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ABSTRACT

The design space of In-Vehicle information systems for autonomous cars is an unexplored area,
inviting interaction designers to explore various solutions for delivering an innovative autonomous
driving experience. A big challenge is keeping the driver in the loop of the driving task being able
to efficiently and safely control the car in a higher level, leaving the tedious operating tasks to be
handled by automation. The information system should provide sufficient and proper feedback in
order to build thorough wunderstanding of au
infotainment features.

A design solution is proposed in this thesis, which aims to establish a convenient way for
controlling autonomous cars and at the same time enables the user to control tertiary features
unrelated with the driving task. A visual tablet interface was implemented, enabling the driver to
control the car in tactical level, assigning commands for changing lanes, turning at intersections,
overtaking vehicles and changing the speed. The solution also provides a menu for accessing
tertiary features related to infotainment control, by maintaining output functions and visual
feedback which intend to keep the driver aware of the autonomous driving task. An overlay cover
was also built to raise the efficiency and effectiveness of the tactical control by making the
interface more intuitive. The goal of this thesis is to evaluate a tablet interface solution in the
context of semi-autonomous driving, in terms of usability and user experience examining also
human feelings towards automation, namely trust and controllability.

Keywords: automation, semi-autonomous car, tactical, tablet, interface, overlay cover, visual,
feedback, touch-based controller
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1. Introduction

As the amount of cars is rising and the competitiveness between the car industries is growing, a
new era of autonomous driving systems is introduced, thanks to rapid technological advances.
Information technology is highly integrated in almost every vehicle nowadays and industries
compete in providing the best possible driving experience, promoting safety, comfort and
enjoyment (Harvey et al. 2011). Extensive research in the domain of vehicle automation is
conducted in order to deliver a commercial release that will utilize the strengths of this technology
and offer a novel user experience. A gradual transition from manual to autonomous driving is
already in the process with the integration of Advanced Driving Systems (ADAS) in the cars, which
aim to support the user in the driving task (Engstrom et al. 2004). One of the most popular
technologies is the Adaptive Cruise Control (ACC), which adjusts speed to maintain a safe
distance between the car and other vehicles in the road. Interaction designers are constantly
exploring this new design space, aiming to define the challenges that emerge and propose
solutions in respect to the userés ment al model 0
study user envisions and expectations of future autonomous cars (Pettersson 2014) in order to
achieve user satisfaction and acceptance (Rogers et al., 2005).

Furthermore, the extensive use of nomadic devices, and the dominance of touch displays is
promoting solutions that integrate them with the
Apple 2015). Especially, the emerging use and the increased ownership of tablets (Muller et al

2012) is extending the design space by encouraging the implementation of solutions in various

everyday contexts. Even though tablets are primarily used in the home environment mainly as a

stationary entertaining device (Mdller et. al 2012), automation can potentially expand the design

space for extending their use into the car environment.

Current In-Vehicle Information Systems (IVIS) encourage users to bring their nomadic devices in
the car, thanks to connectivity technologies, including bluetooth and wifi. However, the integration
of nomadic devices with the IVIS should be established with safety. Thus, the issues emerging
from the use of mobile phones and tablets in vehicles and the challenges introduced by
automation should be elicited. The ambition is to generate solutions that will enhance the
experience of autonomous driving, by utilizing the intuitive interfaces of personal touch-based
devices, which follow users in their everyday lives.

1.1 Research Problem

The main issue of automation is related to the amount of control that the user has over the system.
High complexity and misunderstanding of the system functions can lead to mental overload
(Endsley & Kiris 1995). Otherwise, automation may trigger over-reliance on the system (Sheridan
& Parasuraman 2005), which results in mental underload (Stanton et al. 2007). Both effects
decrease driver performance (Stanton et al. 2007) and situational awareness (Endsley & Kiris
1995) potentially leading to accidents or incidents due to loss of control. Endsley & Kiris (1995)
describe this pofthéell ceap apse rtfhoer nhaoruce 6, when t he wuser
or over relied on automation and consequently is removed from the control loop. Billings (1997)



underlines that pilots should always be involved in the operation of the automated aviation system

by remaining in the control | oop. Endsl ey & Kiris
situat i onal awareness o6, 6decrease of system acceptan
and O6increase of ment al overl oadod. Thus, it i's in

operator and highlight the supportive role of the autonomous system (Sheridan & Parasaruman
2005).

Speci fi calodfthe;l otolpe peodtor manced during autonomous
accidents in case of system failure when the user is asked to take manual control (Niemann et al.

2011). Thus, situational awareness can be increased by keeping the driver in the loop and
guaranteeing safety. Niemann et al. 2011 underlined that the reaction time in case of critical

situations, is minimized, as the driver is involved more in the driving task.

Walker et al. (2001) marked safety, efficiency and enjoyment as the three fundamental driver
needs connected with the secondary features of the IVIS. ADAS in synergy with IVIS aim to cover
these needs and various design frameworks have been built to generate design solutions for
enhancing the driver experience (Engstrom et al. 2004; Jansson et al. 2014; Harvey et. al 2011).
IVIS interfaces aim to provide enjoyment through tertiary features, such as music and
communication, but can also increase the performance of the driving task, by keeping the driver
in the loop with navigation and alert functions for instance. On the other hand, they could lead to
visual distraction if solutions are poorly designed, an issue discussed in section 3.3.2.

The transition between autonomous and manual control is considered a task switching which can
also increase the mental workload dramatically (Niemann et al. 2011), causing the problems
discussed previously. A smooth transition is established by giving the primary control to the driver
with an intuitive and not obtrusive manner (Petersson et. al 2005). When automated operations
are conducted, they should be obvious, not overwhelm the user by invading his workflow
unexpectedly and aim to support the driver and not replace him (Petersson et. al 2005).

One more issue arises, when the user is interacting with the tertiary functions of the IVIS, such as
navigation, communication and music features. Even if the control rests primarily on the
autonomous system in this case, the user should still be able to easily switch to manual control.

The main problem is that IVIS functions may cause high visual distraction (section 3.3.3), which

can |l ead to 6out of the | oopd performance. Thus,
loop even when controlling these features, enabling him to easily get the control of the car and

respond fast in critical situations.

Based on this discussion, the research problem of this master thesis is summarized in the
following problem statement:

ifKeep the dr pwofehe altonomaus driving task, allowing to switch easily, thus
providing smooth transitions between assigning driving commands and controlling tertiary
features. o



1.2 Research Question

The research problem is approached by proposing a solution for a tablet based controller for
autonomous driving. As noted in the introduction and described in the background section, the
rising use of tablets is encouraging the exploration of a touch-based solution. The main
hypothesis of this thesis is that a tablet interface can enhance the driving experience in
future autonomous driving by providing tactical and tertiary functions to perform the

corresponding tasks. This master thesis adapts Richteros

primary, secondary and tertiary tasks of in-car systems. The primary tasks are the actions
performed for maneuvering the vehicle and the secondary tasks include the functions that are
related with roadworthiness such as the windshield wiper, direction indicator and advanced driving
assistance functions. The tertiary tasks are all non-safety-related functions such as entertainment,
communication, temperature control and navigation features. Michon (1985) defined three levels
of driving control: operational, tactical and strategic. The operational level concerns the lateral and
longitudinal control of the vehicle. Tactical control concerns the performing of driving maneuvers,
like changing lanes or turning to intersections. The strategic level of control is related with general
planning of the trip, including route, goals, modal choices and evaluation of costs and risks. In the
context of autonomous driving, the operational level of control is on the automated system,
performing the tactical tasks, issued by the tablet controller. Some strategic functions are also
offered by the interface, but the focus of the thesis is on evaluating the delivery of the tactical
commands and the handover between these and the infotainment features. Thus, the tablet
provides two main modes: Tactical controller for enabling the user to assign specific driving
maneuvers and get feedback about his decisions and the car status and tertiary controller for
controlling infotainment system features such as navigation, music and indoor temperature
functions.

The research question is based on a task assigned by Semcon (1.4), run by the Research and
Innovation Department within the UX group and it is part of the AIMMIT (Automotive Integration
of Multi-modal Interaction Technologies) research project (AIMMIT 2015). The project was also
inspired by a concept idea of an autonomous car controller by Claes Edgren, Research Project
manager in Vehicle HMI at Volvo Car Corporation (VCC). The tablet is used as a stationary device
which placed on the armrest of the driver seat. The seat is set at the rearwards position while the
car is in autonomous mode and the user will mainly interact with the tablet controller, without been
within the reach of the steering wheel and the pedals. When the tablet is set in the tactical mode,
a smart overlay cover is used to cover the display, consisting of grooves and ridges that indicate
the interactions for assigning the specific
potential of providing a more efficient interface by underlining the input and output features of the
tactical controller.

Given the above hypothesis, the research question is formulated as follows:
How can a tablet interface be designed to keep the driver in the loop of the autonomous driving

task by functioning as a tactical and tertiary controller, providing an easy switch between these
modes?

tacti



Will a tablet-based tactical controller, augmented with a smart overlay cover increase the
efficiency of the interface, providing a clear distinction between the input and output functions?

1.3 Scope

Given the research questions, the focus is on the interactions with the tactical controller and
specifically the design of a suitable layout that highlights and promotes the driver-in-the-loop
concept (Niemann et al. 2011). As far as the tertiary controller is concerned, the main purpose is
to provide an easy-to-use interface, focusing on the layout and gesture patterns rather than the
deep navigation workflows for achieving specific tertiary tasks, such as assigning a specific
destination through the GPS. The aim is to deliver an efficient handover between those two modes
and explore the tasks and operations of the tactical controller. The tablet display is used for both
input and output and in the scope of this master thesis, the interface will provide only visual
feedback. It will not include haptics and auditory feedback as the highlight of this thesis will be on
increasing efficiency of an interface design through smart overlay cover. Also, the design will not
include additional controls and devices inside the car apart from the fundamental ones.

Despite the various levels of automation, this master thesis focuses only on intermediate levels of

automation where human and automationd6 s wor k|l oad ar ese targdted teeels,d .

automation is capable of performing a task
over if there is problem in the system and automation could always continue working, even if the
human in charge is not giving out commands. Hence, the design solution to be delivered is meant
to be used when the car is driven semi-autonomously in intermediate level of automation. The
operational level of control (Michon 1985) lies entirely on automation, executing the commands
given by the user. It is taken for granted that automation performs only safe and legal tasks,
informing the user accordingly about the availability of each action. Therefore, the level of
automation as discussed in 3.1.2 is on the intermediate level, where the user is the supervisory
operator.

To sum up, the design space is limited on tablet interface solutions in the context of autonomous
driving for supporting tactical tasks and tertiary functions. The primary goal is to provide a proof
of the driver-in-the-loop concept that would encourage the integration of touch displays in future
autonomous cars by enabling the driver to retain tactical and strategic level of control.

1.4 Stakeholders

This master thesis was conducted by the Research and Innovation department of Semcon within
the UX group and Chalmers University of Technology and is a part of the AIMMIT project which
is run in collaboration with Viktoria ICT institute and Volvo Car Corporation (VCC). AIMMIT stands
f o rAutoriotive Integration of Multi-modal Interaction Technologieso and aims to explore
multimodal HMI concepts for establishing safety, competitiveness and client-user satisfaction in
the automotive sector (AIMMIT 2015).

Wi

I n
t hou



Semcon is an international consulting company which delivers wide range of solutions to its
customer. The company is divided into several sectors including energy, life science, industrial
and automotive and is known for providing innovating design solutions to numerous client
companies. Semcon is one of the main collaborators of the AIMMIT project along with Viktoria
ICT and Volvo Car Corporation (VCC), providing us all the suitable hardware and software tools
for implementation, along with working space and constant support for fulfilling our goals.

Volvo Car Corporation (VCC) is a leading car company originated here in Gothenburg, Sweden.
The company is proud to present its core values, namely safety, quality and care for the
environment. Thus, VCC pays close attention in delivering the safest car to its customer with the
most innovative technology. With the aim of being the leader in motor vehicle technology, VCC
has shifted its focus toward autonomous cars, collaborating with Semcon to explore innovative
solutions striving for customer satisfaction.

Viktoria Swedish ICT (Information and Communication Technology) and Chalmers University of
Technology are research institutes providing us access to valuable knowledge resources and
access to Lindholmen Safer vehicle simulator to validate our solution. We, Juntima Nawilaijaroen
and Vasileios Golematis were working along with our supervisors, Dimitrios Gkouskos, Phd
student of the Interaction Design and Technologies department of Chalmers University of
Technology and Jan Nilsson, Project Manager and UX Research & Innovation Leader of Semcon,
who were our guides during the whole working process. We both are interaction design master
students with experience in conducting research studies, applying suitable design methods.
During the master program, we developed a special interest in the fields of mobile technologies
and human to vehicle interfaces. Therefore, we decided to conduct our master thesis research in
the field of HMI for future autonomous cars.

1.5 Terminology

This section provides a list of the terms with their meanings, which are used continuously in this
master thesis:

Adaptive Cruise Control (ACC)

This term refers to an optional autonomous cruise control system in car. ACC was invented,
aiming to provide a more relaxing driving experience. In this thesis, we put our focus mostly on
Vol v o 6 systemnCATC system implemented by Volvo Car Company employ a mechanism of
maintaining speed and safety related functions such as auto detection for pedestrian. These
functions were used as a foundation for semi-autonomous cars that are expected to be
implemented in the near future.

Autonomous Driving (AD)
AD refers to autonomous driving. The main objective of AD is to provide a better driving
experience by handling tedious tasks such as maintaining speed and keeping the car in the lane.



Advanced Driving Assistance Systems (ADAS)
Similar to the two terms mentioned above, ADAS refer to an automated system, which aims to
enhance the driving experience by supporting the driver in the driving task. (Engstrom et al. 2004;
Harvey et al. 2011). ACC is one example of ADAS.

Automotive Integration of Multimodal Interaction Technologies (AIMMIT)

AIMMIT refers to a project run by Volvo Car Corporation (VCC) in cooperation with Semcon,
Viktoria Swedish ICT and Chalmers University of Technology. The project aims to integrate the
theories of HMI as well as multi-modalities to the automotive industry with the objective of
providing a better driving experience to driver. (AIMMIT 2015)

Human-Machine Interaction (HMI)

Human-Machine Interaction (HMI) belongs in the field of interaction design with a particular focus
on the interaction between human and machine. In this master thesis, machine refers to the
system of an autonomous car.

In-Vehicle Information System (IVIS)
In-Vehicle Information System (IVIS) refer to the infotainment systems which are integrated into
cars. They are discussed in depth in section 3.3.

Participatory Design (PD)

The term of participatory design (PD) refers to a method of interaction design which is conducted
mostly within a group, involving designers and users. Sections 4.1 and 5.3 cover this method in
depth.



2. Background

Related research, work and existing products were sources of inspiration and guidance for the
thesis project. Car companies have been trying to integrate nomadic devices with the IVIS in order
to enhance and personalize the driving experience by enabling users to connect their personal
mobile phones with the car infotainment system. Touch-displays in IVIS are dominant in the car
industry and tablet mounting products encourage users to bring their personal tablet devices in
order to boost driving performance and convenience.

The Volvo on Call mobile application and Volvo Sensus touch-based infotainment system utilize
connectivity technology to boost in-car conveniences (Volvocars 2015). Android Auto and iPhone

Car Pl ay applications bring the familiar interfac:é
preferences to the in-car touch-di spl ay (Androi d 2015; Appl e 201
Remotelink smartphone applicatone st abl i shes ¢ onnec{daslvtouchydisplay t h t he

similarly with the previous products (Cdystemnr ol et
(GmbH 2015) consists of a rotary tactile controller for input and a separate display for output to

interact with the IVIS. Following a different approach, Audi has built a tablet designed to fit the

car 06s context, providing infotainment features, I
Hence, most products favor touch-based displays and several are aiming to achieve a seamless

integration of personal devices with the IVIS.

A lot of research has been conducted to ameliorate visual distraction caused by these systems
reducing driver performance (Bach et al. 2008; Van Erp & Van Veen 2004; Ecker et al. 2008;
Richter et al. 2010). One main issue that is observed with touch displays is their high demand of
visual attention (Harvey et al. 2011; Ecker et al. 2008). The pieTouch project (Ecker et al. 2008)
presented a specific layout pattern that provides a more intuitive interface. In addition, gestural
patterns are explored, as they require less visual attention over simple touch interactions (Bach
et al. 2008, Rumelin et al. 2013). The precision of tactile devices in contrast with touch-based
controllers (Harvey et al. 2011) has triggered research on haptic feedback on touch displays
further minimizing visual distraction on IVIS (Richter et al. 2010; Van Erp & Van Veen 2004). In
case of autonomous driving, this problem may not be so critical, butitmayleadt o 6 out of t he
performance (Endsley & Kiris 1995), thus, it should be definitely taken into account for our design.

Research has also been conducted in the context of autonomous vehicles, most of it focusing on
providing strong guidelines and design frameworks that introduce designers to this design space.
AIDE (Adaptive Integrated Driver-vehicle InterfacE) provided a wide set of methodologies for
integrating nomadic devices with ADAS and IVIS (Engstrom et al. 2004). MODAS (Methods for
Designing Autonomous Systems) is a model for generating design solutions for autonomous cars
(Jansson et. al 2014). Based on this model, Scania illustrated an autonomous vehicle in which all
information is displayed on the heads-up display and controlled by a tablet device (Scania 2015).
Niemann et al (2011) presented a manoeuvre based approach for improving the driving
performance by assigning complex driving patterns in a simple way through a touch-based
display, keeping the driver in the loop.



Finally, MercedesBenzd s FO015 is a concept of a futuristic ai

(Mercedes-Benz 2015). The car model is moving toward to lounge-like interior design, fulfilling
usersd envisions of rotating seats f acidom2Pldeach ot

Apart from the socializing factor, automation implies convenience. Thus, setting the driver seat in
the rearwards position during autonomous driving aims to fulfill this need.



3. Theory

This chapter presents theories in relation to the research problem and questions and consists of
four fundamental sections as follows: the relationship between human and automation,
autonomous driving, in-vehicle information systems and touch - based devices and interfaces.

The first section describes the relation between human and automation in general. It also
discusses the interaction between human and the automated machine, advantages and
disadvantages as well as effects to human overall. The second section introduces background
information on autonomous driving, providing a set of theories regarding how drivers interact with
a semi-autonomous car. The third section presents In-Vehicle Information Systems (1VIS) linking
them also with Advanced Driving Systems (ADAS) aiming to highlight their roles and relations in
the driving context. User needs and design challenges regarding these systems are also elicited
in this section. The final section focuses on touch - based devices, aiming to highlight their unique
characteristics. Analysis of touch interfaces and interactivity patterns follows and emphasis is
given on tablet devices. Finally the design challenges that emerge from touch interfaces in relation
to the autonomous driving context are underlined.

3.1 Human - Automation

This section presents fundamental concepts of automation focusing on the relationship between
automation itself and human, followed by a brief description about levels of automation and
concluding with design challenges and limitations that designers may face when designing for
automated systems.

3.1.1 Relationship between Human and Automation

People have long been trying to find a way to improve the quality of work with minimum effort.

Hence, automation was introduced. Automation refers to the use of automatic equipment in
manufacturing and ot her process or facility. (Oxford Eng
technology, the usage of automation has been extended from being used exclusively in the

industry to private sectors as well. Individuals get more access to automation. Automation helps

humans go through various type of works ranging from being a performer of repetitive tedious

tasks that humans do not want to handle by themselves to a more complex task such as being

decision-ma ki ng ai ds. The t er masbeendightyahtingedrirém thelpastt e f or e
To be more contemporary, automation may refer to &
physical and mental workload. (Sheridan & Parasuraman, 2005)

For many years, humans have been working along with automation to achieve their goal in a more
efficient way and to get better results. Working side by side with automated machines, humans
are becoming more passive as they are benefactors from automation. (Sheridan & Parasuraman,
2005) However, integrating vastamount of aut omati on doesndt mean hum
It is rather a form of a stronger relationship between human and automation. Humans are now



unable to avoid an interaction with automation. Human interactions with automation mostly are
giving instructions and commands. Thus, the relationship between human and automation is
comparatively to an authority with his subordinate. (Sheridan & Parasuraman, 2005)

Even so, the interaction between the two agents in our concern is not always a one-way

interaction. Automation in these recent years is coupled with artificial intelligence which is capable

to provide richer feedback to human authority. Mac hi neds f eedback met hods ¢
basic modalities such as small pieces of information, auditory alert sounds to advance forms such

as recommendations of courses of interactions.

. Instructions, Commands
-

— 2

Information
Alert message / sound
Recommend course of
interactions

Figure 1. Interaction between human and automation

Regarding the interaction model shown in figure 1, we can see that the human is relying primarily
on information feedback from automation in order to give out an instruction. Hence, an issue
emerges when automation does not provide sufficient feedback of the system states. Following
that, it is hazardous when human authority has problem understanding automation. Incidents may
be caused when the human in charge of the system is not well-informed of its state or when there
is a great mismatch between the humands ment al mo

3.1.2 Levels of Automation (LoA)
Every automated system differs from each other. Its characteristics can be defined by the degree

of automation. Sheridan and Parasuraman (2005) proposed an idea of classifying automation into
levels based on its performance and how demanding it is to the human operator.
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Focus of This Master Thesis

Partly Automated
o Manual Assisted :
' Driver Driver Operator Supervisor Passenger
—_—
Manual

Figure 2. Levels of Automation

Levels of automation are ranging from the simplest level of automation, when the system relies
solely on a set of instructions given by human operator to the most complex level when the system
is completely automated and requires no instruction from the human operator. The focus of this
master thesis will be on the intermediate levels of automation highlighted in Figure 2, as the driver
is the supervisory operator of the automated system similar to a passenger of a taxi who is giving
specific tactical commands to the taxi driver (e.g. turn to an intersection).

3.1.3 Design Challenges and Limitations

Interestingly, studies found that humans, without notice, often respond to automation in similar
ways to how they respond to other humans. (Nash et al. 1995; Reeves and Nass 1996) In addition,
humans are more likely to interact and give more trust to automation which is capable of
interacting naturally with the human. The fact mentioned makes trust become a key concern when

designing for automati on. Trust is related to hun
Trust in automation is built inthe human operator6s conceptual mi nd
flawlessly. However, the ability to perform smoothly without any error is not only one factor

considered in designing for trust. Parasuraman et al. (1993) conducted a study where he tested

how much a good or a bad interface could affect ht
thatagood interfacecannotonl vy enhance the user experience but
in robustness. In addition, the effect of good interface design is powerful enough to overcome

aut omationbs bad performance. Li kewi se, bad inter:
we l | as userods trust to the system. Nonet hel ess

perceived as a benefactor to the design as well as a risk. Trust is certainly a good thing since the
perception of trust is a perception of robustness. Perception of robustness as defined by Sheridan
and Parasuraman (2005) is a perception of ability to perform a task under a variety of
circumstances. When humans perceive robustness, they are likely to use automation more often
than before. They will also become more comfortable in using automation. Even so, trust could

11



be considered risky when the human is over-reliant on automation and becomes completely
passive. Regarding the level of automation we are considering in this master thesis, it is
dangerous that the human may become unaware of the situation and leave all the control to
automation.

As mentioned in section 3.1.1 the primary interaction between human and automation is providing
feedback. Humans rely greatly on feedback when they are proceeding to give the next command
to automation. Insufficient amount of feedback may result in failure to both the human operator
and the automation itself. Thus, a design challenge is to provide users adequate amount of
feedback (Billings 1997). Sheridan and Parasuraman (2005) suggested that machine states and
essential information should be presented to the user clearly. Users should be provided with an
interface that requires the least possible effort from them. They need to be able to grasp all the
information at once when they glance at the interface in order to prevent the loss of focus of the
task they are doing. (Sheridan & Parasuraman 2005)

In the same way with automation, humans also have limitations. Not everyone is capable of

controlling automation. Automation usually understands a specific language of commands (e.g.

binary code in computer). While designing, one could easily make a mistake assuming that

everyone is an advanced user. As a result, a designated interface is very hard to use and greatly
increasehuman operator6s mental workload. The potenti al
must undergo training. (Billings 1997; Casey 1993; Degani 2004; Parasuraman & Riley 1997,

Reason 1997; Sarter et al. 1997; Vicente 2003) However, a good training requires time and effort.

Bad training though can be hazardous in controlling a machine. In order to solve the problem,

C.A. Miller (2004) pointed out user interface design guidelines for automation, underlining that we

should not assume that every user is the same.

By combining the factors mentioned together, we could sum up that automation should be
designed strictly according to human centered design disciplines in order to avoid issues that may

arise while the human operator is performing tasks andtoenhanceus er 6 s experi ence wh
is bounded with the machines for an extended period of time.

3.2 Autonomous Driving

This chapter is specifically focused on autonomous cars. Referring to the previous section, which
describes automation and its characteristics in general, this section is going to explore the car
context which is our main research domain. The topics in discussion are issues and theories in
relation to autonomous driving as well as challenges that might occur during design. The Human
operator who is entitled to give commands to the autonomous car will be referred as driver in this
section.

3.2.1 Driver in the loop

Regarding the previous section where the disadvantages of passiveness of the human operator
were discussed, it is consideredtobethed e si g ner & s thg hurban in the IGop ang focus
on the performing task. The purpose of keeping the driver in the loop is mainly to fulfill the needs
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of the driver. Walker (2001) pointed out safety, efficiency and enjoyment as the primal needs,
which are expanded and discussed more in depth in section 3.3.4. Keeping the driver in the loop
is important for fulfilling these needs.

On the other hand, Niemann (2011) pointed out that there is no solid negative effect of out-of-the-
loop performance unless there is a system failure. However, in the long run, Parasuraman
commented that out-of-the-loop performance can easily cause deskilling in which might result in
the inability of the human to stabilize the car when the system malfunctions.

Niemann (2011) also remarked that the downside of highly automated systems discussed in
section 3.1 could be reduced by a maneuver-based approach. A study was conducted for the
purpose of finding a way to reduce the out-of-the-loop performance problem. Subjects were
divided into 3 groups. Three groups performed the same task of driving on the highway for 15
mi nutes in driving simulator. The groups6 tasks di
showed that subjects who are mostly involved in driving (so called in-the-loop), excel in
controllability. Interestingly, their measured rate of acceptance and trust to automation are much
higher than the subjects who drove in a higher level of automation. Drivers with a lower degree of
automation gave more trust to the system as they knew that they could still assign commands and
be in charge of the system. On the contrary, in the higher degree of automation where the

automated system has greater authority and therefore the driver did not feel secure.

3.2.2 Transition s between LoA

It is common for a highly automated machine to move from one level of automation to another. A
well-designed transition between each level of automation is needed. Transition in levels of
automation normally composes of two factors namely direction and initiator. Direction indicates
which level of automation the machine (in this case, the car) is heading to. Since there are several
levels of automation (3.1.2), for each transition, both the car and the driver need to know in which
direction that it is going to turn to. Lower level or higher level of automation, for example. The
initiator indicates who begins an action. In an autonomous car, the one who takes control can
either be the car itself or the driver.

In this master thesis, the focus is on the operator and supervisor levels of automation (Figure 2).

For the operator level of automation, the human plays the role of the operator where he can give

out commands to automation. Automation is able to perform a task according to the command

given. Automation is also liable to give feedback to the human operator to tell what is happening

inside the system, establishing him as the supervisor. (Sheridan and Parasuraman, 2004) In this
intermediate level, driver is allowed to move between both directions; higher and lower levels of
automation. Hence, it i s harder for t he desi ger s to
mentioned earlier in section 3.1.3 about the hazards of inadequately reporting the system state, it

is crucial for the user to know what state the automation is in. The driver should be able to know

the level of automation in order to give a suitable set of commands. Not only for the sake of safety

but al so for usero6s comfort. Ni emann etmoral . (20
comfortable if they have the ability to transition between levels of automation. Thus, in this master

thesis, we are trying to find a smooth way of transitioning between the levels of automation.
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3.2.3 The Playbook Metaphor

The Playbook metaphor is a strategy which designers have been using for designing automotive
controllers. The purpose of this strategy is to simplify an action of transition between levels of
automation. The Pl aybook metaphor was adrategy.ed fr or
During the match, communication between each player is problematic since they are unable to
have a proper conversation with each other. Moreover, the communication should be fast, short
and accurate. Thus, American football players are communicating using short keywords. These
short keywords refer to a characteristic of each strategy that is going to be used during the game.
Invented keywords had been kept in a notebook known as the playbook. Similarly with highly
automated vehicles, establishing communication in order to transition from one level to another is
viable. It should be short, fast and accurate just like how footballers communicate during the
match. Sheridan and Parasuraman (2004) therefore employed the playbook strategy to solve a
problem in transitioning between levels of automation. User studies have been conducted. While
using the playbook metaphor, subjects were able to transition between levels of automation easier
and faster. However, there is an issue with the playbook metaphor. To understand the transitions
between levels, driver must learn a set of keywords. Hence, the driver might not be able to
navigate between levels during the first use of the system.

3.2.4 Design Challenges

Based on the theoretical studies described above, two main challenges are addressed for
designing autonomous driving systems. Keeping the driver in the loop requires involvement of the
user in the driving task. The first design challenge is to establish a proper understanding of the
autonomous tasks and deliver solutions that elicit the current level of automation to the driver
serving the needs controllability and trust. The maneuver-based approach of Niemann (2011)
utilized the playbook metaphor (3.2.3) to involve the driver in the autonomous driving task. Using
this strategy, the driver can transition between higher and lower levels of automation with a well-
defined set of commands as described in the previous section. The second challenge that is
introduced is to properly define this set of instructions so that the driver can easily learn and use
without | eadi ng t o c on fofttkerl conosp 6t hpeetr f ma Mmalnead (Thed @
sufficient to just involve the driver in the driving task, but also to ensure that she can easily
understand the functions and flexibly transition between levels of automation.

3.3 In Vehicle Information Systems (IVIS)

This chapter covers theoriesof In-Ve hi cl e I nf ormation Systems (1 VI S)
describes ways of interactivity between the user and the IVIS. Advanced Driving Assistance
Systems (ADAS) are also presented in parallel with IVIS, since they introduce automated features.
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The design challenges, resulted from the synergy of ADAS with IVIS, are underlined and provide
a solid basis for our design.

3.3.1 Introduction to IVIS

Nowadays, information technology is seamlessly integrated into numerous everyday objects
including vehicles. Modern cars are an excellent paradigm of ubiquitous computing (Walker et al.,
2001), as computers are an inherent part of vehicles and the amount of information increases. In-
Vehicle Information Systems (IVIS) are connected with all the secondary functions that
complement the primary driving task (Harvey et al. 2011). They utilize information technology and
electronics in order to enhance the driving experience (Walker et al. 2001).

IVIS features aim to increase the efficiency of driving, offer comfort and provide entertainment
(Harvey et al. 2011). Navigation systems, indoor-temperature control and music features are
functions that serve these goals. It is important to note again that these features will be marked
as tertiary in the scope of this master thesis, following the discrimination of driving tasks by Richter
(2010) .Thus, the tactical mode of the tablet controller is connected with primary and secondary
tasks related to driving maneuvers for performing tactical tasks such as changing lanes and the
tertiary controller with the infotainment functions.

3.3.2 Interactivity in IVIS

Visual distraction is the main concern of IVIS and a lot of research is being conducted to minimize
it by exploring various interaction patterns (Harvey et al. 2011). The visual mode is the most
common mode of information input and output in IVIS (Harvey et al. 2011). Hence, multimodal
feedback is explored in order to distribute the load between the different senses and increase
visual attention on the driving task. Bach et al. 2008 evaluated tactile, touch and gestural
interactions in terms of visual demands by measuring eye glances on the interfaces. Although the
touch-based interface was the most dominant in terms of efficiency, it demanded the most visual
attention compared to the other two. Gestural interactions ameliorate this problem especially with
the addition of haptic feedback (Richter et al. 2010; Van Erp & Van Veen 2004). Fang et al. 2006
underlined that auditory tasks can occur simultaneously with visual tasks minimizing interference

bet ween the humanodés vi sual and audi o c ldautthat |

multimodal interfaces reduce mental workload. In general, synergizing multiple feedback methods
can result to less visual overload and thus more efficiency and safety.

As touch displays are currently dominant in the 1VIS, designers have focused on exploring layout
and gestural patterns for building touch-based intuitive interfaces which require minimal visual
attention. Section 3.4 discusses design principles and examples of intuitive touch-based
interfaces, which are used as inspiration for our design.

3.3.3 ADAS and IVIS
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Automation currently exists in modern vehicles in the form of advanced driving assistance systems
(ADAS) such as Adaptive Cruise Control (ACC). Their main role is to support the user in the driving
task (Petersson et al. 2005; Engstréom et al. 2004; Niemann 2011). Petersson et al. (2005) define
ADAS as an automated system used to Oreld9
upcoming or missed events and possibly take
autonomous driving has started taking form in the features offered by ADAS. HMI frameworks are
built in order to provide fundamental principles for building interfaces for IVIS and ADAS
(Engstrom et al. 2004; Harvey et al. 2011).

AIDE (Adaptive Integrated Driver-vehicle Interfack) distinguishes the ADAS and IVIS according
to their purpose. ADAS aims to support the driver in performing the primary driving task, enhancing
safety and comfort, whereas IVIS goal is to provide information to the driver non-related to the
primary driving task (Engstrom et al. 2004). It is also underlined that IVIS functions provide
secondary tasks that may interfere with the primary task. Hence, it is important to understand,
differentiate the roles of each system and achieve a synergy between them that enhances the
driving experience. Therefore, in this master thesis we distinguish the primary (maneuvering) and
secondary tasks that are related to the driving task with the tertiary tasks that are non-related
(music, temperature control) or aim to support it indirectly by providing additional information
(navigation) (Section 3.3.1; Richter et al. 2010).

3.3.4 User Needs

The main issue that IVIS addresses, is distraction which reduces the driverd attention and leads
to decrease of driving performance and potentially accidents (Harvey et al. 2011; Engstrém et. al
2004). The goal of the IVIS should be to provide information in a safe and efficient manner (Tufano

eve t he

contr

1997). Hence, it is important t cordertadegsigniVES¢thats d n e e c

respect them. The challenge for the designers is to maximize the benefits of the IVIS without
sacrificing usability and the needs of the driver (Brostrdm et al. 2006; Lee et al. 2009; Walker et
al. 2001). Taking a driver-centered approach is important in order to optimize the interaction
between the users and the VIS, thus identifying and understanding their needs in the context of
driving is essential (Heide & Henning 2006; Stanton & Salmon 2009).

Walker et al. 2001 mark three fundamental driver needs as follows: safety, efficiency and
enjoyment. Gkouskos, Normark and Lundgren (2014) found various need dimensions in respect
to five specific futuristic vehicle concepts. Harvey et. al. (2011) used the three primary needs
defined by Walker (2001) as a basis to build a framework for modeling system performance for
the task - driver - IVIS interactions. It is important to relate the needs with the functions of the IVIS
and automation. In figure 3, we illustrate some of the key needs that we took into account for our
design, presenting also the relations between them in a schematic way.
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Figure 3. Driver Needs, primary and emerging needs

In the context of autonomous driving, badly designed solutions canlead t o O6out
performance (Endsley & Kiris 1995), violating safety. Control is one of the need dimensions that
are connected with automation (Gkouskos et al. 2014), related to human authority on the
automated machine (Billings 1997; Miller & Parasuraman 2007). Trust is also a need deriving from
automation (Sheridan & Parasuraman 2005) as described in section 3.1.3. Simplicity is also
connected to safety, since a complex system can lead to mental overload and potentially to
accidents. Thus, minimalism in design should always be considered. The need for driver support
(Gkouskos et al. 2014) is related with driving performance and is the primary role of ADAS aiming
to provide comfort and convenience. Interaction Fluency (Gkouskos et al. 2014) is a need
dimension related with the quality of interactivity of the IVIS. Enjoyment is related to the needs of
attractiveness, pleasure and comfort. Enabling users to integrate their own devices into the vehicle
is also serving the need for personalization. Enjoyment also includes satisfaction (Walker et al.
2001) and is considered by companies a factor of the usability of products (Harvey et al. 2011).

3.3.5 Design Challenges with ADAS and IVIS

ADAS introduce issues that are connected with automation as described in section 3.1.3.
Petersson et al. (2005) point that ADAS should be intuitive, unobtrusive and controllable. Thus,
they need to be understood easily by the driver, not replace him but support him in the driving
task and rest the primary control on him. High complexity can lead to loss of mode awareness
(Niemann 2011), which implies lack of understanding of the functions. AIDE describes the
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behavioral changes of the driver caused by automation, which may lead to over-reliance,
highlighting Paharsiudag am@asndasngoints about trust (Sec

So, combining ADAS problems with visual distraction and interference of VIS with the primary

driving task, a bigger design challenge is introduced. Designers should be aware of the potential

issues of both systems and always take into account the user needs in their design. The main
challenge is to integrate ADAS and |1 VIS into a fu
mental model given the issues that are introduced. The goal is to establish synergy between ADAS

and VIS features and avoid conflicts that lead to user dissatisfaction or accidents. The other

challenge is to seamlessly integrate personal nomadic devices into the IVIS achieving the above

(Engstrom et al. 2004). Hence, we take a closer look to touch-based devices and interfaces in the

following section.

3.4 Touch -based Interfaces

This chapter starts by eliciting the strengths and weaknesses of touch-based devices in
comparison with traditional tactile devices in the context of a car. Then, the interactivity of touch-
based interfaces is studied focusing on gestural, layout patterns and tactile feedback. Following
that, our decision of using a tablet-based controller, is backed up by researches that encourage
the use of tablets. Finally, the design challenges for tablet interfaces in the context of autonomous
cars are underlined.

3.4.1 Touch -based and tactile devices

Touch-based interfaces are currently favored by the majority of car companies as noted in the
background section. Nevertheless, it is important to understand and highlight the advantages and
disadvantages of their use in order to follow a design path that promotes the choice of using a
tablet as a controller for autonomous driving.

In the context of IVIS, touch devices are often described as direct controllers, highlighting their
main characteristic of offering direct user input to the display screen (Taveira & Choi 2009). Thus,
one key advantage is that they do not require translation between input and output in contrast with
rotary tactile controllers that demand a separate display for displaying the effects of input (Harvey
et al. 2011). Rogers et al. (2005) noted that touch-based devices offer increased level of
satisfaction and acceptance especially to novices by providing easy-to-use interfaces. On the
contrary, they also marked that tactile devices are better in long-term use by experienced users,
but in general they have lower acceptance because of their longer learning curve. Furthermore,
touch devices are better in a higher mental workload situation (Harvey et al. 2011). In a critical
situation, drivers are more likely to respond slower or incorrectly if what they perceive does not
match what they expect (Stevens et al. 2002). Touch controllers are also space efficient, as they
do not require separate hand controls, but they require a larger display to support input and output
conveniently (Harvey et al. 2011).
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On the other hand, the lack of the tactile sensation raises the demand of visual attention in touch-
based interfaces (Harvey et al. 2011; Ecker et al. 2009). This problem can be reduced patrtially by
exploring specific gestural and layout patterns (Ecker et al. 2009; Rimelin 2013) or augmenting
them with haptic feedback (Richter et al. 2010; Van Erp & Van Veen 2004). Furthermore, fingers
can occlude information during touch interactions (Ecker et al. 2009; Taveira & Choi, 2009) and
touch devices must be positioned in the zone of comfortable arm reach (Ecker et al. 2009; Dul &
Weerdmeester, 2001). In the case of indirect controllers, the position of the display and the input
controls can be easier adjusted to provide better visual performance. Touch controllers may result
in muscle fatigue, by requiring arm stretching if their position is in the zone of reducing visual
attention (Harvey et al. 2011). Lack of precision in contrast to tactile devices is another issue
connected with touch-based interfaces. Hence, there is a need to explore the interactivity of these
interfaces to reduce the addressed problems.

3.4.2 Interaction patterns

Continuing the discussion from section 3.3.3, it is important to account for visual distraction, by
exploring interaction patterns for touch displays that minimize it and provide an intuitive interface
i n respect smentalimbdel ardl néeds.e r 6

Android and iOS operating systems aim to standardize touch gestures by defining specific
patterns and building specific metaphors. For example, a swipe gesture builds the scrolling
metaphor and is an intuitive interaction for touch interfaces. However, as gestural patterns become
more complicated or are coupled with unexpected patterns, usability is violated. Norman and
Nielsen (2010) highlight the need for defining strict usability criteria for gestural interactions, as
they fail to be discoverable or result in unexpected effects in numerous mobile applications.
6Gesture hintingdéd is a way of notifying av
Hjulstrém 2011). Lundgren and Hjulstrém (2011) proposed an idiomatic representation of
gestures, aiming to make users aware of all possible gestural interactions of the interface in a way
that will be instantly recognized in any interface without the need of mental resources. Bach et al.
(2008) and Ecker et al. (2009) underline that touch gestures should be a set of simple and well-
distinguishable interactions and note that by providing a restricted gesture set the visual attention
is limited in contrast with direct touch buttons. Bach et. al. (2008) built up to this point by showing
that a gesture-based music recorder requires the least eye glances compared to touch-only and
tactile corresponding devices. In general, touch gestures promote eyes-free interactions but need
to be carefully designed, as they could dramatically increase cognitive workload (Rumelin et al.
2013), tend to be hidden or inconsistent (Norman & Nielsen 2010) or result in unexpected results
by the user.

The design of the layout plays an important role in the usability of an interface. Apart from design
guidelines provided by operating systems (Android Principles 2015; Apple 2015), they should not
be followed blindly without accounting for main interaction design principles (Norman & Nielsen
2010). The pieTouch project (Ecker et al. 2009) shows a specific pie-layout pattern which may not
follow specific operating system standards but manages to deliver an intuitive interface for VIS,
that couples visual elements with specific gestural interactions minimizing visual demand. Rimelin
et al. (2013) compared different layouts with specific interactions, providing gesture hinting in an

19

ai

abl

¢



explanatory way. Results showed that a portrait layout supporting swipe gestures was the best
overall in terms of usability, while a horizontal layout with simple touch buttons was the easiest to
use, but both of them were minimizing subjective workload. The main idea is that touch gestures
can be inferred and easily learned and remembered by an efficient layout design of the interface.

In section 3.3.2., the advantages of using multimodal feedback in IVIS were presented. Especially,
for touch-based devices, haptic feedback is explored by augmenting touch displays with vibrating
elements (Richter et al. 2010; Van Erp & Van Veen 2004; Senseg 2015). Richter et al. 2010 noted
that pPptesshred adds one more dimension to the inp
requires touch sensors and actuators. Their haptouch project utilized this dimension by providing
haptic feedback when the user pressed a button with force, providing a tactile sensation. Both
haptouch and vibrotactile projects (Richter et al. 2010; Van Erp & Van Veen 2004) showed that
integrating touch interfaces with haptic feedback, limits visual distraction, thus reducing mental
effort and increasing performance resulting to a lower rate of errors than a visual-only touch
display during the driving task. Haptic feedback promotes direct manipulation of information, thus
enabling users to touch and feel the interface elements providing an even more intuitive tangible
interaction (Ishii & Ullmer 1997).

3.4.3 Why tablets?

There is inarguably a rapidly increasing use of tablets in various everyday contexts (Muller et al.
2012). Tablets contain mobile phone features, like cameras gyroscopes and location-tracking
chips while being much lighter and smaller than laptops. Their main advantage is their screen
fitting the size of books and notebooks, encouraging reading, writing and in general interacting
with data in an efficient and intuitive manner (Banga & Weinhold 2014). Furthermore, they are
ideal as personal entertainment devices for displaying media in locations other than the living
room, as they function both as portable and stationary devices (Banga & Weinhold 2014; Miiller
et al. 2012). Muller et al. (2012) also discovered that tablets are easier to use for multitasking and
transitioning between them and other devices. They found that, although tablets are opted for
entertainment, people also tend to utilize productivity apps including email, pdf and word
processors. They also observed that one of the most common uses of the tablets was while on

the go. | VI Sé6s touch displaysd size can be easily
a tablet specifically for wuse i n t toaveneece (Addor t he
UK 2015). Tablet mounting products are specifically built for using tablets for accessing the in-

vehicle infotainment system. | padds smart cover (A

of the tablet according to user preference and is definitely inspiring for the design of the overlay
cover for the strategic controller.

Hence, using a tablet is considered an attractive choice for an autonomous car, either by
encouraging users to bring their own personal device with their familiar operating system and
mount it on the cards armrest or -bkygintérface provideg f a mi | i
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by the car system, functioning similarly with their personal tablet. The design challenges of using
a tablet controller for autonomous driving are summarized below.

3.4.4 Design Challenges

Considering the advantages and disadvantages of touch-based interfaces and the emerging use
of tablets, it is important to address the design challenges that complement the discussion in
section 3.1.3 and 3.3.5.

Tablets are predominantly used as a means of entertainment as discussed previously, so the main

challenge is to produce a design solution in the context of semi-autonomous driving being aware

of the issues presented in the previous chapters. Miiller et al (2012) underlined that it is important

to investigate the tablets unique affordances in
activities. Norman (1988) defined the term affordance as the fundamental use of an object

perceived by the user, for instance a glass is for drinking. According to Gibson (1977), affordance
describes all the possible actions enabled by t
perception, for example hanging a jacket on a chair. Hence it is essential to explore all the possible

features offered by the tablets, utilize and combine those that fit the context and driver needs.

Rumelin et al. (2013) pointed out that a device should be held ergonomically, allow quick input

and give users time to watch what they are about to review, in order to achieve seamless

integration with the IVIS (Engstrém 2004).

Designing an intuitive and efficient interface is the ambition of this project. The main issue of touch

gestures is their lack of affordances (Ecker et al. 2009). Cooper (1995) defined the GUI version

of affordance, as the amount of pliancy offered by a graphical element or screen area. The pliancy

of the GUI objects should be indicated in a way that would make users aware of the possible

interactions. Hence, it is a big design challenge to provide the driver a gesture set that will be easy

to learn and grasp especially by novices. The aim of the overlay cover is to provide a layout pattern

that hints the gestures which ar elmddelspiogdngalsoi n r es
the tactile sensation that encourages eyes-free interaction. The other challenge is to design the

interface for simultaneous input and output without occluding information, but also not devoting

the attention of the driveronthetab| et 6 s scr een. Finall vy, it is impo
bet ween the tactical and tertiary controllerso int
the overlay through our design.
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4. Methodology and Planning

In this section, we present the methodological approach and planning that will be the guide for
this master thesis. First, the research approach is presented, specifying interaction design
strategies and methods in order to provide an overview of the design process. A time plan is
illustrated and described in the next subsection aiming to define the milestones from the beginning
till the end of the 20-week master thesis project.

4.1 Research Approach

Our research approach is based on an iterative design process consisting of the three main
phases of divergence, transformation and convergence of the Jones Model (1970). Suitable
methods were picked from design toolboxes (Hanington 2012; LUMA Institute 2012), relevant
literature and previous researches aiming to fulfil our goals at each stage of the process.
Specifying the methods for each phase of the design process is important in order to define the
short-term and long-term goals at each stage. The design strategy was based on principles of
human-centered, user-centered and activity-centered design aiming to utilize the key strengths of
each approach relative to our goals rather than blindly following a specific strategy avoiding
methodolatry, which is detrimental according to Norman (2006). Figure 4 illustrates the design
process, spanning over the 20-week thesis period, in a diagrammatic way. In the following
subsections follows a detailed description of each phase of the design process, including the
methodological approach and goals within each stage.
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The Design Process

" DIVERGENCE ™._ - TRANSFORMATION™._ .-~ CONVERGENCE ..

Literature
Review

Requirement
Elicitation

Implementation Validation Deployment

Jan Feb

Figure 4. The Iterative Design Process with the three stages of Jones model
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4.1.1 Divergence

Di vergence is the stage of exploring the desi

6consequences?d and190na inahisomases thesid ib is guided by literature
research, consisting of theories and related work relative to the research problem and hypothesis.
Literature review is the method of highlighting and defining patterns, categorizing and distributing
sources according to their subjects and the perspective they approach the research problem
(Hanington 2012). Triangulation was essential for establishing credibility (Norman 2006) by
justifying our design choices and gathering the key requirements, defined as theoretical
triangulation by Denzin (1970) as the method of using multiple theoretical approaches to justify a
position. Discussing our personal interpretations of qualitative data within the group, noted as
investigator triangulation by Denzin (1970), was also essential to retain a consistent design
approach within the group.

In the context of building a tablet interface for controlling autonomous cars, literature research,
review and triangulation were conducted to define the design challenges for the context of
autonomous driving and touch-based interfaces integrated in vehicles. One more purpose was to
extract principles, guidelines and methods created for this domain, which were considered through
the entire design process. Throughout the literature study, it was also important to define user
needs in relation to autonomous driving and in-vehicle information systems, aiming to follow a
driver-centered approach as noted in section 3.3.4. Thus, the main goal of the divergence phase
was to complement the existing concept idea and technical constraints with user characteristics
and operational requirements extracted by theories and previous researches. We followed the
procedure of requirement elicitation (Gunda 2008), by creating and constantly updating a list of
the contextual, technical and user requirements gathered from methods within the design process.
These requirements were translated to system requirements (Endsley 2011), which are input and
output functions that need to be provided by the interface.

User requirements were elicited, following a more human-centered approach through a

gn

participatory design workshop (Hanington 2012)

desires in the context of future autonomous driving. Brown (2008) notes that innovative design
solutions emerge from design thinking that takes both user needs and desires into account.
Participatory Design (PD) is characterized by user active involvement and collaboration in the
designing task (Kensing & Blomberg 1998; Spinuzzi 2005). The PD Session followed a generative

research approach in order to explore useros
through flexible modelling, o6thinking aloudé

recordings (Hanington 2012) and direct observation (Brown 2008). The purpose was also to
captureu s er s 6 e nfutdresof amton®moasfdriving by asking them to utilize the interfaces

S|

ai

ment a
met hc

through bodystorming based in a real life scenario, being inspired by Pett er ssonés PD wor Kk

(2014). The bodystorming method helped testing specific use cases, encouraging also users to
reorganize the elements by applying them in faked real conditions, using the critical incident
technique (Hanington 2012) and reflecting upon them. Thus, activity centered principles defined
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by Norman (2006) were followed as well, in order to examine various use cases, defining problems
emerging early in the design process.

The data collected during the PD workshop, including questionnaires, paper prototypes,
observation notes and video recordings, were analyzed qualitatively (Miles et. al 2013) following
a variable-oriented approach. Thus, the data were saved into matrices ordered by the important
factors of our design task, concerning input and output functions of the interface as long as
essential automation variables, including trust, control and authority as discussed in the theory
section. After thorough analysis the data were condensed and visualized by building a customer
journey (figure 8), as a method for evaluating the user experience with regards to the important
automation variables mentioned.

4.1.2 Transformation

Transformation i s-malke ngtbtageonf thpatrtesrunts from di

making is the creative art of turning a complicated problem into a simple one, deciding what to

emphasize and what to overlookd (Jones 1970). D1

methods were utilized in order to translate the elicited requirements into design solutions. This
stage of the design process blends iteratively with divergence and convergence as shown in figure
4. The PD workshop aimed to expand the design space of the research problem by involving the
user in the transformation stage. The following two iterations belong in both transformation and
convergence phases and consist of ideation, prototyping and evaluation by following a parallel
prototyping approach (Hanington 2012). The goal was to generate various lower fidelity interactive
prototypes which could be evaluated before converging to the final design. Brown (2008) stated
that prototyping should not aim to provide a final result but help detect the flaws early in the
process, which are highly irreversible in the final implemented solution. Thus, it was important to
produce and evaluate a set of initial interface solutions before implementing the final prototype.

Initial ideation was stimulated during the PD workshop by allowing the users to generate and
reflect on their own ideas aiming to diverge to additional requirements in respect to the users
mental models. By introducing the subjects to the design space through a list of specific
requirements and communicating the context of our work with a storyboard (Hanington 2012), we

applied the mEtdad PBnewno et al 2010) to extract

prototypes were generated during this workshop, which not only diverged the problem but also
provided initial solutions as a source for

i nspi |

observation (4.1.1) during the prototymakgnghase

process (Jones 1970). Nevertheless, the goal at this stage was not to converge to a specific
design solution but extracting and eliciting user requirements as underlined in 4.1.1. This iteration
of the requirement elicitation is reflected on figure 4.

The first iteration commenced after the divergence phase, having finished requirement elicitation,
taking into account both technical and user requirements. A brainstorming session with affinity
diagramming (Hanington 2012) was conducted for ideation with post-it notes and sketching,
following a bottom-up approach (Jones 1970). Ideas for each specific function of the interface
were generated, evaluated and combined, converging gradually to various digital interactive
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prototypes. Symbolic methods used for evaluation of In-Vehicle interfaces were considered at this
stage (Harvey et. al 2011) in order to highlight the strengths and weaknesses of the prototypes.
Due to time limitations, we rejected the method of hierarchical task analysis with users and
decided to run an expert evaluation session applying a heuristic analysis (Harvey et. al 2011)
examining specific usability criteria. The results of this sessions stimulated a second iteration of
ideation, prototyping and evaluation (figure 4).

The second iteration was based on the results of the expert evaluation. Brainstorming during this
stage aimed to explore various solutions for improving the previous prototypes and examine
various ideas emerging during the expert evaluation session. An activity-centered approach was
followed during this procedure (Norman 2006), by examining each function in depth, considering
exhaustively all possible interactions in the context of use and gradually converging to a couple
of interactive prototypes with very few differences at this stage. Thus, this iteration is leaning closer
towards convergence, since the goal was to produce a final prototype by fixing flaws, combining
and improving the previous prototypes. The evaluation at this stage was conducted internally
within the group but also externally with potential users focusing on feedback regarding the
interactivity and the layout of the interface, aiming to evaluate our design in terms of intuitiveness
and usefulness and define weaknesses to be fixed during the implementation phase.

4.1.3 Convergence

Convergence is the stage, when the HAobjectives a
reduced progressively untilonlyoneofmany possi bl e alternative designs
discussed in the previous sections the two iterations of the transformation stage aimed to

converge gradually to a final design before starting implementation in a higher fidelity level.

Constant evaluation within the group, stakeholder walkthroughs (Hanington 2012), and
demonstration to users were conducted in order to indicate flaws and lean to a specific solution in

the end of the second iteration. The bottom up approach mentioned in 4.1.2 helped not only

exploring various potential solutions for each interface function (transformation) but also evaluate

them and underline the ones which fit best to our research problem with regards to the
requirements elicited during the divergence phase. The results of the parallel prototyping (4.1.2)

enabled stakeholders, users and experts to test the interface and highlight advantages and
disadvantages, contributing to the convergence of the idea using symbolic methods such as

layout, task and heuristic analysis (Harvey et. al 2011) focusing on usability criteria for In Vehicle

information systems (IVIS).

Having converged to a specific design after the second iteration and before implementing the final
prototype, suitable materials needed to be defined including hardware and software tools for
building the interface and the overlay cover. Technology analysis is the i
technol ogical assets that will be employed for bui
prototype was implemented using graphical and programming tools for implementing a high-
fidelity solution in the form of an android application. The materials specified for the overlay cover
were chosen suitably aiming to provide a clear distinction of input and output features of the
interface. Evaluation and critical design choices had to be taken also at this stage of the design
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process, triggered by stakeholder walkthroughs (Hanington 2012) aiming to fulfill the needs of the
client without diverging from the framed research problem and elicited requirements.

At the end of the implementation phase, a validation session was planned and conducted with ten
subjects after a couple of pilot session at Lindholmen Science Park Safer (SAFER | Lindholmen
Science Park 2015) vehicle simulator, using an existing scenario, which was built based on real
traffic (Chen et. al 2014) and changed suitably to fit our validation plan. At this stage, both
qualitative and quantitative data were gathered by utilizing usability testing methods for In-Vehicle
information systems (Harvey et al. 2011). The primary goal was to evaluate the product in terms
of usability and user experience, and provide answers to our hypothesis, and highlight points for
future insight. Thus, t loéucedhe pserwithrthe auto@omoug driang

wa s

context by wutilizing SAFEROGOs vehicle simulator

experience. The A/B testing method (Hanington 2012) was used to compare the final prototype
with and without the overlay in order to compare the two systems (tablet with and without overlay
cover) and highlight their unique affordances as perceived by the users (Norman 1988). Data were
collected through questionnaires, system usability scales, screen recording, observations and a
final interview. The semantic differential technique was considered as an evaluative method for
the users to rank and compare the prototypes, but system usability scales (Hanington 2012) were
preferred instead in order to capture the spontaneous emotions of using each system separately
(Brooke 1996) translated to quantitative results measuring usability. The thinking aloud method
(Hanington 2012) and the final interview aimed to describe the user experience while and after
using the systems.

4.2 Planning

Figure 5 represents the initial time-plan of the 20-week master thesis project, which was built
before starting to conduct our research, aiming to distribute the 20 weeks into the key stages of
the design process. During the process, changes had to be made in the choice of methods, in
order to ensure the completion of the research project in the time given, satisfying our goals and
being able to provide answers to our research questions. Hence, a weekly planning analytical
schedule was retained and updated constantly by setting objectives in a daily and weekly basis.
The schedule helped in organizing our time thoroughly, including stakeholder meetings, daily
working tasks and expected results in the end of each week. In the next paragraph, our initial
planning is presented, while the changes are reflected in the following chapter.

First three weeks of the design process would be focused on literature and ethnography study in
order to explore the design concept given by Semcon and elicit the requirements emerging from
thorough literature review. Interviews and observations would be conducted in the following two
weeks in order to retrieve qualitative data for eliciting user requirements through a human-
centered approach. Having gathered and elicited technical and user requirements, next four
weeks would be dedicated to iterative ideation, rapid low fidelity prototyping and evaluation until
converging to a specific design solution. The number of iterations were undefined at this stage but
our goal was to produce various low fidelity prototype solutions that would be user tested and
evaluated in order to avoid flaws early in the design process. At first, we were planning on
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producing a number of paper prototypes and translate them to higher fidelity interactive screen
prototypes in the next iteration taking into account user testing results. After having converged to
a specific solution, we reserved one week for technology analysis (figure 5) and four weeks for
implementation of the final prototype, building the android interface along with the overlay cover.
Next 2 weeks were planned for testing and evaluating the final product, conducting the validation
session and analyzing the results. At this stage, there was no specific validation plan, but we were
thinking about a Wizard of Oz setting, by displaying a recorded video to the subject, which contains
a real driving scenario and the participant uses our interface to perform tasks through this
scenario. Section 5.7 describes our final validation plan. The remaining weeks were reserved for
final documentation of the thesis and preparation for presenting it at Chalmers and at the
company.

Schedule

Description

Literature Research- Review
Requirement Elicitation

[terative Design Process
« [ivergence
« Transformation
« Convergence

Technology Analysis (%)

High - Fidelity Prototype
Implementation

Testing and Evaluation

Documentation

Presentation to both
academic institute and
company

(*} Technology analysis is defining the software and hardware that will be used in the implementation phase
as suitable prototyping material to convey our solutions. (Endsley 2011)

Figure 5. Initial timeplan of the 20-week master thesis project
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5. The Process

Following the time-plan presented in the previous section and adopting the Jones Model (1970),
this chapter describes in depth the working process of this master thesis. It focuses on how the
methodology was applied systematically during each phase and explains our design decisions
though the whole design process, from framing the problem and eliciting the requirements
(divergence), envisioning and externalizing solutions (transformation) to implementing, validating
and deploying the final result (convergence).

5.1 Literature Review

During the divergence phase (Jones 1970), the main goal was to define the research problem
properly and formulate the hypothesis of this thesis. Based on the constraints given at the
beginning, thorough literature study was conducted to explore the design space of autonomous
cars. Hence, this phase was devoted on extensive online research, maintaining a literature list,
categorizing the papers, triangulating information and discussing about our task and
methodological approach based on a solid theoretical basis.

The choice of papers focused firstly on defining the key principles of automated systems and the

challenges brought by introducing the human to automation. Initially, a thorough understanding of

levels of automation (3.1.2) was important to define the level of our system and be aware of the

design challenges and limitations (3.1.3), before conducting extensive research specifically on
autonomous cars (3.2). Furthermore, research on In-Vehicle Information Systems (IVIS) (3.3),

design principles, challenges and previous works, aimed to elicit system requirements for building
information system solutions in a <car cont ext c
interface triggered also research dedicated to tablet devices and touch interfaces, in order to make

us aware ofthet abl et sd uni que affordances and highlight
building a tablet-based controller focusing on visual input and feedback. Building a solid
methodological approach demanded a thorough choice of papers and design tool-boxes for

selecting appropriate interaction and validation methods to design, implement and validate our

solution.

Paper categorization and maintaining a constantly updating list of literature, was essential to keep
track of the progress and be able to easily trace back and forward to papers during the whole
design process. Literature review was conducted by creating separate documents for each
category, which were consisted of key notes taken from the various papers. Thus, triangulating
the information from papers of the same category was simplified by analyzing these documents
and constantly discussing our individual interpretations within the group (theoretical and
investigator triangulation). The most important points were highlighted and stimulated ideation in
order to elicit the system requirements, discussed in the next section.

It is important to note that some early concerns arose at this stage, considering the use of a
overlay cover on the tablet, the tablet positioning in the car and the concept of the system,
considering the tablet as a personal device or an integrated touch surface in the car. These
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concerns were brought up during user studies (5.3) to justify our design decisions. Hence, during
the literature review early questions were raised that required user input in order to make design
choices through a human-centered approach, which was considered essential especially in the
unexplored domain of future autonomous cars.

5.2 Requirement Elicita tion

Aiming to frame the research problem, a concrete design space had to be defined. Since this work
is based on the future domain of autonomous cars, specific design standards have not yet been
defined. Our key objective at this stage was to ensure that all requirements are clear and visible.
The visibility of all requirements is essential as it provides a better view of our research problems.
We started eliciting the hidden requirements methodically, in order to transform them to suitable
design solutions at the next stages of the design process.

We started off by brainstorming based on real-life scenarios and taking into account the
constraints defined in section 1.3, in order to identify trivial requirements. We reflected upon our
driving experience and found out what are common driving tasks that we usually perform. By
matching our experience with findings from literature review and omitting operational tasks such
as shifting gears and turning the steering wheel, we were able to form a list of driving tasks as
listed below:

Driving Phase Operational Task

Change Lane

Accelerate - Decelerate
Highway Driving

Take next exit

Stop

Turn left/right

Parking

City Driving Stop

U turn

Roundabout

Table 1. List of Main Operation Tasks

Taking the discussion further forward, we exemplified real-life scenarios using the tasks presented
in Table 1 combined with situations where a touch-based interface could be used. This method
helped us investigate more possibilities and confirm the use-cases that have been previously
defined. The scenarios concerned a simple driving route from a house located in Gothenburg city
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to Lindholmen Science Park. The route was divided between three phases namely starting, city
driving, and highway driving and parking as seen in Table 2.

Phase Task

Unlock car

Adjust seat in rearwards position

Starting Start up an engine through tablet

Set destination

Autonomous system takes control

User stops (e.g. to buy something)

City Driving Takes another route (turn left/right)

Accelerates/Decelerates

Change lane

Highway Driving Accelerate/Decelerate

Take other exit

Decelerate

Park the car (predefined maneuver)

Parking Closes tablet

Locks the car

Table 2. Real - life scenarios where touch-based interface can be used.

In order to perform each task illustrated in Table 2, we observed that the driver always provides
two distinct inputs to the system; direction and speed. Direction concerns tactical control of the
car, issuing commands regarding changing lanes and turning to intersections. Speed is connected
to longitudinal control; accelerating and decelerating.

As discussed earlier in section 3.1.3, feedback is vital to every driving session. (Sheridan &
Parasuraman 2004) Given the design constraint that the driver seat should be adjusted in
rearward position, out of reach from the steering wheel, the driver is able to perform driving tasks
only through the tablet controller. The tablet provides a display area of 10 inches and therefore

31



can be equipped with both input and output functions. Using the same real-life scenarios as listed
in Table 2, we elicited the required input and output functions for each task as seen in Table 3.

Type Item

Turn left / right

Change lane

Input Accelerate / Decelerate

Stop

Switch to infotainment

Speedometer

Available actions

Output Confirmation of action

Action currently handled by automation

Alert notifications (fuel, oil, etc.)

Table 3. Elicited requirements regarding on system input and output

Extracting requirements solely from our past experiences based on the literature review was

considerably fast and efficient. Using the above requirements provided us a way to approach the

research problem at the beginning of this project. Nonetheless, we believed that the obtained

requirements, quantity and quality wise, were not sufficient. There were still special requirements

that had not been discovered. We were first considering to use a traditional requirement elicitation

met hod such as observation fr ononthérealrle@| meti h awdt (i lol
Institute 2012). However, based on the fact that we were designing for a futuristic context, since

autonomous cars are not commercially used, observation or user studies in the everyday context

of driving would not provide us with relevant data.

Nonetheless, aiming to follow a human centered approach in order to explore the mental model
of the potential end user, we came up with an idea of conducting a Participatory Design workshop
for extracting user requirements, described in depth in the following section.

5.3 User Studies - Participatory Design Workshop

In the previous section, we have listed the preliminary system requirements. At this phase, our

aim was to update the list with additional user requirements. We therefore planned to conduct a
Participatory Design (PD) workshop. This workshop followed a human - centered design approach

as discussed in section 4.1. We wanted to exploretheus er 6 s ment al model s by i
with the concept and define the emerging requirements through a procedure described in the latter

part of this section. The work at this stage belongs both to the divergence and transformation
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phase of the design process (figure 4) since it resulted in additional requirements (divergence)
and initial design ideas from users (transformation).

This section presents a detailed plan of the PD workshop, designed to support the process of
requirement elicitation and establish a strong basis for ideation. Firstly, the goal of the workshop
is underlined, inspiration and design techniques are noted. A detailed description of the procedure
follows including technical information and the adaptation from the inspired design methods,
closing with the obtained results after the qualitative analysis.

5.3.1 Planning
Taking into account the design methods described in 4.1.1 and 4.1.2, the workshop was then
pl anned, aiming to build a | ink nteandwm@momoushae part i

technology. Only one subject would take part in each session, so that participants would be able
to produce distinct designs without influence from the others. We believed that this approach
would give birth to more divergent results, from which we could extract patterns at this stage of
the design process. Following a generative research approach added with participatory design
and bodystorming (4.1.1), subjects would be able to generate their own designs using provided
tools (Build), test their creations (Try) and reflect on their choices through a bodystorming session
(Express). The workshop then would end with a final interview aiming to get more general opinions
regarding autonomous cars and the concept of integrating them with touch-based controllers.
Hence, the workshop wlaysErpmedséafter O6Buil d

5.3.1.1 Participants

While conducting the workshop, we encouraged each subject to take the role of the designer.

During the O6Buil dd phase, designddols withthetasicof desigaimgagi ven
user interface for a touch-based controller. Even though, design and programming knowledge

was not required, we valued the thought behind eac
criteria on how we selected the workshop subjects since we wanted to diverge the design space.

The bigger the diversity of the workshop subject s
to be discovered. Thus, we selected 10 subjects with distinct occupations and expertise. The

participants were master students as they were easier to be scheduled, mostly interaction

designers, a couple of biomedical engineers and mechanical and control engineers. The

generated results vary in terms of past experiences, nationality, educational background, age and

sex.

5.3.1.2 Mediating tools

As mentioned earlier, during the 6é6Buil dd phase th
user interface for a touch-based controller to be used in an autonomous car. Since we considered

it difficult and time consuming for a subject without design knowledge to generate an interface

solution, we decided to provide mediating tools to accelerate and support the process. We created

the tools with the objective of guiding the subject through the world of design for automotive but

still offer room for exploring a wide variety of possibilities. In the end, we came up with a set of
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geometric shapes, e.g. circle, square, rectangle and various type of arrows (appendix | i Design
Toolkit). The aim of these paper elements was to accelerate the interface design process instead
of letting the participants to think everything from scratch which would be too time demanding.
The subjects were expected to use them to form these shapes into a user interface. Some blank
papers and colored pens were also provided if the subject desired to add her own design element
to the prototype.

=1}
(@]

Apart from the design toolkit, we followed the
by giving the subjects a tablet device with a writable transparent sheet on top. Subjects could

draw, cut and stick paper shapes on the tablet using nomadic tape, building their own interface.

The ADesign TodlhkiltéaralPame |l wiot t echni gue effecti ve
during the workshop giving birth to inspiring interface prototypes in a considerably small amount

of time.

5.3.1.3 Context and setup

Due to the technology limitations, time and resource constraints, we could not conduct the
workshop in a real or simulated autonomous driving situation by getting the user in a car. We
decided to conduct the workshop in an ordinary office environment for space convenience.
Nonetheless, we were concerned about the fact that subjects would feel stressed during our
workshop. Therefore, we provided a bunch of cinnamon buns to ease out the atmosphere. On the
working desk, we provided each subject a design toolkit, an instruction paper describing the
workshop tasks and a storyboard for introducing the participant with autonomous car technology,
the use and situation where it will be used (appendix | T storyboard, instruction card). Video
cameras were placed on the same table with differ
and the reflection upon each choice. A voice recorder was also placed in front of each subject to
record the ending interview.
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Figure 6. Working desk with design toolkit, instruction papers and cinnamon buns.

5.3.1.4 Data collection methods
Quialitative data were collected during the workshop by applying the methods listed below:

0
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Questionnaire

Before the subjects were given a design task, they were first asked to fill out a simple
guestionnaire with contact details, driving experience and experience in using touch-based
devices and touch-gestures. The questionnaire can be found at appendix |. The
guestionnaires aimed to provide ethnographic information about the user group involved
in the PD workshop and define patterns of designs from participants with similar
backgrounds. Asking for the familiarity and flexibility with touch-based devices and
gestures was essential to take into account while analyzing the data, avoiding following
pathsofc ompl ex design solutions. He n c e reflett the
character behind each interface solution.

Design toolkit - Clear Panels

Given the task of designing user interface for a touch-based controller, subjects were
asked to build it by drawing and using the elements of the toolkit provided. As discussed
in 5.3.1.2, this method aimed to provide an easy and fast way for the participants to create
their own designs, but also enabled them to use them with bodystorming, encouraging
them to reflect upon their creations. The interface solutions, were kept as a resource for
requirement elicitation later on. See figure 7 for reference.

Observation 7 Recordings
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Throughout the workshop, the participants were recorded, both audio and video, for further

interaction analysis. They were also encourag

actions during the workshop, reasoning and explaining their thinking behind their design
choices. Important reflections, along with silent actions during designing and bodystorming
were documented in real time by one of the moderators and the recordings helped tracing
back for additional findings. This information was very valuable for the results of this
workshop.

Interview

Towards the end of the workshop, the subjects were interviewed about their general ideas
and reflections upon autonomous car. The feasibility of the concept of a touch-based
controller, their opinions and feelings about this modality were also touched on during the
interview. The goal of the interview was to
autonomous cars and how they perceive that a tablet solution would be suitable for
controlling them. The results are discussed in section 5.3.4.

(@]

5.3.1.5 Pilot session

Before conducting the workshop, we piloted the procedure in order to see how it is working out
time and efficiency wise regarding our goals. We tested the procedure with an industrial engineer
student who had no knowledge neither in the area of interaction design nor in autonomous car
technologies. In this pilot session, we followed strictly the planned procedures (5.3.3). When the
session was finished, the pilot subject was asked to provide feedback about the procedure. He
gave a short comment regarding mediating tools. The design toolkit included pre-designed
interface elements such as various type of speedometers, buttons etc. He mentioned that these
elements restricted his thinking and biased his choices. Apart from that, he said everything went
smooth and the workshop was well planned.

Hence, we changed the design toolkit by providing only simple geometric shapes in order to give
more freedom to the subjects to explore the design task.

5.3.2 Procedure

The workshop lasted about an hour. As described earlier, we recruited 10 subjects with different
backgrounds, sex and age and held 10 sessions in total. Thus, each session was conducted by
one subject at a time and we took the roles of the moderators. One was responsible for setting up
the session, observing and note taking. The other guided the subject through the tasks, prompting
the participant for fi t éstionskdurimg theanteoviewd Bachawortkshop
session was divided into three main phases
steps of the procedure:

0 Pre-session questionnaire and instructions
The workshop moderators welcomed the subject, described briefly the concept and scope
of our work and introduced her to the autonomous driving context. Each subject was asked
to complete a questionnaire as described in section 5.3.2.4.
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Build

The subject was given a storyboard and instructions and was asked to read them in order
to understand the design task. The moderator provided further clarifications if needed.
When the subject was ready, the moderator guided presented and provided further
explanations about the design toolkit. Then she was asked to design a user interface for a
touch-based controller using the clear panel design technique and the toolkit provided.
This phase took roughly 20 minutes. Thesubj ect was al s o poruadnop tfeodr t
better understanding of the reason behind the choice of the specific design elements.
Try

During this phase the subject was asked to try out her own interface through real-life
scenarios. These real-life scenarios are the same scenarios as we had listed while we did
preliminary requirement elicitation (5.2). This was the bodystorming phase since the
subjects used their interface solutions trying to interact with them. While going through
each scenario, there were a few subjects who made changes to their design as they felt
uncomfortable with the design elements they chose.

Express

This is the final phase of the workshop. During this phase, subjects were interviewed about
the reason behind their design decisions, their general ideas of autonomous driving and
opinions regarding the integration of a touch-base controller in an autonomous car.
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5.3.3 Result

After having collected data from 10 subjects, we commenced qualitative data analysis. During

analysis, we indicated a relationship between each data set and its implications. We started off by

classifying the data into four categories: tablet, user interface, additional outputs and automation

related variables (authority - trust - control). These categories and their data were later transferred

to a separate partially ordered meta-matrix for each category (Miles et. al 2013), storing the
participantsé ids as the rows arieddestribesl aboveras abl e s
columns. The matrixes were described by using specific data analysis methods namely cross case

analysis, counting, noting pattern themes, clustering and triangulating (Miles et. al 2013). We

were then able to form a list of results which is discussed in the following sections.

5.3.3.1 Tablet

The interview answers showed that subjectsd opini
divided into half. 5 subjects preferred to have it in landscape mode whereas the rest favored the

portrait mode.

Most subjects would use tablet in the context of autonomous driving instead of the steering wheel,

as it is easier to learn and use for beginners, it is convenient and it has more affordances. The
interface can be easily changed to tailor the dri
was also referred by a subject. On the other hand, 3 participants were skeptical in terms of trust

and safety while using the tablet and one mentioned that he preferred the traditional method of

driving with steering wheel and pedals over the tablet.

When the subjects were asked for the placement of the tablet, they commented that it would be
ideal that the tablet has some level of flexibility even if it is integrated in the car and not be in a
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fixed position and orientation. As with iPad Smart Cover, a need for convenience was expressed
by the subjects but the importance of the tactical control functions did not encourage total
portability of the tablet for half of the subjects in order to ensure safety. Thus, a trade-off between
convenience and safety has to be made in the tablet placement on the car.

Concerning the tertiary features such as music and movies, 6 subjects agreed upon an idea that
both features should be on the same device as it is easier to control. Also, tablet device should
be on the same position with the primary features (controlling the car). The device should not be
moved or passenger cannot take it out from the docking station for controlling tertiary feature on
his own. Subjects also commented that this controller should not be shared among the driver and
passengers. Everyone should have their own devices.

5.3.3.2 User Interface

According to the questionnaire data, most subjects were familiar with gestural patterns to some

extent. Thus, there are several gesture patterns presented in this PD session. However, only few

participants chose to have more sophisticated gesture (i.e. multi-finger swipe) than the simpler

gestures such as tap, swipe and drag and drop. Few subjects chose to have multi-finger gesture

for some functions such as changing lane or speed up and down. Interestingly, there were people

who chose to invent a new gesture that fitst hei r ment al mo d e | on the car
crescent moon gesture for overtake).

For the maneuvering commands, there were two common design patterns indicated; a set of arrow
buttons and a blank space using to draw gestures. Those who chose to use a set of arrow buttons
reasoned that these arrows indicated direction and gave them a visual cue. They could easily tap
on each arrow in order to move the car. One subject even employed the steering wheel and pedal
mechanisms while using these arrow buttons. For example, tapping and holding left/right arrow
button respectively until the car was heading toward the desired direction and long tapping on
up/down arrow buttons to accelerate/decelerate. Those who chose to have a blank space marked
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that this gave them more freedom for controlling the car. It was also faster than finding and tapping
on the specific button. Nonetheless, subjects who chose to have a blank area struggled in
remembering all gesture patterns. Some of them lost track easily and made some changes from
time to time during the bodystorming phase. One patrticipant followed a different approach by
defining a drawer menu with every function. When he was asked to try his own creation, he could
easily drag the drawer menu and select the corresponding function.

Remarkably, subjects who are not in the field of interaction design are more accustomed to the
use of buttons for every function. They are more intuitive to them for issuing a command. On the
other hand, there was one subject who employed two mechanisms in his design, gestures and a
menu. He designed an interface with a blank space for gestures. His designated gestures covered
every task required and he had a drawer menu for more advanced functions; route related and
strategic control functions. His reason was to have menu for beginner as it is easier to learn than
gesture.

One subject interestingly defined a drawer menu with every function. When asked to try his own
creation, he simply dragged out a drawer menu and tapped on the specific function. He made no
mistake when asking to perform different task. This showed that his solution was simple and
effective. However, it was not so efficient since it required much more time to respond to the task
than every other solution.

Regarding the transition between tactical control and infotainment features, swiping gestures
proved most intuitive for the switching between the functions. Nevertheless, other methods were
also proposed (menu, settings or home buttons). One subject wanted to always keep the tactical
functions on the foreground and would rather overlay the advanced maneuvering functions
(parking, overtake) to access infotainment features.

5.3.3.3 Output - Feedback
When the participants were introduced with the design task, they were required to include only
two main outputs to their design; speed and fuel.

Regarding the speed output, there were various types of speedometers showninthes ubj ect s o
creations. A few subjects chose to display either a digital or an analog speedometer. Those who

chose to have an analog speedometer reasoned that it is easier for them to check the speed just

with a quick glance at the speedometer needle, as they did not need to know the exact speed. On

the other hand, subjects who preferred to have a digital speedometer said that it would be easier

and more efficient for them to quickly read a number and drive knowing the exact speed.
Interestingly enough, most subjects combined the two models together forming an analog
speedometer with a big digital number showing the exact speed.

For the fuel output, most subjects drew a gas icon with a discrete levelségauge to show the

remaining amount of fuel. They also added that if the fuel level goes low, the icon would blink in
order to signify that the driver should consider refueling.
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A requirement of displaying the estimated arrival time (ETA) was emerged during the PD
workshop. 3 subjects put ETA output on the same position, top right. The reason was that knowing
the ETA is important for both the driver and the passengers and is a value that could be
dynamically changed by traffic or environmental conditions. Thus, it would allow them to plan the
journey ahead and make decisions upon route related actions, for instance to avoid heavy traffic
roads.

Interestingly, 6 subjects mentioned that they also wanted to know about environmental hazards
that are related to driving performance and route such as an accident on the road ahead for
instance. In addition to that, most subjects mentioned during bodystorming that they would want
to know the command that is currently executed by the car. They related this requirement to safety
and trust. Knowing the current and the next move made them feel prepared and aware of the
automation actions. From these result, we can see that feedback about the car status proved vital
in order to build trust for the automated system (3.1.1).

5.3.3.4 Automation variables (authority - trust - control)

Given that an autonomous car is built to be safe and follow strictly the traffic rules, in the scope of
our thesis, subjects were mostly trustful and would rather be engaged with other activities than
controlling the autonomous car. Half of them wanted to have the authority to take control over the
car in any situation, 3 of them would let the car take the control to ensure safety in critical situations
and 2 of them would leave the primal authority to the car.

The main difference was observed between beginner and advanced drivers. The former would
trust an autonomous car and would expect it to be safe and drive them around. The advanced
drivers would need time to trust them and they required that the road environment is built to
support only autonomous vehicles, since they would not trust other manual vehicles. Thus, they
expressed the need to have the primal authority on the car, being able to take control of it. One of
them would prefer the car to bypass the manual control in critical situations to ensure safety, but
feedback is always expected. Most intermediate users would prefer to have the primary control,
but they were divided in half in terms of trust.

All of them though, expect sufficient system feedback to be aware of the situation.
5.3.4 Di scussion

After being finished with analyzing the data and extracting the results, we were able to form a
complete list of system requirements. It was obvious that that output features specified previously,
were not enough for controlling an autonomous car. Referring to Table 3 of section 5.2, regarding
output, ETA, car status, confirmation of command issued by the user, environmental hazard
alert and next command to be executed by the car should be explicitly added to the list.

There were no additional requirements regarding the input functions, except from defining how

the system is going to respond to user input which should be discussed. Thus, the same set of
input functions was used during the transformation stage.
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Remarkably, when subjects were asked about their opinion upon automation, some of them would
not want to use the car because of trust and controllability issues. Our aim then was to maximize
trust by keeping the control in a neutral level. The driver is the supervisory operator in our
semi-autonomous context. He should be able to take control of the car, except from critical
situations when the car should take control to establish safety but providing suitable feedback to
keep the driver in the loop. In situations that the driver desires to take the manual control of the
car even if his actions would violate the traffic laws, a dilemma emerges:

1. Car handles the situation to establish safety and follow the traffic rules, not allowing the
driver to take manual control, but providing sufficient feedback to keep him aware of the
situation.

2. Allow the driver to take over control but still warn him about his actions.

According to our user study the users were divided among these two cases. We decided to follow

the 1st rule at least for our tablet interface. The driver could take manual direct control of the car

with the steering wheel and pedals, but he shoul dn
the traffic rules. Since, these tasks are directly performed by the automation, the system should

never break the rules. A safe autonomous car was demanded by all subjects. The tablet
functioning as a tactical controller should transl
with the traffic laws. Taken an example of driver wanted to reach the destination as soon as

possible. He therefore would assigned a command of acceleration and overtaking to the car. This

certain action could possibly be translated as dr i ver wish an automati on
maximize. However, do not wish to violate safety and traffic laws.

A customer journey was built for condensing the results by visualizing the automation variables of

trust and controllability in relation with each use case examined during the bodystorming session
(figure 8).
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Figure 8. Customer Journey summarizing the findings of the fi B u-Try-EIx p r everksliop
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