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Abstract

This study tries to identify and review risk factors that impact road safety and driving performance focusing more
on three types of users, namely elderly drivers, truck operators, and office workers (i.e., working and driving
simultaneously; feasible at higher levels of automation). Additionally, this review attempts to highlight the
reviewed risk factors that should be considered in future safety analyses. The present review is part of research
conducted within the EU H2020 HADRIAN project, which aims at developing an innovative Human Machine
Interface (HMI) that will provide seamless “fluid” interactions between the driver and the automated vehicle. The
literature review was conducted using popular databases such as Google Scholar, Science Direct, and Scopus using
specific search terms and prioritization criteria for studies coming mainly from Europe and the U.S, and after 2005.
Then, the reviewed risk factors were discussed based on how they can be extended and adapted at the different
future AD levels and what risk factors should be considered in future safety analysis depending on the AD level.
The aforementioned review will be exploited by the HADRIAN project, like any other HMI stakeholder, in order
to develop a human-centered assessment methodology which will evaluate the way the human interacts with
potential HMI configurations. Finally, the reviewed risk factors could guide stakeholders in accomplishing a safer
transition from manual to autonomous driving for all road users.

Keywords: Elderly drivers; Truck drivers; Working drivers; Risk factor; Driving performance; Road safety

* Corresponding author. Tel.: +030-210-772-1575;
E-mail address: msekadakis@mail.ntua.gr



RSS2

8th Road Safety & Simulation Intemational

Rea
Digital

0B-10 june, 2022 » Athens, Greece

022 Sekadakis, Katrakazas , Santuccio, Mértl, Yannis / RSS2022, Athens, Greece, June 08-10, 2022

1. Introduction

Road traffic fatalities and injuries are a serious threat to public health as they are the 8™ leading cause of death
worldwide with approximately 1.3 million deaths per year and many more (20-50 million) suffer non-fatal injuries
[1]. Despite the fact that the death rate (deaths per population) presents a declining trend, still, every year about 18
fatalities/100.000 population are recorded which is quite concerning [2]. Focusing on the cost of road accidents,
in 2005 regarding 31 European countries, the estimation of preventing a fatality varies from 0.7 to 3.0 million Euro
[3]. The estimation of preventing a serious injury ranges from 2.5 — 34.0% of the aforementioned value per fatality
and additionally the valuation of preventing a slight injury ranges from 0.03% to 4.2% accordingly [3]. Additional
findings for GDP, the total cost of European road accidents were equal to 0.4 — 4.1% of GDP and similarly, for
the whole world, a report of WHO [2] estimated them about 3% of GDP. Indicating that there is a significant effect
of road fatalities and injuries on society, health, and to an extent finance [2]-[4].

In addition to the impact of road accidents, it is fundamental to investigate the responsible risk factors for this
public health threat. For many decades, the research spotlight has shed light on many risk factors which contribute
to accidents. A relative analysis of Thomas et al. [5] investigated road accidents data from 6 countries and found
that 72% of the examined accidents involve factors related to human factor, indicating that human factor is a major
concern on road safety. In this direction, relevant studies estimated that human factor is responsible for 94% of
road accidents [6]. The remainder observed accidents were due to factors related to a combination of the road
environment and vehicle factors [7]. The aforementioned analysis showed that the human factor contributes
significantly to road accident occurrence, in other words, human is considered to be responsible for the majority
of the collisions. Consequently, especially the human factor, along with supplementary factors of road and vehicle
environment, should be investigated exhaustively in order to mitigate and reduce its contribution to road accident
fatalities. To that end, this study tries to identify and contrast risk factors that impact road safety and driving
performance.

At the same time, when intelligent transportation systems will become available in future societies, aspects such
as human factors, congestion, and energy efficiency will be improved [8]. Hence, it can be assumed that by the
evolution of automated driving; the human factor can be reduced or get assisted during AD and this will result in
the reduction of road fatalities. Another hypothesis indicates that if the driving task could be shifted to optimal
(assuming error-free systems for automated driving), consequently by removing elements of human error from the
driving operation, collision risk should be reduced or to an extent eliminated [9], [10]. Nevertheless, a more
realistic assumption is that human error will be replaced by crashes caused by imperfect automated systems in the
intermediary stages i.e., at “mixed traffic” conditions [11]. The Forum of European Road Safety Research Institutes
(FERSI) developed the main principles for “safety through automation”. A key principle for automation safety is
the necessity for “Human-Centred Design”, in which all possible user profiles should be considered when
designing Autonomous Vehicles (AVs). Also, “Human-Centred Design” includes safe communication through
road users, and safe interactions with vulnerable road users [11], indicating the key role of human factor during
designing AVs. To that end, possible user profiles were included in this review by focusing on three specific “use
case” drivers i.e. elderly, truck, and working drivers.

Combining the literature finding on the human factor effect on road accident occurrence and the developing AD
systems, it deems essential to develop a “safer” automated vehicle, which will contribute in reducing and maybe
eliminating the human factor or ideally any factor during driving. The total aim for AD stakeholders should be to
develop AD systems that assist in reducing road fatalities by developing safer e.g., in-vehicle technologies or
automated vehicles which will contribute to safer automated driving [8], [11].

This review aims to identify risk factors that impact road safety and driving performance focusing more on three
types of users, namely elderly drivers, truck operators, and office workers (i.e., working and driving
simultaneously; feasible at higher levels of automation). Additionally, this review attempts to highlight the
reviewed risk factors that should be considered in the future safety analysis of automated driving (AD)
applications. Then, the reviewed risk factors were discussed how they can be extended and adapted at the different
future AD levels and what risk factors should be considered into future safety analysis in regards to the AD level.

The paper is structured as follows: after the introductive section with a brief presentation of the importance of this
review in combination with AD development, a section follows with the examined use case description and the
literature review methodology. After that, the literature findings are presented and analyzed, along with different
subsections for the three main use cases. Then the discussion follows and the reviewed factors are discussed in
relation to the different AD levels and then the limitations, and future research are given. Finally, the conclusions
follow with the significant outcomes of this study, and then the acknowledgments follow.
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2. Methodology

2.1 Examined Use Cases
In this subsection, the use cases used for the current review are described. The use case drivers or the user types
considered were inspired by research conducted within the EU H2020 HADRIAN project, which aims at
developing an innovative Human Machine Interface (HMI) that will provide seamless interaction (named “fluid”)
between the driver and the automated vehicle. Simultaneously, the importance and purpose of choosing these three
specific use cases are explained.

Over the last decades, life expectancy is increased and it is estimated to continue having an upward trend in coming
decades [12] and combining the fact that the population is ageing, it comes as a logical consequence that the
proportion of elderly drivers increases [13]. Nowadays, the elderly population consists of 18% of the whole
European population. This percentage will be increased steadily in the future as a worldwide report indicates due
to the reduction in the fertility level [14], the declined birth rates, the baby-boom generation (which consists a
significant proportion of the population) is ageing, and the increased longevity of humans. Due to these
explanations, it is estimated that 24% and 28% of the population will be aged > 65 years in 2030 and 2050,
respectively [15].

In the context of elderly drivers and road safety, it is worth investigating the impact of the third age on accidents
and road safety in general. Several published studies show a significantly higher crash involvements rate is
observed regarding older drivers compared to the younger group [16]-[18]. Furthermore, analyzing the fatal
accidents appears that the fatality crash rate is higher for the older drivers compared to other ager groups [19],
[20]. At the same time, a study shows that injury severity is strongly related to age, thus an older driver is more
likely to be involved in an injury or fatal road accident compared to a younger one, probably because of the decline
physical condition [21]. Taking these aspects into consideration, the risk factors of elderly drivers are critical to
be analyzed as they are more vulnerable to trauma and likely to have a collision and especially for future
applications which will give the opportunity to elderly users the ability to commute [22].

Concerning the truck drivers, the total traffic fleet consists of a notable proportion of trucks (around 10%) [23]
and presents different features in comparison to passenger cars. For instance, truck drivers cover longer distances
as they use their trucks for commercial purposes. A thorough investigation for the associated risk factors is required
as truck drivers were responsible for 16% of the accidents [24]. Also, a study supplements the aforementioned
statement by highlighting the different safety patterns among different-weighted types of vehicles by stating that
“the lighter the vehicle, the less risk to other road users, and the heavier the vehicle, the less risk to its occupants”
[25], consequently, trucks may be more dangerous for other vehicles, motorbikes, and vulnerable road users, than
for the drivers themselves.

With regards to office worker drivers (i.e., working and driving simultaneously), this use case attempts to approach
a future mobility need. These drivers are expected to be a future mobility need since it will possible through higher
levels of automation to interact with non-driving-related tasks (NDRT) i.e. laptops, vehicle displays, smartphones,
or even sleeping. In the existing literature, this specific use case has not been adequately analyzed yet, since it is
impossible to work during driving with nowadays levels of automation. Therefore, this type of driver should be
analyzed and further investigated in terms of potential risk factors.

2.2 Literature review methodology

The literature search was conducted on the leading databases with published studies and most of them are published
in scientific journals after peer-review process. These scientific databases were Scopus, Science Direct, Google
Scholar using specific search terms and prioritization criteria for studies coming mainly from Europe and the U.S,
and after 2005. Also, all findings of Safety Cube DSS were exploited which is a European Road Safety Decision
Support System. In general, in Table 1, the used search terms can be found. The first column includes the basic
search terms and the second column with additional keywords depending on the specific looked-for topic.
Furthermore, in this literature review, many references were found in the literature review section of the already
screened and published papers.

As depicted in Figure 1, the first step of the literature review methodology was the search on the leading databases,
as exactly mentioned before. The second step was to view the title and the abstract, and judge if it was suitable.
The third step included the major criterion for a study to be included in the final table was that the results to be
statistically significant and the methodology to be rational and reasonable (this criterion was met with most papers,
as most of them were judged by peer review). In total, more than 100 studies were included in the review, and
approximately a total of 300 were screened.
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Table 1: Search terms of the literature review

Basic search terms Additional search terms
“accident probability” “mental workload”, “inattention”, “mind wandering”,
“road safety” “distraction”, “reaction time”, “response time”,
“fatigue”, “sleepiness”, “drowsiness”, “cognitive Literature search on databases

“risk factor” or “risk”

functions”, “cognitive abilities”, “drivin
2
“elderly” performance”, “headway”, “speed”, “turning head”,
“older” “neck flexibility”, “vision”, “night time”, “medical

ELINTS

conditions”, “hearing”, “diseases”, “medication”,

“aging” or “ageing” or “aged”

“drugs”, “emotions”, “stress”, “anger” “spatial o
“truck” perceptlon” “impairments”, “driving experience”, JV(ljewttllqtlet and ablstract )
“heavy duty” “mental workload”, “sleep disorders”, “Mind- udge fhe topic relevance
— —; Wanderlng” “night time driving”, “speeding”,
heavy vehicle » oty
“drivers' age”, “reaction time”, “age”, “weather
“trailer” conditions”, “adverse weather” “driving experience”,
“worker” “stress”, “anger”, “boredom”, “perception”, “traffic Accet iteria for th
” — den51ty” “traffic flow”, “cognitive functions”, ceeptance Criieria tor the
working N o v e screened study
“cognitive abilities”, “road type”, “sex”, “joint”
workaholic ”alcohol”, “drugs”, “v1s1on” “spatial perception”, .
“driver” “risk taking”, “medical”, “obesity”, “emotions”, F_'gure 1 Step_s of
PrRRCET “speed choice”, “medication” literature review
drive

methodology.

3. Analysis and Results

3.1 Risk Factors
In this section, the obtained findings are presented, and, specifically, risk factors for each use case as identified
based on the literature. The identified factors were distinguished for each examined use case; namely elderly, truck,
office worker drivers. As mentioned before, these use case drivers were inspired by research conducted within the
EU H2020 HADRIAN project. The literature review found several risk factors that significantly impact safety and
driving performance and are analyzed in the following subsections. In Table 2, the factors are presented in three
columns. Each column represents each examined use case or type of driver.

Also, as can be seen in Table 2, the obtained factors were categorized into two or three categories per use case.
The factors were categorized with regards to elderly drivers into three main categories namely; age-related
impairments, age-related medical conditions, and age-related medication. The implemented categorization follows
the structure of a European Commission’s report ElderSafe [15] and a published review [26] (i.e., age-related
functional limitations, illnesses, and medication). Besides, risk factors regarding truck drivers are separated into
the following categories: i) Driver-related Factors, ii) Work-related Conditions, iii) Driving Conditions.
Furthermore, office worker drivers factors are distinguished as i) Office worker-related Conditions ii) Driver
Behaviour. In combination with Table 2, Figure 2 was created to illustrate the implemented categorization of the
examined use cases. The categorization was implemented in a sense that the reviewed factors to be categorized
into as few as possible dedicated categories, as well as taking into account the three fundamental elements of
driving task: human - traffic environment — vehicle.

Table 2: Factors that impact on safety and driving performance

1. Elderly Drivers 2. Truck Drivers 3. Office Worker Drivers
1.1 Age-related Impairments: 2.1 Driver-related Factors: 3.1 Working-related

o Mental Workload o Age Conditions:

e Inattention  Driving Experience o Distraction

e Distraction e Distraction/ Inattention o Inattention

e Reaction Time o Stress

e Fatigue o Fatigue

o Cognitive Functions
o Headway & Speed
¢ Joint Flexibility

¢ Vision

e Emotions
1.2 Age-related medical 2.2 Work-related Conditions: 3.2 Driver Behaviour:
conditions o Fatigue e  Speeding
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1. Elderly Drivers 2. Truck Drivers 3. Office Worker Drivers
e Working Hours e Risk-Taking
e Sleep Duration
o Sleep Disorders
o Nighttime Driving
o Obesity
e Heavy Vehicle
Configuration (Single
Or Double Type Of
Trailer)
e Company's Safety
Policy
1.3 Age-Related Medication 2.3 Driving Conditions:
e Road Type
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Figure 2: Risk factors categorization.

3.2 Elderly Drivers
Initially, before analyzing the risk factors of elderly drivers, the definition of classification among elderly drivers
is required. Elderly drivers can be defined as the age group of 65 years old and over [26], [27]. Sometimes it can
be separated into two subcategories namely; the young elderly (65-74 years) and the older elderly (85 years and
older) [28], [29].

3.2.1 Age-related Impairments
In this section, all possible age-related impairments of elderly drivers are analyzed and therefore aspects related to
road safety research are presented. Before going deeper into the risk factors, it is worth mentioning that there is
not a clear relation between age-related impairments and accident risk. The only occasions that this relation
becomes evident are under the following severe impairments: severe sensory, perceptual or cognitive limitations,
and severe illnesses (Brouwer & Davidse, 2002 as cited in [15]). Nevertheless, the rest of the included factors are
considered to impact driving performance and probably to an extent the accident risk.

Mental Workload: The workload can be defined as the concept of "resources" or "residual resources" [30]. A
study reveals that elderly drivers compared to the younger age group differed significantly regarding the load that
was devoted to mental demand and physical demand [31]. In the same context, the mental workload of the elderly
was higher compared to the younger drivers and this outcome became worse in more complex driving situations
such as overtaking maneuvers [32]. Another study indicated that elderly drivers had a higher mental workload due
to the fact that in the experiment they did not perceive a higher percentage of “missed signals” [33]. The
aforementioned findings can be combined with the fact that there is a close relationship between the variables of
mental workload of the aged drivers and driving performance [34], [35]. Therefore, it can be concluded the



RS

8th Road Safety & Simalation In

0B-10 june, 2022 » Athens, Greece

Re

Digital

S 2 022 Sekadakis, Katrakazas , Santuccio, Mértl, Yannis / RSS2022, Athens, Greece, June 08-10, 2022
0a F

D4

perceived workload is different between elderly and younger drivers which leads to a different impact on their
driving performance.

Inattention: Inattention defines as “daydreaming and distraction through the state of mind (pondering, etc.) in a
certain way induces a level of distraction to the person driving”, which is considered as a main risk factor in road
safety [36]. Research findings presented that a higher frequency of self-reported inattention state was highly
correlated with higher risk during driving [37]. Nevertheless, focusing on the elderly, a study by Qu et al. [37]
explains that probably the purpose that older drivers reported less mind-wandering was the declined processing
capabilities. Therefore, probably this is the explanation that there was not a significant effect of older drivers’
inattention on injury severity [38].

Distraction: Drivers’ distraction occurs when a sudden event induces an attentional shift away from the driving
task. Research showed that in-vehicle tasks, namely hands-free mobile phone conversation and interaction with
entertainment/information system, decreased several variables concerning driving performance and these results
were quite stable to all different driver age groups and environmental difficulties [39], [40]. Older drivers tended
to engage selectively in distraction tasks according to driving difficulty, for example, they engaged less (with their
distractive activity) when driving becomes more challenging in comparison with less challenging maneuvers [41].

Reaction Time: The average reaction time to sudden events of the older drivers was significantly higher than
younger age groups [18], [35]. Another research showed that reaction time increased gradually with age [42], the
same influence, also, found in between older ages 70 to 89 years old [43]. Mental workload increased further the
average reaction time to sudden events and regarding elderly drivers a more remarkable influence was observed
[27], [35], [44]. The response to critical events became more inaccurate as the task difficulty increased, hence
older experiment participants made more errors than other age groups. Consequently, they had a significantly
higher no-response rate to unexpected events compared to other age groups [27]

Fatigue: The definition of fatigue varies greatly in the literature with terms such as ‘fatigue’, ‘sleepiness’, and
‘drowsiness’ being used interchangeably [45]. The Oxford dictionary definition of fatigue can be explained as
“extreme tiredness resulting from mental or physical exertion or illness” [46]. The literature review showed that
the elderly have a higher probability to cause a fatigue-related crash than the other age groups [47]. Older drivers
perceived themselves as more fatigued while driving compared to younger groups [48].

Cognitive Functions: There is a great concern of “age-related cognitive decline” that impacts cognitive functions
among the elderly population. Specifically, a study showed that cognitive abilities [49] and cognitive performance
such as measures of speed processing [50], [51] declined in the older population. The elderly needed more time to
process complex information before an accurate response [27], [51]. Another study concluded that mental
flexibility is worse for the elderly [31]. These findings can be combined with the finding that the declined cognitive
abilities were found to be significantly correlated with driving performance [52], [53] and conclude the
indisputable interrelationship between cognitive functions and driving performance. On the contrary to a study
which extracted that older age group have the same cognitive measurements as the younger ones, however, this
specific study considered as older driver those who aged above 58 years old [51] and can be considered as improper
since the majority of researches categorize this age group above 65, as stated at the beginning of this section.

Headway & Speed: The headway time is defined as the elapsed time between the front of the lead vehicle passing
a point on the roadway and the front of the following vehicle passing the same point [54] and headway distance as
the elapsed distance respectively. Both headway and speed variables are considered as driver-chosen and
consequently, it can be considered as a risk factor. According to Chen et al. [55], elderly drivers have developed
an adaptive and defensive strategy by keeping longer headways and a lower speed, this was revealed by comparing
prior-to-conflict measurements such as speed and headway. For this statement, other studies concluded the same;
elderly drivers tended to drive slower than other age groups [18], [31]. Furthermore, they kept longer headway
from the front vehicle [52], [56]. All the above confirms that the elderly develop a more defensive driving strategy
meaning that they choose a safer slower speed and greater headways during driving. In combination with the
aforementioned variables, some researches found that the older age group deviated in speed less compared to the
younger age groups [18], [51] and other researches found the exact opposite, a higher deviation [52], [56].
Regarding headway variation, the elderly deviated more [56]. As a logical consequence, it can be defined that
there is not a clear conclusion concerning the deviation of speed and headway.

Joint Flexibility: Another research finding is neck flexibility measurement, which showed a significant effect on
driving performance. More specifically, elderly drivers show less neck flexibility measurement [57]. Aged drivers
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tended to make moderately sharper or tighter turns than younger drivers due to the reduced head and neck
flexibility, and subsequently, they lacked checking traffic vehicles [58].

Vision: Elderly drivers have a significantly decreased performance in peripheral motion contrast threshold and age
was found to be strongly correlated with peripheral motion contrast threshold. Furthermore, the peripheral motion
indicator was remarkably associated with crashes and driving performance [59]. Another finding was that there
was a significant reduction in the elderly’s visual field size, but in dynamic conditions only [31]. In combination
with the aforementioned argument, a different visual behaviour was observed concerning the age, the difference
concentrates on the area that the driver looks at. From the results of the experiment, older drivers looked more at
lane markings on the road for having a correct position in the traffic, however younger drivers looked more at
dynamic objects-threats such as the traffic vehicles [57]. Furthermore, older drivers tended to look less often on
the road for potential threats than younger drivers [60]. According to Bao & Boyle [61], they tended to look less
at their available scanning range such as the left, right, rearview mirror or somewhere random compared to the
middle-aged. On specific occasions, the elderly looked and scanned significantly less left and right when they
passed through an intersection. Moreover, they checked the rearview mirror significantly less compared to the
middle-aged. In the context of vision impairments, visual deficiencies are associated with crash involvement [62].
Moreover, another study implies that impaired visual processing and glaucoma may play a role that older driver
crashes and to by extent result in injuries [63].

Emotions: Some studies found that older drivers tended to drive less aggressively compared to the younger age
groups [64], [65] and as a consequence, elderlies were taking a little risk.

3.2.2 Age-related medical conditions

Amongst elderly people, there is a higher probability to be diagnosed with one or more specific medical conditions
which are more dominant in the older adult population [15]. Hence, the following diseases are called age-related.
A study by Clarke et al., [47] found older drivers with chronic or acute illness, in general, can contribute to more
crashes. The following listed medical conditions can potentially impact the accident risk of elderly road users [66]
and it is not the condition itself that increased the risk, but the influence of the condition on the functional abilities
and skills of the elderly drivers to respond appropriately to a critical event [15], [67]. On the contrary to this,
another study mentions that the observed increased risk can be caused by the proper medications which are being
prescribed to the elderly drivers [15], [68]. The increased risk, probably is due to a combination of these two
factors: i) the influence of the condition on the functional abilities and skills and ii) medications, and this should
be considered in future studies in order to accomplish unbiased outcomes. According to the literature and mostly
in two meta-analyses of J. Charlton et al. and Vaa [66], [68], the identified age-related medical conditions which
are presented to be associated with higher accident risk are the following [15], [69]:

Alcohol abuse, Cardiovascular diseases, Cerebrovascular diseases, Depression, Dementia, Multiple Sclerosis,
Diabetes mellitus, Epilepsy, Hearing impairments, Musculoskeletal and motor disability conditions, Parkinson’s
disease, Psychiatric disorders, Renal disease, Schizophrenia, Sleep apnoea, Vision impairments, Hearing
impairments, Heart disease or stroke, Cataracts, Mental disorders, Neurological disease, and Arthritis/
Locomotor disability

Furthermore, having more than one illness which is defined as “comorbidity” is more common among the elderly
population and is considered also associated with a higher crash risk [15].

With regards to the declining vision, a number of papers indicated that reduced vision and visual acuity impacted
negatively on accident involvement (for both injury and non-injury accidents) [62], [63]. These results showed
that poor vision, which is more probable for elderlies, impacted statistically significant on accident involvement.
On the other hand, a study by Gresset & Meyer [70] presented a neutral effect of the vision-related variables on
accidents. Simultaneously, focusing on hearing loss, a study by Picard et al. [71] indicated that there was a modest
but significant correlation and association between hearing loss and crash involvement. Besides, Green et al. and
Ivers et al. [62], [72] found a non-significant increase and unclear effect on accidents, respectively. In addition to
the association between hearing loss and crash involvement, a recent study by Dultz et al. [73] found that hearing
impairment can be associated with higher injury severity.

3.2.3 Age-Related Medication
In addition and combination with the previous section on age-related diseases, it was found that the observed
increased accident risk can be caused by medications that are being prescribed to the elderly for treating various
medical conditions [15], [68]. Additionally, another study proved the existence of medical conditions and
medications amongst the elderly is highly associated with the risk of accidents [69]. More specifically, Vaa [68]
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estimated the accident risk of medical influence and it was found to be equal to 1.58 and at a 95% confidence
interval ranging from 1.45 to 1.73. Meaning that drivers who are being prescribed medication presented a 58%
increase in accident risk compared to non-medical road users.

3.3 Truck Drivers
The main two characteristics that truck drivers differ from regular commuters are i) devoting a great amount of
their day driving, and covering longer distances [74] ii) the type of vehicle. Therefore, the dedicated category of
drivers with their heavy-weighted vehicles should be examined separately in terms of assessment since truck
drivers have different needs and performances compared to regular commuters.

3.3.1 Driver-related Factors

Age & Driving Experience: A significant predictor of being principally responsible for an accident was if the driver
was young [24], [75]. Another research by Maycock [76] found that the accident frequency was highest for the
youngest group of 17-29 years and the accident frequency decreased to less than one-third of this for drivers over
55 years of age; this result was considered to be combined effects of both age and driving experience. This finding
is consistent with literature among daily commuters, young drivers were more prone to get involved in accidents
than other ages [77], [78]. Also, by analyzing young driver accidents presented different features to those of other
age groups drivers; young drivers were involved in single-vehicle accidents involving loss of control, due to excess
of the speed limit, more accidents during the night-time (darkness), on single-lane rural roads and while making
cross-flow turns [77].

3.3.2 Work-related Conditions

Fatigue, Working Hours, Sleep Duration, Sleep Disorders, Nighttime Driving, Obesity: With regards to the truck
drivers, when they drove six or more hours prior to their crash, were more prone to get involved in crashes than
those with fewer hours [79]. Furthermore, another finding is that 4% of the drivers had been tired prior to the
accident [80]. Another study investigated the causes of fatigue and are namely; driving the day, duration of
wakefulness, inadequate sleep, sleep disorders, and prolonged work hours [81]. Also, obesity is considered to be
a fatigue-related accident factor [82]. Thus, daytime driving, sleep duration, sleep disorders, and working hours
can cause fatigue and subsequently probably an increased accident risk.

Distraction/ Inattention: Literature study analyzed critical naturalistic incidents with long-haul truck drivers and
the results showed that the frequency and duration of a task were found to contribute to critical incidents
occurrence. Also, it was clear that visually demanding tasks have the highest degree of risk compared to other
categories. [83].

Heavy Vehicle Configuration (Single Or Double Type Of Trailer): Double trailer vehicles showed involvement in
accidents that increased steadily as the number of driving hours increased [79]. In this context, double trailer
driving had an injury risk ratio of 1.32 compared to the single-trailer configuration [84]

Company's Safety Policy: In addition, another study indicated that the truck company by developing a safety policy
culture was a countermeasure for fatigue-inducing factors associated with heavy vehicle driving work [85]. A
safety policy for a company is, for example, the assistance with the activities of loading and unloading which are
highly correlated with fatigue. Another finding associated with the company’s policy was that the safety
performance of certified carriers was significantly better after certification than before, and it also was significantly
better than non-certified carriers [86].

3.3.3 Driving Conditions
Road Type: Moreover, urban areas have higher traffic densities, and at the same time lower operating speeds and
lower speeds contribute to a lower probability of injury or death given an accident with regards to trucks [80].

3.4 Office Worker Drivers

Existing literature has not investigated the futuristic mobility need of a working driver since it is impossible to
work while driving with current automation levels. However, this is expected to be a future mobility need since
the higher levels of automation make it feasible for the drivers to interact with non-driving-related tasks (NDRT),
i.e., laptops, vehicle displays, smartphones, or even sleeping [87]. Hence, this gap is a sub-motivation to further
investigate and support this type of driver by investigating potential risk factors. The included factors for office
workers derived mainly from assumptions depending on their special needs. These factors will be justified based
on the existing knowledge derived from literature coming mainly from automated and manual driving. Probably,
the factors that will be related mostly to office worker drivers are the following.
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3.4.1 Working-related Conditions

Distraction & Inattention: Especially, at the intermediate SAE automation levels (i.e., SAE levels 2, 3) prior to
the highly automated, the driving task will still require human inputs and interventions such as Take Over Request
(TORs) maneuvers. However, the drivers could be more probable to be distracted and inattentive during the TORs.
This is due to the fact that AD will give the ability to the drivers to be involved with NDRTs and since they are
office workers; they could probably be busy with office-based liabilities. Therefore, the drivers would look at their
laptop, smartphone, or tablet and think about their open-topics and liabilities. Naujoks et al. [87] classified various
NDRTs concerning their impact on driver performance in takeover scenarios and concludes that this is a
fundamental contribution toward the creation of safe AD functions. Research showed that in-vehicle tasks during
manual driving; hands-free mobile phone conversation and interaction with entertainment/information system,
decreased several variables concerning driving performance and these results were quite stable to all different
driver age groups and environmental difficulties [39], [40]. Another study modeled the reaction time and the results
showed that reaction time was increased during the distraction tasks [88]. Consequently, taking into account the
increased reaction time due to the distraction, accident probability was increased during distraction [89].

Stress: Emotion of stress probably will be a risk factor for office workers as they will be worried about their open
topic and liabilities. Probably, at intermediate AD levels, office worker drivers will experience more stress which
will be external from driving tasks and this requires further research. Based on the existing literature, emotions, in
general, significantly impact driving performance and accident probability were impatience, aggressiveness,
boredom, and stress [90]-[93].

Fatigue: Fatigue or drowsiness, as stated and analyzed previously, will be more probable for office workers to be
more fatigued than other commuters as they will have to return home after a working day. Fatigued-driving after
a long working day may increase the accident risk of all drivers or even fall asleep. Fatigue can be a major concern
for the drivers’ safety as it can predict more road accidents [94], [95]. With regards to TORs, fatigued drivers could
cause a serious hazard in take-over situations where situation awareness is required to prepare for threats [96]

3.4.2 Driver Behaviour
Speeding: Office workers will be more probable to exceed the speed limit in order to reach on time at their
destination, even with an AV when automation will not be available. A study by Hauer [97] indicates that
undeniably if speed increases while other conditions (vehicles, roads, medical services) remain unchanged,
accidents will be more severe. Hence, a change in mean speed can predict the potential change in injuries and
fatalities.

Risk-Taking: Also, risk-taking behaviour should be considered and investigated with regards to office workers
drivers as they are probably involved in such harsh events in order to reach on time at their destination. This risk-
taking behaviour is highly correlated with speeding and maintaining shorter headway distances. Literature findings
revealed that poor driving namely, driver behaviour and risk-taking indicated a higher probability for a road
accident occurrence [94].

4. Discussion

This work structured a review of risk factors that impact road safety and driving performance focusing more on
three types of users, namely elderly drivers, truck operators, and office workers (i.e., working and driving
simultaneously; feasible at higher levels of automation). In Table 2, the obtained risk factors from this review were
gathered and the review follows in Sections 3.2-3.4. Also, this review followed a specific categorization of the
obtained factors. The risk factors were categorized into dedicated categories which are illustrated in Figure 2.

At the intermediate SAE automation levels (i.e., SAE levels 2, 3) prior to the highly automated (i.e., SAE levels
4, 5), the driving task will still require human inputs and interventions [22]. At these two AD levels, apart from
the TORs, there will be sections within the commuting routes that AD will not be available and the drivers will be
required to drive manually. Therefore, within these manual driving parts, the reviewed risk factors will be present
and probably AVs manufacturers could focus on eliminating or mitigating these risk factors with technology aid.
However, AVs manufacturers should concentrate on elderly drivers more since AD will be more attractive for
them if the majority of the route will be self-driven. Nevertheless, special focus should be given on TORs
(transition from automated to manual driving) which will be a new task for AV users and connects automated with
manual driving and should be investigated more profoundly in terms of risk factors since human factors will still
be present during TORs.
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More specifically during TORs, all the risk factors will still be present. However, their impact on accident risk and
driving performance will redistribute, and hence further research is needed on how the obtained risk factors will
impact accident risk and driving performance during TORs. Special focus and further investigation should be
implemented for the following risk factors during TORs regardless of the use cases of the driver:

o Distraction: the drivers will be more probable to be distracted and inattentive during the TORs. This is
due to the fact that AVs would permit the driver to be distracted with NDRTs when AD is enabled. Hence,
the drivers would look at their laptop, smartphone, or tablet prior to TORs and not outside the driving
environment [87].

e Inattention: for the same reason as the distraction, drivers will be more prone to be distracted and
inattentive during the TORs by thinking about open topics and liabilities.

e Stress: Emotion of stress probably will be a risk factor for all use cases since will experience stress which
will be external from driving tasks and this requires further research. Based on the existing literature,
emotions, in general, significantly impact driving performance and accident probability [90]-[93].

e Fatigue: Fatigue will be a critical risk factor for the drivers. The driver could be fatigued or even fall
asleep during AD, as AVs will give the ability to the users to fall asleep when operating in AD since they
will be not engaged with the driving task. As stated previously, fatigue can be a major concern for the
drivers’ safety as it can predict more road accidents [94], [95].

e Driving Experience: Driving experience will be a determinant factor for the whole performance of the
TOR maneuver, especially in urgent requests. Also, driving experience will be a determinant factor if the
driver checked all necessary information in the driving environment before taking over control, and for
the time of perception or reaction.

At SAE levels 4 and 5, there are no human interventions and hence the obtained risk factors do not exist. Therefore,
human factor which is responsible for 65-95% of accidents [6], [7] will be reduced and to an extent eliminated
when designing autonomous driving concepts. An ideal hypothesis for AD would be that by removing human from
the task of driving, the elimination of accident risk will be accomplished [9], [10]. Though, a more realistic
assumption is that human error will be replaced by accidents caused by imperfect automated systems [11].
Therefore, with regards to the current study, another type of analysis (e.g., AD mechanical failure) is needed when
these levels will become available in order to estimate accident risk.

AV manufacturers could focus on reducing or even eliminating these risk factors with technology aid such as
driver monitoring, or a system that intervenes with driving corrections, especially for AD up to SAE level 3.
Human factor should be in the research spotlight even at AD levels 2 and 3 in order to mitigate and reduce its
contribution to road accident fatalities. To that end, safer AD systems could be accomplished by reducing or maybe
ideally eliminating the human factor since is responsible for up to 94% of road accidents [6]. Especially at the
stage when automation will be introduced more dynamically into the traffic mix, it is an opportunity to reduce risk
factors related to automated driving in order to accomplish higher AV market penetration rates. Furthermore, AVs
manufacturers should also concentrate more on elderly drivers due to the fact that driving will be more attractive
for them, as stated previously. In addition, different driving profiles should be investigated and treated differently
in order to accomplish safer AD systems. This is consistent with the literature and the key principle of FERSI [11]
which suggested a “Human-Centred Design”, and in which all possible user profiles should be considered when
designing Autonomous Vehicles (AVS).

Nevertheless, this study is not without shortcomings, and therefore, future research could focus on covering the
remaining gaps that this work did not cover. The study limitations can be considered the following: First of all,
there are more studies in the existing literature that were not exploited by this review paper with regards to the
aforementioned factors. Furthermore, probably there are additional risk factors or even categories that should be
considered and were not included in the present review. The aforementioned shortcoming can be covered with
further research in a future study. Besides, in this future study, a more detailed connection between risk factors
and AD can be developed and analyzed as there is no existing work in this direction. Hence, in this review, risk
factors were not justified thoroughly how they can be mitigated at intermediate AD levels (SAE level 2 or 3) in
which the human factors will still be apparent or even at higher AD levels in which system errors will replace the
human factor. These specific points are left to further research. In addition, a notable limitation, which was
mentioned at the beginning of this paper, there is not a direct connection between risk factors and accident
probability because it is almost impossible to investigate if these specific risk factors are directly correlated with
the recorded accident data. Nevertheless, in this review, it was assumed based on literature that many risk factors
affect driving behaviour and performance and consequently the risk probability.

Some further research proposals were given along with study limitations as this work has shortcomings which
future research could focus on covering these remaining gaps. Also, this work gives future research directions as

10



RSS

022

Sekadakis, Katrakazas , Santuccio, Mértl, Yannis / RSS2022, Athens, Greece, June 08-10, 2022

8th Road Safety & Simulation Intemational Conference

08-

Road

10 une,

Digital

2022 « Athens, Greece

D4

it is a literature review. In general, literature reviews report and review the existing literature. Researchers can
easily find by exploiting a literature review which are the literature gaps, namely “what is missing from the
literature and what is still pending to be investigated”. Researchers could also find easily similar studies of their
interest, and focus on what directives the authors of the review draw for future research. Following this logic in
this work, researchers can easily find throughout the study missing parts of literature and directives for their future
research. For instance, some insufficiently investigated significant risk factors regarding the elderly drivers were
e.g., distraction, inattention, and cognitive functions. With regards to the truck driver, further research is proposed
for the following risk factors: working hours, sleep duration, and distraction/ inattention. Office worker drivers are
a future mobility need and thorough and holistic research is required for all the aforementioned risk factors.
Overall, it can be observed a total lack of direct correlation between risk factors with accident risk or reported road
accidents. Finally, the reviewed risk factors could guide stakeholders in accomplishing a safer transition from
manual to autonomous driving for all road users.

5. Conclusions

This study tried to identify and review risk factors that impact road safety and driving performance focusing more
on three types of users, namely elderly drivers, truck operators, and office workers (i.e., working and driving
simultaneously; feasible at higher levels of automation). This review attempted to highlight the reviewed risk
factors that should be considered in future safety analyses. In Table 2, the obtained risk factors from this review
were gathered and the review follows in Sections 3.2-3.4. The risk factors were categorized into dedicated
categories which are illustrated in Figure 2. Then, the reviewed risk factors are discussed on how they can be
extended and adapted at the different future AD levels and what risk factors should be considered into future safety
analysis in regards to the AD level. The aforementioned review will be exploited by the HADRIAN project, like
any other HMI stakeholder, in order to develop a human-centered assessment methodology that will evaluate the
way the human interacts with potential HMI configurations. Overall, it can be observed a total lack of direct
correlation between risk factors with accident risk or reported road accidents. In this work, researchers can easily
find throughout the study missing parts of literature and directives for their future research. Also, this study was
not without shortcomings, and therefore future research proposals were given and by this researchers could focus
on covering the remaining gaps that this work did not cover. Finally, the reviewed risk factors could guide
stakeholders in accomplishing a safer transition to autonomous and manual driving for all road users.

Acknowledgment
H HADRIAN has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 875597. The document reflects only the author’s view, the
Agency is not responsible for any use that may be made of the information it contains.

References
[1] WHO, “Road traffic injuries,” 2021. [12] B. Babel, E. Bomsdorf, and R. Schmidt, “Future life 10.1016/S0001-4575(98)00038-4.
https://www.who.int/news-room/fact-sheets/detail/road- expectancy in Australia, Europe, Japan and North [22] SAE, “Taxonomy and Definitions for Terms Related to
traffic-injuries (accessed Dec. 27, 2021). America,” J. Popul. Res., vol. 24, no. 1, pp. 119-131, Driving Automation Systems for On-Road Motor
[2] WHO, GLOBAL STATUS REPORT ON ROAD SAFETY 2007, doi: 10.1007/BF03031881. Vehicles,” pp. 42-56, 2016, doi: 10.4271/2012-01-0107.
2018. ISBN 978-92-4-156568-4, 2018. [13] J. E. Cohen, “Human Population: The Next Half [23] R. Chadetrik, G. Sunil, and S. Mukesh, “Air quality
[8] W. Wijnen etal., “An analysis of official road crash cost Century,” Science (80-. )., vol. 302, no. 5648, pp. 1172~ prediction along a highway corridor under mixed traffic
estimates in European countries,” Saf. Sci., vol. 113, no. 1175, 2003, doi: 10.1126/science.1088665. condition,” Int. J. Earth Sci. Eng., vol. 8, no. 5, pp. 2017—
December 2018, pp. 318-327, 2019, doi: [14] United Nations, “World Population Prospects,” Key 2024, 2015.
10.1016/j.ss€i.2018.12.004. findings & advance tables. 2017. [24] Helind and H. Summala, “Fatal traffic accidents among
[4] G. Yannis, E. Papadimitriou, and K. Folla, “Effect of [15] E.Poldersetal., “ElderSafe - Risks and countermeasures trailer truck drivers and accident causes as viewed by
GDP changes on road traffic fatalities,” Saf. Sci., vol. 63, for road traffic of the elderly in Europe,” p. 159, 2015. other truck drivers,” Accid. Anal. Prev., vol. 33, no. 2,
pp. 42-49, 2014, doi: 10.1016/j.s5¢i.2013.10.017. [16] D. Loughran, S. Seabury, and L. Zakaras, “What Risks pp. 187-196, 2001, doi: 10.1016/S0001-4575(00)00030-
[5] P. Thomas, A. Morris, R. Talbot, and H. Fagerlind, Do Older Drivers Pose to Traffic Safety?,” What Risks 0.
“Identifying the causes of road crashes in Europe,” Ann. Do Older Drivers Pose to Traffic Safety?, 2018, doi: [25] L. Evansand M. C. Frick, “Mass ratio and relative driver
Adv. Automot. Med., vol. 57, pp. 13-22, 2013. 10.7249/rb9272. fatality risk in two-vehicle crashes,” Accid. Anal. Prev.,
[6] NHTSA, “Critical Reasons for Crashes Investigated in [17] M. Papa et al., “Comorbidities and crash involvement vol. 25, no. 2, pp. 213-224, 1993, doi: 10.1016/0001-
the National Motor Vehicle Crash Causation Survey,” among younger and older drivers,” PLoS One, vol. 9, no. 4575(93)90062-2.
2015. 4, pp. 1-6, 2014, doi: 10.1371/journal.pone.0094564.  [26] M. Whelan, J. Langford, J. Oxley, S. Koppel, and J.
[7] F. Conche and M. Tight, “Use of CCTV to determine [18] S. Doroudgar, H. M. Chuang, P. J. Perry, K. Thomas, K. Charlton, “THE ELDERLY AND MOBILITY: A
road accident factors in urban areas,” Accid. Anal. Prev., Bohnert, and J. Canedo, “Driving performance REVIEW OF THE LITERATURE,” no. 255, p. 118,
vol. 38, no. 6, pp. 1197-1207, 2006, doi: comparing older versus younger drivers,” Traffic Inj. 2006.
10.1016/j.aap.2006.05.008. Prev., vol. 18, no. 1, pp. 41-46, 2017, doi: [27] E. Salvia, C. Petit, S. Champely, R. Chomette, F. Di
[8] D. Watzenig and M. Horn, Automated Driving Safer and 10.1080/15389588.2016.1194980. Rienzo, and C. Collet, “Effects of age and task load on
More Efficient Future Driving, vol. 10, no. 29. Springer, [19] A. Rakotonirainy, D. Steinhardt, P. Delhomme, M. drivers” response accuracy and reaction time when
2017. Darvell, and A. Schramm, “Older drivers’ crashes in responding to traffic lights,” Front. Aging Neurosci., vol.
[9] D.J. Fagnantand K. Kockelman, “Preparing a nation for Queensland, Australia,” Accid. Anal. Prev., vol. 48, pp. 8, no. JUN, pp. 1-9, 2016, doi:
autonomous vehicles: Opportunities, barriers and policy 423-429, 2012, doi: 10.1016/j.aap.2012.02.016. 10.3389/fnagi.2016.00169.
recommendations,” Transp. Res. Part A Policy Pract., [20] D. A. Lombardi, W. J. Horrey, and T. K. Courtney, [28] D. W. Eby, L. J. Molnar, J. T. Shope, J. M. Vivoda, and
vol. 77, pp. 167-181, 2015, doi: “Age-related differences in fatal intersection crashes in T. A. Fordyce, “Improving older driver knowledge and
10.1016/j.tra.2015.04.003. the United States,” Accid. Anal. Prev., vol. 99, pp. 20— self-awareness through self-assessment: The driving
[10] E.R. Teoh and D. G. Kidd, “Rage against the machine? 29, 2017, doi: 10.1016/j.aap.2016.10.030. decisions workbook,” J. Safety Res., vol. 34, no. 4, pp.
Google’s self-driving cars versus human drivers,” J. [21] M. A. Abdel-Aty, C. L. Chen, and J. R. Schott, “An 371-381, 2003, doi: 10.1016/j.jsr.2003.09.006.
Safety Res., vol. 63, pp. 57-60, 2017, doi: assessment of the effect of driver age on traffic accident [29] R. Alsnih and D. A. Hensher, “The mobility and
10.1016/j.jsr.2017.08.008. involvement using log-linear models,” Accid. Anal. accessibility expectations of seniors in an aging
[11] FERSI, “Safety through automation ?,” 2018. Prev.,, vol. 30, no. 6, pp. 851-861, 1998, doi: population,” Transp. Res. Part A Policy Pract., vol. 37,

11



- WA
8th Road Safety & Simulation Intemational
R ‘
Digh

08-10 june, 2022 » Athens, Greece

[30]
[31]
[32]

[33]

[34]
[35]
[36]
[37]

[38]

[39]
[40]
[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]
[49]

[50]

22

Conference

D4

no. 10, pp. 903-916, 2003, doi: 10.1016/S0965-
8564(03)00073-9.

Yei-Yu Yeh and C. D. Wickens, “Dissociation of [51]
performance and subjective measures of workload,”
Hum. Factors, vol. 30, no. 1, pp. 111-120, 1988, doi:
10.1177/001872088803000110.

M. P. Isabelle and M. Simon, “Comparison between [52]
elderly and young drivers’ performances on a driving
simulator and self-assessment of their driving attitudes

and mastery,” Accid. Anal. Prev., vol. 135, no.
September 2019, p. 105317, 2020, doi: [53]
10.1016/j.aap.2019.105317.

V. Cantin, M. Lavalliére, M. Simoneau, and N. Teasdale,
“Mental workload when driving in a simulator: Effects

of age and driving complexity,” Accid. Anal. Prev., vol. [54]
41, no. 4, pp. 763-771, 2009, doi:
10.1016/j.aap.2009.03.019.

R. J. Davidse, M. P. Hagenzieker, P. C. van Wolffelaar,

and W. H. Brouwer, “Effects of In-Car Support on
Mental Workload and Driving Performance of Older [55]
Drivers,” Hum. Factors J. Hum. Factors Ergon. Soc.,

vol. 51, no. 4, pp. 463-476, Aug. 2009, doi:
10.1177/0018720809344977.

N. I. Abd Rahman, S. Z. Md Dawal, and N. Yusoff,
“Driving mental workload and performance of ageing [56]
drivers,” Transp. Res. Part F Traffic Psychol. Behav.,

vol. 69, pp. 265-285, 2020, doi:
10.1016/j.trf.2020.01.019.

H. Makishita and K. Matsunaga, “Differences of drivers” [57]
reaction times according to age and mental workload,”
Accid. Anal. Prev., vol. 40, no. 2, pp. 567-575, 2008,

doi: 10.1016/j.aap.2007.08.012.

A. Ziakopoulos, A. Theofilatos, E. Papadimitriou, and G. [58]
Yannis, “Distraction- Cognitive overload , Inattention,”
(2016), Distraction- Cogn. overload, Ina. Eur. Road Saf.
Decis. Support Syst. Dev. by H2020 Proj. SafetyCube.
Retrieved from www.roadsafety- dss.eu 14/04/2020,
2016.

W. Qu, Y. Ge, Y. Xiong, R. Carciofo, W. Zhao, and K.
Zhang, “The relationship between mind wandering and
dangerous driving behavior among Chinese drivers,”
Saf. Sci, wvol. 78, pp. 41-48, 2015, doi:
10.1016/j.55¢i.2015.04.016. [60]
B. Donmez and Z. Liu, “Associations of distraction
involvement and age with driver injury severities,” J.
Safety Res., wvol. 52, pp. 23-28, 2015, doi:
10.1016/j.jsr.2014.12.001. [61]
T. Horberry, J. Anderson, M. A. Regan, T. J. Triggs, and

J. Brown, “Driver distraction: The effects of concurrent
in-vehicle tasks, road environment complexity and age

on driving performance,” Accid. Anal. Prev., vol. 38, no. [62]
1, pp. 185-191, 2006, doi: 10.1016/j.aap.2005.09.007.

T. S. and H. A. Le Anh Son, Hiroto Hamada, Makoto
Inagami, “Advances in Human Aspects of
Transportation,” Adv. Hum. Asp. Transp., vol. 484, no. [63]
March 2018, pp. 31-43, 2017, doi: 10.1007/978-3-319-
41682-3.

J. L. Charlton, M. Catchlove, M. Scully, S. Koppel, and [64]
S. Newstead, “Older driver distraction: A naturalistic
study of behaviour at intersections,” Accid. Anal. Prev.,

vol. 58, pp. 271-278, 2013, doi:
10.1016/j.aap.2012.12.027.

M. Svetina, “The reaction times of drivers aged 20 to 80 [65]
during a divided attention driving,” Traffic Inj. Prev.,

vol. 17, no. 8 pp. 810-814, 2016, doi:
10.1080/15389588.2016.1157590.

Y. Nakano, H. Kawanaka, and K. Oguri, “Analysis of
elderly drivers’ performance using large-scale test data,”
IEICE Trans. Fundam. Electron. Commun. Comput. [66]
Sci., vol. E99A, no. 1, pp. 243-251, 2016, doi:
10.1587/transfun.E99.A.243.

L. M. Lundqvist and L. Eriksson, “Age, cognitive load, [67]
and multimodal effects on driver response to directional
warning,” Appl. Ergon., vol. 76, no. December 2018, pp. [68]
147-154, 2019, doi: 10.1016/j.apergo.2019.01.002.

R. Talbot and A. Filtness, “Fatigue — Not Enough Sleep

/ Driving While Tired,” Eur. Road Saf. Decis. Support [69]
Syst. Dev. by H2020 Proj. SafetyCube. Retrieved from
www.roadsafety-dss.eu 14/04/2020, 2017.

B. Pageaux and R. Lepers, “Fatigue induced by physical

and mental exertion increases perception of effort and
impairs subsequent endurance performance,” Front.
Physiol., vol. 7, no. NOV, 2016, doi: [70]
10.3389/fphys.2016.00587.

D. D. Clarke, P. Ward, C. Bartle, and W. Truman, “Older
drivers’ road traffic crashes in the UK,” Accid. Anal.
Prev., vol. 42, no. 4, pp. 1018-1024, 2010, doi:
10.1016/j.aap.2009.12.005. [71
E. Valliéres, P. Ruer, J. Bergeron, P. M. Duff, & C. G.-

V. K. A-S., and N. Mezghani, “Perceived Fatigue
among Aging Drivers : An Examination of the Impact of
Age and Duration of Driving Time on a Simulator,” no. [72]
January 2016, 2015.

T. Salthouse, T. Atkinson, and D. Berish, “Executive
Functioning as a Potential Mediator of Age-Related
Cognitive Decline in Normal Adults,” J. Exp. Psychol.
Gen., vol. 132, no. 4, pp. 566-594, 2003, doi:
10.1037/0096-3445.132.4.566.

T. Salthouse, “The Processing-Speed Theory of Adult
Age Differences in Cognition,” Psychol. Rev., vol. 103,

[59]

[73]

no. 3, pp. 403-428, 1996, doi:
7974.9.3.339.

W. Song et al., “Fatigue in Younger and Older Drivers:
Effectiveness of an Alertness-Maintaining Task,” Hum.
Factors, vol. 59, no. 6, pp. 995-1008, 2017, doi:
10.1177/0018720817706811.

E. C. Andrews and S. J. Westerman, “Age differences in
simulated  driving  performance:  Compensatory
processes,” Accid. Anal. Prev., vol. 45, pp. 660668,
2012, doi: 10.1016/j.aap.2011.09.047.

S. Shanmugaratnam, S. J. Kass, and J. E. Arruda, “Age
differences in cognitive and psychomotor abilities and
simulated driving,” Accid. Anal. Prev., vol. 42, no. 3, pp.
802-808, 2010, doi: 10.1016/j.aap.2009.10.002.

S. M. S. Mahmud, L. Ferreira, M. S. Hoque, and A.
Tavassoli, “Application of proximal surrogate indicators
for safety evaluation: A review of recent developments
and research needs,” IATSS Res., vol. 41, no. 4, pp. 153
163, 2017, doi: 10.1016/j.iatssr.2017.02.001.

T. Chen, L. Bai, and N. N. Sze, “Factors affecting the
severity of rear-end conflicts: A driving simulator
study,” ICTIS 2019 - 5th Int. Conf. Transp. Inf. Saf., no.
25203717, pp. 1182-1187, 2019, doi:
10.1109/ICT1S.2019.8883598.

M. Jian and J. Shi, “Analysis of impact of elderly drivers
on traffic safety using ANN based car-following model,”
Saf. Sci., vol. 122, no. October 2019, p. 104536, 2020, [80]
doi: 10.1016/j.ssci.2019.104536.

T. Dukic and T. Broberg, “Older drivers’ visual search
behaviour at intersections,” Transp. Res. Part F Traffic
Psychol. Behav., vol. 15, no. 4, pp. 462-470, 2012, doi: [81]
10.1016/j.trf.2011.10.001.

J. Choi, R. Tay, S. Kim, and S. Jeong, “Turning
movements, vehicle offsets and ageing drivers driving
behaviour ~at channelized and unchannelized [82]
intersections,” Accid. Anal. Prev., vol. 108, no. August,

pp. 227-233, 2017, doi: 10.1016/j.aap.2017.08.029.

S. Henderson, S. Gagnon, C. Collin, R. Tabone, and A.
Stinchcombe, “Near peripheral motion contrast
threshold  predicts  older  drivers’  simulator [83]
performance,” Accid. Anal. Prev., vol. 50, pp. 103-109,
2013, doi: 10.1016/j.aap.2012.03.035.

R. Matthew and D. Fisher, “The Effect of Active Versus [84]
Passive Training Strategies on Improving Older Drivers’
Scanning in Intersections,” Hum. Factors, vol. 51, no. 5,

pp. 652-668, 2009, doi: 10.1177/0018720809352654.

S. Bao and L. N. Boyle, “Age-related differences in [85]
visual scanning at median-divided highway intersections

in rural areas,” Accid. Anal. Prev., vol. 41, no. 1, pp.
146-152, 2009, doi: 10.1016/j.aap.2008.10.007.

R. Q. Ivers, P. Mitchell, and R. G. Cumming, “Sensory [86]
impairment and driving: The Blue Mountains Eye
Study,” Am. J. Public Health, vol. 89, no. 1, pp. 85-87,
1999, doi: 10.2105/AJPH.89.1.85.

C. Owsley and G. McGwin, “Vision impairment and
driving,” Surv. Ophthalmol., vol. 43, no. 6, pp. 535-550, [87]
1999, doi: 10.1016/S0039-6257(99)00035-1.

D. Shinar, N. Tractinsky, and R. Compton, “Effects of
practice, age, and task demands, on interference from a
phone task while driving,” Accid. Anal. Prev., vol. 37, [88]
no. 2, 315-326, 2005, doi:
10.1016/j.aap.2004.09.007.

D. Herrero-Fernandez and S. Fonseca-Baeza, “Angry
thoughts in Spanish drivers and their relationship with [89]
crash-related events. The mediation effect of aggressive

and risky driving,” Accid. Anal. Prev., vol. 106, no.
November 2016, pp. 99-108, 2017, doi: [90]
10.1016/j.aap.2017.05.015.

J. Charlton et al., “Influence of chronic illness on crash
involvement of motors vehicle drivers: 2nd edition.,” no.
300, p. 640, 2010.

D. Eby, L. Molnar, and P. Kartje, Maintaining Safe
Mobility in an Aging Society. 2008.

T. Vaa, Impairments, Diseases , Age and their Relative
Risks of Accident Involvement : Results from Meta- [92]
Analysis, vol. R1.1, no. November. 2003.

G. McGwin, R. V. Sims, L. Pulley, and J. M. Roseman,
“Relations among chronic medical conditions,
medications, and automobile crashes in the elderly: A [93]
population-based case-control study,” Am. J. Epidemiol.,

vol. 152, no. 5, ~pp. 424-431, 2000, doi:
10.1093/aje/152.5.424.

J. A. Gresset and F. M. Meyer, “Risk of accidents among
elderly car drivers with visual acuity equal to 6/12 or
6/15 and lack of binocular vision,” Ophthalmic Physiol.
Opt, vol. 14, no. 1, pp. 33-37, 1994, doi: [94]
10.1111/j.1475-1313.1994.th00553 X.

M. Picard et al., “Could driving safety be compromised

by noise exposure at work and noise-induced hearing
loss?,” Traffic Inj. Prev., vol. 9, no. 5, pp. 489-499, Oct. [95]
2008, doi: 10.1080/15389580802271478.

K. A. Green, G. J. McGwin, and C. Owsley,
“Associations between visual, hearing, and dual sensory
impairments and history of motor vehicle collision [96]
involvement of older drivers.,” J. Am. Geriatr. Soc., vol.

61, no. 2, pp. 252-257, Feb. 2013, doi:
10.1111/jgs.12091.

L. A. Dultz et al., “Vulnerable roadway users struck by
motor vehicles at the center of the safest, large US city,” [97]
J. Trauma Acute Care Surg., vol. 74, no. 4, pp. 1138-

10.1037/0882-
[74]

[75]

[76

[771

[78]

[79]

[91]

12

Sekadakis, Katrakazas , Santuccio, Mértl, Yannis / RSS2022, Athens, Greece, June 08-10, 2022

1145, 2013, doi: 10.1097/TA.0b013e31827ab722.

M. H. Belzer and S. A. Sedo, “Why do long distance
truck drivers work extremely long hours?,” Econ.
Labour Relations Rev., vol. 29, no. 1, pp. 59-79, 2018,
doi: 10.1177/1035304617728440.

J. Duke, M. Guest, and M. Boggess, “Age-related safety
in professional heavy vehicle drivers: A literature
review,” Accid. Anal. Prev., vol. 42, no. 2, pp. 364-371,
2010, doi: 10.1016/j.aap.2009.09.026.

G. Maycock, “Sleepiness and driving: The experience of
heavy goods vehicle drivers in the UK,” J. Sleep Res.,
vol. 6, no. 4, pp. 238-244, 1997, doi: 10.1111/j.1365-
2869.1997.00238.x.

D. D. Clarke, P. Ward, C. Bartle, and W. Truman,
“Young driver accidents in the UK: The influence of age,
experience, and time of day,” Accid. Anal. Prev., vol. 38,
no. 5, pp. 871-878, 2006, doi:
10.1016/j.aap.2006.02.013.

G. Mohammadi, “The pattern of fatalities by age, seat
belt usage and time of day on road accidents,” Int. J. Inj.
Contr. Saf. Promot., vol. 16, no. 1, pp. 27-33, 2009, doi:
10.1080/17457300802406963.

H. S. Stein and . S. Jones, “Crash involvement of large
trucks by configuration: A case-control study,” Am. J.
Public Health, vol. 78, no. 5, pp. 491-498, 1988, doi:
10.2105/AJPH.78.5.491.

H. Summala and T. Mikkola, “Fatal accidents among car
and truck drivers: effects of fatigue, age, and alcohol
consumption,” Hum. Factors, vol. 36, no. 2, pp. 315—
326, 1994,

T. Akerstedt, “Consensus statement: fatigue and
accidents in transport operations.,” J. Sleep Res., vol. 9,
no. 4, p. 395 2000, doi: 10.1046/j.1365-
2869.2000.00228.x.

S. Breathing, R. A. Stoohs, C. Guilleminault, A. Itoi, and
W. C. Dement, “Traffic Accidents in Commercial Long-
Haul Truck Drivers: The Influence of Sleep-Disordered
Breathing and Obesity,” Sleep, no. November, 1994, doi:
10.1093/sleep/17.7.619.

R. J. Hanowski, M. A. Perez, and T. A. Dingus, “Driver
distraction in long-haul truck drivers,” vol. 8, pp. 441—
458, 2005, doi: 10.1016/j.trf.2005.08.001.

D. Blower, K. L. Campbell, and P. E. Green, “Accident
rates for heavy truck-tractors in Michigan,” Accid. Anal.
Prev.,, vol. 25, no. 3, pp. 307-321, 1993, doi:
10.1016/0001-4575(93)90025-R.

P. C. Morrow and M. R. Crum, “Antecedents of fatigue,
close calls, and crashes among commercial motor-
vehicle drivers,” J. Safety Res., vol. 35, no. 1, pp. 59-69,
2004, doi: 10.1016/j.jsr.2003.07.004.

E. Naveh and A. Marcus, “Financial performance, ISO
9000 standard and safe driving practices effects on
accident rate in the U.S. motor carrier industry,” Accid.
Anal. Prev., vol. 39, no. 4, pp. 731-742, 2007, doi:
10.1016/j.aap.2006.11.004.

F. Naujoks, D. Befelein, K. Wiedemann, and A.
Neukum, “A Review of Non-driving-related Tasks Used
in Studies on Automated Driving,” vol. 1, 2018, doi:
10.1007/978-3-319-60441-1.

P. Choudhary and N. R. Velaga, “Modelling driver
distraction effects due to mobile phone use on reaction
time,” Transp. Res. Part C Emerg. Technol., vol. 77, pp.
351-365, 2017, doi: 10.1016/j.trc.2017.02.007.

P. Papantoniou, “Risk factors, driver behaviour and
accident probability. The case of distracted driving.,”
2015.

E. R. Dahlen and K. M. Ragan, “Validation of the
propensity for angry driving scale,” J. Safety Res., vol.
35, no. 5, pp. 557-563, 2004, doi:
10.1016/j.jsr.2004.09.002.

S. Heslop, “Driver boredom: Its individual difference
predictors and behavioural effects,” Transp. Res. Part F
Traffic Psychol. Behav., vol. 22, pp. 159-169, 2014, doi:
10.1016/j.trf.2013.12.004.

N. L. Leal and N. A. Pachana, “Validation of the
Australian Propensity for Angry Driving Scale (Aus-
PADS),” Accid. Anal. Prev., vol. 41, no. 5, pp. 1112—
1117, 2009, doi: 10.1016/j.aap.2009.06.023.

Sanjay A . Patil; John H . L . Hansen, “ENHANCING
IN-VEHICLE SAFETY VIA CONTACT SENSOR
FOR STRESS DETECTION Sanjay A . Patil and John
H . L. Hansen The Center for Robust Speech Systems (
CRSS ), The Erik Jonsson School of Engineering and
Computer Science , The University of Texas at Dallas ,
R,” lcves 2009 leee, pp. 86-90, 2009.

A. P. Smith, “A UK survey of driving behaviour, fatigue,
risk taking and road traffic accidents,” BMJ Open, vol.
6, no. 8, pp. 1-6, 2016, doi: 10.1136/bmjopen-2016-
011461.

G. Zhang, K. K. W. Yau, X. Zhang, and Y. Li, “Traffic
accidents involving fatigue driving and their extent of
casualties,” Accid. Anal. Prev., vol. 87, pp. 34-42, 2016,
doi: 10.1016/j.aap.2015.10.033.

T. Vogelpohl, M. Kihn, T. Hummel, and M. Vollrath,
“Asleep at the automated wheel—Sleepiness and fatigue
during highly automated driving,” Accid. Anal. Prev.,
vol. 126, no. July 2017, pp. 70-84, 2019, doi:
10.1016/j.aap.2018.03.013.

E. Hauer, “Speed and safety,” Transp. Res. Rec., no.
2103, pp. 10-17, 2009, doi: 10.3141/2103-02.



