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Abstract

The mental model is a very rarely studied topic when it comes to human-machine inter-
action. Nearly all the studies that are done in this field are on measuring the actual per-
formance of the human while performing collaborative task with the automation system
rather than understanding the complete picture of how the human is understanding and
interpreting the automation, is his actions due to just chance or does he/she have logical
reasoning for his/her actions.

This research consists of recognising the factors that affect the mental model, design-
ing the experiment that measures the mental model as well as the factors that affect it.
This work focuses on ALKS (Automated lane keep assist system) which is a subset of the
SAE level 3 automation system for which the rules are laid down by UNECE(United Nation
Economic Commission for Europe) [25].

The approach of this research consists of an experimental setup in which the partici-
pants are given training and then are allowed to experience the level 3 automation in the
driving simulator. The training and the simulation is designed to give a different depth in
the functionalities and limitations of the system. The weak training just briefly describes
the limitations of the system and how to interpret the user interface based on research
done by Strand [35] with the consumer of level 2 automation system, on the other hand,
the stronger training explains in detail the functionality and the limitations of the system
along with the video explanations of how the automation will react in the different scenar-
ios. Both the training are available in English and Dutch depending language preference of
the participant. The participants are divided into 2 groups both of them are given different
training but both of them experience similar driving conditions on the driving simulator.
Later the performance of the mental model, as well as the performance of the factors af-
fecting the mental model are measured. Each participant receives the training once and
is subjected to 3 trials of the driving simulation to understand the learning effect of the
mental model and its related factors.

The results of the mental model performance show that there is a significant gap of 5.5%
between the weak and the strong mental model group just after the training, this trend then
continues until the last trial where a significant gap of 6.5% in the mental model score.
A positive learning curve is also observed starting from the training to the last trial, the
learning curve has a positive trend but the data is statistically insignificant to show the
difference in the learning rate of the two different groups.

There is a significant gap observed between the automation acceptance level of the two
groups, although there is no significant rise in the level of acceptance of automation from
just after the training to the last trials their difference in the acceptance level is present after
the training and all the trials. For the trust level, the difference between the two groups
is statistically insignificant, the difference is too small and the number of participants for
the experiment is too less. Analysing the pragmatic significance of the trust data, a positive
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iv Abstract

trend can be seen for the strong group whereas the weak group shows a negative trend, even
though at the start of the experiment the weak group had a higher trust level. For situational
awareness, the weak model group shows the lower situation awareness throughout the lap
as compared to the strong mental model group.
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Introduction

The level of automation used in vehicles is increasing. Technologies like ACC (Automatic
cruise control) and LKS (Lane keep assist) systems increase efficiency and reduce the fuel
consumption of the traffic on the road. These technologies should also reduce the number
of accidents caused on the road by reducing human error, which currently accounts for
90% of road accidents[1]. However, automation in itself poses some risks due to the lack
of maturity of the technology. Thus for the automation to maintain the positive balance
of safety, the automation has to remove the involvement of the human from the driving
loop and also to ensure that it does not introduce error due to the lack of maturity of the
automation system itself.

Unfortunately, the human contribution to the driving task cannot be completely re-
moved until SAE level 5 automation is implemented, and this goal will take a few decades
to be reached. Meantime in the market vehicle manufacturers are introducing automated
systems that need to interact occasionally with humans. Therefore, human-machine in-
teraction poses another source of risks requiring specific attention to ensure a safe vehicle
automation system.

Human factor research has shown that the vehicle automation system tends to reduce
the safety risk posed by the use of this automation system as compared to the human-only
operating system, but the automation system has some serious drawbacks of its own. It
faces some great pitfalls like the lack of situation awareness, loss of skills, mental over/under-
load, behavioural adaptation or misuse/disuse of automation. So the automation system
should be developed taking into account the human capabilities and limitations for the
safe interaction between humans and machines to eliminate all the possible human errors
while the human becomes the part of the driving loop. This can be only done by designing
the automation with the human-centric approach and analyzing the role of the human in
automated driving systems.

Currently, the existing automation system still requires the driver to be in the driving
loop to share and monitor the driving task. However, more advanced automated driving
features that allow the driver to be out of the driving loop for an extended period are ex-
pected to be introduced in the market soon.

These "more" automated driving systems (SAE Level 3) need to be properly scrutinized
to allow for safe public road operations. These systems, in which the driver is kept out of
the loop for an extended period, pose several risks due to technological limitations, human-
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machine interaction aspects, ethics and liability issues which need to be investigated be-
fore such a system can be approved for use in the real traffic with real people on the road.
In this perspective, it is important to understand how the human acquires the knowl-
edge on the capabilities and the limitations of an automated system and how the accuracy
of this knowledge will affect the safe interaction between human and machine. One of the
methods to understand this problem is to know about the mental model of the driver.

1.1. A brief introduction on the concept of mental model

1.1.1. Definition of mental model

A mental model is an operator’s knowledge of system purpose and form, it’s functioning,
and associated state structure ([6]). It represents working knowledge of system dynamics
and structure of physical appearance and layout, and causal relationships between and
among components and processes.([24]).

The mental model can also be defined more precisely as a long-term memory knowl-
edge structure, that is “a representation of the typical causal interconnections involving
actions and environmental events that influence the functioning of the system”[13].

The mental model represents the knowledge of the components of a system, their in-
terconnection, and the processes that change the components. It is the knowledge that
forms the basis for users to construct reasonable actions and explanations about why a set
of actions is appropriate[11].

The second definition [13] (para 2 section 1.1.1) describes the formation of the mental
model in a dynamic situation and is different from the theory of the abstract syllogism,
which defines the mental model based on-premises and conclusions. Mental models allow
people to account for and predict the physical system’s behaviour[15].

According to Johnson-Laird, PN. ([16]), the mental model of the user of the automation
system enables him/her to draw inferences and make predictions, to decide on their ac-
tions, and to control system operation. In allowing an operator to predict and explain sys-
tem behaviour, and to recognise and remember relationships between system components
and events, mental models provide a source to guide the human operator’s expectations[19].
So the initial mental model starts from the point of obtaining the first knowledge about the
system from any source. The correctness and the level of the mental model depend on the
source of the knowledge about the system.

1.1.2. Type of mental model
The cognitive theory[33][32] divides the formation of the mental model into 2 types de-
pending on the method of acquiring the knowledge. The use of theoretical knowledge/book
learning results in the building up of declarative knowledge, leading to the formation of the
general mental model. On the other hand, the use of practice and experience leads to the
gain of procedural knowledge, which results in the formation of the applied mental model.
Both mental models are important in the correct and complete formation of the mental
model for the automation system. Figure 1.1 represents the cycle of evolution of the men-
tal model.

Another method of understanding and describing the mental models is the use of the
predictive processing framework [12]. This uses the concept of a hierarchical generative
model which is embedded in the brain, after learning how the state or the event in the world



1.1. A brief introduction on the concept of mental model 3

or one human operator’s body generates the sensory input. Predictive processing suggests
that frequent exposure to reliable statistical regularities in the driving environment will
improve generative model predictions and increasingly automatised performance. Fur-
ther, failures may be understood in terms of limited exposure to functional limitations, and
therefore, as an inappropriately tuned generative model in such situations[32].

In this thesis, the cognitive theory of studying the mental model is used. In the case of
automated vehicles, not much neuromuscular movement can be observed, which will not
lead to the proper mental model created by the predictive processing framework. Also, this
method largely depends on the use of the right hardware, maybe use a real level 3 vehicle
and edge-case scenarios to create the mental model in real traffic conditions.

Automated System

. : " -
Environment > Automation behavior

T T

T T

I |

1

i v

|

: Mental model of automation

: behavior

| Prior fo interaction  During interaction

L_ s Reliance action

General Mental Applied Mental
Model Model

Cognitive function

Driver

Figure 1.1: Simple description of Mental model on automation reliance[32]

Apart from this the DDT maneuvers supported by the system is limited to the full lateral
and longitudinal control, emergency and minimum risk maneuvers and giving the request
for the transfer of control. The automation system is responsible for all OEDR activity on
the road but if the capability of the system

1.1.3. Desired ideal mental model
According to Seppelt and Trent [32] the mental model of the human for any automation
should be based on the 3P of the automation (purpose, process and performance). Beg-
giato M [8] experimented on the mental model of the users of the SAE level 1 automation
system keeping the benchmark of the ideal mental model as a parameter for comparison.
This ideal mental model was based on the principle of the 3P system and was designed for
the level 1 automation system. The same principle could be applied to the study of the
mental model for the level 3 system where the ideal mental model will be based on the 3P
of the level 3 system. This can be also fine-tuned to a custom level 3 automation system
which includes some but not all the features of the complete level 3 automation system. In
this thesis, we will work with the ideal mental model of the level 3 system that confirms the
UNECE R.157 regulations. The regulations are later discussed in the section 2.1
Considering the 3P of the level 3 system that confirms to UNECE R.157 regulations, the
ideal mental model of the system can be created in the following way:

1. Purpose: The purpose domain of the ideal mental model should have the clarity
of the purpose of use of automation that is the automation is intended to be used
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to reduce the driver load of driving when the vehicle is operating in the domain of
its ODD, but the automation is not usable if the automation reaches the end of the
ODD or the system failure occurs. Also when in use for the level 3 system unlike the
level 1 or 2 the driver can completely disengage from the driving activity until the car
reaches the limit of its ODD or request for the take over of the control is given by the
automation system. For the ALKS system, the purpose should be clear to the user
that the system is intended to be used on the highway that complies with the DDT
conditions of the system and the speed of the traffic is not more than 60 kmh~! and
the weather conditions would allow for the safe operation of the system given that
the system is still functioning as designed.

. Process: The users of the level 3 automation system should be aware of the pro-
cess in which the automation system does the OEDR and the DDT of the driving task
within its ODD that is the user should know how the system perceives the environ-
ment and how does it execute the driving manoeuvres. This will result in the user
being able to predict based on the driving conditions(traffic, weather, infrastructure
etc) about the possible take over request or the reduced performance of the automa-
tion system. Level 3 system compared to levels 1 and 2 can do the OEDR and DDT for
an extended period when the car is in the ODD but the car may ask the driver to take
over the control, either due to automation failure or the end of ODD. The user should
also be aware of the process in which the take over request has to be answered.

. Performance: The users of the level 3 automation system should be aware of the
performance capabilities of the automation within its ODD like the speed limit, lane
changing ability, overtaking ability, minimum risk manoeuvre and emergency ma-
noeuvres etc. The user should be aware of how the automation will make the vehicle
behave under each of the manoeuvres. This will allow the users to anticipate the
possible steps of the manoeuvre that the automation will/can perform when it is op-
erating in its ODD depending on the changing driving conditions. Level 3 systems
unlike the level 1 and 2 systems will handle all the DDT activity in the ODD, it will
have the ability to control all the DDT manoeuvres as well as the emergency and crit-
ical manoeuvres of the car.



Research Question and Hypothesis

2.1. Research question

SAE level 3[30] automation system fitted in the vehicles requires both automation system
and humans to work perfectly in sync to ensure safety on the highway. ALKS (Automated
lane-keeping system) system is a level 3 driving automation system that offers to drive the
car under its level 3 automation conditions defined by the UNECE R.157 rules. The ODD,
OEDR and the DDT of the general level 3 automation system are defined by SAE J3016 [30]
and the ALKS level 3 system-specific ODD, OEDR and the DDT conditions are defined by
the UNECE R.157 rules. [25] Combining the SAE level 3 concept with the ALKS R.157 rules
we have the following conditions:

* The driving speed has to be less than or equal to 60km/h.(This is a hard limitation
put there by the regulations, the infrastructure does not need to be designed for this
speed, but the traffic conditions should restrict the vehicle to work below the speed
limit)

* The opposite flow of the traffic on the road should be separated by a physical barrier.

* The pedestrians and the cyclist should be separated from the traffic. (Need a physical
barrier or should not be allowed to use the road infrastructure)

This research assignment is being done in collaboration with RDW [4] who is responsible
for licensing the vehicles on the roads of the Netherlands. In the level 3 automation system,
the driver is allowed to be out of the driving loop for an extended period but may be asked
to enter back into the driving loop within a small time buffer to act as the fallback driver.
A literature survey done by Eriksson and Stanton 2017 [14] showed that the mean take-
over reaction time is 2.5 when the mean take over lead time is 7 seconds which is within
the given lead time of 10 seconds. But with the inclusion of secondary tasks, this time is
further going to increase and the quality is further going to deteriorate [37]. Hence it is very
important to understand if the driver is ready to take back the control safely. As described in
chapter 1(1) the mental model has been identified as one important factor that determines
the performance of the driver during the take over request and therefore should have a
significant influence on the take over time and quality.
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Thus the research question for the thesis is as follows:

“What is the effect of giving good education and training to the driver about the Level 3
ALKS system on the formation and evolution of his/her Mental model and what contri-
bution should be done by the OEM (original equipment manufacturer) to ensure proper
development of the driver’s mental model"

Keeping in mind the research question the research will be carried out on a between-
subject basis and the participants will be divided into 2 groups primarily based on the
training that they receive at the start of the experiment. Henceforth from now on in the
report, the group that will receive the elaborate training will be called the strong group
and the group that receives the brief training is called the weak group. This research will
require collecting primary qualitative and quantitative data from the participants (users
of the automation) regarding their Mental model, trust and acceptance ratings, situational
awareness and reaction to the take over request. The methodology of the experiments is
described in chapter 3 with the results in chapter 4. Chapter 5 contains the discussions
on the results and chapter 6 contains the final conclusions with some recommendation on
future projects.

2.2. Hypothesis

The literature survey done on the development and evolution of the mental model suggests
that the mental model of the drivers of SAE level 3 automated vehicle depend on the initial
training given to them, their trust on the system, acceptance of the system along with the
situational awareness of the drivers for the duration when the automation is engaged. The
literature survey also explores that the evolution of the mental model with the repetition of
the experiments.

With the study topic in mind and the literature review completed, the following four
questions hypothesis was created to be investigated.

2.2.1. Training will determine the initial formation level of the Mental model

Justification: The initial education and knowledge help in the initial formation of the men-
tal model of the driver. Therefore, the strong group should have a higher Mental model
score as compared to the weak group just after the formation of the mental model has taken
place that is after the initial training.

HO: The difference in the initial training will not lead to any difference in the initial
(formation) score of the mental model between the 2 group of participants.

H1: The difference in the initial training will lead to the difference in the initial (forma-
tion) mental model score between the 2 group of participants.

2.2.2. High trust and acceptance is required for the mental model devel-
opment of the driver, so there should be a positive difference in the
trust and acceptance score of the strong group compared with the

weak group
Justification Trust can be defined as the attitude that an agent will help achieve an individ-
ual’s goals in a situation characterized by uncertainty and vulnerability [29]. Acceptance
can be defined as the willingness to use the SAE level 3 automation irrespective of the trust
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in the system. A user of the automation may choose to use the automation system even
if he/she doesn’'t have an adequate level of trust in the system in a given situation where
he/she has to decrease his mental workload, on the other hand, a user of the automation
may choose not to use the automation even if he/she trusts the automation because just
because he/she enjoys the pleasure of manual driving. Therefore in the context of rein-
forcement of the mental model the user of the automation should undergo repetitive use
of the automation to reinforce his mental model and for that the trust and acceptance of
the user of the automation system in the automation system should be high. The difference
in the trust with the difference in the mental model for vehicle automation system has been
studied by Beggiato M[8] in which he has shown that the initial level of trust is the same for
both the groups of the mental model but for the stronger group it increases whereas for
the weaker group it decreases. In the same research, the difference in the acceptance level
was studied but no significant difference was found between the acceptance level with the
difference in the mental model score.

For Trust

HO: There is no difference in the trust score when there is a difference in the mental
model score.

H1: There is difference in the trust score when there is difference in the mental model
score.

For Acceptance

HO: There is no difference in the acceptance score when there is a difference in the
mental model score.

H1: There is difference in the acceptance score when there is a difference in the mental
model score.

2.2.3. Situational awareness is important in the reinforcement of the men-
tal model created after training, so there should be a difference in
the situational awareness score if there is a difference in the mental

model score

Justification: During the initial phase of the mental model development after acquiring
knowledge and training the driver needs to be aware of the surroundings at least during
the critical manoeuvre, during the request for the transfer of control and emergency ma-
noeuvres. These events are rare in occurrence but pose critical safety risks if the driver
does not react accordingly. The situational awareness is expected to decrease with the tri-
als when comparing each scenario but during the above-mentioned maneuvers the situa-
tional awareness should be high so the correct reinforcement of the mental model of the
driver takes place. Also as suggested by Zwaan and Graesser 1995 [38] the wrong mental
model reduces the situational awareness of the user at the moment when high situational
awareness is required and also increases the cognitive load on the driver. The situational
awareness is defined as the transient contents of awareness as structured and supported
by underlying mental model [23]. As researched by Mogford 1997 [23] pilot trainees in reat-
taining information about aircraft altitude and direction of flight, maintain a minimum but
adequate set of data to help anticipate impending aircraft conflicts. Higher mental model
should result in higher score for situational awareness.

HO: There is no difference in the situational awareness score when there is difference in
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the mental model score.
H1: There is difference in the situational awareness score when there is difference in
the mental model score.

2.2.4, Improvement in the mental model score with the repetition of the

experiment

Justification: A mental model similar to other human learning behaviour undergoes the
learning effect which means that the mental model score of the participants irrespective of
the initial training given should increase with the repetitions of the experiment. Beggiatto
M [8] studied the learning effect of the mental model when using the level 1 automation
system and showed that there is a learning effect in the mental model score. The same
effect can be expected with the mental model score of the level 3 automation system.

HO: There is no difference in the mental model score when the first and the last trial are
compared.

H1: There is difference in the mental model score when the first and last trial are com-
pared.



Methodology

This chapter describes the complete experiment method and setup done to perform the
driving experiment in this research thesis. To analyze the mental model performance of
the drivers of the level 3 automation system an experiment was designed to be performed
in the driving simulator to simulate the driving behaviour of the level 3 automation system
fitted when fitted in the vehicle. This experiment was performed on the DAVSi (Delft ad-
vanced vehicle simulator) located in the 3ME vehicles engineering lab. For the additional
requirement of the experiment, some physical changes were made in the simulator which
is shown in Figure 3.5 and later discussed in the section 3.1.5 and section 3.1.8. The driving
lap (Figure 3.3) was designed according the dutch traffic infrastructure rules and the ODD
of the ALKS level 3 driving automation according to the R.157 rules [25].

4[ Design of experiment ]
! ! ! }

Driving scenario ] Braking system ] ’[ Lap and traffic ] [ Non driving (SuRT) task]

)

Lap Variables

Traffic
rint
oo mertoce | L (e

Auditory
Questionnaire ] - Metrics and

T(-Training IE [ ADS system ]- participants
Participants] [ Apparatus
Trust and acceptance ]

Procedure ] [ Ethics

Figure 3.1: Layout of experiment methodology
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(c) Speed limit change (d) Construction zone start

Figure 3.2: Lap and traffic signs

3.1. Design of experiment
3.1.1. Design of driving lap and traffic

The main idea behind the modelling of the traffic on the road was to give the participants
the feel of the real traffic jam on the highway since the system is meant to be used at
60kmh~! on the dutch highways. The modelling of the traffic was done such that there
are no phantom traffic jams and the ego vehicle is always in the motion [3].

An oval track was created as given in figure 3.3 which was 2750 m in length containing
sharp bend of radius 50 m after 1500 m of the start point and a construction zone after
2500 m of the start point. In the construction zone the outermost right lane was closed and
the zone extended for 250 m, keeping the other 2 lanes free for the flow of traffic. The whole
lap had 3 lanes and the width of each lane was 3.5m as most of dutch highways[3]. The
complete lap had been designed with the appropriate road signs that have been placed in
the sharp bend and the construction zone along with the speed limits of the zones. The
construction zone was also marked with temporary traffic lines. Figure 3.2 illustrates the
traffic signs and lane markings.

The speed of the traffic on the left lane was the highest and in the right lane was the low-
est. The traffic in all the lanes is flowing at varying speeds. For the left lane, the traffic speed
ranges from 70 kmh™! to 50kmh~1, the traffic in the middle lane flows from 60 kmh™! to
40kmh™! and the traffic in the right lane flows from 50 kmh™! to 30 kmh™!. The sharp bend
forces all the vehicles to drive at a speed below 40 kmh™! so that the vehicle remains in its
driving lane. The automation is always driving the ego vehicle in the center lane.
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The merging of the cars from the right lane to the centre lane before the start of the
construction zone was done in an alternate pattern that is every car in the middle lane
allowed one car from the right lane to merge before the start of the construction zone.

Construction zone end Construction zone start

Direction of
driving

Sharp bend

Figure 3.3: Driving lap

3.1.2. Design of driving scenario:

The driving scenarios are designed in IPG carmaker, a software developed by IPG Automo-
tive Gmbh[2]. A passive simulation is used for the experiment which means that the ego
vehicle, lead vehicle and behaviour of all the traffic vehicles are preset before the start of
the experiment. The scenario was designed keeping in mind the ODD condition [25] which
states the road should be a highway with the opposite flowing traffic separated by a physi-
cal barrier and no cyclist or pedestrians allowed on the road. A slow-moving traffic jam was
simulated which ensured that the driving speed never exceeded the hard speed limitation
of the ALKS (by UNECE regulations) system which is 60 kmh™!. The baseline scenario was
designed to act as the control scenario for comparisons in which the automation system
worked perfectly and never went out of its ODD. The fog scenario was designed to simu-
late the possible out of ODD condition for the automation system due to the decrease in the
perception of the sensor, though the automation never ran out of the ODD since the density
of the fog is low (The automation is designed to work in a fog density equivalent to visibility
of 50m or above). The take over request scenario was designed to simulate the possible au-
tomation failure within the ODD condition due to the failure in the hardware/software of
the automation system. The emergency scenario was designed keeping in mind the possi-
ble behaviour of the ALKS level 3 system within its ODD if the system detected the possible
collision condition due to the traffic behaviour on the road. For studying the learning effect
of the mental model, the same scenarios are repeated in 3 trials in the same sequence. The
traffic behaviour is kept the same for all the scenarios and all the trials except for scenario 4
where the emergency manoeuvre has to be performed and a different lead vehicle is used.
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Further description of each of the driving scenarios is given below:'

1. Baseline scenario: The automation system drives the ego vehicle through the whole
lap of the track in clear and bright weather with no take over request or emergency
manoeuvre involved. The user is asked to do the NDRT task but still is allowed to
look in the surroundings and use the brake pedal only when he feels that the vehicle
is doing some unusual behaviour or there are chances of collision.

2. Fogscenario: The ego vehicles drive through a single lap of the track in fog condi-
tion. The first phase of fog appears 50 m before the ego vehicle reaches the midpoint
of the sharp bend and ends 50 m after the midpoint of the sharp bend. The second
phase of fog appears 50 m before the start of the construction zone and ends 50 m af-
ter the end of the construction zone. The fog is set at the density ratio of 0.03% in the
IPG carmaker which translate to the visibility of more than 50 m but less than 200 m
from the ego vehicle as seen by the participant. The scenario involves no transfer of
control request as well as no emergency manoeuvre.

3. Take over request scenario: In this scenario, the ego vehicle drives one lap within the
ODD of the automation system. The automation system never experiences any loss
of ODD but to simulate the take over request the lap was designed to create a scenario
for automation failure by forcing the system to go to automation failure mode. The
take over request occurs at 2 positions of the lap, one at the start of the sharp bend
and the other at the starting of the construction zone. To inform the participants of
the automation failure take over request, the user interface screen and the speaker of
the vehicle is used(explained more in section 3.1.8).

4. Emergency Scenario: In this scenario, the ego vehicle drives a lap on the track, the
weather is clear and bright but the ego vehicle is subjected to traffic conditions such
that it performs emergency manoeuvres. The first emergency scenario takes place
after the sharp bend of the track in which a vehicle from the right lane makes a sharp
cut-inn and the ego vehicle performs the emergency manoeuvre in which it decel-
erates with peak deceleration of 10.90m/sec?, mean deceleration of 6.52m/sec? and
stops. As soon as the distance of the ego vehicle from the cut-inn vehicle becomes
30 m the ego vehicle resumes the normal automation activity. The second emergency
manoeuvre takes place in between the construction zones where the lead vehicle
brakes suddenly and automation performs emergency manoeuvre, the ego vehicle
decelerates with peak deceleration of 10.44m/ sec?, mean deceleration of 7.23m/ sec?
and stops. The whole scenario lasts for 280 seconds. This scenario is designed to re-
inforce the mental model of the user associated with the emergency manoeuvre of
the ALKS automation system as well as the trust of the user in the system.

3.1.3. Design of training

The training was designed based on the interview conducted by Strand and Stave 2018 [35]
in which a personal interview was conducted with 3 new owners of Volvo level 2 automation
system at different points of time from the purchase of the car till a 3 month ownership
period. The training developed by Beggiato [8] was also referred for this research.

IThe scenarios can be accessed via this link https://www.youtube.com/watch?v=1F6ZCFPPdRu&1ist=
PLAhBgxwMEXIKgwnvg83K00z15Bf61scYR


https://www.youtube.com/watch?v=1F6ZCFPPdRw&list=PLAhBgxwMEXIKgwnvg83K00zl5Bf6lscYR
https://www.youtube.com/watch?v=1F6ZCFPPdRw&list=PLAhBgxwMEXIKgwnvg83K00zl5Bf6lscYR
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To remove the bias for the preference of language spoken the training was available both
in English (Weak training :Appendix 7.4, Strong training: Appendix 7.6) and Dutch(Weak
training: Appendix 7.3.2, Strong training: Appendix 7.7). It was first developed in English
and later translated to Dutch by RDW. The difference in between the training was based on
the depth in the information that was provided about the functionalities and the limita-
tions of the system. The knowledge about the user interface was kept the same in both the
training. The information about the user interface was provided once in the weak training
and twice in the strength training.

1. Weak training: The first section of the training contained a brief explanation of the
DDT of the level 3 automation system with some information on the OEDR activity
that the automation system can handle, all the OEDR activity when the system is ac-
tivated but also that the driver has to take care of the OEDR when the system asks the
driver to take over. The next section contained the description of when the system
will not work (bad weather condition and hardware/software failure) but no detail
was given on how bad the intensity of the weather is tolerable by the system or what
is the actual cause for the hardware/software failure of the system. The next section
described the duration for the driver to take over the control of the car after the take
over request was given and what will happen if the driver chooses not to respond to
the take over request. There was a brief description given on the 2 critical zones of
the track, sharp bend and construction zone and was explained briefly that if the au-
tomation system is working before the start of these zones then the system will con-
tinue to work if the weather condition does not degrade beyond the tolerance limit
of the automation or some unexpected hardware/software failure of the automation
system. There was a description in detail about the tolerance limit for weather for
the automation system. There was a detailed explanation given for the user-interface
system, what is the meaning of each symbol that is displayed on the screen as well
as what the driver is expected to do when the specific warning for the takeover or the
emergency manoeuvre is given by the UI system.

2. Strong training: The first section of the strength training was the same as the weak
one containing a brief description of the DDT and OEDR of the automation system.
Additionally, this section also describes the exact ODD and speed limit of operation
for the designed level 3 automation system (speed limit of 60 kmh™! and road infras-
tructure of Autosnelweg) which was not discussed in the weak training.

The following points below summarize the explanation of the training that was given
to the participants of the strong group regarding reaction of automation in different
road conditions, special manoeuvres and user interface and were not available to the
weak group.

(a) Straight Road: The automation system will follow the time gap of 2 secs from
the lead vehicle upto the speed of 60 kmh™!. If the lead vehicle is not available
then it will drive at the maximum speed of 60 kmh ™.

(b) Curved road: The automation system follows the lane marking and maintains
the time gap of 2 sec from the lead vehicle upto the speed of 60 kmh™!. If the
lead vehicle is not available then it drives the ego vehicle at the maximum speed
of 60kmh™1.
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(c) Emergency maneuver: Explanations why this maneuver is performed by the
system and what is the driver expected to do when it is being executed.

(d) Take over request: Conditions under which the take over request might oc-
cur, either the weather condition deteriorates below the threshold mark or the
automation system (software/hardware) failure occurs. The weather threshold
(different density of fog condition) was explained using animation, and the par-
ticipant were given hint on how to know the following distance of the car by
looking at the number of lane lane markings. The automation failure could be
recognised from the information given by the Ul system.

(e) Road conditions: Explanations on how the automation will react before the
construction zone and sharp bend.

(f) User interface: Complete information was given to the participants about the
user interface along with different modes for the transfer of control and emer-
gency maneuver. The explanation was also followed by an animation for the
same.

3.1.4. Design of braking system

The sensitivity and the characteristics of the brake pedal have been considered to play a
crucial role in the development of the mental model, so the design of the brake controller
has been done to simulate the static model of braking as done by Meng and Zhang 2016
([22]). The model contains the static model of the pushrod, master cylinder, brake fluid,
brake hose, calliper and rotor assembly and brake booster. The model is then tested on the
simulator to measure the achieved braking deceleration vs pedal travel.

Although the ALKS system[25] has the feature of choosing between the brake, acceler-
ator and the steering control, braking was chosen as the tool to reward the participants if
they recognised the scenarios in which they felt that the automation might fail or the au-
tomation may lead to accident on the road. Therefore the brake pedal measurement was
chosen as a quantitative measurement to understand the knowledge of the participant to
understand the capabilities of the system in different scenarios. In addition, it was assumed
that the predetermined reward for the participant helped to increase the attention of the
participant on the road[31].

To avoid collecting the false positives of the brake pedal travel participants were in-
structed to use the brake pedal during the request for the transfer of control (scenario 3)
and to avoid the use of the brake pedal in the other scenarios(1,2 and 4), but they were also
told that if the felt the need of the brake pedal necessary then they could use it (For eg if
they felt that the car would run into a collision).

In addition, during the request for the transfer of control they were also instructed to
keep the pressure on the brake pedal until they see the sign showing "RESUMING AU-
TOMATION"on the user interface screen.

3.1.5. Surrogate reference task(SuRT):

A distraction (non-driving related task) is needed for the driver to simulate the real environ-
ment of level 3 automation as it allows the driver to take the hands off the wheel and eyes
off the road but still does not allow to leave the driving position or sleep in the car(both the
driver presence and the driver availability criteria have to be satisfied for the automation
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to work. The driver attentiveness is not necessary. These conditions are also enforced by
the UNECE guidelines)[26]. The research was done on the effect of cognitive workload and
visual workload during critical tracking tasks suggested that visual distraction is more suc-
cessful in creating a successful distraction for the driver as compared to cognitive workload
hence the visual SuRT workload was created during the driving task[28]. The frequency of
the SuRT task will also be used to measure the situational awareness of the driver as done by
Beggattio[9]. The task is performed on an app developed by the German aerospace depart-
ment(DLR) which consist of selecting the left or the right part of the screen depending on
the location of the bigger circle among a randomly generated group of 50 circles. 50 circles
are generated for each cycle among which there is only one big circle about 66% greater in
size as compared to the smaller circle. For the easy recognition of the circles and to reduce
the glare of the light in the eyes of the participant the circles are chosen to be white placed
on a black background. As soon as the participant touches the screen of the tablet the next
set of the circle appears, participants are asked to start playing the task as soon as see the
cars in the scenario moving and stop playing after 280 secs of the scenario run-time. They
are instructed both by the experimenter to start and stop playing the game.

Research done by Lu and Happee 2019 [5] showed that the handheld device significantly
increased the take over request time as compared to using a hands-free device hence it was
decided to use the hands-free tablet placed on the right side of the driver on the chair as
shown in the figure 3.5 for the doing of the SuRT task. The tablet was shifted slightly for the
reach of each participant depending on his/her preference.

3.1.6. Pilot test

After the driving scenario, lap, traffic, training and the questionnaire were designed a pilot
test was conducted to check if the combination of training, simulated video of the driving
scenario and questionnaire can distinguish between the two mental models, as per the
difference in the score.

During a self-driving conference presentation, the employees of the RDW office in Zoeter-
meer were asked to participate in the pilot test. The employees who gave consent for the
pilot test were asked to do the pilot test in a sequence that represented the actual exper-
iment. Due to lack of the participants, a within group study was conducted in which the
participants were first given the weak model training and then asked to answer the ques-
tions. Next, they were given a strong model training and asked to answer the same ques-
tions. The figure below shows the results obtained after the test was done. After the test,
feedback was taken from the participants regarding the whole pilot test. The arrangement
for the option of questions 8-12 (Appendix7.1.1) was rearranged to keep the correct option
as a different option in between the weak and the strong training. The formation of the
questions was changed to accommodate the simple terms for referring to the vehicles and
the infrastructure of the scene since the participants of the real experiment will not be ex-
perts (For example changing the term lead vehicle to car in the front, changing the term
ego vehicle to the term your car). The traffic signs were added in the different sections of
the road and the constant flow of the traffic was changed a varying flow.

Figure 3.4 shows the difference in the mental model score of the pilot test. The weak
group scored a mean score of 0.67 with a variance of — and the strong group score a mean
score of 0.76 with a variance of —. This clearly showed that the combination of the training
and the evaluation method used is able to distinguish between the weak and the strong
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Figure 3.4: Normalized mental model score after pilot test

mental model based on the score obtained.

3.1.7. Design of the questionnaire

The questionnaire was divided into 3 parts, mental model, trust and acceptance. The read-
ing for the mental model questionnaire was taken 5 times during each trial of the exper-
iment, once after the training was given(trial 1) or once just before starting the experi-
ment(trial 2 or trial 3) then after each scenario the mental model reading was taken. For
the trust and acceptance questionnaire the reading was taken twice during each day of the
experiment, once after the training (day 1) or before the starting of the experiment (day
2 and day 3) and once after the end of the experiment on each day. A seven scale Likert
chart was used while answering the question since the number of participants are small
and research shows that the 7-point Likert scale produces a better distribution of data as
compared to the 5-point Likert scale.

1. Mental model questionnaire: This was further divided into 3 sections questions
answerable in different formats. The first section is based on the functioning and
limitations of automation, answerable using a 7-point Likert scale. The second sec-
tion contains the questions on transfer of control answerable in single choice correct
MCQ format and lastly the third section consist of questions on the expectation of
human driver after the automation has asked to take the transfer of control also an-
swerable using the single choice correct MCQ. Appendix 7.1.1 contains the mental
model questionnaire.

The 1°/(1) and the 2"¢(2) question asks the user about the longitudinal behaviour of
the vehicle. The 374(3) and 5"(5) question asks about the lane change behaviour.
4" (4) question asks about the engagement in the SuRT task. 6'(6) questions asks
about the working of the automation under a fog condition with the given intensity of
the fog. 71 (7) and 8" (8) asks about the behavior of the automation when the vehicle
from the adjacent lane enters in the lane of the ego vehicle. 5/ (5) question asks about
the behavior of the vehicle if the driving lane would be blocked. 9/%(9) and 10%"*(10)
question asks the participant regarding the transfer of control timing. 11?*(11) and
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121 (12) question asks the participant regarding how to take them back the control of
the car and what they expect if they don’t take back the control of the car. The single
choice correct MCQ are awarded points from 1 to 7 based on the closeness of the
option to the safest behaviour of the vehicle(Appendix 7.2). The arrangement of the
questions in the questionnaires was done in a way that the correct answer will not
lie at the same end of the Likert scale to keep the attention of the participant while
answering (Appendix 7.1.1).

2. Trust questionnaire: Research shows that a multi-question based trust question-
naire is better than a single question due to the elimination of the bias from the par-
ticipants while answering. A single item does not follow the detailed analysis of the
trust score due to error of specificity inherent in single items (Appendix 7.1.2). The
trust questionnaire was based on research done by Lee in 2004 [20] and on the trust of
the human in automation and a trust questionnaire used by Beggattio M [8] to study
the trust of the users in the level 1 automation system of the vehicles.

3. Acceptance questionnaire: There is no standardized method available to measure
the acceptance of the drivers towards automation in vehicles. Having a single ques-
tion in the acceptance questionnaire is known to have biases so a multi-question
questionnaire is needed. This questionnaire is based on the confirmation acceptance
theory (Appendix 7.1.3). This questionnaire was based on the technology acceptance
model [36] and the acceptance questionnaire developed by Beggattio M [8] for mea-
suring the acceptance of the users while using the level 1 automation system.

3.1.8. Design of the User-interface

For the mental model experiment, the user interface of the automation plays a huge role in
the evolution of the correct model as well as the correction of