Agency, Crash Data Collection, New Zealand Ministry of Transport, 

2013. Available online at: 

www.transport.govt.nz/research/roadcrashstatistics/crashdatacollection/. 

7.2.  OECD (Organization for Economic Cooperation and Development), International Road 

Traffic and Accident Database (IRTAD), OCED Transportation Research 

Programme, 2014. Available online at: 

http://internationaltransportforum.org/irtadpublic/coverage.html. 

http://www.transport.govt.nz/research/roadcrashstatistics/crashdatacollection/
http://internationaltransportforum.org/irtadpublic/coverage.html


185 
 

7.3.  BITRE (The Bureau of Infrastructure, Transport and Regional Economics), Australian 

Road Deaths Database, Department of Infrastructure and Regional Development, 

Australian Government, 2014. Available online at: 

www.bitre.gov.au/statistics/safety/fatal_road_crash_database.aspx. 

7.4. NPRA (The Norwegian Public Road Administration), The National Road Database, 

Statens Vegvesen, 2014. Available online at: 

www.vegvesen.no/en/Professional/Roads+and+transport/National+Road+Data+

Bank+NRDB. 

7.5.  NHTSA (National Highway Traffic Safety Administration), General Estimate System 

(GES), US Department of Transportation, 2014. Available online at: 

http://www.nhtsa.gov/Data/National+Automotive+Sampling+System+(NASS)/N

ASS+General+Estimates+System. 

7.6.  NHTSA (National Highway Traffic Safety Administration), National Automotive 

Sampling System (NASS)-Crashworthiness Data System (CDS), US Department 

of Transportation, 2014. Available online at: 

http://www.nhtsa.gov/Data/National+Automotive+Sampling+System+(NASS)/N

ASS+Crashworthiness+Data+System. 

7.7.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The Concept and Methodology for 

Development of Effective Human Reliability Data-Banks in Road 

Transportation, Proceedings of 4
th

 Joint IAJC/ISAM Joint International 

Conference, September 25-27, Orlando, FL, 2014.  

7.8.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The HRA-Based Road Crash Data: a 

Methodology for Crash Investigation and Distribution Characteristics of Driver’s 

http://www.bitre.gov.au/statistics/safety/fatal_road_crash_database.aspx
http://www.nhtsa.gov/Data/National+Automotive+Sampling+System+(NASS)/NASS+General+Estimates+System
http://www.nhtsa.gov/Data/National+Automotive+Sampling+System+(NASS)/NASS+General+Estimates+System


186 
 

Failure Rate, International Journal of Strategic Decision Sciences, Vol. 5, No. 4, 

2014, pp. 1-15. 

7.9.  Hojjati-Emami, K., Dhillon, B. S. & Jenab, K., The Stochastic and Integrative 

Prediction Methodology and Modeling for Reliability of Pedestrian Crossing on 

Roads, Journal of Transportation Safety and Security, Vol. 5, No. 3, 2013, pp. 

257-272. 

7.10.  Hojjati-Emami, K., Dhillon, B. S. & Jenab, K., The FTA’s Constrained based 

Methodology in Risk Assessment of Crash & Condition Monitoring for Older 

Drivers on Roads, Journal of Transportation Safety and Security, Vol. 6, No. 1, 

2014, pp. 44-61.   

7.11.  Hojjati-Emami, K., Dhillon, B. & Jenab, K., Stochastic Risk Assessment  

Methodology and Modeling as In-Vehicle Safety Enhancing Tool for Younger 

Drivers on Roads, Journal of Transportation Safety  and Security, Vol. 6, No. 4, 

2014, pp. 301-320.   

7.12.  Hojjati-Emami, K., Dhillon, B. S. & Jenab, K., Reliability Prediction for the Vehicles 

Equipped with Advanced Driver Assistance Systems (ADAS) and Passive Safety 

Systems (PSS), International Journal of Industrial Engineering Computations, 

Vol. 3, No. 5, 2012, pp. 731-742. 

7.13.  Hojjati-Emami, K., Dhillon, B. S. & Jenab, K., The Integrative Time-Dependent 

Modeling of the Reliability and Failure of the Causes of Drivers’ Error leading to 

Road Accidents, International Journal of Strategic Decision Sciences, Vol. 4, No. 

1, 2013, pp. 25-39. 



187 
 

7.14.  Rausand, M. & Hoyland, A., System Reliability Theory: Models, Statistical Methods, 

and Applications, John Wiley & Sons, Inc., New Jersey, NY, 2004, pp. 561-575. 

 

Chapter 8-Discussions, Conclusion and Future Directions (References) 

8.1. Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The Integrative Time-Dependent 

Modeling of the Reliability and Failure of the Causes of Drivers’ Error leading to 

Road Accidents, International Journal of Strategic Decision Sciences, Vol. 4, No. 

1, 2013, pp. 25-39. 

8.2.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., Reliability Prediction for the Vehicles 

Equipped with Advanced Driver Assistance Systems (ADAS) and Passive Safety 

Systems (PSS), International Journal of Industrial Engineering Computations, 

Vol. 3, No. 5, 2012, pp. 731-742. 

8.3.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The Stochastic and Integrative 

Prediction Methodology and Modeling for Reliability of Pedestrian Crossing on 

Roads, Journal of Transportation Safety and Security, Vol. 5, No. 3, 2013, pp. 

257-272. 

8.4. Ramachandran, V., Sankaranarayanan, V., & Seshasayee, S., Fuzzy Reliability 

Modeling-Linguistic Approach, Microelectronics Reliability, Vol. 32, No. 9, 

1992, pp. 1311-1318. 

8.5.  Peng-Cheng, L., Guo-Huan, C., Li-Cao, D., & Zhang, L., Fuzzy Logic-based Approach 

for Identifying the Risk Importance of Human Error, Journal of Safety Science, 

Vol. 48, No. 7, 2010, pp. 902-913. 



188 
 

8.6.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The FTA’s Constrained based 

Methodology in Risk Assessment of Crash & Condition Monitoring for Older 

Drivers on Roads, Journal of Transportation Safety and Security, Vol. 6, No. 1, 

2014, pp. 44-61.   

8.7.  Hojjati-Emami, K., Dhillon, B., & Jenab, K., Stochastic Risk Assessment  

Methodology and Modeling as In-Vehicle Safety Enhancing Tool for Younger 

Drivers on Roads, Journal of Transportation Safety  and Security, Vol. 6, No. 4, 

2014, pp. 301-320.   

8.8.  Research and Innovative Technology Administration (RITA)-U.S. Department of 

Transportation (US DOT) , Connected Vehicles Applications-Vehicle 2 Vehicle 

Communication for Safety, June 2014. Available online at: 

http://www.its.dot.gov/research/v2v.htm. 

8.9.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The Concept and Methodology for 

Development of Effective Human Reliability Data-Banks in Road 

Transportation, Proceedings of 4
th

 Joint IAJC/ISAM Joint International 

Conference, September 25-27, Orlando, FL, 2014c.   

8.10.  Hojjati-Emami, K., Dhillon, B. S., & Jenab, K., The HRA-Based Road Crash Data: a 

Methodology for Crash Investigation and Distribution Characteristics of Driver’s 

Failure Rate, International Journal of Strategic Decision Sciences, Vol. 5, No. 4, 

2014, pp. 1-15. 

 

 

http://www.rita.dot.gov/
http://www.dot.gov/
http://www.dot.gov/
http://www.its.dot.gov/research/v2v.htm

