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Thesis Report

Using vehicle sensor data to enhance in-vehicle multimodal user experiences
ADITYA GIRIDHAR & GUSTAV SVENSSON

Department of Computer Science and Engineering

Chalmers University of Technology | University of Gothenburg

Abstract

The advent of more advanced vehicular sensor platforms, alongside the increase
in computing power, has lead to an upswing for companies working in the area
called sensor fusion. Proprietary algorithms utilise vast amounts of collected data
to make complex predictions otherwise too hard, or impossible, to detect. While
these wonderful possibilities exist, they are according to industry leaders currently
under-utilised. Among the difficulties of working with novel modality interactions,
limitations such as scope, time frame and the at-the-time societal COVID-19 restric-
tions, are among the challenges faced by this thesis. Two things areas of focus in
this thesis, which are two suggested How-to:s - How to suitably utilise fused sensor
data going forward in automotive interaction design, and: How to measure what is
effective about such designs. These suggested How-to:s were the hypotheses, H1 and
H2, to the to the research questions. To validate the hypotheses, a design project
was held following their suggestions. Parallel to the designing, evaluations (both re-
mote and in-person) measuring task-load and usability indexes were run for potential
users, i.e. drivers. Results and discussions revealed that while the first hypothesis,
H1, was only validated indicatively, the thesis was successful in validating H2 - the
thesis providing a fine-tuned way of measuring positive and negative impacts of such
designs from early to late-stage prototypes. Furthermore, the knowledge acquired
in the preparation, the learnings from the process and the formative evaluations are
potentially valuable for any future work. The thesis also aimed to, and succeeded
with, contributing generated ideas and artefacts to the company this thesis was done
in collaboration with.

Keywords: Multimodal Interaction, Multimodal Interfaces, Design of Multimodal
Interactive Systems, Interaction Design, Automotive Interaction Design, In-vehicle
Infotainment, ADAS, IVI, UX Design, UI Design, Thesis.
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1

Introduction

The current trend in the automotive industry is to build automation systems to
support or assist the human driver in vehicles [1] through aids, alerts and even
corrective measures. These advanced embedded systems are collectively referred to
as advanced driver assistance systems (ADAS) [2]. On the other hand, in-vehicle
infotainment (IVI) systems have developed to a higher level of sophistication; even
supporting smartphone-like features in systems such as Apple CarPlay [3], Android
Auto and Android Automotive [4]. While both ADAS:s and IVI:s have advanced in
their own respective capacities, as Schneider and Nett suggest, the cross-integration
between these systems is lacking. Thereby it could be argued that in the case of
modern vehicles with ADAS, a conventional human machine interface (HMI) system
does not particularly enrich the experience of passengers by virtue of its lack of cross-
integration; essentially functioning as two, albeit advanced, isolated systems.

Generally, designers inadvertently or otherwise dictate, or "inscribe’ as Latour (1992)
puts it [6], certain ways of using things, which in turn creates new activities, or
re-structures well-known activities in particular ways. Activities mould daily expe-
riences with the potential consequence of enabling more or less happiness [7]. In
the context of driving or commuting, cars are especially intriguing for two reasons;
the first, a substantial amount of time is spent in cars [7]; the second, the car as a
space for interactive technology. Vehicles present a highly structured, sensor-rich,
personal space with untapped interaction design potential.

In 2006, Heide and Henning proposed the concept of a “cognitive car”; defining
it as a “cognitive driving assistance system”, which leverages the knowledge of mul-

Figure 1.1: Emerging technological trends in AID; Full-size touchscreens (left),
driver assistance systems (centre), and the multitude of vehicular sensors (right).



1. Introduction

tidisciplinary fields and cognitive sciences to lower the stress or cognitive load placed
upon drivers. While this perspective focuses on the drivers’ strain; however, this
could also lead to better and more comfortable driving experiences as a whole.

According to Wickens, Toplak, and Wiesenthal, the safety aspect of ADAS could be
addressed from the outlook of cognitive sciences. A “cognitive car” as introduced
by Heide and Henning should be capable of monitoring and identifying the errors in
human drivers, but also do so in an accurate and transparent manner to avoid acci-
dents and earn user trust. With the rapid evolution of the aforementioned ADAS:s
[10] and IVI:s vehicles are gaining more functionality, autonomy and power, shifting
the focus of mobility from the core driving activity to other activities. This raises
questions about how people will spend their precious time in vehicles and ensure
that such novel technologies are organised, integrated and deployed in a way that
interactions with them are more enjoyable, safer, meaningful and less stressful.

Scope

Regarding the scope of the thesis, it was determined by external and internal factors,
primarily the course requirements of the home universities, the pandemic restrictions
of the locations as well as findings from the preparatory work, such as the literary
research and interviews with industry experts.

1.1 Stakeholders

The Company - Aptiv

This thesis was executed in collaborations with the automotive company Aptiv (spe-
cific personnel as well as the company as a whole), part of Delphi Automotive PLC.
The company places itself at the forefront of technological advances in the automo-
tive field, as cited from their about page:

“Aptiv holds a leading position as a technology company innovating at
the intersection of disruptive trends in the mobility industries. We use
our portfolio of technologies to make vehicles safer, greener and more
connected and enable the future of mobility.” [11]

Aptiv’s current core areas are in the domains of advanced vehicular safety, power
electrical systems, autonomous driving and in-cabin UX. The company’s future
roadmap lies in building trustworthy autonomous driving solutions [12] and develop-
ing automotive data connectivity for future V2X (vehicle to everything) applications
[13].

Aptiv’s interests in this thesis stem from their goal of furthering design knowl-
edge in interior vehicle design, specifically; advancements in in-vehicle infotainment
systems leveraging their proprietary ADAS and cabin monitoring system called ISP
(Interior Sensing Platform).

Future vehicle occupants, i.e. drivers & passengers
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Recipients of this work’s design knowledge contribution, as it aims to improve their
vehicular user experiences.

Thesis Authors, Home Universities & faculty members

Aditya Giridhar and Gustav Svensson are graduate-level students at Chalmers Uni-
versity of Technology (CTH: Chalmers Tekniska Hogskola) - this work represents
the graduation project in their academic careers so far.

Design Professionals, specifically Interaction Designers
Any design knowledge created by this work aids and informs them in their craft.

1.2 Research problem

With the advent of improvements to car riding safety, a lot of sensor data from the
vehicle’s interior and exterior environment is collected. What car manufacturers and
designers seem to not know to a sufficient extent yet, is how to best make use of this
data to improve other, non-safety aspects of the user experience, namely comfort.

On the topic of not knowing; how does a designer know a design decision does,
in fact, improve the user experience (UX)? To understand the cause and specifically
the effect of a design choice it is vital to evaluate the new design. What methods to
use might not be straightforward if no previous work has been done; furthermore,
with knowledge of how successful a method has been before, designers (and other
stakeholders of the design) can more reliable estimate the added value of any design
decisions. In the worst case, untested methods can prove useless, or even mislead-
ing, in evaluating a certain design only after it has been taken further, such as being
released to the market or delivered to a customer.

With these things in mind, this thesis should therefore not only attempt to find
the most UX-improving use of fused sensor data but also attempt to prove through
example, a useful methodology for measuring the positive and negative value such a
design adds. For the fully articulated research questions R1 and R2, see Section 5.1:
Research Questions - R1 and R2 was first formulated as such when planing the
thesis’ practical part, which happened after the background and theoretical concepts
were researched and summarized.

1.3 Aim and Planned contributions

Due to the nature of collaborating with a company when writing a thesis, it is quite
common that expected results not only include academic contribution but also one
or several artefacts valuable for the company - so is the case for this thesis.

For the company
Evaluated ideas and concepts on how to conveniently integrate a proprietary ADAS
platform (Aptiv Interior Sensing Platform - ISP) into an existing Android-based
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information concept, as well as knowledge on how one might use said technology to,
for example, decrease driver distraction, increase driver convenience, and in general
give the driver and passengers a better user experience.

For academia

Design knowledge on how user interface (UI) designers might suitably use vehicle oc-
cupant (drivers and passengers), interior and exterior sensor data, specifically data
related to ADAS, to improve ride experiences, as well as how one might estimate
the value added to those experiences. Secondly, the background research conducted
and compiled by the authors will act as a primer for the topics covered by the thesis
- both to readers and for future works.



2

Background

This chapter covers the main two areas involved in this thesis; Multimodal inter-
action design and Automotive interaction design. The sections cover terminology
and sub fields related to the thesis. The chapter acts as a primer to the main fields
touched upon by this thesis.

2.1 Multimodal Interaction Design

Multimodal interaction design (MID), a design field that is becoming increasingly
relevant as advances and developments in technology allows for far more intercon-
nected interface systems [7]. Multimodality is the act of either combining multiple
input modalities or connecting an input to an output modality, as a way to conceive
a new modality, combining the strengths of the parts.

In its early days MID came to be as two alternative input modalities, voice and
gesture, were merged to conceive a more natural user modality (Bolt, 1980). While
not coined by Bolt, the term Multimodal Interaction, sometimes Multimodal In-
terface and many others, is known in academia today - a search on Association
for Computing Machinery’s (ACM) Digital library resulting in nearly five thousand
results [15, 16].

2.1.1 Modalities

Any of the body’s senses can be viewed as a human input modality; however, the
optical and acoustics related ones are the most commonly employed in Human Com-
puter Science [17] due to their higher information transfer rate compared to other
modalities. For instance, visual performance is rated at 250 to 300 words per minute
(wpm) while aural is rated to be around 150 to 160 wpm [18].

Due to rapid advancements in sensing technology and general improvements in com-
puting performance, the ability to leverage novel modalities has emerged [19]. These
advancements also made their way into the automotive industry, resulting in the
transformation of the humble car radio into an incredibly complex information ag-
gregation, processing, and delivery system coupled with sensor fusion abetting the
use of multiple modalities [20].
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2.2 Automotive Interaction Design

Driver distraction still remains a major cause for traffic accidents even in recent
years as the Global Status Report of the World Health Organization (WHO) in
2019 reported an estimated 1.25 million yearly deaths [21]. Additionally, modern
IVI (In-vehicle Infotainment) systems are complicated to a degree for most people
[22].

As Winograd once stated “Successful interaction design requires a shift from see-
ing the machinery to seeing the lives of the people using it.” With this he implies
that the designer’s role in automotive interaction design (AID) is the “..creation
of the "interspace” in which people live, rather than an "interface” with which they
interact”. [23] Part of the design process from the start, is to explore opportunities
to make the ‘vehicle experience’ more human-centred. One important topic for ex-
ample is the feedback received by the driver from the vehicle. The modern vehicle
bombards a user with feedback messages which, for the most part, are in the form

of non-descriptive beeps [24].

Arguably the advent of autonomous and semi-autonomous safety and steering fea-
tures necessitate entirely new approaches for AID [25]. Advanced levels of ADAS,
based on new sensors that generate voluminous quantities of data [26], require new
approaches to the visualization of insights from said data - especially since the raw
form of the data is all but unintelligible to a human. Another aspect to consider is
that electric vehicles (EVs) also require novel modes of presenting data and metric
such as range awareness, charging station locations and battery status to the driver.
These developments have instituted several UX opportunities and trends as a result,
from other industries, expanding the design space available to the designer.

2.2.1 ADAS Platform

An ADAS platform is an enclosed, interconnected sensor platform that generates
data on vehicle occupant, the interior and exterior environment - a common if not
universal presence in modern cars, one such platform being Aptiv’s proprietary prod-
uct Interior Sensing Platform (ISP). This data is typically analysed and processed
by software using what is called sensor fusion to predict and estimate complex values
such as estimated driver distraction level, child-presence detection, etc. [27]

While the data from the sensors is there, typically what is limiting use cases are
algorithms and ML (Machine Learning) powered systems capable of providing es-
timates based on the data. Companies like Aptiv are developing advanced suites,
Aptiv ISP being one, capable of proving such predictions, opening the design space
further for automotive developers and interaction designers.
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2.2.2 In-vehicle infotainment

In-vehicle infotainment (IVI), or infotainment for short, is the name of the more
holistic view of what otherwise is referred to as entertainment system, car stereo, or
centre console. As the name implies, it is a piece of technology that provides infor-
mation to vehicle occupants, such as GPS (Global Positioning System) and climate
controls - as well as entertainment, usually in the form of audio. In recent times,
a large touch screen and spread-out speakers is the trend for new cars, while older
models tend to have far more tactile interfaces with knobs, spinners and buttons. [28]

With the increasing inclusion of modern touch interfaces in vehicles, users expect
the same features and UX as with stand-alone touch interface devices such as quo-
tidian smartphones and tablets. This results in harsher demands on innovation on
the relatively slower, compared to smartphone and tablet development, automotive
industry. Added to this, people tend to upgrade to newer models of tablets/phones
far more often than their vehicles. [29, 30]

2.2.3 Design priority: Safety

Traditionally in automotive design development has been, and still is, primarily fo-
cused on improving ride safety. Advancements in UX have been at a lower priority
for automotive designers, as they probably should be. However, as car safety in-
creases, what is the remaining limiting factor today is mainly the human factor [31].
With causes such as driver distraction or unawareness, the blame can be placed on
vehicles” automotive interaction design. An example of such faults could be: a driver
is distracted by a frustrating or confusing interface system, as a result not seeing
vital road information. To tackle these non-mechanical safety issues, designers in
AID have to turn to methods found in conventional interaction design, such as UX
and Ul design where usability and user satisfaction has been the goal since the fields
were introduced.

2.2.4 Design priority: Trust

Another non-mechanical safety issue affecting the success of these systems is the
adoption and general reliance on this technology by the average consumer. As
Tritbswetter and Bengler reports, the results of the survey conducted investigating
‘reasons for rejecting the use of driver assistant systems’, could primarily be chalked
up to lack of trust. The reason for this lack of trust in ADAS was reported to be due
to “inappropriate system design”, “undesired system feedback” or most commonly
because of the “lack of perceived usefulness”. With advanced safety in vehicles
emerging as essential, the relatively low trust in ADAS could hamper road safety in
general. Therefore, as mentioned earlier and suggested by Triibswetter and Bengler
it would be “..interesting to examine how user experience with ADAS will influence
acceptance and willingness to use these systems”.
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2.2.5 Definition of comfort in AID

In the subtitle of this thesis, it is stated that it aims to find uses of vehicular sensor
data, both in terms of safety and comfort. The ’safety’ part is not the main focus
but still an essential part of any design work in AID due to the potential severity
of not taking it into consideration. As for the term ’comfort’, it can arguably be
seen as a highly subjective term, what is comfortable for one user might not be for
another. In this thesis the term is understood as the overall comfort across users,
where high comfort is equal to high usability and low mental and physical work load
under use.
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Related work

This chapter’s sections cover related previous academic work in multimodal inter-
action design, automotive interaction design as well as estimates of what design
knowledge the authors sees as currently lacking in academia.

3.1 Multimodal Interaction Design

As a field, MID hosts designers from all manner of fields - if it has more than one
input or output modality, it is included. While not named as such, MID in its cur-
rent digital form was perhaps first introduced in the work by Bolt (1980). Bolt talks
about how new inventions in the field has “..encouraged the notion that voice and
gesture inputs at the graphics interface can converge to provide a concerted, natural
user modality” [14], indicating that with design freedom, multimodal interactions
are a not only a possible result but also a perhaps a more natural way of interact-
ing. The following subsections cover academic examples of combined in- and output

modalities relevant to both MID and the focus of this thesis, AID.

Input modality combinations

The following section covers related work done in the MID field, with two or more
input modalities combined. When no output modality is specified, traditional visual
output on the centre console is used.

TACTILE/MECHANICAL (Buttons, dials, knobs, etc.)

This might be the oldest modality available to vehicles, as it originated at a time
when vehicles featured limited functionality and thereby offered, a one-to-one map-
ping from control to function. Even with a growing list of functions and options
in the IVIs, until recently the majority of the vehicles still featured a variation on
the ‘buttons and knobs’ layout from the past. The controls however were no longer
mapped one-to-one but followed a trend in automotive systems wherein the different
functions are combined in a hierarchical menu structure accessed by a set of context-
switching physical controls. [28] As an example: before the introduction of touch
screens, on-screen content was solely interacted with using buttons and knobs - still
today users may forgo the touch interaction for common features such as volume
and temperature control, instead use the still present knobs.

GAZE & TOUCH
Prabhakar et al. (2020) explored moving touch interaction from the centre con-
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sole to the Heads up display (HUD), while also allowing limited gaze control. The
design was evaluated using standardized ISO (International Organization for Stan-
dardization) tasks, showing a similar performance in task completion times and an
improvement in driving performance compared to just using the standard centre
console touch screen. [33]

GAZE, VOICE & GESTURE

In a paper by Roider et al. (2017) it is described how a simulated driving environ-
ment was set up, in which the driver could, alongside driving, perform non-driving
tasks using a combination of gaze, voice and gesture input [34]. Participants filled in
a DALI (Driving Activity Load Index) questionnaire. The test results showed that
each modality performed the worst under disturbances in their respective modality
field, i.e. optical for gaze and vice versa, showing that a combination is needed to
cover weaknesses in each. Individually they react differently to disturbances:

““The effect of additional demands on gaze input mainly led to an increase of task
completion times, whereas effects on speech input were reflected only in subjective
ratings and effects in gesture input were split up between both factors.” [34]”

Pfleging, Schneegass, and Schmidt (2012) explored other input alternatives to the
conventional mechanical buttons and knobs, focusing on the then-novel voice and
gesture modalities. Their findings were limited by the technologies of the time,
showing slower task-completion time and unchanged driving performance. How-
ever, using a DALI questionnaire, users expressed that that voice and gesture input
had a lower visual demand than the conventional modality. [29]

GESTURE

In the extensive synopsis by Bilius and Vatavu (2020), one of the modalities covered
is Gesture. The synopsis highlights the discovered strengths of the modality, pri-
marily being lowered visual demand and distractions upon the driver of the vehicle.

[30]

Less than average review was done of this modality as the company had, before
the review, expressed a desire to avoid this modality; however, by reading the syn-
opsis by Bilius and Vatavu as well as other papers partly involving gesture as a
modality, a good enough understanding was achieved by the authors. [30]

Output modality combinations

The role of output modalities is one of feedback to users’ interactions, meaning as a
response to one or more input modalities. In other cases, it can act based on non-
occupant interaction such as relaying vehicle status, warning about road obstacles
etc. The following section covers multimodal combinations of at least one output
and one input modality.

VISUAL SOURCES
Includes dials, warning lights, screen and most recently augmented sections of the
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windscreen: Heads Up Display (HUD) and Audio sources.

Related work targeting UX with these modalities include Knobel et al.’s CliqueTrip
(2012) wherein cars in a motorcade would point to the leading on the navigation
screen (visual source) and when in close proximity a two-way auditory channel would
open up enabling cross-vehicle social interactions [35]. Krome et al. (2017) explored
in-car music creation building upon the convention of singing in the car, leveraging
these modalities to boost in-car UX [36].

HAPTIC & TOUCH

In a study by Vo and Brewster (2020) interaction permanence improvements were
measured for a setup where tactile input, either on the steering wheel or the centre
console, was combined with mechanically haptic output. Vo and Brewster reported
a performance increase of 20%, performance was calculated based on driving per-
formance, task completion performance, glance behaviour and a NASA (National
Aeronautics and Space Administration) TLX (Task Load Index) score. [37]

Farooq, Evreinov, and Raisamo (2019) explored non-traditional haptics such as
pneumatic vibrations and tangential side-to-side (X-axis) vibrations - both as alter-
natives to conventional (Z- & Y-axes) haptics that suffer from vibratory noise that is
primarily along the Z- and Y-axes when utilised inside a vehicle. Their designs were
mainly evaluated using primary (driving) and secondary (text entry, menu naviga-
tion, etc.) task performance values. [38]

TEMPERATURE & TOUCH

The pneumatic haptics used by Farooq, Evreinov, and Raisamo (2019) used air redi-
rected from the test vehicle’s subwoofers, the air streams feeling slightly cool as a
side effect; they did however theorize a system that could more thoroughly utilise
the thermo-differential sensitive fingertips humans naturally come equipped with. In
their setup, upon touch interaction with the centre console, slightly temperatured
blasts of air hit said finger. [38]

MECHANICAL & BUTTONS/DIALS

A common feature in modern cars is adjusting mechanical settings such as seat
position indirectly using buttons, forgoing the traditionally used manual pulling of
levers to slide the seat. This modern feature effectively decouples the input and
output actions into further separate modalities, the input being the button press,
and output is the mechanical shifting of physical parts of the interior.

3.2 Frameworks and Guidelines in Multimodal In-
teraction Design
Guidelines for Multimodal Interface Design [39]

Authored by Reeves et al. (2004), the guidelines state a selection of general rules to
follow when designing an interface for multimodal interaction. Some of these apply

11
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less in AID than others, due to environmental restrictions such as driver attention
demand. The sections covered are as follows:

DESIGNING MULTIMODAL INPUT AND OUTPUT

“The cognitive science literature on intersensory perception and intermodal coordi-
nation has provided a foundation for determining multimodal design principles. To
optimize human performance in multi-modal systems, such principles can be used to
direct the design of information presented to users, specifically regarding how to in-
tegrate multiple modalities or how to support multiple user inputs (for example,voice
and gesture). [...] Designers need to determine how to support intuitive, streamlined
interactions based on users’ human information processing abilities.” [39, p. 58]

While not common at the time Reeves et al. wrote the guidelines, in current informa-
tion technology, with the advent of smart voice assistants, it is common, especially
in the quotidian devices, to support several in and output modalities as a default.
This makes following this aspect of the guideline a non-issue for most projects of
this thesis nature.

ADAPTIVITY

“Multimodal interfaces should adapt to the needs and abilities of different users, as
well as different contexts of use. Dynamic adaptivity enables the interface to degrade
gracefully by leveraging complementary and supplementary modalities according to
changes in task and context. Individual differences(for example, age, preferences,
skill, sensory or motor impairment) can be captured in a user profile and used to
determine interface settings.” [39, p. 58]

This guideline can be hard to follow depending on the complexity of the artefact
involved; too many variables increase the complexity of the task to make suitable
adaptions, too few and adaptions are hard if not impossible to do. Depending on the
complexity of the artefacts developed, the scope etc., in works such as this thesis,
this aspect of the guideline could or could not be followed fully or at all. With too
complex artefacts, only a few adaptions could be catered for within the time frame
- leaving many aspects either vague or ’hard coded’ for within the project’s time
frame. With too simple ideas, in terms of complexity, less could be done to them to
adapt them as they would have fewer 'moving parts’.

CONSISTENCY
“Presentation and prompts should share common features as much as possible and
should refer to a common task including using the same terminology across modali-
ties.” [39, p. 58]

Consistency can be easy to achieve, at least on a surface level, when designing for an
established modern software environment such as Android Automotive - designers
are recommended to use existing design guidelines precisely for such a purpose [40].
As for cross-modality consistency, as long as all interactions are possible with all
supported modalities this guideline could be seen as fulfilled.

12
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FEEDBACK

“Users should be aware of their current connectivity and know which modalities are
available to them. They should be made aware of alternative interaction options
without being overloaded by lengthy instructions that distract from the task. |...]
Also, confirm system interpretations of whole user input after fusion has taken place,
rather than for each modality in isolation.” [39, pp. 58-59]

One could potentially argue for a clash between this aspect of the guideline and
what is the case for the voice input modality in modern devices. On one hand, users
are taught about the existence of it and presented it as if it is all-encompassing -
something far from the truth as there is no formal requirement for each individual
piece of software to support the modality. This means that users might assume the
modality as always available - fulfilling the aspect; however, for non-assuming or
unknowing users, the modality is suddenly fully invisible. The authors argue for an
approach where the target user and platform is taken into account, as it certainly
affects whether an artefacts users are assuming or not. In the case of this thesis,
the use environment is one where all but the vocal modality is preoccupied with
the primary tasks, thereby making it a necessity in almost all newly developed arte-
facts. For these reasons, this thesis will target users who are aware of the modality,
due to this the thesis can take into advantage the fact that the modality is taking
up precisely zero interface real estate - in line with the aspect of guideline. As for
other modalities present in the artefacts developed, a similar approach will be taken
on a case by case basis - estimate user assumptions and develop a guide-following
approach for it.

ERROR PREVENTION/HANDLING

“User errors can be minimized and error handling improved by providing clearly
marked exits from a task, modality, or the entire system, and by easily allowing users
to undo a previous action or command. To further prevent users from guessing at
functionality and making mistakes, designers should provide concise and effective
help in the form of task-relevant and easily accessible assistance.” [39, p. 59|

Interactive aid will be given in the forms of design interface conventions for pli-
ancy, affordance, etc. Following the design guidelines developed by the platform’s
owner, such as Google when developing for Android Automotive [40], provides de-
signers with an easy way to follow this part of the guideline.

A Pattern-Based Methodology for Multimodal Interaction Design [41]

Ratzka and Wolff (2006) defines and suggest the following framework for addressing
a project in MID [41], see Figure 3.1.

13
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Figure 3.1: The suggested design process for a project in multimodal design, by
Ratzka and Wolff [41].

In their paper, they also introduce a selection of design patterns, a common method-
ology to use in design, created specifically with MID in mind. [41]

From the perspective of a master thesis done in collaboration with a company,
in regards to Step 1: Analysis, it is common that the company will provide at least
a preexisting customer base and perhaps even task and data models. This depends
upon if the company has a product they are interested in improving or if they have
a solution or service not utilised as of yet. For the latter steps, it is more up to the
designers to create new artefacts and knowledge based on informed decisions from
guidance given primarily through academia or the company. For improvement or
refinement decisions it is more common, however, to employ evaluation methods,
sometimes involving real or simulated user group representatives.

Multimodal information presentation: Design guidance and research chal-
lenges [42] resp.
Ontology-driven Elicitation of Multimodal User Interface Design Recom-
mendations [43]
Sarter (2006) suggest four basic themes of MID [42]:

o The selection of modalities

o The mapping of modalities to tasks and types of information

o The combination, synchronization and integration of modalities

o The adaptation of multimodal information presentation to accommodate chang-

ing task contexts and circumstances.

14
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Tourwé et al. (2011) reformulates Sarter’s four themes into these three questions
[43]:
o Which input and output modalities are available to the user of an application?
o What are the different factors that affect the use of particular input and output
modalities?
o What are the appropriate (combinations of) modalities to support users in a
particular task?

It goes without saying that any designer tasked with designing an interactive system
using multiple modalities should consider following these guidelines and through
the design process strive to create a design that, in some way, answer the stated
questions.

3.3 Automotive Interaction Design

A steady rise in safety and efficiency features coupled with autonomy, has given rise
to a fundamental evolution of driver-vehicle interaction; from the extension of the
driver to a distinct entity with which control is shared, as stated by Pettersson and
Ju (2017) [44]. These innovations result in new challenges for AID as the system
gains more agency, gradually shifting human-vehicle relationships [45]. In the re-
cent past, the acceptance of hedonic characteristics in the field Human Computer
Interaction (HCI) has improved [46] resulting in AID researchers also adopting some
of these ‘UX-focused’ features. However, since its genesis, the majority of AID re-
search has typically focused on the design of safety system IVI:s - as a result, the
AID research cited in this thesis is primarily drawn from safety-related research.

Multimodal interaction in AID

The primary advantage of employing multimodal interfaces is, among others, in
crafting natural user interactions in HMI communications and boosting the robust-
ness of interaction by using redundant or complementary information as suggested
by Reeves et al. (2004) [39]. The application and implementation of multimodal in-
teraction in AID, for the most part, has been employed for Driver warning systems
(multimodal output) [24] and controlling system navigation [47, 48] (multimodal
input). Therefore multimodal interaction in AID as a proponent of primarily UX is
the relatively niche design space this thesis aims to contribute to.

Foundational examples of Multimodal interaction in AID at mass-market scale came
in the early 2000s with AUDI’s MMI (Multi Media Interface) system [49] and BMW’s
iDrive systems [50]. Both systems featured the pairing of two parts: a single con-
troller and a display. Tertiary purpose controls were often placed in the centre stack.
With the addition of the multifunctional steering wheel controls, a few tertiary con-
trols intruded into the domain of secondary devices, for instance, audio controls,
phone call buttons, etc., on the steering wheel for quick access to frequently-used
functions [28]. The aforementioned systems featured multimodal interaction as the
users could choose between touch, knobs and buttons, to perform the same action.
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Recently, cutting-edge work in this domain has been focused around a combina-
tion of specific modalities such as gesture, voice and gaze [30, 51, 33]. This can
partly be attributed to the decreasing cost of computing power and sensors, but
mainly thanks to various on-the-road complexities which can necessitate additional
demands on the driver that goes beyond the basic demands of driving, i.e. more
interactions are being performed and desired within the vehicle environment than
initially conceived. Thereby, these factors influence the active development, accep-
tance and appropriateness of exterior and in-vehicle input modalities to operate
secondary tasks in the car.

Research in the domain of cognitive science showed that people have separate pools
of attentional resources, referring to the different sensory modalities [52], thereby
allowing the use of alternative input modalities to change the proportion of cognitive
and perception resources required for engaging with the secondary tasks. Automo-
tive original equipment manufacturers (OEMs) and sensing technology firms like the
company associated with this thesis have in recent years worked on advancing the
modalities of voice, gestures and gaze [27]. As a rule, Gaze input mainly addresses
users’ visual resources, gesture input addresses the manual, and speech, the auditory.

In summary

Automotive companies’ primary focus of services is foremost automotive safety and
have recently started to apply artificial intelligence, machine learning and low-level
fusion capabilities to enhance and power novel safety features to minimize the risk
of road accidents, irrespective of the cause being internal or external. To increase
the safety of cars, automotive companies have for a long time developed solutions
to mitigate safety issues present when driving or riding a vehicle. Lately, the focus
has gone from mechanical features such as material choice, seat belts and airbags,
towards software solutions reacting to, among other things, external spatial infor-
mation, driver distraction and drowsiness. [53]

3.4 Academic Vacuity

While automotive companies, such as the one connected to this thesis, consistently
provide new safety solutions, a hitherto untapped design field remains, and perhaps
there is where the last to-be-addressed safety issues are found. The field in question
houses the hard, and impossible, to identify issues - what is commonly referred to as
Wicked problems[54, 55]. Wicked problems by nature cannot be fully solved, using
the methodology explained by Gaver (see section Section 4.1) attempts at mitigat-
ing them can be made.

Automotive companies have when adding advanced safety features, developed soft-
ware platforms capable of complex sensor fusion algorithms, providing unique and
so-far underutilised modalities - both in the automotive industry and in academia.
The following section covers what the authors deem to be missing or lacking in
academia; however, as reading every piece of literature is impossible it is possible
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examples exist but were not found within the scope of the literature review.

ADAS data [2, 27, 53]

With the introduction of ADAS systems, a new form of user interaction emerges, a
form where the user does not need to actively, or even knowingly, interact with the
system. It includes input modalities such as real-time collected occupant, exterior
and interior sensor data in the form of:

PROXIMITY

Proximity as an input modality is an area of immense research work in the recent
past, especially in the sub-domains of desktop and smartphone interactions. Seldom
explored by prior research efforts, proximity is especially interesting in the domain
AID as it enables features such as predictive touch, finger-pointing vector, automatic
steering, etc. All of these examples of features promoting passive interaction with
the system, i.e. the system responding to the intent of the user, even before the
user input has been received - as well as the other form of proximity, the proximity
of external entities. These can include other vehicles, pedestrians and curbs - all
additional passive live data feeds acting as an input modality to the ADAS platform,
allowing predicting the surrounding area’s intentions.

POSTURE
Although primarily tracked for determining fatigue and enforcing focus on the pri-
mary activity of driving; body posture also is indicative of the mood and intent of
the driver and passengers, which could potentially be leveraged for proactive system
behaviour.

FINGER POINTING VECTOR & PREDICTIVE TOUCH

Using occupant spatial data it is possible to estimate what vector finger is currently
pointing along as well as estimated points of interaction on any surface. This allows
for complex intent-based interactions, examples include: what a user is pointing at
can be used as a form of input - even if it is outside the vehicle, or: calculations can
be made before a finger reaches the screen - resulting in a more responsive interface.

MOOD, DISTRACTION, IDENTIFICATION, OBJECT CLASSIFICATION, ETC.
With the face analysis algorithms developed in the field of computer vision, it is now
possible to identify a person by capturing their face digitally, as well as estimate
complex user statuses such as mood and distraction. These algorithms are not only
limited to humans, some also allow for visual object analysis such as classification.

Manipulation of the Output

As modern interfaces and computing systems replace simpler meters and low-resolution
displays, manipulating, an alternative to just adding/replacing, audio and visual
output modalities to improve user experiences will be possible.

Guidelines & Frameworks
With these new, unexplored and definitively complex modalities within AID, there
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is a clear lack of guidelines and frameworks of use. Until such is made, case examples
involving them will be the only guide there is.
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Methodology

The methodology used was primarily sourced from IDEO’s human-centred design
toolkit and their resources on the implementation of design thinking. Herein design
thinking is termed as a human-centred approach to innovation. The toolkit clas-
sifies methods into three categories, Inspiration, Ideation and Implementation, the
last involving bringing the design to market - something that is outside the scope of
most theses, this one included. [57]

While many of the methods were brought over from the previously mentioned toolkit,
suitable adjustments were necessary to adapt them for the project’s contexts, and
other common methods in the field were sourced as well. The evaluation methods
were chosen such that they measure usability as well as the workload for individual
tasks as a part of the larger workflows in the driving/commuting activity.

For the most the concepts covered by this chapter, it is described in detail why
they were utilised, when and how in chapters 5: Planning and 6: Execution |
Process. As such that information is not covered in this chapter; however, for
concepts utilised throughout the thesis, such as general guidelines, why and how
they are used is covered in chapter. This stylistic choice is done to increase the
readability of the chapters, as well as to maintain the chronological order.

4.1 Research through Design

According to Gaver (2012), what differentiates research through design from tradi-
tional scientific methods, primarily found in the natural sciences, is that the research
problems it tackles are by definition not falsifiable - making the criterion of falsi-
fiability proposed by Popper in 1963, void [56, 58]. This nature stems from the
problems being so called ‘wicked” problems - in the sense that there is no simple,
factually correct answer or solution to them [54, 55].

Wicked Problems and Research through Design

Rittel and Webber (1973) defined ten characteristics for wicked problems[55], one
of them being that they are unique and another that they usually are a symptom
of another problem. Gaver comparatively mentions that research through design
is defined by the way that what it achieves as it evolves, are the artefacts devel-
oped along the way - each a testament of one way of potentially creating successful
designs [56]. Gaver argues for the notion that what is created is ‘what might be’
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[56], to follow this one could see a preference of working in-so-far untouched areas of
design space. Seeing as new designs in already explored areas will most likely yield
fewer new insights, the conclusion to prioritize ‘gaps’ in explored design space can
be drawn.

As for the second characteristic, the cause of the wicked problems that research
through design tackles, one could formulate it as being the problem of no academic
knowledge covers that area. From this it is easily realized that by attempting to
solve the wicked problem one actually, at least partly, solves the underlying cause
for it - as written by Gaver: “..one of the features that distinguish design from sci-
ence is its tendency to make generative statements rather than falsifiable ones” [56].
Gaver argues that by being generative, research through design achieves the same
goal as what Lakatos (1978), as cited by Gaver, states is the strength of scientific
research programmes - that over time and attempts, the solution or truth is found
[59, 56]. Research through design with its many artefacts has as a goal “to create
theories that are sometimes right” [56], that “designing for X can lead to successful
outcomes” [56], this can be understood from what Gaver continues by saying “De-
sign examples are indispensable to design theory because artifacts embody the myriad
choices made by their designers...” [56] as well as what Collins (1994) said, as cited
by Gaver: “..a designed artifact is a ‘theory nezus’..” [60, 56].

The nature of the research problem being how to best or optimally, leverage the
possibilities present, arguably makes it a wicked problem. The design possibilities
are endless and what one user thinks is optimal is not a guarantee for the next one
asked answering the same. In interaction design and user experience design, subjec-
tivity plays a part, making it impossible to determine what is best - what is often
done instead is to compare alternatives and estimate which is the better one for
most users. Designers, such as the authors, can only make better interfaces, never
the best. The research problem of this thesis is shaped in such a way, that it plays
into the second characteristic described above; it targets an area without academic
coverage. By attempting to solve the research problem, this thesis will contribute
at least by adding some coverage to the explored design space.

4.2 Co-design

According to Sanders and Stappers (2008) Co-design as it is exercised and discussed
in contemporary design fields assumes quite a few manifestations, based upon the
attitudes and expertise of its practitioners. They also clarify that:

The terms co-design and co-creation are today often confused and/or
treated synonymously with one another. [...| Co-creation is a very broad
term with applications ranging from the physical to the metaphysical and
from the material to the spiritual. [61]

Sanders and Stappers, for clarification and differentiation from Co-creation, instead
define Co-design as follows :
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We use co-design in a broader sense to refer to the creativity of designers
and people not trained in design working together in the design develop-
ment process. [61]

Regarding the roles assumed by the non-designers and/or users in this process,
Muller and Druin (2002) states that, “With each role there is a spectrum of user
involvement, at differing points in the design of new technology”. Yamauchi (2009)
suggests that the best role for users is as “peripheral designers” working with as-
signed detailed problems rather than whole-system design. In line with this ideology
is Light and Luckin’s (2008) statement: “..you can’t just ‘add users and stir.” and
Muller and Druin’s remark that “People’s needs differ by work roles and their rela-
tionship to the design task, by life stage, by physical or cognitive condition, and by
other attributes and dimensions as well”.

4.3 Literature study

The following steps are a guideline provided by the staff at Chalmers University
library [65]:

1. In the initial part of a thesis project, interesting and relevant papers should be
selected based on sporadic searches of thematic words found in, for example,
the thesis proposal.

2. From these papers, select keywords should be chosen to be used for more thor-
ough literature searches using the digital tool Scopus[66].

3. Different combinations of the keywords can then be used to find well-cited
older papers as well as more recent ones. This should be done to get both re-
liable, but older knowledge of the field as a whole as well as design knowledge
from more up-to-date design projects. This is especially crucial since the field
of automotive interaction design has over recent years gone from the slow and
steady design evolution common in the industry towards the rapid, constant
changes of the digital interaction design world [29, 30].

4. Throughout the process, the collection of keywords should be expanded upon
and evolve as the authors’ understanding of the field grows.

5. When a broader base of papers has been covered, further studies should focus
on the sub-fields regarded as most relevant to the project. These priorities are
based on a multitude of reasons. In this thesis that is primarily what the com-
pany the authors works with have an interest in; A) design solutions that do
not primarily aim to enhance safety, B) novel to the company-design combina-
tions of different modalities, and C) design solutions utilizing the proprietary
ADAS platform’s more advanced sensor data.
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Regarding A): The company’s main expertise is in the safety sector, with
this project they desire to expand their non-safety expertise.

Regarding B): Previous thesis projects housed by the company have already
involved some of the modalities existing in the field. As a company, they desire
to see novel projects, with as little overlap as possible.

Regarding C): The least design knowledge exists in the field when it comes to
utilizing the latest sensor data. The company desires to gain this knowledge
as it positions them at the head of the industry as a whole.

6. After the study, lacking aspects of the relevant fields should be identified to
better shape and target the aim for the academic contributions of the thesis, i.e.
to avoid rediscovering the wheel as well as maximizing the new understanding
generated by research through a design project.

4.4 Expert Interview

To design for actual needs and problems in a field, getting expert know-how is in-
valuable for a designer, and can sometimes be a better source of inspiration than the
actual end-user of the design - an example would be asking a customer instead of a
chef for ideas on a new menu item at a restaurant. Experts in the field that are not
designers, such as manufacturers or engineers, have knowledge on what the latest
innovations are, known failures as well as a systems-level view of the subject area.
Designers seldom have the technical expertise of the field they design in, interview-
ing experts following the guide found at IDEO’s toolkit may help in such scenarios
[67]:

1. “Determine what kind of expert you need.”

2. “When recruiting your experts, give them a preview of the kinds of questions
you’ll be asking and let them know how much of their time you’ll need.”

3. “Choose experts with varying points of view. You don’t want the same opinions
over and over.”

4. “Ask smart, researched questions. Though you should come prepared with an
idea of what you’d like to learn, make sure your game plan is flexible enough
to allow you to pursue unexpected lines of inquiry.”

5. “Record your Interview with whatever tools you have. A pen and paper work

fine.”

4.5 ARSCI

Abbreviated ARSCI (Adding, Removing, Skewing, Combining, Imbalance) by the
authors, this unnamed structured creativity method was mentioned in a CTH course
by Mafalda Samuelsson-Gamboa, referring to a method mentioned by Staffan Bjork.
It is possible that ARSCI is based on the less structured SCAMPER (Substitute,
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Combine, Adapt, Modify, Put-to-another-use, Eliminate, Reverse) method [68], both
being evolutions from the methodology first introduced by Osborn (1953) in chap-
ter XXIV of the book “Applied Imagination: Principles and Procedures of Creative
Thinking” [69]. The method is structured as follows:

State the main problem [X] that the ideas should aim to solve.

Identify all design elements [E;-E,| defining the design space.

State a personal goal [Y] for the ideas to fulfill.

Enter [E;-E, | into the following templates and write an idea that is based on

the filled-in template and fulfills [Y].

(a) Solve X by adding more of E,.

(b) Solve X by removing E,.
)

(d)

Ll e e

(c¢) Solve X by skewing E,.
d) Solve X by combining E, and E,,.
(e) Solve X by creating an imbalance between E, and Ey,.
5. Roughly cull undesired ideas, based on possibility, skill, cost, etc.
6. When few enough ‘good’ ideas remain, continue with the design process.

The method’s goal is to generate many ideas that fulfil a design goal, not all good
and not necessarily ideas with every permutation of the templates. This design goal
can be based on a wicked problem or a desire to improve the user experience. The
method prompts designers to look upon and consider every permutation, thus cover-
ing otherwise missed permutations in the ideation phase. As a result of this thorough
process, ‘unideal’ permutations, either through possibility or suitability, will also be
considered by designers. It is not necessary to come up with good ideas on such
permutations as the end goal is to find all good/suitable ideas, not all possible ideas.

The method is adapted for use in multimodal interaction in that template d) is
the primary template used, as it allows paring two or more modalities for ideation.

4.6 Theory of Change

IDEQO’s Theory of Change is a method sourced from the aforementioned IDEO De-
sign Kit [70]. The method comprises of 5 steps:

1. Reviewing the list of desired outcomes, which were defined originally when
framing the design challenge.

2. Next, using the Theory of Change worksheet provided by IDEO, each one
of the issues and the corresponding ideas/concepts is listed out using a grid
structure on the workspace.

3. From the grid generated, a priority is established regarding the most critical

problems in the design space and the related ideas. This worksheet then serves
a guide to redirect efforts towards the higher priority issues and their corre-
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sponding solutions.

4. This process of establishing priorities incites articulation of theories, or ratio-
nales, for how said solutions will bring about change and achieve the desired
outcomes (from Step 1). Interrogation of this emerging theory of change ques-
tions the logic, assumptions or risks of each solution.

5. Documenting the theory of change involves using the Impact Ladder in IDEO’s
activity guide to rapidly capture the output of this method in the first instance
of its use. Future iteration could make use of the Logic Model activity instead
to acquire a more detailed and clearly structured visualization of the solution
model.

As a rule, using the method does not require one to follow all the steps, specifically
the steps suggesting a follow-up method - instead designers can apply a different
method to the output of the method.

4.7 Prototyping

Prototyping is a vital and effective way to give ideas a tangible form, to seek insights
through crafting said prototypes, and to acquire important feedback from the target
user groups. Prototypes are classified according to the level of their fidelity to match
the level of the evaluation they’re in and the maturity of the idea being represented.

Low-fidelity (Early Stage)

The low fidelity level of prototypes supports a rapid generation workflow for re-
ceiving quick feedback from evaluators, such as stakeholders or user groups, on
the potential of early ideas/concepts. This also allows for test participants to focus
on the critical aspects of the idea rather than on the aesthetics of the execution. [71]

High-fidelity (Later Stage)

The ideas and concepts which exhibit potential and receive positive feedback from
prior tests are ‘promoted’ to a stage wherein they would be reconstructed at a higher
fidelity level for further refinements and, eventually, final evaluations. These proto-
types would also potentially be interactive enabling evaluation for user-interaction
performance (e.g., time to complete a task), and in demonstrating actual solutions
to clients, management, etc. (for the Company) and others. [72]

4.7.1 Scenarios

Scenarios serve as a foundation, a 'work context’, that allows for prototypes of ideas
to be defined, created and evaluated against. In this regard Nardi defined scenarios
as:

“..a description of a set of users, a work context, and a set of tasks that
users perform or want to perform. A scenario sketches future technolo-
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gies that will help users do the things they want to do. A scenario blends
a carefully researched description of some set of real ongoing activities
with an imaginative futuristic look at how technology could support those
activities better.” [73]

For the purposes of some theses, it is necessary to create deliberate scenarios such
that they could accommodate and/or necessitate the application of ideas and con-
cepts developed in a meaningful context. For example, although traditionally used
in the evaluation of the developed artefacts or products, Scenarios could also be
employed as aids to craft user-flows around the proposed ideas of this project when
prototyping.

4.7.2 Storyboard

Although a vital part of human-centred design is communicating with the end-users
themselves; however, in some unprecedented circumstances, this is potentially not an
option. Therefore, to better understand and interpret the users’ physical, cognitive,
and emotional needs, in such situations, storyboards would be created around the
aforementioned scenarios to serve the following needs as enumerated by McQuaid,
Goel, and McManus:

1. Direct-experience story-boarding with narratives to understand customers’
frustrating and pleasurable experiences with the artefacts in question.

2. Communicate the user experience enhancements to stakeholders and to serve
as an aid in empathizing with end-users.

3. Potentially leverages the storyboards and narratives to further develop design
recommendations. [74]

Computing has become progressively integrated into the environment and as a result
has blurred the lines between the actual system and the context around, strongly
necessitating the use of storyboards to depict context explicitly as implied by Truong,
Hayes, and Abowd.

4.7.3 Wizard of Oz

First defined as a method by Kelley in the 1980s [76], the Wizard of Oz method,
originally the OZ Paradigm [76, 77], it was initially only meant for use within the

Natural Language field - something that is apparent from the definition given by
Kelley:

“..experimental participants are given the impression that they are inter-
acting with a program that understands English as well as another human
would. In fact, at least in the earlier stages of development, the program
s limping along, only partly implemented. The experimenter, acting as
"Wizard', surreptitiously intercepts communications between participant
and program, supplying answers and new inputs as needed.” [76]
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Since the 80s the method has been applied in many design fields, as what Kel-
ley defines as 'intercepts communication’ can be reinterpreted to mean any human
interaction with an artefact. Instead of relying on messages manually behind a cur-
tain, designers today manually supply, hidden or not hidden, features yet to exist to
artefacts for a participant to experience. Extreme examples would be architectural
house sketches and beta versions of a software feature. In the first, most if not all of
the interaction is faked, the observer of the sketch can imagine how the house will
look and then base their thoughts on that. In the other case, as little 'wizarding’
as possible is used, and the interaction is almost fully real, only slight adjusting
or resetting is done by the designers to keep the interaction working. As covered
previously, the participant in a Wizard of Oz setting can be oblivious of the mock
part of the interaction, but is not always so, as seen in the house sketch example. Of
course, the more oblivious the wizard can make the participant the more realistic,
reliable and representative data can be observed from the interaction.

4.7.4 Video prototyping

According to Karras et al., as well as the many sources cited by them in their 2017
paper, prototypes in video format do a better job at relying on the complex nature
of designed interactions [78]. Karras et al., as well as Mackay and Fayard, sug-
gest an approach where a written scenario, showcasing an intended interaction, is
accompanied by a video showcasing the scenario, by using techniques such as ana-
logue (paper, plastic films, etc.) or digital mock-ups interacted with in a Wizard
of Oz setting [78, 79]. The use of Wizard of Oz in video prototyping was actually
suggested already back in 1983 by Kelley in his original description of how to use
the Wizard of Oz method.

Videos resulting from the use of the method can be seen and evaluated by partici-
pants knowing or unknowing of the 'fake’ nature of the interaction - as it is primarily
meant to reinforce and strengthen the relaying of the underlying idea; however, if
done well, the interaction seen in the video can be indistinguishable from recorded
interaction with the 'real thing” Mackay and Fayard suggest that video prototypes
done in this way be evaluated using the method Walkthrough-based evaluation - see
Section 4.8.4.

4.8 Evaluation methods

The two primary qualities of interests in this thesis are comfort and safety, and
any design created in this thesis needs to be, at some point, evaluated based on
those criteria. One way to evaluate safety is to look at how big the subjective
workload is on users, as the bigger it is the more distracted users will be - a common
cause of vehicular accidents. To evaluate comfort, a common method is to utilise
standardised usability scales, as they provide clear aspects to analyse for most if not
all usable systems. For the first criteria, safety, this project will utilise the DALI,
for the second, comfort, the system usability scale (SUS).
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4.8.1 NASA TLX and DALI

The NASA TLX is a subjective workload assessment tool, developed in the 1980s
at NASA’s Ames Research Center (ARC), to evaluate pilots’ cognitive and physical
workload in aviation and spaceflight systems [80]. It enables its utilisers to perform
subjective workload assessments on test participants working with various human-
machine interface systems. Since its inception, however, it has been repurposed for
use in computer science, healthcare and other complex socio-technical domains. [80]

A modified version of the NASA TLX has been proposed by Pauzié (2008) in order
to adapt it to driving tasks, known as Driving Activity Load Index (DALI) [81].
The basic principle of the DALI is the same as the NASA TLX, using a scale rating
procedure across six pre-defined factors, followed by a weighing procedure in order
to combine the six individual scales into an overall score. The main difference lies
in the choice of the main factors composing the workload score. [81]

4.8.2 System Usability Scale
The System Usability Scale (SUS) was first introduced by John Brooke in 1986, and

its use cases are described by usability.gov (2021) as “..it allows you to evaluate a
wide variety of products and services, including hardware, software, mobile devices,
websites and applications” [82]. It is primarily used to differentiate usable and unus-
able systems from each other and is reliable even with smaller participant numbers.
Participants in a SUS usability tests evaluates a system and scores it for each of the

following statements [82]:

I think that I would like to use this system frequently.

I found the system unnecessarily complex.

I thought the system was easy to use.

I think that I would need the support of a technical person to be able to use
this system.

I found the various functions in this system were well integrated.

I thought there was too much inconsistency in this system.

I would imagine that most people would learn to use this system very quickly.
I found the system very cumbersome to use.

I felt very confident using the system.

I needed to learn a lot of things before I could get going with this system.

Ll e
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The scoring is done using a Likert-scale [83] from 0-4, 0 being Strongly Disagree, 4
being Strongly Agree. The scores from the test are added up and multiplied by 2.5,
making the possible scores go from 0-100 instead of 0-40. According to usability.gov
and Sauro (2011), an average system would score 68 points, making anything below
it worse than average usability wise. [82, 84] Sauro states that translating the nu-
meric score, based on how a teacher grades on a normal distribution curve, into a
more readable A-F grading, better conveys the percentile meaning of the score, see
Figure 4.1. For example, a score of 70 should not be misunderstood as better than
70% of all interfaces, but instead only better than 50%. Sauro provides a rough
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guide to how to do this translation: A for the top 10% of scores (>80.3), B for
scores over 68, C for scores over 60, and F for scores lower than 51. Sauro also adds
that in the top ten percentile, i.e. a grade of A and over 80.3 score-wise, is where

the interfaces or systems which users most often tend to recommend to others are
located. [84]

100%

90% / /
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60% /
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40% /
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Figure 4.1: How one might translate a SUS score into the more representative A-F
grading scale, based on Sauro’s parable for grading Ul's on a curve. [84]

4.8.3 t-tests

To detect any statistically significant patterns in collections of participant data, two
types of t-tests can be conducted, the types being one and two-tailed - refereeing to
if the test covers one or both tails of a normal distribution curve. One-tailed ones
are better used to detect statistically relevant patterns as it, for a given significance
alpha, covers one big region compared to two-tailed ones, that look at two, smaller
sized regions instead to detect inverse relationships. With inverse relationships is
meant that while a test might be conducted to see if proposition P is true, one-tailed
might detect it easier, but two-tailed might detect that actually its the inverse of P
that is probable - one-tailed tests do not take into account the difference between
the proposition and its inverse.

For each t-test, there are two hypotheses, Hy or null hypothesis which is usually
‘the two population means are equal’, and H; ’the two population means are not
equal’, i.e. there is a difference between them. t-tests generate a p-value, the lower
the value is the stronger the statistical significance is for H; to be true and for the
null hypothesis to be rejected. Conventionally, p-values equal to or lower than .05
are considered low enough to indicate statistical significance. [85]
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When utilizing t-tests and stating that a p-value or alpha, lower than .05 is indica-
tive of strong statistical significance, certain assumptions are made. These include
that the data is normally distributed, that the population (user group) is randomly
sampled, as well that the sample group is adequately sized. To test whether the
sample size is big enough, one could perform a Power Analysis[86] on the data.
Power analysis takes into account the means of the different populations, number of
subjects, standard deviation as well as the p-value, or alpha. The analysis outputs
a measure of power, beta, from 0 to 1 - indicating the probability of “..recovering
a statistically significant result” [86] from the p-value. Conventionally, a beta of at
least 0.8 (often written as 80%) is desired. [86]

It is important to decide upon a significance threshold before calculating the ac-
tual value(s), as otherwise, authors might introduce what is commonly referred to
as “.error of first kind.” [87], where an author believes their result to be significant
- no matter if it is or not.

4.8.4 Walkthrough-based evaluation

In this type of evaluation, participants are walked through a designed artefact, as
compared to free exploration or performing a task by interacting with it. The first
alternative can be too unreliable if the designers want the entire design to be seen
by the participant, as free exploration might lead to missing certain parts of it. The
second, requiring interaction with the design, is sometimes not an option, such as
when the design’s fidelity is too low to interact with or when external factors such
as physical access, legal regulations, etc. prohibit interaction.

To allow a sense of possible interactions, however, designers utilise certain mediums
and strategies when creating observable artefacts. For example, while digital proto-
typing supports creating interactive prototypes with responsive controls mapped to
mockups, the process of capturing the events of these controls to obtain an under-
standing of the interaction is crucial. Videos for example, which demonstrate inter-
action sequences, can serve as additional support for the pre-crafted scenarios and
aforementioned digital prototypes. Mackay and Fayard used videos in their design
process, which were evaluated using walkthrough-based evaluations, to demonstrate
scenarios of using the system under development. Different variants of scenarios can
emerge by modifying the captured event sequences and mockups [78], thus showing
different interaction paths. According to Karras et al.’s evaluation, such a generated
video allows for a faster understanding of an artefact’s possible interactions when
compared to static mockups - making the walkthrough, and the attached evaluation,
more effective and reliable.

4.8.5 Task-based evaluation

Task-based evaluation, also called Task based usability testing, have many benefits,
McCloskey (2014) of the Nielsen Norman Group states that:
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“The most effective way of understanding what works and what doesn’t

in an interface is to watch people use it. [...| you gain qualitative insights
into what is causing users to have trouble. These insights help you de-
termine how to improve the design. [...] In order to observe participants

you need to give them something to do. These assignments are frequently
referred to as tasks.” [88]

McCloskey suggest creating realistic tasks and scenarios for the participants to act
out, as a more convincing environment and activity allows the participants to better
emerge themselves in the fictional (or actual, in case it is an existing product) reality
they are pretending to take part in - resulting in more reliable and representative
data.

The second note provided, is to make the task actionable, meaning to give them
an action to do, and not to ask them how to do an action, e.g. Do X', not "How
would you do X’ or "How did you do X’. This suggestion stems from the fact that
with "How’ questions participants tend to reply with words and not with observ-
able actions - thus providing less natural interaction data. If a participant starts
explaining what they would like to do, it can be a sign that the design is not action-
able enough, they have nothing to do so they say what they would like to do instead.

The last guideline provided is to avoid, as much as possible, to give clues on what
to do - task should allow for freedom of interaction choice while at the same time
not be too vague in what to do. As an example, the task could be to 'Make an
appointment for next Tuesday at 10 am with your dentist, Dr Petersen.” instead of
"Make an appointment with your dentist.”, which is too vague, or 'Go to the website,
sign in, and tell me where you would click to make an appointment.” which clues
the participant too much into pre-selected interactions. [88]

Task-based evaluation necessitates an artefact that participants can interact with, or
at least pretend to interact with, such as a paper prototype, or an existing product.
Simply showing a design to a participant, such as when using the Walkthrough-based
evaluation described in Section 4.8.4, allows for no interaction at all, making it
impossible for a participant to perform a task the way suggested by McCloskey.

4.9 Project structure

This section of the methodology covers primarily the background of, and alternatives
to, a design process defined by d.school. 1t follows it up by explaining in short the
communication and documentation tools utilised in this thesis.

4.9.1 Five-step process

A popular design process structure is to follow the five stages, or a derivative of them,
defined by The Hasso Plattner Institute of Design at Stanford (aka the d.school), as
cited by Interaction Design Foundation (2021); Empathize, Define, Ideate, Prototype
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and Test [89]. The structure has similarities with other alternatives, such as the
related one found at the IDEO Human-Centered Design Toolkit (2021), which is
based on the principles of Design Thinking [57]. Both of these might have been
inspired by the double diamond first introduced by the Design Council (2004), that
consists of: Discover, Define, Develop and Deliver [90].

In the double diamond, Discover is the acquisition of knowledge and definition
of the problem. While its Define phase is the convergence to Discover’s divergent
thinking, refracting and redefining the problem into a challenge. This first half of
the double diamond can be seen as the Empathize and Define phases defined by
d.school, first, a gathering of knowledge(usually about the users and their needs)
followed by an establishment of the design space (the specifics about the users’ needs
and problems). The third part and second divergent part of the double diamond
is the Develop phase, coming up with answers to the design challenge [89]. This,
in d.school’s stages, is represented first by Ideate, the creation of ideas, and then
by Prototype, creation of solutions to the problems. As the fidelity increases and
Prototype bleeds into the last, and final convergent part of the double diamond: De-
liver - where solutions are tested out, rejected or improved, by d.school this phase
is called Test [89, 90]. It is important to note, that when using an agile process,
with several iterations, the phases are performed several times, with each Prototype
phase followed by a Test phase. Depending on how one sees it, evaluating ideas in
the Ideate phase could be seen as another occurrence of the Test phase, albeit at a
different scale and thoroughness due to the difference in the quantity of the ideas in
a project compared to the prototypes in it.

In the first phases, Empathize and Define, it is common to primarily involve the
end-user stakeholder, in the research where the result is primarily academic and
secondary an artefact, the end-users is the academic(i.e. Design Professionals)
and industrial stakeholders(i.e. The Company). In that case, the needs of the
end-users can be researched through related work written by Design Profession-
als as well as through industry expertise about such artefacts. As understanding
is built, a clearer picture can be constructed about the needs and problems these
stakeholders face.

For the following phase, Ideation, if the thesis is done at a company, it is more
suitable to involve The Company stakeholder, as that stakeholder’s know-how of
the field enables suitability checks of ideas before going into the following phase. In
Prototype and Test, understanding of design and evaluation methods drawn from
Design Professionals is first used, followed by utilizing technology form The
Company in case a final, non-prototype, artefact is realized.

4.9.2 Meetings and channels of communication

The main communication channel for this project was Skype [91], for its ease of use
and support for cross-platform messaging capability. Teams [92] was used primarily
for written communication with the company officials as it was the preferred business
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communication channel internally. Zoom [93] was also used occasionally for remote
work sessions, certain meetings and distance-based participant sessions. Canvas
[94], the LMS (Learning Management System) was, at the time of writing, the
official channel for thesis-work submissions and for seeking authorizations with the
University.

4.9.3 Documentation

Day-to-day documentation throughout the project was primarily done using No-
tion.so’s student version of its online documentation suite [95]. For conventional
documents such as presentations, pdfs, questionnaires and pure text documents
Google Drive’s Presentations, Forms and Docs was used due to the low latency in
cooperative work as well due to the authors’ preexisting knowledge of how to use it.
For the thesis’ planning and final reports, Overleaf’s online LaTeX editor [96] was
used.

4.9.4 Research diary

Gray-Grant (2018) describes why one should keep a research diary and what should
go into it:

“Your diary should include a description of what youve done each day—the
people you met and what they said, books or papers that you read, lec-
tures or conferences that you attended, notes from discussions or conver-
sations, and ideas you want to remember to follow up. But, even more
important, it should also include your personal views and opinions of all
that you have learned and your analysis of any problems you ve noticed.
Questions, hunches, thoughts and plans for future actions also belong in
this free-flowing document. Finally, make a diary entry even if you do
nothing else that day. It will help keep you connected with your project
and maintain your motivation.” [97]

The arguments discussed by Gray-Grant are partly quoted from a video by Gray
(2014), bringing up four points as mentioned by Gray [97, 98]:

o It helps you keep a detailed history of your research as it unfolds

o [t provides a reference point for when your thoughts changed/matured during
the process

o [t allows you to trace the development of your research skills

o [t gives you a place to reflect on your research

Gray-Grant adds two additional points [97]:

o A research diary will require you to declare your opinions about what you are
reading
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o A research diary will allow you to maintain your writing habit

In this project several separate channels were used to chronicle project activity,
primarily to separate meeting notes from summaries of general progress and moti-
vations: meeting notes for each meeting as well as a weekly report. These reports
were utilised as a reminder when writing chapter 5: Planning, 6: Execution |
Process, and 8: Discussion.
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Planning

In any project, it is common to have a preconceived plan of action, based on pre-
liminary information, preparation and experience from prior project work. Since
the main purpose of a research project is to acquire new knowledge along the way,
the plans and proposals presented in this chapter are subject to change, withdrawal
and modifications as newer and better ways of design, research, development and
evaluation are understood and/or discovered.

The following chapter presents, in chronological order, the research questions, de-
tails the overall project plan based on the research questions, which in this thesis is
the lion’s share of the hypotheses. More precisely, it introduces the cardinal phases
of the project including the evaluation plans and concludes with the planned contri-
butions of the project. The final decisions with regards to the plans in this chapter,
motivations, comments and detailed step by step sub-results are instead covered in
Chapter 6.

5.1 Research questions (RQ1 and RQ2)

With the theoretical and methodological background explained in the previous chap-
ters in mind, the authors observe that examples providing answers to the following
research questions are needed in the field, and thus are what the thesis aims to
answer. The first part of the research problem being a wicked problem necessitated
a rephrasing of the terms best use and most UX-improving into the less absolute
terms better use and improved user experience.

RQ1: How can designers make better use of vehicle sensor data to create
improved vehicular user experiences?

RQ2: How can designers estimate the value, resulting from UX designs

relying on vehicle sensor data, added to the vehicular user experi-
ence”?

5.2 Overall plan
The following section covers the overall plan for answering the research questions

(RQ1 and RQ2), which by being How-questions means their respective hypotheses
should be suggested How-to instructions. The section first covers hypotheses one -
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a suggested design process (H1), hypothesis two - a suggested evaluation strategy
(H2), together they make up the thesis’ overall design project plan, used in tandem
for the purpose stated in the hypotheses: creating good vehicular user experiences
using vehicle sensor data (RQ1), as well as evaluate their UX value contribution
(RQ2). After presenting the hypotheses, the section explains how this overall plan
aims to achieve the planned contributions introduced in Section 1.3: Aim and
Planned contributions.

It is important to note when reading the hypotheses, that domain-specific knowl-
edge related to the research questions, covered primarily in Chapter 3, is utilised to
derive them. For example, the term multimodal interaction design is not mentioned
in the research questions themselves, but is mentioned in the hypotheses due to it
being part of what makes up automotive interactions design, which in turn is what
design the vehicular user experience mentioned in the research questions.

The chapter after this, 6: Execution | Process, covers the process of following this
suggested design project plan, as an attempt to validate whether the hypotheses,
the How-to suggestions, are valid or not. For the more practical project plan, i.e.
what should be done and when, the initially suggested timeplan for the thesis can
be found in Appendix C.

5.2.1 Hypothesis 1: the suggested design process (H1)

This subsection covers the authors’ hypothesised answer to the first research question
(RQ1), which by being an answer to a How-question is a How-to, i.e. a suggested
plan of action, to achieve designs that uses fused vehicle sensor data to add value
to vehicular user experiences.

A design project, one that aims at making ...better use of vehicle sensor data to
create improved vehicular user experiences - to quote the first research question
(RQ1), should aim to follow a conventional design approach of first acquiring an
understanding of the field, then, using an iterative process, produce and evaluate
one or several artefacts - successively compiling further knowledge of both how to
follow this suggested plan, i.e. the hypothesised answers to research question one
(RQ1), as well as to what degree that suggestions were valid, i.e. how successful
they were. This last instruction serves to possibly further validate the hypothesis
as more and more projects have utilised it.

d.school’s five stages

To the intended effect, the popular design process structure called Five Stage Pro-
cess, defined originally by The Hasso Plattner Institute of Design at Stanford (aka
the d.school), is the suggested base structure to follow. Another process structure
that could also be considered, for it’s similarity in approach, is the double diamond
structure, first introduced by Design Council (2004), that consists of: Discover, De-
fine, Develop and Deliver. As cited by Interaction Design Foundation (2021); the
Five Stage Process structure unfolds in the following stages, namely : Empathize,
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Define, Ideate, Prototype and Test [89]. The following paragraphs cover the sug-
gested adaptation of the Five Stage Process with regards to the project:

EMPATHIZE

The first stage of the process should be to gain an empathetic understanding of the
design space set by the research questions. In a thesis, the first stage should involve
engaging in literature studies and interviewing domain experts from the company
to obtain a clear view of the area of concern and design space. This can potentially
aid in understanding the merits of prior work, user experiences and stakeholder mo-
tivations in the automotive industry.

DEFINE

During the Define stage, the plan should be to collate and structure the informa-
tion derived from the literature studies and expert interviews gathered during the
Empathize stage. This is where an analysis of observations should take place, if
possible, in order to define a design space with respect to the available modalities
and core issues targeted by the research questions up to that point.

IDEATE

With a foundational set of literature in mind, along with insights from the domain
of AID, the identification of new solutions can begin. These shall be based on the
varied combination of the previously identified modalities, potentially leading up to
solutions leveraging multimodal interactions to address the research questions. It
will be vital to develop as many ideas or solutions as possible at the beginning of
this stage to ensure that all probable ideas are available for filtering out the rest
towards the end and to find the 'best’, i.e. the most suitable, ones.

PROTOTYPE

This stage begins with a number of cost-effective, lower-fidelity prototypes of the
artefact(s), developed specifically to investigate the feasibility of the few selected
multimodal solutions ideated in the previous stage. The aim of this stage would be
to attempt to develop the most suitable solution, that addresses the problems iden-
tified during the first three stages. While being an experimental and non-permanent
phase, it should enable the authors to gain more permanent expertise in HMI de-
velopment.

TEST

Herein the designs, that are implemented within the prototypes, are investigated
and either approved, improved and re-examined or rejected on the basis of the feed-
back from evaluations with, both or either, experts and representatives of the target
group, i.e. vehicular occupants (see Section 1.1), as participants. This is the final
stage of the five stage-model, but as elaborated further later on in this chapter, the
plan is to enter an iterative process loop, wherein the outcome, or results, generated
during the testing phase would be used to analyse the findings and reinterpret the
designed artefact.
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Iterative process

Working in an iterative fashion, starting from Ideate, will have the following layout:
first plan the iteration, then execute the plan, and lastly to analyse any resultant
output - turning it into the outcome of the iteration, which is brought into the next
iteration. The output will take different forms depending on what was executed, for
example: in the case of phases including an evaluation of a prototype, it might take
the form of any collected feedback, task load and usability scores. Analysing and
discussing these outputs will lead to new ideas, alteration plans or reaffirmation of
the current course of action. In cases where the phase is extensive, in either time or
work performed, the mid-phase output might be required to, in detail, plan the rest
of the phase. Examples of this include the prototyping and test iterations later in
the project, where, depending on what transpired during the prototyping phase, the
plan for the evaluation will have different possibilities and limitations. For a more
holistic perspective, or overview, of both the previously described stages, but also
this iterative process see Figure 5.1 for a graphic representation.

EMPATHIZE DEFINE IDEATE PROTOTYPE TEST

Talk to experts Design space Explore design space Build
Literature study Research questions Generate ideas \ (Evaluate)
Limitations lterate

Figure 5.1: A graphical overview of the first hypothesis - the suggested design
process (H1).

5.2.2 Hypothesis 2: the suggested evaluation strategy (H2)

This subsection covers the authors’ hypothesised answer to the second research
question (RQ2), which by being an answer to a How-question is a How-to, i.e. a
suggested plan of action, to be able to estimate any added value of designs that full
fill R1’s requirements.

Throughout a design project evaluations of the designs should be held, mainly due
to two reasons; the first being to be able to separate suitable ideas from unsuit-
able ones, i.e. which to keep and which to discard, the other to estimate the value
added to the vehicular user experience - as stated in research question two (RQZ2).
To achieve a balance between time spend and value-added, the methods employed
should, as the number of designs decreases, go from rapid and quantitative, towards
slow and qualitative. In the initial phases, the method FEzxpert Interview, or an
alternative, should be employed as a way to utilise the expertise of any company
stakeholder or recruited expert. This should be done as an aid in defining the design
space, in the define phase, for the project. Their know-how could, for example, help
steer away from less promising avenues not already known by the designers. Later,
in the Ideate phase, the vast amounts of created ideas should be rapidly graded by
the similar experts using a questionnaire version of the method - enabling early and
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fast exploration of a large design space.

Following the design of all iterations’ prototypes, SUS scores should be calculated
due to the low cost and fidelity requirements of doing such as compared to the ben-
efit. The scores calculated shall then act as a guideline both when selecting ideas
for continuation as well as what aspects of the idea needs addressing in the next
iteration. Calculating a SUS score for each iteration also adds the possibility to
compare how the score changes with alterations and with increases of fidelity across
the iterations - "Was the improvement effective?’, ’Is the idea still good?’, etc., are
examples of questions that can easier be answered with the help of these SUS scores.

For the last iteration’s evaluation, done upon the final artefact(s), to properly verify
whether the used methodology was valid or not, i.e. whether the created artefact(s)
is 'good’ or not, a Task based evaluation will need to be held - this to allow the
calculation of a DALI score for the final artefact(s). A DALI score will enable verifi-
cation whether the resultant artefact(s) are perceived and experienced as intended,
to quote R1:  “How can designers make better use of vehicle sensor data to create
improved vehicular user experiences?” After raw numerical data have been col-
lected, deeper analysis might be possible, depending on size of participant group,
whether demographic data was measured or it is of interest to the design project.
Such analysis can be made using statistical analytical tools such as t-test and Power
Analysis. For a holistic overview of H2, see Figure 5.2.

Low fidelity: High fidelity:
Rapid & quantitative evaluation Qualitative evaluation

Expert interview  Usability forms Task load forms  Statistical analysis

Figure 5.2: A graphical overview of the second hypothesis - the suggested evalua-
tion strategy (H2).

5.2.3 Contributions

The following paragraphs go into detail how the project plan presented in this chap-
ter aims to achieve the possible contributions described in Section 1.3: Aim and
Planned contributions

For the company

To achieve the aim of creating ’evaluated ideas and concepts of how to incorporate
an ADAS platform into an Android context’, as covered in the introduction of the
thesis, the planned process will result in one or several final artefacts. They will
go from simple ideas in the Ideate phase, into successively higher fidelities - each
version evaluated and analysed for possible improvements. The final iteration will
aim to produce Android Automotive applications that in some way incorporate the
company’s proprietary ADAS platform.
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Prototypes from previous iterations, including discarded ideas and earlier versions
of the final artefact(s), will also serve as contributions - either as examples of how
to do or not do, but also act as inspiration for future projects.

The expertise gained with any tools used could also be seen as contributing to the
aim of ’how to’ develop concepts such as the final and other prototypes - which is also
of use to the company that might transition into using it themselves for future work.

For academia

The thesis aims to academically contribute by creating two hypotheses, i.e. answers,
to the research questions. For the first one that is the process, and artefact, sug-
gested and created in this and the following chapter, for the second research question
that is the suggested evaluation plan introduced earlier in this chapter.

Chapter 6: Execution | Process covers by example, how one might follow and
combine the hypotheses (H1 and H2) as well as how one could motivate the use of,
and how to use, the methodology, methods and strategies incorporated throughout
the process.

Throughout the process, the evaluations made will not only act as an answer to
the second research question (RQ2), i.e. the evaluation strategy (H2), but also
verify the validity of the hypothesis to the first research question, i.e. the design
process (H1). Post-process analysis, made after each iteration as well as after the
entire process, of evaluations made, will aim to verify the validity of the evaluation
strategy (H2).

40



O

Execution | Process

The following chapter covers, in chronological order, the execution of the proposed
plan, see Chapter 5: Planning. It covers d.school’s five stages in the following
phases: Empathize & Define, Ideate and three iteration loops, each covering Proto-
type followed by Test. For each phase there were two major stages, first the planning
of the phase - this included reacting to the outcome of the previous phase as well
as method choices, thus including motivations behind the later stage: the execute
stage. As a result of this, the sections in this chapter, that each cover a process
phase, are split into the parts Planning of phase and Execution of phase, see
Figure 6.1, the first consisting of preparative work such as planning and strategiz-
ing, the second, of both or either generative work (designing, constructing, etc.) and
evaluative work.

Empathize & Define Ideate Iteration 1: Prototype Iteration 1: Test
Planning of Planning of Planning of Planning of
phase phase phase phase

Execution of Execution of Execution of
phase phase phase

Execution of
phase

Iteration 2: Test Iteration 3: Prototype Iteration 3: Test

Iteration 2: Prototype

Planning of Planning of Planning of Planning of

phase phase phase phase '
Execution of Execution of Execution of Execution of

phase phase phase phase

C) : Preparative part C) : Generative part C) : Evaluative part

Figure 6.1: A graphical overview of the different phases of the process, and their
internal steps.

6.1 Empathize and Define

The initial phase of the process consisted of planning and executing the first steps
necessary to initiate the project. This involved reading up on literature, first in an
unstructured than structured manner, interviewing field experts, and finally defin-
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ing a concrete design space suitable in regards to the research questions (RQ1 and
RQ2). The result from the phase was such a design space, in the form of a set of
modality combinations not found (by the authors) in either academia or the industry.

The findings for this phase is covered under Chapter 2: Background and Chap-
ter 3: Related work, and the process more in detail under Section 4.3: Literature
study.

Planning of phase

The overall plan for the empathize & define phase was decided to be; initially - read-
ing papers to get a better understanding of the field, followed by defining the design
space based on the overlap of the expertise and interest of the company Aptiv, as
well as parts of the academic field identified as lacking or not covered by related
work. The interest of the company was partly formed of what no other company, at
the time, was providing, i.e. concepts not covered by the industry.

A clearly defined design space was desired, as it would allow for a structured ap-
proach to the following phase, Ideate. To properly define such a space, terminology
and background understanding would need to be acquired. Therefore, a study of
academic works, i.e. a literature study, should be conducted. To achieve this, a meet-
ing should be scheduled and held with staff from the Chalmers Tekniska Hogskola
- both as a way to better understand what academic resources were available, and
also to acquire expert recommendations on methodology for further literature study.
From the notes taken during such a meeting, a more effective strategy could be for-
mulated - resulting in a larger and more relevant collection of related works to take
into account in the project.

To properly harness their expertise and to understand the interest of the company;,
IDEQ’s Inspiration method Fxpert Interview was planned to be utilised, preferably
with representatives from different departments of the company and thereby differ-
ent technical fields. The method could possibly be conducted in a less formal setting
than what is conventional with the method, partly due to the fact that the experts
being recruited, would be from the company connected to the thesis, and partly due
to the difficulty of preparing specific questions for fields where the authors had little
to no knowledge.

Execution of phase

Departing from the plan, informal interviews with industry experts from the com-
pany was conducted to gather enough of an understanding to start looking for pa-
pers. Following this, an unstructured approach was taken and sporadic, well-cited
literature was collected and read to further the base knowledge gained during the
interviews, as well as to get the academic perspective of the discussed fields. With
this, fairly solid, footing in relevant fields for the thesis, a more structured literature
study was initialized.
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Figure 6.2: A screenshot of the authors use of the online work space organiza-
tional tool Notion, papers and other academic works being organised into three
main columns: To sort, To read and Read.

6.1.1 Literature study

The authors held an extensive meeting with staff from the Chalmers Tekniska
Hogskola, and from the meeting, a step by step process was formulated, see Sec-
tion 4.3: Literature Study, and then executed - the outcome being a large collec-
tion of papers, both well-cited, foundational works, and more recent and relevant
papers. This collection of papers were organised using the online tool Notion, see
Figure 6.2. The use of tables on Notion allowed the authors to quickly insert, sort
and tag collected material, allowing for the rapid aggregation of sources as well as
lending an overview of any comments made on them. Notion’s filter feature allowed
the authors to effortlessly look for papers in the collection covering a certain topic,
e.g. filtering on ’gaze’ would only display the papers mentioning 'gaze’.

After collecting and reading more academic literature, specific modalities were iden-
tified or defined, such as Gaze input, Voice input and Haptic output - most of these
were directly extracted from papers. In the multimodal interaction field, two or
more modalities are combined in a design, therefore to find combinations lacking
in the academic field, as initially evidenced from the collected literature and later
verified through external source libraries, a combinatory grid was constructed. The
grid was filled in with references to examples of an academic source implementing
and evaluating said combination. When examples were not found in the collection
(which was the fastest way to search), the external sources Scopus and ACM was
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utilised. This resulted in a partially filled-in grid, wherein the empty sections repre-
sent what design areas possibly have yet to be covered by academia or the industry.
This process was conducted to clearly identify an area where the thesis has the
highest potential to contribute to the field. This area was chosen to represent the
outer reaches of the design space for the project.

6.1.2 Expert Interview

Following the literature study, the method FEzpert Interview was applied to further
narrow down the design space - based on: what parts of the initial design space they
could provide insight and expertise on, what parts they were interested in, and what
parts they thought there’s a demand and/or potential in. As planned, the interview
took a less formal and structured approach than recommended by IDEO, due to the
reasons mentioned previously under Chapter 5 Planning.

The planned approach was conducted without issue and resulted in a well-defined
design space, see white sections of Table 6.1. Most of the modalities within were
extracted from academic sources, others were coined by the authors in case no pre-
existing academic work had already coined a term.

The rows Body Tracking and Occupant profile were constructed and their names
coined by the authors, and each represents a collection of modalities connected to
the proprietary ADAS platform utilised in the thesis. The term occupant referred
to one of the stakeholders, the vehicular occupants, which includes both drivers and
passengers of vehicles.

The columns Visual Source manipulation and Audio Source manipulation were also
coined by the authors - as a way to differentiate visual/auditory output/feedback
that purely relays information as traditionally intended or the second and arguably
more complex one: the cases were the distortion or shift, of whatsoever info is
currently being relayed in the visual/auditory feed, is the output/feedback. Two
examples would be the act of lowering music volume or adjusting the brightness of
the screen as an output modality - the content played/display is not affected per se,
merely manipulated in its presentation.
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Input \ Output Visual Source Audio Source Visual Source Audio Source Haptic
manipulation manipulation
Touch YES YES YES
Voice YES YES YES
Gesture YES YES YES
Gaze YES YES YES (VR)
O oF oy
Input \ Input Touch Voice Gesture Gaze Body Tracking
O D pro
Gaze YES YES YES
Gesture YES YES
Voice YES
Output \ Output Visual Source Audio Source Visual Source manipulation | Audio Source manipulation
Haptic YES YES
Audio Source manipulation
Visual Source manipulation
Audio Source ES

Table 6.1: The initial table of input and output modality combinations after being
filled in. White sections indicate combinations not found in either academia or the

industry.

The input modality groups Body Tracking and Occupant profile were coined at
a stage where the authors did not yet know fully know what exact modalities were
available for use through the utilised ADAS platform. As this was made apparent,
the authors fully expanded the groups into the following list of modalities:

Body Tracking
o Body proximity to parts of interior
o Finger pointing vector
o Predictive touch

Occupant profile
» Distraction level
« Emotion/Mood
o Activity estimation

Overlap Body Tracking & Occupant profile
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¢ Identification - who is where

Other
e Object classification
o Left-behind object
« Cabin snapshot (video call)

Most of these new and (at least to the extent of the authors’ knowledge) untapped
modalities had a common component: as input modalities, they require little or no
user intent/focus to use - a very useful detail in a setting where user distraction/frus-
tration directly results in fatalities. Information about the vehicle occupants is, by
the ADAS platform’s sensors and sensor fusion algorithms, automatically(from the
user’s viewpoint) entered into the IVI system similarly to how a button press or
voice commands is.

6.2 Ideate

With the definition of a concrete design space, ideation could commence. The choice
of ideation method, ARSCI, was selected based on the difficulty of combining un-
familiar technologies and interactions, and rapid, but effective, evaluation methods,
Expert Interview and Theory of Change, were utilised to comb through a vast se-
lection of bad and good ideas in a short time frame. The planned process proved
practical, as an unforeseen reiteration needed to be performed as new information
about the design space emerged. The phase resulted in 37 ideas formulated form
275 possible combinations, culled down to a final set of six ideas. These six ideas
were the ones brought with into the next phase of the project, prototyping.

Planning of phase

Multimodal interactions combine two or more modalities, some of these combina-
tions are more challenging to discover as combinations are essentially based on the
designers inherent associations, this can cause ideas based on un-thought of combi-
nations to never emerge or be considered. Designers in the field should be mindful
of this human fault in the ideation process. To address this potential weakness, the
plan to utilise and adapt the structured creativity ARSCI method was made.

The plan was to, after generating a set of ideas, using ARSCI, a modified ver-
sion of IDEO’s Ezpert Interview would be used to further cull these ideas. The
culling should be done looking at the desirability, feasibility and viability of ideas -
all based on expert know-how recruited from the company. To remain cost-effective
(time wise) this could be achieved by doing it through a streamlined questionnaire
with pointed multiple-choice questions on each idea. The aim of this method choice
was to reduce the design options as well as improve the average quality and suit-
ability of the possible avenues for the rest of the thesis, i.e. what ideas remained
after the culling.

Theory of Change [70] would be employed as a post-ideation method to refine con-
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cepts that emerge from the core ideation sessions. Specific concepts, albeit well
thought-out, lack a clear motivation as to which issues within the design they ad-
dress and how they do so. As such, to craft a clear mapping between ideas/concepts
and corresponding issues within the design space, this method would be put into
practice. Theory of Change is a method sourced from the aforementioned IDEO
Design Kit[57].

Execution of phase

In line with the initial plan for Ideation, using the ARSCI method, a vast selection of
ideas were generated - touching upon most valid combinations of modalities deemed
to be inside the design space created in the Define phase. This was followed by the
culling of ideas using a questionnaire version of Ezpert Interview. However, after
following the plan and receiving feedback from the company stakeholder, a new set
of modalities were introduced. The rapid nature of the chosen ideation methodology
allowed the authors to reiterate both the ARSCI method as well as the question-
naire. After the unplanned for reiteration, the planned methodology could continue,
with the method Theory of Change culling the ideas further - leaving a selection of
six ideas to bring into the next design phase - Prototyping.

6.2.1 ARSCI

The ARSCI method (Adding, Removing, Skewing, Combining, Imbalance - see
Section 4.5) was applied as intended onto the possible modality combinations - re-
sulting in 275 possible combinations. From these combinations, specific ideas (some
combinations yielding no apparent ideas) were documented - also through Notion.
These ideas of varying quality and suitability were subjectively culled by the authors
based on knowledge gained so far in the project, though literature and interviews,
resulting in a final set of 28 ideas.

However, ideas outside the design space, but still believed to be intriguing, were
kept and later readdressed. Most of the ideas were created without a method and
written down as they spontaneously emerged. This was an impromptu decision
made by the authors, as the goal of the Ideation phase was not to only create ideas
with a method, rather, the method was used to aid in idea creation - it was thus
seen as logical that any ideas were valid, no matter how they were created.

For the 'good’, but outside-the-design-space ideas, the Adapt segment from SCAM-
PER was later utilised to transform and transfer said ideas and concepts from outside
to the inside of the design space. This was done to ensure that interesting concepts
weren’t discarded solely because they existed outside the design space when they
originated.

6.2.2 Expert Interview - questionnaire

The ideas generated and retained so far, were entered into a questionnaire with the
two simple, follow-up questions: Do you like the idea?, and: If the idea cannot be
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HUD content that changes from where you are looking, viewers at different

angles see different content simultaneously

Body proximity + Visual source(screen/HUD)

Do you like the idea?

O Ilikeit

O 1donotlike it.

O Other:

If the idea cannot be realized, it is because:

D Limitations to technology

D Limitations to desirability

|:| Other:

Back Next

Page 2 of 29

Figure 6.3: An example section taken from the Ezpert Interview (questionnaire),
showcasing question setup and possible answers.

realized, it is because:, as can be seen in Figure 6.3. The questions were kept to a
minimum to streamline the process of utilizing expert know-how on as many ideas as
possible. The ’Other:” options allowed the respondents to enter specific opinions if
any on the ideas especially interesting to them. The questionnaire was constructed
using Google Forms due to the authors’ familiarity with the tool.

Responses from experts were collected and analysed using Google Sheets, initially
auto-generated from the questionnaire. To assist in the analysis process, coloured
formatting was applied, see fig. 6.4. Ideas that received no 'I do not like it. replies
were selected for further analysis, in which the second question’s answers and, if
any, the text replies under ’Other:” was looked at more in detail. This process was
selected as a way to rapidly comb through and narrow down the still relatively large
number of possible avenues for the design process. Based on limitations revealed
and extra comments, if any, ideas suitable for further development were selected and
extracted into a separate collection for use in the next phase of the project.
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Figure 6.4: A screenshot taken from the colour coded replies to the Ezpert Inter-
view questionnaire.

6.2.3 ARSCI: revisited

Following the analysis of the expert responses to the first questionnaire, feedback
from the company advised the authors to also include any possible modalities born
from the exterior sensor systems as well. Another Ezpert Interview was set up with
a representative for that industry, similar to how it had been done at the start of
the project, see Section 6.1.2.

Based on the interview, a new set of unexplored modalities were identified and
coined:

360° Awareness (Fused Modality)

Camera (Black/White or Limited Colour)
o Path and Heading Estimation
 Blind-spot Detection / Crossing info

Again the ARSCI method was applied, using the previous modalities as well, gen-
erating a final set of 9 ideas.

6.2.4 Expert Interview - questionnaire: revisited

Similarly to how it had been done before, the ideas from the latest iteration of
ARSCI was entered into a Ezpert Interview questionnaire.

6.2.5 Theory of Change

As intended the method Theory of Change was applied upon the final ideas as finally
culled using the two Ezpert Interview questionnaires. In fig. 6.5 one can observe how
the execution of the method was prepared according to the recommended worksheet.
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The ideas were grouped under umbrella terms according to their constituent modal-
ities, then individually colour coded based on the recommended legend: green for
Addresses this well, and blue for Addresses this somewhat, see fig. 6.6.

Shifts
From From From
Erom Struggling to read, understand and Mishearing audio cues and audio Getting Frustrated while trying to using
. rocess essential information while
Getting distracted and flustered p ; information the IVl system, HUDs, etc
To: riving To o
. o fcused and safe To: Hearing just the right amount of Knowing exactly how everything works
emaining calm, focused and safer | nformation being presented in more information with respect to Attention and having a proactive system doing
lucid, clear and non-overwhelming Economy and memory most of the work.

'Auware’

Concepts

'EHUDI' (Extended Heads-up
Display Interaction)

Proactive Display

Proactive Audio

Figure 6.5: The prepared work space for the method Theory of Change, imple-
menting the suggested IDEO worksheet in the online tool Miro.
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Figure 6.6: The Theory of Change worksheet after applying the method.

Following the method, instead of following the recommended follow-up method Im-
pact Ladder, the visual end-status of the worksheet was used as documentation of
the results - the number of green and blue notes counted for each idea.

This approach was adopted as the culling aspect of Theory of Change was the

primary motivation of using it, not the more lofty goal of “Articulate and interro-
gate your assumptions about how your solution will create positive change.”, stated
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on the IDEO website [70]. As the societal changing aspects of the method, and its
successive follow-up method, was deemed to be off-topic for the thesis’ scope, which
the ethical and societal discussions made under Section 8.4 already covers in suitable
detail for the size of this study.

The six ideas that fit best into the shifts defined in Theory of Change were se-
lected for continuation in the next phase of the project. These were:

o Add to route - v. command to adjusts the route to include a new destination
e Car behind - driver can ask if there is a car behind or in front
o Intercom - speech volume is boosted for clarity of in-car conversations

in the car
Magnification - aimed for part of screen is magnified as finger nears
Tooltip - pointing to an app opens temporary info windows

6.3 Iteration 1: Prototype

In the first, out of three, prototyping iterations the ideas procured as a result of the
previous phase were moved from the intangible into the tangible using the scenarios
and storyboards - turning the previous text-based ideas into situational graphics
more useful for showcasing not only the interactive aspects but also the beginnings
of imagined graphical and general UI components.

Planning of phase

As stated in Section 4.7.1, scenarios are an amalgamation between carefully re-
searched descriptions of a set of real ongoing activities with an imaginative futuristic
look at how technology could support those activities better [73]. While scenarios
were initially reserved strictly for the purposes of evaluation, it was found by Nardi
to also be a vital aid in the creation of low-fidelity prototypes and storyboards. As
suggested by [73]: “.. showing the actual circumstances under which people work,
scenarios provide guidelines on how technology should perform. The very act of
making things explicit and clear also helps in making design choices” [73]. There-
fore scenarios would indurate, both as an aid for prototyping and as a tool for
assisting artefact evaluation. In short, due to these reasons, Scenarios were selected
as a method to accompany the follow-up method Storyboard.

Storyboards are brief graphical depictions of scenarios or narratives [75]. As for this
thesis, wherein the focus lies upon designing for novel and advanced technologies,
storyboards could serve to showcase the context of use, including the environment
of use, physical embodiment /placement of a system, and user interactions with and
reactions to system elements to illustrate an envisioned scenario of how an applica-
tion feature would work. Thus, storyboards would, in a fidelity suitable for initial
prototypes, serve to depict not only a user’s interaction with computing technology
but also higher-level concepts/factors as well as surrounding user motivations and
emotions during system use [75] in this, initial, iteration.
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Execution of phase

As planned, the selected ideas were further developed using scenarios, where simple
text scripts of example use-cases were written as a support for creating storyboards.
The resultant storyboard prototypes can be seen in Figure 6.7 - 6.9, for full versions
see Appendix A.1.

The storyboards were made using an iPad and the iOS application Procreate which
allows for digital sketching of storyboards. The sketches were imported into Google
Presentations for positioning, cropping and insertion of other digital components.
This choice was done as a way to allow for easy sharing, to parallelize the finishing
work and due to the relative ease of text insertion, Google Slides has over Procreate
(according to the authors).

Figure 6.7: The storyboards for the scenarios Add to route (left) and Car behind
(right), for larger versions see Figure A.2 and A.1 in Appendix A.1.

Figure 6.8: The storyboards for the scenarios Intercom (left) and Left-behind object
(right), for larger versions see Figure A.3 and A.4 in Appendix A.1.

Figure 6.9: The storyboards for the scenarios Magnification (left) and Tooltip
(right), for larger versions see Figure A.5 and A.6 in Appendix A.1.
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6.4 Iteration 1: Test

Given the storyboards from the prototype phase, a quick, but not so dirty [84],
evaluation approach was employed in the form of internally generated SUS scores
for the prototypes. With these scores, as well as knowledge from the Ideate phase,
in mind, another culling of ideas was conducted - resulting in a smaller selection of
ideas to bring into the second iteration.

Planning of phase

To evaluate the first set of prototypes, the storyboards, it was decided to calcu-
late SUS scores based on the average of the author’s individual responses to a SUS
questionnaire. This would be done as a way to differentiate the ideas based on the
authors’ estimations on the standardised measure points in SUS. Due to the nov-
elty of the technology involved, lengthy explanations of each idea and its involved
technology would be necessary for priming an impartial respondent enough to fully
answer the scale. Due to the time scope of the project phase, the authors deemed
it too inefficient, and early, to apply at this point of the design process - instead,
parties already versed in the project should be utilised in these evaluations.

Based on the resulting SUS scores, some ideas could then be excluded from fu-
ture iterations of the design process.

Execution of phase

A questionnaire covering the SUS statements mentioned in Section 4.8.2 for each of
the six storyboards was constructed using Google Forms, then answered individually
by the authors. The SUS score was calculated for each resulting in the following
scores (out of 100), see Figure 6.10 for where the scores placed on the SUS diagram:

e Intercom: 95

o Magnification: 93.75

o Left-behind object: 86.25
o Car behind: 85

o Add to route: 78.75

o Tooltip: 57.5

The fact that some ideas had almost a perfect score was not surprising, as the ideas
selected from Theory of Change fulfilled user experience shifts towards the positive,
something that ought to generate high SUS scores in general. What was surprising,
however, was the low scores given to the bottom two ideas, Add to route and Tooltip.
The reason these ideas passed through Theory of Change and still got a low SUS
score might be due to 'good UX’ intentions of the ideas and poor realizations in
the form of scenarios and/or storyboards. It might be the case that another way of
realizing the ideas could have gotten a higher SUS score; however, the case could be
that the ideas looked better than they actually were, and the prototyping revealed
hidden faults.
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Figure 6.10: How the first iteration’s prototypes placed in the SUS diagram (ex-
plained in Section 4.8.2) after the Test phase.

In any case, the low scores were deemed argument enough to not further those
ideas - this left four ideas for the next iteration.

6.5 Iteration 2: Prototype

To increase the level of fidelity of the prototypes, as well as move towards the aim
for fully interactive application, a plan was first made, then executed, to create an
interactive mock-up, then record live-action video prototypes based on the scenarios
created in the previous iteration. These videos were recorded in an acquired car,
using the Figma Mirror app running on an attached iPad acting as the IVI display.
GUI (graphical user interface) aspects of the mock-up involved were developed using
official guidelines for the Android Automotive operating system.

Planning of phase

The second iteration of prototyping should increase the level of fidelity, as it allows
more accurate evaluations of the designed interactions of the prototypes within the
intended use-case environment i.e. a car. It was decided that the storyboards from
the previous iteration should be recreated as video prototypes, the GUI parts in
higher detail using Figma and the videos should be shot in either a fake or real
car using a modern smartphone camera. To finalize the prototypes, video editing
software should be used.

The choice of prototype type (video) was based on several reasons, the two main
ones being; the tool Figma was already employed in the previous iteration to create
the visible GUI parts. The second reason was that Figma’s companion app, Figma
Mirror, would allow for some forms of interaction through a touch screen directly
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inside the Figma environment. This would make a recorded interaction sequence,
based on the previously designed scenarios, look highly convincing as no physical
interaction with the designs (i.e. taps, drags, pinches, etc.) would need to be faked.
One could argue for allowing participants to themselves interact with these Figma
designs; however, at this point of the project, it was deemed unnecessary to take
this, more temporally costly approach.

Execution of phase

Details of the GUI in the four storyboarded scenarios from the previous iteration
were recreated in higher fidelity on Figma, Inc, the tool allowing for animated tran-
sitions between created frames for a dynamic GUI appearance, as compared to the
static frames illustrated in the storyboards. This choice was made as it would make
for a more convincing prototype in the Wizard of Oz setting planned for in the video
prototyping, with smooth transitions and semi-interactive interfaces.

6.5.1 GUI Design

For designing the interactive high-fidelity GUI, which was consistent, intuitive and
highly functional, the use of a design system was deemed to be necessary. Since the
research, development and testing of a novel design system was outside the timeline
and scope of the thesis, the decision to adopt a pre-existing design system was made.

The attributes which the design systems were required to embody were as follows:
1. A familiar design language, featuring iconography and navigational paradigms
familiar to users, thereby being perceived as intuitive.
2. Featuring well-researched design patterns and guidelines suitable for automo-
tive use and deployment.

After some comparison and online research, the design system by Google called Ma-
terial [102] was adapted. This decision was made, for it best fit the requirements of
having a familiar design language, thanks to its widespread use on Android and on
Google’s online services and its well-defined guidelines for AID (automotive interac-
tion design) [40]. The use of Material, [102] allowed the artefact’s design to inherit
the rich usability and functionality of Google’s design research, thereby alleviating
major design problems.

The company’s own branding guidelines [103] were also accommodated into the
design by leveraging the Theming [104] aspect of this design system.

6.5.2 Development of Video Prototypes

A fairly modern car was used as a prop (2018 Volkswagen Golf Estate 1.0 TSI)
to recreate scenes illustrated in the storyboards. The graphical interfaces created
in Figma, Inc were displayed on an iPad attached on top of the centre console, to
mimic a large IVI system display, using the Figma, Inc companion app Figma Mir-
ror - allowing both direct touch interaction with the interfaces as well as remote
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control of transitions.

The shot video clips were edited together using the editing software Final Cut Pro,
due to the authors’ preexisting skill set in that tool. Other tools were not consid-
ered due to the relatively minor effect the choice of editing tool was planned to have
on the prototype. The prototypes, when done, was shared with the company for
feedback before evaluating them more thoroughly using the planned method. No
immediate changes were requested by the company stakeholder and thus the process
continued as intended. Here’s a list of YouTube URL’s to the four video prototypes
(valid as of June 2, 2021):

o Magnification: https://youtu.be/Svot8Xpoill

o Left-behind object: https://youtu.be/LOyjVYbRKS0
Car behind: https://youtu.be/ TRUPZLM6dsA
Intercom: https://youtu.be/qFmEQBYIm3c

In Figure 6.11 and 6.12 one can see a screenshot of the designs for Left-behind
object, Car behind and Magnification. As Intercom has no Ul, no screenshot was
possible. For more screenshots, see Appendix A.2.

_ .
Alice left her bag in the back-seat

Left-behind Object

Dismiss

Figure 6.11: A screenshot of the designs Left-behind object (left) and Car behind
(right).
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Figure 6.12: A screenshot of the design Magnification, showing what happens
when a finger nears the screen, transitioning from the left state to the right.

6.6 Iteration 2: Test

To evaluate the video prototypes created during the prototype phase, as well as
to adapt to the distance-based testing preferred by most participants at the time
(during COVID-19 restrictions), the decision was made to do a Walk-though based
evaluation. Participants were recruited, and over Zoom, shown the video prototypes,
after which they were asked to describe what they observed. After clarifying any
misconceptions, the facilitators discussed and collected responses to the statements
in a SUS formula. Notes were taken of any comments made during the evaluations.

Planning of phase

As suggested by Mackay and Fayard, the video prototypes should be evaluated us-
ing the method Walkthrough-based evaluation, this would involve showing the video
prototypes along with a text description to the participants whilst making sure they
understood what the prototypes were and the ideas they represented. After having
opened for general comments, the ten statements from the SUS method would be
asked as opening questions. The interviewer would take note of to what level they
replied(strongly disagree - strongly agree), if applicable, as well as any comments
made. This strategy was based on the fact that the SUS statements used were con-
structed to cover a holistic viewpoint of usability, each statement distinguishable
from each other, and rephrasing them as questions would thus hopefully uncover as
many different usability opinions/thoughts as possible.
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During the interviews, the interviewer would also record numerical responses of
the SUS statements, so that a second SUS score could be measured, this time for
a later iteration and by a different stakeholder group. The SUS scores, as well
as the comments made during the interviews, would be analysed together with any
comments made by the company stakeholder to better plan for the next iteration, in-
cluding the selection of ideas for continuation as well as suitable alterations to them.

Execution of phase

For the walkthrough-based evaluation, structured interviews were conducted, in-
volving a set of six, mixed occupation individuals in the ages 24-29. The interviews
were structured in the following way:

1. The interviewer shared an invite link to a Zoom meeting.

2. Permission to record age and summaries of comments made was asked for by
the interviewer.

3. The interviewer shared, through the in-meeting chat interface, a URL link to
a YouTube page for one of the video prototypes.

4. The participant was asked to explain what they think the design was, as a
walkthrough of the design.

5. The interviewer explained any misconception in the participants understand-
ing, as well as took note of the misconceptions themselves.

6. The participant was asked to express any immediate thoughts and comments.

7. The interviewer explains that the coming phase covers ten standardized state-
ments, usually answered with: strongly disagree to strongly agree and that in
the interview, they will be used to uncover more thoughts and opinions from
the participant.

8. Each statement was rephrased as a question, and the participants’ comments
documented.

9. The interviewer repeated the process for each video prototype.

Interview notes were taken in a Google Form, as it would automatically generate a
Google Sheet for easy analysis, similar to how the Expert Interview: Questionnaires
and the earlier SUS evaluations had been done. SUS scores for the four video pro-
totypes were calculated as the following values, see Figure 6.13 for where the scores
placed on the SUS diagram in relation to the first iteration:

o Intercom: 96.25 [prev. 95 in Iteration 1]

o Magnification: 87.5 [prev. 93.75 in Iteration 1]
Left-behind object: 86.25 [prev. 86.25 in Iteration 1]
Car behind: 72.5 [prev. 85 in Iteration 1]
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Figure 6.13: How the second iteration’s prototypes placed in the SUS diagram
(explained in Section 4.8.2) after the Test phase, in relation to the first iteration.

From the collected notes, both from the conducted interviews and oral & written
feedback from the company stakeholder, a summary of author suggestions for each
idea was written:

MAGNIFICATION

Both parties involved were unsure how much the obscuring of screen space would
affect interaction with the centre console. Suggestions were made to introduce a
parallel copy of the aimed-at area, showing the magnification - keeping the surface
under the finger’s aim unchanged. From the companies side, a feasibility concern
was raised - implementing/realizing the design as shown in the video would involve,
possibly, alterations in the software at a level lower than the operating system the
in-vehicle infotainment is run on, effectively putting far out of the scope of a thesis
as well as outside the authors’ expertise.

LEFT-BEHIND OBJECT

Several participants expressed concerns regarding how consistent the feature’s accu-
racy would be, such as when smaller objects in harder to find/see places are involved.
Two participants as well as the company suggested a simple way to also share the
notification with the person who left the object behind, such as sending it to their
phone.

CAR BEHIND

Requiring manual activation of the feature should be replaced with an option to
have it automatically trigger if needed. As some users are not confident and/or
prefer other input modalities, alternatives to voice command should be available.
For users who prefer to have their eyes on the road, a simplified dashboard or HUD
version of the feature could better suit their need. Other low-vision settings, such
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as night vision, could be included in the idea - especially since driving in darkness
is more common than fog or mist.

INTERCOM

In hindsight, it is not a surprise that this idea scored high on both SUS evaluations,
as both participants and the company pointed out preexisting implementations of
this idea - and since it has already been done, the thesis should not further this idea.

The SUS scores given by the participants was much in line with the ones calculated
for the storyboards in iteration 1, with some key differences. The ideas Magnifica-
tion and Car behind both received far more concrete suggestions for improvement
by the participants and the company than the other ideas - meaning that if the im-
plementation shown in the videos had included those suggestions, higher SUS scores
would probably have been given.

Following the evaluations, the choices on what ideas to cull, or continue with, were
made. Due to the idea already existing in the industry, therefore outside the de-
fined design space, development of Intercom would not continue. Due to the lack
of necessary expertise, but mainly due to being far outside the scope of the thesis,
Magnification was also judged to be left as is - this left the ideas Left-behind ob-
ject and Car behind to be furthered in the next design iteration. As two relatively
stronger reasons for the culling choice existed, the SUS scores were not considered in
this selective culling process; however, it was thought to be useful in later iterations
for comparative reasons.

Due to the change in nature from the initial ideas as well as having too long or
ambiguous names, the names of the finalised ideas were reconsidered. Left-behind
object was simply abbreviated as LeBO (Left Behind Object) for simplicity in ref-
erencing. Car behind was renamed into ADASight (ADAS Sight), to indicate the
idea’s heavy reliance on the ADAS technology and the word "Sight” was juxtaposed
as a reference to the multiple camera feeds utilized in the idea concept.

6.7 Iteration 3: Prototype

The third iteration’s prototyping phase was planned in detail, mainly caused by ex-
pertise from previous projects in software development, including what tools should
be acquired and used and what steps probably were needed to deliver a viable
artefact. The same expertise resulted in a somewhat typical development process:
following the initial plan, facing and conquering hurdles, and adjusting the plan
when facing hurdles too difficult to power through within the scope of the iteration.
In the executing part, a development environment was set up, the new tools learned
and finally two artefacts were developed.

Planning of phase

To further the fidelity of designed artefacts, the car Ul development tool Kanzi
Studio (not only suitable for the situation but also recommended by the company
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stakeholder) should be applied to create Android applications. To do this, license
keys for academic projects must be acquired and the software tools installed. When
set up, Kanzi Studio tutorials relevant to the thesis should be followed - to prepare
the designers for the development of the applications.

After acquiring the tools, as well as the expertise needed to use them, Android
applications based on iteration 2’s mock-ups should be created using Kanzi Studio
and an Android Automotive emulator. While working with Kanzi, any design im-
provements identified would be incorporated into the new prototypes.

The prototypes should be developed to such an extent, that they could be eval-
uated using specific scenarios in the coming test phase. Following completion of the
prototypes, setups for evaluating them should be designed. Depending on available
facilities, hardware, time budget, as well as access to the participant, the designed
setup should cater to not only physical sessions but digital ones as well.

Execution of phase

After contacting Rightware, the company behind Kanzi Studio, both software license
keys as well as access to documentation and tutorials were acquired. Following the
successful setup of the development environment, key, relevant tutorials were com-
pleted. While developing the applications, inexperience with Visual Studio, as well
as with the Kanzi C4++ API, caused several issues that hampered development.
With time and the help from Kanzi support, they were resolved.

To aid in development, an emulator running a version of Android Automotive was
set up using the built-in AVD (Android Virtual Device) Manager in Android Studio,
with the following specifications(excluding default options):

1. Category: Tablet -> Polestar 2 11.13" [1152 x 1536px]
2. Operating System: Android 9.0 x86_ 64 [Pie]
3. Layout: Portrait

4. RAM: 4GB
The general workflow during development was as follows:

1. Set up a git repository, specifically on GitHub, for collaborative development
as well as version control.

2. In Kanzi Studio; Developed basic android application using hard-coded values
from Figma mock-ups

3. In Visual Studio; created Kanzi plugin responsible for connecting UI changes
to external data feeds, i.e. ADAS sensor data modalities.

4. In Kanzi Studio; installed developed plugin.

5. In Kanzi Studio and Android Studio; replaced hard-coded values, when needed,
with dynamic ones, i.e. that could change depending on external data feeds.

6. In Android Studio; added audio-out modality to the prototypes as Kanzi stu-
dio did not, to the designers’ knowledge, support audio.
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Figure 6.14: A screenshot of the designs LeBO (left) and ADASight (right).

As a rule, the designers built and deployed the applications onto the emulator be-
tween big changes to the Kanzi project and the Android studio code. This was done
to minimize the introduction of bugs and application breaking operations. When
making design alterations, relative to the Ul present at the end of iteration 2, these
were first done using Figma, due to the relatively faster sub-design-iterations using
a familiar tool, and then through Kanzi.

Due to the unrefined nature of the available real-life sensor log files, proof-of-concept
demonstrations were developed using hard-coded data changes in the two applica-
tions. For example, in ADASight: the sensed distance to a car - and in LeBO: by
who, what object, and where an object was left behind in the car. In Figure 6.14 one
can see screenshots taken from the emulator running the end version of the apps.
For more screenshots, see Appendix A.3.

6.8 Iteration 3: Test

The test phase was initiated by planning around non-ideal circumstances, laying out
the preparatory work for evaluating the final artefacts of the design process. This
involved setting requirements on artefacts such as test setups, recruitment material
(consent forms, etc.), data collection methodology and recruitment criteria. In the
executive part of the phase, all these materials, documents and preparations were
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made, followed by recruitment, performing the evaluations with participants, and
lastly, the outputted data was sorted, parsed and collated.

Planning of phase

Due to unforeseen difficulties in acquiring required hardware in time for the evalu-
ations of the prototypes, iteration 2’s interactive mock-ups would be updated and
prepared for use in the evaluations, thus looking and interacting as iterations 3’s
Android applications. Thus, instead of deploying apps directly on a tablet, the
evaluation would use the app Figma Mirror [105] creating a Wizard-of-Oz setup
with remote-controlled data changes during the session as well as any functionality
allowed by the tool Figma. While not ideal, the decision had the added benefit that
digital evaluations could be conducted in a somewhat similar way to physical ones,
with the main difference being that the participant would have to verbally express
their intent and any interactions made with the interface, whereupon the "Wizard’
would have to manually trigger the relevant UI change.

Data recording of the sessions would mainly be through digital forms: a SUS form
as was done in previous iterations, a DALI form (to be created using Google Forms
as was done with the SUS ones) as participants would perform tasks using the pro-
totypes, as well as a basic demography form. Demography data would be collected
not only for posterity but also to act as an aid during data analysis and discus-
sion. For legal and safety reasons, a consent form would have to be written and
signed before each session by the participants, primarily to cover the data access
laws (GDPR being one) and the hazards of physical proximity & interaction during
Covid-19 pandemic restrictions. Session agendas, i.e. what happens when would
also need to be written for both physical and digital sessions.

Following the preparations, participants with at least some experience driving,
preferably available for physical evaluations, should be recruited. Following re-
cruitment, sessions would be held and documented, both through the forms as well
as thorough notes and photos taken during the session. Collected data would be
summarized and composed for chapter 7.

The SUS form for the evaluations should be based on the ones previously prepared
for iteration 1 and 2.

As no template form was found, the DALI form that would be used was to be
constructed based on the original definition of the factors involved (Pauzié, 2008),
as well as template forms for NASA-TLX and other HCI work-load indexes.

Execution of phase

Before the task-based evaluations could begin, the necessary forms were prepared
and written. The SUS form used was mostly reused parts of the SUS forms used in
iteration 2. For the constructed DALI form, the result is the following six questions,
answered through a Likert scale from 1[Very Low], up to 7[Very High]. The leading
question has its answer scale flipped, to act as a control questions:
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ot

. To what extent did the system demand your attention while performing task

X?

. To what extent was the visual aspects of the task uncomfortable/irritating

when performing task X?

. To what extent was the auditory aspects of the task uncomfortable/irritating

when performing task X7
To what extent did you feel hurried or rushed when performing the task?

. To what extent did you feel distracted from driving when performing task X?
. To what extent did you feel stressed while performing the task?

The consent form used can be found in its entirety in Appendix B.

The demography form contained questions regarding the following fields:

Age

Main occupation

Driving experience (a Likert-scale 1-5)

Have used advanced safety features before, e.g. lane-keeping, adaptive cruise
control, automatic braking, collision avoidance, auto-dimming headlights, etc.
Have used a system similar to Android Automotive, Android Auto or Apple
Carplay.

Participates physically or digitally?

The evaluation sessions were structured as follows:

SESSION AGENDA: PHYSICAL
The following agenda is directed at evaluations conducted in-person with the par-
ticipants with props in a physical setup.

1.

SO Ut 0

8.
9.
10.
11.
12.
13.

Prepare masks and don masks.

Sanitize facility and equipment, prepare equipment and refreshments.
(Optional) Meet up with the Participants and guide them to the facility.
Have participants read and sign the waiver.

Offer a mask to the participant.

Have participants fill out a demographic form.

Introduction of the system and the thesis. Maybe show examples of contem-
porary Infotainment systems to provide context.

Perform a task

Have participants fill out a DALI form.

Have Participants fill out a SUS form.

Offer short breaks and refreshments.

Reiterate 4-6 with other apps.

Express gratitude for participation and offer refreshments.

SESSION AGENDA: REMOTE
The following agenda is directed at evaluations conducted remotely with the help
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of a video conferencing tool with the participants using their own personal device
to participate in the evaluation.
1. Welcome and Meet up with the Participant on Video conference.
Have the participant read and sign the waiver.
Obtain GDPR consent and request the participants turn on their camera.
Have participant fill out a demographic form.
Introduction of the system and the thesis. Explain contemporary Infotainment
systems to provide context.
6. Ask the participant to set their computer off to the side and set the scenario
of driving a car. Begin playing the "Traffic sounds’ at this point.
7. Share prototype on a screen share and ask them to think out loud as they
perform the task.
8. Have participants fill out a DALI form.
9. Have Participants fill out a SUS form.
10. Offer short break.
11. Reiterate 6-9 with the other app.
12. Express gratitude for participation.

AN

6.8.1 Setup and tasks

The physical setup was to have a laptop in front of the Participants playing a
pre-recorded driving seat POV (point-of-view) video with traffic sounds, asking the
participant to follow traffic as if they were driving - as a way to simulate real driving
in terms of visual and additive stimuli. A tablet with the application running is set
up slightly off to the side of the participant - the setup can be seen in Figure 6.15.
This was done to roughly simulate the position of the infotainment displays in con-
temporary vehicles. A mock steering wheel, made out of cardboard is placed in
between the laptop and the participant seat. The participants were asked to inter-
act and attempt to perform application-specific tasks on the tablet whilst devoting
a sufficient amount of their attention to the road ahead. As for the digital setup, a
laptop/display was placed off-centre in relation to the Participants with video con-
ference application on full-screen. This is done to roughly simulate the position of
the infotainment displays in contemporary vehicles.

In cases where a participant does not follow the intended interaction pattern, to
expose them to more of the app, the instruction to interact in a different way than
previously should be given. It is important to instruct the participant that there is
no wrong or right, way to perform the task and that this instruction to 're-do it’
is only given to allow them to see more of the design before evaluating it. If this
information is not given, a false sense of forced interaction could emerge - affecting
the evaluation output.

LeBO
The following setup and timeline were used when conducting evaluations of the
LeBO design. The driving seat POV video shows a parked car, a facilitator plays
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Figure 6.15: Physical setup for the third iteration’s evaluation sessions, as seen
from the side (left) and from the driving seat point of view (right).

the role of a passenger and sits next to the participant who acts as the driver - both
being occupants in this setting.

1.
. The passenger indicates they are leaving the car.
. Door-slamming sound is played with a speaker in the direction of the leaving

Vehicle pulls into a stop/car is parked.

passenger.
LeBO-notification is triggered on the device.

. Let the participant interact how they wish with the device.

(In case the participants choose to not notify the departed passenger) Ask
them to play out the scene again with the instruction to notify the‘passenger.
(If notification is sent) The passenger picks up their phone, pretending to
receive a notification.

(If the participant indicates in some other way to the passenger) The passenger
reacts suitably to it.

. The passenger returns to the car and opens the door.
10.
11.

Play door opening-sound from the relevant direction.
The passenger retrieves object(s) and expresses gratitude to the participant
for notifying them.

ADASight
The following setup and timeline were used when conducting evaluations of the
LeBO design. Driving seat POV feed shows driving in foggy conditions.

G W o
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After 10 seconds of driving, ADASight ‘poor vision’-notification is triggered
The participant opens ADASight

The participant is allowed to interact with ADASight for >30 seconds

The participant is asked to play out the scene again.

After 10 seconds of driving, the ADASight ‘car approaching’-notification is
triggered.
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6. The participant opens ADASight

The participant is allowed to interact with ADASight for >30 seconds

8. The participant is introduced to the manual activation modes, verbal and
touch.

9. The participant is asked to play out the scene again, this time using the manual
activation of the feature.

=~

6.8.2 Evaluation output

This subsection covers the raw data outputted by the last Test phase, such as where
the new SUS scores placed the ideas (see Figure 6.16), further analysis and compar-
isons are covered in the Chapter 7: Results.

SUS
o LeBO: 84.82 (out of 100 - high is good) [prev. 86.25, 86.25 in Iteration 2, 1]
o ADASight: 70.89 (out of 100 - high is good) [prev. 72.5, 85 in Iteration 2, 1]

DALI
e LeBO: 1.96 (out of 7 - low is good)
o ADASight: 3.89 (out of 7 - low is good)

demographics

o Number of participants: 14

o Age: AVERAGE = 30.9 | 12 under, 2 above

o Occupation: 12 engineering related, 2 other

e Perceived driving experience (1-5): AVERAGE = 2.9 | 6 below, 8 above
o Have experience using an ADAS feature: 7 yes, 7 no

o Have experience using a modern automotive IVI OS: 3 yes, 11 no

e Participation location: 13 physical, 1 digital

o Session length: AVERAGE = under 30 minutes
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Percentile Rank
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Figure 6.16: How the third iteration’s prototypes placed in the SUS diagram
(explained in Section 4.8.2) after the Test phase, in relation to the first two iterations.
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Results

This chapter covers the different results produced by this thesis, starting with the
artefacts produces as a result of the validation process of the two hypotheses, then
ending with the results of the validations themselves. Briefly, sub-results will be
covered for the artefacts, as a way to introduce the final results in context. For the
validations, the hypotheses covered and motivated in detail in previous chapters,
will be re-introduced to put their results into context.

When interpreting the numerical data measured and analysed in the thesis, which
is covered by this chapter, it is important to note the assumptions made. The sta-
tistical method used was t-tests, which requires normally distributed data, random
sampling of the population (user group) as well as an adequately sized sample group.
As a result, this chapter makes those assumptions when mentioning t-test, p-values
and statistical patterns and significance. Addressing the assumptions, and what
effect they have on the results, is covered in Chapter 8, Section 8.1.

7.1 Final artefacts

To measure the validity of the hypotheses, the thesis designed, developed and eval-
uated two artefacts for the company Aptiv. The following section covers in short
the steps leading up to, and in detail, the final iteration’s prototypes: two Android
Applications, see Figure 6.14. Each of these subsections will end on the numerical
output, and analysis made on it, of the different evaluation methods. The final sub-
section covers a statistically significant topic discovered in the analysis of the data.

Earlier iterations

Starting from a defined design space, ideas in form of one or two sentence descrip-
tions were developed. From these sentences, use case scenarios were written to
better define the imagined interaction. Using the scenarios as a guide, storyboard
comic strips were drawn to illustrate them. The GUI components were sketched
out in greater detail in a partially interactive digital mock-up using Figma. Based
on the illustrations and the GUI mock-up, live-action video prototypes were shot
and edited - using an actual car along with the mock-up running on an attached
tablet. Working on the mock-up used in the shooting, Android application GUI’s
were developed through the software tool Kanzi - these applications being the final
artefacts. For a step-by-step illustration of this fidelity progression, from idea to
app, see Figure 7.1.
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Figure 7.1: How the artefacts produced throughout the process developed from
ideas into applications, gradually increasing the level of fidelity.

7.1.1 ADASight

The application ADASight, working name Car behind, leverages and reveal to the
user what modern ADAS platforms allows vehicles to ’see’, or understanding the
area surrounding it. When opened, either manually or after taping 'show’ in the

proactive notification, users are exposed to live
camera feeds from different angles around the car
- in the artefacts case frontal, rear and side-view
camera angles. Layered over the selected cam-
era feed, in the main window, are bounding boxes
placed on top of vehicles and objects the ADAS
platform is detecting. In relation to these boxes
are vital information such as distance to the user
as well as if the object/vehicle is approaching or
distancing itself fast or slow. Clickable miniatures
of the camera feed, acting as feed selectors, can
have warning icons for vital information, such as a
fast-approaching bike, prompting the user to swap Figure 7.2: The feed selec-
to that feed. To better convey what feed is cur- tor in ADASight, the selected
rently selected, as well as to provide another way camera feed is highlighted in

of selecting a feed, is a car and feed mini-map, see the burnt orange color, not
Figure 7.2. selected ones in grey.

Evaluation results

Looking at the SUS scores derived during the process, ADASight started off with
a grade of A and dropped during iteration 2 down to a B, where it remained in
iteration 3 - see Figure 6.16. The new, lower score, placed ADASight on the cusp
of C - a sign of, if not poor, then average usability. However, looking into the
demographic groups within the participants (based on their individual responses to
the demographic form), interesting patterns were observed - see Figure 7.3.

To detect any statistically significant patterns, one and two-tailed t-tests were made,
both on the total score, as well as the individual aspects for both DALI and SUS
on all demographic groups (not "participation location’ due to small 'digital’ sample

size).

For ADASight, there is enough evidence to suggest that there is a strong statis-

70



7. Results

ADASIght

one tailed | two-tailed

High value=good

SUS score ADAS experience Group A: no Group B: yes
p=0.05]0.11 Overall = 70.89 63.57 78.21

Would frequently use ADAS experience Group A: no Group B: yes
p=0.00]0.00 AVERAGE =2.07 1.14 3.00
Cumbersome [ awkward ADAS experience GroupA:ne  GroupBiyes
p=001]0.02 AVERAGE =250 1.86 3.14

Would frequently use Modern OS5 experience Group A: no Group B: yes
p=003]0.06 AVERAGE =2.07 1.73 3.33
Unnecessarily complex ~ Occupation Group A engineer  Group B: other
p=004]009 AVERAGE =293 3.08 2.00
Needsuppot =~ Occupaton ¢ Group A" engineer  Group B: other
p=0.00]0.01 AVERAGE =3.29 3.58 15

Pain points ADAS experience Group a: no Group B: yes
p=001]0.02 AVERAGE = 62.50 50.00 75.00

Figure 7.3: The observed patterns from the different demographic groups within
the participants, correlations with p-values lower or equal to .05 indicating strong

statistical significance.

tical significance for the following statements, i.e. their null hypotheses ’the two
population means are equal’ were rejected:

» Participants who had already experienced an ADAS feature perceived a higher
SUS score than participants who had not.

o Participants who had already experienced an ADAS feature desired to use the

feature more, than participants who had not.

o Participants who had already experienced an ADAS feature perceived the fea-
ture as less cumbersome/awkward to use, than participants who had not.

« Non-engineer participants perceived the feature as more unnecessarily com-
plex than participants with engineering-related occupations.

» Non-engineer participants felt a greater need for support than participants
with engineering-related occupations.
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o Participants who had already experienced a modern automotive IVI OS de-
sired to use the feature more, than participants who had not.

» Participants who had already experienced an ADAS feature perceived a higher
collective value for the pain points than participants who had not.

7.1.2 LeBO

The application LeBO, working name Left-behind Object, leverages and reveal to
the user what modern ADAS platforms allows vehicles to ’see’, or understanding
the in-cabin events, specifically who the occupants are, what they bring into the car
and where they place it. When a left-behind object is detected by the vehicle, after
the object’s owner has left the vehicle, a notification is triggered which highlights
as much relevant information about the event as possible to the occupants. The
information includes who, what and where, if the information exists - unknowns are
replaced by someone, something and in the car.

Evaluation results

Looking at the SUS scores derived during the process, LeBO remained, throughout
the iterations, within a grade of A - see Figure 6.16. Despite its somewhat stellar
scores, both in terms of SUS and DALI, interesting patterns were observed within
the participant data - see Figure 7.4.
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LeBO
one tailed | two-tailed High value=good
DALI[1-7]
Attention demand Age Group A:val <309  Group B: val > 30.9
p=003]0.07 AVERAGE =3.79 327 5.67
Attention demand Driving experience Group Az val < 3 Group B:val> 3
p=0.00]0.01 AVERAGE =3.79 217 4.86
Would frequently use Age Group A:val <309  Group B: val > 30.9
p=0.05]0.10 AVERAGE = 3.57 273 4.00
Would frequently use ADAS experience Group A no Group B: yes
p=0.03]0.07 AVERAGE = 3.00 243 3.57
Needsupport ~ ModernOSexp Groupa:no  Groupbiyes
p=0.01]0.02 AVERAGE = 3.57 391 2.33
Inconsistent features ~~ Driving experience ¢ GroupA:val<3  GroupBival>3
p=004]0.08 AVERAGE = 3.57 4.00 3.14
Pain points ADAS experience Group A: no Group B: yes
p=003]0.07 AVERAGE = 78.93 70.00 87.86

Figure 7.4: The observed patterns from the different demographic groups within
the participants, correlations with p-values lower or equal to .05 indicating strong
statistical significance.

To detect any statistically significant patterns, one and two-tailed t-tests were made,
both on the total score, as well as the individual aspects for both DALI and SUS
on all demographic groups (not 'participation location’ due to small 'digital” sample
size).

For LeBO, there is enough evidence to suggest that there is a strong statistical
significance for the following statements, i.e. their null hypotheses the two popula-
tion means are equal’ were rejected:

e Older and/or driving experienced participants perceived a lower attention de-

mand than younger and/or less experienced ones.

 Older and/or participants who had already experienced an ADAS feature per-
ceived higher desirability than younger and/or participants who had not.

o Participants who had already experienced a modern automotive IVI OS per-
ceived a higher need for support than participants who had not.

o Participants with more driving experience perceived a higher inconsistency in
the feature than participants with less experience.
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o Participants who had already experienced an ADAS feature perceived a higher
collective value for the pain points than participants who had not.

7.1.3 Shared attributes (Pain points)

In the analysis of the designs, the per-SUS attribute development of the designs was
analysed - see Figure 7.5 - 7.6. To aid the analysis a similar score-to-grade conver-
sion was made, where the original value was scaled first up to an out-of-a-hundred
score, then into an A-F grade using the same limits as for the total SUS score.
Using conditional formatting, the same grade colours were applied as in Figure 4.1,
making it easier to detect positive and negative changes to the designs. The weakest
attributes of both were highlighted, and noticing a partial overlap, merged, into a
set of attributes together referred to as Pain points:

o Would frequently use

» FEasy to use

o Well integrated

« (inverted) Cumbersome / Awkward to use
o Feel very confident using
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ADASIght

Iteration:

Out of 100:

Would frequently
use

250
233
207

62.50
58.33
5179

Unnecessarily
complex

0.50
183
1.07

87.50
5417
7321

Easy to use

4.00
267
264

100.00
66.67
66.07

Iteration:

Out of 100:

Inconsistent features

0.00
200
0.57

100.00
50.00
85.71

Learn to use quickly

3.00
333
2

75.00
8333
80.36

Cumbersome /
awkward

0.50
117
1.50

87.50
70.83
62.50

Need support

1.00
0.33
0.7

75.00
91.67
82.14

Feel very confident

2.50
3T
214

62.50
7917
53.57

Well integrated

4.00
37
314

100.00
7917
78.57

Need to learn a lot

0.50
0.33
1.00

87.50
91.67
75.00

Figure 7.5: The cross iteration development of the individual attributes measure
by the SUS forms..

Would frequently
use

250
267
3.00

62.50
66.67
75.00

Unnecessarily
complex

0.00
1.00
0.43

100.00
75.00
89.29

| Easy to use Need support

250
4.00
343

62.50
100.00
85.71

LeBO
Iteration:
1
2
3
Out of 100:
1
2
3
Iteration:
1
2
3
Qut of 100:
1
2
3

Inconsistent features.

0.00
0.50
043

100.00
87.50
89.29

Learn to use quickly

350
4.00
364

87.50
100.00
91.07

Cumbersome /
awkward

0.50
0.83
093

87.50
7917
76.79

0.50
0.00
043

87.50
100.00
89.29

Well integrated

350
3.50
3.00

87.50
87.50
75.00

Feel very confident

350
333
329

&87.50
8333
82.14

Need to learn a lot

0.00
0.67
0.21

100.00
8333
94.64

Figure 7.6: The cross iteration development of the individual attributes measure
by the SUS forms.
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7.2 Validity of hypotheses

The thesis presents two answers (H1 and H2) to the research questions (RQ1 and
RQ2) first introduced as a two-part research problem in Section 1.2 - 1.3, and ratio-
nalized in Section 3.4, and lastly defined in detail in Section 5.1. The answer to the
first research question (RQ1) being a suggested development/design process (H1)
consisting of an ordered method selection, see Section 5.2.1 and Figure 5.1. The
answer to the second (RQ2), an evaluation strategy (H2), is suggested to act as a
companion process to that design process, see Section 5.2.2 and Figure 5.2.

To measure the validity of the hypotheses (H1 and H2) two Android applications
were developed in collaboration with a company - the first question’s answer em-
ployed to generate the different iterations’ artefacts, the answer to the second em-
ployed to steer the development as well as measuring participants’ perception of
novel artefacts, to simplify; what they thought was good and what they thought
was bad.

The following two subsections cover more in detail what the hypotheses (H1 and
H2) were, how they were found, as well as what the produced results indicate for
their validity. A discussion of to what level the hypotheses were valid is covered in
the following chapter 8: Discussion.

7.2.1 Hypothesis 1 (H1)

RQ1: How can designers make better use of vehicle sensor data to create
improved vehicular user experiences?

H1: The suggested design process (in short)

The suggested process to investigate the prospects of leveraging data from interior
and exterior sensors in the project is by following the design process structure knows
as Five Stage Process by Interaction Design Foundation in (2021). This allows a
structured progression from idea to prototypes and then on to a well-evaluated and
refined artefact. For a more thorough description and motivation, see the planned
execution of the H1 in Section 5.2.2 and Chapter 6.

As mentioned in Chapter 5 the double diamond process structure is also a sug-
gested method in this use-case for its similarity in approach. First introduced by
Design Council (2004), it consists of: Discover, Define, Develop and Deliver. While
deploying these methods, it is vital to acquire holistic knowledge of the domain first,
and then follow it up with the use of an iterative process loop, to produce and eval-
uate the artefact.

The Five Stage Process structure is to be carried out in the following stages : Em-

pathize, Define, Ideate, Prototype and Test [89]. The following paragraphs cover the
suggested adaptation of the Five Stage Process with regards to the project.
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In the initial stages of following of the Five Stage Process ( 2021 ) process, it is
recommended to develop an empathetic understanding of the problem areas (Em-
pathize phase) and to clearly define the design space (Define phase) framed by
the research questions. Literature studies are an effective means to gather domain
knowledge while expert interviews are a core enabler in developing empathy. The
outcome of these literature studies and expert interview will contain some valuable
insights and data, therefore it is recommended to organise the resultant information
using tables allowing for rapid sorting, management and aggregation of the sources.
The authors utilised the embed tables on the online tool Notion [95], to furnish an
overview of the domain knowledge. Furthermore, interviews when conducted with
domain experts (company personnel in this Thesis’ case) yields a cogent view of the
design space. These suggested methods put together provide an understanding of
prior work, empathy for the users and motivations of the stakeholders in the auto-
motive industry.

To ensure the preservation of the multi-modal aspects of ideas produced, it is rec-
ommended that in the Ideate phase, tables be drawn based on all the probable
combinations of the previously identified modalities. These tables can then used to
cross-pollinate modalities which then lead up to a plethora of ideas and solutions.
This also has the merit of all probable ideas being made available for filtering out
the less-successful ones towards the end. Organised ideation processes such as the
aforementioned method of sorting and filtering modalities lead the authors to ex-
tract the final set of multi-modal ideas. These ideas can be further filtered by using
questionnaire surveys answered by domain experts and also the method, Theory of
Change [70].

In the Prototype phase it is suggested that the ideas be put forth into scenarios
as described by Nardi to investigate the feasibility of the few selected multi-modal
solutions ideated in the previous step. Once these scenarios are evaluated for con-
ceptually feasibility the ideas can be prototyped into more tangible / higher-fidelity
mediums. The ideas’ feasibility from a conceptual and practical standpoint is to be
examined. The main goal of the Prototype phase is to develop solutions, that best
addresses the design space defined in the previous three phases.

The goal of the evaluations in the Test phase is to determine the best variations of
the prototypes. When prototypes fail in evaluations they are to be, set aside for
improvement and re-evaluation. These evaluations are to be run with both domain
experts and test participants. It is recommended to evaluate the prototypes’ both
from a subjective and from a usability standpoint. To that effect, a combination
of structured interviews, System Usability Scale [82] and a task load index like the
NASA TLX [80] or more specifically DALI [81] could be used. Analysis of the
progressive trends in these evaluation results illustrates enhancements, and 'Pain
Points’, which in turn indicates faults and compromises in the actual artefact. For
more details regarding this analysis see Figure 7.5 and 7.6.

Suggestion: Iterative process
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As stated in Chapter 5, an iterative process loop is recommended wherein the results
of the Test phase is analysed and then its findings are to be re-injected back into
the Prototype phase resulting in the prototypes being improved or tweaked accord-
ingly. This iterative process enabled the authors to effectively gauge the prospects
of leveraging sensor data for enhancing the ride UX.

Results

Based on the last set of evaluation results, it can be observed that both the final
artefacts, LeBO and ADASight, as covered in Section 7.1, placed high on the usabil-
ity scale, and recorded relatively low scores for task loads in the DALI evaluations.

While it is, to a degree complicated to ascertain if a improved vehicular user ez-
periences was attained through means of either one of the final artefacts, but it
can be argued that the sensors being leveraged in both of the final artefacts were
previously under-utilised by OEMs for user-facing features. The aforementioned
evaluation results coupled with the generally positive responses in the surveys are
adduced to corroborate for the better use of occupant, interior and exterior sensor
data being achieved.

Therefore, taking into account prior work in this design space and the results of
the artefacts’ evaluations, it could be reasoned that H1 was valid.

7.2.2 Hypothesis 2 (H2)

RQ2: How can designers estimate the value, resulting from UX designs
relying on vehicle sensor data, added to the vehicular user experience?

H2: The suggested evaluation strategy (in short)
For a more thorough descriptions and motivation, see the planned the execution of
H2 in Section 5.2.2 and Chapter 6.

It is suggested to, throughout the design process, apply different evaluations meth-
ods, as it enables staying cost-effective as well as to grade ideas using the most
suitable tool depending on the fidelity, amount of, form, etc., of the ideas. This is
vital as the number of ideas, and their realized level of detail has an inverse rela-
tionship. Many vague ideas are best handled using qualitative methods, while few
semi-finished artefacts are best handled with qualitative methods.

To cull the large amounts of ideas generated early in the suggested design pro-
cess, a rapid and effective evaluation of ideas is recommended, as it enables culling
ideas based on hard and soft limitations such as desirability, feasibility and viability.
For example, in the case of this thesis’ process, that involved removing ideas that
were already in the works, ideas that were impossible to do, etc. using the method
Expert Interview. The method utilised field experts know-how bundled with under-
standing collected from academia by the authors, in the evaluation.
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After having produced the first iterations of prototypes, a rapid evaluation method
that generates quantifiable values should be applied. This not only allows quick com-
parisons of ideas but also to follow the changes to furthered ideas’ aspects. In the
case of this thesis, the rapid but powerful SUS evaluation was used, which allowed
the designers to see how, for example, the perceived desirability of the ideas changed
across iterations, fidelities and mediums. From the values, positive trends, indicating
successful improvements, and negative trends, indicating weaknesses, were observed
- see Figure 7.5 and 7.6.

In the last iteration(s) of a design process, more non-rapid qualitative methods
should be applied, such as task-based evaluations, as it allows observing how real
users interact with the designs as well as allows measuring actual, or semi-actual,
task load values. These load values are vital for features in a vehicle environment,
as too high loads, such as attentive load, can, directly and indirectly, lead to severe
accidents. Just measuring usability, which if too high might actually increase such
loads, is not enough. Despite the relevance of load-related evaluations, the time-cost
of performing task-based evaluations necessitates performing them, at the earliest,
late in the design process when there are fewer artefacts. In this thesis, task-based
evaluations were held, having participants fill out DALI forms after performing the
tasks.

Results

As intended the amount of ideas/designs handled were progressively lowered after
each iteration. Going from 37 to 6, to 4, to 2 based firstly on desirability, feasibility
and viability. As the number of ideas decreased, the average quality increased and
the differences between them shrunk, the more precise method was applied to dif-
ferentiate them. Numerical scores allowed, as planned, further prioritisation of the
'best’ ideas in terms of being successful results of following H1, the hypothesis to R1.

The last set of evaluations, coupled with earlier SUS evaluations, resulted in easy
to understand measurements of the perceived usability as well as suitability (task
load) for the design in a vehicle environment. The two final artefacts, LeBO and
ADASight, as covered in Section 7.1, placed high on the usability scale (graded A
and B respectively), and low to medium (respectively) on the driving activity load
index. Further statistical patterns were, as covered previously, also detectable from
the evaluation method outputs - increasing the level of detail designers can measure
the value-added, if any, of designs leveraging occupant data. Furthermore, the eval-
uation methodology suggested is not limited to such designs, and could in fact also
be applied to measure added value in other design areas; however the suitability
of those, untested applications cannot be answered by the results produced in this
thesis.

With the quality of the final artefacts in mind, as well as the level of detail the

evaluation method choice gave the designers when measuring added value, one could
argue that H2, the second hypothesis, was valid.
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7.3 Design area primer

Excluding the research specific results produced as a result of thesis, the content
covered by Chapter 1: Introduction, Chapter 2: Background, and Chapter 3:
Related work, could also be seen as a result of this thesis. The afforementioned
chapters feature design methodology, guidelines and recommendations for similar
work. The chapters put together provides UX designers with a primer potentially
useful for further work in the fields covered by this thesis, such as Automotive
Interaction Design (AID) and Multimodal Interaction Design (MID), etc.
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Discussion

This chapter covers the authors’ thoughts and arguments for and against, the results
of trying to answer the research problems, the process as it was conceived and
executed, how generalisable the produced results are, what ethical considerations it
could have as well as what future work the authors’ argue could and should be done
for all things produced by the thesis.

8.1 Results

The main results, indicating the validity of the hypotheses, can be surmised in the
following ways:

Hypothesis 1 (H1):

Two applications were developed using the suggested process, both scoring above
average on three consecutive formative usability evaluations (SUS), and one scoring
low, the other medium, on a formative task load evaluation (DALI). Both of these
result types are arguably indicative for the designed artefacts being a suitable and
effective use of, an ADAS platform’s sensor data, that has the potential to improve
vehicular ride experiences.

Due to the nature of formative evaluations, the results should not be read as hard
proof, nor disproof, of the actual validity of H1 - instead read as indicators for it.
To further the accuracy of these indications, a more summative study should be
made as a continuation of the design process performed in this thesis - either as a
customer survey after the designs have made it into real vehicles on the market or
on prototypes as done in this thesis. More detailed suggestions for future academic
work will be covered under Section 8.5.2, and suggestions about continuing with the
artefacts in Section 8.5.1.

Hypothesis 2 (H2):

Without issue, the suggested evaluation strategy (H2) was executed alongside the
design process this thesis’ design process. The aim of evaluating, first separating
the "better’ ideas from the 'worse’, followed by identifying weaknesses to improve
designs, was achieved. In the final phase, evaluatory data was produced that allowed
conventional statistical tools to be applied - from which statistical patterns such as
demographically specific weaknesses and strengths were identified. Disregarding as-
sumptions made for the participant selection, mentioned at the start of Chapter 7,
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that it was possible to measure the value added (negative and positive) to such an
extent is arguably not only indicative but also, perhaps, proof that the suggested
strategy allows “..designers to estimate the value, resulting from UX designs relying
on vehicle sensor data, added to the vehicular user experience” .

Of course, as the term ’estimate’ is open to interpretation, false assumptions would
lead to poor estimates, and true assumptions would increase the accuracy of the
estimates. This thesis did succeed in providing a way to estimate the added value
but still has not provided a way to measure, nor increase the accuracy of those esti-
mates. To do this, one would need to test the assumptions made that effects those
estimates. In the case of the evaluation methods employed alongside the design
process in this thesis, those assumptions were:

1. Normally distributed data.
2. Random sampling of population.
3. Adequately sized sample group.

For the first assumption, depending on the statistical analysis used, different aspects
of the data is assumed to be normally distributed. In the case presented in this the-
sis, t-tests were employed and as such, both compared populations should be tested
for normality. As for the second assumption, it is hard, if not impossible to tell if
sampling is truly random or not - as each non-random sampling could also be the
result of true random sampling. One could add a bias to only use a random sample
that represents the global population’s demographical data, for example, that would
however not be truly random.

As for the third, and probably the only controllable aspect of an evaluation, one
can perform what is called Power Analysis on the data to measure to what extent
the assumption is reliable for a specific amount of participants. If the reliability,
or power, is too low for the existing number of participants, designers can roughly
calculate how many more participants they need to recruit. See the following sub-
section for an example of power analysis performed on the data produced in the
design process of this thesis.

8.1.1 Power Analysis

As stated previously in section 4.8.3, a common tool for measuring how valid the
assumptions of sample size are is that of Power Analysis. As this thesis is not
a strictly summative study, nor one in the field of statistics, but rather a more
formative, Research through Design one - the authors selected to utilise a guide for
power analysis [86]. (2020). The guide explains the tool, how one might use it as
well as gives a ready-to-use formula for calculating the power.
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0 LeBO 1415 30
Attention demand [age]
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Attention demand [driving exp]
Pain points [ADAS exp]

Would frequently use [ADAS exp]
Inconsistent features [driving exp]

ADASight

Need support [occupation]
Unnecessarily complex [occupation]

Participants

Suggested number of
Actual power percentage participants to reach a
power of

Would frequently use [modern OS exp]

Pain points [ADAS exp]
Cumbersome / Awkward [ADAS exp]

Would frequently use [ADAS exp]
SUS score [ADAS exp]

Figure 8.1: Power analysis results for LeBO and ADASight, x-axis showing number
of participants.

Looking at the population data related to the p-values presented in Chapter 7, power
values and suitable subject numbers for a power of 80% (or 0.8) were calculated -
Figure 8.1 showing primarily the scale difference between the actual and the suit-
able number of participants, Figure 8.2 instead showing the scale of the actual and
recommended power for the top (in terms of power) patterns.

Looking at results from the power analysis, it is quite clear that none of the statis-
tical trends identified using t-tests have a high enough level of power, most under
50% and only two being close to the recommended 80% - see Figure 8.2. However,
looking at the suggested number of participants, it is clear that with only a rough
doubling of the participant numbers, all but one pattern would possibly achieve a
power of at least 80% - see Figure 8.1.

0, 0, 0,
_O/C'LeBO 80% 100%
g Attention demand [age] Suggested
§ | Would frequently use [age] number of

participants to
reach a power

0%

Need support [modern OS exp] 57%

ADASIght
Need support [occupation]
Unnecessarily complex [occupation]
Would frequently use [modern OS exp]

Actual power
percentage

64%

Figure 8.2: Power analysis results for LeBO and ADASight, x-axis showing power
percentage.
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8.2 Process

To ensure the efficient usage of time and other resources, the decision to closely
adhere to a tried and tested design process method was made early on in the thesis.
The Five Stage Process [89] provided a structured progression in the form of clearly
defined phases which the authors followed, without much deviation. On that note,
it was also deemed unnecessary to utilise time and resources for learning techniques
or tools which do not immediately contribute to the end results - in-detail planning
was made between each iteration, making adaptable what was needed, for example:
only after ideas had been selected could fitting prototyping mediums be selected.
This choice had the benefit of keeping the process cost-effective; however, it came
with the detriment that H1 had to be kept vague, without specific method sugges-
tions - also, preparation/learning time with each method was shorter than if it had
been chosen earlier than just before the relevant process phase.

In comparison, the evaluation strategy was largely decided upon in the Ideate phase,
and as a result, cross iteration comparisons were possible. As such, that method
selection could possibly have been made even before the design process started -
allowing for more time to prepare for using them, such as background research into
how previous projects have used those methods.

In the post-processing of the evaluation data, post-design processing if you will,
power analysis revealed that the participant numbers were too low to provide a
definite validation of the design process’ success. Actively avoiding to look at the
collected data until after all evaluations were made, to stay to conventions as well
as avoid inflicting bias upon the evaluation process, hurt the results produced in
the way that, had power analysis been applied earlier than it was, more evaluations
could have taken place - increasing the reliability of the validations.

Something revealed by reading related work was the fact that commonly A/B test-
ing is commonly applied in automotive interaction design, as a way to measure how
to-vehicle-added designs affect different driving tasks as compared to driving with-
out them. The limited scope of the thesis and the late inception of utilizing driving
assistive modalities limited the thesis in such a way that using a real vehicle would
take too much time and the fidelity of the final designs would have been too low for
such tests. This leaves A/B testing to be covered in Section 8.5.2: Future work -
Academia.

8.3 Generalisability

While the aim of the thesis was to contribute with design knowledge covering a
specific design space, the produced result, being inspired by related work, could be
applied in other design projects outside the targeted design space. The suitability of
doing so, however, is not known by the authors of this theses, as the work performed
did not take into account the specifics of such, other projects.
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However, depending on the interpretation of the term ’generalisability’, the results
of this thesis could be seen as highly generalisable. The defined design space, which
was done before generating ideas, was far from fully utilised when looking at the
final two ideas. A such, one could argue that by being applicable to all parts of
the design space left unexplored, the results are indeed generalisable. A different
take would be to ask the question, can the results be useful in a project covering
non-design research? Perhaps not, and if that is one’s perspective, then no, the
results produced are not generalisable; however, the authors deem such a perspec-
tive trivial, and such summarize by saying that the results are highly generalisable
within the design space and fairly generalisable in similar design projects.

8.4 Ethical considerations and consequences

Any system which collects and records data in any form from a personal environment
like the interior cabin of a vehicle has to carefully tread the line between convenience
and privacy. What users share from their experiences, and who users share it with,
should be up to their discretion. This is especially an issue when a financially driven
organisation, e.g. a company, is situated to gain from unethical choices.

Privacy and Data gathering

The technology powering the in-vehicle user experiences, like the infrared cameras
and in-cabin radars, also happens to be at the core of the safety sensing system,
therefore establishing complexities regarding transferring complete control to users
over these sensors. However, giving users control over their information, ensuring
strict data privacy while ensuring a frictionless user experience is not always an easy
and efficient option, but it is a necessary and desirable one.

The artefact or academic contribution may affect the field in such a way that the
adoption of the technology leveraged is altered. This may be both positive or nega-
tive, with better UX, demand might increase for the technologies, high enough and
companies might disregard caution in favour of profits - in which case society and
consumers might be affected as a result. The complete opposite might also happen
however, the results produced by this thesis might act as a proof of concept that
good UX can be achieved through a careful study and as a result, automotive com-
panies will go with the proven route for more satisfied customers.

Doing research in collaboration with a company

Writing a thesis for a company may put authors in ethical conundrums, e.g. if the
company instructs the designer to hide unethical features such as constant surveil-
lance from users, rendering that feature invisible for them. For students writing
a thesis at a company, it may be hard to know what to do, either go against the
company’s wishes for the principle of it or go along with it as 'they are the experts’,
‘if they say that is how you do it...’, etc.

The solution, sometimes, is to do the ‘right’ thing and go against the company
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if needed, what is more, common and perhaps the most agreeable choice, however,
is to merely report on what was done in the project as well as discuss what, if any,
ethical considerations the reader should take note of in regards to the thesis.

In the case of this thesis’ collaboration, no ethical issues, as far as the authors
know, of such natures constrained the thesis. The company did not ask to hide nor
alter the presented results. The company collaborated with, particularly the specific
department, specializes in experimental development. The department and supervi-
sors at the company desired a research through design thesis, specifically exploring
future use possibilities of their products. This fact helped keep the thesis focused
on the academic contributions, rather than on the artefact contribution.

8.4.1 Trust in automated systems

With the rapid advances and growth in ADAS features, it can be hypothesized that
modern vehicles are safer and more connected than ever before, however, the accep-
tance and normalization of these systems are heavily reliant on the users’ willingness
to use these systems in their daily lives. This is also inferred by Triibswetter and
Bengler as she states “drivers’ intention to use is crucial factor for system accep-
tance” and by Adell as “Acceptance is the degree to which an individual intends to
use a system and, when available, to incorporate the system in his/her driving”.

While acceptance and trust earned by a system on account of its user experience
and feature effectiveness are generally positive; however, the over-reliance on these
features by users on account of an abundance of trust in the same system is not.
Overtrust is the poor calibration in which users’ trust exceeds system capabilities;
as a result, may potentially cause major safety issues when a road scenario falls
short of the system’s capabilities. Over-trust can be the compounded result of sev-
eral factors, but the primary reason, in this case, appears to be false marketing and
exaggerated branding.

Compared with traditional manually controlled vehicles, self-driving cars can re-
duce human error-induced crashes, which account for 93 per cent of those in the
U.S. [107]. Furthermore, with better route planning and more efficient vehicle op-
eration, self-driving cars can reduce road congestion and fuel emissions [108]. As
Clark et al. state, riding in a self-driving car frees the driver from tasks and enables
him to engage in his choice of leisure or productive non-driving activities.

As Bradsher notes, vast amounts of government funds, incentives and programs
have accelerated the development and manufacture of electric vehicles and more no-
tably, vehicles with next-generation technologies such as ADAS. China, evolving to
become the world’s biggest proponent of electric vehicles [111], is forcing automakers
globally, to pick up the pace of development, production and market capture [110].
To counter the growing competition, car OEMs like Tesla [112], GM [113], etc are
actively leveraging ADAS as differentiating factor, branding their respective systems
as “AutoPilot” [114] and “SuperCruise” [115] respectively.
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While the ADAS solutions in contemporary cars are advancing technologically to
become more capable with each iteration, these systems are still primarily assistive
in nature. However, OEMs continue marketing and branding these assistive tech-
nologies as fully autonomous or capable of “hands-free driving” [115]. This results in
uninformed or non-technically savvy consumers misplacing a large amount of their
trust in these systems and treating these systems are replacements for human at-
tention, situation awareness and caution while on the road. This phenomenon of
misplaced or over-trust has unfortunately resulted in a number of mishaps and road
accidents resulting in loss of life and property [116], [117].

This has resulted in numerous lawsuits and several regulating bodies including the
NTSB (National Transportation Safety Board) taking a closer look at not only the
ADAS technology but the branding and marketing that is feeding consumers a false
sense of trust and security. A 2020 report on a 2018 accident involving a Tesla run-
ning on ’AutoPilot’ by the NTSB [118] concluded that the system was not designed
to handle certain scenarios and therefore should have been automatically disengaged
when the scenario deemed to be beyond the capabilities of the system.

Furthermore, the regional court of Munich had ruled in 2020 [119], stating “The
use of the term ‘Autopilot’ and other formulations suggest that the vehicle is tech-
nically capable of fully autonomous driving...” Autopilot is “..a driver assistance
system...” the court said. “While underway, driving without human intervention is
not possible”.

8.5 Future work

This section covers the authors’ perspective on what future work could and should
be done in regards to the artefacts produced, followed by the academic areas and
contributions covered in this thesis. The first subsection touches upon immediate
as well as long term suggestions. The second on how future academic and non-
academic design work could further the work generated in this thesis, but also how
and what, works using or learning from this thesis’ work, should take place.

8.5.1 Artefacts

As with any artefact or product, there are means and avenues available for the
improvement and developmental continuation. As a first step towards getting the
artefacts produced in this thesis into the vehicles of everyday people, the faked and
hard-coded parts would need to be replaced with real data, then later by live real
data from ADAS platforms. To best reach usable, desirable, viable and feasible
products, these last stages of development should be interlinked with task-based
evaluations, such the one employed in iteration 3, inside real vehicles, with real
people - as a low driving task load is vital for any addition to, and alteration of,
in-vehicle interactions. To reach product status the applications would need to, at
least, go through the following stages:
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128 @O

Figure 8.3: Additional visual spaces where the artefacts could be realized in the
future. Clockwise from left, ADASight as a Heads-up Display, ADASight on the
rear-view mirror, LeBO phone notification and ADASight on the digital instrument
cluster.

1. Replace mock data with actual data logs from an ADAS platform.

2. Deploy applications on actual hardware, i.e. in a vehicle running Android
Automotive.

3. Perform task-based evaluations using real-life driving tasks, A/B testing in
applicable situations, to compare the difference the applications make.

4. Analyse and react to findings.

5. Replace data logs with live-connection to an ADAS platform.

6. Reevaluate applications again in the test track, and/or in traffic to further the
accuracy of the evaluations.

7. At some point includes or provision other modalities of input and output, to
allow for further preferences of interaction.

Another interesting avenue further development might take, is into the use of other
display surfaces in vehicles, such as the HUD, rear-view mirrors, personal device or
dashboard, see Figure 8.3 - some having the benefit of diverting the driver’s gaze
from the road less than the centre console does. In fact, feedback from the last
evaluations, as well as from the company indicated that such avenues are not only
possible but also suitable to pursue. Of course, other devices such as ones using
augmented or virtual reality, might also prove to be wise choices for future explored
platforms.
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8.5.2 Academia

As mentioned at the start of this document, the areas explored in this thesis were
purposely selected to be as unexplored as possible, while still relevant to both the
company, the needs of the industry as well as interaction designers in general. By
exploring, to the authors’ knowledge, unknown areas, many aspects were not fully,
or even partially addressed nor attempted. This is in line with what Gaver (2012)
defined as the essence of Research through Design, that by cumulative effort design
knowledge is created [56]. The hypotheses made and validated in this thesis pro-
posed a suitable way of doing something, not the most suitable way; however, future
academic endeavours can combine the experiences generated by the thesis with their
own works, to encroach further towards it.

As for where future studies, and other academic works, should head, the authors
suggests avenues that further validates but also alters the hypotheses made by this
thesis - as by the essence of research through design, by cumulative work can new
understanding be discovered. Interesting alterations could be changing the scope of
the design process, either in time, design space, fiscal budget, etc. Designers could
compare the suggested methodologies with a completely different way of achieving
the same thing. Reworking discarded or kept ideas, exploring other modalities or
perhaps technologies not yet developed as of the time of writing this thesis - the list
goes on.

To further validate the outcomes of this thesis, more participants could be gath-
ered and the final test setup recreated, to justify the assumptions of adequately
sized participant groups - at least 30 would be needed, as stated in Section 8.1.1.
Further demographical data could be gathered as well, to enable an analysis of more
population groups.

To increase the accuracy of the data, the testing environment could be made more
accurate by using a real vehicle, a real IVI system, real sensor data as well as per-
forming real driving tasks on a real road. Having participants performing the same
task without the designs would, over time, enable A/B testing of how beneficial the
addition of the designs actually is. These types of test would, however, take far too
much time for a similarly sized project, as long time users would be needed before
testing, to mitigate both any wow factor new features have, as well as letting the
participant get used to the new features. It is not hard to see, that this type of long
term testing, is more suitable for on the market-artefacts, that have accustomed
users as well as highest-fidelity realisations.
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Conclusion

Based on the output of the final phase of development and evaluation of the process
in the thesis, the following results were produced: two artefacts were designed and
evaluated, the evaluations allowing the fine grained measurement of added strengths
and weaknesses of the designs.

Power Analysis revealed that the participant group was inadequately sized, making
the validation of the artefacts as 'good’ only formative, and not strong enough to
warrant the first hypotheses fully validated. The second set of results showed that
the hypothesised evaluation strategy (H2), did allow measuring both positive and
negative value added to vehicle riding experiences - coupled with the power anal-
ysis, it also allowed checking the assumptions of sample size, as well as addressing
it. With such possibilities, proven by the use of t-tests and power analysis onto the
resultant data, the second hypothesis (H2), is believed with confidence to be valid,
i.e. that it allowed measuring positive and negative value added.

So, does the results produced diverge from current thinking? No, the underlying
mentality the thesis was based on was research through design, and as mentioned
several times throughout the thesis, only through several design projects is new
understanding discovered. This thesis did not produce any controversial findings,
primarily as it was based on best practises, guidelines and previous research. The
thesis did not aim to explore alternate ways of doing established methodologies, in-
stead it aimed to apply a methodology in a, to the authors’ knowledge, unexplored
design space. The methodology in this case being inspired by established thinking
on more explored design spaces.

As was done in the early parts of the project, it is recommended to rely on both
academic and industry knowledge when initiating a design process. As was the case
in this thesis, the different parties come with not only a unique perspective, but also
unique knowledge. When performing similar work to the work covered within this
thesis, it is a good idea to utilise tools such as Power Analysis to make sure the
assumptions made are true - for example, in thesis the participant group size was
revealed to be too small. If statistically sound understanding of the value added is
desired, the evaluation should aim to be summative rather than formative. To that
end, a participant group size of at least 30, preferably higher, would provide the
research a better chance at providing more reliable measurements.

As revealed by the power analysis, the sample size of the final evaluation was not of

91



9. Conclusion

adequate size - making the validation of the suggested design process only partial;
however, as stated at the start of the thesis, the process aimed to fill a void in design
knowledge, and as such a partially validated methodology could perhaps be better
than none when planning future design work. The truth remains though, that it
should be known limitation of this thesis’ knowledge contributions. The scope of
the thesis did only allow acquisition of background knowledge up to a point, as a
result the primer this thesis gives on the covered fields should not be interpreted as
either final or all-encompassing. The same goes for any conclusions drawn by the
results of the design work performed in the thesis. The final artefacts of the thesis
were never tested in a fully accurate environment nor sufficiently compared to the
alternative of not having the designs at all - these limitations should be known for
any who aims to plan their work based on this thesis contributions.

To reconnect back the introduction of this thesis, and the research problem it aimed
to solve; two things are of focus in this thesis - finding a good way to use fused
sensor data going forward with automotive interaction design, and how to measure
what is good and bad about designs leveraging it. While the artefacts and the
methods choices behind them were not proven to be a definitive answer, the knowl-
edge collected in preparation, and the learnings from the process and the formative
evaluations is sure to be useful for any future work or related studies. The thesis
was successful in providing a fine-grained way of measuring positive and negative
impacts of such designs from early to late stage artefacts. The thesis also aimed to,
and succeeded with, contributing generated ideas and artefacts to the company this
thesis was done in collaboration with.
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Storyboard for the idea Add to route.
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Figure A.3: Storyboard for the idea Intercom.
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A.1.4 Left-behind object
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Figure A.4: Storyboard for the idea Left-behind object.
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A.1.5 Magnification
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Figure A.5: Storyboard for the idea Magnification.
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.1.6 Tooltip
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Figure A.6
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A. Prototypes

A.2 TIteration 2: Mockups

A.2.1 Car behind

. Rear View Camera Dismiss

Figure A.7: Screenshot of the mockup for the idea Car behind.
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A.2.2 Left-behind object

Alice left her bag in the back-seat

Left-behind Object

Show Dismiss

Figure A.8: Screenshot of the mockup, view A, for the idea Left-behind object.
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Alice left her bag in the back-seat

Left-behind Object
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Dismiss

Figure A.9: Screenshot of the mockup, view B, for the idea Left-behind object.
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A.2.3 Magnification

Alice left her bag in the back-seat

Left-behind Object

Show Dismiss

Figure A.10: Screenshot of the mockup, stage A, for the idea Magnification.
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in the back-seat

Figure A.11: Screenshot of the mockup, stage B, for the idea Magnification.
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in the back-seat

Show

Figure A.12: Screenshot of the mockup, stage C, for the idea Magnification.
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A. Prototypes

A.3 Iteration 3: Applications

A.3.1 ADASight

v

[1d =
E ADASight

Low Visibility Ahead

Assistive Features available

Show Dismiss

Figure A.13: Screenshot of the application, view Al, for the idea ADASight.
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E ADASight

Car approaching from behind

24 m and closing in

Show Dismiss

Figure A.14: Screenshot of the application, view A2, for the idea ADASight.
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M« Front View Camera

Figure A.15: Screenshot of the application, view B1, for the idea ADASight.
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M« Rear View Camera

Figure A.16: Screenshot of the application, view B2, for the idea ADASight.
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® Right Side Camera

Figure A.17: Screenshot of the application, view B3, for the idea ADASight.
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Leftt Side Camera

Figure A.18: Screenshot of the application, view B4, for the idea ADASight.
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A.3.2 LeBO

14 = ar

Alice left her bag in the back-seat

— Left-behind Object

Show Dismiss

Figure A.19: Screenshot of the application, view Al, for the idea LeBO.
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[1d =

@ Alice left her bag in the back-seat

Left-behind Object

Show Dismiss

Figure A.20: Screenshot of the application, view A2, for the idea LeBO.
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Alice left her bag in the back-seat

= Left-behind Object

Dismiss C NOTIFY

Figure A.21: Screenshot of the application, view B1, for the idea LeBO.
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Alice left her bag in the back-seat

= Left-behind Object

Dismiss & NOTIFICATION SENT

Figure A.22: Screenshot of the application, view B2, for the idea LeBO.
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B. Consent forms

Human-Computer Interaction Study

Information sheet, risk management policy, and consent form.

You are invited to participate in a research study on two multimodal "Android Automotive
apps" using advanced safety features. The aim of this study is to investigate how these
in-car applications which use interior and exterior sensors would help bolster the UX of the
car.

The study will approximately take 60 minutes and your participation in this study is
voluntary. You are free to choose whether or not you will take part in the study. You have
the right to withdraw from the study at any time, including withdrawal of any information
provided.

The following material will be collected during the study for further analysis:
1. Avideo recording

2. Questionnaires

3. Interview observations/notes

The researchers may record you on video. Videos will be used by the researchers
conducting the study only to analyze your interaction with the aforementioned applications.
Participants cannot take part without being video recorded. After taking part in the study,
you are free to withdraw your data, by emailing one of the study researchers within seven
days of the study being completed. If you decide to withdraw, your data will be removed
and destroyed.

All collected data will be treated as confidential and stored securely. Recordings, written
notes and videos will not contain any identifying information about you. All collected data
(including photographs and videos) will be anonymized. Only the researchers of the study
will be granted access to the data for legitimate research purposes. We may show video
recordings of our study in future project presentations, but only if you agree on this by
giving your consent below. Any and all participant data not included in the final thesis
report will be removed and destroyed.

Risk management policy

You agree to interact exclusively with the touch-screen and the equipment provided by the
test facilitators, placed at the test setup. The touchscreen employed are standard
off-the-shelf devices, and warrant standard safety, similar to any commercial screen
solution used in the EU. All surfaces that the participants interact with will be thoroughly
sanitized after each iteration of the test. The test facilitators will be using face-masks for the
entirety of the study. You agree to also wear a face-mask while participating in the study.
Respecting these rules, we expect that there is lowered risk of any infection or incident.

Figure B.1: Page one of the in-person consent form used in the last evaluations.

XXVI



B. Consent forms

Statements of Understanding and Consent

e | have read and understood the participant form, and | have had the opportunity to ask
questions if necessary and have had these answered satisfactorily.

e | have read and understood the risk management policy, and agree to respect it at any
time.

e | understand that my participation is voluntary and that | am free to withdraw at any
time during the study without giving any reason, and that | can do that within seven
days of completion of the study, by emailing one of the study researchers. If | withdraw
my data will be removed and destroyed.

e | understand that the data and recordings collected in this study will be used as
detailed in the participant information form.

e | agree to be video footage recorded during the study.

e | agree to participate in this study, and | consent to the publication of the results of the
study with the understanding that anonymity will be preserved.

The study is being carried by Aditya Giridhar (Master student, Chalmers) and Gustav Svensson
(Master student, Chalmers) under the supervision of Morten Fjeld (professor, Chalmers). They
can be contacted via email: gaditya@student.chalmers.se , gussvens@student.chalmers.se
and field@chalmers.se

Name (IN BLOCK LETTERS):

Signature

Date (YYYY.MM.DD)

Additionally, by signing below | agree that video and data recorded during my participation
in the study can be used in scientific papers, conferences and events

SIGNATUIE ..o e et e

Researcher / Witness

A copy of the signed and dated consent form and the participant information leaflet should
be given to the participant and the original should be retained by the researcher to be kept
securely on file.

Name of RESEAICHET .........cciiiieii e e

Figure B.2: Page two of the in-person consent form used in the last evaluations.
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Timeplan

PHASE

TIME WEEK

Summary of previous work, specifically artifacts
= | - Literature study
- Expert Interview

Formulate design space: previous work + available ISP data [Aptiv]

Ideate based on: guidelines within design space + Aptiv’s interests
- ARSCI

- Expert Interview (questionnaire version)

= | - Theory of Change

Prototyping
- Low-fidelity prototyping

Prototyping
- High-fidelity prototyping

Polishing + present final artifact to Aptiv
- High-fidelity prototyping

Summary of previous work, specifically frameworks and guidelines
- Literature study

Applying it to novel design space

Evaluate design
- DALI
- SUS

Evaluate

- DALI

-sus

- Usability test

Analyse success and reflect on framework and work process

Present final design knowledge as an artifact and a framework to answer R1

Present guidelines on how to evaluate designed artifacts to answer R2

Conclude research project

v

Figure C.1: The proposed timeplan for the thesis project. The figure is split
vertically to highlight sub-processes directly contributing to the company or to the
academic contribution respectively. On the left and right appropriate phase or week
sections can be seen. In bold one can observe the methods planned for the different

phases.
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