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ABSTRACT
This thesis was a part of the SIIC-project (Sonic Interaction in Intelligent Cars) initiated by FFI
(Fordonsstrategisk forskning och innovation), consulted by Volvo, Pole Position Production
and Research Institutes of Sweden. The SIIC-project was about exploring sonic tools to affect
the experience of self-driving cars. Sonic tools is implemented practically as sonic interfaces.
Because of its visionary character, it was key to establish a foundation regarding future relevant
information, user problems and user scenarios. The ideation process generated three conceptual
sonic interfaces that accommodated three found user problems; Motion sickness, Informational
overload and Low trust towards self-driving cars. One of these concept was made a functioning
prototype implemented in video of relevant user scenarios. Carefully chosen metrics (Self-
Assessment Manikin-, Van der Laan’s Acceptance- and Likert-scales) were assembled into an
evaluation method. The method, together with the vide prototype, was then implemented in
study with 30 participant, providing analytical material to finally review the metrics of the eval-
uation method. The Self-Assessment Manikin and Van der Laan’s Acceptance scale were
thought to highly contribute to the evaluation of participants experience of the interface. The
Likert scales were less contributing, either deemed to be poorly implemented or simply not
suiting for the cause. Main indications shows sonic interfaces seems to be capable of increasing
a sense of trust towards the self-driving car and this capability seems to be evaluable.

KEYWORDS
Industrial design engineering, Interaction design, Sonic interaction design, Autonomous cars,
Trust, Evaluation method, Empricial study.
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1. INTRODUCTION

The master thesis is a part of the “Sonic Interaction in Intelligent Cars” (SIIC)
project funded by “Fordonsstrategisk forskning och innovation” (FFI), and
designed by Volvo Cars, Pole position production (PPP) and the Research
Institutes of Sweden (RISE) Interactive. SIIC is a project intended to explore how
sonic tools can affect the user experience of self- driving cars. It is planned to
identify an amount of relevant scenarios to sonify, create different sound
designs and study their effects on users in virtual reality (VR). Later it is planned
to implement the most beneficial sound designs in an actual self-driving car and
study their effect on a real test track. Ultimately, creating a study that will
support the design process of a sonic environment for Sweden’s future self-

driving cars.

As a subset of this project, this thesis is set out to explore designs of sonic
interfaces for self-driving cars and practically develop an evaluation method for
such designs. This is a master thesis of Industrial design engineering at Luleå

University of Technology performed during autumn of 2019.
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1.1. BACKGROUND
Driving cars today is a highly visual task, with
mainly visual interfaces. It requires drivers to
have a constant overview of all circulating
information (traffic, road, signs, pedestrians,
car performance, et cetera.) While also having
to operate the car. This responsibility puts a
substantial amount of stress on the driver,
paving the way for a negative impact on the
user experience (UX).

A future solution to this is suggested to be the
self-driving cars. This technology is usually
categorized in different levels of autonomy
(LOA), meaning a taxonomy that categorizes
the cars by their ability to drive by itself.
Found in a review by Vagia et al. (2015) on
different taxonomies of LOA, a fairly simple
and legible list of four levels is presented:

The closer a car is to level five, its function as
a car, changes.

Lvl 1. The system offers help in making a
decision.

Lvl 2. The system operates by itself, but
needs human confirmation to act.

Lvl 3. The system operates by itself, but
can be interrupted by a human.

Lvl 4. The system operates entirely by
itself, fully autonomous.

It becomes more than a vessel of transporta-
tion and allows the car to become a space of
personal activities for all its users. Similar to
the current possibilities in a buss, a train
and/or a plane to be engaged in work,
socializing or simply be more comfortable
(see figure 1). All this, without having worry
about driving the car.

However, while removing the role of the
drivers, it would be misleading to conclude that
their problem (i.e. that the car can be a stressful
environment) is removed with them. Passen-
gers, too, have interactional relationships with
many of the interfaces and elements of a car but
unlike drivers, they have less to no physical
control over the car. Therefore, the passengers
have to counter their stress in other ways than
‘taking physical control’.

For this, the SIIC-project aimed at using sound,
using a so called “sonic interface”. By playing
sounds to the passengers as a tool to offer a sense
of awareness, control and ultimately enhance the
level of trust towards the car. Thereby reducing
different types of experienced stresses. As a
subpart of the SIIC-project, this project aimed at
developing an evaluation method to explore the
complexity of such sonic interfaces and ways to
measure its effects.

To approach this design challenge a definition
of the informational system was formulated
before the initiation of the project. This was
offering an overview of essential components
that had to be established during the project
and how they are dependent (See figure 1).

Figure 1. Defined system of informational interfaces
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Component 1. Information design
The design and establishment of all
relevant information that could and
should be communicated to the user.

Component 2. Interface design
The design that directs the relevant
information and creates functions
intended to solve particular problems.

Component 3. Interaction design
The design that embodies the
functions, conveying the purpose of
the information.

As seen in the illustration, the system was
defined to consist of three components:

Using this definition for a visual analogy of a
remote control (see figure 2).The information
design is the set of all digital values offered by
the TV. The interface design is the management
of those values, arranged and presented as
different functions (buttons). The interaction
design is then the design of the actual buttons
conveying informational purposes (ON/OFF,
Volume, et cetera).

For the context of this project regarding sonic
interfaces for self-driving cars, this definition
was implemented (see figure 3). Information
design would require mapping and structuring
relevant information. The interface design
would require the designing of relevant
functions. Last, since being a “sonic” interface,
the interaction design would require designing
relevant sounds.

Such a sonic interface does not explicitely
exist and for developing an evaluation method
it was deemed essential to have an entity to
evaluate. Therefore, it was thought to be im-
portant establishing this definition early on, in
order to understand the necessary foundation
that was needed for desinging such a method.

Figure 3. Defined system of sonic interfaces for self-driving cars

Figure 2. Interface of a remote control
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1.2. STAKEHOLDERS
As proposed by Ian (2005), stakeholders can
beneficially be categorized by the ‘onion
model’. This is a visual model of the different
stakeholders level of interaction with the
product. The model uses different distanced
levels in relation to the product, further away
means more indirect levels of interaction. The
different levels are:

1) Our system

2) The Containing System and

3) The Wider Environment.

Since designing sonic interface is such a major
part of the development it was established as
the center of the stakeholder analysis.

In this chaper, each level will be represented
with the proposed stakeholder categories.

1.2.1. Our system
Those closest, directly affected stakeholders,
often in direct contact with the product.

1.2.1.1. Normal operators
In the case of a self-driving car there is only
passengers, no drivers. They are directly affected
by the product and need to feel comfortable and
safe enough to use and enjoy the product.

1.2.1.2. Maintenance operators
The car mechanics might be in direct contact
with the product duringmaintenance. They need
a product that doesn’t disturb their workflow or
cause any confusion.

1.2.1.3. Operational supporters
The car manufacturers call center are in direct
contact with the product through the other
operators, which calls for a product easy to orally
discuss and potentially remotely manage.

1.2.2. The containing system
Those who comes in direct contact with the
consequences and/ or results of the product.

1.2.2.4. Functional Beneficiaries
Road workers, pedestrians, cyclists and emer-
gency personnel are all stakeholders since they
share the road. Other road users need their
space and an effective way to communicate
that.

1.2.2.5. Interfacing systems
Trafikverket is a Swedish state administration
authority for long-term infrastructure plan-
ning for road/rail/marine/aviation traffic. A
key aspect for them is a dynamic product with
the ability to adapt to both current and future
infrastructural standards.

1.2.2.6. Purchasers and sponsors
Fordonsstrategisk forskning och innovation
(FFI) is research funder and investor made to
benefit Swedish transportation manufacturing.
It is important that the product adds value for
the customer so that there is more investments
in Swedish manufactured cars.

1.2.3. The wider environment
Includes stakeholders even outside the first two
layers, meaning stakeholders in contact with
values surrounding the product; developments,
tests, opinions, sales, consulting, etc.

1.2.3.7. Negative/Hostile stakeholders
Drivers (Taxi/Uber/Bus drivers, et cetera.) all
potentially share negative values towards self-
driving cars since it is ultimately renders their
line of work obsolete. They need a product that
focuses on complementing their work situation.

1.2.3.8. Financial Beneficiaries
Salesmen are in direct contact with values that
surrounds the car and needs an easy way to
display and explain the products key features
/values.

1.2.3.9. Developers
Engineers (Analysts, Testers, Designers, Pro-
grammers, et cetera) will work with the prod-
uct both directly but also working conceptually
and/or theoretically, meaning working with its
values. They need a product with a concrete
purpose and specification.

4
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1.2.3.10. Consultants
The design of the product and project manage-
ment is consulted through Volvo Cars, sound
design through Pole Position Production (PPP)
and a theoretical framework through Research
Institutes of Sweden (RISE) Interactive. They
all contribute with different perspectives and
despite it being a futuristic project they need to
ground it in values that are easily relatable,
meaning they need it, to some degree, be
implementable today.

1.2.3.11. Stakeholder conclusion
The reason for creating the sonic interface is
mainly to enable an evaluation of it. Aspects
like maintenance, distribution, et cetera is
deemed too distanced from the sonic interface
for this project. Therefore “normal operators”,
meaning the passengers, were chosen as the
stakeholders of interest.

1.3. OBJECTIVES AND AIMS
There were two objectives formulated for the
project.

First, the project sets out to enhance the expe-
rience of riding a self-driving car with a sonic
interface.

Second, through the practical approach, gen-
erate and review an evaluation method for
such sonic interface designs.

The aims of the thesis were structured in four,
main points:

1.4. RESEARCH QUESTIONS
These were the established research questions
of the thesis:

1. Identify elements of the UX which would
benefit from sonification.

2. Design different conceptual sonic interface
designs that contains relevant elements.

3. Design an evaluation method for sonic
interfaces of self-driving cars.

4. Conduct a study using the evaluation method
and review chosen metrics and overall
method design.

● What are common problems occurring
for passengers with self-driving cars?

● Can a sonic interface of a self-driving
car induce trust?

● Can a sonic interface be evaluated for
its induced level of trust?
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1.5. PROJECT SCOPE
The project were carried out from September
of 2019 to January of 2020 (20 weeks) and
since being an early subpart of a larger project
it delivered with explorative character.

The project will involve creating different
interface designs and the conduct of studying
one of the designs. This entails establishing
a information, interface and sound design in
order to produce a functioning prototype for
the study.

Additionally, there are a few limitations, mean-
ing subjects that is consciously rejected from
the development during the project, which is
beneficial to clarify. These are presented in
following sub-chapters.

1.5.1. No synesthetic designs
Despite the fact that there are multiple strate-
gies or ways to communicate information
(e.g. sound for ’hearing’, haptics for ‘feel’,
odors for ’smell’, et cetera.), all with a lot of
potential to reduce visual load. However, this
project will strictly keep to using sound as a
medium which mainly a question of time re-
straints.

1.5.2. No sound designs
The project will not involve designing any
actual sounds. It will explore the interface,
meaning the structure between the sounds and
the information it is communicating but not the
actual sound design. However, as stated earlier,
sound design is a necessary component of a
sonic interface and for creating the prototype
that process was planned to be outsourced.

1.5.3. No hardware designs
The thesis will focus on current car settings,
meaning scenarios whereas the car looks as
it does in its current state (see figure 4).

This also stays true for sound hardware (“speak-
ers”, “acoustics”, “vibration”, et cetera.) which
is assumed to be optimized for the product to
function. Expanding these design fields would
make the project simply too great for the given
time budget.

Figure 4. Current spatial standard for cars.
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1.6. THESIS OUTLINES
The project is structured along with following
chapters:

Chapter one, Introduction
First chapter provides a basis as to why the
project was initiated, its objects and aims,
involved stakeholders and how the project
was approached by research questions. Also,
the introduction presents the project scope.

Chapter two, Contextual research
The second chapter covers the exploration that
has been made to research and map relevant
elements surrounding the car experience. The
chapter functions as a presentation of the avail-
able tools and insights used for later phases.
This included researching current markets of
self-driving cars and sonic interfaces as well as
conducting interviews to learn about real
experiences.

Chapter three, Theoretical framework
The third chapter is a presentation of the relevant
results from the literature reviews made to
expand knowledge in fields and subjects
correlating to the project. The fields that were
brought in and came of use were Industrial
design engineering, Human factors, Interaction
design and Sonic interaction design.

Chapter four, Methodology
The fourth chapter covers methodology, that is
used methods throughout the project. It estab-
lishes theoretical arguments and instructions
for chosen methods, as well as a description for
how they were practically used. The chapter
ends with a discussion, reflecting on overall
methodology.

Chapter five, Results
The fifth chapter presents the results generated
by the methods mentioned in chapter four. The
chapter functions as a display of all the results
containing concepts, prototype, the developed
method, and post-processed data extracted
from a study. The chapter ends with “result
conclusion”, presenting an in-depth review of
the practically developed evaluation method.

Chapter six, Conclusion
The sixth chapter ties the thesis together by
reconnecting the generated results with the
initial research questions. Presenting key
insights enabled by the project.

Chapter seven, Discussion
The seventh chapter is a forum for the author to
discuss and reflect upon thewhole process of the
project. Reflections on implementation, choices
and results are presented and finally thoughts on
recommended further development of the
project.
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2. CONTEXTUAL RESEARCH

It is worth to remember, the product of the thesis is not a self-driving car, it is the
sonic interface for self-driving cars. With that said, it is still relevant to explore the
context of them both because of how their existences are codependent, you
cannot have one without the other. This chapter presents the findings from
researching the context of self-driving cars and sonic interfaces, as well as current

experiences of these contexts.

8
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2.1. FUTURE ANALYSIS
A future analysis were conducted (see 4.3.1.
Future analysis) and acted as a benchmark of
existing self-driving cars (see figure 5). This
was to develop a sense of understanding for
the current market and technologies that exists
and how they might affect future develop-
ments.

Waymo
An example of these self-driving cars is
Google’s self-driving car projects “Waymo”
(2019) which started back in 2009. Waymo is
not commercially available but currently pre-
sented as project aiming at level five capabil-
ity which is being tested in live traffic on
different locations in America.

Tesla
One of the most prominent manufacturers
within the self-driving car industry today.
Despite no level five, fully self-driving, car
they do provide quite extensive functionality
in their commercially available cars. All their
current models comes with “Auto pilot”, the
set of autonomous functions that can steer,
accelerate and brake the car by itself.

● Pre-prioritized information

● Reduction of visual information

● Gentle learning curves

This “Autopilot” is currently limited to the
high-way, except some minor autonomous
functions as parking.

A future analysis, as the method entails, should
be followed by an analysis of their common
“success factors”. Critically examining the
products, the following list shows their shared
success factors, or rather shared focus factors:

These factors and a better understanding for
the current market and what is planned for the
future made for a beneficial initial insight into
the context of self-driving cars.

Figure 5. Collage: Main companies of the future analysis; Waymo and Tesla.
Images retrieved from (https://waymo.com) and (https://en.wikipedia.org/wiki/Tesla,_Inc.).
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2.2. COMPETITOR PRODUCT
ANALYSIS

The competitor product analysis (see 4.3.2
Competitor product analysis) were meant to
provide insights on different existing products
or ideas for interface designs. The market of
sonic interfaces is diverse in the sense that
some interface designs consists of a single
sound while some is complete and coherent
systems. The common factor being that they
all functions as feedback to the user for some
information output.

2.2.1. SONIC INTERFACES OF CARS
There are conceptual interfaces for cars ofwhich
a lot of the work seems highly explorative (see
figure 6). The market seems to battle two
different sound-related problems;

Electric cars
Making an electric car more noticeable is
approached by designing interfaces that is
intended to communicate with pedestrians. As
an example, Nissan’s sonic interface “Canto”
(2017) is meant to communicate its movement
by changing tone and pitch, implying there is a
musical quality to the sound design. This is a
more abstract approach than, for instance, just
sonifying the actions of the pedal. It might entail
a greater learning curve but potentially a more
harmonious/coherent implementation out in the
real world.

Self-driving cars
As for making self-driving cars more predictable
with sound, there is not many commercially ready
concepts existing today. The most developed case
being “Waymo” (2019) the self-driving car.
Waymomainly uses a display to show its capacity
of perception and focuses heavily on positive UX.
The sounds are, what it seems, used for less fre-
quent cues like “we have arrived” and uses voices
(2019).

Current cars
While exploring currently existing interfaces they
are not as coherent, they usually exists as separate
sounds for conveyed information. Some exam-
ples most people are used to: “a turning signal”,
“a combustion engine starting” and “a combus-
tion engine accelerating”.

These are all cues that passengers can utilize to
understand the current events of the car ride.

Figure 6. Collage: Sonic interfaces of cars.
Photos (top) by Mattias Hedman,
Images (middle) retrieved from

https://nissan.se/upplev-nissan/intelligent-mobility
and (bottom) https://waymo.com.

1) Electric cars are too quiet

2) Self-driving cars are too unpredictable.
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2.2.2. OTHER SONIC INTERFACES
There are other products than cars that involves
interesting information management and sonifi-
cation (sonic feedback made from data).All with
common intent to afford feedback and interact
with a user .

The Canarybox
The “Canarybox” (2017) is a system that
dynamically alters sonic output based on input
data. For its intended use, the Canarybox lowers
music volume in operation rooms if a patient’s
health values becomes critical and needs the sur-
geons attention.

Data-Driven Dj
The project “Data-Driven DJ” (2015) by B. Foo
consists of many relevant concepts of sonifica-
tion. For example, “Track 1: Two trains ” is an
algorithm that generates dynamic music played
on the train that changes depending on the
geographical position of the train (see figure 7).

The algorithm uses median household income
of current area as input data to generate music
(2015).

The Sound of Touch
The sound of touch is an interface made by
Merrill, Raffle andAimi (2007). The interface
plays a ambient sound that can then be altered
by the physical touch between a connected
staff and different textures (2007).

Interfaces like these are more about enabling
artistic and emotional expression but they do use
information of the physical world as an intuitive
part of its interface. Meaning they show highly
experimental ways of representing information
and ways of interacting with it, making this
highly relevant to explore.

Figure 7. “Data-Driven DJ” by Ben Foo.
Image retrieved from (https://datadrivendj.com/tracks/subway/).
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2.3. MIND MAP
In addition to exploring self-driving cars and
sonic interfaces it was deemed important to also
create an understanding for the current UX of
cars. This was in order to understand potential
shifts of the UX as well as its context. Mapping
out involved elements, commonly occurring
events and user behaviors.

This was done by conducting 10 rather exten-
sive, semi-structured interviews (see 5.3.3 Inter-
views). The data collected from the interviews
were organized with an affinity diagram (see
5.3.4 Affinity diagram) which was structured
and illustrated with a mind map (see figure 8).
The mind map contained contextual elements
involved in typical car experiences. This was
done in order to create a sense of structure to an
otherwise rather chaotic set of information.
Thus, generating a usable and visual understand-
ing of the current car experience.

In practice, it is a systematical overview of the
involved elements and as seen in the mind
map, the elements were categorized into five
different ‘bundles’.

2.3.1. Mechanical systems
The first bundle contained the mechanical
elements of a car that the users, in one way
or another, interacts with. Examples of
these elements are pedals, transmission,
turn signal, fuel tank, ignition, et cetera. An
important insight of this bundle was, for
example, despite no physical interaction
between the pedals and a passenger there
still is an interaction. A passenger can sense
an acceleration, which is caused by a driver
pushing down the gas pedal.

Figure 8. Mind map of informational elements of the car experience.
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2.3.2. Technical systems
The second bundle involved technical systems
of the car that the users interact with. Technical
systems refers to the systems that involves
some electric/digital aspect. This means
elements like entertainment (e.g. radio), GPS,
ABS, Cruise control, et cetera. It seemed fitting
for this bundle to also represent how the infor-
mation typically is communicated to the users
different sensory systems, in this case, visual
and audible. As seen in the mind map, visual
information is typically quite dominant.

2.3.3. Activity systems
The third bundle consisted of activity systems,
meaning the systematical aspects that is
involved during users peripheral activities in
the car. The affinity diagram indicated that this
bundle could be divided in three categories;

1) Tasks,

2) Task specific utilities and

3) Comfortables.

For example, the Tasks were distributed as
“Social”, “Communal”, “Individual” and
“Work”. These were the activities that the users
either currently engaged in or wanted to engage
in.

2.3.4. Surrounding systems
The fourth bundle was a representation of all el-
ements and events existing outside of the car and
interacting with the users during the experience.
Examples of these types of elements are the road
(with its quality and complexities), traffic,
weather, environment, jurisdiction, et cetera.All
of these elements provided with an overview of
what users notices and cognitively processes
during a car ride.

2.3.5. Stakeholder systems
The fifth and last bundle was the compilation of
the mentioned stakeholders and their interac-
tional impact on the experience. Some examples
that did not developed too extensively through
the interviews were the Engineers, Maintenance
and Salesmen. This probably depended on their
relatively low frequency of interaction with
users. However, Drivers and Passengers were
muchmore developed with behaviors, goals and
problems.

Drivers
This stakeholder were bundled with two
aspects; Behaviors and Operations. Behavioral
aspects of the driver were the different types of
behaviors that commonly can be recognized in
drivers. Operational aspects were the collection
of perceived operations that drivers typically
perform during the act of driving. These opera-
tional aspects were:

Passengers
This stakeholder system consisted of passengers
Goals, Behaviors and Problems. Goals were
commonly mentioned activities that passengers
wished to engage in. Behaviors refered to
typically observed behaviors of passengers.
Last, the initially most important finding, was
the passenger problems:

The causes of these problems were both diverse
and sometimes ambiguous or technically difficult
to answer (e.g. motion sickness). This allowed for
and, to some extent, required further and more
specific exploration through theoretical research.

Operation 1. Planning

Operation 2. Goals

Operation 3. Awareness

Operation 4. Action

Operation 5. Explanation

Problem1. Informational overload

Problem2. Motion sickness

Problem3. Low trust towards drivers
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3. THEORETICAL FRAMEWORK

In this chapter, the theoretical fields involved to research and ultimately
developing the essential insights and knowledge on relevant subjects,

presented and referenced.

14
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3.1. INDUSTRIAL DESIGN
ENGINEERING

As a thesis of Industrial design engineering it
is highly relevant to presents its theoretical
definition and purpose. In the research of this
field it seemed suiting to initiate with the word
itself; Design. According to Krippendorff
(1989), exploring its Latin origin, ‘design’ can
be interpreted as making sense (of things). He
continues by mention the paradox of how
‘making’ and ‘sense’ can be seen as semantic
opposites (innovation vs. tradition) and how
they yet need to be accommodated simultane-
ously.

Taking it further, Smets (1995) addresses the
words additional complexity when used in the
context of industrial design engineering. She
suggests such a designer needs to accommodate
practical aspects (technical and/or mechanical),
human factorial aspects (operational) and
aesthetic aspects (cognitive). This also makes
the case that Industrial design engineering is the
combination of two separate doctrines; 1) Indus-
trial design and 2) Design engineering.

Dumas (2000) claims the definition of
‘Industrial design’ to be ambiguous, much so
because of itsmany similarities and overlapwith
the Design engineering practice. However, she
proceeds by suggesting that Industrial design is
about mainly aesthetic design to producemarket
innovation. This, in the sense that it is about
repackaging products with the use of aesthetics
and small functional changes to innovate its
place on the market or create new markets.
While not necessarily being contradictory,
Smets (1995) instead claims the practice is
meant to provide the product with ‘expressive-
ness’ to accommodate the users emotional
needs.

Design engineer is then, as a technical counterpart,
a practice more about functional innovation.
Hosnedl et al. (2010) summarizes the practice as
creatingand/oroptimizing technical advancements
while considering multiple aspects like culture,
society, economy, risk, et cetera. All this without
disregarding human factors.

Cycling back, Industrial design engineering is
a design practice that is human centered which
implements technical awareness together with
aesthetic awareness.

“A car, for example, must be both technically
safe and safe from a human factors point of
view, preventing the driver from executing in-
correct maneuvers. Yet, at the same time it
also has to look safe” (Smets, 1995, s. 330).

This practice considers market innovation as
well as functional innovation. It considers
aesthetic value as well as practical value, all in
order to design a product that makes sense.

PRACTICAL.

AESTHETIC.

HUMAN
FACTOR.

Figure 9. Key aspects an industrial design
engineer must consider.
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3.2. HUMAN FACTORS
According to Lee et al. (2017), human factors is
the field of making machines work for humans
and not the other way around. They claim that
accommodating for the human factors in a de-
sign can be crucial for lowering risks, enhancing
productivity and create comfort. Human factors
works on both individual and organizational
scales with academic principles like cognitive
and physical science. Being a field of great focus
on the physical aspects, as in ergonomics, it is
relevant to review for this project.

3.2.1. Motion sickness
Themost commonlymentioned issue during the
interviews were motion sickness. A problem
many users face when they go by car, rendering
them incapable of doing practically any activity
during transportation. Therefore making theory
on motion sickness relevant to define, explore
and utilize.

As described by Koohestani et al. (2019),
motion sickness is the sense of feeling ill
caused by bothersome movement. They
compile and review four different factors, or
rather sensory conflicts, that has shown great
influence on the level of motion sickness:

3.2.1.1. Vestibular-Visual conflict
Aconflict between the vestibular systems with
itself and with visual input. It is mentioned
how, when vestibular systems detects motion
while visual system does not or when the semi-
circular canals (e.g. head rotation) and otolith
organs (e.g. gravitational direction) presents
different sensations, motion sickness is
induced.

3.2.1.2. Eye Movement
A prominent factor for inducing what they call
VIMS (Visually Induced Motion sickness),
which is commonly experienced in virtual
environments. It is theorized to happen when
visual input changes too rapidly (e.g. during
involuntary head movement) while the reflexes
are trying to stabilize the input. Also, some
presented studies showed importance of fixa-
tion points for the eye to rest on.

3.2.1.3. Postural Instability
A conflict that induces motion sickness by
reduced control of body movements (e.g.
swaying in a vehicle that changes direction)

3.2.1.4. Vections
A conflict between sensory systems about ac-
tual self-motion, meaning there is illusionary
self-motion and thus confusion about which
sensed motion is the ’real’ one. This confusion
tends to induce motion sickness and vection
can be a linear motion or circular motion and
it can be caused by different sensory systems
(e.g. visual, auditory, arthrokinetic, et cetera).

However, measuring motion sickness can be
difficult (Koohestani, et al., 2019). Many
physiological measurements (e.g. heart rate,
blood pressure and body temperature) does
not show immediate correlation (except skin
conductivity responses) to motion sickness in-
duction. This makes this theory a potentially
problematic basis for further conclusions.

3.2.1.5. Motion sickness conclusions
Motion sickness is a complicated issue, but
there are some clearly identified contributing
factors. These factors can all be classified as
”sensory conflicts” in an attempt to under-
stand actual motion.

These factors are shown able to contribute to
motion sickness and could be used as a guid-
ing tool for designing a solution in respect of
this issue.

Conflict 1. Balance vs. visual input

Conflict 2. Rapid eye movements

Conflict 3. Uncontrolled body motions

Conflict 4. Illusionary motions
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3.3. INTERACTION DESIGN
According to Preece et al. (2016), interaction
design is designing spaces for human commu-
nication and interaction to take place. It is an
overlapping field with ’Human factors’ and
contains similar academic principles but with
a greater focus on psychological/cognitive
science and informational technology rather
than physiological sciences. This thesis is
about creating an interface made with the
main purpose of interaction with users. Thus,
their description, by itself, acts a valid
argument as to why interaction design is
relevant to explore for the project.

3.3.1. Cognitive interaction
One of the greater issues revealed by the inter-
views were informational overload. The users
could often not prioritize and/or get focused
enough to devote their time to other tasks than
the driving itself. Interestingly, not only drivers
but even some passengers felt this to be true,
making it highly relevant for future users.

According to Preece et al. (2016) the human
cognition can be conceptualized as mental
models for ”information processing”.

These mental models comes in several forms,
e.g. internal-, interactional-, distributed- and
external processing. However, for this chapter,
”cognition” will refer to individual (internal
and interactional) processing.

Awell-known and frequently cited theory that
includes at least two of these aspects, atten-
tion and memory, is George Miller’s ”magical
number seven”. Miller (1956) presents the
idea that human short-term memory is able to
receive, process and remember seven, plus or
minus two, units of information. This could
potentially be a valuable tool for designing in-
formational interfaces.

However, Preece et al. (2016) stresses how this
theory also has spawned heavily flawed design
principles. These principles implies to never
display information items (menu, icons, tabs, et
cetera) in no more than sets of seven, which in
reality depends on multiple variables. Even
Miller (1956) himself addresses this in his arti-
cle by discussing the difference between the
one-dimensional settings of the underlying

studies and how they do not represent everyday
experiences. A simple example that supports
this critique is an article by Jacoby (1984). The
study examined how consumers informational
processing is affected by the number of pre-
sented brands and product attributes. The study
showed that number of brands had great effect
and made the purchase more difficult while
product attributes had virtually no effect.
Showing that how the information allows to be
decoded is key, not so much the pure quantity.

3.3.1.1. Cognitive interactiion conclusion
This principle of seven could work as guiding
tool when designing for this particular issue
but more importantly has to be recognized and
understood as a flawed principle.
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3.3.2. Emotional interaction
Emotional interaction is described by Preece
et al. (2016) as a subcomponent of interaction
design focusing especially on emotional re-
sponses. Mentioned responses are comfort,
enjoyment, motivation and trust, of which
”trust” is especially relevant to the project.
Trust, or rather, the issue of not trusting were
an issue frequently mentioned by users in the
conducted interviews. The raised issues were
showing both in interpersonal interactions
(human to human) and in interactions with
technology.

3.3.2.2. Factors of trust for interpersonal
interactions

Proposed by Mayer et al. (1995), trust is the
act of one individual or group that is, solely
based on the belief of benevolence, exposing
themselves to the actions of some other indi-
vidual or group. Followed by the condition of
having no certain capability to supervise or
control said actions.

A more practical model were suggested by
Michell et al. (1998) by studying customers trust
towards different, well-known commercial enti-
ties. They reduced twenty-two suggested
aspects down to seven which showed to have a
significant impact on the experienced levels of
trust. These aspects were:

1. Fair-mindness
2. Truthfulness
3. Confidence
4. Personal experience
5. Dependability
6. Quality standing
7. Predictability

3.3.2.3. Factors of trust for human-machine
interactions

Models reviewed above are based on interper-
sonal (human-human) interactions. According
to Hoffman et al. (2013) there are additional
factors that come into play when dealing with
human-machine interactions (HMI). In the ar-
ticle they factor in:

1. Reliance
2. Logical and/or factual soundness
3. Durability
4. Frequency of false alarms.

Hoffman et. al (2013) claim these factors are
influential factors because of their relation to
the restrictions of the technology.

Some less differentiating findings by Ekman
et al. (2018) shows that trust in HMI is, quite
the opposite, similar to interpersonal ones.
That the interactional relation is similar to a
relation between, for example, a worker and a
supervisor. Which they theorize is because of
the HMI, potentially, is an extension of the in-
terpersonal relation between the user and the
system designer.

However, despite being similar there is a ad-
dressed difference in trusting a machine, or
automation as they phrase it, which they con-
clude is the process of familiarization. They
structure this process into three phases:
1) prior,
2) short-term/early and
3) long-term/later usage.
Phase two is were the major part of familiar-
ization process happens and trust is estab-
lished. Phase three shows the importance of
remaining the established trust, since lost trust
in automation can be more difficult to regain
(Hoffman, Johnson, & Bradshaw, 2013).

Ekman et al. (2018) also establishes a set of 11
aspects that affects trust:

1. Personal experience
2. Competence
3. Mutual objectives
4. Lessons
5. Anthropomorphism
6. Continuous feedback
7. Adjustable level of autonomy
8. Adjustable non-crucial properties
9. Feedback of machines uncertainty
10. Explanations
11. Error information

Notable additional factors, in contrast to earlier
lists of trust factors, are Adaptive automation,
Customization, Anthropomorphism, Explana-
tion and Error information.
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3.3.2.4. Emotional interaction conclusion
By reviewing the different lists of contributing
trust factors they were ultimately combined
and reduced to one single list of trust factors:

This list of factors creates an overview (see
figure 10) of potential design tools that, if
implemented correctly, theoretically should
make it easier to trust the technology.

3.4. SONIC INTERACTION
DESIGN

Suggested by Preece et al. (2016), processing
sonic, non-vocal stimuli calls for less cognitive
load compared to visual or vocal stimuli.
Which is especially true for individuals with no
former reading capabilities. This argues for
utilizing sonic interfaces to reduce load on
visual processing, making it a key field for the
project and highly relevant to review.

However, Franinovic and Serafin (2013)
describes the importance of respecting the
downsides of sonic interfaces in order to pro-
duce an optimal functioning interface. They
present the ’Midas touch problem’, referring to
the myth of king Midas with the curse to turn
everything he touches into gold. The analogy
highlights the problem of attaching auditory
feedback to too many interactions, which
inevitability will become highly frustrating to
use.

3.4.1. Sonic cognitive interaction
An underlying field in sonic interaction de-
sign is “sonic cognition”. This field covers the
different types of sonic information the user is
able to process and how the user processes
(groups) the information. This sub-chapter is,
as the other sub-chapters of this chapter,
ended with a conclusion which functions to
summarize the insights gathered.

3.4.1.1. Psychoacoustics
Described by Andy Farnell (2010) psychoa-
coustics is the field that links the measurable
aspects (physical) of sounds to its experienced
aspects (subjective). The field provides key
insights on processing abilities and how
humans listens sounds.

3.4.1.2. Sonic localization
Localizing something (objects or events) in
ones surrounding is a key part of establishing
an understanding of self- and relative position.
Thus, the ability to localize also extends to un-
derstanding self- and relative motion, which
has been shown to be a key factor in theory on
motion sickness (see 3.2.1.4 Vections).

● Personal experience
› Lessons

● Caring
› Truthfulness

» Feedback of machines uncertainty
» Explanations

› Anthropomorphism
› Confidence

● Dependability
› Competence (Logical/factual soundness)
› Mutual objectives
› Error information
› Frequency of false alarms.

● Control
› Predictability

» Continuous feedback
› Adjustable level of autonomy
› Adjustable non-crucial properties

● Durability

Figure 10. Theoretical key factors for
establishing trust in HMI
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Farnell (2010) describes the process of
localizing by sound is done with two known
cues to determine the position of a sonic
event:
1) Interaural Time difference (ITD)
2) Interaural Intensity Difference (IID).

ITD is the difference in time of arrival to each
ear while IID is the difference in perceived
intensity to each ear. Both of these cues are
combined in a function called Head Response
Transfer Function, that also makes use of the
direction of the ears which favors sounds
emitting in front of a user. This trident func-
tion enables the ability to localize sound
sources and to some extent, the distance.

Väljamäe (2009) also presents important cues
for localization but from the perspective of
auditory vection (illusionary motions). He
contributes auditory vection to three main
cues:
1) Interaural Intensity Difference (IID).
2) ”Binaural cues”.
3) the Doppler effect.

By ”Binaural cues”, he refers to a function
combining ITD and Interaural Level Differ-
ence (ILD).

3.4.1.3. Sonic gestalt principles and
integration

In visual design, the gestalt principles is a fun-
damental pillar in the understanding of the
cognitive models that are implemented when
experiencing design. Thus, motivating the
exploration of the important field of sonic
gestalt principles.

According to Bregman (1999), as with vis-
ual design, sonic design also have ”gestalt
principles”. These are cognitive groupings
that most observers perform intuitively and
can therefore be used by designers in their
work for higher levels of usability.

Bregman presents some of the most common
visual principles and demonstrates how they
manifests themselves in the sonic field.

Distance
The distance between two sonic events can be
seen as their difference in frequency. Too big
of a difference in frequency and the events
seems unrelated.

Similarity
The similarity between two sonic events can
be seen as their difference in timbre. The tim-
bre of horns (trumpet, saxophone, tuba, et
cetera.) seems to belong to each other while
they seems quite unrelated to strings (violin,
cello, et cetera.).

Proximity
The proximity between two sonic events is the
difference in frequency and timbre. The fre-
quency and timbre of ukulele and guitar
makes them seem in close proximity while as
ukulele and bass seems more distant, while all
being string instruments.

Motion
The direct translation of motion is tempo. The
closer two sonic events are in time the more
they seem to belong to each other.

Closure
The translation of closure is different types of
sonic masking, meaning an additional sonic
event can potentially cloud the incoherency of
an initial sonic event.
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Also from the work of Bregman (1999), he
suggests that in cases of multiple sonic events
(e.g. musical arrangements) human observers
use an ability called integration.

Music, as seen in sheet music, is often de-
scribed as two dimensional, with a vertical axis
(frequency) and a horizontal axis (time).
Through this, Bregman presents two important
types of integration that users are capable of:

What this implies is that some sonic events
will merge and some will differ depending on
their harmonious and melodic compatibilities.

3.4.1.4. Music psychology
The integration theory mentioned in the last
chapter is the sign of approaching theory on
musically structured information. Reviewing
the subject, music psychology was a field that
yielded interesting insights for the project.

Presented by Hallam et al. (2016) a melody in
a ”major” scale/mode is recognized as happy,
while in ”minor” is recognized as sad. Similar
mappings of emotional recognition has been
made for tempo, rhythm, loudness, timbre,
pitch, harmony, tonality, et cetera.

However, Hallam et al. (2016) also addresses
the potential bias in this observation due to the
dominating conduct of studies in western-
musical societies. It is also important to establish
the fundamental difference in “recognizing
emotion” and “experiencing emotion”. They
makes it clear that the studies only presents
recognition and therefore it cannot be concluded
that these emotions were experienced.

3.4.1.5. Sonic cognitive conclusions
The research on sonic interaction design enabled
a more in-depth mapping of the users sonic cog-
nitive capabilities. The review covered three
underlying fields; 1) Sonic localization, 2) Sonic
Gestalt Principles and 3) Music psychology. All
presenting different user abilities to separate and
group sounds by its qualities and contexts.
These have been translated into three “main
abilities” to clarify their perceived functions but
also limitations, in chronologic order:

1) Sonic orientation abilities
Users can perceive and understand when a
sound source is spatially moving relative to
them using two cues in particular:
1. Change in volume and/or frequency
2. Perceived change between the ears (Inter-
aural changes).

2) Sonic gestalt abilities
Users can perceive, group or separate sounds
with “sonic gestalt principles”. These principles
are for example Frequency difference, Timbre
difference, Tempo and Masking.

Users can also group/separate with “simultane-
ous and sequential integration”, which can be
described as the harmony and melody.

3) Sonic emotional abilities
There are studied emotional values embedded in
some certain musical structures that the users
can recognize, however, these are not proven to
be universal. The emotional values are also not
experienced, they are simply recognized.

Together all these cognitive models makes for
useful design tools when designing conceptual
strategies for the sonic interface. It is all about
identifying sonic design tools that will help
structuring the information.

1. When exposed to multiple events along
the vertical axis, meaning they overlap in
time and have different frequencies, users
can implement “simultaneous integra-
tion”. This is a cognitive model more
commonly referred to as the perception of
Harmony.

2. When exposed to multiple events along
the horizontal axis, meaning they occur
in sequence, the users can implement
“sequential integration”. This model is
more commonly known as perceiving
Melody.
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4. METHODOLOGY

The design process chosen for the structure of the thesis and
an exposition of used methods and their implementation in the

process is presented in this chapter.
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4.1. PROCESS
Wikberg-Nilsson et al. (2017) presents a
process model of four phases (see figure 11):
1) Plan project
2) Explore context
3) Create ideas
4) Prototype concepts.
By displaying multiple methods within each
phase it offers a flexible and broad structure for
an effective project. The process is comple-
mented with the work of Milton et al. (2013). In
a similar fashion, they display different methods
fitting for the individual phases but categorized
by different research approaches (e.g. ”Listen”,
”Learning”). Together they provide a great
library of methods that could be implemented
throughout the four phases of the project.

Based on what the project aimed at achieving
the project was determined to be carried out
as a “practical design approach driven devel-
opment for a new evaluation method”. This
was meant to highlight the fact that the
design of the evaluation method will derive
from practically designing and developing a
sonic interface.

Phase 1, “Plan”
The first phase was decided to be about review-
ing resources and how to achieve the objectives
of the thesis. This would cover establishing a
process, time management, available resources
and methodology. Not to function as a strict set
of rules but rather as guidelines, steering the
project in an intended and relevant direction.

Phase 2, “Context”
The second phase was structured as the
mapping the contextual elements of cars, self-
driving cars and sonic interfaces. The elements
were to be explored, how they relate and how
they would change with the introduction of
self-driving cars, affecting the experience.
Creating a base for later creative work.

Phase 3, “Create”
The third phase was planned to involve the
ideation of some initial designed ideation
tools that later would allow ideate sonic inter-
face concepts. These tools were to consist of
the information design (establishing relevant
information), users (relevant problems and
behaviors) and user cases (relevant
scenarios).

Usually, the development of these tools is
seen as contextual work but because of the
projects visionary/futuristic character these
tools had to be more extensively designed.
Thus, deemed as creative work. With an
established set of tools, interface concepts
should be able to be crafted and concepts
established allowing the prototyping phase
to be initiated.

Phase 4, “Prototype”
The fourth and last phase was about establish-
ing a prototype which would enable designing
an evaluation method. Additionally, in order
to provide evaluative arguments regarding the
evaluation method, it was planned to be used
in a study. The study would provide data as
material to analyze and review the evaluation
method itself. Thus, establishing a more in-
depth understanding of how it would function
practically, providing quantifiable substance
to the review its viability.

PLAN CONTEXT CREATE PROTOTYPE

Figure 11. Design process with four phases
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4.2. PLANNING
The initiation of the project. It is essential
to establish a structured overview of how the
process is supposed to be implemented
regarding time and resources. For this, two
methods were used.

4.2.1. Project analysis
A method suggested by Wikberg-Nilsson et
al. (2017) to implement during the initial
segments of a design process. It gives the
project a basis by which the rest of the thesis
could be supported. A thoroughly worked
foundation increases the potential for a
productive project. It ensures most basic
aspects of a project is understood early in the
process to give a sense of its structure,
resources, expectations, goals etc.

The general issues were carefully examined
and adapted to this specific project. Answers
were documented and reviewed to ensure they
were understood. The project analysis
produced exactly what was set out to produce,
an early understanding of the projects values
and intentions.

4.2.2. Project plan
The second method is also mentioned by
Wikberg-Nilsson et al. (2017), a method about
establishing a plan for common issues of a
general design project. Time and resource
planning, phases, methods etc. It is one thing
to discuss these issues and another to make an
actual plan regarding them. It is important for
everyone involved to have a documented plan
to manage effective division of labor and/or as
supportive material in the case of confusion.

All issues were examined and a time plan
were structured involving all phases of the
project. It has been used, as suggested, as an
iterative model to enable reasonable changes
while acting as the basis for all additional
plans. The method produced a visual, easy-to-
use schedule (see figure 12). It contributed
with support and as a forum for evaluating
additional plans, ensuring the project retained
the initial direction.

1 SEP 13 SEP 29 NOV31 OCT 17 JAN

PLAN

CREATE

CONTEXT

PROTOTYPE

Project plan

Theory imemersion
Context immersion

Ideation
Concept designs

Design prototype
Design method
Conduct study

Post-process data

Upcoming phase

Figure 12. Theoretical key factors for establishing trust in HMI
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4.3. CONTEXTUAL RESEARCH
An important phase, laying the ground for
upcoming work, contextual research is about
learning and create and understanding for the
products place in the market.

For thisproject it entailed exploring the market
of both self-driving cars and sonic interfaces.As
well as understanding users experiences with
cars, their behaviors, their problems, what infor-
mation were involved and perceived during
those experiences. The methods used to achieve
this during the contextual research are presented
in this chapter.

4.3.1. Future Analysis
For a project of such visionary character, it was
deemed beneficial to implement a method that
would allow ‘futuristic benchmarking’. This
meant some method that explores futuristic
products, concepts and upcoming trends.

A method suggested initially for project
planning by Wikberg-Nilsson et al. (2017) to
discuss and explore trends is “future analysis”.
Described as early research of key fields and
success factors within the scope of the project.

Similar to earlier used methods, key issues
were explored and insights documented. A set
of competitive products and branded concepts
were established as well as a list of observed
“success factors” for the products (see 2.2.1.
Future analysis).

This offered an effective initiation of the con-
textual research and provided a constructive
overview of the current market of self-driving
cars.

4.3.2. Competitor product analysis
Additional to researching the market of self-
driving cars a method was needed to provide
with similar level of insights and overview but
focusing on sonic interfaces.

For this, a method suggested for the ‘learning
phase’by Milton et al. (2013), was “competitor
product analysis”. A method that mainly
stresses the importance of researching and
evaluating similar products on market. In their
description they put emphasis on evaluation of
the competitors’ products and establishing a

true understanding for the need they accommo-
date, not the function they provide.

Since this method was implemented for a more
explorative purpose, the emphasis on evalua-
tion was reduced and understanding their need
accommodation was enforced. Therefore, the
interfaces that was explored was not locked to
a specific set of needs in order to increase the
chances of gaining valuable insights.

This generated two sets of explorative presen-
tations. One displaying some of the sonic
interfaces found related to cars (see 2.2.1.
Sonic interfaces of cars) and one displaying
some more conceptual and experimental sonic
interfaces (see 2.2.2. Other sonic interfaces).
Similarly to previous method, this offered
insight and an overview of the current market,
regarding sonic interfaces.

4.3.3. Interviews
In the need of exploration and enabling the
mapping of the experiences and informational
elements regarding cars, a method suggested by
Wikberg-Nilsson (2017) were “Interview”. It is
about gathering and gaining insight based on
others experience by asking questions. This can
be achieved in multiple ways with different
strategies. For example, the questions can be
designed as:
• Structured
For a quantitative interview, closed questions and
answers.

• Semi-structured
Closed questions and open answers.

• Unstructured
For a qualitative interview, open questions and
open answers.

The structure of the implemented questions
were divided into five segments to increase
the chances of covering as many involved ele-
ments and experiences possible. The question
segments were about:

1) Travelling in general

2) Being a driver

3) Being a passenger

4) Emotional aspects of the car

5) Technical aspects of the car
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Because of its explorative purpose the inter-
view was semi-structured, made with specific,
closed questions allowing open answers (see
Appendix 1). Each participant was asked to
state their age and whether they had a driver’s
license. Thus, enabling a mapping of age
distribution and ensuring participants with
and without licenses could contribute in order
to create a more complete understanding (see
Appendix 2).

Because of its comprehensive design the
interviews took about 40 minutes up to an
hour each. Since the time restraints and, what
was thought to be, sufficient material by the
end of conduction the interview were
conducted with 10 participants. These were
all done as phone interviews with a random
sample of participants (All from Sweden).

The interviews provided insight regarding
users personal experiences, behaviors and val-
ues. In respect to the market analysis done
previously, this functioned as a sort of experi-
ence analysis and offered beneficial material
for mapping.

4.3.4. Affinity diagram
Rendering a rather chaotic set of information
from the interviews, the need for structuring it
was present. Mentioned by Dam et al. (2019)
“Affinity diagram” is a method for bundling
bigger sets of wildly different ideas or facts
with no obvious relative hierarchy or system.
Each note is compared to each other, if similar
they are bundled together, if not, they are
separated into different bundles. This creates
new categories or themes that potentially were
“hidden” within the initial set and can bring
additional, valuable insights.

Keywords were, as suggested, put on post-it
notes and then compared to each other. This
enabled different bundles to appear and finally
there were five separate bundles containing
different groups of key words or “elements”.

4.3.5. Mind map
To visually represent and create an efficiently
accessible structure of the bundled hierarchy
derived by the affinity diagram the method
“Mind map” was implemented.

Mind map, according Milton and Rodgers
(2013), is a beneficial method during the “learn-
ing” phase. Key words are visually connected
by association rather than systematic hierarchy
to avoid a linear thinking affect the composition
of elements.

The five bundles from the affinity diagram
were used as primary word clouds (or compo-
nents) which were then branched out in their
underlying elements (see 2.3. Mind map).

The mind map functionend as an overview of
the otherwise rather chaotic system. Besides
provide a needed structure, the mind map acted
as a major tool for the later creative processes
during upcoming the ideation phase

4.3.6. Literature Review
As a last part of the contextual research,
caused by the acquired insights from previous
methods, there was a need for more in-depth
knowledge regarding certain fields. More
specifically regarding found user problems
and exploring users cognitive abilities to
process sound.

A method for accessing a more developed
perspective of fields concerning contextual
design issues, suggested by Milton and
Rodgers (2013), were “Literature review”.
The method, they claim, is not used to gain
new information in a field but to conduct
research on topics less known to the project
team.

As described, each of the fields were reviewed
through four different steps: 1) Identify
field(s), 2) Locate literary material, 3) Identify
key sources and 4) Compile findings. With the
found material, a theoretical framework were
established (see 3. Theoretical framework).

This knowledge functioned as a basis during
the upcoming “ideation” phase, providing
more knowledge on problems and available
abilities to utilize in design solutions.

Figure 13. Affinity diagram bundles ideas.
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4.4. IDEATION
The ideation phase was intended for the
creative developments needed to ultimately
create the evaluation method. This would be
achieved by first create design tools (establish
relevant information to communicate, user
behaviors and cases) which then enables the
ideation of the sonic interfaces. From these
ideas, as end results of this phase, concepts of
sonic interfaces would be derived, initiating the
next phase; prototype.

In this chapter, methods used to create this
foundation and create ideas for producing
sonic interface concepts are presented.

4.4.1. Establishing the information
design

To enable the creation ideas for sonic interfaces
(the module that sorts information to solve for
specific problems) it is key to establish what
information there is (see figure 14). This
project has defined the structure of this set of
information as the ‘information design’.

When examining the mind map (see 2.3. Mind
map), many of the passengers relationships to
the elements of a ‘car experience’ were com-
municated through the driver. The obvious
change by self-driving cars, the absence of a
human driver, were thought of as a key issue in
this context. Thus it was concluded, to bridge
the shift toward self-driving cars, since the
driver is removed, the car should be able to
communicate in the place of the driver.

First, examining the ‘driver’ bundle (see
2.3.5. Stakeholder systems), containing
observed behavior and operations of drivers.
This offered an efficient template of how such

an informational structure could function to
make the car communicate the essentials of a
human driver. It functioned as such a suiting
model that the ‘driver’ bundle was converted
directly and implemented as the ‘information
design’ (see 5.1.1. Information design). This
meant the information that was set to be
communicated via future designed interfaces
were categorized as:
I. PLANS
II. GOALS
III. AWARENESS
IV. ACTIONS
V. EXPLANATIONS
VI. BEHAVIORS
With this information design established, the
different categories of information that could
be communicated was better understood. This
enabled the designing of interface ideas for
how to use it.

4.4.2. Personas
As mentioned in theory on industrial design
(see 3.1 Industrial design engineering),
designing in this field is and should be heavily
user-centered. Thus, as a second design tool
would be established users. These would be
able to be used more dynamically than plain
descriptions of observed problems and thus
potentially provide more extensive insights.

A method suggested by Wikberg-Nilsson et al.
(2017) for creating fictional characters based
on observed problems. Instead of having
simple and closed problems that needs to be
accounted for, the persona method creates
“users” as complex extensions of said
problems. These ”users” induces a change in
the design approach from solving a closed
problem to accommodate open, personal
objectives and needs. This also enables more
extensive capabilities to evaluate later designs.

Both passenger behaviors and problems identi-
fied during contextual research were combined
into relevant personas (see 5.1.2. Personas).
These provided a more ‘human’ understanding
of the problems and a beneficial evaluation tool
for later design concepts.

Figure 14. Information design in relation to the
interface system.
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4.4.3. Customer Journey
As the last and third design tool deemed neces-
sary for initiating the interface ideation was
understanding and enable the utilization of
relevant user cases. An interface made to
co-exist with the user have to be adapted to
work in occurring use cases. Therefore, it was
highly relevant to create a sequence or map of
common cases that would occur for the
intended user group.

Described by Wikberg-Nilsson et al. (2017), a
“customer journey” is the mapping of a user
interaction with a product and/or the different
segments of a product experience. The method
is used to create an understanding and identify
moments of interaction, which can be highly
beneficial when designing a product made for
interaction.

As a combination of examining the mind map
(see 2.3. Mind map) and the personas that was
established in previous chapter, common and
‘important’ scenarios were established. These
were put in a sequence to create one single
‘complete user experience’ (see 5.1.3. Customer
journey). This sequence offered the early insight
of how adaptable and rather complex one single
interface had to be.

4.4.4. Schematic sketching
With all three design tools established, the
first ideation segment could be initiated. It
was intended to accommodate the problem of
the first persona; Motion sickness. The prob-
lem was thought to be caused mainly by the
functional aspects, thus the need for a method
enabling functional explorative ideation.

According to Milton and Rodgers (2013),
sketching is a fundamental method to explore
and evaluate ideas. They also claim it to be an
effective tool to iterate the ideas and concepts
to further the development of the product.
Milton and Rodgers divide sketching into two
types, depending on its purpose: Thematic
and Schematic. Of which the latter is aimed to
explore, develop and convey more functional
aspects of the product.

The factors of motion sickness (see 3.2.1.5.
Motion sickness conclusions) and the cognitive
models for understanding motion (see 3.4.1.5.

Sonic cognitive conclusions) were used as
tools for ideation. This enabled generating
different ideas for interface designs that would,
theoretically, accommodate motion sickness.

These various ideas for interface designs were
then combined into a complete interface concept
as a showcase for a strategy to accommodate
motion sickness occurring in a self-driving car
(see 5.1.4.1. Motion sickness concept).

4.4.5. Experience prototyping
The second ideation segment was directed at the
problem of the second persona; Informational
overload. This problem was deemed most
beneficially managed by using an ideation
method that would allow efficient experiencing
of ideas. This way it could be iterated quickly
and different strategies could be designed and
tested.

A method described by Milton and Rodgers
(2013), experience prototyping is, similar to
sketching, an effective and iterative idea
exploration. It is not about high-, but instead
low fidelity prototypes which allows exploring
different qualities of a design and how they will
be experienced. It also opens up for exploration
of different behaviors and/or unforeseen prob-
lems that might arise.

Since the method is intended to be conducted
practically and visually, but this project is about
sound, it was conducted with a twist. The actual
prototyping were partially made with sketching
and partially in a Digital Audio Workstation
(DAW).

ADAW is, simply put, a digital software which
allows creating and modifying sound. Some
DAWs, as the one used for this, provides pre-
made sounds that can be layered and quickly
prototyped, no sound design required. With
some different sketched interface designs, their
different qualities were prototyped and then
experienced in the DAW. It was an efficient
way to try out different ideas without getting
too involved or stuck in sound design.

These ideas were combined into a concept for
an interface aiming at the reduction the risk of
informational overload in a self-driving car
(see 5.1.4.2. Information overload concept).
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4.4.6. Morphologic chart
The third and last ideation segment focused on
the problem of the third persona; Trust towards
autonomy. It was realized that trust, can be am-
biguous and individual. Therefore, there was a
need for a method that could approach the
problem in a structured sense.

A method suggested by Wikberg-Nilsson et
al. (2017), where criteria is listed along one
axis in a two dimensional space and problems
along the other axis. The method is about
combining separate ideas designed for indi-
vidual problems in combinations that might
not have been thought of otherwise. This is to
allow producing a greater set of complete
concepts without getting stuck with trying to
solve for every problem at once.

The morphologic chart was implemented as an
explorative tool to investigate the relationships
between the established personas and the fac-
tors of trust (see 3.3.2.4 Emotional interaction
conclusions). The criteria, the factors of trust,
were listed along the horizontal axis and the
personas along the vertical axis (see figure 15).

This initiated ideation for different aspects of
what establishing trust can look like for the
different users (see Appendix 4). From these
ideas, the concept that was generated was a
‘personal interface’-system.

The concept revolved around having personal-
ized sonic interfaces to enhance trust based on
user preferences . This was mainly thought to
be the consequence of the problematic nature
of establishing trust, being highly individual.
The concept stresses that it requires in-depth
investigation of different user preferences and
tailoring interface designs to them.

Because of time restraints and relevance, this
project designed one personalized interface
for each for the established personas;

These designs functioned as a presentation of
what establishing trust through a sonic interface
could look like if tailored to specific user types.

Interface 1. “The butler”
Accommodates info overload, is
unobtrusive and adjustable

Interface 2. “The teacher”
Accommodates low trust towards
self-driving cars, is comforting and
educational

Interface 3. “The facilitator”
Accommodates motion sickness, is
fun while responsible

Figure 15. Morphologic chart to ideate trust enhancing interfaces.
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4.5. PROTOTYPING
The last phase, the prototyping phase, aimed at
ultimately produce an evaluation method. To
achieve this, the project intended to continue
the practical development and produce a func-
tioning prototype of a sonic interface. This
would provide a ‘product’ to evaluate. Derived
from this development, an evaluation method
would be designed by assembling carefully
chosen metrics.

To complete the development of the method,
it was planned to be implemented in a study.
This was to provide quantifiable substance to
the end result, allowing to further review its
level of viability.

All the methods used during this phase this is
presented in this chapter.

4.5.1. User experience prototyping
In the need of a structured way to efficiently
explore and design different sonic interface
designs, this method seemed like a beneficial
approach.

The method, suggested by Wikberg-Nilsson et
al. (2017), is used for producing a low fidelity
prototypes made to be experienced by all its
different qualities of design. This is done, often
as a more efficient way, to communicate and
discuss an accomplished, or sought after, UX
design.

Since the method produces entities made for
experiencing, it also had potential to produce
a function prototype.Also because it is a sonic
interface, by itself, is merely a listening expe-
rience, it was decided that it would add to the
experience if the designs were implemented in
a video. The idea was to have a video version
of the customer journey (see 5.1.3. Customer
journey).

Thereby being able to design and efficiently
experience different sound designs while
watching the scenarios play out. This was
done in three steps:
1) Make the video
2) Design the sonic interface
3) Establish the prototype

4.5.1.1. Make the video
The video was created by using a camera placed
on the rear-view mirror in a car, giving a wide
view out of the front window and simply driving
around, gathering video material (see figure 16).

When the material was ready, the needed
scenarios were extracted and combined into
one single sequence representing the relevant
scenarios of the customer journey.

The video became a beneficial platform for
trying out sound designs and made it possible
to put the designs in a context and experience
it more extensively (see attached video).

4.5.1.2. Establish the sonic interface
For the creation of the sonic interface, the
“trust enhancing” concept was deemed most
beneficial to prototype and further explore.
This was because of two main reasons;

1. The “trust enhancing” concept was deemed to
be the most ambiguous and difficult concept to
concretize. The exploration of the subject was
therefore thought to greatly benefit of being, to
some extent, realized.

2. Low trust towards self-driving cars were a
fundamental issue that the SIIC project were
focused on exploring from the start. Thus, the
realization of a concept focused at this specific
issue was expected to yield the most beneficial
insights for the larger project.

Figure 16. Video recording set-up
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Because of how the trust enhancing concept was
structured and because of time restraints, only
one interface of the concept could be realized.
The chosen interface were of the persona with
low trust towards self-driving cars, referring to
“The teacher” interface. This then guided the
design process towards an interface and sound
design suitable for that persona (see 5.1.2.
Personas). The reason to design for “low trust
towards self-driving cars” was that it was
thought to be to most natural extension of the
whole concept (i.e. trust enhancing). Thus, it
further aligns with the arguments stated in the
previous list.

For the actual designing of sounds, a desig-
nated sound designer was provided from RISE
Interactive which allowed for a collaborative
iteration process.

The process ultimately established a sound
design for the interface. This design, could
from this point of the project, represent a
sonic interface made to enhance trust (for a
specific type of user/persona).

4.5.1.3. Establish the prototype
With an established sonic interface, it could
then be easily combined with the video to be
established as the prototype (see 5.2.1. The
prototype). The prototype offered functioning
and efficient evaluation material to experience
and react to.

4.5.2. Product usability test
With the functioning prototype established,
the design of the evaluation method could be
initiated. This evaluation method was planned
to consist of carefully chosen and assembled
design metrics. Thus, there was a need of a
method for assembling design metrics

From the work of Milton and Rodgers (2013)
Product usability test is a method that aims at
studying a designs “usability” (ease-of-use),
by exposing intended users to the design. It is
usually conducted so that the participants can
be observed in order to identify and evaluate
different aspects of the interaction. According
to the authors, the design of these studies can
vary depending on the kind of product and
therefore the metrics used to evaluate has to
be chosen accordingly.

This method required that an observation
technique, observation variables and evalua-
tion metrics was established. This was done
through four steps:
1. Implement observation technique
2. Identify variables
3. Choose evaluation metrics
4. Establish evaluation method

4.5.2.1. Implement observation technique
According to Tullis and Albert (2008) there
are satisfactory and performative metrics. Of
which, satisfactory is the most relevant to this
project, since there is no practical task for the
participants to perform.

Of the many different satisfactory structures
Tullis and Albert present, the ‘self-reported’
structure was decided to be most relevant and
implementable. Self-reporting, as the name
suggest, means that the participants reports
the responses themselves.

A technique that can appear beneficial be-
cause of its direct link to the participant but
demands respect since it relies heavily on how
the questions/metrics are designed.

4.5.2.2. Identify variables
Tullis andAlbert (2008) also mentions the im-
portance of identifying and using dependent
and independent variables. In their work they
suggest identifying these independent vari-
ables and changing them while observing how
the dependent variables change.

For this method, the variable of interest is the
sonic interface design, which should be al-
lowed to vary in order for the method to be
able to evaluate different designs. This makes
the sonic interface an ‘independent variable’.
This means the dependent variables is the
sonic interface designs effetcs on the users.
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4.5.2.3. Choose evaluation metrics
In previous chapter it was established that
metrics of the evaluation method should be
measuring the effects on users caused by the
sonic interface design. However, “effects”,
thought to be too ambiguous of a term, needed
to be made clear.

It was decided that effects could be caused by
two features; functional and emotional.

Measuring functional features
The experiencing of functional feaures were
considered to be experiencing the structure of
the design. How it structures information,
what functionality it provides with that infor-
mation and how intuitively it displays said
functionality. Ultimately, the metrics of func-
tional features should measure if the struc-
tures is understood and if so, to what extent.

In the design of this projects the structures
that could be experienced were:
• The information design
[Plan, Goal, Awareness, Action,
Explanation, Behavior]
• The interface design
[Personal experience, Caring,
Dependability, Control, and Durability].

Measuring emotional features
This also meant that it was important with
metrics that would measure the effect caused
by the emotional features of the sonic inter-
face. These features, since being emotionally
experienced, such a metric should measure
emotional responses (Positive, Negative,
Exciting, Scary, Usable, et cetera).

These two features were thought to be covered
by the selection and assembly of, ultimately,
four metrics.

Metric 1: Valence and Arousal
– the SAM scale
A metric of “valence” rates a response of a
stimulus from positive to negative, while a
metric of “arousal” measures a response from
passive to active. These were metrics highly
relevant to the development of the evaluation
method, potentially enabling the measure-
ment of emotional features.

The “Self-Assessment Manikin” (SAM) by
Bradley and Lang (1994) is a set of three, five
point, pictorial scales that measures ‘valence’,
‘arousal’and ‘dominance’. Suggested byBetella
and Verschure (2016), “TheAffective Slider”, is
a digital reiteration of the SAM-scale measuring
only ‘valence’ and ‘arousal’. Also, by being
digital the scales of the Affective Slider have
infinite resolution.

By appreciating the benefits of rating scales by
pen and paper, the digital aspect of Affective
Slider were dismissed but the idea of higher
resolution inspired. In the work by Betella and
Verschure (2016), they also display an early
alteration of the SAM-scale as two nine point
scales measuring valence and arousal.

Implementing a metric that combined both
valence and arousal was deemed to be highly
valuable by providing two relevant metrics in
one efficient metric. Thus, the first chosen
metric for measuring emotional response
were the SAM scale measuring ‘valence’ and
‘arousal’ with a nine point scale (see figure
17).

Figure 17. SAM - Two 9-point pictorial scales for valence and arousal.
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Metric 2: Usability and Satisfaction
– the Van der Laan scale
Adding to metrics measuring the experience of
emotional features, found in the work by Van
der Laan et al. (1997), was the “Van der Laan’s
Acceptance Scale”. It is a system of nine pairs
of five point scale with descriptive words (see
figure 18). The participant are then asked to
rate, for each scale, closest to the word that best
describes their experience.

Afterwards, two scores are calculated; a usability
score and a satisfaction score, which together
plots onto a two-dimensional acceptance scatter
plot (see figure 19).

This method, like the SAM-scale, also combined
two highly relevant emotional measurements in
one, seemingly efficient, metric.

Metric 3: Understanding information
– the Likert scale
To approach the measurement of effect caused
by the functional feature of the information
design, there was a need for a metric allowing
specific tailoring. Meaning the metric had to
be able to be made for measuring responses
specifically to this structure [Plan, Goals,
Awareness, Action, Explanation and Behav-
ior].

According to Tullis andAlbert (2008) the Likert
scale is common within self-reported metrics. It
is often designed for participants to rate their
level of agreement towards a given statement
(see figure 20).

The “Likert” metric provided the evaluation
method with a metric that was designed to be
tailored to measure effects by some specific
statements. For this method there were five
statements generated, one relating to each of
the individual information categories of the
information design.

This enabled the participants to rate how
much they understood of each category of
information. This would potentially allow the
examination of how well the communication
was recieved.

Metric 4: Experiencing trust
– the Likert scale
As the last metric, in the need of measuring the
effect caused by the functional feature of the
interface design, the Likert scales were imple-
mented again. Being chosen in previous case
for its capability of being tailored to specific
structures it was simply reiterated to suit the
structure of the interface design as well. This
meant the implementation of a second set of
Likert-scales with statements regarding the
trust factors.

With these scales the participants would be
able to rate experienced trust related to the
trust factors. This was an effort to potentially
enable the examination of how well the trust
factors were communicated and recieved.

-2

-1

1

2

-2 -1 0 1 2

Figure 18. Chosen structure of the Van der
Laan’s Acceptance scale.

Figure 19. The scores then becomes coordinates
in an ‘Acceptance’ plot.

Figure 20. A five point Likert scale
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4.5.2.4. Establish the evaluation method
With an established observation technique,
variables and metrics, it was time to assemble
the metrics and establish the evaluation
method. This was done in the form of a
protocol (see Appendix 5) to make it easier to
implement and a protocol was thought to also
be beneficial for the upcoming study.

The metrics were structured in order, based on
how effectively they allowed being rated,
whether they should be reported before,
during or after the exposure of the video
prototype. With a designed protocol, the
evaluation method was established (see 5.2.2.
The evaluation method).

4.5.1. Designing the study
Before simply implementing the method in a
study, the study itself had to be designed. The
method, set with independent variables, infers
that they were designed to vary, allowing the
observation of change regarding the depen-
dent variables.

This entailed the need of a second video for
the study. A second stimulus for participants
to respond to, allowing the observation of the
change of response to the change of stimuli.
This second stimulus were decided to be a
‘baseline’, a version of the video without any
sonic interface.

This was implemented in the evaluation
method by making it a ‘within group’ design,
meaning every participant is exposed to both
versions of the video. This allows for partici-
pants to rate the experience with and without
the sonic interface.

Additionally, it was deemed beneficial to the
study for it to have its ownmetric.Ametric that
would provide the project with more open-
ended data as potential supporting material
while examining the design of the evaluation
method.

4.5.1.5. User trials
A method suggested by Milton and Rodgers
(2013) were “user trials”. A method intended
to expose the user to a concept of a design,
usually a product made for interaction. This
allows for both observational feedback from
the participant, post-exposure.

Practically it was implemented as an open
comment section at the end of the method
protocol for self-reporting own thoughts
regarding the experience.

The method were chosen because of its open-
ended nature which potentially could bring
insight both about the design but perhaps
more important about the method itself.
Which was thought to be crucial for a project
intended to develop a method.

4.5.2. Conducting the study
With a working prototype and an established
evaluation method protocol with an additional
reflective metric, the study could be initiated.

The study were conducted on four different
locations in Sweden; 1) Luleå, 2) Piteå, 3)
Skellefteå and 4) Sundsvall. However, most
(about 60%) of the studies were conducted at
Luleå Technical University (LTU).

Except ensuring the sample of participants were
Swedish-speaking (for instructional purposes)
and fairly even gender distributed, the sampling
were done at random. However, the age distribu-
tion were rendered quite narrow (see figure 21).
Two thirds of all participants belonged to the span
23 to 27 years old.All personal information were
anonymized and along with age, the participants
also stated gender which, in this context, allowed
the observation of gender distribution (see figure
22).
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Figure 21. Age distribution of study participants
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Every participant were greeted at a secluded
location and asked to be seated in an office
chair in an upright position facing a screen
with closed, stereo headphones (see figure
23). The actual conduction were then divided
in four chronological segments:

I. Study introduction
The participants were given five minutes to
read the first page of the protocol (see Ap-
pendix 6) which provided an introductory
text. The text explained the purpose of the
study, the idea of a sonic interface and the
following course of action required during
the study. After five minutes the participant
were provided with an oral review of how the
SAM scale works and how to use it. When
the participants gave the notion of feeling
confident enough with the SAM scale the
first video could be played.

II. Video one
First video which would then be paused at the
five chosen events at which the participant
were allowed unlimited time to rate their
SAM responses (Valence + Arousal).
III. Video two
The participants were given roughly 30 sec-
onds before the second video were started.
Followed by the same course of actions as
with video one. The participants were allowed
to go back and check their previous ratings.
IV. Post video reports
After the videos the participants were allowed
to sit anywhere they wished in the secluded
location. At which they self-reported the
acceptance scale, the two sets of Likert scales
and finally the user trial comment section. The
participants were provided unlimited time to
finish this last segment.
The order in which the participants experi-
enced the videos (with and without the
sonic interface) were alternated for half of
the participants. This was to cancel out any
order-related effects on the responses.
Additionally, this order alteration was
performed between every individual study.
This was an attempt to cancel any learning-
effects regarding the facilitator, potentially
caused by practice and gained experience
throughout the study.
This study took roughly 30 minutes per partic-
ipant and were initiating by two pilot studies.
These were conducted to try out the protocol
and make potential changes. After coming out
successful these were then followed by the
rest of the scheduled participants which
summed up to a total of 30 participants.
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Figure 22. Gender distribution of study
participants

Figure 23. The study set-up
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4.5.3. Extracting and post-processing
data

The results of the studies were digitalized and
put in to a sorted table (seeAppendix 7) which
enabled an efficient overview and some early,
necessary, post-processing.

4.5.3.6. Post-processing the SAM data
The SAMmetric, being the only metric reported
two times per participant, could be calculated as
a ‘change in emotional response’(see figure 24).

This calculation were done for all participant
and thus rendering 30 values of change in va-
lence and arousal for each of the five chosen
events (see Appendix 8).

Additionally, the data were analyzed with a
T-test and Wilcoxon Signed Rank Test (See
Appendix 9). These tests are statistical models
that produces the probability of an observed
change to be random. T-tests assumes the
dataset to be normal distributed, while
Wilcoxon Signed Rank Tests does not. These
two models were calculated as a paired, two-
tailed tests to provide a more developed basis
for the review of the SAMmetric (see 5.2.3.1.
Self-Assesment Manikin results).

4.5.3.7. Post-processing the Van der Laan
data

The Van der Laan’s Acceptance metric, with a
specific set of calculations provided by the
method itself, resulted in a ‘Usability score’
and a ‘Satisfaction score’ (see Appendix 10).
These were plotted in a, so called, ‘Accep-
tance’ scatter plot (see 5.2.3.2. Van der Laans’
Acceptance results).

4.5.3.8. Post-processing the Likert data
The data of the Likert scales were presented
with calculated median and average of the

dataset displayed in a histogram (see 5.2.3.3.
and 5.2.3.4 Likert results).

This provided the project with a presentable
overview of the gathered data and material for
reviewing the metrics.

4.5.3.9. Post-processing the user trial data
To organize the open-ended answers the project
used amethod called “Frequencymapping” (see
Appendix 11) suggested by Nunnally and
Farkas (2017). A visual method to represent the
importance or mentioning frequency of certain
key words from open questions of surveys, pro-
viding an easy-to-use overview (see 5.2.3.5.
User trial responses).

4.5.4. Reviewing the evaluation
method

When the post-processing were done, the data
could be reviewed and reflected upon, making
a final result conclusion regarding the devel-
opedmethod. To do this, the project established
two arguments as guidelines to determine the
quality of a metric;

With these two arguments, the metrics were
examined accordingly and a final conclusion
regarding the practically developed evalua-
tion method was presented (see 5.3. Result
conclusion).

1) The level of difficulty to draw a
conclusion based on the results of the
metric.

2) The level of correlation between made
conclusions and the ‘reality’ described by
the user trial.

SAM (with sonic interface) - SAM (without interface) = “Change in SAM”

Figure 24. The equation for calculating change in SAM response
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4.1. METHODOLOGY
DISCUSSION

This chapter is were I, the author of this thesis,
discuss and reflects upon some of the aspects
regarding the methodology of this project. I
believe this way of conducting this project
have had its beneficial aspects and its disad-
vantageous aspects.

First, I really am impressed with what the
practical design approach driven development
of the method contributed with. It obviously
provided the design of the prototype but in the
process of practically developing the proto-
type you inevitably acquire insights of its
structural aspects. Great way to gain insights
into what constitutes such a specific and vi-
sionary product as a sonic interface for self-
driving cars. Both the prototype and the in-
sights that was acquired while designing it
provided great support and made dissecting
the aspects for what the metrics should mea-
sure, much more efficient.

Of course, this practical approach might cause
the evaluation method being tailored for this
specific definition of how an interface is struc-
tured. However, this was a conscious choice
in order to be able to produce an early itera-
tion of the method in a rather limited time
frame.

As a second note, I think it is obvious that the
level of complexity increases towards the later
stages of the project. In hindsight, I think the
reason for this is mostly a consequence of,
which showed over time, a rather two-headed
project. Up to the point of creating the func-
tioning prototype, the development was well
suited for a design process. While, past that
point, it would perhaps been more suiting
with a research based process. It is still diffi-
cult to determine how the project should have
optimally been managed considering its vi-
sionary context and great need for a designed
foundation.

Perhaps it would have been more beneficial to
generate several evaluation methods, leaving
the review to future work. Perhaps it should
have been aimed at generating several func-
tioning prototypes, leaving the development
of a method for future work. Or, perhaps it

would have benefitted from being two sepa-
rate projects, all in all.

Nonetheless, despite considering these poten-
tials, because of time restraints and the need
for outsourcing the actual sound design none
of the above were suitable for this case. It was
deemed, from the start, to be most beneficial
(both for the thesis and the SIIC-project) to
examine different metrics and how they po-
tentially could or could not be implemented.

Also as a counterpoint, using a design process
has been a great asset and perhaps the most
important aspect for this project. Having a
process that promotes implementing creative
methods was essential to establish the neces-
sary designs (e.g. information, interface and
sound designs). These enabled the creation of
the prototype and thereby, in extension, the
evaluation method.

Additionally, as a comment about the chosen
process designs. The chosen process designs
greatest asset was, besides the structure, their
provided method libraries. There has always
been suiting methods close at hand thanks to
the chosen methodologies.

Amethodically problematic aspect, according
to myself, was the fact that the project scope
were limited to using only sound as a sensory
system. It was a large project already, so it
would probably not have been time for more
sensory designs but I believe that a better so-
lution considers more than one. A lot of litera-
ture even addressed that sound is often best
used when combined with other sensory en-
gagements (e.g. tactile). Thus, a complete so-
lution would probably benefit from
considering and engaging more sensory sys-
tems.

Regarding some methodically problematic as-
pects of the evaluation method was the video
and the fact that there was only one iteration
of the created method. First, I do not believe
this could have been done in a much better
way given the time restraint but it is perhaps
worth highlighting for future work. Using
video in this context was effective but its po-
tential effects on the experience is never con-
sidered. Despite getting the point across to the
participants, sitting in a real self-driving car is
surely a completely different experience and it
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would be interesting to see the difference in
responses. Secondly, creating one iteration of
the method only reviewing it against the re-
sults of the user trial is perhaps too flawed of
a process. The validity of the method might be
more efficiently reviewed and reflected upon
using iterative studying. The development of
the evaluation method itself would probably
have benefitted heavily by even a second or
third iteration.

Regardless, I believe the project have pro-
duced a great foundation for future work de-
spite becoming quite complex, considering its
l visionary context. All the time consuming
segments was necessary to even enable the
development of the method. In some sense, it
had to be explorative, iterative and sometimes
an almost awkward process, to approach the
end result.
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5. RESULTS

In this chapter the results from the ideation, the prototyping and the
study, will be presented. Regarding the process of this project this
chapter contains the results generated during the ideation and the

prototype phase.
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5.1. IDEATION RESULTS
The first sub-chapter presents the results from
the ideation phase. This phase was laying the
foundation for creating the aim of the thesis,
an evaluation method. This entailed first cre-
ating necessary design tools (maps of infor-
mation basis, user behavior and cases) which
enabled the creation of ideas for sonic inter-
faces. These ideas could then be compiled into
representable concepts of sonic interfaces.
These design tools and concepts are presented
in this chapter.

5.1.1. Information design
Because of how interfaces were defined in this
project, establishing the set of information
that should be communicated essential to later
creating interfaces. Through the contextual re-
search is was shown that communication by
drivers was a great factor of comfort to pas-
sengers. The drivers observed behavior were
therefore directly established as this set of in-
formation defined as ‘the communication ba-
sis’ (see figure 25).

It consists of six categories, which translates
to how the different messages and their future
sounds can be separated by their different
purposes. Establishing this set of the relevant
information for self-driving cars to communi-
cate comfort was a valuable basis for later de-
signing the interfaces. During later ideation,
this could be uses as a starting point and then
adapt it depending on what kind of problem it
sets out to accommodate.

5.1.2. Personas
To ensure the valuable observations regarding
the intended users were used, they were made
into a design tool using the ‘persona method’.
The different observed aspects were made
into three representative fictional users (see
figure 26.

As seen in the illustration, the personas were
named Ebba, Inger and Johan. The illustration
is a compilation of a more extensive docu-
mentation regarding their personalities.

Ebba is a 29 year old career centered person
who commutes to her work place almost
every day. Her commute takes about 30-45
min depending on traffic and therefore, if she
goes by a self-driving car her goal would be to
work during her commute. This entails not
being disturbed and being able to be private.
This makes informational overload a real
problem for her.

Figure 25. Established informaion design.

Figure 26. Established personas
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Inger is 79 years old and likes to travel, how-
ever, she has a need of control, which can
manifest itself in many shapes and forms. She
has a hard time trusting any driver and it
makes it hard to enjoy travelling. Also, Inger
is completely uninterested in technology
which contributes to not trusting that either,
since as for any person, it can be difficult to
trust things you do not understand. All this
combines and provides Inger with a case of
severe trust issues towards the technology of
self-driving cars if she were to ever drive one.

Johan is a 19 year old student who is all about
socializing with friends and family. He is very
interested in technology and often dreams
about having a self-driving car. He, as Inger,
likes to travel and is especially excited about
self-driving cars because of all the socializing
it will allow. However, he has a hard time en-
joying actual travelling since he very easily
gets motion sick and is worried he will never
be able to enjoy a self-driving car.

Despite being quite extensive, these personas
made the observations usable in a more prac-
tical manner, enabling them to contribute to
later ideation and ultimately evaluation.

5.1.3. Customer journey
As the last design tool ideated based on the
contextual research were the mapping and
utilization of common and relevant user cases.
Based on the established mind map and the

problems belonging to the personas, a se-
quence of relevant scenarios were structured
(see figure 27). As seen in the illustration the
journey were constructed as a sequence of 13
scenarios:

All of which, were thought to contribute with
some activation of stress for different kinds of
users, making them valuable to map and
explore in a customer journey. This sequence
offered a material to approach the development
of ideas, but perhaps more important, offering a
structured platform for later evaluation.

1. Enter car

2. Travel information

3. Backing up

4. Leave parking area

5. City drive
(Slower speeds, populated surrounding)

6. Traffic jam
(Jerky driving)

7. Ramp on highway

8. Highway drive
(Higher speeds, less populated surrounding)

9. Curvy road segment
(Stressful for motion sick users)

10. Ramp off highway

11. Enter parking area

12. Parking

13. Leave car

Figure 27. Established customer journey
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5.1.4. Concepts
Aiming at establishing an evaluation method,
the project needed a functioning prototype of
a sonic interface. This prototype was planned
to be derived from ideating different sonic
interface concepts, offering some alternatives
for realization.

The concepts represented different sonic
interfaces that, in different ways, uses the
available set of information offered by the
established communication basis.

5.1.4.1. The motion sickness interface
The first ideation were using gathered knowl-
edge from reviewing literature (see 3.2.1.5.
Motion sickness conclusions) and insights
from the contextual research, focusing on
accommodating motion sickness. From the
reviewed literature, motion sickness is mainly
about sensory conflicts, meaning there is no
clear sense of an actual or true motion to the
users cognitive systems.

The majority of the generated ideas for this
problem were about using the users auditory
abilities (see 3.4.1.5. Sonic cognitive conclu-
sions) to dominate it with sounds that would
convey ‘actual motion’. By doing so, hopefully
making it clear to the users cognitive systems
which, of all the sensed motions, is the true
motion.

The interface design for accommodating motion
sickness ultimately became an design of three
interface components; Prepare, Understand and
Confirm motion. The whole interface is about
representing movements of the car, making it a
top priority.

The concept were presented using different
cognitive models to showcase what it could
look like (see figure 28).

Prepare
About getting the user ready and aware of up-
coming motion which thought to be enforced
by advancing the ‘action layer’. Every motion
that occurs is communicated by sound a few
moments earlier, making up for response time
and cognitive latency.

Understand
To optimize the passengers understanding of
the cars motion this component articulates the
cars movement as two types of motions: Self-
motion and Relative motion.
• Self-motion
Consists of changes in velocity, inclination, and
rotation, which could be sonified by using the
user’s ability to perceive change in frequency,
tempo and timbre.

• Relative motion
Consists of highlighting specific objects (e.g. ar-
chitectural objects, certain vehicles, landmarks et
cetera) that can contribute to understand how the
cars moves relative to its surrounding. These ob-
jects can be localized using the user’s abilities to
perceive change in loudness, the Doppler effect
and directional cues.

Confirm
Enabling the car to inform about an ongoing
event and when said event is done. Examples
of events can be ‘changing lane’, ‘accelerating
to ramp on highway’ et cetera. Events have an
indefinite time frame, thus asking for a design
able to adapt which makes sequential integra-
tion (melodies) a suiting interface component.

Figure 28. Motion sickness concept
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5.1.4.2. The informational overload interface
The second ideation focused on using the
gained theoretical knowledge about user’s
sonic abilities and about the problem itself to
accommodate informational overload (see
3.3.1.1. Cognitive interaction conclusion).
The problem is about being fed information to
a point were no information is being effi-
ciently processed. It is excessive and affects
the important pieces of information.

Most ideas for this concept were about identi-
fying key information. How to use available
cognitive models to make important informa-
tion stand out, being easy to process and reach
the user.

The final concept of a interface design that ac-
commodates informational overload con-
sisted of two separate interface components:
Reduction/Simplification and Integration/
Separation (see figure 29).

Reduction/Simplification
This component is about making the flow of
information relevant and simple. For instance,
the interface could combine and remove some
of the communication categories. As seen in
the illustration, the “behavior” category has
been made a ‘filter’ that functions as an effect
on the other information categories. Thus,
reducing the amount of categories without
removing its presence. The “perception”
category has been removed completely and
the “intention”, “action” and “explanation”
categories has all been combined into one
“event” category. The interface makes the
communication less articulate but more
simple.

Integration and separation
This component is about making the cate-
gories more distinctive. The user can hear
what sonic events belongs to the same
informational category and separate the
ones which do not. To make some sounds
belong and some not, the concept makes
full use of the auditory gestalt principles;
Distance, Similarity, Proximity, Motion
and Closure. Also of the cognitive integra-
tions; Melody and Harmony.

Figure 29. The information design has been managed using reduction and separation.
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5.1.4.3. The trust enhancing interface
The third and last ideation for sonic interfaces
was focused at enhancing trust towards self-
driving cars by using theoretical knowledge
on this subject (see 3.3.2.4. Emotional interac-
tion conclusion). The level of trust towards
self-driving cars were highly individual.
Therefore the derived concept from this
ideation were made as a ‘personalized inter-
face’-system. An effort to enable the estab-
lishment of trust with such a diverse group of
intended users.

The difficulty of this concept lies in identify-
ing and categorizing all the different user
preferences and then specifying different
sonic interface designs to these preferences.
This was deemed a long-term iterative design
process and thus, for this project, as a proof of
concept, personalized interface designs were
designed only for the three personas.

The ideation, using the morphologic chart,
were used to establish what preferences the
different personas possessed. From this, three
personalized designs were generated:

“The Butler”
A sonic interface design made for Ebba, the
work focused persona. The Butler is an inter-
face that mainly is about being unobtrusive
and offer control.

Main categories communicated; PLANS and
GOALS. It prioritizes to keep Ebba aware of
aspects like planned destination, travel time,
estimated time of arrival, upcoming move-
ments et cetera, while being minimalistic.

Main functions of sound design; Control. She
will be able to control the interface in detail,
lowering volumes, prioritizing different cate-
gories by herself, et cetera.

“The Teacher”
A sonic interface design made for Inger, the
persona with low trust towards the self-driv-
ing cars. The Personal Trainer is an interface
that mainly focuses on being comforting and
educational (function as an introduction to the
autonomous technology).

Main categories communicated; GOALS,
AWARENESS, ACTION and EXPLANA-
TION. It prioritizes comforting Inger and let
her understand the current situation, answer-
ing questions like “What will happen?”,
“What is happening?” and “What just hap-
pened?”.

Main functions of sound design: Associations
and caring. An associative sound design uses
references from the current everyday (soft bell
to inform of a biker, increasing pitch for accel-
eration, et cetera). A caring sound design is
about what to sonify (e.g. humans vs. build-
ings) and implementing anthropomorphism
(talking voices, musical instruments, et
cetera).

“The Facilitator”
A sonic interface design made for Johan, the
social student that easily gets motion sick. The
Facilitator is an interface that mainly focuses
on being responsible and fun.

Main categories communicated: AWARE-
NESS andACTION. It prioritizes keeping Jo-
han fully aware of the cars relative and actual
self-motion, to reduce motion-sickness.

Main functions of sound design: Gamified re-
ality. A conceptual sound design that sonify
objects from reality to enforce true motion but
makes it fun by making it a game.

These were all guidelines that could be used
when iterating different designs. This was in-
tended provide designers with insight for how
to approach different users by preference and
make them more distinctive.
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5.2. PROTOTYPE RESULTS
The prototyping phase were planned to result
in the development of the evaluation method.
To achieve this, a functioning prototype was
made allowing the identification of important
variables. These variables were planned to be
measured by carefully chosen metrics which
were then assembled as an evaluation method.

As the last part of the phase, the developed
evaluation method was implemented in a
study. This was to provide the method with
quantifiable data allowing for making a final
conclusion regarding its practical function.
Therefore, this study had to be designed first
and then conducted.

In this chapter, the results of creating the pro-
totype, developing the evaluation method, the
design and conduction and data analysis of the
study is presented.

5.2.1. The prototype
The first segment of the prototyping phase
was to create the prototype. It was imple-
mented as a six minute long video version of
the customer journey with a sonic interface,

showcasing its functionality, during the dis-
played scenarios (see figure 30).

The sonic interface design of the prototype
were made to enhance trust toward self-driving
cars, as a part of the “personalized interface”
concept. The design was made to follow these
principles:
• Association
It uses typical everyday sounds for some of the
scenarios (e.g. honking horn to alert for cars,
backing-truck-beeps for backing, et cetera)

• Caring
In an effort to be more caring it was designed to
not explicitly translate actions from its reality, but
rather inform of their general purpose. For
example, a takeover would not be sonified as
“changing lane, accelerating, passing car,
changing back to initial lane, deaccelerating“. It
was rather designed to sound like: “takeover
engaged … now done”.

• Human
Anthropomorphism was deemed important for the
purpose of this interface, therefore the use of a
human voice and musical instruments were used.

Figure 30. Screenshots from the prototype video
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5.2.2. The evaluation method
The functioning prototype enabled the practi-
cal development of the evaluation method.
This resulted in a self-reported observational
method, using satisfactory metrics to measure
the effects caused by functional and emotional
aspects of sonic interfaces. Also, regarded as
an influential component and, to some extent,
measured by the method was the design of the
information basis (the designed set of avail-
able information). The chosen, satisfactory
metrics to measure the experience were:

• SAM-scales
Measures valence and arousal.

• Van der Laan’s Acceptance scale
Measures usability and satisfaction

• Likert scales
Measures agreement regarding statements

The metrics were assembled and structured as
a protocol (see figure 31). Set to be rated
during the video prototype was the SAM met-
ric because of its low complexity, allowing for
efficient rating. Because of a rather long video
it was decided that multiple events could be
rated, therefore five individual SAM scales
were implemented. Meaning the participants
rated their experienced valence and arousal
five times at specific events of the video.
These events were chosen by their assumed
difference in urgency regarding emotional and
functional aspects:

Event 1. Entering car
Event 2. Hard brake for passing car
Event 3. Acceleration to enter highway
Event 4. Retardation to exit highway
Event 5. Leaving car

Then, after experiencing the video prototype,
the participant would rate the Van der Laan’s
Acceptance scale and two sets of Likert scales.
The sets of Likert scales were implemented to
measure functional aspects regarding two
different components; 1) The communication
basis and 2) The sonic interface.

The first set of Likert scales were therefore
focusing on information categories within the
communication basis. This resulted in five
statements to rate if the sonic interface
contributed to a better understanding of:

The second set of Likert scales were focusing
on the trust factors implemented as the func-
tional aspect of the sonic interface. This
resulted in six statements to rate if the sonic
interface made car feel more:

1. Trustworthy (Dependability).
2. Predictable (Control).

3. Caring (Caring).
4. Honest (Caring).

5. Competent (Dependability).
6. Durable (Durability).

The established evaluation method enabled
the conduct of the planned study in an effort
to provide the development of the method
with quantifiable reviewable material.

1. The planned journey (Plan).
2. The cars intentions in time (Goal).

3. Ongoing movements (Action).
4. When a movement were done (Explanation).
5. The cars perception of its surrounding (Awareness).

Figure 31. Overview of method protocol
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5.2.3. The study
The design of the study resulted in a ‘within
group’ design, meaning the study exposed
participants of two different versions of the
video prototype. One version with and one
version without the sonic interface playing
along the video. This enabled the observation
of change in effect caused by being exposed
to the two stimuli. The study was conducted
with 30 participants.

After being conducted, the data were digital-
ized and then post-processing of the data were
done in five segments: 1) SAM ratings, 2)
Acceptance ratings, 3) Likert (set one) ratings,
4) Likert (set two) and 5) User trial responses.

5.2.3.1. Self-assessment Manikin results
Being the only metric measured twice during
the study, the SAM results allowed for observ-
ing actual reported change in response. All
300 individual reported values using the SAM
metric can be viewed in these two separate
bubble diagrams (see figure 32). Separating
the values regarding the experience without
any sonic interface and the other regarding the
experience with the sonic interface prototype.

As seen in the diagrams, the rated level of va-
lence acts as x-coordinates and the rated level
of arousal acts as the y-coordinates. The size
of the bubbles is the frequency of that specific
combination of valence and arousal being re-
ported. The blue bubbles is highlighting the
median values of all reported values which
were calculated (6,3) without and (7,3) with a
sonic interface.
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Figure 32. Bubble diagrams for all SAM responses
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From this the average change between all 150
reported pairs of SAM values were calculated
for each of the five events and illustrated (see
figure 33).

As seen in the illustration, the average change
of valence (V) is positive for all observed
events. Meaning the events were, in average,
all rated as ‘more positive’when experiencing
them with the sonic interface. Also seen in the
illustration, the average change of arousal (A)
is positive for event one (entering car) and
negative for the remaining four events. Mean-
ing, except for event one, the events were, in
average, rated as ‘less active’when experienc-
ing them with the sonic interface.

These observed changes were also analyzed
with the statistical models called T-test and
Wilcoxon Signed Rank Test. These models
are used to calculate the probability for an ob-
served change to be true.

For all observed changes of valence (V), ex-
cept for event one, the changes was calculated
as ‘statistically significant’, marked green in
the illustration. Meaning, that the positive
change of valence (V) during event two, three,
four and five had a probability higher than
95% to be true.

5.2.3.2. Van der Laan’s Acceptance results
The results from the Van der Laan’s Accep-
tance metric could be used to derive, what was
called, a usability score and a satisfaction
score, for each participant. These score are
meant to indicate experienced level of usability
and satisfaction. Having two values correlating
to each participants experience, these were
used as coordinates (usability, satisfaction) in
an ‘Acceptance’ scatter plot (see figure 34).

The blue dot representing the average (usabil-
ity, satisfaction)-score. The average usability
score were calculated to be approximately
0,91 and the average satisfaction score were
calculated to be approximately 0,70.

5.2.3.3. Likert (set one) results
The results from the first set of Likert scales,
containing of five statements was processed in
a staple histogram with average and median
values regarding each statement. These staples
were labeled with the category of information
the related statement was intended to measure
(see figure 35).

The blue staples represents the averages of
reported values while the pink staples represents
the medians of reported values. Five being
‘strongly agree’ and one representing ‘strongly
disagree’.
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Figure 33. Calculated change in valence and arousal for each event.

Figure 34. Scatter plot of usability and
satisfaction scores
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As seen in the figure, the statement regarding the
plan category of information was topping the
other staples with an average value of 4,43 and
median value of 5. While the other statements
regarding the other information categories were
rather similar, all with the median value of 4.

5.2.3.4. Likert (set two) results
Same presentation as with previous set of Likert
scales was made with the second set of Likert
scales. This set, however, contained six state-
ments focusing on the experienced level of trust
in relation to the trust factors. These staples were
therefore labeled with the factor each related
(see figure 36).

Since some of the statements related to sub-
categories of the same trust factors, they were
calculated as measuring in relation to the
same factor. Therefore, as seen in the
histogram, there are only four staples. Again,
the blue staples representing the averages and
the orange representing the medians of the
reported values.

As seen in the histogram, the average values
were more diverse in this set, the durability
factor having the lowest median value of 3
while the other shared a value of 4.

5.2.3.5. User trial responses
Comments after the study were analyzed and
presented using a frequency map (see figure
37) to offer a sense of common opinions re-
garding the complete experience. This in-
cludes opinions about experiencing the sonic
interface, the video, the evaluation method as
well as participating in the study.

As seen in the figure, some of the opinions
stand out regarding their mentioning fre-
quency. Amajority of participants thought the
prototype to immersive and the need for a
sonic interface in self-driving cars were
documented as essential, mentioned by almost
every participant. The amount of participants
who liked the sound design were practically
equal to the amount who disliked it and
almost every participant appreciated the
informational voice in the beginning.
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Figure 35. Histogram of average and median Likert (set one) responses

Figure 36. Histogram of average and median
Likert (set two) responses

Figure 37. Frequency diagram of user trial
responses



50

5.3. RESULT CONCLUSION
With the study using the developed evaluation
method conducted and the data extracted and
analyzed the method could finally be reviewed.
First some comments about each metric then
ending the chapter with a final method conclu-
sion.

5.3.1. The Self-Assessment Manikin
scales

The difference in valence and arousal from
each SAM-scale between the videos is,
according to average and median, rather
diverse. Seemingly a difficult basis for any
conclusion regarding the emotional responses
of the sonic interface prototype. However, this
diversity response is also observed in the
frequency map, specifically focusing on the
sound design.

Additionally, when analyzing the results from
the T-test and Wilcoxon test of SAM-values,
it was concluded that the observed change, for
most events, were significant. This seems con-
trary to the conclusions of the first paragraph
but it could be the consequences of a complex
co-existence between the sound and interface
design. Most participants appreciated the
function of being alerted of the upcoming car
or the acceleration onto the highway but not
all participants liked the way it alerted (the
sound design). This also aligns with the many
positive comments about the presence of a
sonic interface, of which several claimed it
provided “comfort” and “control”.

5.3.2. The Van der Laan Acceptance
scale

The Acceptance level is pretty clear and
shows quite high level of acceptance and it
presents a higher average in usability than
satisfaction. This correlates to the diversity in
opinions about the sound design and the more
dominant consensus that the interface’s func-
tion is highly beneficial to the self-driving car
experience.

A polarized result can be an indication of two
cases; 1) The design is, in one way or another,
benefitting the experience or 2) It was difficult
to provide an articulate answer to the
question.

Potentially, there is some truth to both of these
cases. The Van der Laan Acceptance scale
probably benefits from being used in relation
to a more clear and concise stimuli. Meaning,
the metric is deemed to be rather valid and
provide valuable insights for a designer of a
sonic interface but can give skewed results if
the stimuli is too complex. Answering if
something felt comfortable after experiencing
five different sounds, can be difficult to an-
swer and ultimately give a misleading insight.

5.3.3. Likert scales
The first set of Likert scales, focusing on
understanding the communication purposes,
the communication basis of the interface, is
difficult to analyze. It clearly shows a spike
regarding the informational voice in the
beginning of the prototype, which indicates
the appreciation for clarity of human, vocal
instructions. Which aligns with truth of the
frequency map. The rest of scales are at an
average of 4. This either shows that the con-
veyed information were easily understood or
the questions were too difficult to answer.

The second set of Likert scales, focusing on
the experienced level of trust in relation to the
trust factors, also delivers a more difficult
results to analyze. The set contains a more
diverse rating interval but it is also averaging
around 4.

The Likert scales can potentially give benefi-
cial insights about very specific entities but
they, as the metrics before them, demands an
simpler stimuli. Also it is quite clear they
demand a higher level of question design. The
results from both sets of Likert scales are
heavily polarized (no distinct diversity among
participants responses) and therefore difficult
to analyze for design insights. This is inter-
preted as an indication of poorly designed
questions/statements.

5.3.4. Final method conclusion
The method does present interesting results
that affords some insights that aligns with
some of the results of the user trial. This gives
the indication that some of the metrics, to an
extent, does work and could potentially be
used as an evaluation method for design
iteration.
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If the method is used as it has in this project it
will potentially only offer conclusions that is
true for most participants. There is no efficient
way to specifically relate a result to a certain
part of the design (e.g. the sound design or the
interface design). However, the metrics show
consistency by showing trends that seem true
for most of the participants as a group, which
indicates some level of legitimacy to the
metrics.

The SAM scales and Van der Laan’s
Acceptance scale seeming the most valuable
while the sets of Likert scales rates quite low.
But, as stated earlier, this could be the results
of poor implementation and design regarding
the Likert scales.

Ultimately, as a reflection on the implemen-
tation of this evaluation method. This result
probably entails that the more extensive/
complex an interface is the more of an
tangent result it will present. This can
become troublesome if it is not understood
and too much value is put into the raw data
without reflecting upon the complexity of an
interface design. The best practice using this
evaluation method is potentially evaluating
smaller parts of a larger interface. Allowing
participants experience and respond to one
scenario at the time.



52

6. CONLUSION
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6.1. WHAT ARE COMMON
PROBLEMS OCCURRING
FOR PASSENGERS WITH
SELF-DRIVING CARS?

This was a highly visionary question and of
course the project would not be able to foresee
the actual answer to it. However, throughout
the project some highly reasonable problems
that could potentially occur during the
development towards fully self-driving cars
has been presented.

First, motion sickness, a common problem even
today. It is plausible that this problem can
become an even greater issue if designs of future
cars does not consider this problem. Theory
claims, the foundation of the problem is sensory
conflicts which extends to either having poor
grasp of real motion or having conflict prone
sensory systems. The latter is perhaps a problem
to great for designers to manage but the prior
point, poor grasp of real motion is possible to
accommodate. The difficulty in establishing a
sense of real motion lies rather in how to design
it without making it alarming.

Second problem was informational overload.
This issue was identified during contextual
research but it was also suspected to become an
even greater issue if not considered in future
design. There is likely going to be several sen-
sory engaging interfaces (visual, sonic, haptic, et
cetera) in the future cars. If they are not
coherent, informational overload will likely
occur. Thus, in the development of somany new
interfaces that the new technology offer, some
focus on making them coherent and unobtrusive
should be present. After all, self-driving cars are
supposed to provide freedom, provide room for
other activities. By considering informational
overload as a problem, the risk of losing this
potential freedom can be reduced.

Third and last problem, low trust toward self-
driving cars. This is potentially the most
commonly suspected issue of self-driving cars
and usually it is argued that it is something that
will have to develop over time. However, this
also makes this issue to one of the most impor-
tant ones. A manufacturer that successfully
delivers the first self-driving car that actually
feels safe and/or trustworthy has a lot to offer
and such a feature should be considered.

6.2. CAN A SONIC INTERFACE
OF A SELF-DRIVING CAR
INDUCE TRUST?

Based on both the results of the study and the
experience from practically developing the
sonic interfaces, it is most likely that they are
capable of inducing a sense of trust. 29 out of 30
participants of the study answered that, despite
their opinions regarding the design, they truly
felt more comfortable with the sonic interface
for most scenarios. The mere function of being
notified was thought to be a comforting usage of
information.

However, the study also showed how care-
fully the sonic interface has to be designed. A
system that intends to make a user more aware
has to be careful in doing so to avoid the risk
of being alarming, ultimately scaring the user
and having the opposite effect. This was
shown plenty of times with the use of the
SAM scale. Most participants, as seen in the
results, felt most scenarios seemed more
positive with the sonic interface but most also
stayed at the same level of arousal. Meaning
even if a sonic interface makes it more
positive, their experienced level of urgency
can still be the same (excitement versus fear).

This balance in the design must be considered
for all types of inducements of trust. For this
case, induced trust by increasing awareness,
the balance was between not aware and too
aware. It should be considered there might be
other ways of inducing trust, most likely
entailing its own required balance.
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6.3. CAN A SONIC INTERFACE
BE EVALUATED FOR ITS
INDUCED LEVEL OF
TRUST?

That this would be the case is indicated to be
true. The evaluation method practically derived
from this project is not optimal in any way but
it shows great potential for the possibility of
evaluate experienced sense of trust. This notion
is based on two indications:

1)Trust is, which was shown in the theoretical
chapter on the subject, highly complex and
seems to be established by several
contributing factors.

2)During the project, a few factors that
contributes to the sensation of trust
(valence, arousal, et cetera) were,
seemingly successfully, measured.

Thus, trust consists of contributing factors and
the project has indicated that these factors
potentially are measureable. Then, if more of
these contributing factors were covered by an
evaluation method, ultimately the method
would measure “induced level of trust”.
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7. DISCUSSION

This chapter functions as a platform for the author to reflect and
discuss the project and the results. The author will reflect upon
aspects that function efficiently and/or beneficially as well as aspects
that functioned less efficiently and/or less beneficially. The chapter
will continue with thoughts on problematic premises and
assumptions and is finished by a few words on recommended

measures for future work.
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First, I would like to highlight, what I believe,
have been the two most impactful difficulties
regarding the project;

1) The visionary context

2) The interface system.

The visionary context, referring to the
currently non-existing everyday user context
of self-driving cars entailed large quantities
of ideation work. This was to establish a
somewhat probable futuristic premise for the
ideation of the sonic interfaces for self-
driving cars. This provided the project with a
rather prominent “design process” character.
However, toward the end of the project,
towards conducting of the study, the project
adopted a more “research oriented” charac-
ter. This rather two-headed character has
been present, especially during later phases,
which have made planning, designing and
reasoning more difficult.

This also extends into the second major
difficulty of this project, the interface system.
How a sonic interface should work and trying
to dissect it have probably been one of the
largest and most iterative processes during the
project. Initially it was thought of as a single
entity, later it became two separate (sound and
interface) and ultimately it became three
entities (information, interface and sound). The
definition had to grow through insights by
establishing theory, contextual research and
finally ideation. In hindsight it was obvious
why I would let it consume so much time, to
evaluate it I must be able to understand its
components and their purposes. Finally estab-
lishing the definition (information design,
interface design and sound design) was a major
breakthrough. It enabled the creation of the
concepts and ultimately the evaluation method.

I also believe there to be a few problematic
aspects that were not considered during the
project, that perhaps should be considered in
future work.

First, regarding establishing a probable
premise for such a futuristic context to enable
designing sonic interfaces, which was deemed
necessary but does entail problematic aspects.
This implies the future designs were made
according to a designed premise.

A designed premise entails the risk of being
unconsciously designed to suit future designs
rather than future designs suiting the premise.
To an extent, this also applies to most ideation
results. It should be considered that many
aspects of the ideational work could have
been unconsciously affected by me and my
personal opinions. Especially since I was the
only person in this project.

Additionally, I do think some of the ideation
should be considered as perhaps too confident
in the theoretical framework. While not
questioning the presented theories, directly
implementing it will perhaps show some
practical flaws despite being difficult to
foresee. As an example I got the chance, right
after the thesis, to also realize some parts of
the motion sickness concept which proved to
be heavily flawed. Making a user that aware
of real motion actually makes for a terrifying
experience, everything became urgent and
alarming. The intended function worked but
there are consequential issues that also needs
to be considered in the design. Perhaps worth
considering that concepts heavily grounded in
theory probably benefits from being designed
followed by practical iteration.

Also regarding the process of designing sonic
interfaces, I think there is some problematic
aspects worth discussing. None of the
concepts considers other possible sounds of
the car, for instance, the radio. This was not
considered because of intended explorative
ideation but for projects closer to actual
implementation this is highly relevant and
should be considered.

With all that said, I think the project has been
very successful. The found and concluded
indications regarding potential trust enducing
capabilities of sonic interfaces and a first
reviewed method iteration of how it could be
measured showed great potential.

Additionally, I think the thesis has provided
many beneficial outcomes besides the actual
results. The project has offered many insights
regarding the different occurring challenges.
For instance, ideating sound and structures of
sound (interfaces) has shown highly difficult,
similar to the difficulty of communicating
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ideas without sketching them. This also
makes responding to sound quite difficult as
well, at least articulating evaluative thoughts.

I believe, for this case, it was beneficial to create
a ‘complete’ interface (for several scenarios) to
experience. Regardless of it being perhaps more
complex to evaluate using the metrics. I experi-
enced that the participants, by being provided
much material, had an easier time evaluating
than they would with singular sounds, despite
one time exposure. The participants started
coming up with own ideas which allowed them
to really respond with ‘I did not like that’ or ‘I
really liked that’. Using only a sound bite for
different functions probably makes it easier to
segregate but, I believe, harder to truly put it in a
context. Which is especially important for these
“one time exposures”.

As a last comment on functioning aspects, by
having many involved third parties (Volvo,
RISE, PPP) I have been allowed a great
amount of feedback. This have been very im-
portant working with so many different types
of designs. Establishing an interface, sound
design, the method and finally designing the
study. It has been very important being pro-
vided feedback from different perspectives.
There have been psychologists, UX designers,
programmers, sound designers, industrial
designers, interaction designers et cetera. All
this offered highly constructive and overall
positive criticism.

Finally I would like to make a few comments
if I were to have been given more time and
perhaps making some additional recommen-
dations for future work.

Regarding the study, I would have liked to add
a module to ‘identify user’. Potentially enable
mapping user types to certain preferences
regarding the interface design. I would imagine
there to be specific traits like “Habit of using
technology”, “Interest in technology”, et
cetera, that would be possible to correlate. It
would, of course, also be interesting and rele-
vant for future work to use the method for
different sonic interface designs. Allowing the
participants even more material to reflect upon
and evaluate, which probably afford very
beneficial results.

Regarding the post-processing of data, I
think the shear amount of participants that
took part in study allows for also treating the
data as a “between group design”. Of the 30
participants, 15 experienced the interface
first and 15 experienced the silent car first. It
would be very interesting comparing only
first time exposure, with vs. without sonic
interfaces, to see if there are any trends and
potential insights. I also believe it would be
highly interesting to analyze for trends
between some reported values and if they
correlated with how participants reported
other values. Potentially enable the observa-
tion of “user types” even in this, rather
minimal, set of data.
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9. APPENDIX
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9.1. INTERVIEW PROTOCOL

Intervju
Ålder? ##
Körkort? ##

1. Allmänt om resande
Favoritsätt att resa långt? Varför?

Favoritsätt att resa kort? Varför?

2. Allmänt om bilkörande
Hur ofta kör du bil, dvs. är förare?

Väldigtofta. (Varje dag)
Ofta. (Några gånger i veckan)

Sällan. (Några gånger i månaden)
Väldigt sällan. (Någon gång per år)

Hur ofta åker du bil, dvs. är du passagerare?
Väldigtofta. (Varje dag)
Ofta. (Några gånger i veckan)

Sällan. (Några gånger i månaden)
Väldigt sällan. (Någon gång per år)

Nämn tre trevliga/avslappnade miljöer att köra/åka i:
1) …
2) …
3) ...

Nämn tre jobbiga/ansträngande miljöer att köra/åka i:
1) …
2) …
3) ...

Beskrivning av din senaste långa biltur:
(Distans/Roll/Antal medresenärer)
Delmoment:
Frustrationer:
Emotioner:

Beskrivning av din senaste korta biltur
(Distans/Roll/Antal medresenärer)
Delmoment:
Frustrationer:
Emotioner:



63

3. Allmänt om bilåkande
Nämn något du gillar att göra som du inte kan göra i en bil idag.

Nämn något du kan göra men det funkar dåligt i en bil idag.

Förutsatt felfri teknik, vad ser du fram emot att kunna göra i självkörande bilar?

Jämför att arbeta i bil/tåg/flyg/buss?

Fördelar Nackdelar

Bil

Tåg

Bus
s

Flyg

Jämför att socialisera i bil/tåg/flyg/buss?

Fördelar Nackdelar

Bil

Tåg

Bus
s

Flyg

Jämför att vara privat i bil/tåg/flyg/buss?

Fördelar Nackdelar

Bil

Tåg

Bus
s

Flyg
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4. Användare i bilen
Vilken information brukar du ha uppsikt över som förare?

Jämför information du hanterar som passagerare, vad är skillnaden?

Hur är du som passagerare?

Vilken typ av förarpersonlighet föredrar du? Exkl. körstil

Vad är din inställning och tankar till självkörande bilar?

5. Tekniska system i bilen
Nämn 3 bästa tekniska komfortabiliteter i en bil:
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9.2. INTERVIEW PARTICIPANT STATISTICS

1
0

10

20

30

40

50

60

70

Agedistribution

Driver license

NoYes

8

2

Age
1 48
2 15
3 25
4 58
5 26
6 23
7 51
8 26
9 27
10 18
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9.3. MORPHOLOGIC IDEATION FOR TRUST ENHANCING

Lessons/ Instructions/
Brand

Truthfulness/
Anthropomorphism/

Confidence

Competence/ Mutual
objectives / Error
info / False alarms

rate

Predictability/
Adjustable
decoratives

(Mastering/
Mind drifter)

Notes:
Not interested in a
hassle. Wants an
interface that learns
when not to disturb.
Adjustable level of
complexity (Prioritize
layers etc.).

Notes:
An independent car
is a caring car.
Wants complete
honesty and likes
efficiency but is
human so doesn’t
mind abstraction of
info, like
anthropomorphism.
No confidence factor.

Notes:
Competence means
logical and calm.
The mutual objective
should be to work
(i.e. low intrusion).
Error info should be
effective but
carefully prioritized.

Notes:
Predictability is a
simple structure of
intention and
strategy that is
easy to learn but
the user wants
control by volume
and layer
prioritization to
enable reduction of
intrusion.

Notes:
A durable auditory
interface is an
updatable interface
(modern) that has
a simple structure
with a clear
objective (will not
get cluttered in
future updates)
which also allows
hearing the
conditions of
mechanical parts.

(Mastering/
Cautious)

Notes:
Simple structure =
easily discussed and
easily learned =
Familiarity.
Expanding
functionality and
adjustable level of
complexity.
Always reassuring.

Notes:
The caring aspect is
dominated by
cautious side. User
likes strong
anthropomorphism.
The interface should
be carefully honest
and confident
(user is initially
skeptical and thus
irrationally critical)
Strong explanation

Notes:
Showcasing
technological
capacity (Counting
cones) and human
values (Perception).
Clear strategy
(Strategy) and
carefully chosen
error info.

Notes:
Strong strategy
layer for
predictability.
Interface could
work as a
storyteller.
Wants to control
other systems as
well. Climate,
decorative
functions.

Notes:
Hear conditions of
mechanical parts
and a simplistic
interface, reducing
the risk of faulty
behaviours and
management.

(Fun-seeking/
social)

Notes:
Offers a fun, gamified
learning experience
that accommodates
first time users. Their
relationship is
game-like. Digital
social focus points
(instagram, facebook,
friends) or gives room
for social events and
learns, to respect
these.

Notes:
Not too worried
about actual events
however easily
motion-sick.
Concept: gamified
reality (strong
anthropomorphism,
strong confidence).
Action and
perception. Also an
interface that is
independent and lets

Notes:
Very uninterested in
error info

Notes:
Predict fun and
adjust
gadget-related
aspects (e.g. Tesla
fart sounds et
cetera)

Notes:
Not too important.
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9.4. EVALUATION METHOD PROTOCOL

VIDEO1
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VIDEO2
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Beskrivningav ljudgränssnittet
Kryssai skalanpåvarje rad,närmaredetord sombättrebeskriverupplevelsenavljudgränssnittet.
OBS! Detta gälleringetspecifiktljudutanhurduupplevdeljudgränsnitteti sinhelhet.

Användbar o o o o o Oanvändbar

behaglig o o o o o Obehaglig

Dålig o o o o o Bra

Trevlig o o o o o irriterande

Effektiv o o o o o Överflödig

Störande o o o o o tilltalande

Tillförande o o o o o Värdelös

Oönskad o o o o o Önskvärd

Alarmerande o o o o o Sömninducerande

Förståelseavljudgränssnittet
Hurväl stämmerföljandepåståenden?Kryssa i skalanvidvarje påstående.

Ljudgränsnittetbidrogtill att jagförstoddenplaneraderesan
Väldigtdåligt Vädligt bra

O O O O O

Ljudgränsnittetbidrogtill att jagförstod vadbilentänktegörai tid
Väldigtdåligt Vädligt bra

O O O O O

Ljudgränsnittetbidrogtill att jagförstod pågåenderörelser
Väldigtdåligt Vädligt bra

O O O O O

Ljudgränsnittetbidrogtill att jagförstod närbilenvarklarmedenmanöver
Väldigtdåligt Vädligt bra

O O O O O

Ljudgränsnittetbidrogtill att jagförstodattbilen kundesesin omgivning
Väldigtdåligt Vädligt bra

O O O O O
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Upplevelseavljudgränssnittet
Hurväl stämmerföljandepåståenden?Kryssa i skalanvidvarje påstående.

Ljudgränsnittetgjordeatt bilenkändesmerpålitlig
Väldigtdåligt Vädligt bra

o o o o o

Ljudgränsnittetgjordeatt bilenkändesmerförutsägbar
Väldigtdåligt Vädligt bra

o o o o o

Ljudgränsnittetgjordeatt bilenkändesmeromtänksam
Väldigtdåligt Vädligt bra

o o o o o

Ljudgränsnittetgjordeatt bilenkändesmerärlig
Väldigtdåligt Vädligt bra

o o o o o

Ljudgränsnittetgjorde att bilenkändesmerkompetent
Väldigtdåligt Vädligt bra

o o o o o

Ljudgränsnittetgjordeatt bilenkändesmermekaniskthållbar
Väldigtdåligt Vädligt bra

o o o o o

Övrigatankar/kommentarer/idéer
Skrivgärnaomdutänkte pånågotsärskilt före, underellerefter testet.
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9.5. STUDY INTRODUCTION
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9.6. SORTED DATA FROM STUDY

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

ID Valence Arousal Valence Arousal Valence Arousal Valence Arousal Valence Arousal
5 5 3 7 2 7 5 5 6 7
6 3 5 4 5 6 5 5 6 5
6 2 5 4 6 2 3 5 7 2
3 3 3 6 4 6 5 3 4 5
5 5 4 6 6 3 6 3 5 3
9 1 1 9 5 6 7 2 9 1
6 5 6 6 6 6 5 7 7 4
7 1 6 4 8 2 7 2 7 1
6 1 6 6 6 6 6 3 7 1
6 6 5 3 4 7 6 4 6 5
5 1 4 4 7 3 5 1 6 3
9 1 7 2 6 3 7 2 9 1
8 3 9 1 9 2 9 1 8 2
5 1 5 3 5 3 5 2 6 1
8 8 2 8 7 1 9 1 9 1
6 7 5 8 5 7 6 3 9 7
7 2 4 6 4 7 8 2 8 2
5 5 2 8 2 8 6 6 5 5
9 1 7 5 3 5 9 1 9 1
6 3 4 6 6 3 5 2 6 2
5 2 5 4 3 6 2 7 5 2
5 2 6 2 7 2 6 1 6 1
5 1 5 2 5 2 4 3 5 1
8 2 9 1 3 7 8 2 8 2
8 2 4 7 5 6 4 6 7 2
6 3 5 6 7 6 4 6 7 3
8 2 5 2 5 2 5 2 9 2
5 5 4 7 5 7 5 6 5 5
9 1 9 1 9 1 9 1 9 1
9 9 9 4 9 6 9 6 9 8

SAM1 SAM2 SAM3 SAM4 SAM5
WITHOUTSONICINTERFACE
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Valence Arousal Valence Arousal Valence Arousal Valence Arousal Valence Arousal
7 7 7 4 7 3 7 3 8 4
7 3 7 4 6 5 6 4 7 4
7 3 6 6 7 7 5 7 8 2
4 3 5 4 7 5 5 4 6 5
5 6 6 2 6 3 6 2 5 3
8 1 3 7 8 3 7 2 9 1
7 5 8 2 8 4 8 2 8 4
6 1 5 3 6 2 6 2 6 1
7 1 4 6 4 6 5 5 7 1
5 5 4 8 6 2 5 4 7 6
6 3 6 7 8 7 5 3 7 4
8 1 7 2 7 3 8 2 9 1
8 3 8 3 8 3 9 1 8 2
5 1 5 3 5 3 6 2 5 1
8 1 7 3 7 1 8 1 8 1
6 5 8 3 8 3 8 2 9 7
8 1 5 4 6 4 8 2 9 1
9 3 4 7 7 2 7 3 7 5
9 1 4 7 9 3 9 3 9 1
6 5 4 2 4 6 5 2 7 2
6 2 6 2 5 3 3 6 5 2
5 2 5 7 7 7 7 6 7 5
5 1 6 1 4 2 4 2 5 1
7 3 8 2 4 7 8 2 8 2
8 2 6 4 8 5 7 4 9 1
6 3 6 4 7 2 7 3 8 2
8 7 5 3 5 3 5 4 9 8
5 5 5 6 5 7 5 5 5 5
9 1 9 1 9 1 9 1 9 1
9 9 9 6 9 8 9 8 9 1

SAM1 SAM2 SAM3
WITH SONICINTERFACE

SAM4 SAM5

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

ID
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

ID VDL1 VDL2 VDL3 VDL4 VDL5 VDL6 VDL7 VDL8 VDL9
2 1 1 2 2 1 2 2 0
2 1 1 2 1 1 2 1 0
2 1 1 1 1 1 1 2 1
1 1 1 1 1 1 1 1 -1
2 0 1 1 2 0 1 1 0
2 2 1 2 1 2 1 2 -1
2 2 1 1 2 1 2 1 1
1 0 1 0 1 0 1 0 2
1 -1 1 0 0 1 1 1 0
2 1 1 0 0 -1 2 1 1
0 1 1 -1 -1 -1 0 -1 0
1 1 1 1 1 1 1 2 0
1 0 1 0 1 0 1 1 1
1 0 -1 -1 -2 -1 0 0 0
1 -1 1 -1 1 -1 1 -2 2
2 2 1 2 1 2 1 1 1
1 2 1 2 1 2 2 2 1
2 2 2 1 2 1 2 2 1
1 1 1 -1 -1 -1 1 1 1
2 -1 1 0 1 0 1 1 1
1 1 1 0 1 0 1 1 0
1 0 0 0 -1 0 -1 0 0
-1 0 1 0 0 0 1 0 -1
1 1 2 1 -1 -1 1 1 1
2 2 2 2 2 2 2 2 1
1 0 1 0 1 1 1 1 0
1 1 1 1 0 1 1 1 0
2 1 1 2 1 2 1 2 2
2 2 1 1 -2 0 -1 0 0
2 2 2 0 2 1 2 2 0

VanderLaan



75

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

ID Likert1 Likert2 Likert3 Likert4 Likert5 Likert1 Likert2 Likert3 Likert4 Likert 5 Likert6
5 4 4 4 4 5 4 5 4 5 4
5 3 4 3 4 4 4 4 2 4 2
5 4 4 5 5 5 5 5 4 4 2
3 3 4 5 3 4 4 4 3 4 4
4 4 4 4 4 4 4 4 5 5 3
5 4 3 2 4 5 3 5 4 5 3
5 4 5 5 5 5 5 5 4 5 3
4 3 4 4 4 4 3 4 4 4 3
5 4 5 5 4 4 4 3 3 3 3
2 3 4 4 1 3 3 4 3 4 3
5 4 3 4 4 4 4 4 4 5 2
4 4 5 5 5 4 4 4 4 4 3
4 5 5 5 4 4 5 4 5 5 3
4 2 3 3 2 3 3 4 3 3 2
5 5 5 4 2 3 4 4 4 5 5
5 5 3 3 5 5 5 5 5 5 5
5 4 4 4 5 5 5 4 4 4 5
4 5 5 3 5 5 5 4 4 5 4
5 4 5 3 4 4 4 5 4 3 4
4 4 3 4 4 4 4 2 3 2 3
4 4 4 4 4 4 4 4 3 4 2
3 4 3 3 4 3 4 2 2 4 3
4 3 2 3 4 4 3 4 4 3 4
5 4 3 3 3 4 4 4 4 4 2
5 5 5 5 5 5 5 5 5 5 5
4 4 3 4 3 5 4 4 4 4 3
5 5 5 5 5 5 5 4 4 4 3
5 4 3 4 3 4 4 4 4 4 4
5 5 5 5 5 5 5 5 5 5 5
5 4 4 4 5 5 5 3 3 4 4

Likertset1 Likertset2
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9.7. CALCULATED CHANGE IN SAM RESPONSE

1V 1A 2V 2A 3V 3A 4V 4A 5V 5A
2 2 4 -3 5 -4 2 -2 2 -3
1 0 2 0 1 -1 1 -1 1 -1
1 1 1 2 1 5 2 2 1 0
1 0 2 -2 3 -1 0 1 2 0
0 1 2 -4 0 0 0 -1 0 0
-1 0 2 -2 3 -3 0 0 0 0
1 0 2 -4 2 -2 3 -5 1 0
-1 0 -1 -1 -2 0 -1 0 -1 0
1 0 -2 0 -2 0 -1 2 0 0
-1 -1 -1 5 2 -5 -1 0 1 1
1 2 2 3 1 4 0 2 1 1
-1 0 0 0 1 0 1 0 0 0
0 0 -1 2 -1 1 0 0 0 0
0 0 0 0 0 0 1 0 -1 0
0 -7 5 -5 0 0 -1 0 -1 0
0 -2 3 -5 3 -4 2 -1 0 0
1 -1 1 -2 2 -3 0 0 1 -1
4 -2 2 -1 5 -6 1 -3 2 0
0 0 -3 2 6 -2 0 2 0 0
0 2 0 -4 -2 3 0 0 1 0
1 0 1 -2 2 -3 1 -1 0 0
0 0 -1 5 0 5 1 5 1 4
0 0 1 -1 -1 0 0 -1 0 0
-1 1 -1 1 1 0 0 0 0 0
0 0 2 -3 3 -1 3 -2 2 -1
0 0 1 -2 0 -4 3 -3 1 -1
0 5 0 1 0 1 0 2 0 6
0 0 1 -1 0 0 0 -1 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 2 0 2 0 2 0 -7

SAMDifference (Interface -No interface)
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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9.8. T-TEST AND WILCOXON SIGNED RANK TEST RESULTS
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9.9. USABILITY AND SATISFACTION SCORE CALCULATIONS
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9.10. FREQUENCY MAP
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