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Abstract

Driving is a high-risk adventure which many enjoy on a daily basis. The
driving task is highly complex, ever-changing, and one which requires con-
tinuous attention and rapid decision making. It is a task that is not without
risk, where the cost to reach the desired destination can be too great — your
life could be at stake. Driving is not without incidents. Rear-end collision is
a common problem in the Swedish traffic environment, with over 100 police-
reported individual incidents per year. The amount of rear-end collisions
can be hypothetically reduced by introducing new technology in the driver’s
vehicle, technology which attempts to improve the driver’s safety driving.
This technology is called Advanced Driver Assistance Systems — ADAS.

In this study two ADAS were evaluated in a driving simulator study: An
Adaptive Cruise Control (ACC) which operates on both hazardous and non-
hazardous events, and a Collision Warning System (CWS) which operates
solely on non-hazardous events. Both of these ADAS function to guard
against risky driving and are based on the assumption that drivers will not
act in such a manner that they would willingly reduce the effectiveness of
the system.

A within-subjects simulation study was conducted where participants
drove under three conditions: 1) with an adaptive cruise controller, 2) a
frontal rear-end collision warning system ADAS, and 3) unaided, in order to
investigate differences between the three driving conditions. Particular focus
was on whether the two ADAS improved driving safety. The study results
indicate that driving enhanced by the two ADAS made the participating
drivers drive less safely.
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1 Introduction

Driving is a high-risk adventure which anyone who has a driver’s licence
can experience on a daily basis, with death as the worst-case outcome. The
driving task can be seen as a continuous event-decision-action loop; when an
external event is perceived to have occurred, the driver forms a goal-driven
decision and executes an action in response to the perceived event.

Driving is a task coupled with rapid on-going changes in its environment
where previous actions influence future events. Possible actions are deter-
mined by what the environment will allow and by the driver’s competence
and canonical view of the driving task. The driving task is highly complex
and incidents can occur on a daily basis.

Incidents in driving can occur on a daily basis with uncertain cause that
manifests itself in traffic accidents. One form of a traffic accident is the rear-
end collision, where the driver has collided in the in-front vehicle’s rear. The
severity of a rear-end collision ranges from no damage to the host vehicle’s
engine cowling becoming destroyed, and or injuries (e.g., whiplash injury)
or loss of lives.

Rear-end collisions constitute a safety problem, both worldwide, and in
Sweden. Between 2003 and 2009 there was an annual average of 351 (351.29
individuals) police-reported rear-end collisions, which resulted in severe but
non-lethal injuries. The annual rear-end collisions sum up to 25.69 % of the
annual total sum of police reported traffic accidents involving two vehicles
or more. Of all traffic victims during 2003–2009, 62.23 % were male and the
majority (16.75 %) of victims belonged to the age group of 25–34 years1.

Not everyone survives in a traffic accident. During 2003–2009 there
was an annual average of 10 (9.57 individuals) police reported deaths as a
result of rear-end collisions. These deaths sum up to 5.90 % of the annual
total sum of deaths by accidents that involved at least two vehicles. Of the
victims who died due to traffic accident during 2003–2009, 73.94 % were
male and the majority (14.96 %) of deceased victims belonged to the age
group of 75+ years2.

Rear-end collision is a common problem in the traffic environment that
jeopardises the safety of the driver, any passenger, and anyone in the collided
vehicle. The cause of rear-end collisions is not well understood, however
some suggestions exist in the literature of traffic safety. Rear-end collision
is suggested to have occurred because the driver chose a too short a head-
way; most drivers choose a headway less than 1 second (Young & Stanton,
2007). It is therefore believed that by increasing the chosen headway of
the driver, the probability of rear-end collisions will be reduced. Adaptive
Cruise Controls (ACC) are designed to help the driver adapt time headway
to the car in front.

In addition to short time headways, it has been estimated that 50 %
of all traffic accidents can be attributed to driver inattention (Young &
Stanton, 2007) and roughly 90 % of the accidents can be attributed to some
form of human error (Özkan & Lajunen, 2005).

By introducing new technology in the host vehicle to help the driver
focus her attention, it is believed that drivers will become more aware of
the potential risks coupled with their driving behaviour. One of these tech-
nologies, among currently available Advanced Driver Assistance Systems

1The information presented here was collected from the historical road traffic ac-
cident archive of the Swedish Transport Administration. For details and the actual
records, see http://www.trafikverket.se/Privat/Trafiksakerhet/Olycksstatistik/

Vag/Nationell-statistik/ (accessed May 2011).
2See footnote 1.

1

http://www.trafikverket.se/Privat/Trafiksakerhet/Olycksstatistik/Vag/Nationell-statistik/
http://www.trafikverket.se/Privat/Trafiksakerhet/Olycksstatistik/Vag/Nationell-statistik/


(ADAS) is the Collision Warning System (CWS).

1.1 Goal

The goal of the study was to evaluate the effects of two advanced driver
assistance systems (ADAS). The study compared a comfort system with a
safety system. Where the former was an adaptive cruise controller (ACC)
and the latter an adaptive forward collision warning system (CWS). Both
systems were theoretically capable of reducing rear-end collisions. The two
systems was compared to unaided driving with the thought that driving
with an ADAS would improve the driver’s safety.

1.1.1 Research question and hypothesis

The two chosen ADAS operated in order to reduce the probability for rear-
end collisions with a vehicle travelling in-front of the host vehicle. The two
systems differed on how they fulfilled the task of reducing rear-end collisions.

The primary hypothesis in this study was:

There exist a difference between driving aided by the ACC and
driving aided by the CWS compared to when driving unaided.
Driving aided will improve safety.

The primary hypothesis can be further divided into several more specific
hypotheses:

• Total braking reaction time will be increased when driving with the
ACC compared to when driving with the CWS, as the aid from the
ACC can decrease driver’s driving attention.

• Drivers aided by the CWS would have improved vigilance attention
capability compared to when aided by the ACC.

• High Sensation Seekers will take more risks in their driving than Low
Sensation Seekers. In specific, High Sensation Seekers will drive with
a shorter time to collision to a lead vehicle than the Low Sensation
Seekers.

• Locus of Control will affect a driver’s trust towards an ADAS.

• There exist gender differences in the psychological traits Sensation
Seeking and Locus of Control.

• The two sexes drive differently with regard to safety when aided by
ADAS.

• Drivers who are unable to notice the ADAS malfunctioning ought to
have an increased brake reaction time when the lead car brakes during
system malfunction.

The aim of the study is to provide information to either accept or reject
these hypotheses.
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2 Theoretic background

In the following sections the theory for the current study will be introduced.

2.1 The driving task

Anyone with a driver’s licence and access to a host vehicle can experience
driving on a daily basis. Driving is not without difficulties. The driving task
can be portrayed as an on-going, continuous, activity. The activity allows a
certain set of actions that are constrained by the environment. Each action
is influenced by a previously executed action, that is, the current action B
is dependent on the previous action A, and the anticipated future action
C will be dependent on action B (e.g., Hollnagel & Woods, 2005). Each
action performed by any actor influences the environment in a rapid update
pace. Drivers (and their host vehicles) are not the only thing that affects
the driving environment. Other factors, such as the weather condition, also
play a contributing role.

The drivers affect the driving environment by their interaction and the
environment updates itself as a consequence to the drivers’ actions. The
environment, in return, affects the drivers. The relationship can cause un-
foreseen outcomes, e.g., congestions. A driver can be portrayed to influence
the relationship by perceiving that an event has occurred. She was able to
detect that something changed in the on-going driving activity via the use
of her attention capabilities. Attention is used to monitor the environment,
and it is crucial for the driving task as it is hard to detect changes in the
environment if one drives inattentively (e.g., Young & Stanton, 2007). If
the driver was capable to detect a change, she is required to form a plan
— a goal-based decision — to handle the event. Thereafter she might be
required to execute an allowed set of actions to compensate for the detected
event.

The driving task is complex. From an average day-to-day task point
of view it is hard to find a task with a similar level of complexity and
demands. The driving task requires more than a simple action to achieve an
appropriate response (or goal) under a limited timeframe. Driving requires
that the driver monitors the environment through constant active-search or
vigilance attention on several things in order to operate and control the host
vehicle. Besides being coupled with high demands, there is also limited time
available for the driver to perceive an event and take appropriate actions
because the environment is dynamic with frequent updates (whether or not
the driver wants it to be). The environment changes with several factors
which renders the driving environment unpredictable and the driving task
complex (e.g., Hollnagel & Woods, 2005).

Controlling the host vehicle can be complicated. Driving is not a set
of knowledge that is innate. The driver requires training to handle the
host vehicle and to cope with all the legislated traffic rules. Even though
the driving task is demanding, many drivers cope with it without effort,
whereas others drivers view the task as it truly is — complicated.

Driver performance is coupled with driver’s experience of cognitive work-
load (Hollnagel & Woods, 2005; Haraldsson, 2008). Workload is both sub-
jective (affected by a driver’s mood, personality, motivation, and strategies)
and objective, as it is affected by the task demands (Haraldsson). One
driver can thus experience a different amount of workload compared to an-
other driver on the same task. If the task has too many demands for the
driver she can experience overload. If the task on the other hand has too few
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demands, then she can experience underload. If the driver experiences over-
load or underload then her driving performance can be reduced (Hollnagel
& Woods, 2005). It follows that optimal performance is when the task
demands are neither too many nor too few for the driver.

Workload has several effects on driving. If the driver experiences too
few demands (she drives with the driving task as a more automatic-natured
process) she risks becoming drowsy (Haraldsson, 2008), which in turn can
express itself in reduced alertness and situation awareness. On the other
hand, if the driver experiences too many demands, she requires to allocate
more cognitive resources on the driving task at hand and risk becoming
cognitive exhausted (Haraldsson).

Driving, as all human-related tasks, requires cognition. Driving can be
viewed as a joint cognitive system where the simplest joint cognitive system
is constituted by two cognitive systems working together or by a cognitive
system working with/using an artefact. The aggregation of joint cognitive
systems has no upper boundary, meaning that joint cognitive systems can be
aggregated to constitute a higher-levelled aggregated joint cognitive system.
A cognitive system can be defined as:

”[...] a system that can modify its behaviour on the basis of
experience so as to achieve specific anti-entropic ends.”

(Hollnagel & Woods, 2005, pp. 22)

The driving task is coupled with a driver in a host vehicle performing actions
in an environment which is affected by the driver-vehicle system in addition
to other factors (e.g., the weather). The relationship between driver-vehicle
requires cooperation because neither can achieve the goal without the aid of
the other with the same level of efficiency when compared to performing the
task in isolation from each other. A key aspect in this relationship between
driver-vehicle is the driver’s ability to execute control over the host vehicle
in order to be able to act in the driving environment successfully.

2.1.1 Control and loss of control

The ability of being in control over the situation can be defined as the ability
to manage a dynamic event with enough time and efficiency to compensate
for any disturbances or disruptions in the controllable process, while also
achieving the desired and intended effect from the process with a mixture of
influences from previous actions (feedback control) and anticipated actions
(feedforward control). The ability to control requires the ability to detect
changes in the process in order to manage the situation — directed attention
(Hollnagel & Woods, 2005).

Translated to the driving situation, being in control is the ability to
manage the host vehicle with respect to the traffic environment and traffic
rules — to prevent accidents and maintain a safe driving condition. Loss
of control leads to an unexpected event, which in turn can lead to an acci-
dent. An unexpected event, which can be the result of inattention, implies
that the driver’s anticipation of the environment state was wrong. It takes
time to recover from an unexpected event as the driver has to take in the
new information, form a new plan, update the current understanding of the
driving situation, prepare, and execute correcting actions. The time needed
might not be available, which can leave the driver at risk of becoming in-
volved in an accident. Hollnagel and Woods (2005) characterised loss of
control by four conditions; lack of time, lack of knowledge, lack of compe-
tence, and lack of resources. Driving requires knowledge to make predictions
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of the oncoming environment state and competence to maintain a safe driv-
ing behaviour. Without sufficient time and resources both knowledge and
competence means nothing.

One form of unexpected events is the automation surprise (Hollnagel
& Woods, 2005). Automation surprises are abnormal and rare, which can
cause driving performance loss in drivers who were able to detect the event.
Drivers perform better under canonical circumstances as they can rely upon
their competence and knowledge in order to maintain control over the driv-
ing activity.

2.1.2 Perception and Attention

Driving relies heavily upon visual perception. It has been stated earlier
that inattention can cause loss of control, which eventually can lead to an
accident. One important sensory input for driving is vision, because vi-
sual perception governs the ability to detect nearby stimuli in the driving
environment. Drivers are able to direct their visual gaze to any perceived
stimuli in the environment, whereas it is difficult to simultaneously observe
two different stimuli at the same time. Furthermore, there exist certain
actions that steal our gaze, meaning that we change the stimulus we are
currently observing to the stimulus whose action stole our visual directed
attention. A common thief is stimulus that moves, moving stimulus di-
vert our gaze towards them to a greater extent than stagnated/non-moving
stimulus (Sternberg, 2006).

Visual perception is the bundle of processes in charge of recognising and
organising the vast data we are able to sense from the environment, and
extract valuable information from the stimuli data (Sternberg, 2006). Per-
ception is affected by the context and our anticipation reflect our perception.

Visual perception is used for more than just locus of attention. Visual
perception is used to locate threats in the driving environment. The ob-
served object’s location and characteristics is analysed to determine if the
object might become a potential risk in the future. Location of stimulus
is determined by the driver’s depth visual perception, which involves in-
formation about the stimulus’s size, motion parallax (movement), relative
position in the visual image, linear and aerial perspective, and texture gra-
dient (Sternberg, 2006). Locus of stimulus is important, but so is also the
shape of the stimulus. The shape perceptual constancy dictates that the
stimulus maintains the same shape, disregarding proximity or orientation
changes (Sternberg), which means that if the driver detects a ”car” then the
stimulus should remain a ”car” and not a ”sign post” when the driver drives
closer. Size of the stimulus is important, the size perceptual constancy dic-
tates that the stimulus maintains the same size, disregarding proximity.

Attention is the process, both conscious and unconscious, of actively pro-
cess a set amount of most salient information from the vast sensory available
data, our memories, and other cognitive processes (Sternberg, 2006). Atten-
tion resides within or outside our awareness and the stimulus that attracts
our attention can be external (such as sensory inputs) or internal (such as
thoughts or memories). The information can exist at a preconscious level, as
in information such as stored memory or the sensations currently available
in your right arm about temperature are constantly producing information.
This produced information can be placed into our conscious awareness, but
can also be ignored till we need it. Information that is ”stuck” at the pre-
conscious level and unable to be drawn into the conscious awareness is the
phenomenon commonly known as ’tip of the tongue’ (Sternberg). An ex-
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ample related to the driver domain can be whenever the driver perceives a
sign post, direct her attention towards it and when trying to interpret what
the sign says she is unable to draw upon the information and is left with a
feeling similar to ”I know this, it is a sign for... eh” (the ’tip of the tongue’
phenomena).

Perception and attention are related. Perception and relation is fur-
ther related to the consciousness. The brain contains all the structure and
systems working in a network that is used to generate the processes that
constitute attention. The relationship of how attention, perception, and
consciousness are related to the brain’s structure and the exact role of the
relationship is unclear (Sternberg, 2006). Attention may overlap conscious-
ness and some attentional processing of information (sensory, memory, or
other cognitive information) is processed without conscious awareness. At-
tention can, however, not work entirely unconsciously (Sternberg). Sensory
information that occurs outside of our awareness might still influence our
conscious perception and cognition. Sensory data are available and used by
a varied of non-conscious cognitive processes, which mean that even though
data do not reach ones awareness the data still exerts some influence on how
a person thinks and how other cognitive tasks are performed (Sternberg).

Attention processes

Attention processes can be either automatic or controlled process (Sternberg,
2006). An automatic process requires no conscious control to execute and
is generally performed without conscious awareness. An automatic process
can be performed without attention, be hard to stop, is performed relatively
fast, and can be performed in parallel, or at least in an undetermined se-
quential order. An automatic process is characterised by 1) it is ’hidden’
from the consciousness, 2) it is generally unintentional, and 3) consumes
few attentional resources. Some automatic processes can be put under con-
scious control, e.g., tying shoelaces. Other automatic processes cannot be
put under conscious control, e.g., the control of the heart.

A controlled process, on the other hand, requires conscious control, is
performed serially in a sequential fashion and is generally slower to perform
than automatic processes. A controlled process requires more attention
resources as it involves a higher level of cognitive processing due to its more
analytic nature. The controlled process is easy to stop, which is a normal
occurrence whenever an error has been detected in the process procedure.

Automatic processes which can be placed under conscious control are
often preceded by a controlled process. A highly complex task requires con-
trolled process management, however, over time of practicing many complex
tasks can change towards a more automatic natured process (Sternberg,
2006).

Driving has changed from a controlled process to a more automatic pro-
cess for some drivers. Control of the host vehicle, e.g., where to place the
feet and where and how to place the hands upon the steering wheel, is per-
formed without thought. The control of the host vehicle etc. has not always
been automatic. Driving requires practice to gain the required experiences
to be able to maintain a safe driving in the environment. The task process
has gone into a change, from being consciously controlled to becoming more
automatic controlled process, where the change is called automatization or
proceduralization (Sternberg, 2006). The whole task procedure, or chunks
of it, can be changed into an automatic controlled process, whereas other
steps in the procedure remains consciously controlled. Automatization may
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also, beside from practice, emerge from recalling from memory and perform
the action similar to the procedure recalled from memory.

Human error affects both automatic and controlled processes. Slips gen-
erally occur as an error in the automatic process, where a slip is an error in
executing an indented means for achieving the objective. Mistakes generally
occur as an error in the controlled process, where a mistake is an error in
choosing an objective or in specifying a mean to achieve the specified objec-
tive. Slips are a rare event that is more probable to occur when the driver
is trying to deviate from a routine and had an automatic process inappro-
priately override the intended controlled process, or when the automatic
process became interrupted. Interruptions in automatic processes, which
are often a result of external stimulus or distracting internal event (i.e.,
thoughts), are not unusual, but rather the norm in human work (Boehm-
Davis & Remington, 2009). If the appropriate feedback is provided by the
environment then the driver is less likely to experience slips in the automatic
process. For more information on human errors that affects the automatic
and controlled process, see Sternberg (2006).

Habituation and dishabituation are two controllable processes. Habitu-
ation is the process of, without conscious effort, paying less and less atten-
tion to a stimulus since one has grown accustomed to it, which led us to
be able to ”ignore” the stimulus’s presence (Sternberg, 2006). Dishabitua-
tion is the process of noticing the habituated stimulus again, and it occurs
when there has been a change in the familiarity of the (habituated) stimulus
(Sternberg). Dishabituation, as habituation, requires a low amount of atten-
tion resources to be performed. Habituation is influenced by the stimulus’s
internal variations and the driver’s subjective arousal, where a core varia-
tion is the extent the stimulus changes over time. It is harder to habituate
a frequently changing stimulus compared to a rather non-changing stimu-
lus. Both habituation and dishabituation support attention processes by
allowing change of attention focus/locus from familiar and relatively stable
stimulus, towards novel and changing stimulus (Sternberg). That is, both
habituation and dishabituation are useful in directing the driver’s attention
towards certain stimulus.

Distracting tasks

Interruption in the process/procedure is intertwined with distractions, where
a distraction can cause a momentarily loss of attention in the task being ex-
ecuted. The individual can choose to engage in the distracting task and thus
leave the primary task by her own will or involuntarily. Choosing to engage
in a distracting task, by disengaging the primary task (i.e., postpone it) for a
secondary task, which is the distracting task, is called disengagement, which
entails that one task was suspended in favour of another (Boehm-Davis &
Remington, 2009).

When and if to disengage the primary task in favour of a secondary task
can be based on payoff calculations; cognitive resources are spent to form a
decision based on the costs and benefits, where the individual analyse which
task has the highest attributed penalty cost to performance. An example
can be that the primary task cannot be re-engaged at the ”drop out point”,
which means that if the individual chose to disengage the task in favour of
a secondary task she is unable to continue the primary task at the point
where she suspended it, maybe because the primary task has continued
on without her. Re-engaging, or resuming, the primary task is normally
conducted once the distracting task is completed. However, sometimes the
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resuming is omitted due to further interruptions (a new secondary task),
or failure to remember to resume the primary task, or the re-engagement
was not possible due to the nature of the primary task (Boehm-Davis &
Remington, 2009).

The disengagement decision in simulation is based on recognition primed
decision making (Boehm-Davis & Remington, 2009). Disregarding how the
decision is formed, an interruption in the process/procedure is disruptive as
it put constraints on ones cognition which can be difficult to handle, even
under normal circumstances. The individual does not only has to manage
the primary task’s demands, but the secondary task provides a new set of
demands; new information that has to be analysed and managed in addition
to the management of the primary task. If the individual chose to disengage,
then her memory becomes more strained as she has to rely on her memory
not only in order to be able to re-engage the primary task, but also to
keep the two tasks’ demands and procedures separated (Boehm-Davis &
Remington).

The actual disengagement can occur at a ”good point” and at a ”bad
point”. The good point can represent the primary task’s completion point,
or when a sub-task in the primary task has completed and the next sub-task
is not dependent on the previous sub-task. It is, theoretically, possible to
place a ”marker” as an indicator to pinpoint where to re-engage the primary
task after the interruption (the secondary task) has been handled. The bad
point can represent that the interruption occurred prior to the creation of
a marker. Not only must the current state of the primary task be allocated
to memory, but the state of the secondary task has to be allocated as well
(Boehm-Davis & Remington, 2009). This strains the memory, which can
then cause an inability to locate where in the primary task one disengaged,
which forces a sub-task to be reconstructed from scratch. Feelings like ’did
I do that?’ or ’should I do this next?’ could emerge as a result.

Signal Detection Theory

Signal Detection Theory (SDT) is a theory of attention that states there
are three main functions of conscious attention (Sternberg, 2006):

• Signal detection, the detection of a particular stimulus’s presence;

• Selective attention, the ability to attend to some stimulus while ig-
noring others by choice;

• Divided attention, rational allocation of available attention resources
to coordinate performance on more than one task at a given time.

The human ability to detect stimulus — a signal — is affected by her ex-
pectation and anticipation, and to some degree prior knowledge. Detection
peaks when the stimulus is present at the expected location and detection
performance decays the further away the stimulus is from the locus of at-
tention (Sternberg, 2006). Signal detection can be viewed as a spotlight,
where the individual detects stimulus in the light beam and has difficulties
to detect stimulus (at least as rapid) outside the lighted vision field.

The detection of a stimulus is based on the individual’s subjective detec-
tion judgment, which is based on available information and the threshold
one set for detecting a particular stimulus. The threshold determines the
amount of actual correct detections of a target stimulus (a correct positive
or hit) and the amount of incorrect detections of an actual absent target
stimulus (a false positive or false alarm) (Sternberg, 2006). There exists a
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trade-off in the setting of the threshold. A higher threshold level reduces
the chance to see an absent stimulus, but also reduces the chance to detect
the present target stimulus. Lowering the threshold level is commonly done
in order to reduce the likelihood of missing a present target stimulus, as in
reducing misses (false negative).

The detection of stimulus is affected by distractors. A distractor is a
non-target stimulus that diverts attention away from the target stimulus
and is generally similar to the target stimulus. The distractor can cause
the individual to detect the non-target stimulus instead of the target stim-
ulus, which causes her to see a stimulus, but the wrong one. Distractors
contribute to false alarms.

There are two forms of detection of stimulus; active and passive form.
The active form is the search (Sternberg, 2006), which refers to the human
ability to scan the environment for particular stimuli with the sought fea-
tures not knowing where or when they will appear. Performance of searching
for a stimulus decays in effectiveness (speed) as the search area increases —
the bigger the area the more stimuli needs to be searched to locate the target
stimulus and the speed of finding the target stimulus becomes reduced. The
passive form of detection of stimulus is the vigilance (Sternberg), which is
the passive form of scanning the environment for the target stimulus over a
longitudinal time period on a set stimuli search area, like guarding an area
from any intruders, not knowing where or when the target stimulus will
appear. When a target stimulus is detected it prone the individual to take
rapid and appropriate action. Triggering target stimulus is often rare (e.g.,
a situation that can lead to an accident), as a vigilance scan is normally
performed on an environment where the target stimulus occurs a few times
or not at all over a relatively long time period. Triggering target stimu-
lus represent stimulus that steal ones attention and re-direct it towards the
stimulus locus.

Vigilance performance decays over time. It is not the result of worsened
detection abilities over time, but rather an increase in hesitation to report
false alarms (Sternberg, 2006). Fatigue reduces the performance of vigi-
lance. When the individual gets tired (leading to worse fatigue), the only
option, more or less, to increase vigilance performance is to take rests.

Selective attention is the ability to focus one’s attention by concentrating
on a single task while ignoring distractions. It is the ability to locate a tar-
get stimulus and ignore distracters in the environment. Through selective
attention we can scan for several target stimuli at once in a coordinated fash-
ion with the selective attention ability acting as the coordinator. Selective
attention is negatively affected by anxiety, overall arousal (tiredness, drowsi-
ness, or the influence of drugs), task complexity, and positively affected by
excitement (as it gives an interest to locate target stimulus compared to
distractors) (Sternberg, 2006).

Divided, or shared, attention refers to the ability to execute two discrete
separate, but conscious, tasks simultaneously (Sternberg, 2006). Sharing of
attention between two tasks is easier if the two tasks are of different modal-
ities. Individuals tend to miss detecting target stimuli while executing the
other task when the two tasks share the same modality. This phenomenon
is known as ’inattention blindness’ (Haraldsson, 2008). A driver, for exam-
ple, can fail to detect that the target vehicle in-front has initiated its brake
procedure (a visual detection task), because the driver of the host vehicle
was occupied by reading a sign post (a visual detection task). For more
information on inattention blindness, see Simons and Chabris (1999).
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Shared attention is also affected by the nature of the attention process
(Sternberg, 2006). Shared attention is performed faster, or at least more
stable, if at least one of the tasks is an automatic process. The performance
decays rapidly if the two tasks are both controlled processes, as the task
will have overlapping task demands. The performance can be improved in
speed and accuracy by automatization, and it is possible to automate two
discrete controlled processes into functioning as a single unit. It is difficult
to accommodate more than one cognitive task that require one to choose
a response, retrieve information from memory, or engage in various other
cognitive operations.

2.2 Automation

Driving is a conscious controlled activity with complexity that lies both
visually and hidden over several factors. Complexity is viewed as a con-
tributing factor to traffic-related accidents. The complexity can be reduced
by automating some components of the driving task so as to aid the driver.

In the driving domain one normally assume there are only two forms of
automatization; vehicle automation and driving automation. The vehicle
automation approach attempts to enhance the vehicle, e.g., by enhancing
the brake system by installing an ABS-system or enhancing the combustion
capabilities in the engine. The current study is not interested in this form
of automating the driving task. The driving automation attempts to en-
hance the driver and exists in several forms, e.g., by attempting to take over
control of a sub-task that hitherto was solely controlled by the driver. Dis-
regarding what you set out to enhance, introducing new technology changes
how people will act when they know of the presence of the new technology
(see for example Norman, 1993). Hereafter when describing automation, it
is the driving automation that is the intended form.

The driver is best aided when the automation attempts to be a benefit,
not a disadvantage, for the driver who is ”forced” to use it. Hoc et al.
(2009) states that a ”true driver support should act as a human co-driver
— providing advice when needed, assistance when necessary, but largely
remaining in the background and invisible under normal conditions”. From
the driver’s point of view the automation expresses itself in two separate
but similar ways; one is when the driver is not a part of the decision making,
which means the driver is kept ’out of the loop’, and the other is when the
driver is a part of the decision making process, which means that the driver
is kept ’in the loop’.

Automation that places the driver ’out of the loop’ has the advantage
that the driver no longer has to ”think” about the sub-task that is placed
under the automation’s control. The disadvantage is that the driver can be-
come dependent on the automation and thus become less resilient against
possible automation failures, a phenomenon called complacency. A com-
placent driver has difficulties in resuming/regain control back from the au-
tomation and thus be once again in control of a previously automated task
(Rudin-Brown & Parker, 2004; Inagaki, 2010; Hoc et al., 2009). Compla-
cent drivers require time to go from supervising a task to actually being in
control of it again, and complacency shows indications of being contextual
based (Hoc et al.). Lack of knowledge has also been suggested to influence
complacency; drivers commonly lack training in regaining control from an
automated task when they are kept ’out of the loop’, and if the driver were
trained then this difficulty should hypothetically be reduced (Hoc et al.).

Automation that keeps the driver ’in the loop’ should give less compla-
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cency effect than ’out of the loop’-automation, as the driver is in full control
of the task and the automation acts more like a backseat driver. Disregard-
ing whether or not the driver complies with the automation’s ”advice”, the
’in the loop’-automation jeopardises the driver’s situation awareness to a
lesser extent than the ’out of the loop’-automation. Human activity is con-
trolled by several states that interact with each other; an appropriate effect
at the action level might be jeopardised by an inappropriate effect at the
planning stage, meaning that automation can interfere with the driver’s
driving task at different stages/level (see for example Hollnagel & Woods,
2005; Hoc et al., 2009, or any source on cognitive automation). A disad-
vantage of the ’in the loop’-automation is with over-intervening, where the
driver can view the automation as a criticism to how she drives. Instead
of activating constantly, the automation should attempt to only intervene
when the driving might reach a critical hazardous event thus intervening
with a good, and driver perceivable, cause.

It is cognitively difficult for the driver to anticipate what the automation
will do next, and to some extent, reasoning why it did what it did. The
driver can become stumped by either ’out of the loop’- or ’in the loop’-
automation, and this puzzlement can lead to interruptions which can cause
lapse of attention, decision making, and memory (Boehm-Davis & Reming-
ton, 2009), which in turn can affect the driving task. Automation effective-
ness goes hand in hand with the automation and the driver being able to
share a matching representation of the driving environment; if automation
and driver have a differentiated representation then problem arises (e.g.,
Hoc et al., 2009; Inagaki, 2010). The driver needs to evaluate the situation
and determine if the automation’s activity was sound, i.e., that the activity
of the automation (say give a warning) was done justly and with good cause,
in order to agree with the automation’s decision to activate.

2.2.1 Cooperation between driver and automation

Cooperation can be viewed as an interference management activity that is
distributed over two or more agents on the non-independent task (Hoc et al.,
2009). The goal of either of the agents is not mutually excludable from the
other(s). The interference may be positive or negative. Any of the involved
agents can interrupt or facilitate other agent(s). One form of interference is
when an agent is continuously monitoring the actions performed by another
agent, and gives the performing agent feedback of how well she is doing
based on an evaluation of the situation — a phenomenon which resembles
backseat driving.

Cooperation between driver and automation can be beneficial. The au-
tomation can aid the driver to improve driving safety effectiveness. The
cooperation can also be a burden. The interference by the automation can
be ineffective and the management of the automation can end up becoming
an additional and undesired task by the driver. Cooperation failure, as in
the automation is a burden, means that the driver has to deal with the
automation on top of the demands of the actual driving task. Automation
cooperation failure is likely to occur if the automation could not anticipate
what the driver intend and what her goal was. Communication between
the driver and automation is crude, as the driver’s intentions, status, and
activity is only internally available to the driver. The automation can only
access indications of the driver’s intention, e.g., by the use of the brake pedal
to indicate the desire of decelerating the host vehicle. Cooperation between
automation and driver can be improved by improving the communication
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between the two agents (Hoc et al., 2009). Failure in cooperation can lead
to problems, e.g., that the driver will stop trusting the automation’s capa-
bilities (e.g., Inagaki, 2010).

The effects of driving with automation can be conscious or unconscious.
Driving with automation will lead to a behavioural change — to behavioural
adaptation (e.g., Hoc et al., 2009; Rudin-Brown & Parker, 2004; Hedlund,
2000; Young & Stanton, 2007; Hoedemaeker & Brookhuis, 1998). Automa-
tion has the ability to affect driving performance, even if the effect is unde-
sirable or even unexpected.

Automation can benefit the driver to make her aware of a potential
risk in the driving environment if she continues on the current path. The
automation is, however, only effective if it makes her aware at an early
stage — before the driver would, on her own accord, become aware of the
potential risk (McLaughlin et al., 2008). The automation will not enhance
the driver’s ability to foresee potential risks if the automation system came
to the realisation after the driver has already noticed the risk and started to
perform appropriate countermeasures. Timing is important for automation
effectiveness (e.g., Lee et al., 2002; Jamson et al., 2008).

Automation can be used to reduce the driver’s loss of control over the
driving situation. One strategy is to reduce the perceived complexity by
reducing the demands and increasing the capabilities of the driver, while
enhancing the driver’s safety driving and her safe driving trajectory. One
system that follows this approach/strategy is the advanced driver assistance
system, or ADAS.

2.2.2 ADAS

Rear-end collisions constitute a problem in traffic safety. Many of these
collisions can be attributed to human inattention (Lee et al., 2002) and
by introducing automation it is believed that the occurrence rate can be
reduced, by aiding the driver to, for example, keep continuous attention
toward the driving environment. Introducing new technology, as by au-
tomating a certain sub-task of the driving task, can lead to unintended
side-effects, for instance that the use of an automation system increased
inattention.

The overall attempt of any form of ADAS is to prevent the driver from
losing control of the situation. The overall aim for ADAS is to make the
invisible visible for the driver by making the system sensory detected ob-
jects’ presence known (Inagaki, 2010). There are many forms of ADAS, but
everyone aim to reduce the risk the driver might take during driving, to,
for example, reduce the amount of potential collisions. An ADAS that aims
to reduce the potential of rear-end collisions can attempt to increase the
chosen headway by the driver. One reason why driver’s ends up rear-end
colliding is because she chose a too short a headway, a much shorter head-
way that she could possible react to. The ADAS can then be implemented
to make the driver aware of the potential risk that follows when choosing a
too short headway. The ADAS can thus help the driver to change her driv-
ing behaviour to a more ”safer” one, i.e., to drive with a greater headway
(Young & Stanton, 2007).

As with automation, it is tricky to design and implement an ADAS
that would not be inefficient (e.g., ignored by the driver) and would not
give a negative behavioural adaptation effect (e.g., Rudin-Brown & Parker,
2004), e.g., by making the driver complacent (the driver puts too much trust
in the system’s capabilities and becomes less resilient towards automation
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surprises) and passive (e.g., Young & Stanton, 2007; Inagaki, 2010). The
effectiveness of an ADAS can be measured on a continuum from a positive
100 % (prevented the risky behaviour altogether) to a negative % (intro-
duced more risk taking behaviour), and the effectiveness depends on the
vehicle and the driver (as in it depends on the joint cognitive system as a
whole and not on the individual parts) (Rudin-Brown & Parker, 2004).

Change in a driver’s behaviour is described in behavioural adaptation,
and the driver’s behaviour is an important factor in safety driving research
(Özkan & Lajunen, 2005). The driver’s driving behaviour is dependent
on her mental model of the driving task, which is directly influenced by
her psychological state, psychological traits, her degree of trust towards the
ADAS, and her interaction with it (Rudin-Brown & Parker, 2004). Negative
behavioural adaptation indicates that the ADAS has introduced risks and
performance loss in the driving task. Positive behavioural adaptation indi-
cates that the ADAS has improved the driver’s performance of the driving
task, e.g., made her more aware and more alert towards hazardous events
that could potentially had led to an accident.

The ADAS that attempts to reduce rear-end collisions can be stated to
operate in two different conditions: non-hazardous and hazardous traffic.
In the former the ADAS attempts to reduce the driver’s perceived workload
by automating some aspects of the driving. In the latter it attempts to
prevent a potential accident and maintain a safe driving (Inagaki, 2010).
The current study is focused on two ADAS that operates under different
conditions. The adaptive cruise controller operates under both conditions.
The collision warning system operates solely on the hazardous condition.

Adaptive Cruise Control (ACC)

The cruise control (CC) is an ADAS which operates by attempting to main-
tain a predetermined driving velocity, and thus removes the tracking of ac-
celeration regulation from the driver’s map of required actions. The ADAS
has the potential of reducing the driver’s subjective workload for the time
duration that she is using the ADAS.

The adaptive cruise control (ACC) operates similar to the cruise con-
troller, with the difference that the ACC can adapt the velocity on its own
accord. For instance, when an obstacle is detected by the ACC it can reduce
the velocity. This adaptive velocity capability is used to reduce tailgating,
which could lead to a collision.

The ACC is a supervisory automation as it controls aspects of the driving
task that hitherto was controlled solely by the driver. The control is only
granted when the system is activated by the driver. The ACC operates on
objects that it can perceive. The ACC cannot act if the obstacle is outside its
sensor range or when its sensor is blocked. The sensory limitations might
make the ACC act, or not act, on an obstacle, where the reaction to an
obstacle could be unanticipated by the driver. This unanticipated reaction
can stump the driver since it is a form of an automation surprise. It is
important for the driver to know that what the ACC perceives might not
be the same as the driver perceives. That the two agents (automation and
driver) have a mismatch in representation can lead to problematic outcomes
(Inagaki, 2010).

The preferred maintained headway by an ACC varies between 1 to 2
seconds (Inagaki, 2010; Young & Stanton, 2007). Conducted research has
revealed that an ACC can reduce the cognitive workload of a driver by
easing the monitoring task of traffic and headway and by regulating the
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host vehicle’s velocity. Research has also revealed that the ACC can become
a burden on cognitive workload and allow that freed cognitive resources
be allocated on other tasks. The redistribution of cognitive resources can
increase the driver’s reaction time from visually detecting potential risks in
the surrounding and imply that the driver becomes complacent and fail to
override the ACC, something that can be expressed by an increased braking
reaction time (Young & Stanton).

The complacency effect of an ACC was tested in a simulation study con-
ducted by Young and Stanton (2007), where they introduced automation
surprise in the form of a system failure. Introducing an automation failure
was viewed as an introduction of an unanticipated event for the driver that
can lead to hazardous braking events. The authors found that the danger
of rear-end collision increased with the extent the driver had become reliant
on the system to be fully functional, i.e., by the driver’s experienced com-
placency. The drivers who relied on the ACC to handle the situation for
them showed the greatest reaction deficiencies, as they reacted much slower
or not at all compared to when they drove without the ACC’s aid. It was
hypothesised that the complacent drivers experienced cognitive underload
due to the ACC. When the ACC experienced failure, these drivers were less
capable to handle the sudden increase of task load which expressed itself
as a slower reaction time to regain control and finally apply the brakes to
avoid a collision. The drivers who did not show any complacency effect
did not show any effect to have a decreased reaction time. The effect of
complacency was shown to be persistent with competence as there were no
significant differences between novice and expert drivers.

Forward Collision Warning System (CWS)

The collision warning system (CWS) is an ADAS that most of the time
remains in the background while driving, as to give rise to as little inference
as possible. The CWS will observe the traffic and when its sensor detects
that a minimum headway has been exceeded it will attempt to warn the
driver of the risk of collision (Maltz & Shinar, 2007; Fung et al., 2007; Chang
et al., 2009). The CWS will thus attempt to warn inattentive drivers that
they are tailgating with the potential of rear-end collision. The CWS is
an automation system that keeps the driver ’in the loop’. It has no actual
control of the driving task. It is up to the driver to act appropriately, or
not act at all, given the warning. Instead of being like the ACC, which acts
as an ’out of the loop’-system, the CWS will leave the driver to take all the
decisions while cooperating with her in the driving task.

The effectiveness of the CWS lies in the timing of warnings (Lee et al.,
2002; Jamson et al., 2008; Abe & Richardson, 2004). The CWS operates
to redirect attention toward something potentially risky. The CWS has the
potential to automatically trigger a response in the driver. The driver can
end up automatically braking once she hears the warning, which can be
problematic as the driver neglects the information about the surrounding
traffic condition and fails to validate the warning. The driver might thus
brake and only afterwards contemplate as to why she braked, instead of
contemplating the reason why the warning was given by the CWS and
then reach a decision leading to a resulting brake. The CWS has thus
the potential to redirect attention and trigger a closed-loop response in the
driver (Lee et al., 2002). The CWS can also have positive effects, e.g., it
can give the driver faster brake reaction times in response to a risky event
(Chang et al., 2009; Mohebbi et al., 2009), help drivers maintain attention
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to the traffic condition, and help drivers estimate and track headway more
accurately (Abe & Richardson, 2004; Maltz & Shinar, 2007).

Warnings

Warning and alarm are exogenous triggers, designed to capture the indi-
vidual’s attention toward a particular occurred event in the environment.
With the purpose to warn (alert) the individual the warning mediates in-
formation through the given medium which can be used by the person to
create a decision and execute actions (Lehto et al., 2000). This puts con-
straints on the warning to provide essential information for the right task
and at the right moment in time. A warning should be provided early, but
not too early as a too early warning might end up treated as a nuisance or
a false alarm (Abe & Richardson, 2004). Warnings should also be a rare
event (they can be viewed as a criticism to ones action (Hoc et al., 2009)),
but too rare as to leaving the driver without experience and thus stump
the driver on activation (Maltz & Shinar, 2007). A warning should not be
provided too late, as it can be viewed as ineffective by the driver and the
late warning can interrupt an already ongoing braking process (Lee et al.,
2002). Frequently used warnings can become false alarms, and with a great
extent of false alarms you risk of echoing the ’cry wolf’ effect, thus leaving
the warning ineffective when it was actually needed (Lehto et al., 2000).

A mistimed warning can become costly. A mistimed warning also lowers
the credibility of the warning with consequences that the risk might pass
by undetected by the person (Lehto et al., 2000). A person is more likely to
comply with a warning when she believes that the reason to warn is sound
(the situation can be determined as risky or can become risky) (Lehto et al.).
In addition, if the person becomes aware of the potential costs of ignoring
a warning then she is more inclined to comply with the warning by taking
actions to avoid the risky situation (Lehto et al.). A person can choose to
not comply with a warning through rational thought which can be summed
up to that if the expected cost of complying with the warning is greater
than the expected cost of not complying, then the person can choose to
not comply with the warning (Lehto et al.). It is important to note that a
person often bases her decision on information provided by other sources,
and not only from information provided by the warning (Lehto et al.). A
driver is, however, more probable to comply with a warning she trusts, as
trust has an effect on how the driver will act when the warning has been
given and on the individual’s judgment of the warning appropriateness (Abe
& Richardson, 2004; Jamson et al., 2008; Inagaki, 2010).

The timing of a warning is important; a warning can make the driver
aware of a potential risk ahead and thus give the driver time to react to
the situation, but only if the warning was given at an appropriate time.
The driver requires time to evaluate the situation that caused the warning
to be given and time to perform correcting actions. When to warn, as to
what the warning threshold should be set to, thus has an impact on the
driver’s performance (e.g., Lehto et al., 2000). The threshold is usually
influenced by an assumption of the driver’s perception of when she has to
brake and the host vehicle’s stopping capability (Jamson et al., 2008). The
hard part is to determine when the driver first perceives the event as risky
and thus a threat, or even when her response to counteract the threat began
(McLaughlin et al., 2008).

The type of warning can also affect driver’s performance. Fung et al.
(2007) conducted a study on various audio signals’ effect on performance
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while aided by a CWS, where they found result suggesting that audio warn-
ings had an effect on driver performance and that a beep-sound warning
had the best impact on driver performance. Participants were able to per-
ceive a potential threat and respond earlier, resulting in a reduced reaction
time, compared to the use of a message-warning or no warning at all. Lee
et al. (2002) found evidence that a CWS can also increase the release rate
of the accelerator pedal, which remained consistent whether the driver was
or was not distracted. Use of warnings also showed an increased headway
as indicated by an increased time to collision value compared to when not
warned. Use of a warning did not show evidence of a reduced movement
time of one’s foot from the accelerator to the brake pedal, nor that the use
of a warning had an effect on the deceleration rate of the brake pedal.

2.3 Driving behaviour measures

Behavioural adaptation — change of behaviour in response to changes in
perceived risk — and risk compensation — behavioural change in response
to law or regulations (an injury prevention strategy) — goes hand in hand
and are hard to separate. The perceived risk is either viewed as being
increased, reduced, or regulated (Hedlund, 2000). The driver’s behaviour
changes if you change the perceived risk, thus if you change the perceived
risk then the behaviour should change. How the behaviour changes is un-
predictable. It is hard to measure behavioural change. One way to measure
behavioural change is the use of a baseline, where the driver’s result is com-
pared with the predicted effect of the baseline. If the driver is found to have
a result below the baseline, then behavioural change is evident (Hedlund).

Behavioural adaptation can be affected by the individual’s driving per-
sonality. A driver’s driving personality and how it affects driving behaviour
has been a keen research subject since the early 1950s (Jonah, 1997). Among
the personality factors that have been scrutinized in the driving research you
will find Sensation Seeking and Locus of Control.

2.3.1 Sensation Seeking (SS)

Sensation Seeking (SS) (Zuckerman, 1994) is a psychological trait that mea-
sures an individual’s degree of seeking experiences and sensations that is
viewed as thrilling, novel, intense, and complex. It is a measurement of the
individual’s willingness to take physical, social, legal, and financial risk in
exchange for the experience they might provide. Risk, in any form, is viewed
as the price the individual has to pay in order to gain access to the antic-
ipated reward provided by her sought experience and or sensation. Most
Sensation Seekers attempt to minimise the risk and maximise the reward.
How risk aware individuals are is not the goal per se of Sensation Seeking,
as risk is often a required component to reach the certain experience and or
sensation in order to gain enjoyment. Sensation Seeking can measure the
extent of how likely the individual is to take risky actions.

Sensation Seeking is developed during one’s early adolescence years, and
has been shown to be affected by the environment, culture (where both
the child and parent’s education level have an affect), and biology (where
up to 70 % of Sensation Seeking is developed from genetics). Sensation
Seeking peaks in late adolescence, the late 20s, and then rapidly starts to
decay (Arnett, 1994; Jonah, 1997). Sensation Seeking can explain a myriad
of personality traits, for instance why a person prefer A over B in many
different domains (Arnett, 1994; Zuckerman, 1994).
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When measuring an individual’s acceptance towards risk, there are four
scales in the originally developed measurement test by Zuckerman (1994).
Each scale has 10 corresponding forced-choice items questions. The task of
the individual who is tested is to choose one of the two available options
that best suits her. The four measurement scales are Thrill and adventure
seeking (TAS); Experience seeking (ES); Disinhibition (Dis); and Boredom
susceptibility (BS). In addition, there is a hidden fifth scale, the Total score
which is the sum of the four measurements’ scores. In research, the Total
score is often used in research to categorise participants into High or Low
Sensation Seeker, where a participant who scores higher on her Total score
than her averaged peers is labelled as High Sensation Seeker, and if she is
lower scored then she becomes labelled as Low Sensation Seeker.

The four measurement scales are intended to measure different aspects
of Sensation Seeking (Zuckerman, 1994). Thrill and adventure seeking ex-
presses the desire to engage in a physical activity that provides the sen-
sation of speed or defiance of gravity. Experience seeking expresses the
desire to seek out a mentally new sensation or experience, in a sense it
measures openness to experience through mental perceptions. Disinhibi-
tion expresses the search of a sensation or experience through risky social
activities. Boredom susceptibility expresses intolerance toward all kinds of
repetitive sensations and experiences. There exists a gender difference in
the four measurement scales. Thrill and adventure seeking and disinhibition
declines more rapidly than experience seeking or boredom susceptibility for
men. Men tend to score higher on thrill and adventure seeking, disinhibi-
tion, and slightly higher on boredom susceptibility. The experience seeking
scale is seemingly genderless, as women and men tend to score the same.
As a consequence, men tend to score higher on the total score as they score
higher on the more physical aspects measured by Sensation Seeking, but
both women and men are equally open to new sensations and experiences
(Jonah et al., 2001; Zuckerman, 1994).

Anything that can affect risky driving behaviour is of keen interest to a
researcher who focuses on driving safety research. The best measurement for
expressing risky driving is collision involvement, especially collisions which
were ”caused” by the driver (Jonah, 1997). Collisions tend to be a rare event
in driving and Sensation Seeking is not a strong predictor of collision involve-
ment. Personality traits such as carefree, impulsiveness, danger ignoring,
aggressiveness, and readiness to take chances have all been attributed to be
strong predictors of collision involvement (Jonah). Sensation Seeking is not
a very strong indicator because collisions are a rare event and a collision
involvement did not per se mean it was the driver’s fault. Sensation Seeking
seems only able to explain 10 − 15 % of the risky driving variance (Jonah).
However, Sensation Seeking has successfully and positively correlated with
risky behaviour and risky driving, and it is a psychological trait that is
more or less consistent over time (Jonah). Moreover, Sensation Seeking is
related to aggressiveness in driving (e.g., swearing at fellow drivers and or
losing one’s temper while driving), where aggressiveness is suggested to be
a manifestation of Sensation Seekers thirst for excitement, and behavioural
adaptation in driving (Jonah et al., 2001).

In addition to being related to aggressive driving behaviour, Sensation
Seeking has shown to affect driver’s preferred travelling velocity (Jonah,
1997), driver’s preferred time headway (Jonah), driver’s traffic violation
and traffic errors (Özkan & Lajunen, 2005; Jonah, 1997), driving while im-
paired (Jonah), zigzag-driving (Rudin-Brown & Parker, 2004), the number
of brakes (Rudin-Brown & Parker), driver’s perceived risk (Jonah, 1997),
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usage of seatbelt consistency (Jonah), preference of experiences and accep-
tance level of risk (Zuckerman, 1994).

The High Sensation Seeker tends to express a higher skill-oriented and
lesser safety-oriented driving. The Low Sensation Seeker tends to express
a higher safety-oriented driving. A skill-oriented driver tends to drive to
satisfy her need for sensation, whereas a safety-oriented driver tends to
avoid risks. The High Sensation Seeker tends to perceive the risk in a risky
situation to be lower compared to the Low Sensation Seeker, where the High
Sensation Seeker is more likely to accept the risk (although she does not
strive to maximize risks) in order to get an anticipated reward as result from
the situation. The Low Sensation Seeker tend to perceive the risk as higher
and with unpleasant outcome, leaving her to be more cautious even though
she is not risk aversive. The Low Sensation Seeker tends to think that the
risk cannot justify the potential reward of engaging in the perceived risky
activity (Zuckerman, 1994).

The High Sensation Seeker tends to believe her driving behaviour is not
risky and that her driving skill is superior. The High Sensation Seeker tends
to choose shorter time headway without perceiving it as being more risky
(Jonah, 1997). Her perceived risk might also become lowered as a function of
previous experience of a similar situation without any ”consequences”. The
Low Sensation Seeker tends to choose greater time headway and experience
a higher perceived risk with shorter headway (Jonah).

The four measurement scales affect driving to a different degree. Thrill
and adventure seeking and boredom susceptibility can both be used to de-
termine the driver’s confidence in her driving capabilities, enjoyment of high
speeds, thoughts on the legal aspect of driving, and general risk acceptance
in the driving domain. Thrill and adventure seeking and boredom sus-
ceptibility have both been showed to be highly correlated to risky driving
(Jonah, 1997; Zuckerman, 1994). Thrill and adventure seeking has been
shown to relate to speeding (Jonah, 1997), and boredom susceptibility has
been shown to be related to non-collision traffic violations (Jonah). Nei-
ther thrill and adventure seeking nor boredom susceptibility are related to
aggressiveness (Zuckerman, 1994), nor collision involvement (Jonah, 1997).
Disinhibition has, on the other hand, been shown to be related to aggressive
driving behaviour (Jonah et al., 2001).

The High Sensation Seeker has a preference to active, rather than pas-
sive, experiences (Zuckerman, 1994). That is, she would hate being a by-
stander in the driving task. The Low Sensation Seeker has a preference
to predictable experiences that are free from irrationality and emotions
(Zuckerman). That is, the experiences have to make sense and have few
or no surprises. The difference between the High and the Low Sensation
Seeker is valuable in the design of a driver assistance system.

While driving aided by an ADAS, the High Sensation Seeker has a ten-
dency to drive faster, perceive the risks in her driving reduced, and conse-
quently drive to maintain a high level of excitement (Jonah, 1997). It is in
a High Sensation Seeker’s nature to be more acceptant to risk and think her
driving behaviour is safe. This leads her to be more susceptible to boredom
while driving aided by an ADAS, especially an ACC, which would result in
a lowered reaction time toward stimulus (Jamson et al., 2008). An ADAS
that is perceived to be annoying would not appeal to the High Sensation
Seeker’s low boredom threshold, with the consequence that the ADAS can
become neglected (Jamson et al.). A Low Sensation Seeker tends to be
more positive inclined to an ADAS, and allocate trust to it regardless of its
accuracy level. Consequently, she risks a higher complacency/over-reliance
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effect to the ADAS (Jamson et al.).

2.3.2 Locus of Control

Locus of Control is a psychological trait which can be used to describe
the driver’s attitudes reflecting her individual assumption of liability for
accident involvement (Rudin-Brown & Parker, 2004). Locus of Control was
adapted to the driving domain by Montag and Comrey (1987). The driver’s
responsibility assumption in driving is measured by the use of two separate
scales which are used to determine whether the driver has an internal or
an external liability viewpoint; Internality and Externality. In the test of
Locus of Control the individual has to choose on a continuum scale the
answer that suits her best in the event described in the question. Given
the sum of scores she answered, she would be either labelled as an Internal
(meaning she has an internal liability view) or as an External (meaning she
has an external liability view).

Internals tend to expect that they can maximize possible beneficial out-
comes and minimize possible negative outcomes by continuing doing what
they normally do. The outcome of events is attributed to the driver’s own
action, meaning that the driver think she is in full control of the outcomes of
an event (Özkan & Lajunen, 2005). It follows that the cause of an accident
tends to be attributed to individual controllable factors. The Internal driver
has a tendency to accept more risks on skill-based tasks, and view herself
as able to predict risks in the driving situation and act cautiously while
remaining attentive (Özkan & Lajunen; Montag & Comrey, 1987). The
Internal is more adaptive to avoid aversive situations (Montag & Comrey).
The Internal has been shown to be more motivated and perform better than
an External in a variety of situations (Montag & Comrey).

Externals are more or less the opposite of Internals (Rudin-Brown &
Parker, 2004). Externals attribute the outcome of an event as controlled by
others, or outside forces (e.g., luck). This expectancy has related Externals
to a lack of caution (Montag & Comrey, 1987), lower (than Internals) re-
sponsibility view of driving, accident involvement (Özkan & Lajunen, 2005)
and attention — failure to perform the required action to prevent/avoid an
undesirable outcome to occur (Montag & Comrey, 1987). The External has
a tendency to accept more risk on chance-based tasks (Özkan & Lajunen,
2005). The External driver can also view that the driving task is complex,
demanding, and full of risk, which she is forced to cope with (Özkan &
Lajunen).

When it comes to drive aided by an ADAS, it seems that an Internal
has a preference to be in control of the driving task and, when given the
choice, the Internal driver has seemingly a preference to ignore the ADAS
and instead rely to a greater extent on her own skills and capabilities to
control the situation (Rudin-Brown & Parker, 2004). The External driver,
on the other hand, has seemingly a preference to relinquish her control to
the ADAS and rely on it to maintain the necessary attention and control of
the situation. Thus, instead of the ADAS being ignored (as with an Internal
driver), the driver can become complacent and reliant on the ADAS to func-
tion, with the consequence that an External driver can become inattentive
and react slower to situations, or even not at all (Rudin-Brown & Parker).
An Internal driver has a tendency to dislike and not use an ADAS, where
her norms and values tend to prevent her from thinking that ”others” can
choose an appropriate action and express the same level of control required
to achieve the preferred outcome (Özkan & Lajunen, 2005). The External
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driver has a tendency to use an ADAS, as the External tend to has it easier
to change her behaviour than an Internal (Özkan & Lajunen). As a con-
sequence to the External’s tendency to be reliant on the ADAS, she has
a tendency to be affected to a greater extent of automation surprises, as
evidenced by slower reaction to take back control of the driving task from
the ADAS (that failed) (Rudin-Brown & Parker, 2004).

2.4 Risk, Injury, and Behavioural Adaptation

Risk is viewed subjectively to the driver, where risk can be considered as
the cost for a sought benefit. Risk is a part of life, and without it life
cannot continue (e.g., procreation involves certain risks). Depending on
one’s views, there exist four types of risks; physical, financial, legal, and
social risk (Zuckerman, 1994).

For the driving domain, an example can be that a driver is late for
work (financial risk), and attempt to compensate by speeding and ending
up in an accident (physical risk). While speeding, the driver was stopped by
the police and received a speeding ticket (legal risk). After finally arriving
bruised and late for work, the co-workers laugh about the speeding ticket
(social risk).

Injury is often an unintended consequence of individual actions in a risky
environment (Hedlund, 2000). The introduction of automation is rooted in
injury prevention strategies. The automation can be designed to change the
behaviour of the individual in risk of being injured. Strategies can involve
attempt to persuade the individual, force her to change through law and
regulation, or introduce automated systems to act as a protector which in
the end will change the individual’s behaviour.

There exist four fundamental factors that influence human action (Hedlund,
2000) in regard of compensating towards risk:

• Visibility, the ability to observe the change;

• Effect, the effect the change would imply;

• Motivation, that which influences the behaviour;

• Control, the extent the individual controls the situation.

An individual will only change her behaviour if she can perceive an external
change. The external change must be such as to have an effect (be it physical
or psychological) on her, otherwise she will not change because she was
not affected. Given that the individual can observe the change and the
change truly affects her, without being motivated to change, the likelihood
of a behavioural change is low. It is tricky to pinpoint what factors that
influence an individual’s motivation for the current task, as motivation can
change depending on the individual’s mood. Finally, if the task/situation is
tightly controlled with no freedom to change, the individual is less likely to
change her behaviour. The individual requires freedom to be able to adapt.
The four factors thus work together; whether the individual would change
her behaviour depends thus on the unity of the four factors, where if the
individual can detect a change, the change affects her, she has the motivation
to change, and she has the freedom to adapt, increases the likelihood for
a behavioural change. One could conclude that risk compensation only
occurs under certain conditions, however an individual is not a machine, and
compensation can occur to some extent dependent on environment changes
(Hedlund, 2000).
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Motivation governs what the individual will do. It can be assumed that
the individual performs actions that she thinks are appropriate for the situ-
ation and which corresponds to her current motivation. The performed ac-
tion can, in hindsight, be inappropriate and might have led to an undesired
(unexpected) outcome — an accident (Hollnagel, 2002). Why individuals
perform actions that in hindsight can be viewed as inappropriate, might be
because of their subjective lack of understanding the situation, them being
affected by distractive interruptions, them being fatigued, or them being
under heavy workload, them working with inappropriately designed arte-
facts etc. In short, several factors affect why accidents occur, where one
might be an inappropriate action taken by the individual which might end
up as inappropriate based on several reasons (Hollnagel).

Several factors affects the resulting inappropriate outcome (the acci-
dent), where the human plays a role, but is not the primary cause. It is
important to remember that individuals are a necessary part of any stage
— from start to end — (of an event) which finally could have led into the
accident and that no technological system has entirely created itself nor
is self-sufficient (Hollnagel, 2002). As several factors affect the emergence
of accidents, it is difficult to access the real cause of accidents. Activity
stages are intertwined and have an effect on each other, thus the cause of
an accident might not be the previous action, but an action executed a
long time ago. An action’s consequence can have latent and indirect effects
(Hollnagel).

Actions can be viewed to have five features (Hollnagel, 2002):

• An action can be correctly performed, which means that the intended
outcome was achieved;

• An action can be incorrectly performed, but the error was detected
and corrected, which means that the intended outcome ought to have
been achieved;

• An action can be incorrectly performed, but the error was tolerated,
which means that the ”intended” outcome was achieved;

• An action can be incorrectly performed and the error was not detected,
which means that the achieved outcome was unintended;

• An action can be incorrectly performed and the error was detected
but it was not recovered, which means that the achieved outcome was
unintended.

Individuals are often able to recover the situation if actions turned out to
be inappropriate. What actions that are taken to recover the situation from
ending up in an unintended outcome might vary. The action set performed
in order to recover, might not even work and in fact only worsen the result
(Hollnagel, 2002). Drivers often err, and drivers often perform recoveries.
Example on recovery can be when a driver notices that her lateral position
might be bad and thus performs steering actions to correct it so as to get
back on the preferred lateral position. Another example can be when a
driver detects that she might drive too close to a leading vehicle and releases
the gas pedal in order to increase the distance between the two vehicles.

There exist situations where an unintended outcome emerges, but the
individual fails to correct for the occurrence because she missed detecting
the inappropriate action, with consequence that she failed to perform neces-
sary recovery actions. For example, a driver can drive with a short headway
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without detecting that her short headway can lead to a rear-end collision.
On the other hand, the inappropriate action might have been detected, but
it is tolerated. The toleration will then mean that correcting actions will
not be performed. Thus, this example driver would continue driving with
a short headway and tailgate the leading vehicle, while knowing that the
behaviour can lead to rear-end collision (even though tailgating does not
always imply that a collision occurs).

Safety can be expressed as the absence of incidents or accidents (Hollnagel,
2002). It can be viewed that safety means there are no unintended actions
that would result in a potential undesirable state (accident). When deter-
mining safety one needs to take in the system as a whole, as the safety
aspect is dependent on the dynamic characteristics of the system as a whole
(whereas the system means the automation and driver working together in
the same environment). The interaction between automation and driver,
and not particular the separate components, is the important ingredient for
safety measurements.

Human work, such as driving, is effective since the driver can take short-
cuts. Shortcuts is a way to optimise efficiency of the work, where a shortcut
can be to skip a step in a stable procedure and focus ones resources on a step
where conditions can vary or deemed more important. Individuals are often
quick to ignore aspects or conditions that normally are insignificant in the
work in order to optimise the work efficiency (Hollnagel, 2002).The use of
shortcuts, where the individual attempts to optimise her performance and
meet demands to an extent she believes is necessary in order to not waste
resources, can lead to an unintended outcome.

Why a set of actions sometime fails have roots in the adaptability and
flexibility of human work, which are the main reasons why human work is
efficient. The work, the set of actions, does not fail based on the actions
performed, but rather in that the outcome of the actions are inappropriate.
The action can be executed correctly, but the outcome might be inappro-
priate when observing the result in hindsight. The outcome might have
been inappropriate due to the variability of the context and the dynamic
conditions, as a shortcut might have been inappropriately applied and an
important step in the procedure might have been overlooked. Normal per-
formance, and eventual failures, is an emergent phenomenon, which neither
can be attributed nor explained by specific components or parts (Hollnagel,
2002).

2.4.1 Risk and ADAS

The effectiveness of automation comes from the ability to notify the driver
of the potential risk at an early stage, earlier than what she would have
been able to without the aid of the automation. When a risk first occurs
is difficult to define (McLaughlin et al., 2008). Say a leading car starts
to brake, when does this imply a risk for the driver that follows? Thus it
might be difficult for the automation to know when to alert the driver of the
potential risk a situation might bring. Similar to that it is difficult to define
when a risk first occurs, it is difficult to define when the driver initially
perceives the ”risk” as a threat and starts to take action as a response
(McLaughlin et al.).

2.5 Trust

Trust can be viewed as a degree of reliance and confidence an individual
puts in automation to act competent for the task and in accordance with
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the individual’s goal and belief. Trust is not a stable state (Hoc et al., 2009).
A driver’s subjective trust is influenced by her psychological attitudes (e.g.,
Locus of Control) and the extent the driver thinks the automation will do
what it is intended to do (Rudin-Brown & Parker, 2004), in addition to
expertise and experience (Inagaki, 2010). A driver is less likely to trust the
automation if she determines the automation to be likely to fail (Hollnagel
& Woods, 2005).

The notion of trust can explain individual differences in the automation
usage, and whether or not the driver would have a reliance on the system.
A driver’s trust to the automation system will govern when the driver will
intervene or override a system if it was used. A driver overrides the au-
tomation when her trust of the automation’s capabilities has dived under
a certain threshold value. If the driver puts too much reliance on the au-
tomation, and thus places over-trust towards it, she is less likely to intervene
because she has become complacent to the automation’s capabilities. With
high over-trust, or complacency, the driver might even fail to intervene at
all (Rudin-Brown & Parker, 2004).

Trust has four dimensions (Inagaki, 2010):

• Foundation, the assumption of natural and social order to be a certain
way;

• Performance, the belief that performance or behaviour is stable and
that the status quo is kept in the process;

• Process, understanding the underlying qualities so as to know how the
process works;

• Purpose, based on the individual’s motives, goals, and intents of the
process.

As trust has four dimensions, so does over-trust. The driver can think that
the automation will work in a future situation based upon that it worked in
a previous situation is an over-trust on performance; not knowing how the
automation works but nonetheless applies trust that it will keep her safe is
an over-trust on process; thinking that the automation does what it does
because it is necessary and that the automation will never act as to put the
driver into unforeseen harm is an over-trust on purpose (Inagaki, 2010).

An unused automation might be deemed untrustworthy, and even an
overused automation (one which warns too often and gives raise to false
alarm-tendency) might be deemed untrustworthy (Inagaki, 2010).

A driver’s trust can be on a range, from blind faith (mistrust) in the
automation’s capabilities to cope with any situation that might occur in the
driving situation to a complete doubt (distrust). Be it that the driver trusts
or mistrusts automation, the trust can be appropriate or inappropriate.
With appropriate trust the driver can distinguish between situations the
automation can cope with and situations it cannot (Hoc et al., 2009). The
latter means the driver has become complacent. When a driver has become
complacent, her ability to detect potential failures/errors in the automated
activity worsens.

2.6 Metrics

The theoretical background to the metrics used in the study will briefly be
explained.

23



2.6.1 Peripheral Detection Task

The Peripheral Detection Task (PDT) is a secondary task in the current
study, which is employed to measure a driver’s attention towards the driving
task. The PDT is executed in parallel to the primary task — the driving task
— where similar parallel tasks are called dual-task performance (Haraldsson,
2008). The PDT used in this study is based on the previous work conducted
by Haraldsson.

The PDT is based on Signal Detection Theory, which states that there
are four potential answers to a stimulus (a signal) detection task (Sternberg,
2006) in reaction towards a target stimulus:

1. Correct positive;

2. False positive;

3. Correct negative;

4. False negative.

A correct positive is a hit ; the driver (the participant in the study) perceived
and reacted upon an actual presented target stimulus. False positive is
the false alarm; the driver incorrectly reacted on a stimulus that was not
presented. Correct negative is when the driver correctly missed a stimulus
that was not presented, meaning she did not react upon a non-presented
stimulus, which means she correctly rejected a reaction. False negative is the
miss; the driver missed to react upon a presented target stimulus. The four
outcomes are, as mentioned earlier, threshold based, where the threshold
plays a role in determine whether or not a driver detects (and reacts to) a
target stimulus. An overview of the four outcomes can be seen in Table 1.

Table 1. An overview of the four categories in Signal Detection Theory (SDT)

Target stimulus Detect stimulus Do ”not” detect stimulus

Presented Correct positive — hit False negative — miss
Absent False positive — false alarm Correct negative — ”rejected”

The PDT operates on the visual sensory modality. As such it follows
that a slight performance loss on the driving task is to be expected (since
the driving task is reliant on visual perception). The performance loss
depends on the complexity of the secondary task, which is considered low.
Because the PDT operates on the same modality as the driving task, it can
increase the task demands (objective cognitive workload) of the two tasks.
However, because the PDT operates based on vigilance attention, it should
not interfere on a whole more than any other vigilance-attention-required
task during a driver’s normal driving task. The PDT is not meant to force
the driver to divert her gaze away from the road to a higher extent than
any other similar task, like being vigilant against small children crossing a
neighbourhood road.

The PDT, as used in the study, is believed to be a measurement point
to a driver’s workload expressed by her potential inattention towards the
PDT stimuli.

The PDT presents red square-looking objects at random interval to ei-
ther side of the road. The randomness behaviour reduces the ability to
actively search for the presentation of the stimulus. Since the anticipation
effect is reduced, it is more a vigilance detection approach that is invoked
in the driver. In the central visual field the driver has the traffic, and in the
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peripheral visual field the PDT is presenting its stimuli. The stimuli are
presented at the sides, since the objects in the central visual field reduce
the amount of resources that can be distributed to the detection of stimuli
in the peripheral visual field.

The PDT is based on the assumption that when two tasks share the same
modality, the resources required by either task has to be ”stolen” from the
other. The attention shared between the two tasks has to compete for its
resources (Sternberg, 2006; Haraldsson, 2008). Since the competition is on
the visual modality to detect stimuli, the PDT leaves the driver performance
to be more a victim, rather than if the PDT would have operated on, e.g.,
the auditory modality. The PDT is also based on the assumption that with
higher workload, driver can more easily become victim of cognitive tunnel
vision, which reduces the ability to detect stimuli in the peripheral visual
field (Haraldsson). The PDT takes advantage of this tunnel vision tendency
by its presentation of stimuli at random interval and locations in the driver’s
peripheral visual field. The PDT measures the reaction time from when the
target stimulus was presented till the time the driver reacted towards it.

2.6.2 Bake Reaction Time, Movement Time, and Total Braking
Time

Driving is a complex continuous task, as stated previously, which can be
differentiated into sub-tasks such as braking because of the target vehicle’s
deceleration. The driver’s reaction towards the target vehicle’s brake can
be viewed as a set of phases (Young & Stanton, 2007). The first phase is
to perceive that the driver of the target vehicle, the lead car, has pressed
down on the brake pedal, illuminated the brake lights and has a decreasing
velocity. The next phase, after the driver has perceived the state change of
the lead car, the driver has to make a decision of what action to take next
as a response to the lead car’s brake action. The driver of the host vehicle
can choose to respond in a number of ways, e.g., braking herself or steering
to avoid rear-end collision (for instance to overtake the lead car).

The only visual inputs available to the host vehicle’s driver are the phys-
ical aspects of the lead car, e.g., where it is on the lane; where other vehicles
are (in their own and opposite driving lane); and any rear-end lights cur-
rently illuminated (i.e., brakes and blinkers). Any other aspects of what the
lead car’s driver is doing are purely mental and not accessible for the driver
(e.g., Young & Stanton, 2007). Because of this, there are only three mea-
surements (Young & Stanton) of a driver’s response to a lead car’s braking
event that are available for research; brake reaction time, movement time,
and total braking time.

• Brake Reaction Time (BRT), is the time from when the lead car illu-
minates his brake lights till the driver released the gas pedal.

• Movement Time (MT), is the duration for the driver to release the
gas pedal and press down the brake pedal.

• Total Braking Time (TBT), is the combined time for both brake re-
action time and movement time.

All three measurements are the reaction times made by the driver, not the
reaction time it takes for the actual car to respond to the driver’s actions.
As in, the TBT is not the actual time it takes to brake the car, but for
the driver to take into-account the driving environment, process perceived
input and execute a response on this input (Young & Stanton, 2007).
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Research has proved that TBT differs over cultures, can be considered
a gender-less measurement, and unanticipated braking events (e.g., decel-
eration of the lead car without illuminated brake lights or an emergency
braking performed by the lead car’s driver) have a higher response reaction
time and these reaction times generally increases with age. Nonetheless, a
general guide line for total braking reaction time is 2 to 4 seconds (Young
& Stanton, 2007).

Brake reaction times can be affected by in-vehicle distractions, which
increase the reaction time to the lead car’s brake event. In addition, re-
search has shown that brake reaction time decreases with lower velocities
and increases with longer headways, while movement time is largely constant
amongst individuals. One suggested reason for increased BRT is that drivers
perceive they have a longer time available to react towards the lead car’s
actions and divert cognitive resources away from the driving task (Young &
Stanton, 2007).

2.6.3 Time Headway

Headway (HW) is the distance between the host vehicle and a target vehicle
(the leading vehicle) and is measured, commonly, in meters. Time headway
(THW) is headway, but measured in time units, commonly in seconds. As
THW shrinks the driver is closer to the target vehicle, and as THW increases
the target vehicle is getting further and further ahead (e.g., Seppelt & Lee,
2007).

Figure 1. Illustration of time headway (THW) between host vehicle and a target
vehicle driving in the right-hand-side lane.

Figure 1 attempts to illustrate time headway. The blue vehicle is the
host vehicle and the red one is the target vehicle. Imagine there is a distance
of 50 meters between the vehicles. The same distance can be described in
another unit, time. Say these 50 meters translate to a two second distance
given that the velocity of the host and target vehicle is the same. If the
target vehicle would accelerate, then the time headway would increase. If,
instead, the host vehicle would accelerate, then the time headway would
shrink. Time headway thus depends on the velocity of both vehicles.

2.6.4 Time to Collision

Time to Collision (TTC) is the time duration until a collision occurs if the
driving variables are held constant. The TTC value increases as the distance
between the driver’s vehicle and the leading vehicle increases (e.g., Zheng
& McDonald, 2005; Seppelt & Lee, 2007).
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Figure 2. Illustration of time to collision (TTC) between host vehicle and a target
vehicle.

Figure 2 attempts to illustrate time to collision. The blue vehicle is the
host vehicle and the red one is the target vehicle. Imagine that both vehicles
are driving in a velocity of 20 m/s. If the target vehicle would then instead
start to drive in 19 m/s, then the time to collision between the two vehicles
would decrease. If the target vehicle instead starts to drive in 21 m/s, then
the time to collision would increase.

Time headway and time to collision can be viewed as related, as both
measures distances between the host vehicle and the target vehicle. How-
ever, the host vehicle can be .2 seconds from the target vehicle, but have
an infinitive time to collision. Even though the two vehicles are very close
to each other the time to collision can be high, which is because if the two
vehicles have the same velocity the time to collision becomes infinitive (or
at least very high). Time headway measures the distance between the two
vehicles in time units, whereas time to collision measures the time till the
host vehicle would actually collide with the target vehicle.
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3 Method

The study was conducted in order to evaluate differences when driving with
a CWS or an ACC ADAS compared with a baseline — unaided driving.

The study has been influenced by Young and Stanton (2007). Simi-
lar to their study, this study evaluate ADAS using quasi-regular lead car
(target vehicle) brakes with on simulated automation system failure. The
simulated failure is an automation surprise for the participants. The ADAS
never informed the participant, the driver, when it experienced a system
failure rather it just ceased to operate as intended silently. Without hinting
about the system’s malfunction, the driver has to take actions else a rear-
end collision is imminent while driving with the ACC. The ACC will stop
maintain the host vehicle’s velocity and tracking of lead car. The CWS will
just go silent.

A summarisation of the study’s method can be found in Figure 3 and
Figure 4 below.

Figure 3. Process schema of participation.

Figure 4. Process schema of the study.
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3.1 Participants

Seventeen participants (6 female and 11 male), ranging in ages between 19
and 37 (M = 23.12, SD = 4.51), participated in the study. Participants were
gathered from Linköping University, where each participant was screened
in Locus of Control and Sensation Seeking, and in addition, gave general
information about their driving habits and the amount of computer based
car games they generally played. The latter since in the study computer
based car games was deemed to have a negative effect upon the participant’s
reaction towards the simulator equipment.

The participants in the study had been active drivers in an average of
3.94 years (SD = 2.82), where active was defined as driving at least once a
week with undefined distance. In addition, the participants had an average
of 5.4 hours driving per week (SD = 6.24). The majority of the participants
drove normally in city traffic (N = 9), followed by six of the participants
drove on country roads, and two participants drove normally on motorways
(by the Swedish definition of said road types).

Fourteen participants stated in their driving information survey that
they use their cell-phone without the use of a headset when driving. Every-
one of these said they used it for calls, with an exception for one participant
who said the phone was used for text messaging.

3.2 Screening

Participants were divided into groups depending on their Locus of Con-
trol and Sensation Seeking survey results. Filling in either survey is time
consuming under normal circumstances. In order to save up the time partic-
ipants had to spend at the simulator each participant filled in the surveys
at another time and location. A screening tool was devised to make the
participants able to fill in each survey at a place and time of their choosing.
The use of a screening tool to screen participants in advance is believed to
has been an effective method to reduce the amount of time the researcher
had to be idle waiting for the participant to answer the surveys. In addi-
tion, the screening might reduce symptoms of participant stress, because
the most time consuming non-simulator test would have been done at their
own pace without the straining sensation that the researcher is waiting on
them to finish.

Participants’ results from the conducted screening tests divided partic-
ipants into groups; High Sensation Seeker or Low Sensation Seeker, and
Driving Internal or Driving External. The groups were beneficial as the re-
searcher knew in advance if the particular participant was eligible to partici-
pate. A participant could else have conducted the study, only in a hindsight
been found out that her results cannot be used. If the study would have
used the participant then the equilibrium of the participant groups might
be jeopardized. The screening of participants can thus eliminate wasting
time, both for the participant and for the study conducting researcher. Par-
ticipant’s travel time and costs to travel to the testing facility can thus be
saved.

The screening of participants reduces the likelihood that the participant
groups will become unbalanced, it never eliminate the risk for the occur-
rence. Outliers can always have an impact on the results, which cannot
be detected in advance, only in hindsight after the study has treated all
the participants. One method that could ease the problem with outliers is
to call in participants that were rejected in the screening phase. The con-
ducted study had difficulties in having participants to come to drive with
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the simulator. No participant was eliminated. One female chose to not
continue her participation after she finished the screening step.

After a participant had filled in her general driving habits she was either
presented Locus of Control or Sensation Seeking survey by the screening
tool. When the participant was done with the first one, the second survey
was given. The order in which survey was presented first (between Locus of
Control and Sensation Seeking) was randomised, which was done to balance
out any effect the order might have had. A participant had to answer all
question items on Locus of Control and Sensation Seeking survey to be able
to continue onwards to the second survey and finally submit her results. The
screening tool prevented the participant from omitting answers because if
one item was omitted then the survey results for that particular participant
cannot be calculated, which meant that the participant had to be excluded
from the study.

The developed screening tool (developed by the study author) screened
participants on the Internet through a webpage. The reason why it was
Internet based was that it made the participant able to answer the surveys
anywhere she was, at any time, as long as she had Internet access. Other
methods have been contemplated, but the disadvantages with them seem
worse than the developed Internet based solution. Methods that have been
contemplated were to have the screening done at place, so that the partic-
ipant was screened near the simulator. The disadvantage of this is having
the time consumption factor returned. The purpose was to reduce the time
factor participants had to spend at the testing facility.

3.3 Car simulator

The car simulator equipment that was used in the study was ST Software’s
Desktop Highschool trainer. The simulator ran on two stationary comput-
ers and was located in an isolated simulator testing-room at the department
of computer and information science, Linköping University. The simulator
environment consisted of three Samsung 32” TVs with screen resolution of
1360x768 pixels and picture update frequency of 20 Hz, where the simu-
lator computers had a graphical refresh rate of 30 Hz (for more informa-
tion, see http://www.stsoftware.nl/simulator.html, as of 13th of June,
2010). Moreover, Logitech X-530 speakers provided the three dimensional
surround-sound, Logitech G25 made up the steering wheel and driver con-
trol pedals, and participants sat in an adjustable car-passenger seat. The
only option to adjust the driving environment for the participant was to
adjust the driver’s seat. The sound levels were held constant throughout
the study.

The simulator started to collect a participant’s data once she had reached
a velocity of 8.34 m/s. The data collection update frequency was 50 Hz.

3.3.1 The simulated world

The simulated world was created by an external party and was created to
simulate driving on a Swedish curvy country road. The driving weather
condition was day-driving under a blue sky with an amount of white fluffy
clouds. In the participant’s own lane, one car was simulated to drive in-
front of the participant (the lead car). In the meeting traffic lane a random
created series of cars were simulated, in order to make the driving a bit
more realistic and to prevent the participant to overtake the lead car. With
the occurrence of a collision with the lead car, a new car was created and
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placed on the lane at a distance ahead of the participant were it was not
possible for her to see its creation.

The same simulator world was used to test all scenarios, with the only
difference that one of the three scenarios drove in opposite direction to the
rest. This was done to attempt to normalise the driving and prevent a
potential learning effect so the participant would not know what the next
curve had in store for her.

3.4 Procedure

Participants who passed the screening test (by being eligible for the study)
were contacted by a standard formulated electronic mail to their specified
e-mail address. A conversation was initiated between the participant and
the researcher with the agenda to find a suitable date and time for the
participant’s test time with the simulator.

Upon the arranged time and date the researcher would arrive a bit earlier
to start the simulator equipment and general prepare the testing facility and
equipment to be ready.

Once the participant arrived to the testing facility, she was greeted and
instructed that she could at any time decide to quit on her own choosing.
Afterwards she was given her first study-specific instruction.

Each participant was handed an introduction instruction before she was
allowed to start to drive anything in the simulator. This first instruction
was used to inform her that her participation data was anonymous, only to
be used in the current study, and that the test would be recorded (in order
for the researchers (and only researchers) to see what the participant saw
on the screen and what they did with their hands and feet in order to use
with the analyses if deemed necessary).

The participant was further instructed that she would drive three sce-
narios, each 10 minutes long; two scenarios with ADAS and one using no
assistance system at all (a baseline). The order in which she would drive the
three scenarios was randomly selected in attempt to normalise any factor
the order of driven scenario might have had on the result. Before, however,
any participant was allowed to start with a scenario she had to drive five
to ten minutes (the time depended if the participant wanted to drive longer
than five minutes or not) in order to get a feel of the simulator; understand
how the simulator works and how it was to drive with.

Furthermore, the participant was instructed that during the five minute
testing period she could ask the researcher any question regarding the study,
and that during any of the three driving scenarios the researcher would not
answer any question. Along with this, the participant was requested to turn
off her mobile phone in order to reduce non-simulated distractions.

After a participant completed the driving duration with each ADAS
scenario she was given a survey to fill in. When she was done completely
with the driving, she was given an additional survey which was used to
complement the two smaller ones and to give more information on how the
driver thought her driving went. Thus, it was used to give the driver’s
subjective view of the driving, not how she actually drove according to her
driving data.

For each scenario there were two tasks, a primary and a secondary. The
tasks remained the same among the three scenarios, but for refreshing of
memory the participant had them on each scenario instruction paper. In
addition to being instructed what the main and secondary tasks were, each
participant was also given concise information on how she could drive with
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the system in the specific scenarios, e.g., she was instructed what the ADAS
could do for her driving.

3.4.1 Main task

The main task in the study was for the participant to drive and follow a lead
car to the best of her abilities without ending up in a collision. Basically,
the driver was expected to drive as she would have had driven in normal
circumstances outside the simulation environment when following a certain
vehicle. The participant was instructed that it was her responsibility to
avoid collisions. She also was given information that if she lost the lead car
for any reason (i.e., by colliding with it), the lead car would vanish and a
new one would be created further ahead along the path.

The main task was the same for every scenario. When the participant
drove with an ADAS she was instructed that the ADAS was designed to
reduce rear-end collision and support the driver in asserting risky situa-
tions that could potentially lead to a rear-end collision. The participant
could avoid a rear-end collision with several methods, where overtaking was
somewhat prevented by the use of meeting traffic. The participant was not
instructed on the methods to avoid rear-end collisions.

Stopping one’s vehicle, the preferred rear-end collision avoidance method,
could be done in two methods. Either the participant applied pressure on
the brake pedal to signal the vehicle to apply the brakes to the tires to ulti-
mately come to a stop, or, let the car’s engine decelerate the velocity (engine
brake) which would reduce the travelling velocity, hopefully fast enough to
not end in a collision.

Adaptive Cruise Controller

The Adaptive Cruise Controller (ACC) was set to drive at a pre-determined
velocity of 21 m/s, keep a preferred following distance (in time headway) of
1.75 second, which was the same following distance as used by Young and
Stanton (2007). Also, the ACC was set to try to keep the same velocity
in curves, with only a slight deceleration. This because it felt un-realistic
in the simulator to have its g-force set to lower force; which was set to 3
gravity.

The ACC activated and took over control of the host vehicle’s velocity
tracking and monitoring and tracking of the headway to the lead car once
the participant had neither the gas nor the brake pedal pressed down. The
ACC remained active until the participant deactivated it. The ACC was
deactivated by the participant overriding the system, which was done by
pressing down upon either the gas or the brake pedal.

The ACC would attempt to maintain the preferred following distance;
this implies that the ACC had the ability to self-adjust the velocity if the
lead car braked. When the ACC would notice that it was unable to suc-
cessfully decelerate the velocity to such an extent that a collision was not
an issue, it would send out an audio warning to the driver (the participant).
The warning sound was a short plop-plop-ish sound, and the warning con-
cept was adapted from Rudin-Brown and Parker (2004). The warning was
only given if the host vehicle was less than .7, but greater than .5, time
headway seconds till colliding with the lead car.
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Adaptive Forward Collision Warning System

The adaptive forward Collision Warning System (CWS) acted like an au-
dible feedback for the driver that reflects the time to collision time span
for a rear-end collision with the lead car. The CWS used similar settings
as Mohebbi et al. (2009); it activated when the driver was within .2 to 4
seconds time headway to the lead car, within a .2 to 5 (seconds) time to
collision radius and the driver was not currently braking upon activation.
When the driver left the activation span range or braked the warnings would
cease. The CWS was objective, in that sense it would act the same way
among all individuals.

The warning from the CWS started with an duration intensity of 1 sec-
ond, if the risk of rear-end collision increased in likelihood, then the warning
would come more rapidly (go from 1 to n warning sounds per second), as
in to give the driver feedback of the higher risk of rear-end colliding with
the lead car if the driver did not take any actions to prevent the collision.
To the best of the author’s knowledge, no similar adaptive forward collision
warning system exists. As in the ACC scenario, the warning sound was
plop-plop-ish.

The formula for the beeping intensity levels was:

(Driver’s THW * Driver’s TTC) / 40

which can be said to be the time to the lead car for the driver multiplied
by the time till collision and divided by 40 seconds.

3.4.2 Secondary Task

In addition to drive following a lead car, the driver was expected to perform
a secondary task. The secondary task was a Peripheral Detection Task
(PDT), designed by Haraldsson (2008). The task was to respond as quickly
and accurate as possible on a single red dot (the stimulus) showed on the
windscreen monitor.

The stimulus was presented to either side of the windscreen at a location
to be in approximation adjacent to the road edges. The participant was
instructed before the scenario began that when she detected the stimulus
on the right-hand side of the windscreen she was suppose to activate the
right indicator, when she detected it at the left-hand side she was suppose
to activate the left indicator. The stimulus occurrence area could thus
be mapped to the area’s location — either right or left. The participant
was furthermore instructed that the task was time based and that she was
supposed to react as fast as possible. The reaction time was collected as
the time duration it took from the stimulus was presented to when the
participant activated an indicator.

The task had four categories; correct, wrong, false, and miss. Correct
for when the correct indicator was activated for the shown stimulus, wrong
for when the wrong indicator was activated, false for when an indicator
was activated but no stimulus was presented, and finally, miss for when the
stimulus was presented but no participant activated response occurred.

The stimulus occurred at random intervals and at random side of the
windscreen. The participant should have been less able to anticipate where
and when the stimulus would appear if it was based on random settings.
If the participant would have been able to predict the occurrence of the
stimulus, then it follows the participant’s PDT result might be skew.

33



3.4.3 Lead car

Lead car was the name denoted to the target vehicle driving directly in-front
of the participant-controlled-vehicle. In the whole of each scenario it would
only exist one lead car. When no pre-existing lead car was available, a new
lead car was created once the participant drove within a time headway range
of 10 seconds.

When a lead car was created it was given a pre-determined velocity in
the range of 15.56 to 17.5 m/s. with an upper-bound maximum velocity of
19.44 m/s — the pre-determined road traffic speed limit in each scenario.
These velocity factors, along with a non-existing reaction time, made up a
lead car’s driving behaviour. This behaviour was lost when the participant
either had a rear-end collision or drove outside a time headway of 11 seconds
to the lead car. The lead car had a reaction time towards zero so it would
not get ”scared” when the participant was getting close. During testing it
was discovered that the lead car ”jumped” when the driver approached the
fully-stopped lead car. It was found that setting the lead car’s reaction time
to zero it would remove this ”scared jump” behaviour.

The lead car had two controlled behaviours. The lead car was following
a preferred velocity behaviour and following a braking behaviour. The lead
car braked, at least, once every minute during the lifespan of the scenario.
The lead car had the ability to brake every 30th to 53rd second, thus a
maximum of two brakes per minute. These values are hypothetical in its
programming. In practice the lead car tended to brake only once, as the
brake procedure duration from start to end varied this led to that the lead
car did not have ”time” to brake more than once. In addition, it took a fixed
time for the brake procedure to initiate after it had started. The brake times
were set, but in practice they created a range so as the lead car braked once
at a random interval during a one minute time frame. The randomness of
the lead car brakes reduced the chance the participant was able to predict
when the lead car would brake (hypothetically). For a participant, the
braking behaviour was more or less viewable as a ”nutcase driver ahead of
me”.

After a brake procedure had completed (as in the lead car had finished
coming to a stop and stood still for a random time interval), the lead car
would automatically accelerate up to a minimum of 17.5 to a maximum
of 19.44 m/s velocity, meaning it once again would drive near the pre-
determined preferred traffic speed.

Lead car’s two braking behaviour

The lead car, as stated above, braked every minute. How it braked differed.
The lead car could brake by two similar, yet different, ways. The two brak-
ing behaviours were in the study called Rude brake and Nice brake. The
Nice brake was also called normal brake. The difference in the brake was
how hard and how long the lead car braked. The Rude brake lasted up
to seven seconds and had a velocity decrease rate of .01 m/s per simulator
update frequency. The Nice brake lasted between three to five seconds with
a velocity decrease rate between .001 and .005 m/s per simulator update
frequency. The result was that the Rude brake emulated a brake that ap-
proached zero rapidly, whereas the Nice brake took a while to approach zero
with a possibility to not reach zero velocity at all.

Rude brake occurred only three times, whereas the last one was the
System failure that attempted to cause automation surprise. The lead car
was able to rude brake after two, five, and eight minutes. Rude brakes had
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priority over Nice brakes, and System failure brake had priority over Rude
brakes. The braking times were just when the lead car was ”allowed” to
perform said brake. Due to the simulation programming the actually time
when a lead car braked, disregarding type, varied. This mean that in some
cases a Nice brake could have been omitted in favour of a Rude brake.

A problem soon emerged in the development of the lead car braking
behaviour programming. The problem was that the participant had to
be close enough to the lead car for its braking to have an impact on the
participant’s driving result. The participant, in other words, had to have
a short headway to the lead car. In order to ensure that the lead car had
an effect on the driver, the participant had to drive with a time headway
less than 4 seconds. The maximum allowed distance between participant
and lead car was set to 4 THW (i.e., 4 time headway seconds) in order to
prevent the lead car from braking when the participant was too far away
to be affected by its braking. If the participant was further behind, then
the lead car would a) postpone the brake, or b) omit it. A brake would be
postponed to an extent that if the participant got to 4 THW or less within
the actual ”brake window” then the lead car would initiate the brake. If
not, then the brake would be omitted.

3.5 Pilot test

The pilot testing was conducted with three participants. Result from the
pilot test changed the study in several ways. The time duration to drive
with each of the three scenarios changed from 20 minute driving to 10
minute driving for each scenario. This was done because participants risk
becoming tired during a long simulator driving duration, which could affect
the results negatively. Secondly, the instructions given to the participants
were revamped to make them more understandable. Thirdly, the surveys,
including the screening, received slight adaptations. The screening Locus
of Control and Sensation Seeking surveys were updated to give a feel of
being more modern in the language and some terms received an explanation.
The term ”jet set”, for instance, became explained as a set of rich and
fashionable people who travel widely for pleasure. Fourthly, the requirement
to test drive each scenario in order to get a feel for the driving with the
simulator and ADAS before the actual driving of the particular scenario
was removed. Instead the participant was requested to drive five to ten
minutes without any ADAS as the first thing she did after reading the first
instruction. The participant was still able to get a feel for the simulator
driving, while the testing duration shrank in time.

Moreover, after some extensive testing (done by the researcher), the
simulator scenarios got altered. The altered scenarios were corrected to force
the lead car to brake once every minute, not only to illuminate its brake
lights and ignore the actual braking (as in decelerating). In addition, one
more control event code was scripted in, which was used during analysing
to get an index over what type of braking the lead car performed so that
the analyses could take this into account.

At a later stage an additional event code was scripted in. The additional
code differentiated ADAS into two events: start and stop instead of the
previous code that only denoted the ADAS to be active. The ADAS was
denoted as being active between each start and stop code.
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3.6 The screening tool

The Internet-based screening tool was developed by the researcher for the
current study. The participant was greeted, after she browsed to the tool,
followed with an explanation what was expected of her. This was followed
with a request for the participant to give her contact information (so she
could be contacted by the researcher for the actual driving test date and
time), and to fill in a short survey about her general driving habits.

After the participant submitted her data at this stage she was treated
with the first of two surveys, which was given to her with a random order
(meaning that every participant did not start with the same survey). After
the participant completed the survey and submitted it, the next survey was
presented. If the participant had missed any item of the survey, then the
tool gave the same survey again with the missing item(s) to complete. The
tool presented the same survey with missing item(s) until the participant
successfully filled in the survey correctly (as in not omitting any item). This
meant that a participant could not omit her answer to any survey question,
neither if she wanted to or not. This process of not omitting any items was
done for each survey.

After each survey had been completed the tool calculated the partici-
pant’s scores. The scoring algorithm for each survey is described in an own
section below. The Sensation Seeking item score values were based on the
description provided by Zuckerman (1994, Appendix B). The Locus of Con-
trol item score values were based on value described by Montag and Comrey
(1987). The Sensation Seeking scores increased by one value for each sepa-
rate four Sensation Seeking categories when a participant chose an option
that was associated with the specific category, e.g. if the participant an-
swered question item 7 with the option B, then the participant’s Boredom
Susceptibility was increased by one. The Total Score was the combined
scores of each four categories.

Every item on the Locus of Control survey had six options, from Disagree
very much to Agree very much, with the associated score of zero to five. The
score of the answered item became the value of the option the participant
chose, i.e. if the participant chose ’Agree very much’ on item 1, and if item
1 was of Externality type, then the participant’s Externality score would be
increased by the item’s value (in this case 5).

After the score was calculated and stored locally on the web server, the
participant was thanked for her participation and said she would be con-
tacted at a later stage to progress to the simulation. If the participant’s
result could not be stored locally on the web server, then the screening tool
sent the result through e-mail to the researcher. In this way the results
would theoretically not be lost, due to factors controllable by the screen-
ing tool. To determine a participant’s placement in the study group, a
MATLAB script had to be run, which took the results from every eligible
participant screened and calculated what group the participant belonged
to.

3.6.1 Calculating the Sensation Seeking threshold

The threshold for determine if an individual is High or Low Sensation Seeker
is done by summing up every individuals of the same gender’s Total Score.
If an individual in said gender group reaches above the 50th percentile with
their own Total Score, then the individual is labelled High Sensation Seeker,
else Low Sensation Seeker. This way of calculating the Sensation Seeking
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threshold was adopted from Rudin-Brown and Parker (2004) and Jonah et
al. (2001).

3.6.2 Calculating the Locus of Control value

The participant’s Locus of Control value (if she was Internal or External)
was calculated by subtracting the participant’s Externality scale score from
her Internality scale score. If the resulting score was above zero, then the
participant became labelled as Internal. If the resulting score was zero or
less then she became labelled as External. This measurement approach was
adapted from Rudin-Brown and Parker (2004).

3.7 MATLAB

Several MATLAB scripts were created for the study by the researcher. One
of the scripts was used to divide the participant population into groups
based on the screening tool results. The remaining scripts were used to
analyse the simulation data and the PDT result for each participant.

The simulator generated data with a 50 Hz update frequency, i.e., with a
.02 second interval. This means that a gigantic amount of data values were
created, as each scenario ran a minimum 10 minutes (each scenario ran
approximately 10 minutes and 20 seconds). MATLAB was used to reduce
the scope of the data into a few single-point-valued variables, which could
then be used to calculate the statistics.

The MATLAB scripts were divided into creating analyse variables in two
groups: normal driving behaviour and strained driving behaviour. Normal
driving behaviour variables were those that persist during the full scenario
duration or were emergent as a result to following the lead car. Variables in
this category were, e.g., amount of collisions, TLC, velocity variations, and
the screening results (Locus of Control and Sensation Seeking).

Strained driving behaviour was variables that were specific due to the
lead car brake. When the lead car brake, the participant had to adjust her
driving accordingly, e.g., headway, steering, brake usage, while still observ-
ing the lead car and surrounding traffic. Variables such as BRT, MT, TBT,
THW, and TTC are examples of variables in the strained driving behaviour
category.

3.7.1 Unexpected simulator output

It was noticed after all the participants were tested that the simulator output
unanticipated results. The view the researcher had of the simulator was not
the ”view” the simulator had of itself, apparently. It was unanticipated that
the simulator could output undefined lead car velocities even while the lead
car was visually present on the monitors. This created a dilemma when
trying to identify lead car brakes according to the simulators output.

In an attempt to correct for the unanticipated undefined lead car ve-
locities, interpolation method was applied on the known lead car velocities.
The use of interpolation gave a possibility to detect brake situations where
the data were in fact missing. The use of interpolation was not entirely
straightforward. It created a small index offset between what a control file
stated and what the MATLAB scripts could detect. The offset was roughly
less than one second on the few occurrences that the control file pointed to
an undefined lead car brake event in the simulation data. In short, interpo-
lation was used to fill in the missing data gaps created by the simulator.
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In sum, seven participants during the ACC scenario had one undefined
control-file brake, whereas one of these had two undefined brakes. Five
participants had undefined control-file brakes during the CWS scenario,
and four participants had undefined control-file brakes during the Baseline
scenario.
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4 Analysis

The statistical analysis was conducted via IBM’s SPSS (version 19). The
input data was constructed through the use of MATLAB.

The study was conducted as a repeated design, where participants drove
three different driving conditions (scenarios) in one swoop. The three driv-
ing conditions (constituting driving with ACC, driving with CWS, and driv-
ing unaided) made up the basis for the primary independent variable. Each
participant’s driving result was dependent on the driving condition she drove
at a given time. Three more independent variables existed. Two of these
where the two personality trait variables, which in the study classified the
participants into four mutually exclusive groups. The third variable was the
gender of the participant.

The confidence level of the analyses was set to 95 %, unless otherwise
specified. Normal distributed data was assumed for all analyses, unless
otherwise specified. The analyses were conducted as a repeated within-
group design which had three interest points; most analyses were set up to a)
analyse whether or not there existed a difference in the group mean value on
each separate dependent variable, most commonly analysed through t-test;
b) what effect the two traits had on the dependent variable, with a mixed
design ANOVA as the most used test. If not otherwise specified, the mention
of an ANOVA use refers to the use of a mixed design ANOVA where the
mixed (independent) variables were the two traits; and c) analyse whether
or not the participant’s gender had an effect on the dependent variable,
which was commonly tested through the use of t-test and ANOVA.

A quite extensive amount of analyses were conducted for the study.
Analyse regarding the two psychological traits, and drivers’ safety driving,
attention towards driving, risk and trust perception, and the surveys will be
presented. See Appendix B — Lane positioning, for the analysis regarding
lateral positions.

4.1 Sensation Seeking and Locus of Control

The score threshold for Sensation Seeking was calculated to be 22 for men
and 24 for women. This meant that any male participant with a Sensation
Seeking total score of 22 or higher became labelled as High Sensation Seeker.
Consequently, if he was scored below 22, then he became labelled as Low
Sensation Seeker. Eight participants became labelled as Low Sensation
Seeker and nine became labelled as High Sensation Seeker.

Eight participants became considered to be Internal and nine partici-
pants to be External. The trait distribution can be found in Table 2. Note,
the traits are intrinsically mutually exclusive, which means a participant
can be either External or Internal, and, be either High or Low Sensation
Seeker.

Table 2. Distribution of Sensation Seeking and Locus of Control.

Sensation Seeking

Locus of Control Low Sensation Seeker High Sensation Seeker Total

Internal 4 4 8
External 4 5 9
Total 8 9 17

Results of Sensation Seeking and Locus of Control were not significantly
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correlated (Spearman’s rho, r(15) = 0.06, p = .83).
Both Sensation Seeking and Locus of Control can be gender affected.

Gender did not predict the outcome on neither Sensation Seeking nor Lo-
cus of Control. Gender could predict .2 % (R2 = .002) of the variance in
Sensation Seeking, neither could gender predict if a participant would be
High or Low Sensation Seeker (β = −.05, t(15) = −0.17, p = .87). Gen-
der did not have an effect on Sensation Seeking (F(1, 15) = 0.28, p = .87,
η2 = .00).

For Locus of Control, gender could explain 8.4 % (R2 = .084) of the
variance in Locus of Control. Gender could not predict the participant’s
Locus of Control result (β = −0.30, t(15) = −1.17, p = .26). Gender did
not have an effect on Locus of Control (F(1, 15) = 1.379, p = .26, η2 = .08).

4.1.1 Attention towards driving

Driving requires attention, especially in the form of vigilance, in order to
detect changes in the driving environment and to increase the possibil-
ity to avoid rear-end collision. The participant’s vigilance capability to
track/monitor a target stimulus was measured through the use of a PDT
secondary task.

To determine if there existed a difference in attention between the three
driving conditions, a paired t-test was conducted. It was found that there
existed a significant difference between unaided and aided by ACC driving
(t(16) = −2.36, p = .03, r = .51), and between unaided and aided by CWS
driving (t(16) = −2.93, p = .01, r = .59). There existed no significant
difference between aided by ACC and CWS (t(16) = 0.33, p = .74, r = .08).

The unaided and aided by ACC results were significantly correlated
(r(15) = 0.89, p = .00), same for unaided and aided by CWS (r(15) = 0.92,
p = .00), and finally there was a significant correlation between the results
from aided by ACC and CWS (r(15) = 0.82, p = .00).

Table 3. Mean reaction times on the PDT secondary task. Only correct reaction
times are reported. Reaction time was measured in seconds.

Mean SD

Baseline 0.64 0.08
ACC 0.67 0.11
CWS 0.66 0.08

The mean correct PDT reaction times can be found in Table 3. On
average, participants reacted correctly to a target stimulus 97.65 % of the
target stimulus occurrence on the unaided driving condition. On the ACC
driving condition participants reacted on 95.18 % of shown target stimulus
correctly. On the CWS driving condition participants reacted on 96.76 %
of shown target stimulus correctly. The amount of correct responses varied
on a range from 92 to 100 % on the unaided driving condition, 88 to 100
% on the ACC driving condition, and 92 to 100 % on the CWS driving
condition, among all presented stimuli. This means that some participants
were better at correctly detect a target stimulus than others, as they had a
perfect (100 %) accuracy.
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4.1.2 Sensation Seeking and Locus of Control’s effect on atten-
tion

Mixed design ANOVA was conducted to determine the effect Sensation
Seeking (High or Low) and Locus of Control (External or Internal) had on
attention (PDT reaction times) from each three driving conditions. Spheric-
ity could not be assumed (p = .02) nor could equality of error variance be
assumed (p = .00, for each of the driving conditions). Within effects were
adjusted by Greenhouse-Geisser.

There existed no significant main effect on PDT reaction times
(F(1.364, 17.735) = 3.16, p = .08, η2 = .20). Sensation Seeking had no sig-
nificant interaction effect on PDT reaction times (F(1.364, 17.735) = 0.52,
p = .54, η2 = .04). Locus of Control had no significant interaction effect
on PDT reaction times (F(1.364, 17.735) = 1.60, p = .23, η2 = .11). There
existed no significant interaction effect between Sensation Seeking, Locus
of Control, and PDT reaction times (F(1.364, 17.735) = 0.34, p = .64,
η2 = .03). Between effects on Sensation Seeking and Locus of Control is
omitted due to lack of homogeneity on the independent variables of Sensa-
tion Seeking and Locus of Control.

Table 4. Mean reaction times on the PDT secondary task as separated by Sen-
sation Seeking and Locus of Control. Only correct reaction times are reported.
Reaction time was measured in seconds.

Low Sensation Seeking High Sensation Seeking

External Locus
of Control

Internal Locus
of Control

External Locus
of Control

Internal Locus
of Control

Mean SD Mean SD Mean SD Mean SD

Baseline 0.66 0.05 0.65 0.05 0.62 0.04 0.64 0.05
ACC 0.68 0.06 0.71 0.06 0.63 0.05 0.66 0.06
CWS 0.70 0.04 0.67 0.04 0.65 0.04 0.63 0.04

The mean PDT reaction times per driving condition and as separated
by Sensation Seeking and Locos of Control is found in Table 4.

4.1.3 Gender’s effect on attention

Male participants on the CWS driving condition was not normal distributed,
all other data set were normal distributed. The data was split on gender.

There existed no significant difference between unaided driving and aided
by ACC (Z = −1.07, p = .29, η2 = .23) for men, as found by conducted
Wilcoxon Signed Rank test. There existed no significant difference between
aided by ACC or aided by CWS driving (Z = −0.53, p = .59, η2 = .11).
There existed a significant difference between unaided driving and aided by
CWS (Z = −2.49, p = .01, η2 = .53).

There existed a significant difference between unaided driving and aided
by ACC (Z = −2.20, p = .03, η2 = .64) for females. There also existed a
significant difference between driving aided by ACC and CWS (Z = −1.99,
p = .05, η2 = .58). There existed no significant difference between unaided
driving and aided by CWS (Z = −0.31, p = .75, η2 = .09). The mean
reaction times for males and females can be found in Table 5.
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Table 5. Mean reaction times on the PDT secondary task as separated by gender.
Only correct reaction times are reported. Reaction time was measured in seconds.

Male Female

Mean SD Mean SD

Baseline 0.62 0.08 0.67 0.09
ACC 0.64 0.08 0.73 0.13
CWS 0.65 0.07 0.68 0.11

Additional t-test (in the form of Mann-Whitney) were conducted to de-
termine differences between the two sexes of each driving conditions. There
existed no significant difference between males and females on unaided driv-
ing (U = 22.00, Z = −1.11, p = .27, η2 = .27) when it came to PDT reaction
times. Similar there existed no significant difference between males and fe-
males on the ACC driving condition (U = 23.00, Z = −1.01, p = .32,
η2 = .24), as well on the CWS driving condition (U = 27.00, Z = −0.60,
p = −.55, η2 = .15).

4.2 Safety in driving

Safety can be defined as the absence of incidents and accidents. In this study
safety is measured by the distance between the host vehicle and the target
vehicle (the lead car). If the driver rear-end collide with the target vehicle,
then this would have had an impact on her driving safety. For the current
study, if the driver drives further away from a potential rear-end collision
she is determined to drive safer. Thus, for the current study, the further
apart the host vehicle and the target vehicle are the safer the driving.

Safety is measured through the use of time headway and time to collision
analyses.

4.2.1 Time to Collision

A higher time to collision (TTC) value means that the driver drove further
away from a collision, which is deemed in the study that she drove more
safely. Thus, a greater TTC value is better. The following TTC values
represent the minimum TTC when the lead car was braking over the full
scenario duration. Specifically, the represented TTC value is the minimum
value of all the minimum TTC values of the participant when the lead car
had been braking.

Three participants were omitted in the analyse, because they drove with
an unanticipated too long headway to the target vehicle. The TTC val-
ues became uninteresting, and they had failed to surpass the filters evoked
in the MATLAB parsing of simulation data stage. The MATLAB scripts,
when filtering data, had several threshold values the data from simulation
had to exceed in order to be eligible for further analyses. The three partici-
pants were omitted because they had a TTC value greater than 10 seconds,
and/or, drove further than 5 time headway seconds behind the target vehi-
cle. Table 6 contains the TTC values from all the participants.
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Table 6. Participant TTC values.

TTC

N valid cases Mean SD

Baseline 14 3.78 0.75
ACC 17 1.08 0.50
CWS 17 1.73 0.78

The study uses within-subject design. This mean that the remaining
data post of the three omitted participants were removed for further anal-
yses, i.e., that the three participants data was not included when further
analyses were done on TTC. The removal result can be found in Table 7.

Table 7. Participant TTC values. Three participants removed due to being ineli-
gible, N = 14.

TTC

Mean SD

Baseline 1.84 0.87
ACC 1.06 0.55
CWS 1.56 0.73

The TTC values between unaided and aided by ACC driving were not
significantly correlated (r(12) = 0.36, p = .20). The TTC values between
unaided and aided by CWS driving were positive (significant) correlated
(r(12) = 0.67, p = .01). The TTC values between the two ADAS were not
significantly correlated (r(15) = 0.11, p = .69) (i.e., the two ADAS operated
differently in regard of time to collision measurements).

There exist a significant difference between driving unaided and driving
aided by the ACC (t(13) = 3.44, p = .00, r = .69) as measured by a
conducted t-test, where participants drove with a lesser TTC when aided
by the ACC compared to when they drove unaided.

Similar t-test was conducted between driving unaided and driving aided
by the CWS, which stated that there was no significant difference between
driving unaided or aided by the CWS (t(13) = 1.55, p = .15, r = .39).
In other words, there was no difference whether or not the driver drove
unaided or drove aided by the CWS in regard of staying further away from
a collision.

An additional t-test found that there exist a significant difference be-
tween being aided by the ACC and the CWS (t(16) = −3.09, p = .01,
r = .61). Participants drove with lesser TTC when aided by the ACC when
compared to when aided by the CWS.

4.2.2 Sensation Seeking and Locus of Control’s effect on time to
collision

Sensation Seeking was not significantly correlated with unaided driving
(r(12) = 0.20, p = .25), nor with ACC driving (r(12) = 0.19, p = .26),
and neither with CWS driving (r(12) = −0.02, p = .48). TTC values as
separated by Sensation Seeking can be found in Table 8.
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Table 8. TTC values as separated by Sensation Seeking, N = 14.

Low Sensation Seeking High Sensation Seeking

Mean SD Mean SD

Baseline 1.67 0.75 2.00 1.00
ACC 0.96 0.35 1.16 0.71
CWS 1.57 0.66 1.55 0.86

Two-way mixed design ANOVA on Sensation Seeking (High or Low)
as between-group variable and driving condition (unaided, ACC, or CWS)
on the TTC as within-group variable was used to determine what effect
Sensation Seeking had on TTC. There was a significant main effect of driving
condition (F(2, 24) = 6.47, p = .01, η2 = .35). There was a significant
difference between driving unaided and driving aided by the ACC (p = .02),
but not between driving unaided and driving aided by the CWS (p = .38),
nor between driving aided by either ACC or CWS (p = .17). Participants
had the highest TTC value when driving unaided and shortest when aided
by the ACC.

There was no significant effect of Sensation Seeking (F(1, 12) = 0.30,
p = .60, η2 = .02) and no significant interaction effect between Sensation
Seeking and driving condition (F(2, 24) = 0.33, p = .72, η2 = .03).

Table 9. Non-transformed TTC values as separated by Locus of Control, N = 14.

Internal Locus of Control External Locus of Control

Mean SD Mean SD

Baseline 2.00 0.98 1.68 0.79
ACC 1.00 0.45 1.12 0.66
CWS 1.78 0.60 1.35 0.84

One male participant was an extreme outlier when investigating Locus
of Control’s effect on TTC. The data was transformed by square rooting
the dependent variable (TTC), which transformed the data into normal
distributed. The male had a higher TTC value than the other partici-
pants (which in general mean he drove safer than the others). The non-
transformed TTC values as separated by Locus of Control can be found in
Table 9.

Locus of Control was not significantly correlated with unaided driving
(r(12) = −0.18, p = .28), nor with the ACC driving (r(12) = 0.07, p = .41)
and neither with the CWS driving (r(12) = −0.33, p = .12).

The effect of Locus of Control (External or Internal) and driving condi-
tion (unaided, ACC, or CWS) on TTC was examined by a two-way mixed
design ANOVA. There was a significant main effect of driving condition
(F(2, 24) = 5.68, p = .01, η2 = .32). There was a significant difference
between driving unaided and driving aided by the ACC (p = .02), but no
difference in driving unaided or driving aided by the CWS (p = .32), nor
driving aided by either ACC or CWS (p = .28). Participants had the high-
est TTC when they drove unaided and the shortest TTC when they drove
aided by the ACC.

There was no significant main effect of Locus of Control (F(1, 12) = 0.59,
p = .46, η2 = .05), nor did there exist a significant interaction effect between
Locus of Control and driving condition (F(2, 24) = 0.98, p = .39, η2 = .08).
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4.2.3 Gender effects on time to collision

Gender was not significantly correlated with unaided driving (r(12) = 0.34,
p = .12), nor was gender correlated with driving aided by the ACC (r(12) =
−0.11, p = .36), but it was significantly correlated with driving aided by
the CWS (r(12) = 0.76, p = .00). The TTC values from the participants as
separated by the gender of the participant can be found in Table 10.

Table 10. Participant TTC values as separated by gender, NMale = 10, NFemale

= 4.

Male Female

Mean SD Mean SD

Baseline 1.66 0.80 2.29 0.99
ACC 1.10 0.55 0.97 0.61
CWS 1.22 0.55 2.42 0.28

Two-way mixed design ANOVA was used to determine the effect of gen-
der (Male or Female) had on driving condition (unaided, ACC, or CWS)
on TTC. A significant main effect of driving condition (F(2, 24) = 12.06,
p = .00, η2 = .50) existed.

No significant effect on gender (F(1, 12) = 3.42, p = .09, η2 = .22) ex-
isted. There was a significant interaction effect between gender and driving
condition (F(2, 24) = 5.23, p = .01, η2 = .30).

Gender was controlled and a repeated t-test was conducted to determine
differences in TTC. There was difference in driving unaided and driving
aided by the ACC (t(9) = 2.63, p = .03, r = .66) for men. There was also
difference in driving unaided and driving aided by the CWS (t(9) = 3.03,
p = .01, r = .71) for men. There was no difference in driving aided by
either the ACC or the CWS (t(10) = −1.13, p = .28, r = .34) for men.
Male TTC values while driving unaided were not correlated with values
while driving aided by the ACC (r(8) = 0.56, p = .09), however, the TTC
values while driving unaided was correlated with values from aided by the
CWS driving (r(8) = 0.84, p = .00). The TTC values for males from when
they were driving aided by either ADAS were not correlated with each other
(r(9) = 0.53, p = .10).

Similar t-test was conducted for women. There was no difference in
driving unaided and driving aided by the ACC (t(3) = 2.42, p = .09, r = .81)
for women. Nor was there a difference in driving unaided and driving aided
by the CWS (t(3) = −0.26, p = .81, r = .15) for women. There was,
however, a difference between driving aided by the ACC and driving aided
by the CWS (t(5) = −5.31, p = .00, r = .92) for women. The TTC values
for females when they drove unaided and drove aided by the ACC were
not correlated (r(2) = 0.14, p = .86). Neither was TTC values between
unaided and aided by the CWS driving correlated (r(2) = 0.15, p = .85),
nor was TTC values between aided by the ACC and aided by the CWS
driving correlated (r(4) = −0.64, p = .17).

4.2.4 Time Headway

Time headway (THW) represents the distance between two vehicles mea-
sured in time seconds. Greater THW means that the driver was further
behind the target vehicle. Consequently, a shorter THW means that the
driver was closer to the target vehicle. Based on the measurement of safety
in this study, a greater THW is better. However, a too big THW indicate
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that the driver is further behind, but also that the risk of rear-end colliding
with the target vehicle becomes reduced to almost non-existent.

The ACC driving condition was removed from analyse. The ACC oper-
ated by monitoring and tracking the headway to the lead car and adjusted
itself accordingly. The data from the ACC is viewed as represented by
the ACC’s headway maintenance capabilities to an extent rather than the
participants. The data from the ACC condition was thus omitted.

Data represent participants’ mean time headway on the unaided and
aided by CWS driving condition whenever the lead car braked during the
full scenario duration. The data can be found in Table 11.

Table 11. Participants THW values.

Mean SD

Baseline 3.51 0.88
CWS 3.42 0.90

The THW data was non-normal distributed. Transforming the data
through square rooting or logarithm (both normal and reciprocal) had a
too little effect. The data remained non-normal distributed and a non-
parametric test (the Wilcoxon Signed Rank test) was used. There was
no significant change between unaided driving and driving with the CWS
(Z = −0.92, p = .36, η2 = .16). The THW values from both unaided
and CWS aided driving condition were significantly positively correlated
(Spearman’s rho, r(15) = 0.66, p = .00).

4.2.5 Sensation Seeking and Locus of Control’s effect on time
headway

The THW values from the unaided driving condition were non-normal dis-
tributed for High Sensation Seekers. Transforming the data with reciprocal
square rooting transformed the data into normal distributed.

The effect of Sensation Seeking (High or Low) and driving condition
(unaided or CWS) on THW was examined by a two-way ANOVA. There
was no significant main effect of driving condition (F(1, 15) = 0.34, p = .57,
η2 = .02). There was no significant effect of Sensation Seeking (F(1, 15) =
0.41, p = .53, η2 = .03). There was no significant interaction between
driving condition and Sensation Seeking (F(1, 15) = 0.29, p = .60, η2 = .02).
THW values from the unaided driving were significantly correlated with the
values from CWS driving (r(15) = 0.64, p = .00), however neither unaided
driving (r(15) = −0.09, p = .36) nor CWS driving (r(15) = −0.20, p = .22)
were significantly correlated with Sensation Seeking.

The THW values were non-normal distributed for Locus of Control.
Transformation of the data was unsuccessful (with square rooting or log-
arithm, both normal and reciprocal). Non-parametric test was used. The
THW values were converted into ranks (within the same group) and a two-
way mixed design ANOVA was conducted upon these ranks. The effect of
Locus of Control (External or Internal) and driving condition (unaided or
CWS) on THW was examined. There was no significant effect of Locus of
Control (F(1, 15) = 1.52, p = .24), nor was there a significant interaction
between Locus of Control and driving condition
(F(1, 15) = 0.01, p = .91, η2 = .00). The THW values from unaided driving
were not correlated with Locus of Control (Spearman’s rho, r(15) = −0.27,
p = .31), nor was the THW values from CWS aided driving correlated with
Locus of Control (Spearman’s rho, r(15) = −0.29, p = .26).
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Follow up Wilcoxon Signed Ranked test (after splitting the data set
on Locus of Control) showed that for Externals there were no statistical
difference between unaided and CWS aided driving when regarding the
THW values (Z = −1.24, p = .21, η2 = .30). Similar result was found
for Internals, where they neither showed a difference between unaided and
CWS aided driving (Z = 0.00, η2 = 0).

4.2.6 Gender’s effect on time headway

THW values from unaided and aided by CWS driving were non-normal
distributed when regarding gender. Transforming the data (THW) was un-
successful, thus non-parametric tests were used. THW values from unaided
and CWS aided driving were correlated (Spearman’s rho, r(15) = 0.66,
p = .00) and both unaided (Spearman’s rho, r(15) = 0.53, p = .03) driv-
ing and CWS aided (Spearman’s rho, r(15) = 0.80, p = .00) driving were
correlated with gender. The THW values can be found in Table 12.

Table 12. Participants THW values as separated by gender.

Male Female

Mean SD Mean SD

Baseline 3.18 0.77 4.10 0.80
CWS 2.90 0.60 4.37 0.44

Two-way ANOVA conducted on rank data (where data was ranked
within each group), revealed no significant main effect of driving condition
(unaided or CWS) on THW (F(1, 15) = 0.16, p = .69, η2 = .01) nor any sig-
nificant interaction effect of driving condition and gender (F(1, 15) = 1.89,
p = .19, η2 = .11). There was a significant effect on gender (F(1, 15) =
17.21, p = .00, η2 = .53).

Follow up Wilcoxon Signed Rank test was conducted to determine dif-
ferences between driving unaided and driving aided by the CWS within the
sexes. There was no difference between unaided and CWS aided driving
for males (Z = −1.33, p = .18, η2 = .28). There was no difference be-
tween unaided and CWS aided driving for females (Z = −0.11, p = .92,
η2 = .03). Unaided and aided by CWS driving was not correlated for males
(Spearman’s rho, r(9) = 0.51, p = .11, nor for females (Spearman’s rho,
r(4) = 0.54, p = .27).

An additional test was conducted to determine differences between un-
aided and CWS aided driving between the sexes. There was a significant
difference between the two sexes on unaided driving (U = 12, Z = −2.11,
p = .04, η2 = .51). There was also a significant difference between the sexes
on aided by the CWS driving (U = 1, Z = −3.22, p = .00, η2 = .78). For
both driving condition males were found to have driven with a lesser THW
value compared to females.

4.3 Risk and Trust

Participants were asked to follow a target vehicle. This target vehicle was
able to brake. The duration from when of these brakes occurred to the time
the participant started to react and put pressure on the brake pedal, i.e.
total braking time (TBT), was used to measure participants’ trust and risk
perception. The risk of having participants avoiding rear-end collision by
other means of braking was reduced by having a series of constant created
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meeting traffic at random intervals. TBT measures how quickly a partici-
pant was able to detect a state change in the target vehicle (its brake) and
respond to said brake.

4.3.1 Risk analysis

It is difficult to determine when a participant perceives a risk and when she
initially starts to respond to the said risk (see for instance McLaughlin et al.,
2008). That which is available for researcher is the result (a brake), given
that her initiation of the brake procedure is the result of her risk perception.
The initial point as to where the driver determines the situation to be risky
is covert as it is internal to the driver. Consequently, the only data available
for an external party is the result of the decision, namely the brake.

It is assumed in the study that the initial of the brake procedure is a
response to the situation being determined as risky by the driver. Situations
in the study which could be determined as risky is when the target vehicle
braked. Other situations that could be a cause to brake, e.g., to change
lane, is assumed to not be a cause for brake appliance in the study.

The use of brakes to represent risk in the study is a convenient way of
measuring risk. Lethal risk, which is the intended risk to measure, is perhaps
best measured through the possibility of ending up in a lethal collision. The
study is unable to measure this risk of death in traffic, as it is a simulation
study, thus the study used driver’s TBT values resulting from the lead car’s
Rude brakes to quantify drivers’ risk perception in driving. A higher TBT
value is used to indicate a higher probability that the driver drove riskily,
as it indicates a slower reaction towards the target vehicle’s brakes.

The TBT values were non-normal distributed, however though trans-
forming the data with square rooting the dependent variable (TBT), it be-
came normal distributed. Repeated t-tests were conducted to determine
differences between driving aided by either ADAS. There was a signifi-
cant difference in TBT values between aided by the ACC and the CWS
(t(15) = −2.42, p = .03, r = .53), where participants had the highest reac-
tion time when aided by the CWS. The TBT values were not significantly
correlated (r(14) = 0.05, p = .84). There were no significant differences be-
tween driving unaided and aided by the ACC (t(9) = 1.19, p = .26, r = .37),
nor between driving unaided and aided by the CWS (t(9) = −0.16, p = .88,
r = .05).

4.3.2 Sensation Seeking and Locus of Control’s effect on risk

The data was non-perfectly normal distributed for Low Sensation Seeker,
however the data was found to be normal distributed when transformed with
square rooting. There was no difference in running ANOVA on transformed
and non-transformed data, with the exception that the effect size increased
slightly (the transformed data were used).

Mixed design ANOVA on driving condition (ACC, CWS) of TBT, Sen-
sation Seeking (High or Low) and Locus of Control (External or Internal)
was conducted on transformed data. There was a significant main effect on
driving condition of TBT (F(1, 12) = 7.88, p = .02, η2 = .40). Participants
had the highest TBT values on the CWS driving condition. There was
no significant interaction between driving condition and Sensation Seeking
(F(1, 12) = 0.43, p = .52, η2 = .04). There was no significant interaction
between driving condition and Locus of Control (F(1, 12) = 1.02, p = .33,
η2 = .08). There was no significant interaction between driving condition,
Sensation Seeking, and Locus of Control (F(1, 12) = 3.09, p = .10, η2 = .21).
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There was no significant effect on Sensation Seeking (F(1, 12) = 0.14,
p = .71, η2 = .01), nor was there a significant effect on Locus of Control
(F(1, 12) = 0.03, p = .86, η2 = .00). There was no significant interaction
effect between Sensation Seeking and Locus of Control (F(1, 12) = 0.03,
p = .86, η2 = .00).

4.3.3 Gender’s effect on risk

The data was non-normal distributed, with no successful transforming ef-
fect. The data was ranked (within each dependent variable) and a mixed
design ANOVA on driving condition (ACC, CWS) of TBT and gender (Fe-
male or Male) was conducted on the ranked data. Gender had no significant
interaction effect on driving condition (F(1, 14) = 2.43, p = .14, η2 = .15).
There was a significant effect on gender (F(1, 14) = 6.58, p = .02, η2 = .32).

A follow up t-test (Wilcoxon Signed Rank test) was conducted. There
was no significant difference between driving aided by the ACC and by the
CWS (Z = −0.98, p = .33, η2 = .21) for men. There was no significant
difference between driving with the two ADAS (Z = −1.75, p = .08, η2 =
.55) for women. The non-transformed data can be found in Table 13.

Table 13. Participants TBT values from Rude brakes, NMale = 11, NFemale = 5.

Male Female

Mean SD Mean SD

ACC 0.88 0.11 1.00 0.25
CWS 0.98 0.22 1.45 0.27

Mann-Whitney test was conducted to determine difference between gen-
der on each driving condition. There was no significant difference on ACC
aided driving (U = 33.00, Z = 0.00, p = 1.00, η2 = 0.00) between male
and female participants. There was a significant difference on the CWS
(U = 4.00, Z = −2.66, p = .01, η2 = .67) between male and female partici-
pants, where male participants had the lowest TBT values.

4.3.4 Trust analysis

Trust is a concept that is subjective to the driver and inaccessible to external
scrutiny. It is thusly problematic to quantify. Only the ”result” of the
driver’s trust can be measured, it thus follows that the quantified trust is
only an estimation of the true trust which is locked inside of the driver’s
mind.

Trust is measured as the intervening point where a participant overrides
the ADAS. Trust is measured through complacency, which should express
itself as a delayed overriding effect, which, as a consequence, would result in
an increased reaction time toward brakes. An increased total brake reaction
time for System failure brake compared to Rude brakes would be used as
an indication of complacency, which in turn would be used to measure
trust. Total braking times are used as the ADAS were override-able by
applying pressure to the brake pedal. Drivers were assumed to be willing
to override the ADAS once their subjective trust had exceeded an internal
threshold. The idea of using complacency to measure trust in the form of
latent overriding of ADAS is influenced by Young and Stanton (2007).

As a reminder, participants were made aware of each ADAS capabilities.
They were not made aware that the ADAS could experience failure (system
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failure event) in which the system would become inactive. It is this system
failure event which is used to determine complacency, which in turn is used
to determine trust towards the particular ADAS.

Paired t-tests were conducted to determine differences in TBT values
between Rude brakes (where the ADAS was active and aided the driver) and
System failure brake (where the ADAS was inactive). The data was non-
normal distributed, but became normal distributed through transforming
the TBT values with square rooting reciprocally. There was no significant
difference between Rude brakes and System failure when driving aided by
the ACC (t(16) = 2.01, p = .06, r = .45). There was no significant difference
between Rude brakes and System failure when driving aided by the CWS
(t(14) = −0.41, p = .69, r = .11). The TBT values on ACC aided driving
were not significantly correlated (r(15) = 0.24, p = .36). The TBT values
on driving aided by the CWS were significantly correlated (r(13) = 0.83,
p = .00). The transformed TBT values can be found in Table 14.

Table 14. Transformed participant TBT values, NACC = 17 and NCWS = 15.

Rude brakes System failure

Mean SD Mean SD

ACC 1.06 0.09 1.10 0.09
CWS 0.98 0.13 0.97 0.17

4.3.5 Sensation Seeking and Locus of Control’s effect on trust

The data set was non-normal distributed, but when transformed through
natural logarithm reciprocally it became normal distributed.

A four-way mixed design ANOVA was conducted with Sensation Seek-
ing (High or Low), Locus of Control (External or Internal) and on driving
condition (ACC or CWS) on TBT values from Rude brakes and System
failure brake.

There was no significant interaction between Sensation Seeking and
aided by the ACC System failure (F(1, 11) = 0.87, p = .37, η2 = .07). Nor
was there a significant interaction between Sensation Seeking and aided by
the CWS System failure (F(1, 11) = 3.62, p = .08, η2 = .25). There was
no significant interaction between Sensation Seeking and aided by the ACC
Rude brakes (F(1, 11) = 0.53, p = .48, η2 = .05). Nor was there a significant
interaction between Sensation Seeking and aided by the CWS Rude brakes
(F (1,11) = 1.42, p = .26, η2 = .12).

There was no significant interaction between Locus of Control and aided
by the ACC System failure (F(1, 11) = 1.88, p = .20, η2 = .15). Nor
was there a significant interaction between Locus of Control and aided by
CWS System failure (F(1, 11) = 0.98, p = .34, η2 = .08). There was
no significant interaction between Locus of Control and aided by the ACC
Rude brakes (F(1, 11) = 0.27, p = .62, η2 = .02). Nor was there a significant
interaction between Locus of Control and aided by the CWS Rude brakes
(F(1, 11) = 0.13, p = .73, η2 = .01).

There was no significant interaction between Sensation Seeking, Lo-
cus of Control, and aided by the ACC System failure (F(1, 11) = 1.10,
p = .32, η2 = .09). Neither was there a significant interaction between
Sensation Seeking, Locus of Control, and aided by the ACC Rude brakes
(F(1, 11) = 3.40, p = .09, η2 = .35). There was no significant interaction be-
tween Sensation Seeking, Locus of Control, and aided by the CWS System
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failure (F(1, 11) = 3.10, p = .11, η2 = .22). Neither was there a significant
interaction between Sensation Seeking, Locus of Control, and aided by the
CWS Rude brakes (F(1, 11) = 2.64, p = .13, η2 = .19).

Table 15. Participants TBT values for System failure, N = 15.

Low Sensation Seeking High Sensation Seeking

External Locus
of Control

Internal Locus
of Control

External Locus
of Control

Internal Locus
of Control

Mean SD Mean SD Mean SD Mean SD

ACC 1.62 0.08 1.65 0.34 1.60 0.21 1.86 0.10
CWS 1.48 0.32 1.60 0.18 1.45 0.38 1.02 0.18

Table 16. Participants TBT values for Rude brakes, N = 15.

Low Sensation Seeking High Sensation Seeking

External Locus
of Control

Internal Locus
of Control

External Locus
of Control

Internal Locus
of Control

Mean SD Mean SD Mean SD Mean SD

ACC 1.59 0.07 1.47 0.23 1.49 0.21 1.71 0.15
CWS 1.40 0.32 1.57 0.12 1.46 0.30 1.19 0.06

The TBT values for System failure can be found in Table 15, and TBT
values for Rude brakes can be found in Table 16. The previous ANOVA
was followed up by a mixed design ANOVA on driving condition (ACC or
CWS) on TBT values from both Rude brakes and System failure, Sensation
Seeking (High or Low), and Locus of Control (External or Internal).

There was no significant main effect on driving condition of System
failure (F(1, 11) = 1.40, p = .26, η2 = .11), neither was there a signifi-
cant interaction between driving condition of System failure and Sensation
Seeking (F(1, 11) = 0.40, p = .54, η2 = .04). Nor was there a significant in-
teraction between driving condition of System failure and Locus of Control
(F(1, 11) = 0.00, p = .96, η2 = .00). There was no significant interaction
between driving condition of System failure, Sensation Seeking, and Locus
of Control (F(1, 11) = 0.48, p = .50, η2 = .04).

There was a significant main effect on driving condition of Rude brakes
(F(1, 11) = 13.96, p = .00, η2 = .56). There was a significant interaction
between driving condition of Rude brakes and Sensation Seeking (F(1, 11) =
6.77, p = .03, η2 = .38). There was no significant interaction between
driving condition of Rude brakes and Locus of Control (F(1, 11) = 2.73, p =
.13, η2 = .20). There was a significant interaction between driving condition
of Rude brakes, Sensation Seeking, and Locus of Control (F(1, 11) = 10.41,
p = .01, η2 = .49).

There was no significant interaction effect between driving condition of
System failure and driving condition of Rude brakes
(F(1, 11) = 2.24, p = .16, η2 = .17). There was no significant interaction
effect between driving condition of System failure, driving condition of Rude
brakes, and Sensation Seeking (F(1, 11) = 0.88, p = .37, η2 = .07). Neither
was there a significant interaction effect between the two driving conditions
and Locus of Control (F(1, 11) = 1.25, p = .29, η2 = .10). There was no
significant interaction effect between driving condition of System failure,
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driving condition of Rude brakes, Sensation Seeking, and Locus of Control
(F(1, 11) = 0.00, p = .90, η2 = .00).

There was no effect of Sensation Seeking (F(1, 11) = 0.67, p = .43,
η2 = .06), nor on Locus of Control (F(1, 11) = 0.00, p = .97, η2 = .00).
There was no significant interaction effect between Sensation Seeking and
Locus of Control (F(1, 11) = 0.35, p = .56, η2 = .03).

4.3.6 Gender’s effect on trust

The data was non-normal distributed when the data (the TBT values) were
split over gender. Attempts to transform the data to normal distributed
was unsuccessful, thus non-parametric t-test was conducted to determine
the effect of gender once the data had been split on gender.

There was no significant difference between Rude brakes and System
failure TBT values from the ACC aided driving (Z = −0.62, p = .53,
η2 = .13) for males, nor from the CWS aided driving (Z = −0.62, p = .53,
η2 = .13). There was a significant difference between System failure and
Rude brakes from the ACC aided driving (Z = −2.20, p = .03, η2 = .64),
but not on the CWS aided driving (Z = −0.45, p = .66, η2 = .16) for
females. The TBT values can be found in Table 17.

Table 17. Participants TBT values from both Rude brakes and System failure as
separated by gender.

Rude Brakes System failure

Male Female Male Female

Mean SD Mean SD Mean SD Mean SD

ACC 0.98 0.11 0.97 0.24 0.85 0.14 0.76 0.12
CWS 0.98 0.22 1.45 0.27 1.10 0.54 1.41 0.32

4.4 Survey

Participants were asked to fill in a survey after they finished driving an
ADAS driving condition. The participant was also asked to complete an
additional survey after she finished driving all of the three driving condi-
tions. In other words, each participant filled in three surveys which were
devised to get the participant’s view upon the driving while aided.

Driving safety was a primary objective of the study. Simulation data
can express a participants’ safety driving behaviour, but it cannot express
what the participant is thinking of driving with the two implemented ADAS.
Each participant was asked to answer the question ”Do you think you drove
safely?” on a six-item likert scale. 1 was denoted as ”yes, completely safe”
and 6 was denoted as ”No, not at all”. The median response to the ques-
tion was 3, indicating that most participants felt they drove safely to at
least some degree. The response frequency can be found in Table 18. The
majority of participants thought they drove safely.
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Table 18. Safety response frequency.

Do you think you drove safely?

Likert item Frequency Denotes

1 0 Yes, completely
2 5 Yes
3 6 Yes, to some degree
4 3 No, to some degree
5 2 No
6 1 No, not at all

With simulation studies there can be difficulties in creating a believable
circumstance, since a simulated storm cannot hurt you but you are still
asked to behave as if it could. Participants were asked in the survey to state
to what degree they thought their driving in the simulation was related to
their real world driving. The majority of participants answered 4 (which was
also the median answer), which denotes a slight positive attitude towards
how they perceived driving in the simulated world was in comparison to
real driving. More participants stated they drove in the simulation as they
would have in the real world. The response frequency can be found in Table
19.

Table 19. Real-like driving response frequency.

Do you think you drove in the simulation as you would have in reality?

Likert item Frequency Denotes

1 2 No, not at all
2 2 No
3 3 No, to some degree
4 5 Yes, to some degree
5 4 Yes
6 1 Yes, like in reality

Simulator sickness can be a possibility in simulator studies. Only one
participant reported that she felt nauseous from driving the simulator.

Becoming bored as a result to ones driving can lead to becoming drowsy,
which can lead to a reduced alertness and reduced reaction times. Partici-
pants’ boredom level was quantified by a question designed to capture how
thrilling they thought it was to drive with the simulator. The median answer
to the 6-item likert scale question was 4, and the majority of participants
answered 5. Most participants thought it was not boring to drive with the
simulator. The response frequency can be found in Table 20.
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Table 20. Thrill/Excitement in driving with the simulator.

How exciting or boring was it to drive with the simulator?

Likert item Frequency Denotes

1 1 Extremely boring
2 2 Boring
3 4 Boring, to some de-

gree
4 4 Exciting, to some

degree
5 5 Exciting
6 1 Extremely exciting

ADAS requires the driver’s trust to be effective. The participants sub-
jective trust towards each ADAS was reported on a 6-item likert scale. The
median response was 4 for the ACC and 3 for the CWS. The participants
thus felt more trust for the ACC then they felt for the CWS. The response
frequency for the ACC can be found in Table 21, and the response frequency
for the CWS can be found in Table 22. In addition to trust for the ADAS,
participants were asked if they could consider using the implemented ADAS
in their host vehicles on the survey that followed their driving completion
with the particular ADAS. 35 % of the participants reported that they would
not use the ACC in their host vehicle, and 47 % of the participants would
not use the CWS.

Table 21. Response frequencies for ACC trust.

How much trust did you feel towards the ACC?

Likert item Frequency Denotes

1 2 No trust at all
2 3 No trust
3 2 No trust, to some

degree
4 5 Some trust
5 4 Trusted
6 1 Fully trusted

Table 22. Response frequencies for CWS trust.

How much trust did you feel towards the CWS?

Likert item Frequency Denotes

1 1 No trust at all
2 4 No trust
3 4 No trust, to some

degree
4 5 Some trust
5 3 Trusted
6 0 Fully trusted

Participants were asked to rate to what degree they felt the ADAS func-
tioned correctly, where the function was to prevent any eventual rear-end
collision. The two ADAS differed in how they performed this function. The
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median answer for both ADAS was 5, which indicate that the participants
more or less thought that each system fulfilled the function it was created
for. The response frequency can be found in Table 23.

Table 23. Response frequency for ADAS function fulfilment.

Did the [ADAS] fulfil its function?

Likert item Frequency ACC Frequency CWS Denotes

1 1 2 No, not at all
2 1 2 No
3 1 1 No, to some degree
4 4 3 Yes, to some degree
5 7 4 Yes
6 3 4 Yes, completely

The participants were asked to self-report the amount of self-experienced
risky situations while driving after they completed each ADAS driving sce-
nario. Wilcoxon Signed Rank test was conducted upon these self-experienced
risky situations. There was no difference between the subjective estimates
(Z = −1.74, p = .08, η2 = .30). Participants estimated approximately
six risky situations while aided by the ACC (M = 5.65, SD = 4.87), and
approximately four risky situations while aided by the CWS (M = 3.53,
SD = 3.69).

The participants were asked whom they thought were to blame for the
self-experienced risky situations. The participants median response on the
6-item likert scale was 4 when aided by the ACC and 2 when aided by the
CWS. That is, participants were to some extent blaming the ACC for the
risky situations while aided by the ACC, and when aided by the CWS they
blamed themselves to a greater extent. The response frequency for both
ADAS can be found in Table 24.

Table 24. Response frequency for whose ”fault” the risky situation was.

The risky situations depended on the own driving capability or on the ADAS?

Likert item Frequency ACC Frequency CWS Denotes

1 3 2 Entirely the own
capability

2 1 7 Mostly own capa-
bility

3 3 4 Own, to some de-
gree

4 7 1 ADAS, to some de-
gree

5 2 2 Mostly ADAS
6 1 0 Entirely ADAS

One participant did not answer the survey question for the CWS driving.
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5 Discussion

In the following sections the discussion of the conducted study is presented.

5.1 Results

The result of the study will be discussed in this section. The study had a
small population of Swedish drivers. In order to have a generalisable result,
the result will be divided into two parts. Any statistical analyse with an
effect size of .3 or greater will be considered to be a generalisable result,
which will be described as to hold for the average driver. Any analyse with
a effect size lower than .3 will be described to be specific to the study. Thus,
when the result is talking about drivers it refers to analyse with an effect
size of .3 or greater, and whenever participants are mentioned it refers to
analyse with an effect size lower than .3.

5.1.1 Sensation Seeking and Locus of Control

The two traits were found to be not correlated. The two traits measured,
as expected, two different psychological traits. The two traits should not be
correlated as they, theoretically, measures two different psychological traits.

Gender was found to not have an effect on neither Sensation Seeking
nor Locus of Control. Thus the gender of the participant did not, per se,
affect the likelihood that she was became labelled as High or Low Sensation
Seeker, or, External or Internal.

5.1.2 Attention

Drivers’ vigilance capabilities were tested through a PDT secondary task.
Vigilance, as in attention, is useful in guarding against risky situations.
There existed a difference in the PDT reaction times between when partici-
pants drove unaided and when they drove aided by either of the two ADAS.
Based on that drivers had an increased PDT reaction time when driving
with ADAS than compared to when they drove unaided, drivers become
worse in vigilance when driving aided by either ACC or CWS of the sort
implemented in this study. Neither ADAS improved a driver’s attentiveness.
On the contrary, the use of an ADAS worsened the driver’s attentiveness
and made her more inattentive.

Men become more inattentive when they drive aided by the CWS com-
pared to when they drive unaided. Women become more inattentive when
they drive aided by the ACC compared to when they drive unaided or when
they drive aided by the CWS.

Some results were not generalisable. For the participants in the study
there was no difference between driving aided by the ACC or driving aided
by the CWS. Neither Sensation Seeking nor Locus of Control had an ef-
fect on the participants’ PDT result, which means that participants reacted
the same be she High or Low Sensation Seeker, or, External or Internal.
When it comes to gender, male participants had no difference between driv-
ing unaided and driving aided by the ACC, neither was there a difference
between driving aided by either ADAS. This means that male participants
in the study did not become more inattentive when they drove aided by
ACC compared to when they drove unaided. However, male participants,
and men in general, became more inattentive when they drove aided by
the CWS compared to when they drove unaided. There was no difference
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between driving unaided or driving aided by the CWS for the female par-
ticipants.

Given the result, if you equip a vehicle with an ADAS for a man, do
not equip the CWS as it will increase inattentiveness in a male’s driving.
If you equip an ADAS for a woman, do not equip the ACC, as it will in-
crease inattentiveness the most in a female’s driving. Why there are gender
differences in attentiveness with the two ADAS is questionable.

5.1.3 Safety

Safety in driving, in this study, has been stated to indicate an increased
distance between two vehicles. It follows that a safer driving behaviour is
one where there is an increased distance between the host vehicle and the
target vehicle, the lead car. This distance is measured through time to
collision and time headway, which are two measurements that are similar
but not identical. Even though a greater distance means a safer driving, in
the study, it does not follow that a too great distance is of interest. A too
great a distance between the two vehicles would mean that there is zero-ish
risk involved, however for the interest of measuring safety in the driving
it was stated that any distance above 4 time headway seconds were of no
interest and thus it was omitted. The participant was asked to follow a lead
car, and it was assumed that if the participant drove too far behind she
would not be affected by the lead car’s braking which would consequently
affect any measurements of ”safety”.

The result of safety is split into subsections. First the result of the time
to collision analyse will be presented, then followed by the time headway
analyse. A summary will be presented as a final subsection which combines
the two previous subsections of safety.

Time to Collision

Drivers drove differently in regard of TTC on the three driving conditions.
Drivers were found to drive with the shortest TTC value while aided by
the ACC, which was followed by an increased TTC value while aided by
the CWS, and finally drivers drove with the highest TTC value while they
drove unaided. Drivers drove differently while aided by the ACC compared
to when they drove unaided or when they drove aided by the CWS. Though,
drivers did not drive differently when they were unaided or when they were
aided by the CWS. That is, drivers only drove worse (as measured with a
shorter TTC value) while aided by the ACC.

Gender was found to affect drivers’ TTC. Both sexes were found to have
the shortest TTC value while driving aided by the ACC. However, women
had the highest TTC value while aided by the CWS while men had the
highest TTC value while they drove unaided. Differences were detected for
male driving. Men drive significantly with a higher TTC value while driving
unaided compared to while driving aided by either of the two ADAS, while
there is no difference for a man to drive aided by either ADAS. Women do
not drive differently while driving unaided or driving aided by the ACC.
Women drive significantly different while aided by the ACC and aided by
the CWS, where women drove with a shorter TTC value while aided by the
ACC.

Female participants in the study were found to not drive differently while
they drove unaided and when they drove aided by the CWS.

Sensation Seeking nor Locus of Control affected the participants’ TTC
values.
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Thus, men drive with higher TTC while unaided, and it makes no dif-
ference with which ADAS they are aided by; they will drive worse with
either. Women do not differentiate on TTC while driving unaided or aided.
However, if they do drive aided then they will drive with the shortest TTC
while aided by the ACC.

Time Headway

There were differences between driving unaided and driving aided by the
CWS between the sexes. Men drive with a shorter THW value compared
to women, for both when they drive unaided or aided by the CWS.

There was no significant change between the time headway (THW) be-
tween unaided and aided by CWS driving for the participants. Neither
Sensation Seeking nor Locus of Control affected the participants’ THW val-
ues. Gender did not affect the participants THW values between driving
unaided and aided by the CWS. Thus, it made no difference whether or not
the participants drove unaided or aided by the CWS, as they would have
similar THW values regardless.

Summary of safety

The study found generalisable results to indicate that the ACC system was
the worst when it came to increase safety, based on the time to collision
analyse, as it in fact made the participants drove worse. Drivers drive closer
to a collision when aided by the ACC, which consequently would mean they
drove with a worsened safety, The CWS did not increase nor decrease safety
for drivers.

Both women and men drive worse in safety when aided by the ACC.
However, there is an interesting difference regarding driving aided by the
CWS. Men drive more safely when they drive unaided, whereas women do
not alter in their safety driving when driving aided or unaided, however,
if they drove aided, they would drive safer with the CWS. Thus, if a man
would drive aided then he would drive worse in regard of safety, whereas
a woman would not drive worse per say between driving unaided or aided,
but if she drove aided then aided by the ACC would be the worst.

Regarding time headway, there was no difference within the sexes of
driving unaided or aided by the CWS, however there were differences be-
tween the sexes. Men were found to drive much closer to a target vehicle
compared to women. Thus men were found to drive closer to a target ve-
hicle, but this chosen time headway was unaffected by whether they drive
unaided or aided by the CWS.

Sensation Seeking and Locus of Control were found to not affect the
participants safety driving, as neither affected their time to collision or time
headway values.

It seems that in regard of safety the ACC would worsen the safety be-
haviour. Men would drive safer when unaided as they would be further
away from a collision. For women it makes no difference in they are aided
or not, but if they are aided then the ACC would be the worst system to
equip the host vehicle with.

It seems that in regard of safety, the ACC would have a negative en-
hancement as it was found to place drivers closest to a rear-end collision.
Men were found to drive the safest when they were unaided, and for women
it made no difference if they drive unaided or aided. Thus, neither of the two
ADAS did actually enhance the driver’s safety driving (even though only
the ACC actually worsened it). Disregarding if the driver drives unaided
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or aided, it was found that men has a tendency to drive closer to a target
vehicle than women. Even though a man drives with the same distance to
a target vehicle while driving unaided or aided, he would drive the furthest
away from a rear-end collision if he drives unaided. A woman would not
drive differently if she was unaided or aided.

One goal of using ADAS is to enhance the safety driving of drivers, with
the ultimate goal of reducing rear-end collisions. This study found that
neither ADAS (as implemented) enhanced driver’s safety driving.

5.1.4 Risk and Trust

Risk is a factor that is involved in everyone’s daily life, and risk can be
separated into different aspects. The study investigated lethal risk, that is,
the risk of ending up in a traffic related accident, a rear-end collision. Lethal
risk was measured through the use of the participants’ brake reaction times
in response to the lead car’s Rude brakes. A higher reaction time is used
to indicate a greater potential of risky driving, as it would mean that the
driver reacted more slowly towards a brake event.

Drivers drive with higher risk when they drive aided by the CWS if they
drive aided, as drivers were found to drive with the highest TBT value when
aided by the CWS.. However, drivers do not differentiate in their risk taking
between driving unaided or aided by the ACC. Women do not differentiate
in risk taking between driving aided by either of the two ADAS. When aided
by the CWS, men and women drive differently, where women drive more
riskily.

The participants did not differentiate in their risk taking between un-
aided and aided by the CWS. Neither Sensation Seeking nor Locus of Con-
trol had an effect on the participants’ risk taking as measured by TBT on
Rude brakes. There was no difference for male participants on risk taking
between driving aided by the ACC and aided by the CWS. There was also
no difference between the male and female participants on risk taking while
they were aided by the ACC.

Trust is an important aspect of an ADAS’ efficiency, as drivers can choose
to not use or misuse the ADAS based on their degree of trust towards it.
Trust was measured by the complacency effect, which consequently should
express itself as a delayed overriding effect. Complacency was tested as
to be an increased reaction time in response to a System failure brake in
comparison to reaction times in response to the Rude brakes.

Drivers do not express a complacency effect while aided by the ACC,
thus drivers do not trust the ACC in its current implementation. Women
express a difference in responding towards Rude brakes and System failure,
in which they do not express a complacency effect, while being aided by the
ACC. That is, women do not express trust towards the ACC.

The participants did not express trust towards the CWS in the manner
they drove in the simulation. Neither Sensation Seeking nor Locus of Con-
trol had an effect on participants’ complacency effect. Male participants
did not express a complacency effect driving aided by either ADAS. Female
participants did not express a complacency effect driving aided by the CWS.

To sum it up, Drivers drive with higher risk when aided by the CWS if
aided by an ADAS, where (aided by the CWS) female drivers drive more
riskily. Female drivers do not express complacency effects while aided by
the ACC, i.e. women do not express trust to the ACC.

Sensation Seeking nor Locus of Control was found to affect risk percep-
tion of ADAS nor the trust associated to it for the participants. Participants
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did not take more, nor less, risk while being aided by the CWS compared
to when they were unaided. Male participants did not take more, nor less,
risk while driving aided by either ADAS. Male participants did not take
more, nor less, risk while driving aided by the ACC compared with female
participants driving aided by the ACC. In addition to now showing signs of
taking risks, male and female participants did not show sign of trust towards
either ADAS.

5.1.5 Survey

The participants were asked to report their own opinions through three
surveys. The majority of participants thought they drove safe. If safety
is treated as the absence of rear-end collisions, then most participants can
be said to have driven safely, though four participants (two males and two
females) while aided by the ACC ended up in a total sum of five rear-end
collisions. In addition, two male participants ended up in a sum of three
rear-end collisions while aided by the CWS, and one male and one female
participant ended up in one rear-end collision each while driving unaided.
Rear-end collisions were simulated to had occurred when the time headway
and time to collision decreased below zero.

The participants did not experience that driving aided by the ACC was
more risky than driving aided by the CWS. When it came to estimate the
amount of self-experienced risky situations, though there was no difference
in the amount of reported risky situations, participants blamed the ACC
for the risky situations while aided by the ACC to a greater extent than
blaming themselves. While driving aided by the CWS, the participants were
to a greater extent blaming themselves for the risky situations rather than
blaming the CWS.

Interestingly, participants expressed more blame on the ACC, but they
also expressed the highest trust towards it, and 75 % of the participants
could think of using the ACC in their host vehicles while only 53 % could
think of using the CWS. Both ADAS was experienced as to fulfil its primary
function of prevent rear-end collisions.

5.1.6 Summary of results

The study was conducted as a within-subjects design. For some parts of the
statistical analysis some participants were omitted due to them lacking data
values required for a paired-group analyse. The study set out to determine
if introducing ADAS to a driver would improve her safety driving. Safety
in general is defined as the absence of incidents and accidents, for instance
in the form of rear-end collisions. This study adapted this view by denoting
safety as an improved distance between the host and target vehicle, because
an increased time headway, for instance, would mean the driver was further
away from a target vehicle and thus further away from being involved in a
potential incident or accident. It follows that if the driver would drive with
increased time headway while aided by the ADAS, she could be considered
to drive safer.

Previous studies have found that drivers often tend to choose a too low
time headway to a target vehicle than they possible could handle, which
could then result in a rear-end collision. Men were found to drive with
a shorter time headway than women, however, this tendency to choose a
shorter time headway was constant even while the male driver drove aided by
an ADAS (the CWS). Even though a man chose to drive with a shorter time
headway, he only drove closer to a collision while driving aided. Women were
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found to only drive closer to a collision with the ACC when in comparison
to driving aided by the CWS.

Even though a driver chooses a short time headway, it does not auto-
matically follow that he would be more at a risk of rear-end colliding. A
driver can drive with a short time headway, but have a constantly high time
to collision. Tailgating can lead to rear-end collision, but it is not always
the case that tailgating would actually lead up to a rear-end collision. Con-
sider a driver tailgating, say driving at .5 time headway seconds. It is only
when she drives with a higher velocity than the target vehicle that the time
to collision would approach zero, and when it reaches zero then a rear-end
collision occurs.

That men drive closer to a target vehicle than women makes them a
keen interest to enhance by ADAS with the hope to increase the distance
between their host vehicle and the target vehicle. It is unfortunately that
both of the implemented ADAS made the male driver drive closer to a rear-
end collision — the very event the ADAS was made to prevent. Women
drive further behind a target vehicle, with the consequence that they drive
further away from a rear-end collision. This makes them of less interest
to enhance in comparison to the men. Why does a driver then choose
a time headway that is shorter than she is capable to cope with? Why
would someone place themselves in a situation they are unable to react
with adequate reaction time? The participants reported on their surveys
that they believed themselves to drive safely. Based on this notion, one can
only assume that a driver believes her driving capability is sufficient, which
means that she thinks she drives safe even though she is driving with a short
time headway. To give a more detailed answer as to why drivers chooses a
shorter time headway but still think they drive safe, a new study is advised.

Driving relies on a driver’s attention to maintain a safe driving condi-
tion, which is not only safe for the driver but the other drivers in the traffic
environment. Prior to the study it was believed that the CWS would im-
prove the driver’s vigilance capability to a greater extent than when aided
by the ACC. The results indicate that the opposite was the truth.

Not only can an implemented ADAS make the driver more inattentive,
it can also make drivers drive less safely and drive with increased risky
driving. The study was a failure in regard of enchaining the driver by
the implementation of ADAS. Male drivers did not drive closer to a target
vehicle, but they drove closer in rear-ending with it, and he also became
more inattentive (more so when aided by the CWS) while driving aided.
All in all, aiding a man with an ADAS was a failure. Female drivers did
not alter their distance to the target vehicle, nor did she drive closer to
rear-end collision (however, she drove closer to a collision if aided by the
CWS in comparison to driving aided by the ACC), and she only drove more
risky if she were aided by the CWS (when compared to a man), she did
however become more inattentive when aided, especially by driving aided
by the ACC. Aiding a woman with an ADAS was too a failure.

Participants attributed via self-report subjective trust towards the ADAS,
even though the simulation data could not perceive an effect of trust on the
driving. Why participants chose to attribute more blame, trust, and prefer-
ence to the ACC compared to the CWS is an interesting question, especially
when it has been found that the ACC was the worst ADAS to drive aided
with regarding safety. The answer can lie in the common belief that no
one likes a backseat driver. The ACC does not per se act like a backseat
driver whereas the CWS does. The CWS will warn the driver whenever a
rear-end collision can occur, which eventually can potentially lead up to a
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nagging sensation. To give a proper answer as to why the participants liked
the ACC more another study has to be conducted.

If one would steal a moment and think of what could have affected
the results, then it is hard to ignore the novelty aspect of driving the two
implemented ADAS. The ADAS was a new piece of technology that the
participants had previously not tested, according to their self-reports on
the subject. Because the two ADAS was a novelty for the drivers, there
might lurk hidden factors around the corner that could shed new light on
the effectiveness of the two ADAS. Participants were also forced to deal
with a new ”vehicle” in addition to a new ADAS that aimed to help their
driving, where the essentials, such as the gas- and brake pedal, were not
located where one would expect them to be in relation to each other (say,
the steering wheel and gearlever, even though the host vehicle was an au-
tomatic). In addition to the novelty of simulation driving, the simulating
world can be thought of to have had an affect. The driving was conducted
on a simulated rural road with mediocre traffic. Different result is more
than likely to occur if one were to change the driving context, perhaps into
city driving. That is, one cannot deny that the traffic environment might
have had an effect on the result, however, this was not explicitly tested for
in the study and thus a new study has to be conducted in order to give a
clear answer to the how-much-it-can-affect question.

5.2 Method

The discussion regarding the methods used in the study will be presented
in the following sections.

5.2.1 Participants

Efforts were put to attract participants which lasted weeks. Finding partic-
ipants proved difficult. The researcher is grateful for the ones that partic-
ipated. Every participant who agreed to participate was connected to the
university of Linköping one way or another, be them a student or employee
of the university. The study had restrictions that every participant had to
have a Swedish driver’s license and had to know the traffic laws of driving
in Sweden.

Participants were further restricted to not play car simulated games to
an extensive degree, as it was feared that too frequent video game playing
where you drove a car would have had a negative impact on the simulation
in the form of the participant taking the simulation as a game and driving
accordingly.

5.2.2 Psychological traits

The scale of Sensation Seeking used in the study was the Zuckerman Form
V scale, as presented by Zuckerman (1994). The scale of Locus of Control
was the one presented by Montag and Comrey (1987). Only the Locus of
Control has been adapted for driving. The use of Sensation Seeking and
Locus of Control in the study has been inspired by research conducted by
Rudin-Brown and Parker (2004).

Sensation Seeking has in previous studies shown an effect on driving.
Why it did not in the current study is unknown. Perhaps the reason lies in
the scale used, a scale which has not been adapted to the driving domain.
Be that as it may, the original scale was used in order to maintain validity
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in the test as there was no interest in validating a new Sensation Seeking
test for the study.

The total score of Sensation Seeking was calculated to be 22 for men and
24 for women. Theoretically this result should have been opposite. Men,
in general, are said to score higher in Sensation Seeking than women. Why
women scored higher is unknown, perhaps the study could only attract an
on average higher risk taking women which then caused their total score to
be higher than that of the men.

5.2.3 Screening tool

Participants did not report concerns that the Screening tool was problematic
for them. Many participants, however, reported statements that ridiculed
the Sensation Seeking test. The most common belief was that the test was
immensely outdated and that the question items did not feel related to
driving. For instance, participants did not see how their preference of rock
climbing or whether or not they were jet seters would affect driving. In
addition, many participants complained that the questions were too narrow
in their scope; either you were alcoholic or you never took a sip of alcohol.
They expressed concerns that the available options of answer A or B were
too farfetched extremities not capable of capture their view.

It was necessary to explain that neither of the Sensation Seeking scale
nor the Locos of Control scale were constructed by and for the study. A
remedy is to develop a new Sensation Seeking scale test which could be
up-to-date and adapted for driving. The Locus of Control did not per se
receive as much critique.

The Screening tool was developed in the PHP script language, and it was
viewed as a good-enough tool to retrieve participants’ answers to the Sensa-
tion Seeking and Locus of Control surveys. No explicit effort was placed in
the tool’s design. The primary purpose for the study was to let participants
give their answer to each survey in their own pace wherever they may have
been, and then store the results. How many potential participants who saw
the survey and decided that they could not be bothered, is unknown.

Other ideas regarding screening participants were considered. Screen-
ing on the Internet was deemed the most optimal one, though no explicit
testing was conducted. Other ideas that were considered involved having
the participant screen at the testing facility. If the participant would be
screened at the testing facility, then the time the consumption a participant
had to spend at the testing facility would have been increased. Screening
online was done in order to reduce the amount of time the participant had
to spend at the testing facility, that is, it was done in hope of speeding up
the testing time required to be physically at the testing facility. This had
the advantage that a participant could take her time to fill in each survey,
take a break and come back, without having the test leader around watching
or interfering with her.

5.2.4 Simulator and simulation

The simulator world was re-used from another simulation study conducted
on the same simulator equipment. In other words, the simulation world was
not created explicitly for the study nor for the researcher. The simulated
world was simulated as a rural driving with some curvature.

If the simulated world would have been changed for the study, then
the world would have had less curvatures and been divided into rural and
urban or city driving environment. It is thought that the two ADAS would
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benefit the driver differently in regard of the driving context. It can be
thought of that the ACC would be the preferred ADAS while driving on
rural roads where it is less traffic and less congestions. The CWS on the
other hand, could be more effective than the ACC when driving in urban
or city areas where there is more traffic and perhaps congestions, as short
moving distances because of congestions might not be suitable for the ACC.
To verify if these thoughts could be sound, an additional study has to be
conducted in which the drivers drove in a simulated world which simulates
both rural and urban and city driving environments.

The study was a simulation study and as such it battles with some
philosophical difficulties. A simulated rear-end collision will not cause any
physical injuries on the driver. It can be questioned how this affects the
driver’s driving. On the other hand, participants self-reported that they
drove with the simulator as they would have in the real world. If you put
that a simulation cannot hurt you aside, running a simulation study has
some clear advantages. One clear advantage is that you are able to ask the
driver what she thought and felt after she experienced a ”lethal” rear-end
collision. It is of interest to know why a driver died in order to get to know
what causes can be attributed that led up to the rear-end collision. In a
real life environment, it can be difficult to get this potential insight, as it is
hard to question a dead driver.

5.2.5 Validity

Validity in simulation expresses concerns that the simulation reflects that
which it is set out to simulate. The simulation, nor simulator, was explicitly
tested for its validity in the current study. Previous studies conducted by
the creator of the simulator (Van Winsum) have assessed the simulator’s va-
lidity. Given that the validity has been tested, it was assumed the simulator
would produce valid results, meaning that the result from the simulation
should resemble results emergent from research conducted on real vehicles
in a real traffic environment. It is thus believed that the simulator can
produce generaliseable results that would carry over to real world driving.

The simulation has problems in that it has low component validity.
Nothing in the simulator equipment is identical to the equipment you can
find in a real vehicle. Even though the simulator equipment give a toy-like
feel, one cannot disagree that the simulator has a high degree of behavioural
validity, meaning that the same behaviour in real life driving can be per-
formed in the simulator (e.g., applying pressure on the brake pedal will
decelerate the host vehicle’s velocity leading to the host vehicle’s velocity
approaching zero).

5.2.6 Reliability

The study can be conducted by another researcher, at a different location,
with different participants, as long as she uses the same simulator (as to
have the simulation scenarios functional). The same driving behaviour is to
be expected. The results might vary as some of the results were specific to
the study’s participant population.

5.3 Procedure

The conducted procedure is a good-enough approach. Participants were
given written instructions in order to maintain the same level of information
base for each participant. It cannot be guaranteed that if the instructions
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were given orally that each participant would hear the exact same instruc-
tion, since some utterance fluctuations could occur. If a participant was
then told some slight variation of the instructions, then it could not have
been assumed that each driver would drive with the exact same basis of
what was expected of her.

Participants had to drive a pre-test driving scenario in which they drove
five minutes with the Baseline driving condition (that is, they drove un-
aided). Most participants felt they were ready within two minutes of driving,
but they were more or less forced to drive at least five minutes to experience
how it was to drive with the simulator. Some participants had difficulties
to work the pedals. When detected, the researcher gave the suggestion to
remove the shoes. It was noted that shoes made the operation of the pedals
harder, as the localisation of the pedals were not where the participants had
expected. The pedals were located closer together than what can normally
be found in a host vehicle.

The target vehicle, the lead car, was set to a random velocity, which
was done in order to counteract any learning effects the velocity of the lead
car might have had on the driver. It was feared that the driver would see
the ”nutcase”, i.e., the lead car, as predictable and thus act to its brake
events prior to the event had actually been performed. Concerns has been
hanging in the air that in hindsight it could have been suitable to remove
the Nice brakes (the more normal brake). A very low interest was placed on
the reaction times stemming from Nice brakes during analyse, however, at
the stage of developing the driving conditions it seemed to be a good idea
to have different brake behaviours.

The study was interested in differences in driving aided. The ACC
was influenced by Rudin-Brown and Parker (2004). The CWS was not
per se inspired from any previous studies but it was inspired by previous
conducted research on alarm/warning research. There was an interest to
compare driving aided by either of the two ADAS to driving not aided by
any ADAS in order to quantify what differences there might be in driving
aided.

The study used a secondary task which was the peripheral detection
task (PDT). It was used because it seemed to be a good test to measure
a driver’s vigilance attention and more specifically her inattentiveness. No
tests were conducted to determine whether or not the participant was able
to anticipate the actions of the PDT, that is to predict where the stimulus
would be presented and when. Furthermore, no test was conducted to
determine what interference the PDT might have had on the primary task
(the driving). Both tasks use visual resources, so some interference was to
be expected. However, vigilance detection in driving is often of the visual
form, where the driver has to passively search for objects that could cause
a potential risk to her driving. The study was only interested in vigilance
detection of the visual form.

Driving requires both vigilance attention to the driving surroundings
in addition to the traffic. It follows then that attention is shared between
several things in driving, and one cannot but wonder what effect inatten-
tion blindness can have on driving. Some participants did not have 100 %
accuracy in their PDT result. Whether or not these drivers experienced a
higher workload is of interest, however no explicit tests on workload were
conducted. Though, one can expect that because they did not reach a 100 %
accuracy they ought to have experienced a higher degree of workload than
those who reached a 100 % accuracy. Given that a non-perfect accuracy
indicate a higher degree of workload, then it can be stated that not only
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did the ADAS make the drivers drive less safely, they also increased the
experienced workload for some drivers and thus did not reduce complexity
in the driving task. Another explanation why participants did not have 100
% accuracy can be relaxation related. It might be the case that partici-
pants became relaxed when they drove aided and thus missed a few stimuli,
which should also result in a slower response to the PDT when aided. The
data support this, participants reacted slower to the PDT target stimulus
when aided and had a lower percentage in accuracy than when they drove
unaided.

Participants were recorded while they drove each three driving condi-
tions. The recordings were not used during the analyse, however, they were
invaluable during the analyse preparation with MATLAB in order to make
sense of the data the simulator produced.

5.4 MATLAB

MATLAB was used to prepare the raw data from the simulator. It was
used to create singleton data from the myriad raw simulation data, which
could then be used in the analyse stage. It was time consuming to set up the
study, as with programming the simulator and finding participants. Though
the programming of the MATLAB scripts took the most time in order to
get the scripts to do as what were expected of them (to calculate singleton
data based on raw data from the simulation that was accurate).

One problem arose between the raw data from the simulator and the
parsing of these data in MATLAB. It was discovered that there were un-
expected gaps in the continuous data. As in, it was expected that every
data point would exist in the simulation data result file with the specified
simulation update frequency (that is, data was expected to exist with a
50 Hz update frequency from the start of the loggings to the end of the
scenario duration). It was unanticipated that the simulator would ”lose”
data, much like it lapsed in gathering data. These gaps in the data became
problematic. It became hard to know whether the target vehicle existed,
because the raw simulation data said it did not, however, the target vehicle
was (when investigated with recorded videos of the simulations) visual on
the monitors and behaved as expected. These data gaps were counteracted
by interpolating the target vehicle’s velocity data in MATLAB. For more
information on interpolation, see a mathematics text book.

If the study would had been conducted again from scratch, then the
two ADAS would not have been changed. One thing that would have been
changed, however, was the target vehicle’s brake behaviour. The ”random-
ness” in the brake occurrence times seemed to be a great idea, but it proved
problematic in hindsight in regard of the preparation analysing in MAT-
LAB. It would have been easier if the target vehicle would drive with one
fixed travelling velocity and that it braked at fixed time markings. However,
this would not have been practical in the later stage of analysing the data.
The driver’s response times towards the brakes would have been of no in-
terest if the driver was not close to the target vehicle. If the driver was not
close, then she might not even have noticed that the target vehicle braked.
To measure adequate brake reaction times the driver has to be close, else
the brake would not have any effect on the driver, as in, the target vehicle’s
brake would have less of an effect on the driver if the driver drove further
behind than 6 time headway seconds than if the driver drove within 2 time
headway seconds. If the driver is too far from the target vehicle, then the
risk of rear-end collision is infinitive and there might not be any need to
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perform countermeasures (as in apply pressure to the brakes). To counter-
act the driver being able to drive further away from the target vehicle and
thus create brake response time of no interest because the driver was so
far behind that it did not even see that the target vehicle had braked, the
target vehicle ”postponed” a braking event.

5.5 Theoretic background

It is theoretically believed that if one enhances a driver with ADAS one
can improve her safety, especially in the sense that the ADAS can cause a
behavioural adaption in the driver’s preferred time headway and thus make
the driver drive with an increased time headway. The need for an ADAS is
thus based on the assumption that the driver errs when choosing preferred
time headway. The err lies in that she tends to choose a time headway that
is shorter than what she could possible react to. Short time headway is
arguably only an error if there is cause to be alarmed and there is a need
for a quick response, e.g., when a target vehicle is braking. A driver can
tailgate without risking to rear-end colliding with a target vehicle. However,
it would not be recommendable to tailgate, as in drive with short time
headway, as one can never know when the target vehicle might brake, as in,
one can never know in advance when the short time headway can be cause
to be alarmed.

The use of ADAS is perhaps not for everyone. The High Sensation Seeker
is theoretically more probable to choose a short time headway compared to
the Low Sensation Seeker. Because of this, the High Sensation Seeking
can be more of an interest to enhance than the Low Sensation Seeker. The
External driver is theoretically more likely to relinquish control to the ADAS
and extend greater trust towards it than the Internal. As a consequence, the
External is more likely to end up trading authority to the ADAS, which can
potentially lead to her thinking she is no longer responsible for her driving
actions. Based on the driving behaviour tendencies of the psychological
traits, the theoretically better candidate to enhance is the High Sensation
Seeker, though one needs to be careful if the driver is also External. If
the driver is External, there might be a need to inform her that the ADAS
cannot be held responsible and thus she is herself responsible of how she
drives unaided or aided. Given that the psychological traits affects how a
driver drives unaided or aided, it can be thought of that the ADAS need
to know with whom it cooperatively drives with. A suggestion should be
placed that the ADAS should not act as if it drives with the general driver
in mind, instead it should be designed with a driver profile, so it becomes
adapted to the specific needs of the driver depending on what type of driver
she is.

The driving profile can also potential benefit the ADAS in regard that
it can activate when the driver needs it, instead of when the general driver
would. An ADAS will not be effective if it cannot cooperate with the driver,
and cooperation is built upon trust. An ADAS that is experienced as a
nuisance would not be very effective, nor would it be effective if it is believed
to be likely to fail. Timing is everything in the activation of ADAS. Too
early or too late and it risks of being ineffective. An ill-timed activation can
be experienced as an annoyance, which can cause the driver to ignore the
ADAS. It follows that the ADAS can be more effective if it used a driver
profile which let it to be able to activate at the exact right moment when the
driver needed it. It follows that the driver would be more likely to cooperate
with the ADAS, as it is more likely a driver will cooperate with something
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they feel trust towards. An optimal activation would be more effective, as
the effectiveness of an ADAS lies in the ability to make the driver aware of
the potential risk before she herself had detected it.

ADAS would probable become more effective in cooperation with its
driver if the ADAS would tell the driver what it is doing. Trust is reduced
by strange behaviour. If the ADAS would report which vehicle it was cur-
rently tracking and monitoring, it could have a positive effect on the driver’s
subjective trust. It could also potentially reduce the surprise of finding out
that the ADAS was tracking a different object that oneself. In addition, if
the ADAS show what it was tracking, then if the ADAS experienced mal-
function it could be easier for the driver to detect this malfunction, which
could reduce automation surprise due to system malfunction. On the issue
of cooperation, an ADAS might fail to cooperate if it is unable to understand
the driver’s intention of her actions. If the driver intends to overtake a slow
travelling target vehicle in its travelling trajectory and thus attempts to
accelerate the host vehicle, then it would be a bad decision by the ADAS to
apply the brakes. It is, however, difficult for the driver to access the driver’s
intentions, as they are internal to the driver and hidden to the ADAS. How
to make the ADAS better understand what the driver intended is left for
another researcher to determine in another study.

The ACC ought to give a warning to any situation it could not handle,
granting that the system had not malfunctioned. The implemented ACC
was able to warn the driver if the system was unable to cope with the
situation. No participant had this function activated. It is positive that
the warning was not sounded, as it would have meant that the driver would
not have reacted at all and the ACC attempted to warn that she had to
act, else rear-end collision would be a fact. On the topic of warnings, the
CWS relies heavily on that the aided driver would not begin to habituate
its warnings. Whether or not participants began to habituate the warnings
was not analysed. However, the system was design to reduce the effect
of habituation by having the warning being sound at a random frequency
based on the distance to the lead car and rear-end collision.

The ADAS is known to be able to maintain, theoretically, constant at-
tention towards the driving environment in order to ease the task for the
driver. The ADAS can then potentially make the driver aware of any at-
tention slips she has made, e.g., she might be distracted by her thoughts
so she missed that the target vehicle had began to stop. In this case the
ADAS can thus activate in order to warn the driver of this unknown braking
event. Given that the ADAS can maintain constant attention, one has to
wonder what effects this can have in the long run, that is if the driver risks
becoming habituated by the ADAS after a long exposure. To give explicit
answer one has to conduct research in order to determine the longitudinal
effects of driving aided by an ADAS. It would also become dangerous if the
driver would become reliant upon the ADAS in order to formulate decisions
and execute actions.

If the driver has become reliant upon the ADAS, it can create situations
where the driver does not act because the automation has not been acti-
vated. The driver might forgo to contemplate the reason for the ADAS to
activate, and drive with a behavioural adaption in the regard that she will
only react once she notices the ADAS had activated. Automatic responses
towards an ADAS activation can cause unforeseen consequences. This be-
havioural adaption, that is the automatic response to ADAS activation, can
be an interesting topic for more research.

The ADAS implemented in the study were found to enhance the partici-
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pants negatively. How effective is an automation which changes the driving
behaviour to the worse, even if set out to improve it? If the driver would
take more risks by being safety compensated, would it not be better to let
the driver drive unaided? Risks cannot be eliminated, at most they can
only be reduced. It would be unwise to let the driver think that the risks
would be eliminated if she drives aided by ADAS. How much risk can the
system reduce, and how effective would the system be if it has stopped
working? Perhaps it is better to let the driver drive unaided. The problem
that rear-end collisions occur in great numbers annually in traffic still re-
mains. This means that there is still a need for ADAS which actually can
improve safety. What this ADAS would look like is unknown, however, it is
believed that the ADAS will have some form of driver specific evaluation (a
driving profile) so it could give appropriate advices to the individual driver.
Advices are based on the general driver population, but rather they should
be tailored after the individual driver’s strengths and weaknesses.

69



6 Conclusions

The study set out to investigate differences in driving aided by ADAS, more
specifically when driving aided by an ACC and a CWS. The study focused
upon the safety aspect of using ADAS.

There exist a difference between driving aided by the ACC and
driving aided by the CWS compared to when driving unaided.
Driving aided will improve safety.

There is a difference between driving aided by the ADAS as implemented
in the study in comparison of driving unaided. Neither of the two ADAS
improves drivers’ safety driving, in fact, the ACC reduces safety and the
CWS does neither improve nor reduce it. The hypothesis can thusly only
be proved halfway.

The two sexes drives differently in regard of safety when aided
by ADAS.

There are gender differences in driving aided by ADAS. Men drive safer
when unaided, while there is no difference for a woman to drive unaided
or aided, per se, however if the woman drives aided by the ACC she would
drive worse in regard of safety compared to if she drives aided by the CWS.
Where a woman does not alter her safety, a man will. Men has a tendency to
choose a shorter time headway than women aided or unaided. A man does
not alter his ”preferred” time headway between driving aided or unaided,
however he would drive with an increased time to collision (thus further
away from a collision) if left to drive unaided.

High Sensation Seekers will take more risks in their driving than
Low Sensation Seekers. In specific, the High Sensation Seekers
will drive with a shorter time to collision to a lead vehicle than
the Low Sensation Seekers.

Sensation Seeking did not show a significant effect on the participants chosen
time headway values nor on their lethal risk perception, thus this hypothesis
can only be left to speculation. To give a clear answer, a new study has to
be conducted in which a larger population sample can be established.

Locus of Control will affect a driver’s trust towards an ADAS.

Locus of Control did not show a significant effect on the participants trust
towards ADAS. Locus of Control did not affect the participants trust, how-
ever the result cannot be generalisable, thus to give a clear answer a new
study has to be conducted in order to answer hypotheses regarding the ef-
fect of Sensation Seeking and Locus of Control’s effect upon driving with
ADAS. On a speculative note, it is believed that both psychological traits
can affect driving, but a larger population sample is required to prove it.

There exist gender difference in the psychological traits Sensa-
tion Seeking and Locus of Control.

A driver’s gender did not have an effect on the participants on this study,
meaning that there is no gender difference on the two psychological traits
and gender does not affect the likelihood a participant being High or Low
Sensation Seeker, or, External or Internal. Yet, the result is not generalis-
able and a new study is required in order to give a clear answer.
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On the topic of the two psychological traits, Sensation Seeking and Locus
of Control measures different psychological aspects. Though, it still remains
to determine what effect on driving aided by the two implemented ADAS
the two psychological traits have.

Total braking reaction time will be increased with driving the
ACC compared to when driving the CWS, as the aid from the
ACC can decrease driver’s driving attention.

Driving aided by the CWS and responding towards the target vehicles
harder brake, known as Rude brake, results in a higher total braking re-
action time than if driving aided by the ACC. When it comes to risk, the
CWS was the worse, woman will also drive more riskily when driving aided
by the CWS. However, if compared to driving unaided, then neither ADAS
increases risky driving.

Drivers who are unable to notice the ADAS malfunctioning ought
to have an increased brake reaction time when the lead car brakes
during system malfunction.

Drivers do not become complacent driving aided by the ADAS. Drivers trust
to the ADAS remains constant between driving aided by either the ACC or
the CWS.

Drivers aided by the CWS would have improved vigilance atten-
tion capability compared to when aided by ACC.

Drivers become inattentive, as in having worsened vigilance attention, while
driving aided by either of the two ADAS. Men are better aided by the ACC,
as a man driving the CWS experiences an increased inattentiveness more
than aided by the ACC. Women are better aided by the CWS, as driving
aided by the ACC increases inattentiveness more than driving aided by the
CWS. Thus, neither ADAS improve a driver’s vigilance attention and the
hypothesis was inaccurate in the broad sense, but true for women. That a
driver becomes more inattentive driving aided by either ADAS is a safety
issue, pushing the ADAS effectiveness to improve safety further down.

Both ADAS are thought of to fulfil the function of preventing rear-end
collisions. Drivers attributed a higher degree of subjective trust, blame in
self-evaluated risky situations, and preference to the ACC compared to the
CWS.

Given the goal was to enhance a driver’s safety by introducing ADAS
to her driving, then neither ADAS, as implanted in the study, cannot be
recommended.
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7 Future Work

In addition to what has already been hinted on in the discussion of avenues
for further research, it seems that when one designs an ADAS it is easy
to forget how behavioural adaptation works. If you change the risk, then
the behaviour will change, but how the behaviour is changed and into what
is unpredictable. It follows that one might forget that the design of an
ADAS might not fit every driver, in fact the chosen design might perhaps
harm more than it helps. Thus, there should be a call for an ADAS that
can be dynamically adapted to the driver and her subjective needs so that
the system is of help rather than another source of annoyance the driver
has to deal with while driving. Perhaps a higher level of adaptability can
be reached if one equipped the ADAS with a driver profile tailored to the
individual’s needs.

Traditional studies of the effects of ADAS tend to be only on the driver.
What about the other drivers? How would it be to follow a vehicle which
is equipped by an ADAS? In addition, what longitudinal effects can the
ADAS have on the driver in regard of being able to operate unequipped
host vehicles after driving aided by an ADAS for a long time? Will the
driver, who has become accustomed to being aided by an ADAS, become
surprised that the system was not there to help her out? Will she show
automatic response effects? There is a clear need for more longitudinal
studies of the long-term effects an ADAS might have on a driver and other
road users.
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Appendix A

Below you can see two screen prints of the screening tool presenting the
Sensation Seeking survey, from question 1 to 10. The first image is the
initial view, the second one is when a participant answered question item 2
and 3, but omitted to answer the rest.

Figure 5. Sensation Seeking survey question 1 to 10.

Figure 6. Sensation Seeking survey question 1 to 10. Question item 2 and 3
answered.

Below you can see two screen prints of the screening tool presenting the
Locus of Control survey. The first image is the initial view, the second one
is when the participant answered question item 2 and 3, but omitted the
rest. Both images reflect question items 1 to 9.
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Figure 7. Locus of Control survey question 1 to 9.

Figure 8. Locus of Control survey question 1 to 9. Question item 2 and 3 answered.
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Appendix B — Lane positioning

Lane position measurement can be constituted by time to line crossing,
steering reversal rate, lane line approaches and exceeds.

Time to Line Crossing

Time to Line Crossing (TLC) is the time duration the driver has available
before she crosses any lane boundary. The TLC is bipolar, as it goes two
ways; either towards the left lane line or towards the right one while dis-
regarding whether the boundary had been crossed or not (Mammar et al.,
2006).

TLC can be used to give an indication to whereas the driver lost complete
attention on the driving task momentarily, e.g., while performing another
task. The degree of the indication depends on the velocity (Mammar et
al., 2006). Drivers tend to compensate some steering errors by decreasing
the velocity, with the reason for compensation to be to maintain a constant
TLC value.

A speculated example, given from the author’s own driving experience,
when performing other task while driving such as changing the radio station,
small steering operations are performed as the hand holding the steering
wheel is slightly turned toward the radio. This creates a change of the
steering angle, which consequently changes the TLC value, which then can
work as an indication that the driver (the author in this case) performed a
secondary task — changing the radio station.

TLC can moreover be used to measure a driver’s drowsiness level. A
driver’s drowsiness can be detected as a slow TLC decrease rate. This
slow rate of decreasing TLC values can contain local minima values which
correspond to the driver’s attempt to make steering corrections (Mammar et
al., 2006) (as noticed that the lateral position does not match the subjective
decided optimal position). The most interesting TLC values are the small
values prior to an actual lane crossing, as they are used in measuring driver
drowsiness (Mammar et al.).

TLC can express a driver’s loss of control of the vehicle (Mammar et
al., 2006). The point(s) where a driver loses control tend to be expressed
as a faster TLC deceleration rate towards zero in comparison to the overall
driving (where the driver is known to be in control). When the TLC is at
a zero value, this normally indicates that the vehicle is going at a straight
angle. In addition, Mammar et al. notes that drivers are able to anticipate
a road track’s curves, which can be expressed by the drivers’ TLC values.

The use of TLC is not without constraints (Mammar et al., 2006). The
system (the one which does the TLC calculations) has to track if the driver
drives with excessive speed (speed affects TLC), disregard curves (TLC
does not take into account, normally, if the road is curved. TLC normally
assumes the road is a straight line), track the lateral position, any small
TLC values, and excessive lateral accelerations (whether the driver is driving
towards a lane boundary).

How the simulator equipment has calculated TLC is unknown to the
author.

Repeated t-test were conducted to determine differences between the
mean TLC values from each driving condition (unaided, ACC, CWS). There
existed no significant difference on TLC between unaided driving and ACC
driving (t(16) = −0.55, p = .59, r = .14), nor between unaided driving and
CWS driving (t(16) = −1.04, p = .31, r = .25), and neither on driving
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aided by ACC and aided by CWS (t(16) = 0.52, p = .61, r = .13). The
TLC from unaided driving was not significantly correlated with the TLC
from ACC driving (r(15) = 0.07, p = .80), nor was the TLC from unaided
driving significantly correlated with the CWS driving (r(15) = −0.02, p =
.94), neither was the TLC values from ACC and CWS driving significantly
correlated (r(15) = 0.08, p = .75). The mean TLC values can be found in
Table 25.

Table 25. Mean time to line crossing values for each driving condition.

Mean SD

Baseline 0.529 .03
ACC 0.523 .03
CWS 0.518 .03

Sensation Seeking and Locus of Control’s effect on TLC

High Sensation Seekers are more likely to zigzag on the road compared to
the Low Sensation Seeker. To determine the effect the traits had on the
driver’s TLC values, a three-way mixed design ANOVA was conducted on
driving condition (unaided, ACC, or CWS) on TLC and on trait (Sensation
Seeking, Locus of Control) as independent variable. Homogeneity in the
variance could not be assumed. The TLC values can be found in Table 26.

There was no significant main effect on driving condition (F(2, 26) =
0.51, p = .61, η2 = .04). There was no interaction effect between Sensation
Seeking and driving condition (F(2, 26) = 0.27, p = .76, η2 = .02), nor
between Locus of Control and driving condition (F(2, 26) = 0.31, p = .74,
η2 = .02). Sensation Seeking and Locus of Control did neither have a mutual
interaction with driving condition (F(2, 26) = 0.48, p = .63, η2 = .04).

Table 26. Mean TLC values for each driving condition, as separated by Sensation
Seeking and Locus of Control.

Low Sensation Seeking High Sensation Seeking

External Locus
of Control

Internal Locus
of Control

External Locus
of Control

Internal Locus
of Control

Mean SD Mean SD Mean SD Mean SD

Baseline 0.53 0.02 0.52 0.02 0.54 0.01 0.53 0.02
ACC 0.51 0.02 0.53 0.02 0.53 0.01 0.52 0.02
CWS 0.50 0.02 0.52 0.02 0.53 0.01 0.52 0.02

Gender’s effect on TLC

A conducted mixed design ANOVA, with driving condition (unaided, ACC,
or CWS) on TLC on dependent and gender (Male or Female) on inde-
pendent, stated there existed no significant main effect on driving condi-
tion (F(2, 30) = 0.23, p = .80, η2 = .02) nor that there was a significant
interaction effect between driving condition and gender (F(2, 30) = 1.72,
p = .20, η2 = .10). There existed no significant between effect on gender
(F(1, 15) = 0.01, p = .92, η2 = .00). The TLC values can be found in Table
27.
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Table 27. Mean TLC values for each driving condition separated by gender, NMale

= 11, NFemale = 6.

Male Female

Mean SD Mean SD

Baseline 0.53 0.01 0.52 0.01
ACC 0.53 0.01 0.52 0.01
CWS 0.51 0.01 0.53 0.01

Steering Reversal Rate

Steering Reversal Rate (SRR) measures the amount of times the driver
performs a steering reversal rate, that is, when she turns the steering wheel
either to the right or to the left of the 0◦ angle.

SRR can be seen as compensation towards errs in the chosen lateral
position. It follows that less amount of SRR is better from a safety point
of view.

Paired t-test revealed no significant difference on SRR between driving
unaided and driving aided by the ACC (t(16) = −0.81, p = .43, r = .20).
The SRR values from driving unaided and driving with ACC were signifi-
cantly correlated (r(15) = 0.77, p = .00).There was a significant difference
in driving unaided and driving aided by the CWS (t(16) = −3.37, p = .00,
r = .64). The SRR values from the two scenarios were significantly corre-
lated (r(15) = 0.86, p = .00). There was no significant difference in driving
aided by the ACC or aided by the CWS (t(16) = −1.34, p = .20, r = .32).
The SRR values from the two ADAS scenarios were significantly correlated
(r(15) = 0.67, p = .00). The mean SRR value per scenario can be found in
Table 28.

Table 28. Mean SRR per driving scenario.

Mean SD

Baseline 37.16 8.57
ACC 38.45 10.22
CWS 41.00 8.87

Sensation Seeking and Locus of Control’s effect on SRR

The effect of Sensation Seeking (High or Low), Locus of Control (External
or Internal) and driving condition (unaided, ACC, or CWS) was examined
by a three-way ANOVA. There was no significant main effect of driving
condition (F(2, 26) = 3.25, p = .06, η2 = .20). There was no significant
effect of Sensation Seeking (F(1, 13) = 0.39, p = .54, η2 = .03), nor no
significant effect of Locus of Control (F(1, 13) = 1.57, p = .23, η2 = .11).
There was no significant interaction between Sensation Seeking and driving
condition (F(2, 26) = 2.31, p = .12, η2 = .15), nor between Locus of Control
and driving condition (F(2, 26) = 0.03, p = .97, η2 = .00). The mean SRR
values per driving condition can be seen in Table 29.

There existed no significant interaction-effect of Sensation Seeking and
Locus of Control (F(1, 13) = 2.43, p = .14, η2 = .16).

79



Table 29. Mean SRR per driving condition separated by Sensation Seeking and
Locus of Control.

Low Sensation Seeking High Sensation Seeking

Internal Locus
of Control

External Locus
of Control

Internal Locus
of Control

External Locus
of Control

Mean SD Mean SD Mean SD Mean SD

Baseline 30.03 8.41 40.75 10.25 39.65 5.00 38.0 8.50
ACC 30.25 13.69 41.00 10.94 41.04 3.32 40.9 9.54
CWS 35.73 9.14 47.80 11.60 41.36 4.55 39.48 7.66

Gender’s effect on SRR

The effect of gender (Male or Female) and driving condition (unaided, ACC,
or CWS) on SRR was examined by a two-way mixed design ANOVA. There
was no significant main effect of driving condition (F(2, 30) = 2.32, p = .12,
η2 = .13). There was no significant effect of gender (F(1, 15) = 1.15, p = .30,
η2 = .07). There also was no significant interaction between gender and
driving condition (F(2, 30) = 0.14, p = .87, η2 = .01). The mean SRR
values as separated by gender can be found in Table 30.

Table 30. Mean SRR per scenario condition as separated by gender.

Male Female

Mean SD Mean SD

Baseline 38.54 2.60 34.63 3.52
ACC 39.95 3.10 35.70 4.22
CWS 42.98 2.63 37.37 3.56

Lane approaches

Lane approaches is a measurement that quantifies the amount of times the
driver is steering towards a road lane line. If the driver changes the steering
wheel angle towards the right, the wheel turns and the host vehicle is driving
towards the right-hand side lane line. The driver is then approaching the
right-hand side lane line.

Repeated t-test was conducted to determine differences in the amount of
lane line approaches between the three driving conditions (unaided, ACC, or
CWS). The amount of lane approaches did not significantly differ between
unaided driving and driving aided by the ACC (t(16) = −0.94, p = .36,
r = .23), however unaided driving significantly differed from aided by the
CWS (t(16) = −3.71, p = 0.00, r = .68). There was no significant difference
in amount of approaches between the ACC aided driving or the CWS aided
driving (t(16) = −1.61, p = .12, r = .37). The amount of approaches from
the unaided driving was not significantly correlated with the result from the
ACC driving (r(15) = 0.37, p = .15), however it was significantly correlated
with the result from the CWS driving (r(15) = 0.70, p = .00). The amount
of approaches from driving with the ACC and driving with the CWS was
significantly correlated (r(15) = .58, p = .02). The mean amount of lane
line approaches can be seen in Table 31.
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Table 31. Mean amount of lane (line) approaches per driving condition.

Mean SD

Baseline 15.12 4.47
ACC 16.41 5.51
CWS 18.24 4.40

Wilcoxon Signed Rank test was conducted for each driving condition to
determine which lane line drivers approached more, where the dependent
variables were the amount of approaches a participant did towards either
the right or the left lane line. A significant difference in scores could be
detected for unaided driving (Z = −3.06, p = .00, η2 = .53), for ACC
aided driving (Z = −3.36, p = .00, η2 = .58), and for CWS aided driving
(Z = −3.44, p = .00, η2 = .59), where lane line approaches towards the
right lane line were favoured. Mean amount of approaches towards left and
right lane line can be found in Table 32.

Table 32. Lane (line) approaches towards right or left lane line as separate by
driving condition.

Towards Left Towards Right

Mean SD Mean SD

Baseline 3.53 3.40 11.59 5.10
ACC 4.18 3.43 12.24 4.76
CWS 3.59 3.22 14.65 4.85

Sensation Seeking and Locus of Control’s effect on lane approaches

Mixed design ANOVA was conducted on trait (Sensation Seeking or Locus
of Control) and driving condition (unaided, ACC, or CWS) on lane line ap-
proaches. There existed no significant interaction effect between Sensation
Seeking and the amount of conducted lane line approaches (F(2, 26) = 0.45,
p = .64, η2 = .03). Neither did it exist any significant interaction ef-
fect between Locus of Control and on the amount of conducted approaches
(F(2, 26) = 2.78, p = .08, η2 = .18). There was no significant effect on
Sensation Seeking (F(1, 13) = 0.10, p = .75, η2 = .01), nor on Locus of
Control (F(1, 13) = 0.48, p = .50, η2 = .04). Neither did it exist a sig-
nificant interaction effect between Sensation Seeking and Locus of Control
(F(1, 3) = 0.74, p = .41, η2 = .05). In Table 33 the mean values for lane
(line) approaches as separated by Sensation Seeking and Locus of Control
can be found.

Table 33. Amount of lane (line) approaches per driving condition as separated by
Sensation Seeking and Locus of Control.

Low Sensation Seeking High Sensation Seeking

External Locus
of Control

Internal Locus
of Control

External Locus
of Control

Internal Locus
of Control

Mean SD Mean SD Mean SD Mean SD

Baseline 16.75 2.25 13.00 2.25 13.80 2.02 17.25 2.25
ACC 13.00 2.76 18.25 2.76 15.60 2.47 19.00 2.76
CWS 19.75 2.32 17.25 2.32 16.80 2.07 19.50 2.32
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Gender’s effect on lane approaches

Mixed-design ANOVA was conducted on gender (Female or Male) and driv-
ing condition (unaided, ACC, or CWS) of amount of approaches. The data
was transformed via natural logarithm, due to not being normal distributed.
There existed a significant main effect on driving condition (F(2, 30) = 4.27,
p = .02, η2 = .22). There existed no significant interaction effect between
driving condition and gender (F(2, 30) = 0.74, p = .49, η2 = .05). There
existed neither no significant effect on gender (F(1, 15) = 2.60, p = .13,
η2 = .15). The amount of lane line approaches can be found in Table 34.

Table 34. Untransformed mean amount of lane (line) approaches as separated by
gender.

Male Female

Mean SD Mean SD

Baseline 14.55 4.00 16.17 5.46
ACC 15.09 6.12 18.83 3.37
CWS 15.09 6.12 18.83 3.37

In addition to the ANOVA a t-test was conducted with the data split on
gender. The Wilcoxon Signed Rank test revealed that there was no signifi-
cant difference between unaided driving and ACC aided driving (Z = −0.21,
p = 84, η2 = .04), nor between aided by the ACC or the CWS (Z = −1.08,
p = .28, η2 = .23) during driving for males. However, there was a signifi-
cant difference between unaided driving and aided by the CWS (Z = −2.53,
p = .01, η2 = .54), where the male participants performed more approaches
during the CWS driving condition. For the female study population, there
was no difference in amount of lane line approaches between unaided and
aided by the ACC (Z = −0.42, p = .67, η2 = .12), unaided and aided by
the CWS (Z = −1.57, p = .12, η2 = .45), or aided by either ACC or CWS
(Z = −0.73, p = .47, η2 = .21).

Lane exceed

Lane exceed (LANEX) quantifies the amount of times the driver crosses a
lane line, that is, the amount of times she exceeds the lane line. Say the
driver is approaching the right-hand side lane line. If she crosses the lane
line with a tire (or drives upon it) then she has exceeded that particular
lane line. The value was calculated from the right frontal tire crossing the
right lane line and from the left frontal tire crossing the left lane line. This
means that the lane exceed was calculated as the amount of a frontal tire
crossing a lane line to either side of the host vehicle’s main lane (which in
the study was the right lane).

The participants lane exceeds results were non-normal distributed and
had extreme outliers. A Wilcoxon Signed Rank test was conducted to inves-
tigate any differences between the three driving conditions (unaided, ACC,
or CWS) on lane exceeds. There was no significant difference between un-
aided driving and aided by the ACC (Z = −1.24, p = .22, η2 = .21), unaided
driving and aided by the CWS (Z = −0.16, p = .88, η2 = .03), nor aided
by either ACC or CWS (Z = −0.49, p = .62, η2 = .08). The mean amount
of lane exceeds performed by the participants can be found in Table 35.
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Table 35. Mean amount of LANEX per driving condition.

Mean SD

Baseline 5.29 7.67
ACC 5.35 6.21
CWS 6.00 5.27

Further t-test was conducted to determine whether there existed a dif-
ference between lane exceeds of the right lane line and of the left lane line.
Due to the fact the data was non-normal distributed the conducted test was
a Wilcoxon Signed Rank. For unaided driving there was a significant differ-
ence between LANEX to right and to left (Z = −3.40, p = .00, η2 = .58).
There was also a significant difference for ACC aided driving (Z = −3.30,
p = .00, η2 = .57) and for CWS aided driving (Z = −3.21, p = .00,
η2 = .55). For all three driving conditions the participants had a significant
greater amount lane approaches towards the right lane line. See Table 36
for the lane exceeds values as separated towards side.

Table 36. Mean amount of LANEX per driving condition when separated on
which lane line that was crossed.

Towards Left Towards Right

Mean SD Mean SD

Baseline 0.18 0.39 5.12 7.74
ACC 0.24 0.66 5.76 5.22
CWS 0.47 0.62 4.88 5.17

Sensation Seeking and Locus of Control’s effect on lane exceeds

A mixed design ANOVA was conducted on driving condition (unaided,
ACC, or CWS) of lane exceeds (LANEX) and trait (Sensation Seeking or
Locus of Control). The data was non-normal distributed, and it could not
be successfully transformed into normal distributed data set. The mixed
designed ANOVA was conducted upon ranked data, where the data got
ranked internally to each dependent variable group (LANEX).

There existed no significant main effect on LANEX (F(2, 26) = 0.03,
p = .97, η2 = .00). There was no significant interaction between LANEX
and Sensation Seeking (F(2, 26) = 0.04, p = .96, η2 = .00). Nor was there
any significant interaction effect between LANEX and Locus of Control
(F(2, 26) = 0.61, p = .55, η2 = .05). There existed no significant interaction
effect between LANEX, Sensation Seeking, and Locus of Control (F(2, 26) =
2.41, p = .11, η2 = .16). There existed no significant effect on Sensation
Seeking (F(1, 13) = 0.48, p = .50, η2 = .04) nor on Locus of Control
(F(1, 13) = 0.06, p = .81, η2 = .01). Nor did it exist a significant interaction
effect between Sensation Seeking and Locus of Control (F(1, 13) = 0.47,
p = .51, η2 = .04). The untransformed mean LANEX values can be found
in Table 37.
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Table 37. Mean amount of lane exceeds per driving condition as separated by
Sensation Seeking and Locus of Control.

Low Sensation Seeking High Sensation Seeking

External Locus
of Control

Internal Locus
of Control

External Locus
of Control

Internal Locus
of Control

Mean SD Mean SD Mean SD Mean SD

Baseline 3.75 3.90 4.50 3.92 9.60 3.51 2.25 3.92
ACC 4.50 2.79 7.75 2.79 7.20 2.49 4.24 2.79
CWS 5.00 3.32 4.00 3.32 7.80 2.97 4.00 3.32

Gender’s effect on lane exceeds

To determine what effect the gender (Female or Male) had on the LANEX
result of driving condition (unaided, ACC, or CWS), a mixed design ANOVA
on natural logarithm transformed data was conducted. There was no sig-
nificant main effect on driving condition (F(2, 30) = 0.16, p = .85, η2 =
.01). Gender was found to have no significant effect on driving conditions
(F(2, 30) = 0.83, p = .45, η2 = .05). There was no significant between effect
on gender (F(1, 15) = 2.29, p = .15, η2 = .13). The untransformed mean
amount of lane exceeds per driving condition when separated by gender can
be found in Table 38.

Table 38. Untransformed mean amount of lane exceeds per driving condition as
separated by gender.

Male Female

Mean SD Mean SD

Baseline 3.09 1.92 9.33 12.28
ACC 4.18 3.09 9.33 7.00
CWS 4.18 2.18 7.50 10.27

High pass filtered lateral position

When one drive it is highly likely that one is not always perfectly at the mid-
dle of the driving lane. One often deviates from the middle to some degree.
A high pass filter was applied in order to reduce the impact of curvatures
on the lateral positioning values, α was set to .002 (which constitutes a
tau of 10 and update frequency of .02). The mean lateral positions of the
participants were analysed, where a perfect lateral position in the middle of
the driving lane is valued 0. Any deviation from the middle towards the left
lane line is denoted positive and any deviation towards the right is denoted
negative. The values consist of the lateral positioning during full scenario
duration, disregarding whether or not the participant was within 4 THW
seconds to the lead car.

Table 39. Mean high filtered lateral position per driving condition.

Mean SD

Baseline −0.0039 0.0040
ACC −0.0034 0.0050
CWS −0.0030 0.0040
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The mean high pass filtered lateral position can be found in Table 39.
A t-test was conducted in order to determine what difference might exist
between the three driving conditions in regard of lateral position. There
was no significant difference in lateral position when driving unaided or
driving aided by the ACC (t(16) = −0.42, p = .62, r = .10), or between
unaided and aided by the CWS (t(16) = −0.87, p = .40, r = .21). Neither
was there a significant difference between driving aided by the ACC and
the CWS (t(16) = −0.46, p = .66, r = .11). The mean lateral positioning
from unaided driving was not significantly correlated with the result from
the ACC aided driving (r(15) = 0.47, p = .06). Nor was the result from
unaided driving significantly correlated with the result from the CWS aided
driving (r(15) = 0.42, p = .10). The result from driving with the ACC and
driving with the CWS was significantly correlated (r(15) = 0.55, p = .02).
The mean values can be found in Table 39. The participants were, on
average during the full driving duration, driving slightly to the right of the
middle of the lane.

Sensation Seeking and Locus of Control’s effect on high pass fil-
tered lateral position

Mixed design ANOVA was conducted with the mean lateral position of each
driving condition (unaided, ACC, or CWS) as dependent variable and trait
(Sensation Seeking or Locus of Control) as independent. There existed no
significant main effect on lateral position (F(2, 26) = 0.38, p = .69, η2 =
.03). There was no significant interaction effect between lateral position and
Sensation Seeking (F(2, 26) = 2.32, p = .12, η2 = .15), or lateral position
and Locus of Control (F(2, 26) = 0.16, p = .85, η2 = .01). There was
neither no significant interaction effect between high pass filtered lateral
position, Sensation Seeking, and Locus of Control (F(2, 26) = 0.51, p =
.61, η2 = .04). There existed no significant between effect on Sensation
Seeking (F(1, 13) = 1.23, p = .29, η2 = .09), nor between Locus of Control
(F(1, 13) = 0.18, p = .68, η2 = .01). There existed no significant interaction
effect between Sensation Seeking and Locus of Control (F(1, 13) = 0.02,
p = .90, η2 = .00).

The mean high filtered lateral position as separated by Sensation Seeking
and Locus of Control can be found in Table 40.

Table 40. Mean high pass filtered lateral position per driving condition as sepa-
rated by Sensation Seeking and Locus of Control.

Low Sensation Seeking High Sensation Seeking

External Locus
of Control

Internal Locus
of Control

External Locus
of Control

Internal Locus
of Control

Mean SD Mean SD Mean SD Mean SD

Baseline −0.004 0.002 −0.003 0.002 −0.005 0.002 −0.004 0.002
ACC −0.002 0.002 0.000 0.002 −0.005 0.002 −0.006 0.002
CWS −0.002 0.002 −0.003 0.002 −0.004 0.002 −0.003 0.002
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Gender’s effect on high pass filtered lateral position

The effect of gender could not be calculated due to outlier in the data
which could not be successfully transformed away. The outlier belonged
to the female population, where the driver drove slightly to the left of the
middle of the lane where her peers drove slightly to the right. The mean
lateral positions can be found in Table 41.

Table 41. Mean high pass filtered lateral position per driving condition as sepa-
rated by gender.

Male Female

Mean SD Mean SD

Baseline −0.0023 0.0040 −0.0069 0.0020
ACC −0.0017 0.0040 −0.0067 0.0040
CWS −0.0016 0.0030 −0.0055 0.0050

A Wilcoxon Signed Rank test with the data split on gender revealed
that for men there existed no significant difference between high pass filtered
lateral position between unaided and aided by the ACC driving (Z = −0.45,
p = .66, η2 = .10), unaided driving and aided by the CWS (Z = −0.80,
p = .42, η2 = .17), nor aided by the ACC and the CWS (Z = −0.27,
p = .79, η2 = .06). Similar results were found for females, where there was
no significant difference in mean high pass filtered lateral position between
unaided driving and aided by the ACC (Z = −0.31, p = .75, η2 = .07),
unaided driving and aided by the CWS (Z = −0.94, p = .35, η2 = .20), or
aided by the ACC and the CWS (Z = −0.11, p = .92, η2 = .02).

A Mann-Whitney test was conducted to determine if there existed any
gender influenced difference within each driving condition (unaided, ACC,
or CWS). There existed a significant difference between male and female
result on unaided driving (U = 8.00, Z = −2.51, p = .01, r = .61). There
existed a significant difference between male and female result when aided
by the ACC (U = 11.00, Z = −2.21, p = .03, r = .54). There existed
no significant difference between male and female result when aided by the
CWS (U = 15.00, Z = −1.81, p = .07, r = .44).

Standard deviation of lateral position

The high pass filtered standard deviation of lateral position (SDLP) mea-
sures the amount (measured in lateral position units) the driver deviates
from the middle of the driving lane.

Table 42. Mean high pass filtered SDLP during full scenario duration disregarding
whether or not the participant was within 4 THW seconds from the lead car.

Mean SD

Baseline 0.2745 0.0290
ACC 0.2889 0.0530
CWS 0.2826 0.0430

Paired t-test was conducted which revealed that there existed no signif-
icant difference between unaided driving and aided by the ACC (t(16) =
−1.60, p = .13, r = .37), nor between unaided driving and aided by the
CWS (t(16) = −1.43, p = .17, r = .34), nor between aided by the ACC and
the CWS (t(16) = 0.81, p = .43, r = .20) on standard deviation of high pass
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filtered lateral position from each driving condition disregarding if the par-
ticipants followed the lead car. The results from unaided and the ACC aided
driving were significantly correlated (r(15) = 0.74, p = .00). The same was
the results from unaided and the CWS aided driving (r(15) = 0.86, p = .00),
and the results from the ACC and the CWS aided driving (r(15) = 0.80,
p = .00). Mean values can be found in Table 42.

Table 43. Mean high pass filtered SDLP during full scenario duration when par-
ticipants were within 4 THW seconds from the lead car.

Mean SD

Baseline 0.2843 0.0920
ACC 0.3311 0.1070
CWS 0.2813 0.1200

A Wilcoxon Signed rank test was conducted to determine if there existed
any differences between the three driving conditions when the participants
were within 4 THW seconds from the lead car. There existed no significant
difference between unaided and the ACC aided driving (Z = −1.54, p = .12,
η2 = .29), unaided and the CWS aided driving (Z = −1.04, p = .30,
η2 = .20), and ACC or CWS aided driving (Z = −1.30, p = .19, η2 = .22).
See Table 43 for the values.

Each driving condition can be separated into two parts — normal and
strained driving. Whereas the former was the overall driving when you dis-
regard whether or not the participant was following the lead car closely (less
than 4 THW). The strained driving emerged as a consequence effect from
driving close to the lead car, where the participant had to track the lead
car’s behaviour in addition with the general driving context. Paired t-tests
were conducted to determine if there existed a difference between the nor-
mal and strained driving in regard of deviation of lateral position. Wilcoxon
Signed Rank test was conducted for unaided driving. There existed no sig-
nificant difference on unaided driving between normal and strained driving
(Z = −0.28, p = .78, η2 = .05). A paired t-test was conducted on ACC
aided driving, there was no significant difference (t(16) = −1.74, p = .10,
r = .40). Similar result was found for CWS aided driving after a conducted
paired t-test. There was no significant difference for CWS aided driving
(t(16) = 0.05, p = 96, r = .01).
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